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PREFACE

This book contains the proceedings of the ARW NATO conference on

Lipid Mediators in Immunology of Burn and Sepsis held in Helsingor,

Denmark, July 20-25, 1986.

This meeting brought together some of the most distinguished re-

searchers in the fields of thermal injury, the immune system and lipid

mediator biochemistry. It is well known that there is a substantial

impairment of the immune response during sepsis, burn, trauma and

other kinds of shock. These conditions are characterized by a massive

inflammatory process which occurs during the early phase following

injury. Among the various mediators released at this time are leuko-

trienes, thromboxane, histamine and platelet-activating factor. This

latter autocoid possesses potent proinflammatory properties and toge-

ther with the other mediators may account for some of the post-injury

pathophysiological phenomena such as extravasation, hypotension,

chemotaxis ... It is of great interest to note that recently leuko-

trienes and platelet-activating factor have been shown to be potent

mediators of the immune response. Thus, the purpose of this meeting

was to bring together clinicians, immunologists and biochemists in

order to examine and hopefully clarify the putative role of various

lipid mediators prominent in the early stages after injury. This book

is divided into the following six sections.

Section 1 provides a general overview of the physiological con-

sequences of burn, sepsis and shock. The profound clinical and bio-

logical alterations induced by these conditions are considered. Sec-

tion 2 examines the different mediators produced in response to the

above pathologies with particular attention being focussed on the

pharmacology of lipid mediators. The impairment of the immune response

in critically ill patients is described in Section 3, while the spe-

cific mechanisms responsible for the depressed immune activity are

considered in Section 4. This section includes discussions on altera-



tions in activity of T cells, NK cells and various cytokines after

shock or during other injuries such as acute myocardial infraction.

Section 5 is devoted to the relationship between lipid mediators and

the immune response. Accumulating evidence which suggests that plate-

let-activating factor and leukotrienes are important modulators of the

defence system is reviewed here. Finally, in Section 6 there is a

brief consideration of several new drugs which may prove to be valua-

ble therapeutic agents in trauma, shock and related conditions.

In conclusion, the excellent contributions to this volume high-

light the complex nature of this new and rapidly developing field of

research. Although we are only just beginning to gain insight into the

immune consequences of shock and trauma, an integrated approach to the

problem such as that promoted at the NATO ARW documented here, may

eventually provide (i) a better understanding of the pathophysiolo-

gical events involved in thermal injury and (ii) a rationale for the

development of new drugs in the treatment of shock, burn and sepsis.

The Editors
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Overviews



BURNS AND SEPSIS: IMMUNOLOGICAL OVERVIEW

J. Guilbaud
Centre de Traitement des Grands Br0ls,
H6pital d'nstruction des Arm6es Percy, 92141 Clamart

A closed world in all respects, the world of burn injured
patients is poorly known. Fire has for a long time terrorized man and
burns, a constant threat in our modern world, continue to make people
afraid. Assessed as being 2 million per year in the United States of
AMERICA and 500 000 in France, the number of burn injured patients
represents every year 1 % of the population of industrialized
countries. In other words. it is a subject which concerns us all.

A man or a woman's fullfilling professional, emotional and family
life can quikely turn to chaos. Their hopes will disappear, all their
projects will be wiped out and they will be confined to a bed, a prey
to anguish and pain for weeks and sometimes months. They then realise
that their skin allowed them to exist and to be autonomous, and that
the destruction of this protective barrier against bacteria and
temperature variations endangers them, compromises their motor
functions, and may possibly affect their looks. Without it they have
lost the limits of their identity and without it, they may even lose
their life. Indeed, although only few pathological fields have evolved
as rapidly and fortunately as that of burns, and although very
severely burnt patients can be saved nowadays, the main cause of
mortality is still infection.

The skin functions as an interface between all of the internal
organ system of the host including the immune system and the external
environment. Furthermore the skin which represents the primary target
for all types of burns, is itself an important immunologic organ.
Tissular necrosis and the intense inflammatory reaction it entails
lead to 2 main periods in the clinical evolution of burns :

- Firstly, a short initial period, which lasts around 48 to 72
hours and which is mainly marked by a high but transient precocious
hemodynamic disequilibrium. Plasmatic exsudation and the concomitant
formation of edemas indeed lead to a constant tendency for arterial
pressure collapse which can be avoided only by adequate liquid
ressucitatlon.
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- Secondly a long period which ends with spontaneous or surgical
re-covering of the lesions and characterised by high hypermetabolism
and by a marked tendency for infection. During this period
complications are not infrequent, denutrition (1) and infection
occupying the forefront of the scene.

A local burn injury can indeed induce a series of effects which
act to severely compromise vital host defense mechanisms (2). The
presence of devitalized tissue, and the fact that the burn leads to
the breakdown of a natural mechanical barrier provide an ideal
environment for local infections. At the same time, the systemic
failures of normal homeostatic mechanisms markedly increase the
susceptibility of burn patients to severe infections (3).

According to the authors, infection represents 75 to 85 % of
causes of death in severe burn injured patients.

Moreover, experimental thermal injury increases susceptibility to
bacterial infections in animals which become refractory to treatment
with antibiotics (4,5). Thereby, considerations of normal defense
mechanisms and a review of abnormalities occuring in these patients
appear to be important both in understanding the pathogenesis of
sepsis and developing effective therapies to reduce mortality.

Patients with large burn injuries very rapidly reach maximal
responses and have minimal ability to make further adjustments to
additional stress, particularly events associated with systemic
infection.

As a matter of fact, after a burn injury, profound hormonal,
metabolic and biochemical disturbances occur, directly related to the
size of the burns. In addition, complex immunologic alterations occur,
and numerous reports have described a multitude of defects in both
specific and non specific immune function following thermal injury.
These alterations include impaired neutrophil function,
suppressor-T-cell production, reticulo-endothelial-system (R.E.S.)
depression, deficiencies in complement components, in immunoglobulins,
fibronecti and other serum proteins, and the generation of
circulating inhibitor factors (6,7,8).

This burn-induced immunodepression results in an enhanced
susceptibility to microbial infection, in which active inhibition of
the immune response plays a critical role (9,10,11).

Normal host defenses are subdivided into 2 major mechanisms,
specific immune and non specific systems : (Fig. 1).

- The Specific Immune System allows a cell-mediated immunity and a
humoral immunity to be present. Cell-mediated responses are effected
by the T-Lymphocytes whereas the humoral immune responses depend upon
the functions of the B-Lymphocytes, capable of synthesizing and
secreting specific antibodies termed immunoglobulins. Under the effect
of an antigenic stimulus, the T-Lymphocytes initiate a series of
cellular transformations followed by mitoses which expend the pool of
antigen reactive cells, the final effectors being different
subpopulations of small lymphocytes which fulfil distinct functions
including helper, suppressor, cytotoxic and memory activities. During
these stages, T-lymphocytes elaborate lymphokines, soluble mediators
which regulate the activities of other cells and act to recruit
macrophages to participate in a cell-mediated immune response while

4
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helper lymphocytes act to instruct B cells to respond to antigens. The
B-lymphocyte responses parallel those of T-cells, but B-cell responses
require the instructive function of T-helper cells and macrophages.

- Non Specific host defenses encompass the fixed and circulating
phagocytes and a spectrum of plasma components which serve as
mediators of inflammatory reactions, including complement components,
coagulation and fibrinolytic systems, opsonins, pyrogens,
fibronectin...

The fixed macrophages are termed the RES, and the principal
circulating phagocytes are neutrophils and monocytes which mature into
macrophages, one of the key cells of host defense mechanisms.

The immune response to bacterial invasion consists in the
production of humoral antibodies which fix the infecting
micro-organisms, do not kill them, but which favour their phagocytosis
by neutrophils by allowing binding of the complement components on the
bacteria.

- In Specific host defense mechanisms a series of abnormalities
have been described in patients with extensive thermal injuries ; they
involve the T-cell system to a greater extent than the B-cell system
(12,13). The principal T-cell abnormalities (12) are a T-cell
lymphopenia with a decrease in the number of T-helper celIs (OKT4) on
which te various authors do not all agree (14,15) with a significant
reduction in the T4/T8 ratio (16).

The depression in the T-cell function (17) is marked by reduced
in vitro cytotoxicity, decreased lymphoproliferative responses to non
specific mitogens specific antigens and histoincompatible cells,
excessive T-suppressor cell activity (1B,12,19,20), defective natural
killer activity and decreased lymphokine production. Data from Mannick
and Antonacci show that the ability of burn patients to produce iL2 is
significantly depressed as compared to normal controls, while burn
patients'mononuclear cells make ILl perfectly well, and this appear to
be an important abnormality of T-lymphocyte function in burn patients
which has been detected.

The double clinical outcome of these abnormalities of the T-cell
system is a prolonged survival of skin allografts and an inability to
elicit delayed hypersensitive skin reactions (anergic state) (21,22).
Most burn patients survive who have initial and sustained skin
reactivity, or who convert from negative to positive skin reactivity.
A very few patients survive who have initial and sustained negative or
who convert from positive to negative skin reactivity. One of the
causes of this depressed reactivity seen in patients with severe burn
injuries could be the presence of serum inhibitory factors (23,24,25).
Several factors as different as bacterial endotoxins, denatured
proteins, immune complexes, histamine, corticosteroids and especially
prostaglandins, leukotrienes and PAF have been implicated in the
depressed immune reactivity. (Fig. 2)

For Mannick, the majority of the suppressive activity resides in
a low molecular weight polypeptide fraction of approximately 5000
Daltons. Studying the predictive value of a potentially important
inhibitory factor, the a 1 immunoregulatory globulin, Constantian has
shown that serum concentrations can be correlated with the severity of
the burn injury. For his part, Winkelstein using a T-cell colony assay
to test for serum inhibitory components (26) has shown that a high
proportion of patients with burn injuries have serum inhibitory
factors, and that there is a correlation between suppressive
activities and ultimate survival. Using the Mixed Lymphocyte Reaction
(MLR) as the assay system, serum from patients with thermal injuries
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are reported to contain components, not found in normal serum, which
are profoundly suppressive. Such experiments have led to the
conviction that circulating factors play a major role in the
lymphocyte changes observed following burn injury. Finally, very

often, a normal response can be restored in these lymphocytes by
washing. It is doubtfull that serum suppressive factors can explain
all the abnormalities that have been reported. But these factors are
probably very important, and preliminary observations from Mannick and
our Laboratory (Fig. 3) would suggest that suppressive serum from

iovIL2  A.(from MANNICK)
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FIGURE 3. Interleukin 2 Synthesis by Mononuclear Leukocytes for 2
Patients with Major Burn and One Patient with a little
Burn.

burn patients inhibits normal lymphocytes from making IL2 in response
to a phytohemagglutinin stimulus (27). An additional cause of this
immunosuppresston is the excessive activation of suppressor cells,
both inhibitory macrophages and activated T-suppressor cells.

Finally, the potential role of metabolites of arachidonic acid as
regulators of immune reactivity has been discussed by many authors,
especially Nlnnemann.

With regard to the B-cell system its abnormalities are less well
defined. The number of circulating B-cells is not reduced by thermal
injury, but in vitro B-cells from burn patients synthesize fewer
antibodies than normal ones, probably due to the excessive activities
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of T-suppressor cells (28). The reports on the concentrations of
immunoglobulins in severe burn injured patients do not always tally
(29,30) : in some studies, the concentrations are decreased in a
transient manner in the adult except for IgM, the rates of which
remain depressed for a long time.

In addition to defects in immune reactivity, a series of
abnormalities have also been described in the non specific host
defense mechanisms of patients with severe burns, involving
circulatory phagocytic cells, non circulating or reticulo-endo-
thelial cells and serum mediators of inflammation (31).

The functions of both phagocytic cells, neutrophils and
macrophages are impaired (7,32). Abnormalities in function such as
neutrophil chemotaxis and chemiluminescence, degranulation and oxygen
consumption, have been detected.

A very potent leukocyte activating agent appears after systemic
activation of tne complement system, triggered by the thermal injury.
The presence of this chemotactic peptide within the plasma results in
aggregation and activation of circulating neutrophils. The sequestered
agregates of these leukocytes within the pulmonary vasculature can
cause direct injury of the pulmonary endothelial cells. Otherwise,
neutrophil activation is attendant with an impairment of the
production of superoxide anion, hydrogen peroxide and probably other
toxic products.
The monocyte/macrophage is depressed in its response with a production
of immunologically active factors such as plasminogen activator and
Migration Inhibition Factor (M.I.F.). Furthermore, in patients with
severe burns a profound loss of function of alveolar macrophages can
be seen : their functional responses are diminished, as indicated by
the loss of membrane depolarization responses to a variety of
different agonists that stimulate them - phagocytic, chemotactic
stimulation - and they lose their ability to generate superoxide anion
and other oxygen products which are needed for defense against
microbial organisms.

The non circulating phagocytic cells act to remove cellular
debris, bacteria, denatured proteins and activated clotting factors.
The activity of the RE System is markedly depressed by burn injuries
as shown by Saba (33) and different authors.
The defective clearing appears to result from a deficit of a serum
factor, called a-2-surface-binding glycoprotein or Fibronectine, which
is capable of binding a variety of materials, thus permitting their
phagocytosis primarily by Kupffer cells in the liver (34).

In severely burned patients, there is both a decrease in the
concentration of Fibronectin and a progressive deterioration of
Reticulo-Endothelial function, and studies in animals show a close
correlation between the activity of the R.E. System and Serum
Fibronectin concentrations.

In the cellular system of immunitary defenses, the cells of the
epidermis also have a role to play.

The Langerhans cells, which bear FC and C3 receptors (35,36) and
class II molecules on their surface, have been demonstrated
functionally to exhibit antigen presenting cell potential in vivo and
in vitro. Sauder et a]. (37) investigating whether Langerhans cells
populations were capaole o? ILl production, found that epidermal cell
preparations secrete a suostance with ILl-like activity. But the
removal of the Langerhans cells did not reduce the titer of this
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activity. The keratinocytes are therefore considered as a major
producer of ILl-like activity associated with the skin. The
skin-derived molecule termed Epidermal cell-derived Thymocyte
Activating Factor (ETAF) is chemically and biologically the same as
macrophage-derived ILl (38).

With regard to antigen presenting cell (APC) function, there is
probably a division of labor : the Langerhans cell represents the only
Ia positive (39) cell in normal epidermis and the keratinocyte can
provide a second signal with ETAF-ILl. Thus the skin is to be
considered as actively involved in the immune modifications observed
in burn patients. ETAF ILl exhibits lymphocyte stimulating activity,
is responsible for neutrophil release from the bone marrow stores, and
can mediate a specific neutrophil degranulation so as to release
lysozyme and lactoferrin. This hormone-like molecule can also
stimulate fibroblasts to enhance the rate of prostaglandins and
collagenase biosynthesis. Another dysfunction of a host defense
mechanism which can contribute to organ failure is an abnormal
activation of the complement system (40). Burn injury is associated
with abnormalities of complement and complement activity
(41,42,43,44). Complement components serve as important mediators of
inflammatory responses, and it is now demonstrated that the complement
system is activated by thermal injury and sepsis, thereby releasing
biologically potent activation products (45). A number of
immunologically active cells have receptors for some or all of these
components (46). Both classical and alternate pathway activation can
occur.

The mechanism of action could be as follows : tissue damage can
activate the Hageman factor or intrinsic coagulation system and
fibrinolysis. In their turn, Hageman factor activation products (and
plasmin) can directly activate C1 (47) thus providing classical
pathway activation. (Fig. 4) But plasmin can also directly activate

DAMAGE A TIVj  
PHOSPHOLIPIDS/

PLASMINE ACTIVATION OF
THAGEMAN FACTOR

C3 C 4

ALTERNhATE COMPLEMENT CASCLPTWYATvTO
tTHAACIAIN CASCLPATHWAY ACTIVATION

FIGURE 4
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C3, thus providing alternate complement pathway activation. At the
same time, with levels much higher than normally C-reactive protein
bound to the phospholipids of damaged tissue can activate the
classical complement pathway via Cl and may provide a continuing
stimulus during burn injury. Burned animals experimentation by Burke,
Donelan and Jeffrey has shown that a dramatic and immediate fall in
alternate complement pathway occured, proportional to the size of the
burn. 75 % of the depletion occured in the first 15 minutes and
activity was nil one hour post-burn. Under these circumstances, this
depletion cannot be due to a decreased synthesis, malnutrition, or to
the synthesis of a de novo inhibitor, and it suggests complement
activation. Evidence that the complement deficiency is due to
activation include the presence of complement cleavage products and
the occurence of immune complexes. Burn initiated complement cleavage
products (48) can produce a series of changes of cell-mediated immune
functions, some of which are beneficial while others are harmful : C3a
and C5a increase vascular permeability ; C3a binds preferentially to
eosinophils and basophils, and induces histamine release from
basophils and mast cells. It inhibits specific antibody response.

C3b induces the release of enzymes from neutrophils, including
histaminase. C5a promotes the aggregation and adhesiveness of
circulating neutrophils, resulting in the formation of microemboli
which are sequestered in the small vessels of the pulmonary
circulation ; these microemboli can induce both pulmonary hypertension
and arterial hypoxemia. (Fig. 5)

ACTIVA TO N O F 0~
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A THFROBOXANE PROSTAGLANIN

PISTAMINE] INCREAiSED NEUTRO#HILS
VASCULAR PERMEABILITrY AGETON Neuropents

HYPERTENSION PUJ LMONARY CAPILLARIES

DAE TO PULMONARY

ENOOTHELIUM EDEMA

FIGURE 5
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C5a induces secretion of lysosomal enzymes from macrophages and
neutrophils, and induces interleukin 1 production from macrophages and
the release of thromboxane and other prostaglandins ; it enhances
cell-mediated and humoral immunity working at the level of the
macrophage. Via macrophage production of ILl ( Fig. 6) B-cells may be
stimulated to increase antibody production and T-cells may be

I /ACUTE - PHASE PROTEINS
+t

I~-Il-~l C~a C Reactive Protein

I '*' 1 )+ BurnedTisse "--'

IL I l

8CeM .CJ

/Arditody Production Lypoine Producton (112)

FIGURE 6. Macrophage Production of IL1 .

stimulated to increase lymphokine production, especially IL2. Via ILl
production (49), the liver may synthesize acute phase proteins. Then,
C Reactive Protein could combine with burned tissues to generate more
C5a which would stimulate the macrophage to make more ILl.

Thus, the complement system plays a critical role in host defence
and an important role in imtunoregulation (43,40,50). It is probably
one of the very first links in entry into action of imunitary
defences. The imune system is highly dynamic and regulated by an
intricate network of interactions among different cell types as well
as among ceils and antibodies, antigen-antibody complexes, cells and
soluble mediators.
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These mediators play an important role in modifying the immune
response in burn patients. A great number of immunologically active
mediators are present following burn injury. Many are mediators of
inflammation like histamine, serotonin, kinins and the products of
phospholipid metabolism, especially PAF, leukotrienes and
prostaglandins. Indeed, they are members of a recently recognized
class of compounds which are generated from the cell membrane
phospholipids. These molecules have very potent biological activites
which indicate their potential as major mediators of a number of
inflammatory and immunological events. Cells membranes are largely
composed of lipid bilayers, of which phospholipids constitute a major
component class. For a specific cell type, an activator activates
enzymes which are capable of cleaving the membrane phospholipids and
elaborating their constituent fatty acids.

When so released, arachidonic acid is oxidatively processed into
Prostaglandins and Leukotrienes by two important enzymes,
cyclooxygenase and lipoxygenase. (Fig. 7) Cyclooxygenase acts with

PHOSPHOLIPID I
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ARACHIDONIC ACID

Lipoxygenase Cyclooxygenase

HYDROPEROXIDES ENDOPEROXIDES
5-HPETE Thr. synthetase

LEUKOTRIENE THROMBOXANE

LEUKOTRIENE A4

B4t

IEOT PROS I AGLAND NS
PGP,,. e~uE2.PF~

LEZKTRIENE

FIGURE 7

free arachidonic acid to form endoperoxides which can then be
metabolized to thromboxane, prostacyclin or prostaglandins. The
biosynthesis of each of these compounds requires at least one
additional enzyme following the action of cyclooxygenase itself (51)
and no cell type contains all of these additional enzymes : Platelets
generate large quantities of thromboxane when activated (52) while
endothelial cells mainly generate prostacyclln (53) and mast cells
generate PGD2 (54,55).

Anggard, Arthurson and Jonsson were the first to demonstrate that
thermal injury is followed by an increased local biosynthesis of
prostaglandins. Mainly PGE1 was found during the first hours
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post-burn. Later, PGE2 (56,57,58) and PGF 2 a predominated (59). PG2
and TXB2 have been identified in burn blisters'fluid in patients
(60,61,62).

After a scald injury, an increased excretion of
50-7a-dihydroxy-11-ketotetranorprostanoic acid, the main urinary
metabolite of PGE1 and PGE2 was demonstrated in the urine of
guinea-pigs (57).

In lipid extracts of scalded skin excised two hours after injury,
the content of PG-like material is about 20-40 times higher than in
lipid extracts of scalded skin excised simultaneously with control
skin. Thus, a major part of the urinary excretion of the PGE
metabolite is due to an increased local biosynthesis of PG triggered
by burn injury. Prostaglandin release has been shown by a number of
investigators to result directly from injury, but endotoxin release
due to gut permeability changes also leads to both activation of the
alternate complement pathway and to prostaglandin release.
The cyclooxygenase pathway products have systemic effects following
release from burn injured tissues into the general circulation
(63,64,65) and local effects.

After systemic administration, PGE compounds have been shown to
be potent hypotensive agents, acting by vasodilatation and decreased
peripheral resistance (66,67). They increase coronary blood flow and
cause bronchial dilatation. Prostaglandins are also involved in
different immunoregulatory mechanisms : they induce suppressor
macrophage activity and directly activate suppressor T-cells.
Prostaglandin-induced suppressor T-cells produce a low molecular
weight suppressor peptide. The result is an impaired T-lymphocyte
response. E Prostaglandins can inhibit cell-mediated cytolysis and
IgE-mediated histamine release. PGF compounds induce effects opposite
to those of PGE compounds (67).

Locally, in the microcirculation, Thromboxane possesses
vasoconstrictive properties and stimulates platelet aggregation (68)
Prostacyclin on the other hand, is vasodilatative and is a potent
inhibitor of platelet aggregation.

The other oxidative pathway for arachidonic acid metabolism,
termed the 5 lipoxygenase pathway leads to biosynthesis of
leukotrienes (L.T.) through an ordered cascade of enzymes (69). Named
hydroperoxides (5 HPETE), the primary products of the cascade can be
metabolized to L.T. which can be divided into two groups, the LTB4
group with hydroxyl groups, and the C4, 04 and E4 group with a
cysteinyl peptide chain, which together constitute the Slow Reacting
Substance of Anaphylaxis. SRSA is a very potent group of compounds in
causing bronchoconstriction and in increasing vasopermeability in
relationship to injuries of the well-vascularized tissues. Many cells
possess both cyclooxygenase and lipoxygenase, and are thus capable of
enzymatic oxidation of arachidonic acid by the 2 major pathways.
Thromboxane and Leukotrienes have been shown to be important mediators
in early burn edema (70).

Leukotrienes generation occurs from a variety of human leukocytes
and related cells. Pulmonary mast cells produce LTC4 after activation
by an antigen (71,72,73,74). Alveolar macrophages produce large
quantities of LT84, even in comparison to human neutrophils (75,76).
Eoslnophils generate mainly LTC4 and LTB4. Eosinophils and neutrophils
are capable of degrading LTC4, LTD4 and LTE4 extracellularly, while
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neutrophils can degrade LTB4 intracellularly to compounds that lack
their biological activities. This provides an example of a reaction
producing its own negative feedback system.

Injected in the human skin, LTB4 has been shown to exert a very
ootent chemotactic effect on neutrophils, but it can also deactivate
cells so that they will no longer migrate (77). Injected
intradermally, LTC4, LTD4 and LTE4 elicit a wheal, with an increased
local vascular permeability. Injected intravenously to the animal,
LTC4 and LTD4 induce a constrictive effect on the peripheral arterial
vasculature with an increase in mean arterial blood pressure and a
disastrous effect on cardiac output. With respect to the airway, LTC4
and LTD4 are significantly more potent than histamine in effecting
bronchoconstriction.

At PERCY Military Hospital Burn Center, in CLAMART, it was shown
for the first time (78,79,80) that lipoxygenase pathway was altered
after thermal injury : as early as the first hours following burn
injury (6-12 hours) there is a considerable but transient increase in
LT concentrations, particularly LTB4. This peak is followed by a
collapse in concentrations which remain very much below normal. This
evolution is parallel with that of lymphocytary numeration and that of
the OKT4/OKT8 ratio, and is contemporary with the state of anergy.

Eicosanoids thus modulate a variety of multi-faceted host
responses. This class of compounds seems to have many different
actions on cells, tissues and organs ; further study will therefore be
necessary to better assess them. Of great interest is the last lipid
mediator, PAF, synthesized by different types of cells such as
platelets, basophils, eosinophils, macrophages. It originates from
membrane phospholipids under the action of cytosolic hydrolases and
acetyl-transferases. PAF binds to a specific binding site and triggers
the activation of proteins via the phosphatidine-inositol cycle. These
proteins induce the mobilization of calcium which in its turn triggers
the arachidonic acid cascade. Thus PAF seems to be the most important
lipidic mediator since it can be situated upstream from eicosanoids in
triggering the cascade of arachidonic acid metabolites.

The intervention of PAF in shock phenomena, allergy, thrombosis
and inflammation in general is a well established fact. PAF also plays
a role in organ graft rejection.

An injection of PAF leads to a fall in arterial pressure (Fig. 8)
with capillary leakage and an increase in hematocrit, pulmonary
hypertension and bronchoconstriction, all of which are reversible
signs after injection of a specific anti-PAF. A superfusion of PAF
induces local formation of a thrombus which is accompanied by
deendothelialization with leukocytic adhesion and migration of
platelets towards the site of inflammation. Injection of
immunoglobulin to an antigen sensitized animal is followed by a fall
in arterial pressure with capillary extravasation. Likewise the
experimental injection of endotoxin is followed by a sharp fall in
arterial pressure. All these phenomena are reversible after injection
of an anti-PAF. Similarly the asthma crisis induced by injection of
PAF improves after injection of an anti-PAF. After activation of
leukocytes of burn injured animal treated with a solution containing 1
% of an anti-PAF, a preliminary study by PERCY Burn Center in CLAMART,
allowed observing a decrease in Leukotrienes and PAF production, as
well as a decrease in the production of 0"'

2
- free radicals.
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Furthermore burn injured animals under anesthesia and treated

with Ringer Lactate but not receiving an anti-PAF, die in the state of

shock within 24 to 36 hours following thermal injury without having

regained consciousness, whereas animals treated with Ringer Lactate

and a 1 % anti-PAF Solution wake up rapidly, return to a normal P.A.

within one hour and eat 3 hours after accident.
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FIGURE 8. Decrease in mean arterial Pressure (MAP) in mmig Following
i.v. Infusion of PAF-Acether (0.50 nmole/kg) (o) or
Enteriditis Endotoxin (50 mg/kg). (U).

Thus, besides the generalized physiological alterations occurring
in severely burned patients, major immune dysfunction becomes clear at
both the humoral and cellular levels.
Current therapy - limiting pain, rapidly excising wounds, feeding the
patient and providing a warm environment, removing the toxic factors -
serves to minimize stress and protects the immunitary functions in one
way or another but sometimes impairs them.

Protein loss due to changes in vascular permeability and at the
origin of hemodynamic instability is compensated by the adminisStration
of human proteins. But at the same time, albumine binds prostaglandins
and when albumin concentration is low, prostaglandins are free to
exert their suppressive activity. As observed by Gelfan, the use of

fresh-frozen plasma in the early phase of burn injury could do harm to
the patient by adding more substrate to generate C5a and thus
increasing vascular permeability and adding to shock lung. It is much
more justified later as a source of alternative pathway activity for
opsonization. While the early excision and graft incorporate many
factors that are known to be immunosuppresstve - administration of
blood products, drugs, multiple anesthesia - these procedures seem to
profoundly influence the immunologic depression in burn patients, and
the net effect on the immune system is a positive one (81).
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The effect of plasma exchange/plasmapheresis on post-burn
lymphocyte suppression by the removal of circulating factors as
measured by MLR demonstrate a statistically significant decrease in
suppressive activity (82). Immune function and metabolic status are
importantly interrelated in the burn patient. Consequently, limiting
metabolic stress appears to result in beneficial immunological
effects. Large amounts of nitrogen relative to caloric intake are
necessary to achieve nitrogen equilibrium in patients with large
burns.

Several authors (83,84,85) have shown that survival is higher in
high protein groups of patients than in the control group.
Malnutritional states are associated with decreased resistance to
infection with an increased incidence of anergy and complement
consumption (86) as well as an impaired wound healing (87).
A variety of drugs act directly on the immune system and are or have
been used with varying success in burn patients : stero~ds are known
to decrease the release of arachidonic acid from phospholipids and to
inhibit the formation of Leukotrienes through a complex series of
cellular responses (88) but their use as anti-inflamatory agents is
limited because of their adverse side effects. Likewise thromboxane
synthetase inhibitors (imidazole, dipyridamole, etc...) result in a
beneficial reduction of dermal ischemia, and scavangers inhibit the
phospholipid-lipase activity and reduce post-burn edema, but they act
only upon one link of a long chain of reactions ; we don't know
exactly where the chain begins and if the acute phase reactants
intervene at the time of injury, or wether they are continuously
released for several days following injury.

In a similar respect, immunomodulators have been employed
successfully, increasing survival in animals. It is certainly very
early in the inflammatory process that histamin, bradykinin,
complement by-products, prostaglandins, prostacyclin, cysteinyl
leukotrienes and PAF act directly on the endothelial cells and cause
an increased microvascular permeability and all the disorders which
lead to immunological dysfunction, (Fig. 9) but the question is : what
is the primum movens ?
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FIGURE 9
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Natural products such as interleukins, leukocyte dialysates are being
tested. We now need to develop methods for reversing immune defects in
burn patients, such as the use of substances which may even induce
cells such as macrophages and lymphocytes to produce mediators of
immune competence thereby restoring immune function in
immuno-depressed burn patients.
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BURNS: CLINICAL AND BIOLOGICAL OVERVIEW

R. H. Demling
Associate Professor of Surgery, Harvard Medical School Director,
Longwood Area Trauma Center, Boston, Massachusetts.

There have been major advaoces in the care of the burn patient over
the last ten years leading to improved survival rates, in particular for
the young patient with the massive burn, the improvements have been in a
number of areas of burn management.

CARDIOPULMONARY RESUSCITATION

New information on the physiologic changes responsible for the dra-
matic shifts in bodily fluids and protein that occur after burns has led to
improved resuscitation techniques. Increased microvascular permeability in
burn tissue and a generalized cell-membraneldefect that results in intra-
cellular swelling have been well described. The increasing importance of
the interstitium in the transva2cjlar fluid and protein flux is a topic of
considerable research interest. Changes in the interstitium in both
burned and adjacent non-burned tissues, particularly in the basement5
membrane, now also appear to have a major role in edema formation.

Many potent vasoactive mediators are known to be released from burn
tissue. These include the vasoconstrictor and vasodilator prostaglandins,
kinins,eirotonin, histamine, oxygen radicals, and various lipid per-
oxides. Although these factors are thought to play some part in the
edema process, the use of specific inhibitors to modify the burn-edema
process has been, to date, unsuccessful. Plasma-exchange transfusions have
occasionally been used inl 6he early postburn period in an attempt to remove
these circulating agents.

The edema that occurs in nonburyld soft tissues does not appear to be
due to altered protein pergatility, but to the severe hypoproteinemic
state of a burned patient. '  There also does not appear to be any
altered permeabili in the lungs after burns, unless severe smoke inhala-
tion has occurred. A number of experimental and clinical studies have
found no early increase in water 15 the lungs during a controlled fluid
resuscitation after a major burn. Early colloid infusion is therefore
feasible and, in fact, has been shown to minimize edema in the nonhrYtd515
tissues and to increase blood volume better than does crystalloid.
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Postburn lung dysfunction remains a major cause of mortality. The
incidence of smoke-inhalation injury is now known to be several times
higher than previously reported; such injury 1C currently found in up to 20
percent of patients admitted to burn centers. Routine fiberoptic
bronchoscopy or xenon ventilation-perfusion scanning in patients suspected
of having S is injury has resulted in more frequent and earlier
diagnoses. Neither method, however, can predict the magnitude of damage
accurately.

Our understanding of the complex chemical burn to the tracheobronchial
mucosa jjuTd by the toxic components of smoke has improved substan-
tially. ' Water-soluble gases that are found in smoke from burning
plastics or rubber, such as ammonia, sulfur dioxide, and chlorine, react
with water in mucous membrahes, and edema. Lipid-soluble compounds such as
nitrous oxide, phosgene, hydrogen chloride, and various toxic aldehydes are
transported to the lower airways on carbon particles that adhere to the
mucosa. All these agents damage the cell membrane directly and impair the
ciliary clearance of bacteria. In addition, alveolar macrophages are
activat? to release potent chemotoxins, which further increase inflam-
mation.

Even with severe mucosal injury, early symptoms are absent in many
cases because mucosal edema and bronchorrhea may not develop for 24 to 48
hours. Yet recent human studies that used the multiple inert-gas technique
have demonstrated an early decrease in alveolor ventilation caused by the
bronchospasm and edema in the airway mucosa. True intrapulmonary shunt-
ing is not severe during this period, which indicates that alveolar edema
is not a major component of the early disease state. Several recent
clinical studies have demonstrated that21ung water increases significantly
only after massive inhalation injuries.

Endotracheal intubation and mechanical ventilation with positive
end-expiratory pressure remain the treatment of choice for severe lung
injuries fro12e3osure to smoke. Corticosteroids have been shown to be
ineffective. - ,

INFECTIONS AND IMMUNOLOGICALLY MEDIATED RESPONSES

Organ-system failure in conjunction with sepsis remains the leading
cause of death due to burns. Although infection is the primary initiator
of the hyperdynamic state, it is now clear that the devitalized tissue
itself can also initiate and perpetuate the mediator-induced response.
This may help to explain the finding that circulating bacteria cannot be
detected in more than2kalf of the patients with burns who die from what
appears to be sepsis. Circulating endotoxin absorbed from the wound or
from a gastrointestinal tract with an impaired mucosal barrier may have a
prominent role in producing sepsis.

The lungs and the burn wound are the most frequent sites of infection
and fatal infections ar 5moSt often caused by highly virulent opportunistic
gramnegative organisms. Particularly virulent strains of Pseudomonas
aeruginosa have been indentified that release exotoxin A, a factor that
impairs protein synthesis both locally and systemically when absorbed.
Antibiotic-resistant strains of common organisms such as methicillin-
resistant Staphylcoccus aureus have been responsible for a number of
epidemic infections in burn centers which result because of patient cross-
contamination.
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Fungal infections have also become more common, but elimination of the
use of prophylactic systemic antibiotics in burn patients has decreased
their incidence. Systemic antibiotics are now used only to treat docu-
mented infections, which are detected in the burn wounds b15quantitative
bacteriologic analyses of full-thickness biopsy specimens. However,
since sampling errors can affect the results of these tests, particularly
if only superficial eschar is analyzed, histologic documentation of tissue
invasion remains the most reliable approach.

Topical antibiotics continue to be the mainstay of wound-infection
control. However, bacterial resistance to these agents has also been
observed with increasing frequency as plasmids that contain antibiotic-
resistant genes are transmitted to local wound bacteria. New topical
agents such as chlorhexidine hydrochloride (which has never been shown to
be carried on a plasmid marker) are continually being developed to overcome
this problem. Sophisticated isolation equipment such 2 s2 laminar air-flow
units have been reported to decrease infection rates, * but equally
improved survival rat g have been reported with the use of more standard
isolation techniques.

Researchers have identified many complex alterations in both the
cellular and humoral components of the immune systems of burn patients that
predispose such patients to infection. Impaired phagocyte function appears
to correlate most closely with the onset and degree of sepsis. At least
some of the phagocytic abnormal~6 es probably result from a circulating
inhibitory factor in the serum. One group has reported that this factor
is a polypeptide that is biochemically similar to a fragment of collagen
released by the injured skin.

The lymphocyte system of burn patients is also severily altered, as
indicated by an impaired response to mitogen stimulation. Currently,
several immunomodulators, such as thymopentin (a fragment of thymopoietin
with five ami5 acids), that may reverse the lymphocyte and phagocyte
abnormalities., are undergoing clinical trials.

Burn patients also have a decrease in th13humoral components fibro-
nectin (a plasma opsonin) and gamma globulin, but no convincing data
indicate that administration of these agents improves survival.

In both human and animal studies, early burn excision with wound
closure has been reported to reverse many of the immunologic defects that
occur, which emphasizes the role of the burn wound.

1ETABOLIC AND NUTRITIONAL ASPECTS

Advances have been made in both the understanding and treatment of the
protein catabolism initiated by burn injury. The increase in metabolic
rate that begins in the postresuscitation period is much greater than that
seen with any other form of trauma or severe sepsis; a doubling of the
normal metabolic rate of 35 to 40 kcal per square meter of body-surface
area u:r hour occurs when burns affect more than 50 percent of body sur-
face. Associated with the hypermetabolic response are protein catabo-
lism, ureagenesis, lipolysis, and accelerated gluconeogenesis. The in-
creased heat production, which is accompanied by a 1 to 2*C increase in
core temperature, appears to be due to a resetting of the hypothalamic
temperature center. The hypothesis that a causal relationship exists
between the increased evaporative heat loss from the impaired barrjer of
burned skin and the hypermetabolic response remains controversial.
However, excessive heat loss, which will occur if a burn patient is placed

23



in a room with an average ambient temperature, will clearly exaggerate the
stress response. Thus, maintaining the ambient temperature in the rooms of
burn patients at or above 30*C has been found to decrease total energy
expenditure, and such a practice is now standard.

The efferent mediators responsible for the metabolic manifestations
appear to result partly from an excess of the counterregulatory hormones
(the catecholamines, glucagon, and Alucocorticoids) that impair the glucose
transport into tissues by insulin. Moreover, the combined infusion of
glucagon, cortisol, and epinephrine and normal persons have been shown to
produce many of the postburn responses, which lyggests that several hor-
mones interact to cause the metabolic changes.

Afferent signals f sm the burn wound appear to initiate and maintain
the hormonal imbalance. These signals are not totally neural in origin,
since spinal anesthesia or peripheral-nerve transection does not eliminate
them. Circulating inflammatory mediators such as prostaglandin E and
interleukin-1 are now known to be involved in the perception of tie affer-
ent signal by the central nervous system. Interleukin-1 and endogenous
pyrogens that are released from wound macrophages have been reported to
stimulate in vitro skeleSal-muscle proteolysis by means of the formation of
muscle prostaglandin E The afferent signal can be accentuateg0 by the
brain, particularly in the presence of excessive pain or anxiety.

The metabolic rate in burn patients can be decreased by administration
of anesthetic agents or high-dose morphine or by early wound closure.
However,41he effect on outcome of lowering the metabolic rate has not been
defined.

The marked hepatic gluconeogenesis can be partially suppressed by
infusion of exogenous glucose. Glucose must account for at least 50
percent of the total caloric intake to maximize its effect on decreasing
protein breakdown, but excess glucose will result in fat production and
increases in the formation of carbon dioxide. Approximately 15 to 20
percent of the calories should be proteins or amino acid equivalents, and
the remainder should be given as fat, which has been found to be well used
in burn patients. Recent studies have demonstrated substantial benefits,
as assessed by improved immune function and increased survival, from
high-protein diets (especially those perfued enterally) that are aimed at
achieving a 100:1 calorie-nitrogen ratio. In general, the increased43
attention paid to nutrition has had a major impact on burn management.

WOUND MANAGEMENT

Important advances have been made in our understanding of pathophysio-
logic changes that occur in burn wounds and in the techniques available to
close these wounds.

WOUND HEALING

Although neutrophil and platelet sequestration in the microvessels of
burned tissue is evident immediately, major tissue infiltalon with
neutrophils and macrophages is delayed for several days.4 '  The inflam-
matory cells are potent factories of vasoactive substances such as prosta-
noids, leukotrienes, platelet-activating factors, and complement compo-
nents. When the wound mediators are released and absorbed in sufficient
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quantities, particult[ly when stimulated by local endotoxin, pulmonary
dysfunction results.

The wound macrophage is now known45o be the cell that controls healing
by the release of a number of factors. Angiogenesis factor, a substance
with a molecular weight of 2000 to 20,O00, 4 s4gecreted by hypoxic macro-
phages at the wound edge or outer surface. ' This factor, which ini-
tiates neovascularization, appears to be a chemoattractant for mesothelial
cells and vascular endothelial cells that migrate to the wound edge to form
new blood vessels. The release of angiogenesis factor is accentuated by a
low partial pressure. However, angiogenesis and, in turn, the formation of
granulation tissue are suppressed beneath the burn eschar even when the
partial pressure of oxygen there is low.

The macrophage-derived growth factor is released from macrophages
below the wound surface where the tissue partial pressure of oxygen is
increased. This growth factor stimulates fibroblast mitosis and subgequent
fibroblast deposition of collagen fibronectin and glycosaminoglycan. The
rate of fibroblast proliferation and secretion dsends on the availability
of oxygen and therefore on the local blood flow. Platelet-derived growth
factor has progrties of both angiogenesis factor and macrophage-derived
growth factor.

Infection-producing quantities of bacteria in a wound will retard the
healing process not only by using the available tissue oxygen, but also by
degrading the new protein being formed through release of proteases from
the phagocytizing neutrophils. The best environment for wound healing
therefore appears to be one in which the partial pressure of oxygen is low
at the wound surface, thereby stimulating angiogenesis, and high at the
subsurface, incr~ising the secretion of macrophage-derived growth factor
and fibroblasts.. Thus, surface accumulation of phagocytes and bacteria,
as on an open wound, should be kept to a minimum.

The rate of reepithelialization of the superficial would also appears
to be controlled by wound factors, some of which are also derived from the
macrophage. The gene for epidermal growth factor, one such substance, has
now been cloned, so that may eventually be available in large quantities
for therapeutic purposes. It is anticipated that many other growth
factors will also soon be available for research and for potential thera-
peutic use.

EARLY WOUND CLOSURE

Since the presence of inflammatory tissue or eschar on the burn
surface has been shown to produce hypermetabolism and immune deficiercy
that can lead to severe illness or death, many practitioners have recently
returned to an aggressive surgical approach in which burn wounds are closed
as early as possible.

Current surgical approaches to early wound closure vary from imme-
diate, complete wound excision to the fascia and closure5yVth a combination
of autografts and skin substitutes within the first week - after the burn
to sequential excision and graftings, beginning about two to four days
after56h 7burn and continuing every four to five days until wound clo-
sure. The latter appears to be the safest and more common approach
for large burns.
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The complications that can arise with this aggressive surgical ap-
proach have been minimized by limiting the length of the surgical proce-
dure, usually to two hours; the area excised to no more than 15 percent of

body surface; and the blood loss to no more than 50 percent of blood
volume. Excisions performed the first days after the burn, before
infection has occurred, appear to result in fewer postsurgical complica-
tions than those performed more than seven day 7 after the burn, when
infection and inflammation have become severe. However, maintenance of
hemodynamic stability can be a major problem when surgery is performed
early; i.e., prior to the development of increased blood flow to Lhe burn
area which usually occurs after day 5. Moreover, two surgical teams
usually operate on an individual patient to expedite the procedure and
thereby decrease blood loss.

Early surgical excision and skin-graft closure of deep, partial-
thickness burns are also increasing in popularity. Burns of this depth are
not only prone to infection and conversion to deeper injuries, but they
also heal with considerable fibrosis and hypertrophic scarring. During the
surgical procedure, burn tissue is removed in thin layers (0.025 to 0.5 cm
in depth) until healthy bleeding tissue is reached, while as much viable
dermis as possible is preserved to improve the functionah and cosmetic
result. This technique is known as tangential excision.

Early debridement and wound closure that begins within three days of
the burn have been reported to increase survival among children with
full-thickness burns that affect more than 60 percent of the body surface
to a greater extent than the approach that uses spontaneous eschar sepa-
ration and delayed grafting. Although it is less convincing, some evidence
now indicates that the treatment also produces a similar increase in
survival among adults 9although a statistically significant improvement has
yet to be documented. Decreased morbidity has been reported, as
evidenced by a sixfold decrease in septic complications and a decrease in

catabolism and in immune deficiencies, P comparison with the conventional
approach that uses topical antibiotics. The hospital stay is also
decreased, by 20 to 30 percent: for patients with deep burns that affect 20
to 40 percent of the body surface. Although the findings are still
controversial, several centers have reported that improvements in longterm
function and cosmetic acceptability result from early wound closure,
particularly when the patient has deep dermal burns, because it minimizes
hypertrophic scarring and the need for later reconstruction.

SKIN SUBSTITUTES (ARTIFICIAL SKIN)

There has been a tremendous interest in the development of substances
that restore, temporarily or permanently, the important barrier functions
of the skin; i.e., functions that prevent invasive infection and water and
heat loss through evaporation. There has been considerable confusion over
the term "artificial skin", which has been used to describe both the
temporary and permanent skin barriers. There are major differences between
the properties and production of these two types of skin substitutes.

TEMPORARY SKIN SUBSTITUTES

The drying of exudate on a superficial wound with resulting scab or
eschar formation has been shown to retard reepithelialization. In
contrast, wounds have been shown to reepithelialize more rapidly and with
less pain and inflammation when they are occluded and a thin layer of fluid
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from the wound maintains contact with the surface.61 This sealed wound
also creates a more favorable environment for the clearing of surface
bacteria by wound-defense mechanisms. Application of topical water-soluble
antibiotics controls infection in an open wound, but it also appears to
increase inflammation ag decrease the healing rate in comparison with the
rate in a sealed wound. A number of temporary skin substitutes have
therefore been developed to improve healing of partial-thickness wounds, as
well as to putect clean, excised wounds when they are not immediately
autografted.* Th 3 pgperties required of a temporary skin substitute have
been well defined. Adherence to the wound is essential for maximum
reepithelialization and minimal inflammation and fibrosis. The dressings
must be permeable to water vapor and oxygen so that an anaerobic
environment is not produced at the wound surface, yet they must not be
permeable to bacteria. Elasticity and durability are major advantages, yet
the biochemical structure of the material cannot be ntenic or toxic;
otherwise, it will cause a local rejection reaction.

There are two types of temporary skin. Biologic dressings (previously
living tissue, including amniotic membranes, xenografts and homografts, and
cadaver skin) have been used for a number of years, although, because of
its limited availability, cadaver skin is used primarily to cover excised
wounds. Recently, many synthetic skin substitutes have been developed
because of the need to increase availability and shelf life over that of
the biologic materials. Solid silicone polymers have been the most widely
used because they are microporous and uniquely permeable to water vapor.
Polyurethane and polyvinylchloride polymers are also being used. Synthetic
substitutes that depend on fibrin entrapment in the porous material for
adherence appear to be less successful than those in which there is a
direct chemical bond with the wound. Although useful when only minor
infection is present, these synthetic dressings adhere poorly to grossly
contaminated wounds.

PERMANENT SKIN SUBSTITUTES

Improvements in resuscitation, cardiopulmonary and nutritional sup-
port, and infection control, combined with early wound closure that uses
autografts and temporary skin substitutes, have substantially decreased the
mortality and disability from severe burns. A small group of patients
(representing less than 5 percent of admissions to burn units), however,
have deep burns that affect more than 70 percent of the body surface and do
not have enough unburned skin for wound closure. Although unburned skin
can be used up to three times (and that on the scalp can be used at least
six times) for autograft donations, the amount of skin still may be insuf-
ficient, particularly if patients have burns that affect more than 90
percent of the bouy surface. Until recently, most of these patien s would
not have survived long enough for skin replacement to be an issue. Now,
however, for a portion of this group, lack of skin is the limiting factor
to survival, although functional ability will be a major problem for all
these patients since covering the burn wounds with only epidermis, as is
done when the same donor sites must be6reued a number of times, will
result in considerable scar formation. Reused donor split grafts,
with the exception of those from the scalp, have very little remaining
dermis; instead, they consist mostly of an epidermal sheet that is rather
easily disrupted by minimal shearing forces, which leads to continual
blistering and focal sloughing. Because of these problems, permanent skin
substitutes are being designed.
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INFECTION: CAUSE OR EFFECT OF PATHOPHYSIOLOGIC
CHANGE IN BURN AND TRAUMA PATIENTS

B. A. Pruitt, Jr.
US Army Institute of Surgical Research Fort Sam Houston, TX

The survival of burn patients has increased significantly over the past
40 years as a result of improvements in both general care and burn
specific treatment.' The use of effective topical chemotherapy to control
microbial proliferation within injured tissue has significantly reduced
the incidence of invasive burn wound sepsis, even in patients with
extensive burn injury, and has altered the characteristics of the burn
wound flora and hence the causative organisms of the invasive infections
that do occur, i.e., Pseudomonas burn wound infections have become
relatively rare and yeast and fungal infections relatively common .2 Even
though present day management has reduced the occurrence of burn wound
infections, infection in other sites remains the most frequent cause of
morbidity and mortality in successfully resuscitated patients with burns
and other injuries (Table I). The incidence of infection appears to be
proportional to the severity of injury, e.g.,burn size, and to reflect
both systemic and local effects of injury which predispose such patients
to infection, confound its diagnosis and make it difficult to
differentiate the cause and effect relationships of injury and infection.

3

LOCAL AND SYSTEMIC EFFECTS OF BURN INJURY

Exposure to thermal energy of sufficient magnitude and duration causes
tissue damage of variable degree. Coagulation necrosis and cell death
involve the entire thickness of the skin in third-degree injury and are
associated with immediate microvascular thrombosis and permanent occlusion
of the local blood supply. The zone of immediate coagulation is surrounded
by a concentric zone of stasis in which cells sustain potentially
reversible injury and the blood supply is impaired but amenable to
restoration, provided hypovolemia is promptly corrected, wound surface
desiccation is avoided, and infection is prevented. The zone of stasis is,
in turn, surrounded by a zone of hyperemia characterized by vasodilatation
and increased blood flow.4. Vascular endothelial injury is produced and
permeability edema occurs in tissue subjected to temperatures over 430 C.5
Increased vascular permeability results in transcapillary efflux of fluid
into the interstitium and a decrease in circulating blood volume ensues.
In the area of burn injury, precapillary resistance appears to decrease
and permits transmission of near arteriolar pressure to the capillary wall
as post-capillary resistance remains unchanged or even slightly elevated.
Additionally, Arturson and ellander have reported an early increase in
interstitial fluid and venous effluent osmolality indicative of

31



osmotically induced transfer of intravascular fluid into burn injured
tissueG.

Physiologically active materials are released from burned tissue as
evident in various studies of burn blister fluid, burn wound lymph, and
venous blood, in which increased levels of histamine, serotonin,
bradykinin, prostaglandins, leukotrienes, and interleukin I, as well as
activation products of the alternative complement pathway have been
identified and implicated in the local hemodynamic changes, remote organ
responses, and immunologic changes that occur following burn
injury. 7,,9, 10, 11 These materials of burn wound origin, in combination
with neurohormonal responses to injury and hypovolemia, induce generalized
physiologic changes that involve all organ systems and are proportional to
burn size ; such changes are characterized by a biphasic pattern of
immediate post-injury hypofunction and later hyperfunction in successfully
resuscitated patients'.

Locally, the injury destroys the mechanical barrier of the skin and
permits microbial invasion of the protein rich avascular eschar. Unbridled
microbial proliferation occurs and local vascular obstruction precludes
delivery of both systemically administered antibiotics and the cellular
components of the host defense system. Burn wound edema of sufficient
magnitude may further compromise tissue viability by increasing
intercapillary distance across which oxygen and metabolites must diffuse,
and beneath areas of third-degree injury tissue pressure may increase to a
level that impedes blood flow in nutrient capillaries and causes ischemia
of unburned tissue. The latter situation is corrected by incision of the
overlying unyielding eschar. The blood supply as related to the depth of
the wound is a critical factor in local susceptibility to infection, 12

i.e., avascular full-thickness burns are more readily colonized, have a
higher bacterial density, and are more often the sites of invasive wound
infection than are partial-thickness burns or split-thickness skin graft
donor sites that appear to be resistant to invasive wound infection except
when systemic hypotension causes further cell injury. Recent studies have
emphasized the importance of the extent of burn in both local and systemic
susceptibility to infection. Yurt, et al. in studies of a murine model,
found that a 30 percent partial-thickness burn previously resistant to
surface inoculation of bacteria became susceptible to microbial invasion
following infliction of an additional 30 percent full-thickness burn that
remained unseeded13 (Table II). Further studies from that laboratory have
shown that even though the number of circulating neutrophils is similar
following either a 30 percent or 60 percent burn, there was only half as
many neutrophils in the wounds of the animals with the larger burn. Four
hours after injury, in vivo testing showed that the neutrophils in the
animals with the larger burns were more sensitive to infusion of zymosan
activated serum. II These findings are consistent with indiscrete
margination that compromises local wound resistance and may also play a
role in the disturbance of function of remote organs such as the lung.

The microbial population on and in the wound also influences the outcome
of wound care. This population is initially sparse and consists
principally of gram-positive cocci ; it increases in density with time,
and by the second postburn week gram-negative bacilli become predominant.

2

Topical chemotherapy retards the proliferation of bacteria but exerts
little influence on the time related changes in the character of the wound
flora.1 ' Treatment pressures exerted by topical and systemic
antimicrobials may ultimately result in a wound largely populated by
yeasts and fungi. Viral infections also occur in immunocompromised burn
patients, presumably due to reactivation of latent virus in the came of
herpetic infections of the wound (most common in healing partial-thickness
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TABLE I84

CAUSES OF DEATH IN BURN PATIENTS
1983 -1984

NUMBER OF FATAL BURNS 74

PRINCIPAL CAUSE OF DEATH

SEPSIS 51 (69 %)

INHALATION INJURY 9 (12 %)

CARDIOVASCULAR DISEASE 8 (11%)

ALL OTHERS 6 ( 8 %)

TABLE II

EFFECT OF BURN SIZE ON SUSCEPTIBILITY
TO INFECTION AND MORTALITY

EXTENT AND DEPTH DEPTH OF NUMBER OF PERCENT
OF BURN "SEEDED" BURN ANIMALS MORTALITY

30 % FULL-THICKNESS FULL 12 100.0

30 % PARTIAL-THICKNESS PARTIAL 16 12.5

30 % PARTIAL,
30 % FULL PARTIAL 16 56.3

30 % PARTIAL,
30 %FULL 8 0.0

burns about the face) and to transfusion of blood products in the case of
systemic cytomegalovirus infections .

2

The occurrence of wound or other infections depends upon the balance
between host defenses and microbial invasiveness. In addition to the local
blood supply and the extent of burn, age influences the susceptibility to
infection, with wound infections being most common in burned children,
least common in young adults of 15 to 40 years, and of intermediate
incidence in older patients. Pre-existing diseases may increase the risk
of infection (phycomycotic. infections are a particular hazard in
diabetics)" as do foreign bodies and secondary complications such as
hypovolemic shock due to any cause. Suppression of the humoral and all
cellular limbs of the immune system proportional to burn size also
predisposes the burn patient to both wound and systemic infections.
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In addition to microbial density (invasive wound infections are rare when
there are fewer than 10 organisms per gram of tissue even in the
immunocompromised burn patient and are increasingly common as bacterial
density increases above that level) enzymes such as collagenase, elastase,
lipase, proteases, nucleases, and hemolysin as well as other nktabolic
products such as slime and vascular permeability factor produced by
microorganisms exert destructive local tissue effects and influence local
invasiveness and systemic virulence."1 Endotoxin, a common product of
enteric bacilli, and exotoxins produced by many bacteria also exert both
local effects by activation of cellular components within the wound and
systemic effects as a result of complement activation. Microbial motility
appears to be important for invasion of a surface wound. 17

The use of effective topical chemotherapy has significantly reduced the
incidence of invasive burn wound infection."1 Unfortunately, none of the
three commonly used agents of verified effectiveness, i.e., mafenide
acetate burn cream, 0.5 percent silver nitrate soaks, or silver
sulfadiazine burn cream, sterilize the burn wound, and invasive infection
still occurs in certain wounds, usually those of patients with injuries
involving more than 30 percent of the body surface. The imperfect
protection provided by topical agents necessitates daily examination of
the entirety of the burn wound to identify signs of infection at the
earliest possible time. The examination is best carried out at the time of
daily wound cleansing when all dressings and topical medications have been
removed, but the presence of nonviable tissue in the burn wound may
obscure local signs of infection and otherwise impair evaluation. A
leathery insensate eschar may compromise assessment of apin, sensitivity,
tenderness, and tissue turgor. The tinctorial changes characteristic of
eschar maturation as well as thermal charring may obscure infection
related erythema. Increased blood flow to the area of injury commonly
increases local tissue temperature in the absence of infection, and edema
due to the injury per se and to the infusion of resuscitation fluid makes
local swelling an imprecise index of infection in the early postburn
period.

In spite of these limitations, certain tinctorial and physical changes
are characteristic of burn wound infections caused by various
microorganisms. The most reliable clinical sign of invasive wound
infection is rapid conversion of an area of partial-thickness injury to
full-thickness necrosis.19 Infrequently, surface desiccation of an exposed
deep partial-thickiess burn may cause such extension of tissue injury. The
most common wound change indicative of infection is the appearance of
focal dark red, brown, or black discoloration in the eschar, but focal
hemorrhage secondary to local minor trauma may mimic that sign of
infection. Unexpectedly rapid separation of an eschar often occurs in the
presence of invasive fungal infection, but similar early separation can
occur in areas of severe thermal injury where sufficient heat has been
delivered to cause liquifaction of the subcutaneous fat.

The imprecision and unreliability of local signs and symptoms
necessitates that other means be used to diagnose burn wound infection. A
variety of surface culture techniques useful in epidemiologic monitoring
and the characterization of the microbial flora of burn wounds are subject
to both falsely positive and falsely negative results with such frequency
as to make even quantitative culture techniques unreliable in diagnosing
burn wound infection. Even quantitative cultures of burn wound biopsy
specimens are subject to severe limitations, as indicated by the
discordance of paired samples reported by Woolfrey, et al.2 and a recent
study at the US Army Institute of Surgical Research which found a
generally good correlation between microbial densities of 105 organisms or
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less per gram of tissue with negative biopsy histology but a very poor
correlation between microbial densities as high as 10 organisms per gram
of tissue and histologic evidence of wound invasion.

2 1

Histologic examination of a burn wound biopsy is the most reliable
means of differentiating colonization of nonviable tissue from invasive
infection of viable tissue.3 A scalpel is used to obtain from that area of
the wound showing the most prominent changes indicative of infection, a
500 mg lenticular tissue sample that must include underlying unburned
subcutaneous tissue. The tissue sample is processed by either rapid
section technique or a newly described frozen section technique 2 2 with
which slides can be prepared for histologic examination within 30
minutes. 23 Identification of microorganisms (bacteria, fungi, or viruses)
in viable tissue confirms the diagnosis of invasive burn wound infection.
Falsely negative histologic readings can be obtained if the biopsy
specimen is obtained from a non-representative area of the wound and does
not include infected tissue, or as a result of an erroneous histologic
interpretation. A falsely positive histologic reading may occur if the
biopsy specimen does not include unburned tissue and only bacteria laden
burned tissue is examined or if there is an interpretation error. Even
with adequate biopsy sampling, the new frozen section method is associated
with a 3.6 percent rate of falsely negative histologic readings, but such
errors can be corrected by subsequent review of permanent sections. The
results of the histologic examination of biopsy tissue must always be
interpreted in the light of the overall condition of the patient. A
histologically negative biopsy in the presence of systemic signs of sepsis
should prompt a repeat biopsy and, if that too is negative, infection in a
site other than the burn wound should be sought.

Treatment of invasive burn wound infection includes institution of
general supportive measures, alteration of topical therapy, institution of
systemic antibiotic therapy, and the subeschar infusion of a
semi-synthetic penicillin as a prelude to surgical removal of the infected
tissue. Timely biopsy diagnosis of invasive burn wound infection with
prompt institution of the treatment program described has arrested the
infection in 53 percent and been associated with survival of 26 percent of
a small group of patients with histologically confirmed invasive burn
wound infection. 2" The importance of early diagnosis was evident in the
surviving patients, in whom the infection was identified before sufficient
microvascular involvement had occurred to produce hematogenous
dissemination, i.e., all blood cultures were negative.

As a result of global impairment of the immune system and other systemic
effects of severe injury, infection remains the most common cause of death
in hospitalized burn patients and pneumonia has supplanted burn wound
infection as the most common form of spesis 25 (Table III). The reduction
in invasive burn wound infection has also resulted in a marked change in
the predominant form of pneumonia. The incidence of hematogenous
pneumonia, an infection caused by lodgement in pulmonary capillaries of
blood borne microorganisms arising in a remote source, has decreased, and
the incidence of airborne or bronchopneumonia has increased. 26  An
extensive burn of the chest wall and edema of the underlying tissues may
attenuate auscultatory findings and compromise physical examination of the
chest (burn wounds of the abdominal wall may also compromise examination
of the abdomen and make diagnosis of intraabdominal sepsis difficult).
Radiographic diagnosis of pneumonia, too, may be imprecise, since the
roentgenographic signs of pneumonia may be mimicked by those of pulmonary
edema or by early peribronchial inflammatory changes in patients with
severe inhalation injury.
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TABLE III

INFECTIONS IN 74 FATAL BURNS
1983 - 1984

INFECTION* NUMBER OF PATIENTS

PNEUMONIA 43

BURN WOUND INFECTION 29
ENDOCARDITIS 9
SUPPURATIVE

THROMBOPHELEBITIS 6
ALL OTHERS 4

* SEPTICEMIA ALSO PRESENT IN 42.

Because of the equivocal nature of roentgenographic findings, reliance
has been placed on the staining characteristics and culture of
endobronchial secretions to diagnose pulmonary infection, but the rapid
polymicrobial colonization of the airway of patients requiring
endotracheal intubation often results in the culture recovery of multiple
organisms, making it difficult to determine a predominant organism and to
specify appropriate antibiotic therapy. Bronchoscopically directed lavage
of the involved segment of lung has been proposed as a technique to
enhance the recovery of specific causative organisms and the accuracy of
diagnosis of pneumonia, but a recent study at the US Army Institute of
Surgical Research has shown that culture results from endoscopically
directed lavage were no different from those of transtracheal aspiration.

Recovery of microorganisms from or identification of microorganisms
within viable tissue constitute the definitive means of diagnosing
infection. The problems surrounding such confirmation in severely injured
patients have served as rationalization for the use of systemic signs of
"sepsis" as an alternate means of diagnosing the presence of infection. A
change in body temperature is a generally reliable but usually late sign
of severe sepsis. Sudden ocurrence of hypothermia or even reversion to
normothermia in a previously hyperthermic injured patient are ominous
signs of systemic life-threatening gram-negative sepsis. Similarly, ileus
in a patient with a previously functioning gastrointestinal tract and
disorientation in a previously lucid patient may be systemic
manifestations of infection.

Many of the physiologic criteria of sepsis that have been advanced, i.e.,
hyperthermia, tachycardia, hyperventilation, disorientation, and impaired
gastrointestinal motility are also elicited by burn or mechanical injury
in the absence of infection.3 The multisystem pathophysiologic changes
evoked by burn injury that may be mirrored by the response to sepsis are
of greatest intensity in the early post-resuscitation phase. The magnitude
of organ response diminishes in intensity with time as the burn wound
heals or is closed by grafting, and organ function returns to normal as
convalescence proceeds.27 Even though infection may elicit systemic
changes resembling those due to trauma and be unapparent in a patient with
an extensive burn in the early postburn period, sepsis occurring later
will commonly exaggerate the injury related state present at that time,
and life-threatening sepsis may even cause reversion to a "primitive"
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early post-injury condition. It is essential to evaluate physiologic

indices in patients in whom infection is suspected in terms of the level
anticipated for each variable in relation to extent of burn and the time
post-injury ; even so, physiologic interactions often make it difficult to
identify infection specific changes.

The similarity and non-specificity of local and systemic changes due to
injury and infection have focused attention on biochemical, hematologic,
and hormonal a-says and the quantification of the physiologic

manifestations of biologically active materials either as indicators of an
increased susceptibility to infection (cause) or criteria of the presence
of infection (effect). It now appears as if similar changes in these
assays and measurements may be induced by either injury or infection, and
the interpretation of changes occurring in serial measurements and the
identification of an observed change as a significant causative factor of
infection is further complicated by the time required for culture
confirmation of infection. Even with the use of radiometric techniques,
cultures may not be positive for 24 hours and speciation of the causative
organism requires an additional day. Verification of yeast, fungal, and
viral infections requires even longer. A biologic change representing an
effect of sepsis occurring during either the in vivo or in vitro
incubation period may be erroneously assigned causative significance.

Hyperglycemia, increased circulating levels of catecholamines,
corticosteroids, and glucagon, increased levels of complement activation
products, increased production of arachidonic acid metabolites, and
increased production of interleukin I, as well as decreased circulating
levels of thyroid hormones, decreased insulin-glucagon molar ratio,
decreased fibronectin levels, and deceased levels of certain coagulation
factors are all components of the multisystem response to injury.

3 Initial
marked leukocytosis followed by leukopenia, and secondary rebound
leukocytosis, and changes in neutrophil function as well as changes in
lymphocyte subpopulations also characterize the response to injury. These
hematologic changes are widely believed to predispose injured patients to
infection, particularly the decrease in T-lymphocyte helper-suppressor
ratio, 2

a but both leukocytosis and leukopenia and changes in lymphocyte
subpopulations are also consequences of sepsis. The temporal relationship
between observed changes and the onset of sepsis is crucial in determining
any cause and effect relationship between these changes and subsequent
infection.

The use of an established animal model of burn wound infection has

TABLE IV

EFFECT OF BUNR INJURY AND INFECTION ON
HELPER AND SUPPRESSOR LYMPHOCYTES

TRAITEMENT GROUP HELPER-SUPPRESSOR RATIO
(Mean value + sd)

CONTROL 2.28 + 0.30

BURN 2.13 + 0.32

BURN PLUS INFECTION 1.03 + 0.54*

*p < .001 vs. CONTROL

p < .001 vs. BURN GROUP
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overcome some of the previously noted limitations of clinical studies and
provided evidence that changes in lymphocyte subpopulations are often an
effect, rather than a cause, of infection. Burleson, et al., in a murine
model of a 30 percent burn with and without infection, have found density
gradient lymphocyte fractions to be contaminated by a variable number of
various non-lymphoid cells that can distort functional assays of these
cell fractions. Using monoclonal antibodies and light scatter sorting
technology, these investigators found that an infected burn, but not a
burn without infection, caused a relative decrease in T-lymphocytes and a
decrease in the ratio of helper to suppressor lymphocytes (Table IV). With
gated light scatter determinations, which further reduced non-lymphoid
cell contamination, the purity of the T-lymphocyte fraction increased, the
helper subset fraction increased and the suppressor subset fraction
decreased slightly following infection. These investigators conclude that
the decrement in the helper-suppressor ratio in this model was induced by
infection rather than by burn injury. The decrement in helper/suppressor
ratio occurred because of a relatively greater decrease in helper than in
suppressor cells.

29

Use of the standard murine model of Pseudomonas burn wound infection has
also permitted assessment of the role of microbial toxins in the
pathogenesis of burn wound sepsis. Exotoxin A, produced by some
Pseudomonas strains, inhibits protein synthesis and has been proposed as
the cause of high mortality in mice following intraperitoneal injection of
Pseudomonas organisms producing exotoxin A. In this model, protection was
afforded by prechallenge immunization with toxin A toxoid. Studies
employing the rat model of Pseudomonas seeding of the burn wound surface,
however, demonstrate consistent invasive infection and hematogenous spread
of the infection to remote organs in similarly immunized test animals,
with no protection afforded by prechallenge immunization with the
toxoid.30 (Table V) These contrasting results suggest that the mouse model
represents a toxicity model, rather than an infection model, and that
exotoxin A is of little importance in invasive infection of a burn wound.

Animal models of burn injury have also been used to elucidate the role of
vasoactive agents in the local and systemic changes that occur early
post-injury. Yurt, et al., using a murine model of burn injury in which
baseline histamine values in unperturbed animals were comparable to
baseline values in man, has identified plasma histamine concentration
elevations within one minute after thermal injury. The increase in plasma
histamine concentration was proportional to the extent of surface area
injured, with a single time-related plasma histamine peak observed in
animals subjected to a partial-thickness burn and a biphasic elevation
noted after full-thickness injury. 3 1 These results justify consideration
of histamine as a mediator cf both the local and systemic response to burn
injury. In further studies, these investigators found that degranulation
of mast cells by intra-peritoneal administration of polymyxin B depleted
histamine stores, as confirmed by marked suppression of the post-injury
increase in central venous histamine concentration, but did not alter
wound edema formation3 2 (Table VI). These results suggest that histamine
may not be responsible for burn wound edema and that other mechanisms
influence local changes following such injury. Studies by others, in
various animal models, have shown that administration of inhibitors or
antagonists, such as anti-histamines, histamine H2 receptor antagonists,
ketoconazole, and calcium channel inhibitors only partially block edema
formation, further supporting a multifactorial etiology of the local
effects of burn injury. ,
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Studies in both injured man and animal models have revealed a variety of
humoral indicators common to both injury and infection, and others that
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appear to be infection specific. Powanda, et al., have detected, in burned
and burned infected rats, one circulating factor that absorbs light at 398
nm and two that fluoresce at 340 nm and 420 nm, respectively. The factor
fluorescing at 340 nm is a response to either infection or injury. The
other two factors were correlated with the extent of burn during the first
48 hours post-injury, but were subsequently related only to the presence
of infection."' Subsequent studies by Lin and Burleson have shown that the
factor fluorescing at 420 nm is a reliable indicator of infection in both
the murine model and burn patients. In patients it was evident only in
advanced terminal stages of sepsis. This factor showed spectral similarity
to a conjugated diene and its blood concentration correlated with
increased malondialdehyde concentration in plasma filtrates and tissue,
particularly renal tissue, from both burned and burned infected animals

3 5

(Table VII). These findings suggest that lipid peroxidation may generate
this circulating factor in injured and injured infected animals. These
investigators, on the basis of chromatographic similarities, propose that
pterin derivatives also contribute to the fluorescence at 420 nm.
Burleson, more recently, has reported that the factor fluorescing at 340
nm has an apparent molecular weight of approximately 76,600 and is
comprised of at least two major acid glycoprotein components with
significantly different amino acid compositions. 

3 6

Other investigators have identified elevated plasma levels of serine
proteases in the blood of critically ill and septic patients3 7 and Powanda
et al., have also reported that infection in burn patients is associated
with significant decreases in plasma levels of haptoglobin and IgM and a
significant increase in ;lasma levels of alpha -acid glycoprotein.3 e In
both the animal and human studies reported, the 3 humoral indicators appear
to be present only in advanced or pre-terminal sepsis and do not
facilitate early diagnosis of clinically unapparent sepsis.

This review permits one to draw certain conclusions and offer the
following recommendations : (1) The local and systemic responses to injury

TABLE V

EFFECT OF PSEUDOMONAS EXOTOXIN A TOXOID,
ON MURINE BURN WOUND INFECTION MORTALITY

OBSERVED
IMMUNIZATION CHALLENGE MORTALITY

NONE LIVE PSENDOMONAS 100 %

LIVE PSEUDOMONAS STRAIN IMMUNIZING STRAIN 0

LIVE PSEUDOMONAS STRAIN NON-IMMUNIZING
STRAIN 100 %

ALUMINUM PHOSPHATE
ABSORBED TOXIN A TOXOID LIVE PSEUDOMONAS 100 %

ALUMINUM PHOSPHATE
ADJUVANT LIVE PSEUDOMONAS 100 %
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TABLE VI

EFIT ECT OF MAST CELL DEGRANULATION ON
BURN WOUND EDEMA

TREATMENT GROUP MAST CELLS PERCENT WATER
PER VESSEL CONTENT OF WOUND

(Mean +SEM)
SHAM BURN:

SALINE 1.97 + 0.16 ) 64.71 + 0.24
) **

POLYMYXIN B 0.70 + 0.17 ) 64.01 + 0.21

30 % PARTIAL-THICKNESS
BURN :

SALINE 1.67 + 0.22 ) 71.41 + 0.46)
)N.S.

POLYMYXIN B 0.27 + 0.05 ) 70.62 + 0.51)

N.S. No significant difference

** p < 0.01 )

) ONE-WAY ANOV
*** p < 0.001)

TABLE VII

RENAL TISSUE AND PLASMA SEPSIS FACTOR
AND MALONDIALDEHYDE FLUORESCENT ACTIVITY

420 rim FLUORESCENT
FACTOR ACTIVITY

MALONDIALDEHYDE

CONCENTRATION
DAYS PLASMA KIDNEY KIDNEY

TREATMENT GROUP POST-INJURY rfu/0.1 ml rfu/0.2 gm OD UNITS AT 530

CONTROL 3 11.0 1 2.5 816 1 79.2 .093 ± .013

BURN 3 17.6 1 6.0 1128 ± 77 0.244 ± .039

BURN-INFECTED 3 44.3 1 24.8 1140 ± 342 0.303 ± .001
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or sepsis are strikingly similar and confound the clinical diagnosis of
both local and systemic infections. (2) The biochemical, hematologic,
immunologic, and endocrine, changes that accompany injury mimic those
occurring with sepsis, making it tenuous to attribute susceptibility to
infection to any of those factors. (3) The evaluation of any relationship
between post-injury change and the subsequent occurrence of sepsis is best
carried out in appropriate animal models in which specific temporal
relationships can be defined. (4) Studies in an animal model indicate that
change in the helper and suppressor lymphocyte population are an effect
not a cause of infection. (5) The use of relevant animal models has
permitted definition of the clinical importance of microbial factors in
the pathogenesis of infection following burn injury. (6) The use of animal
models is also essential in the evaluation of the physiologic significance
of vasoactive mediators of the pathophysiologic response to injury. (7)
Studies in animal models of burn injury suggest that local burn wound
changes such as edema formation and some remote effects of injury are
multifactorial in etiology. (8) Humoral factors have been identified in
both animal models and patients that appear to be infection specific but
the clinical importance of such factors and the usefulness of their
measurement remains undefined.
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BIOCHEMICAL MEDIATORS IN ACUTE RESPIRATORY DISTRESS
SYNDROME (ARDS) AFTER BURNING INJURY
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G. Deby-Dupont4, J. Micheelsi, D. Jacquemins
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SUMMARY

Seventeen burned patients, 5 of whom developed the adult respiratory
distress syndrome (ARDS), were investigated. Occurrence of ARDS was
correlated with the severity of burn in ARDS patients (UBS : 82 + 27) and
non ARDS patients (UBS : 36 + 18) respectively (p < 0.005) and with
inhalation injury.

Blood samples were collected immediately after admission, 6 - 12 h
after injury, am/pm the first day and every day during a fortnight. This
prospective study demonstrated abnormal C3 consumption as measured by the
C3d/C3 ratio in all burned patients, not related to the presence of ARDS.
A significant protease-antiprotease imbalance was found in ARDS and non
ARDS patients : leukocyte elastase was increased throughout the
observation perioda macroglobulin drastically decreased especially in
ARDS patients, d proieinase inhibitor early decreased below normal levels
in ARDS patients. Finally, we found a time course delayed but persisting
acute phase response : C-reactive protein, haptoglobin andwe I acid
glycoprotein reached a plateau on about day 5-7.

These biochemical investigations give no evidence for a specific
mediator for acute-respiratory failure.

The treatment of burns has continuously been improved, based on
results from experimental and clinical research. Mortality from major
burns has decreased, burn shock has been nearly eliminated as a major
cause of death by widespread understanding of the need for early vigorous
fluid resuscitation. Advances have been made in monitoring and supporting
the body's hemodynamic and metabolic response to trauma; however,
respiratory complications have emerged as one of the dominants killers of
individuals with major thermal injury. Pulmonary pathology, primarily as
a result of inhalation injury, now accounts for 20 to 84 per cent of burn
mortality (1,2.3). The presence or absence of inhalation injury may be a
stronger determinant of mortality than the size of the burn injury. The
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lung lesions that are evident clinically in the thermally injured patient
are multifactoral in etiology. Pulmonary edema, airway infection and
obstruction occur from thermal injury to the skin, inhalation injury and
sepsis. The lung lesions associated with pure, thermal damage to the
dermis involve an increase in lung lymph flow and edema formation (4,5,6)
but the exact mechanism of the microvascular permeability increase remains
still unclear. The sequence of events leading to the sudden respiratory
failure seen in the adult respiratory distress syndrome (ARDS) after
burning injury still lacks complete characterization. Mediators
responsible or implicated in the pathogenesis of the syndrome are yet to
be identified. Therefore, we looked specifically at patients developing
ARDS after burning injury and we decided a prospective study in order to
assess differences in biochemical evolution in burned ARDS and non ARDS
patients.

The present study was undertaken to determine whether or not acute
burning injury with or without ARDS is accompanied by complement system
activation, protease-antiprotease imbalance and if the acute phase
reactant response is different in burned ARDS and non ARDS patients.

MATERIAL AND METHODS

Patients : 17 patients (34 + 17 years, 69 + 18 kg BW), referred to the
University Hospital of Liege, were investigated. The percent body surface
area (BSA) of the burn and its distribution were recorded with a Lund and
Browder diagram. The average size of the burn was 31.5 + 16 % of the body
surface and the extent of the burn, assessed by the measurements of "Unit
Burn Standard" (UBS) (7) was 49.5 + 31 Z. Patients received conventional
acute burn care immediately after Their admission to the Emergency Unit.
The standard regimen that was followed included local debridement of
cutaneous burns and skin graft, topical application of 1 % Silver
sulphadiazine cream. Fluid resuscitation was performed according to the
modified Parkland formula (8,9). When inhalation injury was suspected, a
fiberoptic bronchoscopy was performed routinely on admission. Positive
findings are airway inflammation or edema, mucosal necrosis, and the
presence of soot in the airway.

Patients were separated into 2 groups on the basis of ARDS. Clinical
assessment was performed, independently of knowledge of the biochemical
data, using predetermined criteria defining the clinical onset of ARDS;
ARDS was defined as being present if the patient developed non-hemodynamic
pulmonary edema (radiologic whitening of both lungs with no increase in
pulmonary capillary wedge pressure) with severe arterial hypoxemia
requiring artificial ventilation, with a fraction of inspired oxygen
greater than 0.5, a tidal volume of 12 to 15 ml/kg body weight, and a
positive end expiratory pressure of at least 5 cm H 20 in order to
normalize gas exchange.

Sampling procedure : Blood samples were collected from an indwelling
central venous catheter at admission to the emergency unit, 6 and 12 hours
after injury, twice daily the first day after injury and once the
following days.

For complement factor determinations, the EDTA anticoagulated blood
samples were immediately centrifuged, and plasma was stored at - 30*C
until assay. Heparinized blood samples were taken for immunoreactive
trypsin measurements and blood was drawn in glass tubes containing sodium
citrate (0.129 M) for plasma leukocyte elastase determination. Blood was
collected in glass tubes and allowed to clot, and serum was used for
a( proteinase inhibitor (t P),#d macroglobulin (oe M) and acute phase

r actants determinations (&reactive protein,a' acid glycoprotein and
haptoglobin). After centrifugation (10 min, I,5O0 g), the plasma or serum
was decanted with plastic pipette and stored at - 30*C.
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Plasma and serum assays

Complement fraction 3 (c) was measured by nephelomtry; od
fraction, a breakdown product of C3, was measured according to the method
of Perrin and coworkers (10). Absolute levels of C3d were correlated with
total C3 content of normal plasma; therefore, the ratio of C3d to total C3
concentration (C3d/C3 ratio) was calculated in order to assess true in
vivo complement consumption. For more details, we refer to the paper of
Duchateau and coworkers (11).

Leukocyte elastase was determined by an enzyme-linked immunoassay for
human granulocyte elastase in complex withd 1 proteinase inhibitor (12).

Immunoreactive trypsin (IRT : free trypsin, trypsinogen and the
complex trypsin-d1 proteinase inhibitor) was measured by radioimmunoassay
RIA), technique using a rabbit antiserum to human cathodic trypsin,
0-I-labelled human cathodic trypsin, and non labelled cathodfc trypsin
standards (13,14). The lower limit of sensitivity was 5 pg.1- plasma.
However, using this immunological technique, the complex typsin-dM could
not be detected.

Alpha-1 proteinase inhibitor,d 2M and acute phase proteins were
determined by laser nephelometry.

Statistical analysis

Means and standard deviations were calculated using a TRS80 computer.
Variance analysis was used for comparison of 2 groups (ARDS and non ARDS).

RESULTS

The physical and clinical characteristics of patients are summarized
in table 1.

Table 1 Physical and clinical characteristics of patients*

Burn Patients Burn Patients
ARDS non ARDS
n-5 n-12

Age, yr 35.2 + 10 34.4 + 16
Sex, M :F I : 4 2 : 10
Weight, kilogram 75.4 + 12 65.4 + 18
Percent BSA burn** 46.8 T 12 25.2 + 13
Percent UBS burn** 81.8 T 27 36 +18
Inhalation injury, n (2) 3/2 (60 %) 2/1C (16.6 2)
Mortality 2/5 (40 %) 0/10

Definitions of abbreviations BSA - body surface area
UBS - unit burn standard

• Values are expressed as mean + SD
•* p < 0.005

There were no statistically significant differences between ARDS and
non ARDS patients with regard to age, sex and weight. The burned surface
area (BSA) and the unit burned standard (UBS) were statistically
significantly different. Inhalation injury was more frequent in the ARDS
than in the non ARDS group (60 % compared to 16.6 %). After inhalation
injury, ARDS appeared in 24-48 hours (3 patients); in patients without
direct lung injury, ARDS occurred the 6th and 10th day after injury.
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Evolution of complement components

In figures 1 and 2, a temporal profile of C3 and C3d/C3 ratio values
is illustrated in burned ARDS and non ARDS patients. Upon admission to
the Emergency Care Unit, in the two patients groups, C3 levels were in 9
lower limit of normal values (reference value + 2 SD). Six hours after
injury, C3 levels were widely below normal range in the ARDS group,
increased slowly to normal range values on day 3, reaching reference value
(116 mg/dl) on day 8. In the non ARDS group, C3 levels were below
reference value until day 6 but remained always in the lower limit of
normal values. Throughout the observation period, the C3d/C3 ratio
remained above normal limits in the two patients groups, but no
statistically significant differences were found in complement activation
between the two patients groups.

Immunoreactive trypsin (IRT)

Figure 3 shows plasma concentrations changes of IRT (ng/ml) in the
two patients groups from day of injury to day 12, in comparison to normal
values (mean + 2 SD) measured in healthy volunteers. Normal range is
represented by a shaded area. Higher IRT values were found in the ARDS
group than the non ARDS group but these values remained in the upper limit
of normal range and there were no statistically significant differences
between the two groups.

Leukocyte elastase
As shown in figure 4, leukocyte elastase levels were highly abnormal

in burned patients, even 2 h after injury. ARDS burned patients showed a
more severe increase in plasma levels (6 fold increase) than non ARDS
patients (2 fold), especially during the first 12 h after injury.
Afterwards, the levels remained high in the two patients groups without
reaching normal levels, even on day 12.
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Fig. 3. Tine course of plasm concentration changes of immunoreactive-
trypsin in burned patients.
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Plasma inhibitors
Alpha-i proteinase inhibitor concentrations were decreased'and out of

normal range 2 and 6 hours after burning injury in ARDS patients; minimal
levels were 1.53 + 0.53 g/l. Normal range values were obtained 12 h after
injury; afterwards these levels increased significantly until day 12.
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Fig. 4. Evolution of plasma concentration of the complexe elastaseo 1 PI
in burned patients.

In the non ARDS patients group,a(I P1 levels were decreased in the
early stage after burning; a significant increase in serum levels was also
noted in this patients group throughout their acute hospital stay (fig.5).

As shown in fig. 6, meanat M plasma concentrations were widely below
normal range and decreased in dDS patients during the observation period.
These levels were significantly lower than in non ARDS patients. In non
ARDS patients,d M levels were found to be low, but in normal range until
day 1; afterward1 these levels decreased also.
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Acute phase proteinsThe proteins were found to increase after burning injury. C-reactive

protein shoved the most rapid rise (6-12 h after injury). In the two
patients groups, high plasma levels reached a plateau from day 5 to day 7;
afterwards these levels decreased in non ARDS patients but remained high
throughout the observation period in ARDS patients. CRP values were
higher the first day after injury in ARDS patients than in non ARDS
patients, but not statistically significantly (fig. 7).

Time course of serum alpha-I acid glycoprotein concentrations changes
after burning injury is shown in fig. 8. Serum concentrations were low,
but in normal range, especially in ARDS patients; on day 4-5, these levels
increased out of normal range, respectively in non ARDS and ARDS patients
(fig. 8).
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Fig. 7. Time course of serum C-reactive protein concentration changes

after burning injury.

Serum haptoglobin levels were low during four days after burning
injury in ARDS patients; a slight increase in serum concentrations was
noted on day 7 with a constant increase in these levels throughout the
observation period. Higher serum levels were observed in non ARDS
patients, but essentially the same pattern of changes was observed in the
two groups (fig. 9).
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DISCUSSION

In the present study, we compare the evolution and time course of
different biochemical parameters in burned AIDS and non ARDS patients.
The incidence of ARDS in our population group was 29.4 %. ARDS occurred
more often in severe burned patients and after inhalation injury. The
mortality rate was high in the ARDS group (40 %). These results confirm
the well-known relation between severe ARDS and mortality (15).

Complement system
The present study clearly demonstrated that most burned patients at

risk of developing ARDS show in vivo complement activation and this
independently of the presence or absence of pulmonary lesions.
Immunologic disorders, complement dependent or not, are well known in
burned patients (16,17). We found that total C3 levels are lowered in
acute burning injury; this information was confirmed by other studies
(18,19). However, until now, it was not well established if this decrease
was due to increased C3 catabolism or to a loss of this protein by the
burned skin. The use of this test as an indicator of complement
consumption is also hampered by the transient nature of the phenomenon.
In addition, the opposing influence of increased C3 synthesis (acute phase
reaction) do not facilitate to cut off this problem. The technique for
quantitative measurement of C3d has gained firm support in providing an
index of in vivo complement consumption. We also found an abnormal
increase of C3d, a breakdown product of C3; this C3d assay detected more
easily abnormal consumption. A combination of the two tests, expressed as
the C3d/C3 ratio, first described by Duchateau and coworkers (11) give
certainly a better information of C3 catabolism than each parameter alone;
but it is also restricted by vascular permeability changes. If vascular
permeability increases, the ratio C3d to C3 is underestimated. This may
partially explain the variation observed during the acute hospitalisation
stay of our patients and the similarity between the curves of ARDS and non
ARDS patients. There is certainly an in vivo complement activation, by
heat denatured plasma and tissue proteins (20,21), but actually it is not
possible to quantify this response.

Complement-induced granulocyte aggregation has been proposed as a
major contributing factor to the genesis of ARDS. From our data, which
showed no significant differences between burned ARDS and non ARDS
patients, a question arised of a relation between complement activation
and the development of ARDS. The answer will be, that in the genesis of
this syndrome, probably other factors or pathophysiologic sequences than
complement activation have been implicated (22,23). The role of the lung
itself in the modulation of this activity, as well as the status of the
patient's own leukocytes, now appears as potentially important.

Protease-antiprotease balance

Immunoreactive trypsin (IRT) : High plasmatic values of IRT often
appeared in severely ill patients, particularly when they developed ARDS
(24,25). Therefore, we tried to find out if burning injury released
pancreatic enzymes, and if IRT plasma concentration and their time course
were different in ARDS and non ARDS patients.

In our prospective study, only 3 of 17 patients (2 ARDS and 1 non
ARDS) had abnormal IRT levels during their acute stay. This observation
is surprising as no clinical diagnosis of acute pancreatitis was suspected
and admission IRT values were in normal range. We can postulate that the
pancreas, like other organs, suffered from anoxia at the time of injury
with shock. Several studies have shown that the pancreas is highly
susceptible to anoxia (26,27).
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From this study, we can conclude that pancreatic disorders are not
responsible for deterioration of lung function but accompany it in some
cases.

Leukocyte elastase : increased plasma levels of this most prominent
of the neutral proteinases are found as early as two hours after burn
injury. Levels were higher in the ARDS group, especially the day of
injury, but also in the non ARDS group, highly abnormal levels were
observed throughout the acute hospitalization stay.
The increased extracellular concentrations of leukocyte elastase may thus
be explained by an enhanced granulocyte turnover and/or activity. Until
now, it can not be retained as a specific marker of ARDS.

Plasma contains several proteinase inhibitors that serve to confine
and terminate proteolytic events.

Alpha-2 macroglobulin (M), a large proteinase inhibitor, is
normally present in high concentrations and is probably a final common
pathway for degradation of proteinases. Our observation that plasma
levels ofd M were low after burn injury suggests a consumption and
clearance ol this inhibitor; but extravasation in blister fluids at the
burning side and in lymph can not be excluded and may partially explain
why ARDS patients with higher UBS have lower values than non ARDS
patients. However, when looking forc2 M evolution according to the
severity of burns, we didn't find differences at 2 and 6 h after injury
(28). Therefore, we suggest a consumption of this protein by the
formation of a complex with proteolytic enzymes in the intersitial fluid
early after injury. The decrease ofx 2 M during the observation period may
be further due to an increased rate of metabolism of this protein. Thismay be due to a further protease release.

Alpha-I proteinase inhibitor ( iPI), a broad-spectrum inhibitor, is
thought to be especially important in controlling neutrophil elastase in
the extracellular space, and may be important in permitting extracellular
proteolysis. Early after injury (2 - 6 h), we found abnormally low levels
of I.PI with minimal concentrations 6 h after burn. This could probably1
be related to a consumption of this inhibitor and/or an extravasation and
loss in blister fluids and lymph and alveolar space, as shown in lung
lavage after diverse injuries (29,30). Afterwardstt PI increased slowly,
even in the presence of high elastase levels and behaved as an acute phase
reactant.

The present study clearly demonstrated that most patients, after
burning injury and especially when ARDS is associated, presented a
protease release with severe decrease in proteinase inhibitor.

The acute phase response
In this study, we investigated the acute phase proteins together with
their concentrations and the time course of their response in ARDS and non
ARDS burned patients. CRP has been found in increased quantities 12 h
after injury, in ARDS and non ARDS patients. There were no statistically
significant differences between the two groups; CRP levels were higher
(not statistically significantly), at the beginning, in ARDS than in non
ARDS, but a plateau was reached in the two groups between day 5 and day 7.
Independently of its short half life time, CRP concentration remained
high; this may be due to the often encountered sepsis of burned patients.

Serum levels of alpha-I acid glycoprotein increased to abnormal levels
earlier in the non ARDS group than in the ARDS group (day 4 and 5
respectively). Time course of mean plasma concentration seemed to be
delayed in the ARDS group. These levels increased constantly throughout
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the observation period, in relation with surinfection problems encountered~in burned patients.

Haptoglobin :serum levels of this protein were lower in A1S burned
patients than in non ARDS patients, and the increase in serum levc1is out
of normal range appeared later. One could propose different hypothesis
extravasation of this protein, hemodilution, but most probably an
increased haptoglobin metabolism due to the rapid removal from the
circulation of haptoglobin-hemoglobin complexes (31). In fact, burning
injuries are often complicated by intravascular hemolysis, especially in
the acute stage after burning injury and in patients with high UBS. In
our ARDS patients group, UBS was significantly greater than in the non
ARDS group, explaining the differences in intensity and time course of
haptoglobin serum concentrations between the two groups.

When looking for acute phase proteins in these groups of patients, we
found no statistically significant differences between the two groups;
however in ARDS patients the magnitude of the acute phase response
appeared to be less important, delayed in time and persisted longer
compared with other trauma (32,33). This may be due to an increased
vascular permeability and protein extravasation in more severe burned
patients,-an increased catabolism and elimination from the circulation, or
to a metabolic depression with discrepancies in rate of synthesis.

CONCLUSION

In conclusion, this prospective biochemical study in burned ARDS and
non ARDS patients shows in the two groups an in vivo complement
activation, a significant protease-antiprotease imbalance, a time course
delayed but persisting "acute phase response", but give no evidence for a
specific mediator for acute respiratory failure. However, there seemed to
be mor,. quantitative severe changes in patients developing ARDS. This may
be due to either a more severe reactivity of some patients to trauma, or,
even to a preexistent deficit in their protection system (e.g.
antiproteases), or a combination of the two. There seemed to be a close
interrelationship between all these systems but no system has been pointed
out as a reliable predictor of ARDS. However, especially in severe burned
patients, a modification in the vascular permeability and extravasation of
proteins in the extravascular space and blister fluids may hamper
interpretation of biochemical results.
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"SEPSIS PARAMETERS" IN PATIENTS WITH LETHAL BURN

U. Sch6ffel', T. Lenz', G. Ruft, Ch. Miftermayer2 and M. Lausen'
1 Chirurgische Universit&tsklinik Freiburg, FRG.
2 Abteilung Pathologie der RWTH Aachen, FRG.

The overwhelming inflammatory response during the development of a
septic state causes a pronounced activation of cellular and plasmatic
systems. This response can be recorded by determining the levels of para-
meters which were shown to represent the activation state of the single
systems as well as the inhibitory capacity of the plasma. Such a "gra-
ding" might be of value in monitoring the clinical course and the thera-
peutic management. Additionally, the question as to whether a septic
complication may occur can be answered before pathological manifestations
are to be observed clinically. In order to record the inflammatory re-
sponse in a variety of septic states with different underlaying diseases
(i.e. peritonitis, postoperative sepsis, major trauma) we extended our
studies to a series of patients with lethal burn.

The time-sequence pattern of the levels of inflammatory parameters
were measured in eight patients with lethal burn injury at intervals from
12 to 24 hours. This population consisted of five men and three women with
a mean age of 45 (+ 18) years. The studies were begun at the time of ad-
mission if the burned surface area was estimated to be more than 60%.
They were continued until death occurred. The parameter-levels were corre-
lated with routinely obtained laboratory data, clinical variables, and
possible therapeutic influences (i.e. fluid management, fresh frozen
plasma-therapy etc.). Fibrinopeptida A (FPA), the complement split pro-
ducts C3a, C3d, and C3., the elastase-a proteinase inhibitor-complex
(Ea PI), fibronectin, prekallikrein, plisminogen, the coagulation factor
XII(F XII), fibrinogen, and the proteinase inhibitors antithrombin III
(antigen: ATIIIa and functional activity: AT III f), a macroglobulin
(a MG), and a antiplasmin were determined by use of cmmercially avail-
abie assay syitems with the exception of C3d which was measured by
rocket-immunoelectrophoresis. Endotoxin plasma levels were determined by
a quantitative spectrophotometric method, utilizing a chromogenic peptide
substrate and limulus lysate (Kabi-Diagnostica). We performed internal
standardization to avoid the injlence of individual variations in the
"detoxifying capacity"of plasma

The mean values of the individual parameters, determined in blood
samples taken at the time of admission to our hospital, are shown in
figure 1. The time intervals between the burn injury and the time of
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1I blood sampling ranged from two to ten hours with a mean of five hours.
The burned area (second and third degree wounds) was estimated to in-
clude 65% to 85% of the body-surface (mean 75%). In figure 1, the in-
vestigated parameters are shown in a radial presentation with their scales
depending on the normal range, which is indicated for each parameter by
the ring which surrounds the center. The indented figure within the inner
circle results from the connection of the actual zeros which touch the
normal range in case of FPA and C3a. The connection of the values ob-
tained for each parameter results in a star-like figure, which is cha-
racteristic for the actual inflammatory state. Values obtained from con-
trol samples were always shown to be located within the ring. At the time
of admission the mean values for the patients with lethal burn show a
high spike for FPA as a sign for fibrinogen proteolysis resulting from the
activation of the coagulation cascade. A slight elevation of C3a and of
the elastase-a PI-complex indicates the activation of the complement sy-
stem and of leskocytes. Reduced levels were found for some protease-in-
hibitors, for fibronectin, prekallikrein, and plasminogen.

In order to compare these results with high-activation states of
other causes, the mean values of patients with preseptic lethal peritoni-
tis (n=8) and with lethal trauma (n=6) are also indicated in figure I
The three groups were comparable with respect to the time interval
between the blood sampling and the traumatic event. While there were no
significant differences between the trauma group and the peritonitis group,
the signs of complement activation and of leukocytic release'reaction were
much more pronounced in the former two than in the patient group with le-
thal burn. On the other hand, the reduction of some of the serum proteins,
especially of proteinase-inhibitors, was less obvious. This finding was
paralleled by a slight reduction in the total serum protein content
(5.6 g%) in the burn group, while the protein levels of both of the other
groups stayed within the normal range. Concerning the intravenous fluid
administration during the emergency treatment before the admission, there
was a mean infused volume of 1.6 and 1.2 liters of mainly cristailoid
solutions to be registered in the burn and in the trauma group respectiv-
ely. Patients with lethal peritonitis never received more than 500 ml of
cristalloids before the first blood sampling.

The time sequela of the activation pattern in an individual patient
with lethal burn is shown in figure 2. This 44 year-old male patient with
a third degree burn of 80% of his body-surface area, survived for six
days after the injury and developed "sepsis" at the third day. Patients
were considered septic if at least five of the following conditions
occurred: temperature more than 39 OC; acute deterioration of mental sta-
tus; oliguria with an urine output of less than 30 ml/hr for at least two
consecutive hours; respiratory failure; mandatory catecholamine treatment
to sustain an adequate systolic blood pressure; bacteremia; leukocytosis
of more han 15.000 cells/mm ; thrombocytopenia of less than 80.000
cells/mm . Using these criteria only,in the two patients of the burn group
who lived for more than for four days, "sepsis" was to be diagnosed. Fi-
gure 2 shows that the early FPA elevation slightly declined at day 2 and
4, reaching, however, its highest level at day 6. The C3 split products
C3a and C3d rose continuously to excessive values at day 6, as did the
elastase a1PI complex. A slight fibrinogen elevation during the clinical
course was accompanied by a rising of the proteinase-inhibitor levels
which was constant but for a antiplasmin, yet did not reach the normal
range with the exception of 3 macroglobOlin. Markedly lowered fibronectin
levels, subnormal values for factor XII and plasminogen and a constant
decline of the prekallikrein level further characterized the clinical
course. At day 6, eight hours prior to death, hemodialysis was started.
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There were no major differences between the patients in the burn
group as to the input/output balances, the administration of fresh frozen
plasma or the need of chatecholamines. Mechanical ventilation had to be
applied in six cases, hemodialysis in three, and partial necrosectomy was
performed in four cases. In none of these patients an endotoxin level
could be observed which differed significantly from the controls, nore
were there major differences in the endotoxin detoxifying capacity of
their plasma.

Several parameters of the inflamatoY 7response were recently shown
to be of prognostic value in septic states Every inflammatory respon-
se leads to an activation of the major plasmatic (i.e. complement-,
kinin-forming-, coagulation/fibrinolysis-systems) and cellular systems.
Certain parameters are indicative of this activation: Fibrinopeptida A is
a marker of the thrombin-induced fibrinogen-proteolysis agd thus, in-
directly, of the activation of the coagulation factor XII . The early
elevation of FPA noted in our study seems to prove the importance of that
particular pathway after burn injuries and other lethal challenges. The
role of the complement system during the inflammatory response is rather
complex: Apart from its cytotoxic effect which also may lead to the so-
called "innocent bystander lysis" of unaltered cells of the own organism,
its chemotactic, opsonizing and vasoactive properties make it one of the
most important factors during the septic development. Figure I shows that
there is only a slight elevation of the first split product of the com-
plement factor 3, C3a with C3d in the normal range, and a low level of C3c
which reflects the total amount of C3. During the later course (figure 2),
however, an increasing activation of the complement cascade is to be ob-
served within the intravascular space. The activation of leukocytes can
be recorded by the complex of leukocytic elastase and its main inhibitor
a proteinase inhibitor. After burn injury local vasodilatation may be
;are pronounced than leukocyte activation in the first period, while in
the later course toxic products and metabolites as well as physiologic
stimuli like, for example, C5a may account for the steep increase of
Ea PI shown in figure 2. The declining PKK levels in figure 2 - despite
a tendency towards renormalization of other serum proteins-may be best
explained by a consumption via F XII activation. The question as to
whether the observed variations of fibronectin, plasminogen, or of the
proteinase inhibitors are due to an altered synthesis rate, a specific
consumption or an unspecific degradation and elimination, must remain open.
Within certain range they are paralleled by the total protein content of
the serum, but especially the fibronectin levels have to be interpreted
carefully, since the mechanisms of synthesis, of the exchange between
free apd~surface-bound molecules, and of their control are far from being
clear"' .. With respect to figure 2, a wash-out effect of most serum

proteins together with a minor dilution effect (hematocrit 42%) must be
assumed to account for the very low levels at the time of admission. Fluid
administration may have been excessive, but rather reflects the high de-
mand due to an extensive fluid loss. The differences between the three
patient groups (fig.1) may be explained only in part by these mechanisms.
Again, the interpretation may be hazardous. First, the wash-out effect has
to be taken into account. However,high fluid loss also occurs in peritoni-
tis, which is reflected by a mean hematocrit of 54% in that patient group.
The replacement of blood loss during resuscitation after major injury, on
the other hand, leads to a certain hemodilution. Regarding substances of

i high molecular weight like a MG or fibrinogen, which might be less in-
fluenced by minor vascular l~akage, one must keep in mind, that they react
as acute phase proteins, even if a MG lvels were reported to rest rela-
tively stable during the early response . All these influences are dif-
ficult to evaluate. Thus correction or correlation factors can hardly be
used, and statistical analysis may be doubtful under these circumstances.
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(The differences between the burn group and both of the other patient
groups would be considered to be significant with p<0.005 for C3a and
Elastase a1 PI (<0.01 for C3d) using the Wilcoxon U Test).

Concerning the results presented in both of the figures, and with
the adequate cautiousness, some conclusions can be drawn: Contrary to
lethal peritonitis and lethal trauma, the intravascular appearance of
complement split products and leukocyte release products seems to be less
pronounced in the early phase after lethal burn injury, while the fibrino-
gen split product FPA reaches similar levels in all three groups. Later,
during the development of a septic state, the response becomes uniform,
reflecting similar pathways which may account for the irreversibility of
the state. In this context, the use of parameters which are not influenced
by a hampered synthesis-rate may be of value in monitoring the overwhel-
ming inflammatory response in sepsis.
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COMPUTER ASSISTED 10 MHZ SONOGRAPHY OF BURN DEPTH
IN MAN - A QUANTITATIVE GUIDE FOR THE SURGICAL
STRATEGY OF SEPSIS PREVENTION

J. A. Bauer', P. Breitenberger' and St. Grommek 2

Chirurgische Klinik Innenstadt und Chirurgische Poliklinik der
UniversitAt Munchen, Nu~baumstr. 20, D-8000 Munchen 2.

2 Isomag Munchen, Linprun-Str. 49 D-8000 Minchen 2.

Aim of study

Characterisation of the thermic injury is a pre-condition for the surgi-
cal treatment of burn patients. The depth of the injury, the third dimen-
sion of the burns is of considerable clinical importance because necrotic
tissue must be excised and the exposed areas covered. In practice the ex-
perienced surgeon relies on clinical inspection when assessing the depth
of the burn.

Method

In an animal experiment a standardised scald wound was induced in rats
and pigs and 10 MHz ultrasonics was used to measure the depth of the heat
lesions. The sonograms can be regarded as a histological slice of the
tissue layers affected by the thermic lesions. Changes in the thickness
of the cutis can be measured and correlated with the severity of the burn.
The depth of the lesion can be accurately determined within hours after it
has been induced (1).
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Results

When this method of measurement was applied to humans, the following prob-
lems were solved:

1. Maintenance of sterilitiy when doing the measurements on the patient.

I 4

Fig.l. Geliperm, a sterile polyacryleamid-gel developed for treatment of
burns (2) used as sonogel

Fig.2 Anatomical areas
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2. Normal values were established by measuring the skin thickness of test
subjects. Age, sex and anatomical site were taken into consideration(3,4).

AGEGROUPS (A)

AREA 1-10 10-20 20-40 40-50 50-60 60-80

1 14 22 20 20 20 18

2 12 17 20 19 17 14
3 12 16 20 18 17 16
4 14 18 24 20 21 21
5 13 18 20 19 18 17
6 13 18 20 17 19 13
7 15 19 23 20 20 20
8 13 18 21 21 20 19
9 13 19 21 20 21 18

10 13 18 21 20 20 19

11 14 18 22 21 20 19
12 14 19 21 19 21 19
13 14 16 20 19 19 17
14 15 17 22 20 20 17
15 16 18 20 22 19 18
16 15 18 20 20 21 18
17 15 21 22 20 20 18
18 14 21 21 21 19 16
19 13 21 22 21 20 16
20 17 23 28 26 27 23
21 17 24 29 25 28 24
22 17 23 27 25 24 30
23 17 24 33 24 23 29
24 16 22 22 23 24 25
25 15 23 28 23 23 25
26 14 21 22 23 22 24
27 14 21 23 23 21 24
28 15 20 21 21 22 23
29 14 20 22 21 21 23
30 14 21 20 19 20 20
31 13 20 21 19 19 19
32 14 20 21 20 19 18
33 15 20 21 20 19 16

Fig. 3.

Values for the anatomical areas (skin thickness in mmx 10-1)

Remarks

1. SD of areas with light (UV) exposure: 0,025 - 0,058 cm
SD of areas without ligth (UV) exposure: 0,006 - 0,025 cm

2. n=8 for every age groups, 4 males and 4 females, no sex
- linked differences.

3. In elder persons (60-80 a) po3terior areas of the chest show an in-
crease of skin thickness. The other areas return to the thickness-
values of the age group 10-20 a.

4. From 10 to 60 years dermal thickness is only area-dependent.

3. Development of soft-ware which draws on data gathered on the test
persons and uses the thickness measurements of the intact areas of skin
to calculate the thickness of the skin before it was scalded.

65



I-
Datepool Input Datopool

from from
testporsons patient--------- --- --

Normal
Normal skin skin Skin

thickness of all thickness thickness

defined areas I of non of lesioned

lesloned areas
r e a s I l

input

Fiction mesk for Thickness of

skin thickness lesioned areas

before lesion

, 5  /
Comporision Estimation4

output

Ouantifled diagnosis of burn depth and of percontago

of burned Surface

Fig. 4; Software for quantified diagnosis of depth and percentage of burns

Conclusion

The estimated thickness of the skin before scalding is compared with the
actual thickness of unscalded areas. This data feedback increases the
accuracy of the estimations as the number of patients examined increases.
Data on scalds and burns are gathered in the same way, but are kept sepa-
rate and are compared. This makes further animal experiments unnecessary
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PHARMACOLOGICAL CONTROL OF HEMORRHAGIC SHOCK:
DOES HYPERTONIC RESUSCITATION QUALIFY?

M. Rocha e Silva
Divisao de experimentagao, Instituto do Coracao, Facultade de
Medicina, Universidade de Sao Paulo, Caixa Postal 11450
Sao Paulo, 05499, SP, Brasil

The critical function of the mammalian circulatory system is the handling
of respiratory gases, required at variable levels, over the many conditions to
which each individual is normally exposed during his lifetime. This problem is
handled through variable blood flow. An average healthy human adult at rest
produces a cardiac output of 5 1/min, but activity will change this
substantially. A sedate, untrained person can raise output to 10 1/min,
trained people are capable of 20 or 25 1/sin, while exceptionally gifted and
vell conditioned athletes produce outputs in the 30 I/sin range. In contrast,
total blood volume (normal value 5 liters) is a relatively fixed parameter,
which should not vary by more than 10 around the mean. In this sense,
hemorrhage may be regarded as an unsual problem: how may large blood volume
losses be reconciled with fixed (basal) cardiac output. Light blood loss is of
course a very simple and trivial matter: mamals encounter it frequently
during their lives and cope easily: human blood donors, regular or occasional,
give 101 of their total blood volume and simply walk back to normal activity.
Severe blood loss is quite a different matter: it is a fairly rare, probably a
once-in-a-lifetime occurrence, and the problem it poses, and the ways in which
the natural response is dealt with in a civilized therapeutical environment is
the object of this discussion.

THE CONTROL OF BLOOD FLOW AND BLOOD VOLUIE

Blood flow and blood volume are both controlled through the same basic
mechanism, namely variation of the vascular radius. But these two controls are
in fact independent and specialized functions. Flow is controlled by radius
variations in the resistive network, as a function of R4, while blood volume
ts controlled in the capacitive network, as a function of R 2 It is obvious
that radius variations r, resistive vessels also affect vascular capacity (and
hence segental blood valume), while radius variations in capacitive vessels
affect vascular resistance and flow. Specialization derives from the fact that
resistive vessels concentrate a large fraction of total resistance but contain
only a mall fraction of total volume/capacity, the inverse being true for
capacitive vessels. Just how such vascular resistance is concentrated in
resistive vessels, how such capacity in capacitive vessels is a disputed
point: different numerical estimates vary, but most people would agree that
resistive vessels (mall and terminal arteries, arterioles, capillaries,
venule) are effective flow controllers because they account for approximately
801 of the total resting systemic vascular resistance (SM), but only contain
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about 10 of the total blood volume/vascular capacity (V-C); capacitive
vessels (veins) derive their effectiveness from the fact that they contain
some 603 of V-C, but only account for 51 of S9t. If this (or any other
appropriate) set of distributional values is adopted, 9V9, cardiac output
(0O), and V-C variations may be independently analysed in resistive or
capacitive vessels am functions of R variations. For simplicity, blood flow
viii be assumed am laminar, blood vessels am perfect cylinders of constant
length and variable radius, and the pressure drop (AP) constant. Under these
conditions, SVl - K.*1" 4 , CO - K2* VR l, and VOLUME - CAPACITY - K3 R2 .

Resistive vessel analysis may start from resting S9R (set equal to 1
arbitrary unit, AU):

9- 0.8 + 0.2 1 AU.
(resistive vessels) (other vessels)

If the entire set of "resistive" radii were to vary in uniform
proportion, while *otherM radii remained fixed, one could write:

SVR a (0.8*r "4 + 0.2) AU,

"r* being the (uniform) relative radius change throughout the resistive
system.

The relation for cardiac output (resting CO = 5 1/msin) could be written

CO = [5*(0.8*r '4+ 0.2) '1] 1/ms,

while V-C analysis for resistive vessels would follow the relation (resting
V-C - 5 liters):

V-C - [5*(0.1*r 2 + 0.9)1 liters.

Capacitive vessel analysis follows the same principles, appropriate
distributional values being of course substituted; thus resting 991 may be
written:

SVR= 0.05 + 0.95 1 AU.
(capacitive vessels) (other vessels)

Again, if wr" is the (uniform) relative Ocapacitiveu radius variation
throughout the capacitive system, while *other' radii remain constant:

89 - (0.05*r' 4 + 0.95) AU,

CO - [5*(0.05*r 4 + 0.95) 1] 1/sin,

V-C - [5*(0.6*r' 2 + 0.4)] liters.

Fig 1 displays blood flow (CO) and V-C as functions of resistive (Fig 1A)
and capacitive (Fig IB) radius variations, within the 0.5<r<2 range (i.e. for
502 reductions up to 1003 increases in radii). Within this range, variations
of the radii of resistive vessels comand very large flow variations, with
negligible V-C changes. Towards the upper end of the range, the slope of the
flow-radius function (which may of course be regarded as the gain of the flow
control system) decreases, because the resistance of resistive vessels tends
to zero, which means that 991 tends to the resistance of *other* vessels, as
a minimm. The gain of this flow control function is highest within the 4-12
1/sin output range, with a maximm near the 7 I/sin mark. It is very
imortant to note at this point that resistive vessels are not normally
controlled by uniform *r" variation, but the concept is still applicable: "r"
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Fig. 1. Cardiac output and vascular capacity/blood volume as a
function of variations of the radii of resistive (A) or
capacitive (B) vessels.

(defined an a uniform relative radius variation) may equally stand for the
weighted mean of regionally patterned changes. Capacitive radii variations, in
contrast, produce very large V-C changes (actually larger than real life at
the upper end of the range) with negligible effects on flow. Little is known
about the exact patterns of regional capacitive control, but it may be
acceptable, at present, to suppose that it occurs more uniformly throughout
the system than does resistive control. The point is however far from settled.

The effects of exercise on vascular control (Fig 2) are a fine example of
efficient vascular adjustment. Large CO levels may be obtained with small V-C
increases within the resistive segment (Fig 2A). The blood volume required to
meet this increased V/C comes of course from the capacitive side, at the cost
of insignificant resistive change (Fig 2B). It may however be noted that at
extremely high levels of CO, this model predicts a transfer of nearly 1.5
liters of blood into the resistive side; such a blood "lose would certainly
meet most people's definition of moderate to severe hemorrhage: it is probably
the physiological basis for a number of unconfirmed reports that high perfor-
mance athletes receive transfusions of previously collected own blood, im-
mediately before important sporting events. Conversely, it has been recently
demonstrated that 'athletically trainedo rats are significantly less suscep-
tible to the effects of hemorrhage than untrained controls (1).

When blood loss of this, or of larger, magnitude does in fact occur, a
very different corrective adjustment takes place (Fig 3), largely as a
consequence of baroreceptor and volume receptor reflex mechanims: Nith
resistive and capacitive vessels constrict (it may incidentally be noted that
during exercise, baroreceptor adjustment is strongly inhibited). Resistive
vasoconstriction (Fig 3A), which completely fails to correct the vascular
capacitive imbalance, restricts flow to specific territories, namely enteric,
renal, muscular and cutaneous. If hemorrhage is light, reductions are
correspondingly slight, with little or no damage to the restricted organs or
systems. But severe blood loss entails flow reductions which may in time
become critical. Capacitive constriction (Fig 3B), on the other hand, should
theoretically be able to handle blood losses as large as 401 of total blood
volume, but in practice this simply does not occur. It has already been
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noted that light hemorrhage is a fairly trivial encounter in the life of a
maml; effective recovery from the condition is loaded with adaptive
advantage; the slight reductions of resistive and capacitive vessel radii
which normally occur correct volume imbalance vithout serious flow
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restrictions. In contrast, severe blood loss, in the wild, is a condition
associated with virtually no probability of survival: more likely than not, a
larger. faster, stronger predator has caught up, which turns preservation of
vital organ funtion into a meaningles issue, as far as evolutionary adaptive
drive is concerned. The intense enteric and renal constriction, which are only
quantitatively different from the response which occurs in light hemorrhage,
will possibly lead to ischemia and necrosis, but this will have little impact
on survival chances. It may therefore be said that the natural response to
severe hemorrhage is probably inapropriate, because there is no adaptive drive
for anything better, even though the machinery for selective venoconstriction
and ultimate recovery may be there.

It is of course possible - alter the mathematical analysis, by taking
different distributional values ior the concentration of resistance, or of
capacity in any given segment of the circulation. The general equations are:

- (a*r " + I - a) AU

CO - [5*(a*r "  + I - a)00] I/min

V-C - [5*(h~r2 + I - b)] liters

where Ir" is the relative (uniform or weighted mean) radius variation of the
segment under analysis, *a* in the fraction of total resting S,r and b the
fraction of total resting v-C concentrated in the segment. In Figs. 1 to 3 a
particular set of values for a* and b iere adopted but the general approach
to the problem in dipliyed here. Fig. 4 shoen flo x radius functions hen
a" is varied parametrically in the upper and loer extremes. The upper range
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of *a* (60 to 85# concentration of resistance) covers possible values for
resistive vessels. The sere inspection of these curves sakes it clear that
real life "a" must be at least 701 (i.e., that resistive vessels must
concentrate at least 701 of total resting SVR), since lover values produce
maximal cardiac outputs which fall short of values actually observed during
exercise. Fig. 4 also shows that high values of wag produce a family of curves
which are all similar below resting CO. The low range of wan values (3, 5, 7
or 101 of resting SVR) apply to capacitive vessels. No matter which of the 4
curves is adopted, capacitive vessels may dilate to accomodate any volume
increase without affecting flow. But for radii < 1, capacitive vessels act
more and more as resistive vessels and here there is an important difference
between the curves: the larger the value of Raw, the bigger the resistive
effect. But in fact, the 52 value for "b" is by far the most likely: resistive
distribution along the vascular bed is very simply measured, because it is
directly proportional to the respective segmental pressure decrement. In
contrast, capacitive segmental distribution is not so easy: the best estimates
come from the determination of geometrical parameters (radius, length and
number) for each vascular segment within organs and systems. Fig. 5 displays
parametric variations of Ob" (possible values for capacitive concentration at
rest) in the V-C x radius function: the upper range (50 to 70t) applies to the

capacity of veins. Geometric estimates suggest 602 as the most probable value,
but here the margin of error is considerable. All curves show that large
volumes say be accomodated with smaller than 509 increases in radius.
Venoconstriction, on the other hand, reduces capacity: a 30% reduction in
venous radii would reduce V-C by 1.5 to 2.5 liters, depending on the value of

*b*. The lower range of *b3 values (5 to 15%) applies to resistive vessels:
constriction is ineffective in terms of reducing total vascular capacity.
irrespctive of the value of "b'; in contrast, resisitive dilation is strongly
dependent on "b". If it were to equal 15t, maximal cardiac output would
require a transfer of 2 liters of blood into the resisitive system, which
practically rules out such a high value for the "b parameter.

CLINICAL TREATMENT OF HEMORRHAGE

The treatment of severe blood loss may be considered in terms of fluid
replacement and pharmacological control. Fluid repalcement is, in theory, the
ideal procedure, but in practice there are quite a number of pitfalls. A
simple practical rule is that replacement should roughly equal estimated
losses if blood, plasma, or artificial colloids are used, but should exceed
losses by 3:1 if crystalloid soutions are employed. Since one only deals with
large losses (light hemorrhage does not require treatment) replacement volumes
are always necessarily large. Blood is an expensive commodity, its supply is
limited, rapid initiation of treatment is hindered by typing and
cross-matching procedures, and field use is virtually out of question.
Moreover, stocked blood deteriorates rapidly, and the risks of contamination
and infection transmission are ever present. Last, but certainly not least,
some people express religious objections to blood transfusion. Many but
obviously not all of these problems beset the use of plasma, whereas
artificial colloids pose few of these problems, but, when used in large
volumes have been implicated in undesirable side effects, such as
allergic/anaphylactic reactions, and disruption of the blood clotting
machinery, amongst others. Crystalloid solutions, which pose none of these
problems, have their own limitations: because they exhert no oncotic pressure
across the endothelial wall, they distribute within the larger extracellular
space, and hence must be administered in larger volumes. Overhidration
problem, which must be solved later, are frequently encountered (2). When
all is weighed, fluid replacement is a relatively simple, safe, not
overexpensive procedure when blood loss occurs inside a hospital or to a
patient rapidly admitted to hospital. It becomes a serious problem in field
conditions, or when transfer time is prolonged, and may be described as
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formidable in mass accidents, or in military situations.

The basic deficiency of conventional pharmacological control of severe
hemorrhage is that it is incapable of completely correcting the condition. Its
basic aim is to counteract resistive vasoconstriction, while maintaining or
enhancing capacitive venoconstriction. The standard pharmacological control of
hemorrhage goes through alfa-adrenergic antagonists, beta-adrenergic agonists,
as well as dopamine (a selective splanchnic and renal precapillary dilator).
Nitroprusside, an efficient overall precapillary dilator is also widely
employed. Combinations of these agents are effective tools in vascular
adjustment, but no known drug is capable of exherting all the proper effects,
and selective venoconstrictors are simply non-existent.

The second part of this paper will be devoted to the analysis of recent
developments in the field of hypertonic resuscitation of hemorrhagic shock,
which at first sight does not appear to be a pharmacological procedure. But we
shall endeavour to demonstrate that very hypertonic sodium salt solutions
exhert actions which have little to do with their mere physical properties as
hypertonic fluids.

HYPERTONIC RESUSCITATION

Hypertonic resuscitation is by no means a novelty. The earliest recorded
use is by Penfield (3), who used NaCl at a concentration of 1.81 (600 mOsm/l)
for the treatment acute hemorrhage. Bypertonic solutions have been used
experimentally or clinically because they induce increased myocardial
contractility (4), widespread pre-capillary dilation (5), and expanded plasma
volume, through an osmotic fluid shift into the vascular compartment, all of
which are obviously beneficial to hypovolemic subjects. Hypertonic sodium
chloride and bicarbonate were used in concentrations of up to 1800 mOsm/1 (6)
glucose up to 2500 mOsm/1 (7), but positive effects were always described as
transient and requiring conventional fluid replacement not long after the
initial hypertonic therapy.

In 1980 however, we described results (8) shcving that acutely bled dogs
(shed blood volume: 42 ml/ko, equivalent to approximately 50% of total blood
volume) could be permanently resuscitated within 45 min of the start of
bleeding by a single intravenous bolus of very hypertonic NaCl (concentration:
7.5%, equivalent to 2400 mOsm/l; volume: 10t of total shed blood, equivalent
to an average 4.2 ml/kg). It should be stressed that after hypertonic
resuscitation in this manner, blood was not reinfused, nor was any other
treatment, or intravenous fluid replacement given to sustain the response: the
animal itself restored its blood volume, at first by plasma expansion, later
by red cell formation. The overall survival rate for this procedure in dogs,
over a 5 year span, was higher than 95t. The basic pattern of the
cardiovasalar response to intravenous hypertonic NaCl includes the
restoration of mean arterial pressure, cardiac output, acid-base equilibrium
and mean circulatory filling pressure to stable, near control levels, in spite
of the very transient nature of plasma volume expansion (8, 9). Regional flows
Are diversely affected: muscular resistance vessels constrict, while renal,
mesenteric, portal and coronary vessels all dilate in response to hypertonic
NaCl injections (10). It has also beeen demonstrated that hypertonic
resuscitation induces a prolonged increase of myocardial contractility (11)
and a reduction of intracranial pressure, with normal cerebral blood flow (12)
These data are sumarized in Table 1.

Ve have also demonstrated (13) that a pulmonary vagal reflex is
essential for long-term survival: injections given upstream of the pulmonary
microcirculation (intravenous, into the right cardiac chambers or into the
pulmonary artery) produced typical survival responses with stable, high
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TABLE 1. A SUMMARY OF DESCRIBED EFFECTS OF HYPERTONIC RESUSCITATION
FROM SEVERE HEMORMBAGIC SHOCK WITH 7.5t NaC1 SOLUTIONS.

SPECIES DESCRIBED EFFECTS REFERENCE

dog stable recovery of arterial pressure 8
stable recovery of cardiac output
stable recovery of acid-base equilibrium
increased mesenteric blood flow
high (> 951) long-term survival

sheep transient recovery of arterial pressure 14

dog increased myocardial contractility 11

dog reduced intracranial pressure 12
normal cerebral blood flow

dog increased renal blood flow 15
increased urine flow

dog recovery of mean circulatory filling pressure 9

dog muscular vasocontriction 10
renal vasodilation

cardiac output, arterial pressure and acid-base equilibrium; in contrast,
post-pulmonary injections resulted in near zero survival rates, with only
transient recovery of arterial pressure, output and acid-base equilibrium. We
also found that high survival rates, after pre-pulmonary injections, were only
observed in the presence of normal neural conduction through the cervical
vagi: blockage by a local anesthetic, or by cooling, at the time of hypertonic
resuscitation prevented survival. These results have been elegantly
confirmed by Younes et al (16): in chronically prepared dogs, with
unilaterally denervated lungs, they showed that hypertonic resuscitation was
effective when injected into sham-denervated, or into innervated lungs, but
not so when given directly to the denervated lung. It has been demonstrated
that the restoration of mean circulatory filling pressure (9), and of
muscular vasoconstriction (Rocha e Silva et al, 1986) are also
dependent upon intact vagal conduction.

TABLE 2. THE EFFECTS OF DIFFERENT HYPERTONIC (2400 mOsm/1)
SOLUTIONS ON LONG TERM SURVIVAL AND MEAN CIRCULATORY
FILLING PRESSURE IN SEVERELY BLED DOGS.

SOLUTE SURVIVAL RATES MEAN CIRCULATORY
I (SURV/TOTAL) FILLING PRESSURE

Na chloride 981 (165/168) restored
Na acetate 723 (13/18) restored
Na bicarb. 61 (11/18) restored

Lithium Cl 52 (1/18) not restored
Tris Cl 22t (4/18) not restored

Urea 33t (6/18) not restored
Mannitol lt (2/18) not restored
Glucose 5 (1/18) not restored
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Other hypertonic solutions at 2400 mOsm/1 have also been tested: other Na
salts, such as acetate and bicarbonate, at 2400 mOsm/1, induce high survival
rates (71t and 623, respectively), with high arterial pressure, cardiac
output, mean circulatory pressure and a recovery of acid-base equilibrium (17,
18, 19); in contrast low levels of survival (51 to 33t) were noted following
lithium chloride, tris chloride, urea, glucose or mannitol, all at 2400 mosm/l
(20). Table 2 summarizes these data. It may be noted that the 3 sodium salts,
which induce high survival rates restore mean circulatory filling pressure,
while other chlorides and non-electrolytes, which do not restore mean filling
pressure, are associated with very low survival rates. It thus appears that
venoconstriction and long term survival, both of which has been shown to
depend on intact vagal connections are dependent on the presence of sodium
ions in the hypertonic solution.

The duration of shock appears to be critical. Mernel and Boyle (15) have
found that, in the dog, a longer lasting shock condition (75 sin) only
responds transiently to hypertonic resuscitation with NaCl. Similar results
have been reported by Nakayama et al (14) in the sheep, after a 2 hour period
of shock. In both conditions the total volume of removed blood was higher than
501 of estimated or measured initial blood volume. No long term survival rates
were however referred by either group. Experiments under course in our
laboratory (Rocha e Silva et al, unpublished) confirm the observations of
Mernel and Boyle (15), and additionally show that long-term survival rates are
drastically reduced by the extension of the period of hypovolemia. The
combination of hyperosmotic and hyperoncotic solutions (NaCl 7.2t + dextran
71) has also been tested: in unanesthetized sheep submitted to shock lasting
for 2 hours at 40 on Hg, hypertonic NaCl-dextran produced significantly
higher levels of plasma volume and cardiac output, versus hypertonic NaCl, or
dextran, over a 2 hour post-resuscitation observation period (17).

In terms of eventual clinical applications, these data open the prospect
of small volume resuscitation for severe blood loss. A number of clinical
tests has been reported where 2400 nOsm/l NaCl solutions have been employed
(21, 22, 23), but it is not known whether man can be resuscitated by a single
bolus injection of hypertonic NaCl, as sole treatment. It goes without saying
that it would be entirely unethical to actively try to answer such a question.
Moreover the search for an ideal small volume therapeutic agent is still on.
Exclusively on the grounds of survival rates, sodium chloride must be a part
of any such solution, but acetate may be useful to increase output and correct
metabolic acidosis. The addition of dextran may prove a useful therapeutic
tool, although it may not be exempt from undesirable collateral efects (24).
The likelyhood of such side effects is however small because of the very small
volumes to be used. Limited clinical trials with hypertonic MaC1 are presently
in progress in the Slg Paulo University Medical School Hospital and with
hypertonic NaCl-dextran at The University of California, Davis, Medical School
Hospital.

In sumary, it has been shown that 2400 nosm/l NaCl is effective in the
resuscitation of severe hemorrhage, not only because it produces fluid shift
into the vascular compartment, but also because it has important
pharmacological actions: it dilates renal and mesenteric vascular territories,
reversing the trend to ischemic necrosis; but perhaps more importantly, it
induces selective muscular resistive constriction and overall
venoconstriction; muscular vasoconstriction shifts blood flow into the dilated
territories, without materially affecting a territory which is perforce at
rest and notoriously capable of the highest degree of anaerobiois;
venoconstriction actively reduces vascular capacity to match reduced blood
volume and helps create a hyperdynamic circulatory condition, which safely
carries the animals over a critical period of time till they become capable of
restoring, first plasma volume, later blood volume to normality. It is still
unknown whether human hemorrhagic hypotension will respond entirely in the
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manner described for dogs, but it is certain that the early beneficial effects
of hypertonic resuscitation are observable. It may thus be suggested that the
Passage of highly concentrated sodium salts through the lungs will ellicit a
neural reflex which triggers intense active venoconstriction. If this be the
came, even the relatively large mesenteric and renal dilations, which are
simultaneously observed, could be accounted for by the better adjustment of
capacity to reduced circulating volume.
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FREE RADICALS (1)

In atoms and molecules, the electrons generate, by rotation, a magnetic
field represented by a vector, the spin. Generally, all the electrons are
paired, opposing their spins, the resulting magnetic field being null.
In molecules, electrons of neighbouring atoms are paired, forming covalent
bonds, which can be broken by a sufficient amount of energy; after this
rupture, two electrons become unpaired and the implicated atoms or molecules
acquire a magnetic field (Fig. 1). The energy can be furnished by radia-
tions (UV, ionizing radiations) and by chemical or enzymatic reactions.
Such atoms or molecules presenting an odd number of electrons, and thus
a magnetic field, are called free radicals.

H -H" H
H:C:H > H:C"

H H molecular

methiane methyl oxygen

radical

Fig. 1. Right : Formation of a free radical by
rupture of a covalent bond (by deshydro-
genation, in this example). The arrows
symbolize the spins of unpaired elec-
trons. Left:: The biradical structure
of oxygen, at its fundamental state.
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Free radicals are generally considered as very strong reagents,
reacting with the most stablj organic molecules. Generally, a newly for-
med radical reacts instantaneously with the surrounding molecules, taking
out an hydrogen atom, with its electron, in order to pair its unpaired
electron (Fig. 2). A new covalence is broken, and another free radical is
generated. This is the initiation of a chain of reactions, which can be
rapidly terminated, by the collision of two radicals, which dimerize.
But, in aerobic conditions, oxygen can intervene, changing completely the
above scheme.

OH + R:H -> H2 0 + R"

R+ X:R -> R:H + X"

X'+ Z:H -> Z'+ X:H

Z + Z' -> Z:Z td!,er.)

Fig. 2. Chain of radicalar reactions
initiated by hydroxyle radi-
cal "OH, and dimerization,
terminating the chain process.

OXYGEN AND PEROXIDATION (2,3)

Oxygen is a biradical, characterized by the presence of two unpaired
electrons (Fig. 1). Surprisingly, the quantum mechanics demonstrate that
such biradical cannot react with non radicalar molecules, which constitute
the great majority of biological molecules (4).

But, oxygen reacts very fastly with free radicals, forming peroxy
radicals. This phenomenon threatens particularly polyunsaturated fatty
acids (PUFA), constituents of biological membranes. Autoxidation of PUFA
is initiated by the break of the covalence binding of hydrogen and carbon
atoms, near double bonds (Fig. 3). The resulting free radical is relatively
stabilized by electron delocalization (resonance). This stabilization
sufficiently delays the terminating process of dimerization to allow the
arrival of an oxygen molecule (4). Oxygen reacts with radicalar PUFA (R')
forming a peroxy radical RO0" (lipoperoxidation). Hydroxyle radical "OHiP

classically implicated as initiating agent (5). It is a small radical,
soluble as well in aqueous and in lipidic mediums, and is extremely reac-
tive, forming water, after extracting an hydrogen atom from surrounding
molecules. However other agents can initiate the lipoperoxidation, parti-
cularly perferryl cation (Fe4+ - 01)++ (6). Peroxy radical RO0O extracts
an hydrogen atom from a new PUFA moIecule, RH, forming a new lipidic radical
R', and becoming itself a hydrolipoperoxide, ROOH. The peroxy radical
RO0" extracts an hydrogen atom from a new unsaturated fatty acid, which,
in its turn, becomes radicalar, RO0" becoming ROOH, an hydrolipoperoxide.

Hydrolipoperoxides are not reactive by themself, but, meeting ferrous
ion, Fe2+ , they are reduced into alkoxy radicals RO*, which are strong
reagents, able to initiate another loop of peroxidation, and replacing
easily hydroxyle radical or perferryl cation. Thus, in the presence of
oxygen, and thanks to the presence of iron, which is an universal component
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of the living matter, the lipoperoxidation processes become rapidly
extensive, in aerobic conditions, and are dreadful agents of membrane
destruction (7).

odd elettmn delsealization
an'

w H20 aN
0H RO H

R:*H

V" O~r 3+)
wn Fe

Fig. 3. Autoxidation cycle of unsaturated molecule and
iron-induced reactivation mechanism. R:H unsa-
turated fatty acid. R" : radicalar fatty acid,
formed after H" removing from R:H. '00" : oxygen
molecule. RO0 : peroxy radical. ROOH : hydro-
lipoperoxide. RB0 : alkoxy radical. *OH : hydro-
xyle radical. OH- : hydroxyle anion. Superoxide
anion or ascorbate can regenerate Fe2+.

BIOCHEMICAL SOURCES OF FREE RADICALS

Dangerous radicals arise from oxygen metabolism (5,7). Oxygen in an
universal electron acceptor, in aerobic organisms. In mitochondria,
normally, at the end of the respiratory chain, oxygen is completely and
instantaneously reduced into water :

02 + 4 e - + 4 H .. 2 H20

But, in abnormal conditions, such as during metabolic troubles fol-
lowing hypoxia or anoxia, the mituchondrial electron transport through the
cytochromes chain is stopped, and the oxygen molecules go up to the level
of ubiquinone where they are reduced electron by electron (8). This uni-
valent reduction of 02 generates free radicals, and particularly, hydroxyle
radical. The first step is the formation of superoxide anion, 02, by an
enzymatic mechanism associated with ubiquinone. Then, O dismutates into
hydrogen peroxide, H20 2. The coexistence between O and H202, in the
presence of ferrous iron, initiates a Haber-Weiss cycle, producing hydroxyle
radicals (Fig. 4).

The mechanism of free radical production, at the level of mitochon-
dria, during reoxygenation succeeding to severe hypoxia, is evoked on
fig. 5. Haber-Weiss cycles can also be produced by the activity of seve-
ral enzymes. Xanthine-deshydrogenase, which intervenes in the last steps
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0-0" + e- > (:0-0*)- or O-
enZ.

20- + 2 H+ -> H20 2 + 02 (dismutation)

H202 +Fe' > *OH + OH'+ Fe3

Fe3+ + 0. > Fe' + + 02
Haber-Weiss cycle

,............ ................... .. ....... ....... ........ .....................

Fig. 4. Univalent reduction of oxygen, and role of Fe
++

in the production of *OH.

of purine catabolism, can be converted into xanthine-oxidase, in patholo-
qical situations inducinq severe calcium unbalance particularly in ischemia
(9,10). In the presence of xanthine-oxidase, purine catabolism produces
superoxide anion, which dismutaLes intohydrogen peroxide, generating free
radicals such *OH, in the presence of Fez+.

SUC-DH

succinate

fiale/f ( Fe-S),

flvvarste

le" hypoxia

NADH| ] : e02

NADU e- e- .

Fe3+ C)och. b Fe2 H
H202

e "OH

Fe2+ Cytoch' c e

-- / Cytochr.me-oXidase

4e

2 H20 02
Fig. 5. Mechanisms of production of activated

oxygen species by the mitochondrial respi-
ratory chain, after hypoxia. NADH-DH :
NADH-deshydrogenase. SUC-DH : succinodes-
hydrogenase. UQ : ubiquinone.

82



Other sources of lipid radicals are the activities of lipoxygenases
and of cyclooxygenase. During prostaglandin synthesis, the conversion of
endoperoxide H2 is accompanied by the generation of free radicals (12).
The mixed oxidasic function of the liver can transform several molecules
into free radicals : it is the case for carbon tetrachloride and certain
antibiotics such as doxorubicin (13,14).

ROLE OF IRON IN RADICALAR REACTIONS

Because of its electronic structure, fundamental oxygen cannot react
directly with non radical molecules (4). Monoradicals can play the role
of mediators, between oxygen and non radical molecules, as in lipoperoxi-
dations, for instance. But this role is mainly supported by transition
metals, and particularly by iron. Transition metals are characterized by
the property to be linked to certain molecules, called ligands, by coordi-
nation links. A well-known example is the coordination of iron by adeno-
sine diphosphate (ADP). The particular properties of transition metals
are explained by the presence, in their atoms, of five uncompletely
filied d orbitals (Fig. 6).

During the coordinative process (15),3 dorbitals are redistributed in
two sublayers, separated by an energy level depending on the nature of the
ligand (splitting). In the case of ferrous iron, which exhibits six d
electrons, a low splitting energy corresponds to a wide redistribution of
electrons. There are four unpaired electrons in the complexed iron atom.
On the contrary, some other ligands, giving a higher splitting energy,
inhibit the redistribution of electrons to the two orbitals of higher
energy : all the six electrons of ferrous iron remain paired on the three
orbitals of lower energy. This phenomenon is observed when iron is
complexed with chelators such as DETAPAC and deferroxamine; these ligands
inhibit oxidative activities of ferrous ion.

Fe' high spin I F Fe 2+ low spinA
Met\t\ state L

Fig. 6. The two modes of coordination for Fe2+ . In the high
spin state, the low splitting energyAEI permits the
occupation of five d orbitals : there are 4 unpaired
electrons. In the low-spin state, the high energy
splitting A El impairs the jump of the electrons of
low energy to the orbitals of higher energy : the 6
electrons are paired. L1 and L2 : ligands

Ferrous complexes, which exhibit a high number of unpaired electrons,
are particularly efficient to promote the combination of oxygen with
organic nolecules. ADP complexed iron plays this role. The presence of
conveniently complexed iron is as efficient to "nduce lipoperoxidation
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as hydroxyle radical. Inversely, iron chelation protects against lipoper-
oxidation (16). Intracellular iron is combined to ferritin and is main-
tained at the state of Fe3+ (17). Physiopathological conditions, such as
ischemia or hy~oxia, release iron in cytoplasm, perhaps after reduction
into Fe2+ by 0 (11). Then, Fe2+ can be coordinated into oxidative com-
plexes, not only by ADP, but also by particular sequences of cytoplasmic
proteins.

GENERATION OF RADICALS BY ACTIVATED LEUKOCYTES

Polymorphonuclear leukocytes (PMNLs) and macrophages are potent gene-
rators of oxidant species. Activation of complement produces C3a and C5a,
which are activators of polymorphonuclear leukocytes and trigger the phe-
nomenon called respiratory burst in these cells (18,19).

The 02 consumption increases dramatically, amiboid movements are
observed, and a degranulation process occurs, which consists in a release
of the lysosomal content out ot the cell. A microsomal enzyme, NADPH-
oxidase, reduces intensively 02 into superoxide anion, which dismutes into
H202 ; H202 is released out of the cell, together with O (20) and in the
presence of Fe2+, regenerated by reductants such as ascorbate, can lead to
the formation of *OH, and to peroxidation to living membranes (20,21).
One of the lysosomal enzymes released out of PMNLs ismyeloperoxidase, which
PMNLs synthesizes hypochlorous acid, HCIO. HCIO, reacting with H202,
produces singlet oxygen, a highly reactive oxidant species, and reacting
with several amines, produces N-amine chlorides, highly oxidant species (22).

PHYSIOPATHOLOGICAL GENERATION OF FREE RADICALS

A first pathological situation generating activated oxygen species is
observed in tissues during refeeding oxygen, after hypoxia and anoxia, and
results from the univalent reduction of oxygen at the level of ubiquinone,
in mitochondria (Fig. 5).

Purine catabolism can generate 0' and subsequent reactions of fig. 4,
in hypoxic conditions (10).

Pathological consequences can arise from an excess of defense response
against immunological stimuli. Massive PMNLs activation results in aggre-
gation of these cells, which can be imnobilized in capillary beds, and
particularly in the lung (19). There, an active cooperation is established
between proteases and oxidant species, released by the activated leukocytes
in the blood. Oxidant species, and particularly amine chlorides, destroy
plasma antiproteases (23). Therefore, leukocytes proteases are free to
attack the capillary walls. An amplification phenomenon occurs, by action
of superoxide on plasma factors, creating leukotaxic factors, by stimulation
of platelet by H20 2 , releasing not only thromboxane, but leukotaxic lipo-
xygenase products. This scheme can explain some aspects of the development
of adult respiratory distress syndrome (ARDS), which is often observed
after severe trauma and sepsis (24).

Cooperativity between proteases and oxidant agents, produced together
and released by PMNLs, was suggested by different authors. It was demons-
trated that high levels of both enzymatically and immunologically active
trypsin were measured in the plasma o fpatients suffering from severe
sepsis and polytrauma, and developing ARDS (25). Trypsin activity was
improved by the fall of antiproteasic activity, induced by PMNLs oxidative
factors.
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ROLE OF ACTIVATED OXYGEN SPECIES IN SHOCK AND TRAUMA : A SYNOPSIS

Shock induces deep modifications of membrane permeability, and
modify the normal calcium transport. Xanthine-deshydrogenase is then
activated and becomes xanthine oxidase, generating activated oxygen
species (0' , 'OH, lipoperoxides.alkoxy radicals). Severe tissular hypoxia
is often te consequence of shock : during reoxygenation, the disturbed
mitochondrial respiratory chain reduces univalently oxygen, with the cas-
cade leading to free radicals and lipoperoxidation, as in the case of
xanthine-oxidase.

Severe trauma are often complicated by shock and by sepsis. Sepsis,
particularly abdominal sepsis, stimulates PMNLs,via the alternative
pathway of complement activation. Activated PMNLs are generators of
multiple oxidant agents : hydroxyl radicals, HClO, amine chloride, singlet
oxygen, etc....

It appears thus, from these above considerations, that multiple causes
are at the origin of activated oxygen metabolism. The best proofs of this
activation are given by the demonstration of a fall of the antioxidant
potential, measured, either by a global method (25) or by the determination
of a determined antioxidant, such as tocopherol. Preliminary research on
the evolution of plasma tocopherol in ARDS showed a fall of vitamin E in
severe cases (26). Studies continued on this subject confirmed that the
fall of plasma tocopherol seems to be proportional to the gravity of the
case.

In shock and sepsis, there are thus many reasons to invoke the pre-
sence of deleterious oxygen species, injuring cellular membranes by pero-
xidation of polyunsaturated fatty acids. But, up to now, no direct,
unequirocal proof have been furnished, of the in vivo existence of lipo-
peroxidative processes.

TRU94A -SEPSZS4 ~b..TRYPSIN

XSCEMIA COMPLEMENT ACTIVATZON4Xinthin.-delhyd rogena se 4
a -OAhl n 4 LEUKOCYTE IACTIVATZON

2,4 Xanthine-oxidaze

P. 2 rele. I
frmfor~t ~ -------- H1• ~ ~ ~ 2 .'.OHc~

I :ROOH, RO

2+ -------------- I
Hi4h-Ipj Fe Singlet02

N-ANNE chloride.

MEMRANE ANTIPROTEASE

PEROXIDATION INACTIVATION

Fig. 7. Overview of the physiological and physiopathological
mechanisms which cooperate for membrane peroxidation, by
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INTRODUCTION

Enhanced free radical generation leading to lipid peroxidation has been
claimed to be associated with various disorders (Bulkey, 1983). There is
considerable indirect evidence supporting a role for oxygen radicals in
circulatory shock. Crowell et al. (1969) and Cunningham and Keaveny (1978)
reported that allopurinol, a competitive inhibitor of xanthine oxidase,
substantially increased the survival rate of dogs subjected to hemorrhagic
shock. Severe burns result in both local and systemic hemodynamic changes
(Gilmore and Handford, 1956; Wolfe and Miller, 1976; Adams et al., 1981),
as well as in endocrine (Turinsky et al., 1977), neuroendocrine (Cova and
Glaviano, 1968; Goodall and Moncrief, 1965), and metabolic (Robinson and
Miller, 1981; Wolfe et al., 1977) alterations. Acute endotoxin shock is
rapidly produced with Escherichia coli endotoxin (Balis et al., 1978).

It was recently suggested that in every kind of shock many coexisting
mechanisms may lead to the overproduction of oxygen free radicals and that
a pathogenetic role of such radicals may by considered highly probable
(Novelli, 1983). To explore this hypothesis, we examined the effects of
superoxide dismutase (SOD) and catalase which are enzymatic oxygen radical
scavengers, on burn and endotoxin shock in rats.

MATERIALS AND METHODS

Female Wistar rats weighing 190-220 g, from Keari Co., Ltd., Osaka were
housed for at least 7 days in our animal quarters prior to the experiments.
The animals were not fed for 24 h, but were allowed free access to water.
Endotoxin (Escherichia coli 055: B5 lipopolysaccharide B; Difco Lab., Detroit,
Mich) was dissolved in pyrogen-free physiological saline before every
experiment. Burn shock was produced by immersing half of the animal's body
into 80*C water for 10 s. Endotoxin shock was induced by a single injection
of 100 mg/kg of endotoxin, diluted in 1.0 ml of physiological saline, into
the femoral vein using a syringe.

To examine the effects of SOD and catalase on burn shock, the rats were
injected with SOD from bovine blood (3200 U/mg protein; Sigma Chemical Co.,
St. Louis, Mo) at 50 mg/kg or catalase from bovine liver (40,000 Sigma U/
mg protein; Sigma Chemical Co., St. Louis, Mo) at 2.0 mg/kg, intravenously
30 s before the burn stress. To examine the effects of these enzymes on
endotoxin shock, the animals were injected with SOD from bovine blood (3050
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U/mg protein; Sigma Chemical Co., St. Louis, Mo) at 50 mg/kg or catalase
from bovine liver (40,000 Sigma U/mg protein; Sigma Chemical Co., St. Louis,
Mo) at 1.0 mg/kg, subcutaneously 12 and 1 h before the injection of endotoxin
(100 mg/kg).

The severity of shock was determined with systolic blood pressure and
serum lysosomal enzymes, such as acid phosphatase and 8-glucuronidase.

Systolic blood pressure and heart rate count were measured by the
method of Bunag (1973) using a sphygmomanometer PS-100 (Riken Kaihatsu Co.,
Tokyo). Serum acid phosphatase activity was assayed according to the
method of Andersch and Szczypinski (1947) using 2-nitrophenylphosphate as
the substrate. Serum a-glucuronidase activity was measured with Sigma
reagents (Sigma Chemical Co., St. Louis, Mo), based essentially on the
method of Fishman et al., (1967), using phenolphthalein glucuronic acid as
the substrate. Thiobarbituric acid (TBA) reactive substances in serum were
determined by the method of Yagi (1978). The concentration of TBA reactive
substances was expressed in terms of malondialdehyde using tetramethoxy-
propane as a standard.

Results are expressed as mean value ± standard deviation (SD).

RESULTS

Burn Shock

Systolic blood pressure of rats before the immersion into 80*C water
was 121 ± 8 mmHg (Mean ± SD, n=7). The blood pressure was significantly
reduced to undetectable value (under 50 mmHg) 10, 60, 120 and 180 min after
the burn. Immediately after the immersion into 80*C water (10 min), acid
phosphatase and a-glucuronidase activities were significantly increased
(Fig. 1) and serum TBA reactants were significantly increased (Fig. 2).
All rats were killed at 3 h after the burn shock and changes in following
parameters of rats treated with SOD or catalase were examined.

300 150

10- -6001 1

Tim (h)

Fig. 1. Changes in serum lysosomal enzymes before and
after burn stress. Results are expressed as
mean value ± SD of 7 rats.
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Fig. 2. Changes in serum TBA reactants before and
after burn stress. Results are expressed
as mean value ± SD of 7 rats.

The changes in serum acid phosphatase and a-glucuronidase activities

The increase in serum acid phosphatase activity after the burn stress
was significantly inhibited by the treatment with SOD and catalase, but

could not be by SOD or catalase alone (Fig. 3). The increase in -glucuro-
nidase activity was not reduced by these treatment.

i oo

SP<o.oo5

75"

2
II

50

co.trol SOD catalase SOD

Fig. 3. Effects of SOD or/and catalase on serum acid

phosphatase activity 3 h after the burn stress,

Control rats were injected with 1.0 ml of saline.
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The changes in TBA reactive substances

The increase in serum TBA reactants 3 h after the burn stress was not

significantly reduced by the treatment with SOD or/and catalase.

Endotoxin Shock

Immediately after the injection of endotoxin, systolic blood pressure
was reduced and heart rate was increased (Fig. 4). Acid phosphatase and
6-glucuronidase activities, and serum TBA reactants were significantly
increased (Fig. 5, 6).

e Blood pressure
o ---- o Heart rate

500- 130-

120- p , 0.005

X n=

a *

0 1 20 30 60 90

Time, mI

Fig. 4. Changes in systolic blood pressure and heart

rate of rats injected with endotoxin (100 mg/kg).
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-. Acid phosphatase
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Fig. 5. Changes in serum acid phosphatase and h-glucuro-

nidase activities after the injection of endotoxin
(100 mg/kg).
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Fig. 6. Changes in serum TBA reactants after the injection
of endotoxin (100 mg/kg).

These changes were most remarkable at 45 min after the injection of
endotoxin. All rats were killed at 45 min after the endotoxin injection,
and the changes in following parameters of rats treated with SOD or
catalase were examined.

The changes in systolic blood pressure

The blood pressure was significantly reduced 45 min after the injection
of endotoxin. The reduction was significantly inhibited by the treatment
with SOD or catalase (Fig. 7).
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130 P 0.001
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(n=16) (=1) (n=12) (n=14)

Fig. 7. Effects of SOD or catalase on endotoxin shock.

SOD or catalase was injected sc 12 and I h before
the injection of endotoxin (100 mg/kg).
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The changes in serum acid phosphatase and 8-glucuronidase activities

The increase in acid phosphatase activity after endotoxin shock was

significantly inhibited by the administration of SOD or catalase (Fig. 8).
The increase in a-glucuronidase activity was inhibited by the treatment of
SOD, but could not be by catalase (Fig. 9).

100

T * P<0.001

; *
*50- T

0 1

control SOD catalase normal
(n= 16) (n=8) (n= 12 ) (n= 14)

Fig. 8. Effect of SOD or catalase on serum acid phosphatase
activity 45 min after the endotoxin injection.
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Fig. 9. Effect of SOD or catalase on serum 0-glucuronidase
activity 45 min after the endotoxin injection.
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Fig. 10. Effect of SOD or catalase on serum TBA reactants
45 min after the endotoxin injection.

The changes in TBA reactive substances

Serum TBA reactants were significantly increased 45 min after the
injection of endotoxin. The increase was inhibited by the administration
of SOD but not by catalase (Fig. 10).

DISCUSSION

After injection of endotoxin (100 mg/kg) or immersion in 80°C water,
the blood pressure was significantly decreased, and serum lysosomal enzyme
levels were increased. These findings indicate that these treated rats were
in shock state. Serum TBA reactive substances were significantly increased
after the shock. The aggravation of endotoxin shock was prevented by the
treatment with SOD or catalase. However, only a slight prevention was
observed in burn shock.

The implication of oxygen radicals and free radical lipid peroxidation
in the pathogenesis of shock was reported in different shock models; endo-
toxin shock (Yoshikawa et al., 1986; Maiarino et al., 1986; Kunimoto et al.,
1986), burn shock (Saez et al., 1984; Till et al., 1986), mesenteric artery
occlusion shock (Novelli et al., 1986), and hypovolemic-traumatic shock
(Schlag and Redl, 1986).

In shock, an insufficient defence system and excessive free radical
generation may result in severe cell damage. These produced oxygen radicals
may initiate lipid peroxidation and thus directly damage the cell membrane,
which contains a large amount of polyunsaturated fatty acids. Furthermore,
lipid peroxides produced by peroxidation of lipid injure several organs.
These processes enhance vascular permeability, histamine secretion, platelet
aggregation, and generation of chemotactic factors.

The source of oxygen-derived free radicals produced in shock states
seems to be different in several shock models. Oxygen radicals are generated
from activated granulocytes, from xanthinoxidase activity, and by damage to
mitochondrial oxidative capacity.
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The present data confirm the previous report that lipid peroxidation
occurs during endotoxemia (Yoshikawa et al., 1983). Furthermore, SOD and
catalase can prevent the aggravation of endotoxin shock sbggesting the
involvement of the oxygen radicals. On the other hand, SOD and catalase
did not show a strong preventive effect against burn shock. Dimethyl
sulfoxide, a hydroxyl radical scavenger, can prevent the aggravation of
burn shock (unpublished data).

The origin and the chemtical nature of lipid peroxidation products
appearing in serum of rats with burn and endotoxin shock are not yet
known. However, from all this rather indirect evidence we can conclude
that a pathological mechanism involving the oxygen-derived free radicals
is indeed operative in burn and endotoxin shock. Therefore, scavengers of
free radicals may become an important therapeutic agent in the future.
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OVERVIEW OF THE METHODS OF LIPOPEROXIDATION DETERMINATION

Lipoperoxidation of polyunsaturated fatty acids, constituents of cell
membranes, is the main feature running out of in vitro experiments on

oxygen toxicity (1). Theoretical considerations let us suppose that, in

in vivo conditions, lipid autoxidation can occur, explaining some aspects
of oxygen toxicity, particulprly at the pulmonary level (2). However,
until now, no absolutely safe methods have been elaborated, to unequivocally

demonstrate the in vivo lipoperoxides production. Theoretically, a safe

method would derm a lipoperoxide derivating product which is not
further catabolized and which arises exclusively from lipoperoxidative

pathway. Different procedures were proposed, each one based on the deter-
mination of a particular step, during hydroperoxide decomposition. The

steps are the following :
a) Peroxidation of polyunsaturated fatty acids, after diene conjugation (3);

b) Spontaneous or catalytically accelerated breakdown of hydroperoxides

leading to malonaldehyde (MDA) and to other fragments, which become

finally hydrocarbons, such as ethane and pentane, or pentanol (4,5).

It is not often possible to directly detect the presence in vivo of
hydroperoxide ROOH function, because its instability, particularly high

in biological conditions. However methods such as sensitive iodometry (6)

or the use of a chromogen (7,8) can reveal the presence of hydroperoxide

in biological samples (7), abnormally poor in antilipoperoxidant agents.

Preference was given to the dosage of decomposition products arising from
ROOH, in biological sampling.

Malonaldehyde (MDA) determination is the most popular procedure to estimate

in vitro and in vivo lipoperoxidation processes, by means of thiobarbituric

acid. But it cannot be considered as a safe method because MDA can arise

from other pathways than lipoperoxidation, and particularly, from thrombo-

xane biosynthesis (9). On the other hand, MDA itself enters in the forma-

tion of lipofuscin, reacting with aminoacids to give Schiff bases (10).

Another argument against MDA technique is that the lipoperoxide decomposi-

tion does not lead automatically to MDA (II), and thus, that "MDA production

is only a small proportion of the total PUFA loss" (12).
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Conjugated dienes measurements by measuring optical absorbance at 233
nanometers was another technique proposed for lipoperoxidation estimation

(13). Dienes appear at the onset of peroxidation (3), and seem to be linked
to several steps of peroxide decomposition. However we have observed that
conjugated dienes decreased in contact with blood plasma. Detection of
pentane in exhaled gases was proposed as a specific mean to evidence lipo-
peroxidation processes in living animal and in man (5). This method is not
invasive, and it was supposed that pentane could only arise from lipopero-
xidation and that it could not be metabolized. However the possible
metabolism of pentane by hepatic metabolism constitutes a risk recently
evoked (14).

DECOMPOSITION OF LIPOPEROXIDES INTO HYDROCARBONS

This phenomenon was predicted by Frankel et al. (1), in 1961, and
experimentally confirmed by subsequent works. Autoxidation of methyl
linoleate produced, according to Horvat et al. (3), methane, ethane,
propane, butane, and pentane, this latter representing 90% of total emission
of hydrocarbons. The improvement of GLC techniques permitted to demonstrate
that ethane and pentane were the mean hydrocarbons resulting from lipopero-
xide decomposition (5).

Frankel et al. (1) has proposed that hydrocarbon formation resulted
from the splitting of the fatty chain on the alkyl side of the carbon chain
supporting the -OOH function. A demonstration of this theory was afforded
by Evans et al. (6), showing that linoleate hydroperoxide decomposition
formed pentane , but that another pathway was also possible, forming non
volatile pentanal. Further research showed that ethane arised fromw3
polyunsaturated fatty acid (linolenic acid family), while pentane resulted
fromw6 family of polyunsaturated acids, such as linoleic, and arachidonic
acid (7,8). The role of iron in hydrolipoperoxide decomposition clearly
appeared (8) :

Fe 2+ + ROOH ----- RO" + Fe 3+ + OH-

EXHALED GASES AS INDEX OF IN VIVO LIPID PEROXIDATION

Already in 1974, Riely et al. (11) proposed the ethane measurement as
an index of peroxidation in tissues homogenates. However Dillard et al.
(12) prefered the determination of pentane in expirated air, during in vivo
lipid peroxidation experiments on animal, in place of ethane measurement,
considering the quantitative dominance of w6 family in most animal tissues.
They estimated, for instance, that in the study of tocopherol effect in
protection of rodents against in vivo lipoperoxidation, pentane determina-
tion afforded best results than ethane. However feeding a fat source high
in W3 fatty acids, such as cod liver oil, enhanced greatly the ethane
productio± in rats, relatively to those fed with lard (w6 rich), during
carbon tetrachloride-induced in vivo peroxidation (14).

THE PROBLEM OF HYDROCARBON METABOLISM

Some years ago, it has been observed that liver microsomes metabolized
hydrocarbons into corresponding alcohols (15).

Frank et al. (16) exposed rats to an atmosphere containing ethane,
propane, butane and pentane, and observed a diminution in the hydrocarbon
concentration, proportional to the chain length. The phenomenon was
inhibited by administration of three inhibitors of hepatic hydroxylation
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tetrahydrofuran, dithiocarb or carbon monoxide. However, metyrapone,
recognized as a potent inhibitor of cytochrome P450 system, was without
effect. uller et al. (17) observed that n-pentane disappeared from the
chamber containing perfused livers, although they were submitted to Fe2 + ,

a treatment which induces massive peroxidation, and concluded that this
hydrocarbon was metabolized by hepatic tissue. Recently, Lawrence and Cohen
(18,18b) found that ethane measurement was a better index of lipid peroxida-
tion than pentane measurement, because ethane was practically not metabolized.
Other authors gave also a preference for ethane, for in vivo lipoperoxidation
estimations (19,20). According to Lawrence et al. (21), ethane measurements
would furnish better results for the study of the role of vitamin E on
lipoperoxidation inhibition, in the rat, than pentane determination, proposed
by Tappel (22). Nevertheless, recent attempts to evidence lipoperoxidation
processes in human were performed measuring pentane (23,24), following the
first works of Dillard et al., in 1978 (25). Wade and Rij (26), studying
ethane and pentane exhalation in volunteers, established a mathematical
formula, in order to calculate the correction of the measured pentane
values, taking in account the rapid metabolism of pentane, and its solubility
in tissues. In accord with Tappel (13) and Dillard (12), these authors
estimated that rentane would provide a more reliable measure of in vivo
lipoperoxidations, because w6 fatty acids are the predominant polyunsaturated
fatty acids in the membranes.

We have observed (27) that pentane emission from autoxidized linoleate,
occuring in sealed vials, was significantly lowered in the presence of
hepatic microsomes from phenobarbital-treated rats. As it appears on
fig. I, this phenomenon was not observed with boiled microsomes. Metyrapone,
an inhibitor of the cytochrome P450 system, restored, at 80% of the control
values, the amount of pentane emitted by linoleate peroxides, in the presence
of microsomes. Cytochrome P450 seems thus to intervene in the metabolism of
pentane, as earlier suggested (15).

100
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25

A B C D

Fig. I. Emission of pentane from autoxidized lino-
leate peroxide emulsion, in percent of A
(controls). A : emulsion alone. B : emul-
sion + hepatic microsomes from phenobarbi-

tal-treated rats. C : emulsion + boiled
microsomes. D : emulsion + microsomes +

metyrapone 10-
3
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An important cause of artefact must be underlined, in experiments
measuring pentane emission from microsomal suspensions it is the retention
of pentane by lipoproteins suspensions, at room temperature. Pentane is
known to be soluble in fat, in a greater measure than ethane (26). However
after heating microsomal suspensions, at temperature higher than 370 C
(the boiling point of pentane), pentane is entirely desengaged from the
aqueous phase.

RELIABILITY OF IN VIVO LIPOPEROXIDATION ESTIMATION BY PENTANE MEASUREMENTS

A first doubt on the safety of this method was emitted relatively to
the experiments on rodents. It was suggested that the major source of
pentane, in the rat, during experiments with vitamin E-deficient diet
particularly, was the intestinal bacteria. This hypothesis was sustained
by the fact that antibiotics depleted pentane exhalation in rats (28).

Another reason of uncertainty was the great variability of results,
not only from one publication to another, but also in a same group of
experiments. For example, Dillard et al. (25) found, in 5 normal volunteers,
amounts of pentane varying from approximately 70 pmoles to 1300 pmoles in
expirated air, in 2 minutes. If one estimates that 20 liters air are
approximately exhaled in 2 minutes, these data would become 2.8 to 52 pmoles
per liter. Morita et al. (24) demonstrated that the basal pentane emission
varied ten fold in expirated air, among individuals. Wade and Rij (26),
using a rebreathing technique in human experiments, found 40 pmoles/liter
of expirated pentane, at the onset of the experiment, raising to 90 pmoles/
liter after I hour. These authors calculated, using a coefficient of
pentane metabolism, that the normal pentane concentration was 120 * 50
pmoles/liter, in expirated air.

We have used, for pentane exhalation determination in humans, a new
procedure to trap the expirated hydrocarbons, using charcoal cartridges at
room temperature. Charcoal was extracted with carbon disulfide, and sample
of 5 )I CS2 were injected on a Porapak T column, in a GLC Barber-Colman 2000,
equipped with a modified FID detector, presenting a very low electronic noise.
As Dillard et al. (25), we found, on 22 normal male volunteers, a wide
distribution of pentane values, in expirated air (Fig. 2), raising from
5 pmoles/liter to 140 pmoles/liter.

These discrepancies in pentane concentrations can be explained by
several causes :

i. Feeding habits, with variations of w6 and w3 fatty acids intake, from
a subject to another.

2. Variations in peroxidized fatty chain breakdown, leading not only to
hydrocarbons, but also to aldehyde (6).

3. Variations in pentane metabolism, particularly in subjects receiving
cytochrome P450 inducing drugs (barbiturates, anticonvulsivants, etc).

4. Variations in metabolic rate, particularly those in relation with the
muscular activity , which can deeply enhance pentane exhalation (until
to 800%) as shown by Dillard (25).

Arguments 3. and 4. seem to be the most valuable.
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Fig. 2. Distribution of pentane values among 22 normal volunteers.

OPPORTUNITY OF HYDROCARBON MEASUREMENTS

It is not possible to obtain normal values with a better precision
for expirated pentane, imprecisions caused either by metabolic rate varia-
tions (let us remember the difficulties to measure basal metabolism by
oxygen consumption), either by cytochrome P450 inducers; it is however
possible to obtain significant results during experiments where a subject
is his own control, and when pentane variations considerably raise up the
initial value. The results of Dillard et al. (25) obtained by this metho-
dology, concerning the role of vitamin E in prevention of pentane emission
during strong exercise, were very significant. Repeating the experiments
of Dillard, and using our own method of pentane trapping, we also found
that, in man, exercise produced a rise of more than twenty fold of expirated
pentane, and that a treatment with vitamin E during 3 weeks reduced this
increase to 6 fold only.

Exhaled hydrocarbons determination is the sole method applicable for
in vivo lipoperoxidation study, and is thus very important for human
research. It is a method which is not more or less safer than the other
techniques designed to measure the decomposition products of lipoperoxides.
We think that these methods are complementary, and that it is preferable,
when it is possible, to perform diene, malonaldehyde and pentane measure-
ments together. These measurements constitute the first approach of the
problem of lipoperonidation evaluation. The second approach, which completes
the results obtained with the first, is generally poorly known. It consists
to quantify the total antilipoperoxidant and antiradicalar activities of
tissues (29), in order to determine the diminution in the intracellular
defenses to oxidants.
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CONCLUSIONS

At present, in vivo lipoperoxidation phenomenons can be detected and

estimated by analysis of products arising from the lipoperoxid,-breakdown.

Pentane measurements in the breathed air, proposed as a non invasive method,

and estimated to be safer than diene or malonaldehyde determinations, is

yet submitted to several risks of inaccuracy, regarding to the hepatic

metabolism of pentane, particularly. However significant results can be

obtained when a subject is his own control and when pentane variations are

sufficiently marked. The results obtained with these different determina-

tions must be completed by a poorly known method which consists to quantify

the variations of antiradicalar or antilipoperoxidant contents of tissues

or plasma.
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DETECTION OF PENTANE AS A MEASUREMENT OF LIPID
PEROXIDATION IN HUMANS USING GAS CHROMATOGRAPHY
WITH A PHOTOIONIZATION DETECTOR
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Introduction

Lipid peroxidation (LP), which involves the oxidation of polyunsatu-
rated fatty acids, has been implicated in several pathological
conditions, including cancer (1) and atherosclerosis (2-4), and in
the ageing process (5,6). Many of the products of LP can react with
oxygen to form epoxyhydroperoxides, ketohydroperoxides, and cyclic
and bicyclic peroxides (7). These secondary products can in turn
decompose to monohydroperoxides, aldehydes such as malonyldialdehyde
(MDA), and volatile hydrocarbons (HCs)(7).

Markers of Lipid Peroxidation

Investigators have been developing methods to measure LP in vitro
in order to confirm the presence of this process in altered physiological
states. The most commonly used technique is the detection of MDA via
its reaction with thiobarbituric acid (8). Other methods include the
use of fluorescence spectroscopy for direct measurement of MDA (9),
ultraviolet spectroscopy to detect diene conjugation in damaged fatty
acids (10), and chemiluminescence to detect the presence of free radicals
in tissue samples (11). However, none of these techniques can be carried
out in vivo and most of them require lengthy procedures or yield non-
quantitative results.

Recently the volatile HCs ethane (12) and pentane (13) have been
used to measure LP. Ethane is formed from the peroxidation of w-3 fatty
acids, such as linolenic acid, while pentane is a product of the per-
oxidation of w-6 fatty acids, such as linoleic acid and arachidonic
acid (13). Detection of these gases appears to be a sensitive, specific,
efficient, inexpensive, easy method of measuring LP in vivo.

Measurement of Ethane and Pentane

Volatile HCs in expired air have been detected using gas chromato-
graphy (GC). The type of detector attached to the GC apparatus is of
great importance to the sensitivity of the results. The flame ionization

103



detector (FID) is the most widely used type in the analysis of HCs
due to its sensitivity and versatility in detecting a wide range of
organic compounds. However, it requires that breath samples be concen-

trated using an adsorbent such as activated charcoal prior to injection
into the column of GC (14,15).

The photoionization detector (PID) has recently been used to study
HCs and appears to be much more sensitive than the FID for measurement
of ethane and pentane (16). There is no need to concentrate the sample
before injection.

Previous Studies of Exhaled Alkanes

Many authors have reported on the use of GC to detect changes in
HC levels in the breath of animals under changing conditions. In rats,
several agents suspected of inducing LP have been found to rause an
increase in the production of one or more HCs. Pentane levels were
elevated in expired air after administration of iron-dextran (17),
polyunsaturated fatty acids (18), and carbon tetrachloride (19,20).
Exhaustive exercise also caused a moderate increase in pentane (21).

Some compounds have the ability to protect lipids from being oxidized.
One study showed that the presence of vitamin E in the diet decreased
levels of expired pentane in rats (22). In monkeys, vitamin E reduced
the production of HCs in the presence of ozone, a known LP inducer
(23). Other substances have also shown antioxidant properties in rats,
including selinium, methionine (24), and mannitol (25).

A few investigators have extended their work to include human
subjects. As was found in rats, exercise led to an increase in expired
pentane while intake of vitamin E prevented that increase (26). In
newborn infants, administration of a lipid emulsion led to an increased
exhalation of ethane and pentane (27). These results show that the
method of measuring LP in vivo by the detection of volatile HCs in
the breath can be applied in human studies.

Materials and Methods

1) Gas Chromatography

The gas chromatographic system consisted of an SE-30 column (5%
on Chromosorb G) and a photoionization detector, model 1OA10 (Photovac,
Inc., Thornhill, Ontario Canada). The PID system is based upon the
emission of photons from an ultraviolet lamp containing a low pressure
gas. Emission occurs when the gas is excited by a radio frequeicy source.
Compounds in the passing sample will be ionized, provided their
ionization potentials are below the energy of the emitting photons
(28-30). In the case of pentane, the lamp output must be above 10.35
eV. Any ionized compound will cause a response depending on its
concentration, while unionized substances will pass undetected.

The carrier gas used was zero-grade compressed air (Roberts Oxygen
Co., Washington, D.C.). This was passed through a hydrocarbon trap
(Applied Science, State College, Pa.) and then into the column at a
flow rat of 10 ml/min. The entire PID analysis was done at room
temperature (22 +/ -30 C).

2) Calibration and analysis of pentane

Liquid pentane (Fisher Scientific Co., Fairlawn, N.J.) was used
to prepare pentane standards for calibration. The mass (m) of pentane
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required to obtain desired concentrations was determined by the formula
m - 4.1 x 10-8 M x V x C, where M = molecular mass of pentane (72.15),

V = volume in liters, and C = concentration desired in ppm. In order

to express the volume of pentane in ml, m was divided by the density
of pentane (0.62 g/ml). The calculated amount of liquid pentane was
pipetted into a 1 liter glass gas sampling vessel with teflon stopcocks
and a teflon-coated low-bleed septum (Supelco, Inc., Bellefonte, Pa).
The pentane was allowed to evaporate within the nitrogen-containing
vessel and a I ml sample of the gas was then diluted in another 1 liter
vessel filled with HC-free air to yield the required concentration
in ppbs. Using this dilution technique, five different standards were
prepared with concentrations *of 1048, 838, 629, 419, and 210 ppbs of
pentane. Standard samples peak in cm was measured from a strip-chart
recorder (Packard Co., Downsgrove, Il.). This was repeated eight times
with each of the standards. The accuracy of the calibration was evaluated
by using two different concentrations of pentane gas standards (Matheson
Gas Products, Baltimore, Md.), 1.2 and 6.6 ppm. Between 0.05 - 1.0
ml of both standards were injected into the GC.

A single-channel integrator (3390 A, Hewlett Packard, Pa.) was used
for computing and reporting the results on the basis of peak heights.
The retention time of pentane was between 0.43 - 0.65 min.

Samples were injected into the GC via a 1 ml glass tuberculin syringe
(Bectom-Dickenson, Rutherford, N.J.). All measurements were done in
triplicate. In order to convert the results from ppb to pmol/ml, a
factor of 0.041 (from the equation P1 x Vl / TI = P2 x V2/T2) was used.

3. Sample Collection

Informed consent was obtained from healthy volunteers (n=26; 14
females, 12 males) aged 34 +/-16 years. The subjects breathed room
air for one minute through a 3-way Triple-J valve (W.E. Collins, Inc.,
Braintree, Ma.) and expired air was collected in a 22 liter 5-layer
Tedlar gas sampling bag (Calibrated Instruments, Inc. Ardsley, N.Y.).
Tedlar was chosen due to its inertness and impermeability to the HCs
of interest. The sampling bag was carefully flushed three times with
nitrogen (Roberts Oxygen Co., Washington, D.C.) between samples in
order to avoid was evaluated by analyzing a sample from the nitrogen
filled bag prior to each use. In addition, ambient air samples were
measured daily to determine the ambient pentane concentration.

Using the same method, breath samples were collected from hospital
patients undergoing renal transplantation and cardiac catheterization.

Results

The results of the pentane calibration procedure showed that the
standard curve is linear up to 1050 ppb (43 pmol/ml) with a detection
limit of 10 ppb (0.41 pmol/ml).

The concentration of pentane in the ambient air of the laboratory
was 0.69 + 0.05 pmol/ml (mean + SE; n=35). The pentane concentration
of the nitrogen-filled bag was 0.38 + 0.03 pmol/ml (m=45). When analysis
of variance was used to test the differences between triplicate measure-
ment from the same sample, the F value was 0.017 (NS). The coefficient
of variation (CV) was 5%. When known concentrations of pentane were
injected into the GC, the recovery was 92%.

The mean concentration of pentane in the minute volume of expired

air of the healthy human subjects was 11.45 + 1.1 pmol/ml ranging from
3.06 - 21.5 pmol/ml. This concentration correlated with the surface
area in m2 (r-0.759; p 0.001, n-26; fig. 1). There were no significant
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differences in the concentration of pentane between females and males.

Figure 2 shows levels of pentane in the expired air of patients
following renal transplantation. The increases demonstrated in patients
A,B and D correlate with periods of transplant rejection.

In the case of patients undergoing cardiac catheterization, samples
were taken both before and after the procedure was performed. Although
there appeared to be a trend toward an increase in expired pentane
immediately after catheterization was completed, this increase was
not found to be statistically significant (data not shown).

Discussion

The biological effects of LP products and their roles in several
disease states have attracted much attention in the past. They have
been implicated in cancer, atherosclerosis, diabetes, reperfusion injury,
and in toxicity induced by chemicals such as ethanol, carbon
tetrachloride, alloxan, and certain pesticides. This has led to the
development of several analytical techniques to measure LP products,
both in vitro in in vivo (9-13). Most of these methods are non-specific
and time-consuming. Although the measurement of MDA by its reaction
with thiobarbituric acid (TBA) has been popular, the TBA reaction is
not specific for MDA since many other LP products give positive
reactions. Also, MDA may not be a useful marker for in vivo LP due
to its rapid metabolism (31).
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Figure 1. Plot of pentane levels in expired air vs. body surface area
of human volunteers (r=0.759, n-26).
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Lately, much attention has been given to the measurement of HCs
in the expired air of experimental animals as an index of in vivo LP.
We have used a gas chromatographic atechnique with a photoionization
detector for the measurement of pentane in human expired air. Unlike
previous GC techniques which are cumbersome, time-consuming, and required
extensive sample concentration, our method is very simple, sensitive,
rapid, and does not require any tedious procedures for sample concentra-
tion. In addition, the entire separation and measurement can be performed
at room temperature.
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Figure 2. Pentane levels in four patients having undergone renal
transplantation. In patients A,B and D the time of increase in pentane

levels coincides with signs of transplant rejection. Each point is
the mean of three readings from the same patient.

Our pentane values in humans (3-21.5 pmol/ml) are higher than those
reported by others. This discrepancy may be due to difference in sample
preparation and treatment, or inadequate sample concentration in previous
methods. Also, the PID system is more sensitive than the earlier FID
systems, as the detection limit of our PID was (0.41 pmol/ml). It also
allows measurement to be done directly and permits immediate comparison
with a known standard.

The variation seen in the values of pentane among individuals may
be due to factors such as exercise status, diet, smoking, and metabolic
rate. Very little information is available regarding the metabolism
of pentane in humans but it has been shown that pentane is metabolized
in rats by liver alcohol dehydrogenase (31).

Our studies also show that a positive correlation exists between
pentane levels and body surface area, suggesting that the expired pentane
may reflect whole body pentane, and hence, whole body LP. However,
the source of pentane in expired air is still unknown.
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We have used this technique to measure pentane levels in hospital
patients, as well as healthy individuals. The equipment is easily trans-

ported to the patient's bedside. Our results show that there is a
decrease in pentane levels as the patient recovers from renal
transplantation, while an increase is observed during rejection. This

is an exciting observation and needs further evaluation. As for patients
undergoing cardiac catheterization, an increase in pentane was seen
following the procedure as compared to measurements taken before the

catheterization, but the difference was not significant.

In conclusion, we feel that measurement of expired pentane using
GC-PID is a sensitive, rapid procedure which can be used clinically

to detect LP. It is particularly attractive due to its non-invasive
nature, portability, and ease of operation.
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EICOSANOIDS AND THE PATHOPHYSIOLOGY
OF SEPSIS AND TRAUMA
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INTRODUCTION

Circulatory shock from sepsis continues as a major clinical problem
in the world. No new treatment modalities other than volume resuscitation
have emerged as effective agents since the early concepts of humoral
mechanisms were formulated in the early part of this century. The disco-
very of Northover and Subramanian in 1962 (1) that cyclooxygenase
inhibitors attenuated the hemodynamic events and prolonged the survival
in endotoxemia in dogs has stimulated a substantial interest in the area
of the role of eicosanoids in endotoxin shock, bacteremic shock, the
sepsis syndrome and septic shock (2-22).

The purpose of this chapter is to review the human studies of
sepsis and trauma that suggest the eicosanoids may be implicated in the
pathophysiology of these entities. Several clinical problems in sepsis
and trauma are well recognized: hemodynamic alterations, inflamation
and capillary permeability, immunosuppression, metabolic abnormalities

and multiple organ dysfunction. All of these areas cannot be reviewed in
detail, however there are enough reported studies in some areas to
formulate interrelationships.

HUMAN SEPSIS

The first studies that suggested the eicosanoids may be active in
human sepsis was reported by Ramwell et al. in 1975 (23). Three
severely ill septic patients demonstrated elevated mixed venous PGF2.
values. Baracos et al. (24) reported that protein degradation by human
leukocytic pyrogen may be mediated in part by PGE2 . Utilizing an in
vitro muscle preparation, these investigators demonstrated that protein
degradation was accelerated when incubated with human leukocytic pyrogen
as compared with normal plasma. Interestingly, PGE2 levels correlated
directly with protein degradation. Indomethacin (a cyclooxygenase
inhibitor) prevented the proteolysis and eicosanoid production. Plasma
thromboxane values in human septic shock were first reported by Reaines et
al. (25). Elevated thromboxane values were clearly present in septic
shock and these authors correlated the levels to nonsurvivors. They did
not report the relationship of these eicosanoids to other pathophysio-
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logical events. A study of five septic patients and the eicosanoids was

reported by Parratt and colleagues (26) in 1982. They attempted to

correlate plasma PGF2a or iTXB2 to various hemodynamic or pulmonary

parameters. Thromboxane values were greater than PGF2a values,

however these eicosanoids correlated only with alveolar-arterial oxygen
differences. Oettinger et al. investigated the hemodynamic and

respiratory parameters and their relationship to endogenous PGF2a
values in nine patients with severe sepsis (27). Healthy volunteers

and nonseptic intensive care patients were utilized as control subjects.

All patients in sepsis were hyperdynamic. Endogenous arterial PGF2a
concentrations were significantly increased in the hyperdynamic state of

septic shock compared to the preshock and recovery periods of time in
these patients. In addition, these PGF2 , values were significantly

increased in the hyperdynamic state of septic shock compared to the
preshock and recovery periods of time in these patients. In addition,
these PGF2, values were significantly increased in the hyperdynamic
state of septic shock compared to the preshock and recovery periods of
time in these patients. In addition, these PGF2a values were

significantly greater than those of the healthy volunteers and the
nonseptic intensive care patients. Of particular interest was the finding
that the lungs of nonseptic intensive care patients cleared PGF2a from
233 + 17 to 48 ± 31 pq/ml; whereas in the septic patient the arterial
concentrations of 1252 ± 119 pq/ml significantly exceeded the mixed venous
values of 824 ± 89 pq/ml. These authors imply that a) the endogenous
PGF2, values were related to the hyperdynamic state of severe sepsis;
b) that the lung in sepsis has a net production of eicosanoids and c) that
the endogenous PGF2a did not correlate individually with respiratory
parameters or pulmonary vascular resistance data.

In a slightly different approach than pure sepsis, fifteen patients
with thermal injuries were studied to determine whether or not changes in
thromboxane and prostacyclin values might account for some of the observed
systemic changes in burned patients (28). TxB2 and 6-keto-PCF,,
values were determined once or twice per week in each patient. Early
after burn injury TxB2 values were significantly elevated, but gradually

decreased within the ensuing three weeks. Of particular interest in their
study were the nine patients who developed sepsis. All the septic
episodes occurred 14 days post burn. Plasma TxB2 values were correlated

with sepsis and were extremely high (3.47 pm/ml); a 115 fold increase over
control values. Patients who were septic after 14 days post injury
consistently maintained elevated thromboxane B2 levels, similar to those
observed seven to 14 days post burn. The increase in plasma thromboxane
B2 coincided with the development of sepsis; the nonseptic patient did

not have a similar increase in thromboxane B2 even up to 53 days after
injury. The authors suggest that the eicosanoids contribute to
post-thermal injury systemic responses, both in the acute phase as well as
during sepsis.

The next studies reported utilized pharmacologic agents that inhibit
specific arachidonic acid metabolites. These two studies utilized
Dazoxiben, a selective thromboxane synthetase inhibitor, in the adult
respiratory distress syndrome. The reason for including these studies is
that in both of them septic patients were included. Leeman et al.
investigated the hemodynamic and gasometric effects of Dazoxiben in seven
patients who developed adult respiratory distress syndrome (29). The
patients were studied for 120 minutes after a single intravenous bolus
dose of Dazoxiben 1.5 mg/kg/BW. The clinical data indicated that the

etiologies of the ARDS were varied. Two patients had septic shock. One
patient had hemorrhagic shock, and one patient each had cardiopulmonary
bypass injury, pulmonary contusion and an inhalation injury. The study
was performed within the first 48 hours after recognition of ARDS as
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defined by an arterial oxygen pressure (P8O2 ) less than 60 mmHg with a

concentration of oxygen in the inspired gas (Fi
0 2) equal to 0.40 or

more, associated with bilateral diffuse pulmonary infiltration on the
chest radiograph in the absence of left ventricular failure, pulmonary
infection or chronic pulmonary disease. Patients who had received
corticosteroids or nonsteroidal inflammatory drugs were excluded. Each
patient was hemodynamically stable. Four of the seven patients survived,
and three patients died from sepsis at least ten days after the end of the
study. Hemodynamic parameters included heart rate, cardiac index, mean
systemic arterial pressure, systemic vascular resistance, mean pulmonary
arterial pressure, pulmonary vascular resistance and right ventricular

stroke work index. Gasometric determinations included PaO2 , PaCO2 ,
PV02 and venous admixture. These parameters were measured before, 30,
60 and 120 minutes after Dazoxiben. Their results show that hemodynamic
parameters were not affected following Dazoxiben; however, PaO2 rose

progressively from 83 + 13 to 101 ± 13 mnuHg and venous admixture decreased
slightly from 34 to 29 + 4, two hours after the injection of Dazoxiben,
but none of these changes were statistically significant. There was no
change in coagulation screening tests observed during the study or the

following day. The authors conclude that thromboxane A2 is not an

important mediator in pulmonary hypertension occurring during human ARDS,
at least once the syndrome has been recognized. Further, they stated that
it is unlikely that Dazoxiben will provide a breakthrough in the
management of patients with established ARDS, regardless of the etiology.

The second study with Dazoxiben is somewhat similar, but the question
asked is different from that of the first study. Reines et al.
investigated the role that Dazoxiben has in human sepsis and adult
respiratory distress syndrome (30). They asked the question: Will
Dazoxiben, a thromboxane inhibitor, be safe and efficacious in patients
with ARDS? Their patients included five control patients and five
Dazoxiben treated patients. Following initial evaluation, the patients
were randomized to either saline or Dazoxiben groups. In the therapy

group, Dazoxiben, 100 mg was given I.V. every four hours. There were five
patients in each group. Study parameters were evaluated four hours before

Dazoxiben and every four hours thereafter for a period of 72 hours.
Excluded were patients with major cardiac injuries and patients with
significant pre-existing renal or pulmonary problems. Cardiovascular
parameters were evaluated in these patients. The results were similar to
the previously mentioned study. There were no differences in the
cardiovascular parameters or the pulmonary parameters. The coagulation
changes were similar in both groups. The authors concluded that Dazoxiben
appears safe; it does lower the immunoreactive thromboxane B2 levels in
these patients. The patients did represent a variety of etiologic causes
for their ARDS. The authors questioned whether or not there was a role
for thromboxane 82 in these patients with ARDS; if there were a
significant role, it probably occurs early in the course of ARDS.
Further, they raised the question of whether or not innunoreactive
thromboxane A2 has a role in sepsis.

To further elucidate the potential role of the eicosanoids in patients
in septic shock, Halushka et al. reported elevated plasma 6-keto-PGFla

in patients in septic shock (31). Fourteen patients admitted to the
intensive care units with a diagnosis of septic shock were studied.
Criteria for inclusion in this study were fever, abnormal white cell

count, hypotension without pressor drugs and positive intraperitoneal or
blood cultures. Catecholamines, antibiotics and steroids were given when
clinically indicated. No patient in this study received aspirin or any

other nonsteroidal anti-inflammatory drug. Treatment was not influenced
by participation in this study. Three patients not in sepsis or in shock
who had a central venous catheter served as controls. Six-keto-PGF,,

values were obtained as soon as possible after the diagnosis of sepsis.
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Hemodynamic data were recorded for each patient at the same time that
blood was sampled. Some of the patients were receiving pressor agents
when hemodynamic data were recorded. The patients were then grouped in
categories of survivors and nonsurvivors. The levels of 6-keto-PGFl,
were significantly higher in the patients who died from septic shock
compared to those who survived and compared to the control group.
Interestingly, these results were similar to those previously reported by
the same group in which plasma thromboxane values were the highest levels
in patients who died from septic shock. Unlike the previous studies in
which plasma thromboxane levels were not elevated in the survivors of
septic shock, in the present study plasma 6-keto-PGFl, levels were

also significantly elevated in survivors. The authors stated it is
unknown whether or not the elevated levels of 6-keto-PGFl, were due to
agonal events, the stress of shock, inadequate tissue perfusion or the
pathogenesis of human septic shock.

Another pharmacological approach in attempting to attenuate the
effects of eicosanoid system on septic patients is presented in the
following study. Twenty-five patients who met criteria for the sepsis
syndrome and had not received salicylates were entered into the study
reported by Reines et al. (32). Twenty-one did not receive any
salicylates and four received a single dose of 600 milligrams of aspirin
by rectal suppository. Criteria for the sepsis syndrome included: 1)
temperature of greater than 390 C; 2) white blood cell count greater
than 12,000 or 20% in immature forms; and 3) a known source of infection
with positive cultures or positive blood cultures or gross pus in a close
space. Cardiovascular criteria included: 1) systemic hypotension (less
than 85 mmHg); 2) systemic vascular resistance less than 800
dynes/centimeters/seconds- 5 , or 3) unexplained systemic metabolic
acidosis. Blood samples for immunoreactive thromboxane B2 were obtained
from a central venous or pulmonary artery catheter as soon as possible
after diagnosis of sepsis. These samples were obtained one to four hours
after a single dose of methylprednisolone was given to nine patients. The
doses of methylprednisolone given intravenously varied from one to two
grams per patient (15-30 milligrams'kilogram). Blood samples for
immunoreactive thromboxane B2 were obtained prior to and four hours
after aspirin administration in four patients. A single dose of 650
milligrams of aspirin by suppository yielded a salicylate level of 28
mg/ml in the four patients tested. Of the 25 patients studied, nine
received steroid treated patients, four received aspirin and 12 received
neither. Plasma iTxB2 values were significantly increased in
nonsurvivors compared with patients who survived. There was no difference
in plasma iTxB2 levels between patients who received steroids and tTrse
who received neither steroids nor aspirin. There was no significant
difference in prothrombin time, partial thromboplastin time and platelet
'counts between the patients who received steroids and those who did not.
Intrapulmonary shunting, as estimated by the PaO 2 /FiO2 ratio, likewise
was not different in the steroids compared to the nonsteroid group.
Plasma iTxB 2 levels decreased in all four patients receiving aspirin
from a level of 444 + 159 pq/ml to 174 + 53 pq/ml. The authors imply that
plasma iTxB2 values were utilized in the present study as a marker of
the ability of steroids to inhibit arachidonic acid metabolism in septic
patients. It was clear from their study that plasma iTxB 2 level was
elevated in patients dying from sepsis. The use of glucocorticoids did
not reduce plasma iTxB2 . It was their conclusion that glucocorticoids
did not appear to significantly affect the conversion of arachidonic acid
to thromboxane in septic patients nor did they seem to alter the other
parameters which were evaluated.

The next series of patients were reported by Slotman et al. from the
Rhode Island Hospital ( 3). These authors evaluated the possible role
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of thromboxane and prostacyclin and clinical acute respiratory failure.
Of particular importance in this study were the patients who had ARDS from
severe sepsis. Of the 67 consecutive patients at risk for ARDS who were
studied prospectively, 12 out of 21 with severe sepsis developed ARDS.
The difference between this study and the previous studies is that these
patients were studied prospectively. They evaluated thromboxane,
prostacyclin, platelet and white blood cell counts for up to five days.
The criteria for severe sepsis included the following: a) clinical
suspicion of an infection of the urinary tract, perineum, skin or soft

tissue, or female genital tract; b) hyperpyrexia (temperature greater than
1010 F) or hypopyrexia (temperature less than 960 F); c) tachycardia

of greater than 90 beats per minute; d) tachypnea (greater than 20 breaths
per minute) accompanied by respiratory alkalosis in the absence of
artificial respiratory maintenance; e) evidence of inadequate tissue
perfusion exemplified by either altered mental status or arterial P02 of
less than 75 mmHg without overt pulmonary disease as a cause or elevated
plasma lactic acid levels and an urinary output of less than 30 cc's for
one hour. Patients entered into this study were followed clinically for
seven days. They were observed continuously for clinical signs and
symptoms of AIDS. Plasma levels of iTxB2 and 6-keto-PGF,, were
measured by RIA daily for five days. The authors demonstrated that plasma
iTxB2 and prostacyclin were significantly related to ARDS. The
incidence of ARDS was significantly increased with-a peak plasma
thromboxane greater than 70 pq/ml. The authors utilized nonsteroidal
inflammatory agents in eight patients and ketoconazole in two patients
given within 48 hours of the study. The USAID and Ketoconazole decreased
the thromboxane levels, but produced no significant difference in plasma
prostacyclin or in the incidence of ARDS. Exogenously administered
corticosteroids were given to six patients without head injury. There
were no significant differences between the patients who received these
steroids and those who did not with regards to plasma eicosanoid levels or
the incidence of ARDS. These authors confirm the previous work by Reines
et al.: the concentration of thromboxane measured in all critically ill
patients were similar to those Reines reported in patients surviving
septic shock and in nonseptic control patients. The values of thromboxane
however, were different. Data reported by Slotman revealed no significant
difference in thromboxane concentrations between survivors and patients
who died of their illness and/or injury regardless of the presence of
absence of ARDS. Similarly, no association was found between thromboxane
greater than 70 pq/ml and mortality. The authors believe that this
discrepancy may be related to the timing of thromboxane sampling. In this
study, thromboxane and prostacyclin measurements were obtained'early in
the hospital course of these patients and were associated with subsequent
development of acute respiratory failure. The overall mortality was
significant (48) in patients with ARDS. Most thromboxane measurements in
this study were performed before the patients were moribund. An
unrelated, but interesting observation made by these investigators was
that when patients with severe sepsis were followed prospectively there
was no associated increase in the incidence of ARDS when patients with

head injuries were excluded. It was their conclusion that thromboxane
B2 and prostacyclin appear to be'involved in the pathophysiology of
clinical acute respiratory failure. Many of these cases were patients
with severe sepsis. Their final conclusions were that thromboxane and
prostacyclin appear to be involved in the pathophysiology of ARDS; there
were no significant differences in patients who died whether or not ARDS
was present with regards to thromboxane and prostacyclin; there was no
relationship between platelet counts, white blood cell counts, ARDS,
thromboxane and prostacyclin; steroids did not alter the ARDS or the
eicosanoids; patients with head injuries had an increase in immunoi'eactive
thromboxane B2 levels and finally, it was their opinion that thromboxane

B2 or prostacyclin levels could not easily be utilized in the early or
late detection of ARDS in patients.
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There has been increasing interest the role that the eicosanoids have in
the adult respiratory distress syndrome. The next two studies, however,
take a different approach. The studies attempt to utilize prostaglandin
91 in the treatment of patients who have ARDS from sepsis or a variety
of other causes. These investigations are of particular interest because
most studies have reported that the eicosanoids might be involved in the
pathophysiology of severe sepsis as well as ARDS. The first study is
reported by Tokioka et al. and published in 1985 (34). Ten patients,
six men and four women, with a mean age of 63 years were studied. The
etiology of the ARDS in these patients was severe infection; six had
peritonitis (4 bacterial, 2 candidiasis) and four had bacterial
pneumonia. None of them had evidence of pre-existing lung disease.
Prostaglandin 91 was administered intravenously to ten patients in order
to investigate its hemodynamic effects. All patients were intubated and
were ventilated by volume limited ventilators. Inspired oxygen
concentration varied between 40 and 701 and was held constant for each
patient during the study period. To maintain arterial pressure and urine
output, seven of the ten patients received 3-5 ug/kg/min of dopamine
throughout the study. Six to twelve hours after admission, prostaglandin
91 was infused via a central venous catheter at 0.025 ug/kg/min for 30
minutes. Mean systemic arterial pressure, mean pulmonary arterial
pressure, pulmonary capillary wedge pressure and right atrial pressure
were measured with standard pressure transducers at the end of
expiration. Cardiac output was determined by thermal dilution technique
and a number of calculated variables were also accomplished: cardiac
index, systemic vascular resistance, pulmonary vascular resistance, left
ventricular stroke work index, right ventricular stroke work index, oxygen
delivery, oxygen consumption, intrapulmonary shunt fraction and oxygen
extraction ratio.

All patients had severe respiratory dysfunction. Before the
administration of PG91 , the shunt fraction was 36 + 3% and mean
pulmonary arterial pressure was 25 + 1 torr. Pulmonary vascular
resistance was elevated although systemic vascular resistance was normal.
Prostaglandin E1 infusions decreased mean pulmonary arterial pressure,
mean arterial pressure and systemic vascular resistance while increasing
the cardiac index. There was minimal change in the shunt fractions or the
other hemodynamic parameters in the pulmonary circuit. Tokioka et al.
concluded that PGE1 increases the ventilation perfusion uneveness
present in these patients; PGE1 slightly improves pulmonary hemodynamic
parameters and tissue oxygenation. The long term effects of these
particular studies are undetermined.

Another very interesting study utilizing PGK in the treatment of
ARDS was reported by Holcroft et al. in 1986 (351. Patients were
considered for entry into the study if they had ARDS that required
mechanical ventilation with an inspired oxygen concentration of at least
0.40; with end respiratory pressure of at least 5 centimeters of water and
if they were not responding to conventional therapy. Patients were
excluded if they were at risk for intracranial bleeding from a head injury
or if they were hemodynamically unstable. A seven day infusion of
prostaglandin El was evaluated in a prospective, randomized placebo
controlled, double-blinded trial on surgical patients with ARDS. The
infusion of PG1 1 was given through a central venous catheter or through
the right atrial port of a pulmonary arterial catheter. The dose was
begun at 5 ng/kg/min and gradually increased over three hours to give the
desired dose of 30 ng/kg/min. The mean systemic arterial pressure was not
allowed to drop more than 201 from the baseline during the titration
period. The infusion was given for seven days or until the patient was
extubated, whichever came sooner. All pressures, both systemic and
pulmonary, were measured with fluid filled catheters. There were 21
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patients randomized to the PGE1 group and 20 patients entered into the

placebo group. In both groups, there were a variety of predisposing
problems, but each group contained a number of trauma-related patients and

a number of sepsis-related patients. The patients in both groups were
treated similarly during the course of the PGE 1 infusions. None of the
patients in either group received nonsteroidal anti-inflammatory drugs.
The infusion of PGE1 improved the pulmonary function. Two of the 21 PGE
patients died with severe pulmonary failure compared with nine of the
twenty placebo patients (p = 0.01 by Fisher's Exact Test). Pa02 /FiO2
indices in the POE1 increased from a value of 149 + 40 at the time of

entry to 245 + 95 at the time of extubation or death. The PaO2/FiO2
indices in the placebo group did not improve significantly.
In the six patients who were free of severe organ failure at the time of

entry, the PaO2/FiO2 indices increased from 185 ± 2 to 303 + 55 at
extubation. The indices of ten placebo patients initially free of severe
organ failure showed no improvement at extubation or death. Survival at
30 days at the end of infusion, the predetermined endpoint, was
significantly better in the patients given POE (p = 0.03) with 15 of the
21 PGE patients (71%) alive at this time compared with seven of the twenty
placebo patients (35%). Overall survival of PGE patients was not
significantly better than the survival of the placebo groups. Overall
survival in patients initially free of severe organ failure, however, was
significantly better in the PGE1 patients. Of the six PGE1 patients
free of severe organ failure at the time of entry, all survived to leave
the hospital. Of the ten placebo patients initially free of severe organ
failure, four survived. Six of the PGE1 and nine of the placebo

patients had uncontained peritonitis at death. The data from this study
suggests clearly that this drug was safe in patients who were critically
ill and that there was some improvement overall both in the ability of the
lung to function, and perhaps, protecting the organs from injury by the
use of the PGE1 . Further, the results indicate that PGE1 may be a
promising agent for the treatment of ARDS and perhaps, even patients with
sepsis. The drug was used for seven days and did show some overall
improvement. The authors feel that additional studies should be done to
confirm their work and evaluate its effectiveness in a relatively smaller
well-defined group of patients.

In summary, the published works of the human sepsis studies related to
the eicosanoids to date imply that the eicosanoids are clearly activated
in patients with sepsis. Previous studies done in animals with endotoxin
do not appear to be similar to those which occur in human sepsis.
Laboratory animals studies with sepsis, however, do show similarities
between the animal studies and human states. From the aforementioned
studies, it is uncertain what the relationship is between the plasma
eicosanoid concentrations and pathophysiological events in human sepsis.
Further, there is some question about the role the eicosanoids have in
both pulmonary and systemic hemodynamic events, as well as in tissue
oxygenation in these states. One of the most difficult aspects of these
studies is that the patients represent a variety of states of disease,
there is no single etiologic factor and many other therapeutic modalities
have been utilized in the management of these patients. It is exceedingly
difficult, if not impossible, to study these patients in a dose-reponse
manner. While it appears that the eicosanoids are involved in the
metabolic, hemodynamic and pulmonary derangements in patients with sepsis,
their specific relationships to any of these events must await more
sophisticated, well defined, clinical studies utilizing specific
inhibitors to help elucidate their undetermined role in the patient with
sepsis syndrome. Clearly there is sufficient data in humans to merit
continued research in these areas.
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OTHER STUDIES OF INTEREST

The possible role of the leukotrienes in sepsis is still undetermined.
The leukotrienes possess a diverse inflanmatory action. Leukotriene B4
is a potent leukocyte chemotaxin and leukocyte aggregating agent. Other
leukotriene products such as LTC4 , LTD4 and LTE4 produce increased
vascular permeability, bronchorestriction and a variety of cardiovascular
responses. There has been some experimental work in animals that suggests
that the leukotrienes may be involved in pulmonary hypertension and
hypoxemia following endotoxin. A number of additional experimental
studies have been done in smaller animals, but it is too early in the

development of this area to make any prognostic statements with regards to
the importance of their involvement, even in animal studies. This
particular area is made even more difficult because of the lack of
sensitive methods of measurement of the leukotrienes in body fluids. In a
review published in 1985 of the role of the eicosanoids as mediators of
ischemia in shock, one author implied that perhaps, the leukotrienes might
be mediators of tissue ischemia and shock (36).

An interesting study in hyperdynamic sepsis in dogs was reported by
Fink et al. in 1984 (14). Their hypothesis was that the eicosanoids
might play a role in the hyperdynamic septic state. An intra-abdominal
sepsis canine model was utilized. Once animals developed the hyperdynamic
state, two chemically different nonsteroidal, anti-inflammatory drugs were
administered to determine the effect of these on the hemodynamic
parameters in this model. The animals had increased cardiac output and
heart rate with decreased systemic arterial pressure and systemic vascular
resistance. Within 60 minutes of the intravenous injection of either
indomethacin (2 mg/kg) or ibuprofen (25 mg/kg), the cardiac output, heart
rate and pulmonary arterial pressure decreased, whilst the systemic
vascular resistance increased significantly. These studies were compared
to control animals in which a laparotomy alone was performed. This is a
particularly well done study of sepsis and is important since the
pathophysiology of this hyperdynamic state is poorly understood. The
previous study reported by Oettinger in human studies supports the concept
that the arachidonic acid metabolites or eicosanoids are involved with the
hyperdynamic septic state. The study by Fink et al. would imply that even
dissimilar types of cyclooxygenase inhibitors would improve the
hyperdynamic state if it were ever considered of value to be utilized in
humans. Additional studies, of course, need to be done to determine the
specific inter-relationships of the eicosanoids to the hemodynamic changes
that are occurring. A more recent study in humans reported the use of
prostaglandin K1 in right heart failure and pulmonary artery hypertension
following mitral valve replacement (37). Patients undergoing mitral
valve replacement, particularly those with severe pulmonary hypertension
and/or congestive heart failure, may develop life threatening right heart
failure in the immediate post cardiopulmonary bypass period. These
authors studied the effects of high dose prostaglandin El, 130-150
ng/kg/min, a potent pulmonary vasodilator, in combination with massive
infusions of norepinephrine into the left atrium in five consecutive
patients with refractory pulmonary arterial hypertension after mitral
valve replacement. The pharmacologic approach utilized by these authors
takes advantage of the pulmonary vasodilating effects of prostaglandin
91 while offsetting associated systemic vasodilatation and resulting
hypotension. All of these patients had rapid pulmonary vasodilator
responses followed by marked improvement in right ventricular function.
All patients survived the operation, and none had right ventricular
infarction or chronic right heart failure postoperatively. The study
demonstrates a marked beneficial action of POE 1 in the desperate
clinical setting of right failure and pulmonary-hypertension after mitral
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valve replacement and suggests that an approach to patients with right
heart failure and pulmonary artery hypertension might be worth considering
in a similar group of patients that have systemic sepsis. These types of
studies provide a clinical basis for perhaps a new direction in the
medical treatment of some existing conditions.

Another area of interest that is emerging is related to the possible
role of the sicosanoids in patients with graded surgical trauma. The
first preliminary paper was reported by Alexander et al. in 1984 (38).
These investigators profiled changes in urinary iTxB2 during graded
surgical trauma in selective patients. It was their hypothesis that
iTxB2 would reflect the relative degree of surgical (tissue) trauma.
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The data as previously reported was incompletely analyzed at that time.
The following data represents the complete analysis of that particular
study. All surgical admissions for elective herniorrhaphy,
cholecystectomy and colectomy were evaluated for suitability. The
subjects were adult males that had received no prostaglandin inhibitors,
had no intercurrent diseases and no perioperative complications. Group I
patients had minimal tissue injury and consisted of thirteen patients who
underwent elective herniorrhaphy. Group II patients (n = 9) had
cholecystectomy and were considered as moderate tissue injury. Group III
patients with colectomy (n = 13) were considered as severe injury. Table
I indicates the urinary iTxB2 levels in graded surgical trauma. The
design was that urines were collected prA.peratively, imnediately
postoperatively and on postop day one for the measurement of iTxB2 by
radioinounoassay. Students T test was utilized on paired samples and
unpaired groups with a p value of .05 considered significant. Of
particular interest was that even with elective inguinal herniorrhapies,
there was a significant increase in the iTxB2 level in the immediate
postoperative period. By postop day one, these values had decreased, but
were not completely back to baseline. In the other groups of patients,
cholecystectomies and colectomies, there was a increasingly significant
difference in the urinary thromboxane level compared with the baseline
levels in those patients as well as compared to the iTxB2 response from
inguinal herniorrhaphy. In both the cholecystectomy patients and the
colectomy patients, the urinary concentration of iTxB2 was still
elevated on post-op day one compared to the baseline values for each
particular group. It was our conclusion that the iTxB 2 hormonal
response to minimal tissue injury was not impressive compared to those of
moderate and severe tissue injuries. These data suggested that iTxB2 in
the urine might be reflect tissue injury in elective surgical patients.

for hormonal agents were obtained preoperatively and one hour
postoperatively, 24 hours postoperatively and five days postoperatively.
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A follow-up study has recently been completed in our laborat~ry that
is an extension of the previous study by Alexander et al. The concept of
this study was that hormones mediate the body's homeostatic response to
surgical stress. Kicosanoids and other vasoactive substances would
reflect the hormonal response to tissue injury. Venous blood samples
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Serum for angiotensin converting enzyme, T4, T3 , free T4 and T3
were also collected. Plasma for cortisol, iTxB2 , norepinephrine and
epinephrine were also determined. Hemodynamic parameters include heart
rate, blood pressure and mean arterial pressure. The patient population
included minimal tissue injury (inguinal hernia being the prototype),
moderate tissue (cholecystectomy being the prototype) and severe tissue

injury (subtotal colectomy being the prototype). Included in Tables II,

III and IV are the profiles of patients included in this particular
study. In Figure I, the hormonal response to graded surgical trauma in
Group I is presented. In minimal surgical trauma, hormonal responses were
mildly altered. In Figure II, with exception of angiotensin converting
enzyme, the response to the tissue injury resolves within five days. The
iTxB2 response, however, continues to increase for 24 hours and then

returns towards the baseline by the five day time period. In Figure III,
the hormonal response to severe surgical trauma is presented. Again, one
notes that there is a greater response at one hour following completion of

surgery especially with norepinephrine, epinephrine and cortisol. Within
24 hours, these reduced to basal levels with the exception of iTxB2 .
iTxB2 values increases again at five days. Baseline values for these
studies are in Table V. Dr. Chernow et al. concluded that the hormonal
response to minimal tissue injury is negligible as evidenced by the data
in the Group I patients. There are multiple patterns of hormonal

responses in humans subjected to surgical trauma. The cortisol and
catecholamine responses are similar as would be expected from the
literature. Plasma iTxB2 increases with increasing tissue injury as

shown by Groups II and III. The exact relationship of hormonal responses
to tissue injury or other parameters remains speculative. Additional

studies specifically designed to examine a well defined population are
indicated.

In summary of these interesting studies, the most recent papers
suggest that there are new therapeutic opportunities for the use of
prostaglandin E1 and perhaps other eicosanoids as yet undetermined.

Further, there is a possibility that the eicosanoid system is a very
sensitive system to cellular injury, and that these particular chemicals
may evolve to be an important indicator of cellular injury. At the
present time, any concrete conclusions about the importance of these
substances in tissue injury would be premature.

TABLE I

URINARY THROMBOKANE IN GRADED SURGICAL TRAUMA

ng/ml, mean ± SEM

PRE-OP POST-OP POD I

Herniorrhaphy 0.48±.06 0.94±.19* 0.78+.19
(n=13)

Cholecystectomy 1.75±.36 6.77±1.63*+ 2.01+.70 +

(n=9)

Colectomy 1.08+.27 3.75±.83*+ 1.47+.30 +

(n=13)

•p < 0.02, significant from the baseline
+ < 0.005, significant from hernia
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TABLE II

PROFILE OF PATIENTS

Group I

PATIENT # AGE SEX OPERATIVE TIME OPERATION DONE

1 20 F 35 mins Laparoscopy
2 54 M 87 " Inguinal hernia repair
3 47 M 86 Inguinal hernia repair
4 51 M 119 " Inguinal hernia repair
5 26 M 100 " Excision osteochondroma
6 27 M 68 " Inguinal hernia repair
7 46 M 83 " Inguinal hernia repair
8 28 F 42 " Laparoscopy
9 25 F 26 " Laparoscopy
i0 19 M 69 " Inguinal hernia repair

n=1O 34.3±4.3 7N/3F 71.5+9.4

TABLE III

PROFILE OF PATIENTS

Group II

PATIENT # AGE SEX OPERATIVE TIME OPERATION DONE

11 57 N 290 mini Cholecystectomy*
12 68 N 96 " Cholecystectomy
13 32 F 136 " Cholecystectomy
14 40 F 120 " Vaginal hysterectomy
15 36 F 87 " Cholecystectomy
16 18 F 125 " Appendectomy
17 20 F 115 Celiotomy
18 45 F 170 " TAHBSO **
19 42 F 83 " Cholecystectomy
20 58 F 123 " Cholecystectomy
21 43 N 92 " Cholecystectomy
22 68 M 90 Cholecystectomy

n=12 43.9+4.8 4M/8F 127.3+16.5

* = common bile duct exploration was also performed

•* = total abdominal hysterectomy, bilateral salpingo-oophorectomy
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TABLE IV

PROFILE OF PATIENTS

Group III

PATIENT AGE SEX OPERATIVE TIME OPERATION DOME

23 49 K 287 mins Gastrectomy
24 23 M 350 " Diverting Ileostomy
25 62 K 255 " Aorto-bifemoral bypass
26 55 F 143 " Hemi-colectomy
27 64 F 254 " Colectomy
28 74 F 160 " Colectomy
29 58 F 160 " Hemi-colectomy
30 58 M 87 " Colostomy/gastrostomy
31 31 N 438 " Choledochojejunostomy

n=9 52.7+5.4 5M/4F 237.1+37.2

TABLE V

BASELINE VALUES FOR HORMONAL RESPONSE IN
GRADED SURGICAL INJURY

ME 300+40 pg/ml

Epi 32+7.3 pg/ml

Cortisol 16+23 pg/ml

TXB2  177+80 pg/m.

ACE 12.2+1.5 u/ml
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LIPID METABOLISM DURING STARVATION AND SEPSIS IN
RELATION TO FATTY ACID PROFILE IN LIVER AND a-LINOLENIC-
AND y-LINOLENIC ACID-ENRICHED DIETS

C. Larsson-Backstr6m, J. Paprocki, L. Lindmark and L. Svensson
Departments of Pharmacology and Nutrition, KabiVitrum AB
S-112 87 Stockholm, Sweden

INTWDXUCTION

Starvation and sepsis induce metabolic changes of particular impor-
tance for the liver function. During sepsis, a condition characterized by
starvation during the first, most severe period, the starvation induced
ketonemia is markedly reduced (Flatt and Blackburn, 1974). Ketogenesis is
assumed to be reduced by an inhibitory effect of malonyl-CoA (McGarry et
al., 1978). Decreased responses to this inhibition have been reported in
starvation (McGarry and Foster, 1979) and by long-chain fatty-acyl-CoA
(Mills et al., 1983) in isolated mitochondria. The role of essential fatty

acids (EFA) in liver lipids in these conditions is uncertain.

Aims of the study

This study was undertaken to evaluate: 1) the changes induced by
starvation and sepsis, on fatty acid profile in liver and some. metabolic
parameters which mainly concern the energy substrates during starvation
and sepsis; 2) the influence of dietary a-linolenic acid (18:3w3, ALA)
and r-linolenic acid (18:3w6, GLA) on these changes; and 3) the possible
roles of EFA in the liver production of ketone bodies.

Rats (90 g) were fed three diets (14% fat) for three weeks: controls
(C; - 7% 18:3w3 and - 50% linoleic acid, 18:2w6), ALA (- 20% 18:3w3 and ~
40% 18:2w6) and GIA (- 20% 18:3w6 and - 40% 18:2w6). The rats were divided
into two experimental groups; fasted and septic-fasted. Peritonitis and
septic shock were induced by i.p. E.coli (approximate ILD50 dose).

Blood samples were taken from fed rats (separate rats) and from
fasted and septic-fasted rats (survivors) at 24 hrs for determinations of
0-hydroxybutyrate (BHB), free fatty acids (FFA) and glucose by enzymatic
methods; prekallikrein (PKK; chramogenic peptide substrate assay) and
platelet count (PC). Liver samples were extracted and analyzed for trigly-
cerides (IL) (enzymatically) and fatty acid profile (gas chromatography)
in neutral lipids (NL) and phospholipids (PL).
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Fig. 1. Changes in metabolic parameters (TGL, FFA, BHB, Glucose), PKK
and PC in fasted (3) and septic-fasted (U) rats, in % of fed
rats, on control diet at 24 hrs. (X±SEM: n > 5).

Unsaturation index (UI) was calculated from the number of double
bonds multiplied by the percentage of fatty acids.

RESULTS AND DISCUSSION

Figure 1 shows that fasting induces an increase in free fatty acids
(FFA) and 0-hydroxybutyrate (BB) which is lower during sepsis in the
control group. These changes and those in glucose, prekallikrein (PKK)
and platelet count (PC) shown in Fig. 1 are in accordance with earlier
reports and demonstrate the relevance of the model.

The results presented in Table 1 show that, during fasting, linoleic
acid (18:2w6) and a-lirlenic acid (18:3w3) are reduced, whereas arachi-
donic acid (20:4w6) and docosahexaenoic acid (22:6w3) are accumulated in
neutral lipids (NL), with a resulting increment in the unsaturation
index. These changes are reduced during sepsis (Table 1). Arachidonic
acid (20:4w6) in phospholipids remains unchanged during fasting, whereas

Table 1. Fatty acid profile (weight %) and unsaturation index (UI) in
liver neutral lipids (NL) and phospholipids (PL) from fed,
fasted and septic-fasted rats on control diet at 24 hrs. (51±
SEM; n=5). (Linoleic acid 18:2w6, V-linolenic acid 18:3w6,
arachidonic acid 20:4w6, a-linolenic acid 18:3w3, eicosa-
pentaenoic acid 20:5w3 and docosahexaenoic acid 22:6w3).

CONTROLS 18:2w6 18:3w6 20:4w6 18:3w3 20:53 22:6w3 UI
FED NL 40.1±1.1 0.72±0.07 3.5±0.1 3.0 ±0.1 0.45±0.04 1.10.1 145

PL 16.7±0.3 0.12±0.01 24.9±0.3 0.21±0.01 0.19±0.01 7.0±0.2 195

FASTED NL 32.8±0.5 0.75±0.08 14.5±1.2 2.4 ±0.1 0.61±0.10 3.1±0.1 179
PL 12.9±0.4 0.10±0.01 24.4±0.5 0.14±0.01 0.08±0.01 10.3±0.7 200

SEPTIC- NL 34.4±1.1 0.25±0.02 10.8±0.8 2.6 ±0.1 0.43±0.02 2.4±0.1 162
FASTED PL 17.5±0.3 0.08±0.01 21.0±0.3 0.15±0.01 0.22±0.02 7.5±0.5 180
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Table 2. Fatty acid profile (weight %) and unsaturation index (UI) in
liver neutral lipids (NL) and phospholipids (PL) from fed,
fasted and septic-fasted rats on ALA diet, at 24 hrs. (-X±SF4;
n=5).

ALA 18:2w6 18:3w6 20:4w6 18:3w3 20:5w3 22:6w3 UI
FED NL 35.9±1.4 0.42±0.03 1.9±0.2 10.8 ±0.9 1.3 ±0.2 1.3±0.2 157

PL 17.4±0.9 0.11±0.01 22.0±0.6 0.60±0.07 1.19±0.07 7.2±0.4 197

FASTED NL 34.7±0.6 0.37±0.02 5.4±0.4 12.5 ±0.3 1.4 ±0.1 2.1±0.1 173
PL 14.7±0.5 0.06±0.01 25.4±0.3 0.70±0.05 0.56±0.05 8.1±0.5 200

SEPTIC- NL 34.1±1.6 0.27±0.05 3.9±0.6 12.4 ±0.6 1.4 ±0.2 2.1±0.3 167
FASTED PL 15.0±0.6 0.05±0.01 25.6±0.4 0.68±0.06 0.68±0.06 8.2±0.5 203

Table 3. Fatty acid profile (weight %) and unsaturation index (UI) in
liver neutral lipids (L) and phospholipids (PL) from fed,
fasted and septic-fasted rats on GLA diet, at 24 hrs. (±SAE2.1;
n=5, n=2 for GLA, septic-fasted rats).

GLA 18:2w6 18:3w6 20:4w6 18:3w3 20:5w3 22:6w3 UI
FED NL 24.9±1.0 4.1 ±0.3 9.6±1.0 0.42±0.07 0.06±0.01 0.31±0.03 151

PL 9.9±0.6 0.95±0.05 30.8±0.4 0.04±0.01 0.03±0.01 3.3 ±0.1 203

FASTED NL 25.6±0.4 4.3 ±0.3 15.2±1.7 0.49±0.03 0.12±0.01 0.88±0.15 169
PL 8.9±0.5 0.64±0.03 29.9±0.3 0.03±0.01 0.05±0.02 5.7 ±0.3 205

SEPTIC- NL 25.9±2.0 3.7 ±0.6 14.0±2.7 0.46±0.04 0.19±0.06 0.82±0.12 166
FASTED PL 10.1±0.7 0.64±0.05 29.6±1.0 0.03±0 0 5.5 ±0O.2 203

it is reduced in sepsis (Table 1). This decrease is presumably due to a
sepsis-induced metabolism of arachidonic acid. Linoleic acid (18:2w6) and
eicosapentaenoic acid (20:5w3) in phospholipids are reduced during fasting
but are unaltered in sepsis (Table 1). These results indicate the existence
of different pools for arachidonic, linoleic and eicosapentaenoic acids
in neutral lipids and phospholipids, with specific regulatory mechanism
for each of the fatty acids.

Dietary ALA and GLA increase the incorporation of w3-fatty acids and
w6-fatty acids, respectively, in liver neutral lipids and phospholipids,
with a resulting increase in the unsaturation index (Tables 2 and 3). The
changes in fatty acid profile shown for the control group during fasting
and sepsis (Table 1) are reduced following dietary ALA and GLA (Tables 2
and 3). Linoleic acid (18:2w6) in fed rats is lower in neutral lipids and
phospholipids following dietary GLA, as compared to dietary ALA, though
the ALA and GLA diets contain similar amounts of linoleic acid (Tables 2
and 3). This, and the decreased levels of arachidonic acid in neutral
lipids from fed, fasted and septic-fasted rats on ALA diet (Table 2),
indicate inhibition by high amounts of dietary c-linolenic acid and its
metabolites on linoleic acid metabolism, as shon earlier (Blond et al.,
1978). The metabolism of arachidconic acid is also inhibited by dietary AIA
and its metabolites (Clup et al., 1979), which may help to explain the
unchanged level of arachidonic acid in phospholipids during sepsis follo-
wing AIA diet, as compared to the control diet (Table 2).

The degree of unsaturation (UI) following dietary ALA and GIA, was
lower during fasting and higher during sepsis, crmpared to control diet
(Tables 2 and 3). Dietary ALA and GIA reduced liver triglycerides (LTG)

and enhanced free fatty acids (FA) in blood, both in fasted and in
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Fig. 2. Changes in netabolic parameters (TGL, FFA, BHB, Glucose), PKK
and PC in fasted (F) and septic-fasted (S) rats, in % of fed
rats, on ALA diet ( fasted, § septic-fasted) and GIA diet
(P fasted, ? septic-fasted), at 24 hrs. (R±SEM4; n ) 5; n2 for

GLA, septic-fasted rats).

septic-fasted rats (Fig. 2). The level of 8-hydroxybutyrate (BHB) is lower
during fasting but higher during sepsis, ccmpared to the control group.

These results taken together with those from the control group, with
the fasting-induced increase in unsaturation index and f-hydroxybutyrate,
which is reduced during sepsis, indicate a relationship between keto-
genesis and the degree of unsaturation of liver lipids.

Conclusions - This study shows that: 1) Separate pools of the
individual EFA:s exist in both phospholipids and neutral lipids in liver;
2) sepsis and starvation show different changes in the IFA-profile; 3)
arachidonic acid decreases, while linoleic and eicosapentaenoic acids
remain unchanged during sepsis; 4) the starvation induced transfer of
EFA:s into neutral liver lipids is reduced during sepsis; 5) the septic
condition, with its inhibitory influence on ketone body level, was alle-
viated and slightly nornnli'ed by dietary supplemntation with a-linolenic
acid; 6) this is pipsumably a beneficial effect which seezn to be due
partly to an increase in the unsaturation index.

REFERNCES

J.P. Blond, J.P. Poisson and P. Lenerchal. Arch. Int. Physiol. Biochim.
86:741 (1978).

B.R. Clup, B.G.Tifus and W.E.M. Lands. Prostaglandin Med. 3:269 (1979).
J.P. Flatt and G.L. Blackburn. Am. J. Clin. Nutr. 27:175 (1974).
J.D. McGarry, Y. Takabayashi and D.W. Foster. J.Biol. Chem. 253:8294 (1978).
J.D. McGarry and D.W. Foster. J.Biol. Chem. 254:8163 (1919.
S.E. Mills, D.W. Foster and J.D. McGarry. Biochem, J. 214:83 (1983).

128



PATHOPHYSIOLOGY OF RENAL FAILURE IN SHOCK:
ROLE OF LIPID MEDIATORS
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GENERAL CHARACTERISTICS OF SHOCK

Shock encountered in a variety of etiological conditions
represents a generalized disease of microcirculation and involves most
capillary networks. As a matter of fact, it could be considered as a
disease of the endothelial layer, and perhaps of the sub-endothelial
tissues of blood vessels (1). Endothelial cells are capable of
synthesizing a number of vasoactive compounds which may dilate or
constrict the media, as well as triggering white blood cells and
platelets from the circulation, also capable of releasing vasoactive
substances (2). Under most etiological conditions, shock is preceded by
loss of vascular tone in most resistance vessels, by increased capillary
permeability to circulatory macromolecules such as proteins, and by
excessive loss of plasma volume into the interstitial space.
Consequently, blood pressure collapses and perfusion of vital organs is
compromised, leading to further deterioration of body fluid compartments
homeostasis (1). The excess fluid and plasma proteins within the
intersitial compartment where oxygen and substrates supply as well as
removal of toxic end-products of cellular metabolism are dependent upon
the physico-chemical characteristics responsible for their diffusion in
opposite directions in this compartment of extracellular volume,
probably represents the first deleterious step leading to impairment of
function in vital organs during shock, and the first pathophysiological
event responsible for the irreversible nature of certain shock syndromes
(3, 4). Additional morbid consequences result from the hypoperfusion of
specific vital organs, such as the heart which may reduce significantly
its mechanical function (5), the lung which may alter the metabolism of
certain vasoactive compounds released during shock (6) , the
gastrointestinal tract which may produce and/or release vasoactive
compounds in response to ischemic injury (7), and finally the kidney
which is the natural source of a variety of vasopressive peptides and
numerous vasoactive metabolites of arachidonic acid, such as
prostaglandins and leukotrienes (8, 9).

SHOCK AND THE KIDNEY

The kidney is almost always involved during shock and has even
been incriminated as the major cause of death in several shock patients,
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especially before the advent of hemodialysis. This organ is mostly
susceptible to anoxic injury, and because of the peculiar
characteristics of its cellular metabolism, as well as of the specific
architecture of the nephron segments, cellular necrosis not infrequently
occurs when renal perfusion pressure is reduced, as it occurs in shock
(10). The reduction of renal blood flow results in decreased g)omerular
filtration rate which leads to accumulation of metabolic end-products
normally eliminated in the urine, such as urea, creatinine, uric acid,
and probably of several other toxic substances. Since the kidney is
also responsible for the inactivation and excretion of a variety of
vasoactive subtances produced in situ, or generated in extrarenal
tissues (11), it is likely that the impairment of such important
functions might contribute to the maintenance of shock and perhaps,
under peculiar circumstances, to its generation (12)1 Precise
identification of the mediators responsible for the renal response to
hypoperfusion is therefore of critical importance, not only for
understanding the pathophysiological events leading to shock, but also
for the development of therapeutic tools to prevent or reverse renal
failure during shock (13).

PAF-ACETHER: A TOOL TO STUDY SHOCK

PAF-Acether is a glycerophospholipid with potent vasodilatory
properties which mimics, when injected intravenously to experimental
animals, most of the systemic and regional hemodynamic features of shock
(13, 14). This compound in fact is 1,000 times more potent than
bradykinin, and 10,000 times more potent than histamine in producing
plasma exudation in the cutaneous microcirculation of the rat and guinea
pig (15). Its sites of production in XW include almost the entire
vascular endothelium, some blood cells such as the platelets, the
polymorphonuclear and macrophage cells, as well as the kidney (16). In
the latter organ, both glomerular cells as well as the interstitial
cells contained in the medulla were shown to possess the enzymatic
machinery to produce PAF (17). It is of interest that the synthesis of
PAF occurs in parallel with the release of arachidonic acid, which gives
rise to prostaglandins and leukotrienes via the cyclo-oxygenase and the
lipoxygenase pathways, respectively (18). It is likely therefore that
PAF-Acether, prostaglandins and leukotrienes, all produced within the
cell membrane and released in the extracellular environment or in the
cytosol, interact one with the other to amplify or neutralize
physiological phenomena initiated by any of these lipid mediators (16,
19, 20).

PAF-ACETHER AND THE KIDNEY OF SHOCK

We utilized PAF-Acether LL ..vJ to examine some of the
physiological and pathophysiological effects of this compound on the dog
kidney, trying to dissociate the potent systemic influences of this
glycerophospholipid from its eventual specific effects on the kidney.
Small doses of PAF-Acether were used in anesthetized Mongrel dogs to
produce transient and reversible hemodynamic disturbances which resemble
I shock. In some experiments, intrarenal infusion of PAF-
Acether was achieved to further examine the effects of this substance on
renal function in a model where the peripheral consequences of PAF were
minimized. Finally, a series of antagonists were used in an attempt to
identify the role of eventual mediators in the physiological expression
of PAF-Acether. All these procedures and methods were previously
described in papers from our laboratory (21, 22).
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SYSTEMIC INTRAVENOUS PAF-ACETHER MIMICS THE FEATURES OF SHOCK

When PAF-Acether is administered into the femoral vein of
anesthetized dogs, in doses of 0.78ug given in bolus, hematocrit rises
progressively from a mean control value of 43 & 1 to 56 * 1% 10 minutes
after the end of injection (Table 1). This 30% rise in hematocrit is
secondary to plasma leakage from the intravascular to the interstitial
fluid spaces. As a consequence, blood pressure measured in the femoral
artery is reduced by more than half, at the peak of PAF-Acether action:
systolic pressure drops from 125 t 3mmHg during the control periods to
60 t 5mnig 10 minutes after PAF-Acether injection. During the following
50-minute recovery period, blood pressure slowly returns to normalcy as
systolic values rise to 72 * 3 and 120 t 4nuMg. Renal hemodynamics is
markedly influenced by this reduction in systemic pressure. Renal
plasma flow measured by the para-amino-hippurate clearance, decreases
from a mean control value of 116 t 5 to 59 t 4ml/min 10 minutes after
PAF injection. This parameter slowly returns to normal values during
the five 10-minute clearance periods taken during recovery. Similarly,
glomerular filtration rate, measured by the inulin clearance, decreases
from 42 a 2 to 26 a 3m/min at the peak of PAF-Acether action. During
recovery, glomerular filtration rate increases to 31 t 2 and 43 ±
5ml/min. Finally, absolute urinary excretion of sodium is reduced from
an average control value of 69 a 8uEq/min, to a minimal value of 25 a
6uEq/min 10 minutes after the end of PAF injection. This parameter
rapidly recovers to 72 * 5uEq/min during the first clearance period
after PAF. Thereafter, a rebound natriuresis reaching 117 a 6uEq/min is
observed. In summary, the net effect of systemic intravenous injection
of a relatively small dose of PAF-Acether is characterized by massive
plasma losses towards the interstitial compartment accompanied by
arterial hypotension and reduction of renal perfusion pressure. The
renal consequences thus appear to result from the systemic effect of PAF
injection, and are characterized by a reduced renal plasma flow and
glomerular filtration, as well as by a drop in the net urinary excretion
of sodium. All these abnormalities are reversible within the hour that
follows PAF injection, with the exception of natriuresis which recovers
above control values as described (23).

Table 1: Effects of intrafemoral PAF on systemic and renal
hemodynamics.

Control PAF Recovery
Ht %5 434.1 56*1 52*2 48W1 45*1 42*2 43*2
BP mmHg 125*3 60*5 72*3 84.4 90*3 1105 120*4
RPF ml/min 116*5 59*4 68 *6 81*5 92*6 101*5 105*14
GFR ml/min 42*2 26*3 31*2 35*4 3142 38*4 43*5
UNaV uEq/min 69&8 25*6 72*5 94*8 116*6 118*5 117*6

Ht: hematocrit; BP: blood pressure; RPF: renal plasma
flow; GFR: glomerular filtration rate; UNaV: urinary
sodium excretion.

PAF-ACETHER HAS SPECIFIC AND DIRECT EFFECTS ON THE KIDNEY

In order to dissociate the renal from the systemic effects of PAF-
Acether, additionnal experiments were performed again in anesthetized
Mongrel dogs in which the left renal artery was canulated to allow the
infusion of small doses of PAF-Acether directly into the renal
microcirculation. In these experiments, PAF-Acether was given in doses
of 0.15 and 0.30ug/kg, administered in single bolus. The right
contralateral kidney was used as control. In this series of
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experiments, no systemic effects were recorded, in particular there was
no change in peripheral blood hematocrit as well as blood pressure
(Table 2). Therefore, one can reasonably exclude any systemic effect of
PAF-Acether doses injected in the left renal artery. Of interest,
during these experiments, renal hemodynamics was affected by PAF-Acether

despite the maintenance of systemic blood pressure and hematocrit. Left
kidney plama flow was reduced from 108 * 5 to 62 t 4ml/min 10 minutes
after the end of PAF injection. This parameter returned slowly to
control values in the five 10 minute recovery clearance periods. Note
that the renal plasma flow measured in the contralateral kidney remained
essentially unchanged, suggesting the absence of significant
recirculation of PAF-Acether into the general circulation. Similarly,
glomerular filtration rate measured in the left kidney decreased from 32

2 to 12 * lml/min from control periods to PAF injection. This
parameter recovered gradually to normal values during the following 60
minutes period. Filtration rate measured in the contralateral kidney
remained essentially unchanged, suggesting again that minimal amounts of
PAF-Acether, if any, reached the control right kidney. Finally, urinary
sodium excretion from the left kidney decreased from 140 * 6 to 68 *
7uEq/min, a fall similar to that seen in the previous group of
experiments. A rapid recovery of this parameter was also observed,
urinary excretion rising to 98 1 6 and 198 * 12uEq/min during the five
consecutive 10-minute clearance periods that followed the end of the
PAF-Acether injection. Contralateral natriuresis remained relatively
stable throughout these experiments. In summary, the results obtained
in this series of experiments indicate that PAF-Acether has a direct
influence on renal hemodynamics and sodium excretion, and that systemic
physical or hormonal influences are not required for the expression of
the physiological effects of PAF-Acether on the kidney (23).

Table 2: Effects of intrafemoral PAF on systemic and renal
hemodynamics.

Control PAF Recovery
Ht %* 42*2 45*1 44*2 43*1 42*2 43*1 44*1
BP nmfH 120*3 118*2 121*3 117*4 120*2 120*2 116*14
RPF ml/min* L 108*5 62*4 76*5 79*4 86*5 98*4 101*6

R 112*5 109*4 107*5 102*4 110*6 108*6 105.8
GFR ml/min L 32*2 12*1 16*2 18*2 25*3 28*4 30*2

R 28*2 30*2 29*3 32*1 30*4 29&2 30*2
UNaV uEq/min L 140*6 68*7 98*6 156*12 160.8 186.9 198*12

R 168,11 159&12 161.8 157.10168.9 1614*7 170*9

a Abbreviations as in Table 1.
H L and R represent left and right kidneys.

CONTRIBUTIONS OF PROSTAGLANDINS AND ANGIOTENSIN II TO THE RENAL EFFECTS
OF PAF-ACETHER:

The contribution of prostaglandins to the physiological expression
of PAF-Acether on systemic and renal hemodynamics was examined using
indomethacin as an inhibitor of cyclooxygenase: this drug was used in a
dose of 0.05mg/kg/min. After 60 minutes of equilibration under
indomethacin, control clearance periods were obtained and PAF-Acether
was administered in the femoral vein of anesthetized Mongrel dogs in a
dose of 0.78ug/kg, again given in a single bolus. Five consecutive 10-
minute clearance periods were obtained during recovery. Peripheral
blood hematocrit remained essentially unchanged during PAF injection in
dogs treated with indomethacin: control and experimental values obtained
after PAF were 41 = 1 and 40 t 2%, respectively (Table 3). Similarly,
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pre-treatment with indomethacin fully protected systemic blood pressure
from the effect of PAF injection: systolic pressure averaged 107 & 7 and
108 * 6mmHg during control and following PAF injection, respectively.
However, this treatment failed to block the renal hemodynamic effects of
PAF-Acether. As in the previous groups, renal plasma flow decreased
from 55 * 4 to 24 * 3ml/min from control conditions to PAF injection.
Glomerular filtration also decreased from mean control values of 34 t 3
to 14 * 2ml/min following PAF injection. The pattern of recovery of
renal hemodynamics was relatively rapid for renal plasma flow which
reached control values at the end of the first recovery period, that is
20 minutes after the end of PAF injection. Recovery of glomerular
filtration was more gradual and was not complete, since 60 minutes after
the end of PAF injection, this parameter was still 20% below control
values. Finally, indomethacin treatment also failed to prevent the
marked reduction in urinary sodium excretion, from 82 - 10 to 22 L
7uEq/min which occured during PAF injection. The pattern of recovery of
sodium excretion was also gradual and incomplete, as noticed for
glomerular filtration rate: there was no rebound natriuresis as seen in
the two previous series of experiments during the recovery period after
PAF injection. In summary, this series of experiments indicate that
vasodilatory prostaglandins, presumably PGE 2 , are responsible for the
peripheral effects of PAF-Acether, whereas inhibition of prostaglandins
synthesis with indomethacin failed to alter the renal response to PAF-
Acether. However, it is of interest that indomethacin treated dogs had
a pattern of recovery for glomerular filtration and urinary sodium
excretion following PAF injection that differ from that seen in previous
groups: this finding suggests that prostaglandins might be involved in
part of the renal response to PAF-Acether.

Table 3: Effects of intrafemoral PAF during indomethacin
treatment.

Control PAF Recovery
Ht %* 41*1 40*2 41*1 42*1 41*2 40*1 42*1
BP mmHg 107*7 108*6 112±6 110*5 108*6 107*5 109A6
RPF ml/min 55*4 24*3 56*5 57.6 56*6 57±7 55*6
GFR ml/min 34*3 14±2 27*2 27*2 27&1 28±1 28*2
UNaV uEq/min 82*10 22*7 55*6 68*8 72±7 76t6 75*6

' Abbreviations as in Table I.

The important reduction of renal plasma flow and glomerular
filtration rate which occured during and following PAF-Acether
injection, while peripheral arterial blood pressure and presumably renal
perfusion pressure were maintained normal in indomethacin treated dogs,
suggests the intervention of vasoconstrictor substances: vasopressor
peptides such as angiotensin II and/or vasoconstrictor metabolites of
arachidonic acid represent potential candidates to explain the observed
renal hemodynamic changes. The eventual role of vasoconstrictor
prostaglandins would appear remote, however, since indomethacin blockade
of prostaglandins synthesis failed to protect the renal hemodynaic
consequences of PAF-Acether injection. Therefore, the role of
angiotensin II in mediating this effect of PAF was examined in another
series of experiments. In these animals, prepared in the same manner as
previous groups, indomethacin was administered throughout experiments.
The renal response to PAF injection, administered in the femoral vein at
a dose of 0.78ug/kg was again examined after control periods.
Thereafter, saralasin, an antagonist of angiotensin II receptors, was
infused at a dose of 100ug/kg. Three clearance periods were obtained
during indomethacin plus saralasin, and the PAF was administered. The
same number of recovery periods were obtained as in the previous groups.
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As expected, PAF injection reduced markedly renal plasma flow,
glomerular filtration rate and urinary sodium excretion during
indomethacin (Table 4). However, during indomethacin and saralasin, PAF
injection failed to alter renal plasma flow, which remained at 105 t 8
and 96 t 7ml/min, before and during PAF, respectively, whereas
glomerular filtration averaged 52 i 3 and 51 t 4ml/min, during the same
periods. Of interest, urinary sodium excretion was reduced from 132 a
12 to 70 * 8uEq/min from control conditions to PAF injection, despite
the fact that filtered sodium remained essentially unchanged due to the
protective effect of saralasin on renal hemodynamics, in particular on
glomerular filtration rate. In summary, one can conclude from these
observations that the intervention of angiotensin II is required for the
expression of PAF-Acether on renal hemodynamics, since saralasin
entirely protects renal plasma flow and glomerular filtration from the
effect of the glycerophospholipid. However, the effect of PAF-Acether
on urinary sodium excretion appears to be independent of renal
hemodynamics, since angiotensin II blockade failed to prevent the marked
reduction in urinary sodium excretion which occured during PAF (13, 23).

Table 4: Effects of intrafemoral PAF during saralasin
blockade.

Control" PAF SAR PAF Recovery
Ht %* 42*2 40.3 41 *2 4162 40.3
BP =ftlI 110,6 107A4 112*5 111*4 109*4
RPF ml/min 105*8 58*7 105*8 96.7 128*9
GFR ml/min 45*3 28*3 52*3 51.*4 55*3
UNaV uEq/min 155*9 21*6 132*.12 70*8 118&7

# Abbreviations as in Table 1.
Indomethacin is administered throughout experiments.

Since filtration fraction, which determines peritubular oncotic
pressure, was not affected during PAF injection in dogs treated with
indomethacin and saralasin, it is unlikely that the reduction in urinary
sodium excretion was related to an increased passive movement of sodium
and water from the tubular lumen to the peritubular capillary: the
forces which determine such passive movements were not altered from
control conditions to PAF injection in this series of experiments.
Therefore, one has to assume that the 50% reduction of urinary sodium
excretion was due to increased active tubular reabsorption of this ion
and/or to some impairment of the transtubular permeability. These
mechanisms were not directly assessed in the present study but find some
support in the recent literature (24, 25).

EFFECT OF BN-52021, A PAF RECEPTOR ANTAGONIST:

A natural antagonist of PAF receptors (BN-52021) has recently been
extracted from Ginko Biloba. This compound which is entirely different
structuraly from PAF-Acether, has been repeatedly tested over the past
years on several irLyJ and in. MJ models and found to antagonise
most physiological effects of PAF-Acether (26). We utilized this
compound in our dog model. The effect of PAF-Acether administered into
the femoral vein at a dose of O.78ug/kg, was examined at four different
and increasing doses of BN-52021: 1.0, 2.5, 5.0 and 25.Oug. The PAF
antagonist was administered 30 minutes before each injection of PAF-
Acether. Complete recovery of hemodynamic parameters was allowed before
each additional test injection. The expected reduction in the systemic
blood pressure following PAF was abolished in a dose-related manner: the
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5.0 and 25.0 doses of BN-52021 completely abolished the hypotensive
action of PAF-Acether (Figure 1). The lower dose of the PAF receptor
antagonist was even more evident on renal hemodynamics: the 1.Oug dose
almost completely abolished the effect of PAF-Acether on renal plasma
flow and glomerular filtration: these parameters averaged 74 * 4 and 72
* 4ml/min, and 42 t 1 and 40 t Iml/min during control periods and PAF
injection, respectively. Similar findings were observed for urinary
sodium excretion. The 2.5ug dose of BN-52021 abolished the anti-
natriuretic effect of PAF-Acether. In summary, blockade of PAF-Acether
receptors with BN-52021 inhibits all the physiological effects of PAF on
systemic hemodynamics, as well as on renal plasma flow and glomerular
filtration rate. BN-52021 is the only antagonist that prevented the
reduction in urinary sodium excretion (23).

ASP mmHg 1.0 2.5 5.0 25.0 Vg

-,0 U U J
-20

-30 Figure 1
AUIOV pEq/min
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-20 1 L  J  and during increasing doses
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-40 :control, for blood pressure
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MULTIPLE ORGAN FAILURE, LIVER FAILURE
AND POLYUNSATURATED FAT METABOLISM
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R.L. Simmons, M.D.
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Minnesota 55455, USA

ABSTRACT

Multiple organ failure continues to be the pathway of death after
burns, trauma and sepsis. This clinical syndrome represents the
transition from a hypermetabolic response to injury that has associated
respiratory dysfunction, to a setting of clinical organ failures and
death. Risk factors include: perfusion deficits, persistent foci of
dead or injured tissue, an uncontrolled focus of infection, the
presence of the respiratory distress syndrome, persistent
hypermetabolism, and preexisting fibrotic liver disease. Once in the
organ failure syndrome, most treatment modalities become progressively
ineffective, including: ventilation, antibiotics, nutrition, and
surgery. The best treatment remains prevention with rapid control of
the source and restoration of oxygen transport. To date, no single
"magic bullet" has been shown to exist either experimentally or
clinically.

The response to injury involves alterations in physiology and in
the metabolism of carbohydrate, fat and amino acids. These changes
seem to reflect the modulation of the end-organs by the mediator
systems activated in response to the stress stimulus. The transition
from hypermetabolism to organ failure appears to reflect the clinical
appearance of liver failure. The peripheral tissue, however, appears
to continue to function well until death becomes eminent. It is
currently hypothesized that this liver failure represents a state of
regulatory dysfunction induced by the activated hepatic macrophage, the
Kuppfer cell. This same process may also influence metabolic failure
in other organs as well. The activation of these macrophages is
hypothesized to represent the final stage of a series of continuous
stimulating events, eg. hypoxia, endotoxin, bacteria, and gut
translocated toxins. The precise monokine(s) responsible are not yet
completely characterized. Treatment consists of the modalities
outlined above and the employment of aggressive metabolic support.
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An injury is usually a local event that initiates a local redness,
swelling, pain, heat, and a loss of function. With severe insults or
when local host defenses fail, the response becomes systemic. The
systemic response is recognized as the clinical syndrome of fever,
anorexia, sympathomimetic signs, malaise altered mentation, and
leukocytosis with a left-shift on differential count. This response is
often associated with a hyperdynamic physiologic state and
hypermetabolism. Stimuli such as infection or injured tissue, and
significant perfusion deficits seen in the clinical settings of burns,
polytrauma, pancreatitis, and ruptured aneurysms, can also induce the
same systemic response. In the case of infection, the type of invading
micro-organisms does not seem to influence the character of the host
response.1,2,3,4,5,6,7

Once the systemic metabolic response to injury has been activat a,
a typical time-course usually results (Fig. 1). The initial events are
summed-up with the expression, "ebb" phase7 or "shock" phase. The ebb
phase immediately precedes the flow phase which tends to peak on day 3
post injury and abate spontaneously by day 7-10 post injury. The
degree of this initial response has considerable biologic
variablility. Using several clinically useful sign-posts, a
categorization can be defined that quantitates the degree of response
(Table I). When a defined level is reached (level 2), hypermetabolism
is said to be present.

When the response does not abate, a complication has usually
occurred. Typically, water retention and myocardial infarctions have
their maximum incidence on day 3 postinjury; liver failure tends to
occur on day postoperative 3-5 in patients with cirrhosis. If the
cause can be found and corrected, recovery usually occurs. After
several such episodes, or when the cause cannot be controlled, a phase
of persistent hypermetabolism is entered and the transition to organ
failure may occur (Fig. 1). Usually the respiratory distress syndrome

TABLE I

METABOLIC CRITERIA FOR STRESS STRATIFICATION

Stress Clinical Urinary Oxygen Blood Plasma Glucagon
Level Prototype Nitrogen Consumed Glucose Lactate Insulin

Gm/Day ml/M 2  mg/dl mM/L Ratio

0 starvation <5 90±10 100+20 100+50 2+.5

I elective 5-10 130+10 150+25 1200+200 2.5+8

surgery

2 trauma 10-15 150+20 150+25 1200+200 3+.7

3 sepsis >15 180+20 250+50 2500+500 8+1.5

A continuum exists within which ianges of values or patterns of
response can be identified. An individual patient may not coincide
with the clinical prototypes, e.g., all sep ati ents do not exhibit
level 3 metabolism. The correlation between clinical setting and

degree of metabolic stress is r - 0.6 to 0.7.
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is seen first. Organ failure is usually heralded by a rising bilirubin
followed by a rising creatinine. There are several recognized risk
factors for this transition: severe, unrecognized, persistent
perfusion deficits; an uncontrolled or uncontrollable infection source;
the presence of respiratory distress syndrome; and preexisting
cirrhosis or hepatitis. Organ failure can be divided into early and
late phases (Table II). The transition usually signifies a higher
mortality risk; as the organ failures worsen the mortality risk
increases. There comes a point, frequently hard to define, at which
all known treatment modalities seem to become supportive instead of
therapeutic including surgery, ventilation, antibiotics andnutritionl,2,3,6,8,19.

The transition to the clinical organ failure syndrome apppear to
coincide with the onset of clinical hepatic failure. Both clinical and
metabolic evidence supports this point of view. At this time
jaundice, biliary tract dilatation, colestasis, and biliary sludge
become prominent clinical features. The R/Q tends to run over 0.9 and
frequently exceeds 1.00 with an associated increase in hepatic
lipogenesis; triglyceride intolerence occurs with a reduced ability to
clear exogenous triglycerides of long chain fatty acids. The amino
acid profile is similar to that seen in the liver failure of cirrhosis;
the hepatic redox potential falls as does hepatic amino acid clearance
and protein synthesis; ureagenesis increases. When fully developed,
the liver failure is almost uniformly fatal. It remains the most
common cause of death in surgical ICU patients and continues to const'me
a major share of intensive care resources. 2,6,14,19

METABOLISM

The alterations in physiology and metabolism run a spectrum as the
hypermetabolism transcends into organ failure and then into the
terminal form of organ failure. The phase of hypermetabolism
represents a normal systemic respo- se to the mediator systems. With
the transition to organ failure, tne systemic response begins to

TABLE II

EARLY AND LATE ORGAN FAILURE

Early Late

Mentation light coma deep coma
Respiratory distress syndrome present advanced
Bilirubin 3-4 mg/dl >8 mg/dl and rising
Creatinine (Cr) 2-3 mg/dl >3 mg/dl and rising
BUN/Cr ratio normal 4 (off nutrition)
Muscle mass + autocannibalism
Lactate 1.5 mM/L >2.0 mM/L
BOHB/AcAc* ratio normal increased

Phenylalanine <80 M/L >80 M/L
Triglyceride (12 hr fasting) <250 mg/d >250 mg/d
02CI >160 ml/M >160 mlM
VCO2  <5 ml/kg >5 ml/M
N-balance (on nutrition) equilibrium or >-5 gm/day

positive

*BOHB/AcAc - hydroxybutyrati/acetoacetate

141



V YPERf IETABOLISM -ORGAN FAILURE
.EEarly Late

----- ------ - - Death
Acute IReactivation 

MSOF

Reovr Recovery Recoveryeryeovr

0

0 3 7 10 14 21

Time Days

Figure 1. The presence of dead or injured tissue, an oxygen debt or
invading microorganisms can activate the metabolic response to injury.
The response magnitude depends on how much stimulation has occurred;
the uncomplicated form usually peaks on Day 3 and abates by Day 7-10
postinjury. lypermetabolism-organ .failure represent a metabolic
response spectrum. Clinically, the hypermetabolism phase has lung
dysfunction and is primarily a peripheral phenomenon. With the onset
of organ failure, clinically overt liver failure seems to be present.
The risk factors for this transition include: A severe or persistent
oxygen debt; an uncontrolled focus of infection or dead/injured tissue;
and a perfusion insult followed by infection.
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deteriorate, with the eventual death of the host. The metabolism is

much different from that of starvation. A detailed discussion is
beyond the scope of this paper; a summary of principles will be
presented here.

In hypermetabolism the energy expenditure is more than twice that
seen in starvation (Table III). This is reflected in the increased
oxygen consumption, reduced peripheral resistence, and increased
cardiac output. The combustion ration runs 0.8-0.852,14 with about 1/3
each of the energy expenditure deriving from glucose, fat, and amino
acids. The oxidative utilization of pyruvate is reduced, presumably
reflecting the reduced activity of pyruvate dehydrogenase. Lactate
production is increased with a proportionate increase in pyruvate, so
that there is little excess lactate. Alanine production is increased,
oxygen consumption is high and there is use of alternate substrates in
the Krebs cycle. These observations reflect an altered type of aerobic
metabolism which utilizes substrates other than glucose, namely fat and
amino acids 2,8 16. Gluconeogenesis is increased and much less
responsive to the administration of exogenous glucose1 7. Ketosis is
reduced; fat oxidation increased; lipolysis increased; and lipogensis
decreased. Total body protein synthesis is reduced with increased
catabolism. Administration of exogenous amino acids can increase the
rate of protein synthesis; matching but not reducing the catabolic
rate. This autocannibalism is thought to reflect the response to
mediator(s), perhaps a monokine or peptide. Thus the demand for amino
acids is increased for energy production and protein synthesis; and
mobilization from the mobile pools, as in skeletal muscle, occurs in
response to these mediators. The result is a rapid loss of muscle
protein and redistribution of the nitrogen to the organs with increased
work, eg, liver, heart, kidney. Hepatic amino acid clearance is
increased and is reflected in an increased rate of hepatic protein
synthesis2 ,8,10,11 ,12,13,15,18 ,20 ,21.

With the transition to organ failure, most of the processes
previously mentioned are augmented. Energy production still seems
adequate; the peripheral metabolism still seems to work well. However,

TABLE III

COMPARISON OF STARVATION AND SEPSIS

Starvation Sepsis

Energy Expenditure 4. ++
Mediator Activation +
R/Q 0.7 0.8-0.85
Fuel glucose/fat mixed
Gluconeogenesis +
Protein Synthesis , 4J
Catabolism --- +4-+
AA Oxidation + +++
Ureagenesis + 4+

Ketosis +++ +

Responsiveness to +++ +
Exogenous Substrate

Rate of Malnutrition + Hi
Development

AA - amino acid
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hepatic redox potential begins to fall; hepatic lipid production
increases; and triglyceride clearance and hepatic protein synthesis
begin to fail. This latter event can usually still be supported with
exogenous amino acids. If not, the outcome is poor. As the terminal
state approaches, glucose production is reduced; amino acid extraction
fails and both hepatic and total body protein synthesis decrease while
catabolism increases; spontaneous hypertriglyceridemia occurs; lactate
and pyruvate rise rapidly; ureagenesis is unrestricted; energy
production failsi nd the clinical findings of liver, renal and cardiac
failure occur. 

, ,

The organ failure syndrome induces changes in the polyunsaturated
fatty acid (PUFA) profile of the phospholipid fraction of plasma. The
profile becomes that of essential fatty acid deficiency with excess
levels of other PUFA (Table IV). Exogenous fat emulsion, triglycerides
of the long chain fatty acids, do not appear able to correct this
profile and exaggerate certain aspects of it. Of note, are the
observed reductions in arachidonic acid with increased conversion to
22:5w6. Changes in these lipid fractions may reflect alterations in
the cell membrane structural components, and thus may be involved in
the organ failure process. Whether this picture is cause or effect, is
yet unknown.

THE HEPATIC FAILURE

Liver dysfunction, then, becomes a primary focus in the organ
failure process. Research has concentrated on the regulation of
hepatocyte function. Bacteria and toxins circulating in the blood are
removed from the circulation by Kupffer cells. In the process of
removal, Kupffer cells may become activated with release of numerof
mediator substances. We hypothesize that this progressive activation

TABLE IV

ALTERATIONS IN PLASMA POLYUNSATURATED FATTY ACID PROFILES

INDUCED BY HYPERMETABOLISM-ORGAN FAILURE

FATTY ACID CONTROL WITH LIPID NO LIPID

N 33 10 5
5
16:0 Palmitic 26.7 + .4 30 + 1 30.4 + 1.1
18:1w9 Oleic 8.8 + .3 8 + .6 15.7 + 3.6
18:2w6 Linoleic 22.9 + .6 13.9 + 2.1 9.4 + 1.3
18:3%8 Linolenic .2 + .03 .02 + .02 .02 + .02
20:349 .15 + .01 .25 + .09 1.1 + .4
20:4w*6 Arachidonic 11 + .5 6.6 + .7 8.8 + 1
22:5*6 42.3 + .6 31.7 + 20.8 27.7 + 1.9

Control - nonstressed, well-nourished No Lipid - 7 days parenteral
nutrition without fat
Lipid - 7 days parenteral nutrition with 500 ml 10% fat given qd

Lipid and nonlipid group were all patients in the surgical ICU and had
the hypermetabolism-organ failure complex
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Figure 2. The hepatocyte alone in culture has a baseline level protein
synthesis. When Kupffer cells are added, hepatocyte protein synthesis
increases. This synthesis can be inhibited by ischemia, endotoxin and
killed bacteria. The process requires Kupffer cells and seems to be
mediated by a peptide produced by the Kupffer cells in response to the
stimuli.
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Figure 3. The Kupffer (macrophage) cells become increasingly activated
by different kinds and combinations of stimuli. It is hypothesized
that this repeated stimulation, perhaps from gut bactera and/or toxins,
eventually overactivates the macrophage and a response with survival
value (inc -ased hepatic protein synthesis) becomes one detrimental to
survival (decreased heptic protein synthesis.)
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makes the liver particully 1u!c
dysfunction during SOF. Kupffer cell-mediated

To understand the mechanisms responsible for the alterations of
liver function, an in vitro model system was used. The model uses
enzymatically digested liver to retrieve 

hepatocytes and Iupffer

cells. Protein synthesis is used as a functional parameter because it
is easily measured in vitro using radioactive precursor incorporation,
and because it is a highly sensitive parameter of integrated
hepatocellular function. Activated macrophages/Kupffer cells induce a
biphasic response in protein synthesis with f rly induction followed
by a depression in the synthesis of protein.13...

Lipopolysaccharide (LPS) and killed E. coli (KEC) had little or no
direct effect on liver cell function. When hepatocytes were cocultured
with macrophages or Kupffer cells and LPS or KEC, hepatocyte protein
synthesis decreased markedly (Fig. 2). These results were not
reproduced if lymphocytes were used instead of macrophages. In spite
of the marked alteration in cocultured hepatocyte f~cjon, hepatocyte
viability or microscopic morphology did not change. .

Dexamethasone had no effect on the protein synthesis of hepatocytes
cultured alone but did block the decrease in protein synthesis after
addition of LPS or KEC. It did not affect the Kupffer cell-medi or
increase in protein synthesis in the absence of these mediators.

The effect of decreased oxygen concentrations on cocultured
hepatocyte protein synthesis revealed that oxygen tensions as low as 18
torr had little effect on hepatocyte protein synthesis with or without
LPS. With the coculture system, depressed hepatocyte protein synthesis
was seen with hypoxia in the absence of LPS. When LPS was then added,
an exaggerated depression of protein synthesis occurred. These results
suggest that exposure to transient hypoxia may activate Kupffer cells
or macrophages, and that LPS can further amplify these effects.

Addition of inhibitors of prostaglandin synthetase such as
indomethacin had no effect. Similarly, the 5-lipooxygenase inhibitor
nor-dihydroguariatic acid did not alter the coculture response.
Addition of the end products of arachidonic acid metabolism, such as
prostaglandin El, , or leukotriene B4 , did not affect hepatocyte
protein synthesis.l

Another possible group of mediators released by activated
macrophages are the toxic oxygen species, including hydrogen peroxide,
superoxide anion, and hydroxyl radical. Hepatic protein synthesis is
decreased by the addition of hydrogen peroxide and exacerbated by
depletion of intracellular oxygen radical scavengers such as reduced
glutathione. However, catalase and superoxide dismutase, which degrade
hydrogen peroxide or superoxide anion, respectively, did not prevent
the Kupffer cell-mediated decrease in h atocyte protein synthesis in
coculture after addition of LPS or KEC.19

Activated macrophages or Kupffer cells release peptides that may be
potential mediators of altered liver function. Among these are
interleukin 1, plasminogen activator, and tumor necrosis
factor/cachectin. Interleukin 1 can stimulate synthesis of several
acute-phase proteins from hepatocytes, while decreasing the synthesis
of albumin and transferrin.

In this model system, conditioned medium from crude nonparenchymal
cells, purified Kupffer cells, or macrophages, triggered with LPS will
result in decreased protein synthesis when added to hepatocytes
cultured alone. The activity is heat-labile, with maximal inhibitory
activity between 15 and 30 k daltons. Conditioned medium from
coculture or macrophages/Kupffer cells generated in the absence of LPS
has no effect. When the supernatant medium is assayed for
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lymphocyte-activating factor activity, it is found in high levels.
However, additioh of.IL-1 to hepatocytes alone dog not result in
decreased protein synthesis as seen in coculture.26 Interestingly, the
time course of decreased protein synthesis is similar when conditioned
medium is added, compared to that in coculture; that is, a four- to
eight-hour lag occurs before decreased protein synthesis is detectable,
with a maximal decrease seen after 16 to 24 hours. This observation
suggests that the lag is not a result of mediator synthesis, but rather
the time required for the hepatocyte to respond to the mediator.

A growing body of evidence suggests that leukocytic mediators are
pathogenic in the mechanism of altered organ function during MSOF. In
the liver, the normal anatomic relationship of Kupffer cells and
hepatocytes suggests an obvious potential for modulating cell-cell
interactions. The Kupffer cells within the liver normally function to
clear the circulation of these potentially toxic materials; in the
process, they may become activated, releasing numerous mediators (Fig.
3). In vitro, Kupffer cells can then mediate decreases in hepatocyte
protein synthesis. They seem to do so via a heat-labile, soluble
substance with a molecular weight of 15,000 to 30,000 (10). Whether
this mediator(s) is responsible for the liver dysfunction seen
clinically remains to be clarified.

CLINICAL CORRELATIONS

Given the current concepts of the organ failure syndrome, the
clinical correlations fall into three general categories: prevention,
mediator cell modulation, and hepatocyte support.

Prevention remains the best mode of treatment for the organ failure
syndrome. Control of the source is the first principle. Whenever
possible, the cause needs to be stopped so that continued stimulation
of the mediator systems does not occur. The restoration and
maintainance of oxygen transport, resuscitation, continues to be a
mainstay of treatment. Recent data strongly suggests that in many of
the clinical settings in which organ failure occurs, the invasive
monitoring regimens that focus on flow and oxygen consumption have an
associated reduction in organ failures and mortality.9 Metabolic
support has become an important part of the treatment regimen. It has
been difficult to show that this modality has had a direct effect on
the disease process itself or on mortality. Nevertheless, when applied
in a setting of good surgery and crit cal care, there has been a
reduction in organ failure mortality. Presumably this cofactor effect
is a result of patients not dying of malnutrition or by "running out of
gas".

Mediator cell control is a new concept that is developing in the
therapeutic armamentarium. The major aim would be to prevent excessive
macrophage activation. Some activity seems to be essential for
survival; excess activity may lead to dysmodulation of the
target-cell. The modalities mentioned in prevention would also seem
influential here. In addition, particular attention to gut support may
be important in this regard. Animal work indicates that early gut
nutrition may prevent the process from starting. Gut sterilization
techniques may also play a role. The use of antibodies against core
lipid components could also be influential. Once activated, little
current insight exists into influencing mediator cell activity in the
organ failure setting. Perhaps drug intervention or hormone
manipulation will be of value. It has become increasingly apparent
that a single "magic bullet" probably does not exits. Combinations of
drugs that are precisely timed will probablybe necessary.
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In this latter setting, the focus shifts to the hepatocyte. Its
integrity and function need aggressive support. Currently, this takes
the form of meticulous attention to oxygen transpQrt, preventing
substrate-limited metabolism, and modulation of the Kuppfer cell.
Considerable research needs to yet be done before the details of these
regulatory processes are completely understood and rational treatment
regimens designed and tested.
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LEUKOTRIENES IN ENDOTOXIN SHOCK

W. Hagmann, C. Denzlinger, S. Rapp and D. Keppler
Biochemisches Institut, University of Freiburg
D-7800 Freiburg, West Germany

INTRODUCTION

Actions of endotoxin (lipopolysoccharide, LPS) in vivo hove long been

suggested to be mediated by arachidonate metabolites (1,2). The important

role of arochidonate-derived metabolites including leukotrienes,

prostaglandins and thromboxane in experimental LPS shock has been deduced

from the LPS resistance of essential fatty acid-deficient rats (3,4),

from the altered arachidonate metabolism in LPS-tolerant rats (5), as

well as from pharmacological evidence (1,2,6,7). Recent studies showed

that the LPS-resistont C3H/HeJ mouse strain, whose macrophages are

defective in prostaglandin (8,9) and leukotriene synthesis (10), can be

made highly LPS-sensitive by transfer of pure macrophages from LPS-

sensitive C3H/HeN mice (11). These data stress the target cell role of

macrophoges in the in vivo action of LPS (8,11).

Our early studies in a small-dose LPS shock model in mice (6,7)

pointed to the leukotrienes, in particular to the cysteinyl leukotrienes

LTC 4, LTD4, and LTE 4, as key mediators in LPS shock. Cysteinyl

leukotrienes are known to cause in minute amounts inflammatory and

anaphyloctic reactions (12), myocardial depression and shock-like

reactions (13,14), and extensive plasma extrovasation (15) in sensitive

animal species. Several of the pothophysiologic symptoms mediated by

cysteinyl leukotrienes are also observed in LPS shock (16). These studies

are thus consistent with a mediator function of cysteinyl leukotrienes in

lethal LPS action.
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F1

rPREVENTION OF LETHAL ENDOTOXIN ACTION BY INHIBITORS OF LEUKOTRIENE

SYNTHESIS OR ACTION

Uur pharmacological studies employed a small-dose LPS shock model in

which mice (NMRI and C57BL/6, 12 to 14 weeks of age ) were sensitized

against LPS (17) (from S. abortus equi, 1-4 pg/kg, or from S. minnesota,

300 pg/kg, i.v. or i.p.) by treatment with the inhibitors of

hepotocellular RNA synthesis D-goloctosomine ( 3.5 mmol/kg, i.p.) (18) or

W,-amanitin (0.2 pmol/kg, i.p.) (19). All animals died from LPS-induced

shock within 5-12 hours under these conditions, but neither D-

golactosomine nor oc-amanitin were lethal themselves within this time

period. Complete protection in this LPS shock model was achieved (6,7) by

dexamethosone, which indirectly inhibits orachidonate release via

lipocortin (20), by the dual 5-lipoxygenose and cyclooxygenase inhibitor

BW 755C (21), by diethylcarbomazine, an inhibitor of leukotriene

synthesis (22), and by FPL 55712, a selective receptor antagonist for

cysteinyl leukotrienes (23). Furthermore, LY 171883, a recently developed

LTD 4 /LTE4  receptor antagonist (24) protected 60% of NMRI mice against

lethal LPS action when injected in 3 doses ( 60 pmol/kg each, i.v.) at 0,

2, and 4 hours. In contrast, cyclooxygenose inhibitors like indomethocin

and indoprofen (25) could not or only partially prevent LPS lethality.

ENDOTOXIN (LPS)

Lipocortin - Glucocorticoids
, Calmidazoh um

,Arachidonate i

Cal' Indomethacin
Diethyl- SW 755c Indoprofencar bama-"
zinC

zLeukotrieneA4 
Prostaglandin H2

LTB LTC4,D 4,E4 PGE2,12  TXA2
FP - 55712 BM 13177

LY " 171883

Figure 1. Pharmacological interference after endotoxin stimulation of

the arachidonate cascade. The sites of action of several drugs

interfering with eicosonoid synthesis or action (26) are indicated.

Application details were described earlier (6,7) or are given in the

text.
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On account of this inhibitor profile and the efficacy of the receptor

antagonists (fig.1) we argue for an important role of the cysteinyl

leukotrienes in the lethal action of LPS under our experimental

conditions.

GENERATION OF CYSTEINYL LEUKOTRIENES IN VIVO IN ENDOTOXIN SHOCK

According to the results from tracer studies with[3 H]LTC4  (27,28)

or [3H]LTD4  (7) we measured the systemic production of cysteinyl

leukotrienes by analyzing bile, since these mediators are rapidly

eliminated from the circulating blood with about 60% of the injected dose

being recovered in bile within 30 min (fig.2). The major endogenous

metabolite of cysteinyl leukotrienes that can be analyzed in rat bile by

sequential high-performance liquid chromatography and radioinwunoassay

_ 100

80 . ...-LAD

€0 BI

.6 LOOD

40

.~20

URINE
01

0 10 20 30
Time after [H]LTC, i.v. (mi)

Figure 2. Elimination of H]LTC4 and its metabolites from blood into

bile and urine of rats. Bile and small amounts of blood were collected

continuously; urine was sampled from the urinary bladder within 30 min

after i.v. [3H]LTC4 injection. Data give percent of injected tritium

circulating in blood or accumulated in bile and urine. Horizontal bars

indicate the half-life times (min) of 3H-leukotrienes circulating in

blood (27,28).
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was found to be N-acetyl LTE4 (fig.3) (29,30). Administration of LPS

(from S. minnesota R595, 15 mg/kg, i.v.) into rots caused a rapid ol-

though transient generation of cysteinyl leukotrienes reflected by the

increase in the N-ocetyl LTE4 production rate (7) and in its biliary

concentration in anesthesized or unanesthesized rats (fig.4) (7,29,30).

The measured quantities of cysteinyl leukotrienes generated in rots

after LPS injection may well suffice to evoke known phenomena associated

with endotoxin shock such as tissue edema and circulatory and respirato-

ry dysfunction.
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Figure 3. Pattern of endogenous cysteinyl leukotrienes in bile of

rats after endotoxin. Bile was sampled 0.5-1 hour after LPS (from S.

minn. R595, 10 mg/kg, i.v.) and prepared for HPLC and RIA as described

(27). Upper panel: HPLC separation giving concentrations of cysteinyl

leukotrienes determined in the HPLC fractions by RIA and calculated

according to their respective cross-reactivities (7,29). Lower panel:
3

HPLC separation of internal H-leukotriene standards.
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Figure 4. Endogenous cysteinyl leukotriene production induced by

endotoxin in vivo. Rots were injected i.v. with saline (NoCI) as control

and with LPS (from S. minn. R595, 15 mg/kg). N-Acetyl LTE 4 as indicator

metobolite for leukotriene generation was measured in bile as described

previously (27-30). Asterisks indicate significant elevation by P <0.02.

INHIBITION OF THE HEPATOBILIARY ELIMINATION OF CYSTEINYL LEUKOTRIENES BY

LPS

LPS and Lipid A, the endotoxic principle of the LPS molecule (31),

severely impaired even at low doses the hepatobiliary clearance of LTC 4 ,

LTD4 , LTE 4 and their metabolttes (7). The biliory appearance of[ 3HJLTC4

metobolites decreased to less than 10% of control within 4 hours after

LPS ( 5 mg/kg) (32). The concomitant LPS-induced reduction of bile flow

and of trocer[14C]taurocholate elimination, however, was much less

pronounced than the severe Inhibition of cysteinyl leukotriene

elimination into bile (7). The latter effect resulted in elevated

concentrations of cysteinyl leukotrienes in blood and liver (7,28).

Lethal LPS action may therefore depend on both pothophysiological events,

namely enhanced endogenous production and simultaneously impaired
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deactivation of cysteinyl leukotrienes, both possibly potentiating the

effects of these shock-inducing mediators in vivo. It is of interest that

bile duct ligation, which renders this predominant way of cysteinyl

leukotriene elimination impossible (28), sensitizes rats against the

lethal action of LPS (33).

MEDIATOR NETWORK IN ENDOTOXIN SHOCK: ROLE OF LEUKOTRIENES

A key role of leukotrienes, particularly of cysteinyl leukotrienes,

in the lethal action of LPS is suggested from the pharmacological

evidence summarized above. LPS, however, is known to elicit the release

of a variety of mediators from target cells especially the mononuclear

phagocytes. The LPS target cells release, in addition to cysteinyl

leukotrienes (10), other lipid mediators such as several prostanoids

(2,34) and platelet-activating factor (35) which in turn can induce

leukotriene synthesis (36). The shock-inducing effects of platelet-

activating factor, however, can be fully antagonized by inhibitors of

leukotriene synthesis or by a cysteinyl leukotriene receptor antagonist

(37). Additional mediators like tumor necrosis factor (38) and members

of the interleukin-1 family (39,40) participate in the detrimental

(38,41) or beneficial actions of LPS. Beneficial and compensatory

processes after LPS injection comprise in particular the enhanced

synthesis of acute-phase proteins in hepatocytes (39) resulting in a

LPS-resistant condition. D-Galactosamine and ec-amanitin, which suppress

the hepatocellular synthesis of acute-phase proteins (39), raise the

sensitivity of different animal species to LPS many-thousand-fold

(17,19) possibly by this interference with acue-phase protein

biosynthesis.

The mediator profile in LPS shock may vary in different species and

under different experimental protocols. Additional studies in human

sepsis are needed to define the role of cysteinyl leukotrienes in a way

analogous to our studies in mice and rats.
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TIME-DEPENDENT APPEARANCE OF LTB4 IN HUMAN
BURN BLISTERS
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AIM OF STUDY

Burn blisters are containing LT. The level of content is difficult to
be explained : imediate or delayed cold water treatment (CWT) and
time interval (few minutes, hours or days) modify the measurable
content of LT.

MATERIALS AND METHODS

The blister fluid from burns on the trunk and limbs of 37 outpatients
who had just arrived in our hospital were analysed. 6 patients were
excluded (the fluid were frozen only at -30C). In 8 cases of "early
comers" (time interval between accident and removal of blister fluid
t<100 min.) fluid was removed before CWT ; in 10 cases of "early
comers" fluid was removed after CWT. In all cases of "late comers"
(t>100 min.) CWT was not applied. The fluid was removed from the
blister with a needle under sterile conditions, frozen at -70C and
examined for LTB (HPLC and RIA) and cysteinyl leukotrienes. None of
the samples of fluid contained cells.
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Fig. 1. Sonograms of blister; the first sonogram shows a blister in
statu nascendi (1/2 h post burning)
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RESULTS

Cysteinyl leukotriens were not measurable. Very high levels of LTB4 were
found in the 8 patients before CWT. 7 of these patients surely had no
CWT immediately after buring, one patient applied a probably insufficient
CWT at home. In the 10 patients becoming CWT before removal blister fluid
low LTB4 levels wer found : CWT caused a decrease of LTB4. The "late
comers" become no CWT, and low levels were measured too: This group be-
comes probably aphysiological decrease of LTB4 content. Our findings can-

not be explained by a local leukotriene induction regulated by glutathion
release from the liver (1), because only cysteinyl LT synthesis is con-
nected with glutathion release.

INITIALS BIRTHOATE LOCALISATION TIMEINTERVAL LT8 4
OF BURNS IN NIN (PG/NL)

GROUP 1: EARLY COMERS, FLUID REMOVAL BEFORE CWT

1) T. CH. 9 17.12.19 BOTH HANDS AND

FOREAR1S 100 953

2) E.V. 9 10.12.10 RIGHT HAND AND AR4 45 359

3) L.E. 6 08.04.38 FACE, HANDS AND
THORAX 10 398

4) H.G. 07.08.52 LEFT LEG AND
ABDOMEN 60 481

5) SCH.G. 6 01.11.63 NECK AND BACK 35 1189

6) R.E. 9 28.11.28 RIGHT HAND AN
FOREARM 40 666

7) R.E. 9 24.07.06 LEFT ARM AND
SHOULDER 65 670

8) R.L. 6 24.05.59 BREAST 40 888

GROUP 2: EARLY COMERS, FLUID REMOVAL AFTER CWT

1) D.A. 9 01.07.19 FACE AND HANDS 20 97

2) K.,. 6 14.09.45 HANDS AND LEFT
SHOULDER 15 292

3) K.D. 6 09.02.59 RIGHT FEET AND LEG 50 240

4) B.R. 6 16.05.61 LEFT ARM. LEFT LEG 30 221

k) D.J. 6 10.02.43 LEFT LEG AND HIP 35 156

6) W.CHR. 9 26.12.59 BOTH THIGHS 60 232

7) C.L. 9 19.09.48 RIGHT LEG 30 378

8) H.d. 6 20.08.65 LEFT HAND AND
FOREARM 85 350

9) K.E. 9 17.02.38 LEFT HAND AND
LEFT LEG 70 283

10) 3.D. 9 01.02.45 LEFT BREAST,
RIGHT HAND AND
RIGHT ARM 40 345

Fig. 2. List of our patients with personal data, time interval, and LTB4
level in pg/ml. (continued)

161



INITIALS BIRTHDATE LOCALISATION TINEINTERVAL LTB 4
OF DURNSS IN MIN (P6/Pt)

GROUP 3: LATE COMERS, NO CWT

1) L.E. 9 16.07.23 BOTH HANDS AND
FOREARMS 365 208

2) W.U. 9 23.09.59 RIGHT LEG 155 214

3) BA. d' 16.03.49 BOTH LEGS 240 180

4) A.TH.6 08.02.65 BACK AND SEAT 195 234

5) S.E. 9 14.10.09 RIGHT HAND 120 318

6) SCH.J. 03.05.02 RIGHT HAND AND
FOREARM 1020 194

7) W.W. 5 17.07.51 RIGHT HAND AND
FOREARM 510 198

8) B.Z. 9 16.05.56 LEFT HAND AND

FOREARM 570 210

9) W.E. q 22.08.4 NECK AND SHOULDERS 915 247

10) G.W. 07.05.38 RIGHT ARM ONE DAY 2%

11) F.G. 9 02.12.63 ABDOMEN, VULVA
AND RIGHT HAND 55 253

12) P.H. d' 29.04.49 LEFT LEG 460 319

13) P.E. 9 13.11.30 BOTH LEGS 60 253

Fig. 2 (Continued)

CONCLUSION

LTB 4 appearance in human burn blisters is time dependent. The interval is

very short. Our findings correspond to the time dependent appearance (after

30 min.) of chemotactic activity in serum (2). Any therapeutic approach to

the burn disease must be considered in further drug research also.
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PLATELET-ACTIVATING FACTOR: AN INFLAMMATORY MEDIATOR
INVOLVED IN THE PATHOPHYSIOLOGY OF SHOCK

M. Sanchez Crespo, S. Fernandez-Gallardo and E. Cano
Servicio de Nefrologia, Fundacion Jimenez Diaz
Avenida Reyes Catolicos 2, 28040-Madrid, Spain

INTRODUCTION

The shock state is an important clinical condition characterized by
the occurrence of profound hemodynamic disturbances and the subsequent de-
velopment of functional failure of many organs. The pathophysiology of
shock is very complex. and many important aspects remain to be elucidated.
Hemodynamic changes such as reduction of arterial pressure and cardiac output,
a decrease in the count of platelets and leukocytes, an elevation of pul-
monary arterial pressure and the stimulation of blood coagulation, kinin
and complement system have been repeatedly observed in the process of shock
evolution. At the present time, many chemical mediators and activation sys-
tems have been implicated in the pathogenesis of these disturbances, and
this has surely opened the door to a vista of new therapeutic trends for
this severe condition. Histamine, kinin, serotonin and endorphins have
been found to be released during shock evolution, and most recently meta-
bolites of arachidonic acid have been recognized to play a central role
in the pathophysiology of shock in view of their potent actions on the
cardiovascular system.

Platelet-activating factor (PAF, PAF-acter, AGEPC) was initially
described by Benveniste, Henson and CochraneI in their 1972 report as
a substance released from IgE-stimulated basophils that could trigger
the secretory response of rabbit platelets. However, the role of this
mediator in pathology grew preatly after the elucidation of its chem-
ical structure as l-O-alkyl-2acetyl-sn-glycero-3-phosphocholine2 ,3 ,4 .
In addition to its well known action on platelets, PAF-acether has been
found to be a potent stimulator of polymorphonuclear leukocvtes5 ,6,7 and
also causes diverse etfects such as systemic hypotension,4 ,8 ,9 extravasa-
tLontof protein-rich plasma,8'10 pulmonary hypertension,11 bronchocons-
triction 2 and glycogenolysis. This wide spectrum of actions for a unique
molecule, in combination with its ability to promote the activation of ma-
many different types of cells and activation systems have suggested that
PAF-acether has an important function in the "entangled web" of humoral
and cellular effectors of inflammation and in vascular homeostasis. In
this review we analyse the available data in order to ascertain whether
PAF-acether could be recognized as a shock factor in both humans and ex-
perimental animals.

* On sabbatical leave, Departamento de Farmacognosia, Facultad de Farmacia,
Universidad de Santiago de Compostela, Spain.
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H2C-O-(CH 2 )-CH3

H 15-17

E) CH3
Fig. 1. Chemical structure of platelet-

activating factor: 1-O-hexadecyl/
octadecyl-2-acetyl-sn-glycero-3-
phosphocholine.

EFFECT OF THE INFUSION OF PLATELET ACTIVATING FACTOR IN EXPERIMENTAL
ANIMALS

The first criterium to be fulfilled by a substance for it to be con-
sidered as a possible mediator of a physiological event, must be the abi-
lity of this substance to reproduce that physiological event. This has
been fulfilled with regard to PAF -acether and shock state by a number of
different laboratories. Initial studies with the synthetic molecule were
carried out in the rabbit by McManus et al.14 These authors showed that
the compound was extremely potent and caused the death of the animals
at very low doses. In these rabbits the clinical picture mimicked syste-
mic anaphylaxis and it was considered that the activation of rabbit pla-
telets by PAFacether played a central role in this process, since the
mortality rate was significantly reduced by platelet depletion 1I

Initial experiments from our group8 were carried out in normal Spra-
gue-Dawley rats using a racemic standard of paf-acether synthetized by
Prof. Godfroid16 (University of Paris). This seems important, because the
available standard at that time did not only contained the active enantio-
met, and therefore, it possessed a lower specific activity than those
employed at the present time. Under the above mentioned conditions, the
infusion or PAF-acether at doses as low as 0.05 ug induced a significant
reduction in blood pressure. This effect was instantaneous and disappeared
in a few minutes. With doses higher than 0.5 ug, there was no significant
differences in the reduction of mean arterial pressure in mm Hg, but the
effect was long-lasting. The effect of PAF -acether on peripheral vascular
resistance and cardiac output was explored by using plastic microspheres
labeled with 57Co and 113Sn. In these experiments, PAF-acether was found
to cause a peofound reduction of peripheral vascular resistance "pari
passu" with a fall of mean arterial pressure. Cardiac output showed simi-
lar values before and after PAF'-acether infusion. The ability of PAF -ace-
ther to induce the extravasation of protein-rich plasma was studied by

Table I. Biological Actions of Paf-acether

Activation of platelets
Activation of polymorphonuclear leukocytes
Systemic hypotension
Extravasation of protein-rich plasma
Pulmonary hypertension
Bronchoconstriction
Glycogenolysis
Cardiodepression and arrythmias
Glomerular filtration rate reduction
Mesangial cell contraction
Gastric ulcerogenesis
Release of'tissue-type plasminogen activator
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Fig. 2. Effect of the infusion of PAF-acether
on blood pressure. The acute hypoten-
sive effect of PAF-acether represents
the fall in mm Hg of the mean arterial
pressure. The prolonged hypotensive ef-
fect represents the area of the right
triangle under the mean arterial pres-
sure tracing. From Sanchez Crespo et
al. 8 , with permission.

measuring the changes of the hematocrit value and the clearance from the
circulation of 1251-HSA. The intravenous infusion of amounts of PAF-acether
higher than I ug, induced a marked increase of the vascular permeability,
as judged from a reduction of up to 70 % of the starting plasma level of
125I-HSA and an increase of the hematocrit value of up to 20 %. This extra-
vasation was dose-dependent and paralleled hematocrit changes. A good co-
rrelation was found between the prolonged hypotensive effect of PAF-acether
(measured by the area of the right triangles under the mean arterial pres-
sure tracing) and the variation of 125 1-HSA plasma levels. The effect of
PAF-acether on platelets and leukocytes was studied by performing periphe-
ral blood cell counts. In no case a significant reduction of the count was
observed, and this suggested to us that both platelets and neutroohils are
not important targets of PAF-acether actions in this particular model. The-
se initial findings have been confirmed and extended by other authors in
many other systems. Bessin et al.9 have shown that thromboxane A2 is gene-
rated in dogs following the infusion of PAF-acether, and the same authors
have demonstrated the occurrence of pulmonary hypertension, impairment of
myocardial metabolism and severe metabolic acidosis under these experimen-
tal conditions. Halonen et al. 17 have also showed that the hemodynamic ac-
tions of PAFacether are platelet-independent even in those animal species
whose platelets are fully responsive to paf-acether. The cardiac actions
of PAF-acether consist of early alterations of the electrocardiogram, cha-
racterized by variations in heart rate and rhythm associated with a consis-
tent depression of the ST segment, a sign of subendocardial ischemia, and
a negative inotropic effect which is observed in the isolated guinea-pig
heart with very low concentrations of paf-acether1 8 .

Studies on isolated lungs have provided controversial data with regard
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to the mechanisms involved in the action of PAF-acether. On the one hand,
Hamasaki el al.19 have observed an elevation in the airway and vascular
pressures in guinea pig lungs perfused with platelet-free Krebs-Ringer so-
lution. These effects were associated with stimulated synthesis of throm-
boxane A2 , but the mechanism of their production was not determined. On the
other hand, Heffner et al.20 have found that the potential of PAF-acether
to produce pulmonary hypertension and edema in isolated rabbit lungs was
dependent on the ability of rabbit platelets to generate thromboxane A2.
To make this question even more complex, Vargaftig and coworkers12 have
provided evidence suggesting that PAF-acether possibly releases from pla-
telets a bronchoconstrictor component, distinguishable from thromboxane
A2 that can be depleted by reserpine administration to the animals.

The effect of paf-acether on kidney circulation has been studied by
several groups of authors21 ,2 2 ,23 ,24 . Most results agree as to the vaso-
constrictor action of this compound, which results in dose-dependent re-
ductions in renal blood flow, glomerular filtration rate, urine volume and
urinary sodium excretion. Once more, the possible involvement of arachido-
nate metabolites in the mediation or in the modulation of the action of
PAF-acether has been suggested and most results agree as to the appearance
of these changes in the absence of both systemic hypotension and signifi-
cant platelet-count reduction. In addition, PAF-acether has been found to
be an active agonist at the glomerular level, since it can stimulate the
contraction of mesangial cells influencing their function25 and increasing
the permeability of the glomerular capillary wall26 .

A recent report by Rosam et al.27 has shown potent ulcerogenic actions
of PAF-acether on the gastric mucosa. These actions do not seem to be at-
tributable solely to the hypotensive effect of PAF-acether and, apparently,
are not mediated via effects on platelets or cycloxygenase products. This
finding is a new data linking PAF-acether and the pathogenesis of shock,
since there is a close association between septic shock and acute gastric
damage.

THE PLACE OF PAF-ACETHER IN THE "ENTANGLED WEB" OF CELLULAR AND HUMORAL
EFFECTORS OF SHOCK

The study of PAF-acether in the last years has shown that this me-
diator displays almost universal agonistic properties. This is probably
due to the ability of PAF-acether to stimulate calcium entry and the de-
gradation of inositol phospholipids28 . This wide spectrum of pharmacolo-
gical actions makes it likely the involvement of PAF-acether in a clinical
condition in which these pathophysiological changes are observed. The shock
state is probably the only clinical condition in which all the pathophy-
siological changes induced by PAF-acether infusion can be simultaneously
observed.

Another important aspect is the extremely elevated capacity of PAF
acether to promote the generation and release of secondary mediators. The
relationship between PAF-acether and eicosanoids has been observed in pla-
telets29 , neutrophils30 and endothelial cells31 . In all these different
types of cells, PAF-acether has been found to initiate the generation of
arachidonate metabolites and this has suggested that all the pharmacolo-
gical actions of PAF-acether are the consequence of the generation of the-
se secondary mediators. Recent studies with pharmacological antagonists
of eicosanoids and inhibitors of the enzymes involved in their generation
have provided controversial results, but the present opinion is that the-ge-
neration of these secondary mediators is an additional property of PAF-
acether and not its unique way of inducing biological responses. As an
example of this assertion, it can be mentioned that inhibition of plate-
let-cyclooxygenase by aspirin only modifies the response to low concentra-
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tions of PAF-acether, whereas the response to high concentrations is unaf-
fected32 . This probably suggests that the generation of thromboxane A2 by
PAF-acether stimulated platelets could potentiate the response to subopti-
mum concentrations of the agonist, but it is not required when the agonist
is fully acting.

Doebber et al.33 have recently published that PAF-acether provokes
the intravascular secretion of lysosomal hydrolases, and Emeis and Kluft 34

have reported that PAF -acether stimulates fibrinolysis in rats by promoting
the generation of tissue-type plasminogen activator from endothelial cells.
Hartung and Hadding35 have recently published that PAF-acether promotes the
synthesis of complement factors by macrophages "in vitro". The ability of
PAF-acether to initiate the prodlgtion of oxygen toxic metabolites by
neutrophils and other cell types has also been reported.

The question of whether PAF-acether is an important factor in the re-
cruitment of all these mediators in shock could be revolved only by the
use of specific antagonists of the PAF-acether receptor.

GENERATION OF PAF-ACETHER DURING THE SHOCK STATE

The next hypothesis to be tested was to ascertain whether PAF-
acether could be generated when experimental animals are challenged with
some of the agonists which can initiate the shock state. The first descrip-
tion of the presence of PAF-acether in blood from rabbits with systemic
anaphylaxis was published by Pinckard et al.37 in 1980. These authors de-
veloped a procedure which allowed the inactivation of serum acetylhydro-
lase and permitted the isolation and assay of PAF-acether.

Soluble aggregates of immunoglobulin G can initiate a number of res-
ponses in experimental animals which mimic the pathophysiology of the shock
state, and they are a potent stimulus for the generation of PAF-acether
"in vitro" 38 ,39 ,40 . This suggested to us that PAF-acether could be a like-
ly endogenous mediator of the physiological responses initiated by solu-
ble aggregates of immunoglobulin G4 1. A set of experiments was carried
out in normal mice in which the variations of the intravascular volume we-
re measured by using 5 1Cr-labeled homologous red cells. Simultaneously,
the liver and the spleen of these animals were removed and placed in Po-
tter-glass homogenizers containing methanol and kept on ice. These organs
were mechanically disrupted and the methanolic extract centrifuged at
1000 x g. Phase formation was achieved by adding chloroform and water, and
the chloroform phase collected, evaporated to dryness and treated by thin
layer chromatography on silica gel plates. The lipid fraction migrating as
PAF-acether was eluted and tested on (3H) serotonin-labeled rabbit plate-
lets. Under these conditions, we were able to show that a lipid fraction
analogous to PAF-acether could be obtained from the liver and the spleen
of the animals which had received an intravenous challenge with soluble
aggregates of immunoglobulin G. Furthermore, the apperance of this subs-
tance preceded the occurence of blood volume depletion due to extravasa-
tion of protein-rich plasma. Previous treatment of the animals with qui-
nacrine or depietion of mononuclear phagocytes by total irradiation indu-
ced both the disappearance of the extravasation induced by the aggregates
and the abrogation/diminution of the PAF-acether generated by the spleen
and the liver. Buxton et al.12 have used a model of "in situ" perfused rat
liver challenged with soluble aggregates of immunoglobulin G. Under these
conditions, a compound analogous .o PAF-acether could be found in the ef-
fluent, and, interestingly, this conmound was able to initiate glycogeno-
lysis in the hepatie call.
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Fig. 4. Time course of PAF-acether formation
and peritoneal infiltration of cells.
Rats were injected with 2x108 CFU of
E. coli and at the times indicated
peritoneal cells were counted and
paf-acether measured in the perito-
neal exudate and in the spleen. From
Ifiarrea et al. 42, with permission.
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Fig. 5. HPLC separation of fractions of lipid ex-
tracts from peritoneal cells which migra-
ted in thin layer chromatography as paf-
acether. UV absorbance at 214 nm was mo-
nitored and the ability to release (3H)
serotonin from rabbit platelets assayed
in each fraction, Numbered arrows indi-
cate the position of the standards emplo-

yed: 1, phosphatidylethanolamine; 2, phos-
phatidylcholine. The dotted line repre-
sents the chromatographic behaviour of

a (3H) PAF-acether standard. From Iiarrea
et al. 4 , with permission.

Gram-negative sepsis is a major cause of severe circulatory shock, and

this condition may be mimicked in laboratory animals by the infusion cf ei-
ther living bacteria or bacterial endotoxin. Gram-negative sepsis was in-
duced in rats by intraperitoneal injection of E. coli 4 2 . Under these cir-
cumstances septicemia occurred and mortality reached a 50 % rate when rats
were injected with 2 x 138 CFU (coiony forming units). The animals inocu-
lated with the amounts of bacteria which induce mortality showed a time-
and dose-dependent increase of vascular permeability, as judged from the
presence of abundant peritoneal exudate and by the depletion of the circu-
lating volume. At the same time, PAF-acether was found in the peritoneal
exudate and in the spleen of these animals. The generation of PAF-acether
at both levels preceded the appearance of blood volume depletion, and, ap-
parently, the generation and release of PAF-acether seemed to be the trig-
ger for the development of extravasation and vascular volume depletion.
Interestingly, in a recent report by Doebber et al.4 3 , PAF -acether was iso-
lated from the blood of experimental rats which developed systemic hypoten-
sion in response to the intravenous injection of bacterial endotoxin.

ANTAGONISM OF PAF-ACETHER AND THE SHOCK STATE

The recent development of specific antagonists of the PAF-acether re-
ceptor has provided the opportunity to fulfil a primary criterium as to
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Fig. 6. The time course of extravasation
of 125 1-BSA in response to solu-
ble aggregates of IgG and its
inhibition by BN 52021. Rats we-
re pretreated with vehicle (0) or
5 mg/kg (A) or 1 mg/kg (0) of BN
52021. At time 0 the challenge
was performed with 40 mg/kg of
aggregated IgG. From Sanchez Cres-

po et al. 4 6 , with permission.

the involvement of this potent mediator in the pathophysiology of the shock
state. These studies have been carried out in different shock types and
also with different compounds. Since PAF-acether has been initially asso-
ciated with anaphylaxis, some experiments have been performed in sensiti-
zed animals challenged with the specific antigen4 4 ,4 . Under these condi-
tions, two chemically unrelated PAF-acether antagonists, BN 52021 and CV
3988, have been found to specifically antagonize both systemic hypoten-
sion 4 5 and bronchoconstriction in response to the antigen4 4 .

Since the possible role of PAF-acether in the pathophysiology of the
circulatory shock has been enlarged to include other etiological ractors,
the effect of a previous treatment with PAF-acether antagonists has been
tested in normal rats challenged with an intravenous bolus of soluble ag-
gregates of immunoglobulin G4 . In these experiments, the animals recei-
ved an intravenous infusion of 1-5 mg/kg of the specific PAF-acether an-
tagonist BN 52021 (IHB-IPSEN, Le Plessis Robinson, France), a compound
extracted from the Ginkgo biloba tree, and 10 min later an intravenous
challenge with soluble aggregates of IgG. Under these conditions, a sig-
nificant reduction of the extravasation and of the hypotensive response
to the challenge was observed. Some experiments were also performed injec-
ting the aggregates first, and the PAF-acether antagonist some minutes af-
ter the completion of the hypotensive response. In this case, the infusion
of the drug reversed the hypotension.

In another study by Terashita and coworkers4 7 , the specific antago-
nist of the PAF-acether receptor CV 3988 was found to inhibit the nypoten-
sive response to bacterial endotoxin. Again, when CV 3988 was injected 7-10
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Fig. 7. Reversal of the hypotension induced with
paf-acether and IgG aggregates by intra-
venous injection of BN 52021. (A) A nor-
mal rat received a bolus dose of 2.5 ug
per kg of paf-acether, and at the time
indicated 5 mg per kg of BN 52021. (B)
Another rat received a bolus dose of
40 mg per kg of aggregated IgG and at
the time indicated 5 mg per kg of BN
52021. The bar indicates 1 min. From
Sanchez Crespo et a146 , with permission.

minutes after endotoxin, the hypotension was rapidly reversed. In a
recent report, Doebber et al. 43 have been able to inhibit the hypotensive
response to bacterial endotoxin with kadsurenone, another specific PAF-ace-
ther receptor antagonist. In this study the reversal of the hypotensive
response was also observed when kadsurenone infusion followed the intra-
venous administration of endotoxin. Similar findings have been reported
by Adnot et al. 48 using endotoxin from S. tiphymurium and BN 52021. Etien-
ne et al. 49 have also shown that BN 52021 diminishes the mortality rate
in response to the same endotoxin. In this study BN 52021 was also found
to reduce the elevation of rectal temperature. Preliminary data from Doeb-
ber et al. have shown that L 652,731, a compound with PAF-acether antago-
nistic properties, blunts the responses to intravenously infused immuicom-
plexes. Feuerstein et al. 50 have reported that thyrotropin-releasing hormo-
ne (TRH), a tripeptide with potent antihypotensive activity in experimen-
tal shock, is a potent PAF-acether antagonist in the unanesthetized guinea
pig.

In a recent study from this laboratory 51 , the presence of high levels
of PAF-acether has been shown in samples of blood from cirrhotic rats.
These animals were made cirrhotic by the combined administration of oral
phenobarbital and inhaled carbon tetrachloride and they showed a hyperdy-
namic state with enhanced cardiac output, decreased mean arterial pressure
and reduced peripheral vascular resistance. When these animals were i.,Lra-
venously treated with BN 52021, a decrease in cardiac output with increase
in peripheral vascular resistance was also observed. In contrast, mean ar-
terial pressure increased slightly, but not significantly. The reason for

171



an increased production of PAF-acether in cirrhotic animals is not yet
clear. Since cirrhotic animals often have endotoxemia because of altera-
tions of gut permeability and hepatic degradation of endotoxin, and since
bacterial endotoxin has been found to initiate the generation of PAF-
acether in rats, it is difficult to ascertain if in addition to endotoxin
other stimuli play a role in the generation of PAF-acether in cirrhotic
animals.

THE ROLE OF PAF-ACETHER IN HUMAN DISEASES RELATED TO SHOCK

The measurement of PAF-acether in fluids and biological samples from
patients with the diverse clinical conditions that could lead to the shock
state has not been an easy task. This had been succesfully attempted by
Pinckard et al.38 for the first time in the anaphylactic shock of the rab-
bit. The clinical condition which most resembles anaphylaxis in which PAF-
acether has been measured , is urticaria "a frigore". Grandel et al. 5 2 ha-
ve been able to show a rapid elevation of the levels of PAF-acether in
blood from patients with this condition, preceding the appearance of ede-
ma after immersion of the hand in a mixture of ice and water. The method
employed by these authors was similar to that described in this labo-
ratory 53 to extract and assay PAF-acether in human blood, the onli signifi-
cant difference being a rapid centrifugation step to separate plasma from
blood cells. Grandel and coworkers54 have also been able to measure high
amounts of PAF-acether in sputum from patients suffering from clinical con-
ditions related to asthma. In another study from this laboratory5 5, we
found high levels of PAF-acether in blood and ascitic fluid from patients
with cirrhosis of the liver. The highest levels were found in decompensated
patients. Compensated cirrhotics showed lower blood values, but higher than
controls. PAF-acether levels in ascitic fluid were similar to those of
blood. Acetylhydrolase activity, the main catabolic enzyme for PAF-acether
showed similar values in both patients and controls which probably indica-
tes that a reduced catabolism is not the reason why PAF-acether levels are
increased in cirrhotic patients. These findings can be relevant to shock
pathophysiology, since pathophysiological disturbances similar to those
existing in shock are usually observed in cirrhotic patients and this ana-
logy is even more marked in the patients with the hepato-renal syndrome.
In fact, cirrhotic patients show peripheral vasodilatation and hypotension,
renal perfusion presents considerable lability and changes in vascular
permeability seem to be present in cirrhosis.

Table 2. Effect of BN 52021 on the hemodynamics of cirrhotic rats

CONTROL CIRRHOTIC
BASAL BN 52021 BASAL BN 52021

CO 41.1+8.8 47.9+12.4 53.4+5.4* 35.9+3.6**
ml/min.100g
PVR 1.38+0.26 1.22+0.18 0.86+0.11*1.34+0.17',
mmHg.min.100g/ml
MAP 128+7.9 132+7.2 97.5+5.6* 100+5.4*
*Indicates a p<0.05 as compared to control rats.**Indicates
p<0.05 as compared to the basal period. Figures of CO and PVR
have been corrected for the weight of the animals and are ex-
pressed as the values corresponding to 100 g body weight. CO
indicates cardiac output, PVR indicates peripheral vascular re-
sistance, MAP indicates mean arterial pressure.From Villame-
diana et al. 51 , with permission.
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In a preliminary report of a patient with a clinical condition known
as Atkinson syndrome56 , and characterized by the sudden occurrence of hypo-
tension, edema due to the extravasation of protein-rich plasma, monoclonal
gammapathy and hypocomplementemia, it has been observed that the use of a
Ginkgo biloba extract enriched in BN 52021 has significant beneficial effect
on all the clinical manifestations. This has suggested the involvement of
PAF-acether in the pathophysiology of this condition, but no other data
apart from the effect of PAF-acether antagonist substantiate the involve-
men t of this mediator in this interesting clinical situation.

CONCLUDING REMARKS

PAF-acether, a recently described inflammatory mediator seems to be
a shock factor in experimental animals. Its antagonization in experimental
animals has shown promising reults in acute models. With regard to more
chronic models and human diseases, more studies are needed.
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I

MECHANISMS OF CIRCULATORY COLLAPSE INDUCED BY
PAF-ACETHER

R. E. Goldstein, F. R. M. Laurindo, D. Ezra and G. Z. Feuerstein
4 Divisions of Cardiology and Clinical Pharmacology and
] Neurobiology Research Unit, Departments of Medicine,

Pharmacology, and Neurology Uniformed Services University of
Health Sciences Bethesda, Maryland 20814

PAF-acether (1-0-alkyl-2-acetyl-sn-glyceryl-3-phosphorylcholine) is an
inflammatory mediator with potent circulatory actions (1). Release of this
agent by activated leukocytes, macrophages, platelets, and thrombin-stimu-
lated endothelial cells is likely to occur during Ig-E related anaphylaxis
or sepsis. Adverse effects of PAF-acether may contribute significantly to
circulatory deterioration and collapse that can accompany these conditions.

The cardiovascular actions of PAF-acether have been examined in several
different experimental contexts. When studied in vitro, PAF-acether can
alter vascular smooth muscle tone in addition to its potent capacity to
promote platelet aggregation (2,3). When administered to isolated, perfused
guinea pig hearts, PAF-acether reduces coronary blood flow and diminishes
contractile performance of the left ventricular myocardium (4,5). When
given to intact animals, PAF-acether can induce profound systemic arterial
hypotension and even sudden death (6-9). The origins of this abrupt
circulatory collapse are unclear. During more prolonged PAF-induced hypo-
tension, cardiac output and left ventricular contractility are decreased and
both systemic and pulmonary vascular resistances are increased (7). In
addition, effective arterial blood volume falls and hematocrit rises, sug-
gesting extravascular plasma sequestration (6). Previous data do not
clarify which of these multiple alterations is causal and which a secondary
consequence of poor cardiovascular function. Less attention has been
focused on early hemodynamic changes during onset of PAF-induced circulatory
collapse. In this phase, PAF-acether causes severe rises in pulmonary
vascular resistance accompanied by elevated plasma levels of thromboxane A2
(TXA2) (7-9). In both domestic pigs and rabbits, PAF-initiated systemic
arterial hypotension parallels TXA2 release and prior cyclooxygenase block-
ade largely prevents the hypotensive response (8,10,11).

To clarify the complex circulatory actions of PAF-acether we adminis-
tered this substance to in situ, blood-perfused hearts of domestic pigs.
Intracoronary administration was utilized to evaluate direct influence on
coronary perfusion. Intravenous administration was employed to assess
PAF-acether actions on integrated circulatory function.
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CORONARY STUDIES

Methods Domestic pigs (9-12 weeks old) weighing 25-35 kg were sedated
with ketamine hydrochloride (20 mg/kg per hr i.v.) and anesthetized with
pentobarbital sodium (2-4 mg/kg per hr i.v.). The pigs were ventilated with
a Harvard respirator modified to deliver 3 cm H 0 end-expiratory pressure.
Ventilatory rate and inspired oxygen concentration were adjusted to maintain
arterial blood gas concentrations within physiologic limits. Hematocrit was
25-32% (normal for pigs of this age). Rectal temperature was maintained at
37.5-38.0*C by an external heating pad. Catheters filled with heparinized
saline were placed in the jugular vein and internal mammary artery. The
left ventricular cavity was catheterized via a carotid artery. Mean
systemic arterial pressure, left ventricular pressure, and the surface
electrocardiogram were monitored continuously.

A left lateral thoracotomy was performed and the heart suspended in a
pericardial cradle. A circumferential electromagnetic flow probe was placed
around a proximal portion of the left anterior descending (LAD) coronary
artery and attached to a Model 501D Carolina square-wave flowmeter (Carolina
Medical Electronics, King, NC). A fine Tygon catheter used for administra-
tion of PAF-acether was introduced into the LAD several millimeters distal
to the flow probe. Pure synthetic PAF-acether (1-0-hexadecyl-2-acetyl-sn-
glyceryl-3-phosphorylcholine) was kindly provided by Dr. F. Snyder, Oak
Ridge Associated Universities (Oak Ridge, TN). Each dose was dissolved in
0.1 ml sterile, pyrogen-free 0.9% NaCl (vehicle), loaded into the LAD
catheter, and followed by a 0.5 ml vehicle flush (catheter volume 0.2 ml).
The pH of all injection solutions was 7.15-7.20. After baseline recordings
of mean LAD coronary blood flow (CBF) and other measurements, a 0.5 ml bolus
of vehicle was injected into the LAD. This uniformly failed to affect base-
lines. Individual bolus doses of PAF-acether were then injected over 20 sec
in an ascending order: 0.03, 0.1, 0.3, 1, 3, and 10 nmol. After each
injection, all parameters were continuously monitored for 10-15 min or until
return to baseline.

In further experiments to study effects of continuous infusion, PAF-
acether was administered at 1-6 nmol/min for 5-8 min. Regional contractil-
ity was assessed in these studies by a pair of 2 mm piezoelectric crystals
inserted into the midwall of the left ventricle in the distribution of the
LAD, oriented parallel to the diagonal branches, and attached to a sonomi-
crometer (Triton Technology, Inc., San Diego, CA). This allowed repeated
assessment of myocardial fiber length in systole and diastole as well as
myocardial shortening fraction [(diastolic length - systolic length)/dia-
stolic length].

To evaluate the biochemical consequences of PAF-acether, blood was
withdrawn rapidly from a catheter in the left ventricle (arterial sample)
and from the coronary vein draining the territory of the distal LAD. Plasma
was separated by rapid centrifugation (Beckman Microfuge B) and immediately
frozen on dry ice. Thromboxane B2 (TXB2 ) was determined by radioimmunoas-
say. Plasma lactate was measured by routine enzymatic methods.

Data are reported as mean values ± standard error.

Results Intracoronary bolus administration of PAF-acether (7 pigs)
resulted in a consistent biphasic change in CBF (Fig. 1). An initial, brief
rise was followed immediately by a somewhat more long-lasting decline. The
initial rise was not accimpanied by systemic effects, implying a rapidly
transient coronary vasodilator action of PAF-acether. This dose-dependent
effect increased CBF up to 50% (10 nmol dose) and was not influenced by
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prior cyclooxygenase blockade with indomethacin, 6 mg/kg i.v. The later
fall in CBF was also dose-dependent, lowering CBF by as much as 90% of
pre-treatment baseline value (10 nmol dose). Larger doses of PAF-acether
(1-10 nmol) produced hypotension and electrocardiographic evidence of
myocardial ischemia along with steep declines in CBF. Calculated coronary
vascular resistance rose in this phase from a baseline of 2.6±0.3 mm Hg/ml
per min at baseline to 18.4±0.7 after 10 nmol of PAF-acether. Unlike the
initial CBF rise, the subsequent PAF-induced decline in CBF and its con-
comitants were markedly diminished by pretreatment with indomethacin.
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Fig. 1. Effect of intracoronary PAF-acether, 0.3 nmol, on
coronary blood flow (CBF) and systemic hemodynamic
variables in a domestic pig. MBP, mean blood pres-
sure; HR, heart rate; dp/dt, peak rate of rise of left
ventricular pressure (in mmHg/sec); abclssa, time
after PAF-acether administration into the left ante-
rior descending coronary artery. Reproduced, with
permission, from Prostaglandins, Leukotrienes, and
Lipoxins (OM Bailey, editor). Plenum (NY) p 304
(1985).
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During PAF-induced periods of ischemic electrocardiographic abnormality
in 4 pigs, coronary venous lactate rose (p<0.05) from 5.0±0.3 mgZ at base-
line to 16±6 after PAF-acether with the development of net myocardial
release of lactate. Simultaneously, TXB levels rose about equally in
arterial and coronary venous samples: arterial TXB increased from 0.7±0.4
ng/ml to 2.3±0.8 (p<0.05 ) while venous TXB2 rose from 0.7±0.3 to 2.9±0.5

p<O.05).

In contrast to results after bolus administration, steady intracoronary
infusion of PAP-acether at 1 nmol/min produced no sustained change in CBF,
coronary vascular resistance, or mean arterial pressure. Heart rate rose
slightly. However, end-diastolic myocardial segment length and systolic
shortening in the LAD territory and left ventricular end-diastolic pressure
decreased throughout the period of infusion. Similar but more marked
changes in left ventricular performance were seen with infusion of 3
nmol/min (Fig. 2). Although CBF did not change, systemic hypotension did
occur at this higher infusion rate. All hemodynamic changes reversed
rapidly at the end of infusion.

Discussion. Bolus intracoronary administration of PAF-acether revealed
the capability of this inflammatory mediator to alter coronary vascular

PAF 3 nmol/min
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1 3 4 '67 10 20 ~ 0 40
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Fig. 2. Effect of PAF-acether, 3 nmol/min, infused into the left
anterior descending coronary artery of a domestic pig.
D/S, distance between crystals in end-diastole
(circles)/end-systole (triangles); verticals connecting
circles and triangles (D-S), extent of systolic shorten-
ing (mm) in region between crystals; SF, shortening
fraction (D-S)/D, shown as a percentage. Black horizon-
tal bar represents the duration of the infusion. Closed
symbols are data obtained after infusion was halted.
Reproduced, with permission, from Prostaglandins,
Leukotrienes, and Lipoxins (JM Bailey, editor). Plenum
(NY) p 307 (1985).
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resistance, first in a downward and then in an upward direction. The latter
phase can result in marked coronary underperfusion with electrocardiographic
and metabolic evidence of transient myocardial ischemia. Although the exact
mechanism of this action of PAF-acether is not known, our data suggest that
cyclooxygenase products, possibly TXA2, mediate this latter phase. The
earlier coronary vasodilation appears independent of cyclooxygenase metabo-
lites and may reflect the effects of a specific platelet polypeptide
released by PAF-acether (12).

The effects of continuous intracoronary infusion of PAF-acether are
quite distinct from those seen after bolus administration. CBF changes are
minimal, possibly due to buffering of coronary constrictor action by the
vasodilator polypeptide. However, left ventricular changes are seen that
are not characteristic of either myocardial ischemia or a primary myocardial
depressant action of PAF-acether. Rather, the declines in end-diastolic
pressure and myocardial segment length are most suggestive of underfilling
of the left ventricle. These phenomena can also account for decreased
systolic shortening via the Frank-Starling mechanism. PAF-induced left
ventricular underfilling might be explained by peripheral venous pooling or
extravascular sequestration of plasma volume (6). However, administration
of even large volumes of intravenous fluids failed to reverse these changes.
The unexplained nature of these findings led to further study of the
influence of PAF-acether on pulmonary vessels and right ventricular
function.

It should be noted that the coronary and myocardial effects of PAF-
acether, even during infusions, are transient. Thus, if PAF-induced
platelet or leukocyte aggregation figure in these phenomena, the impact of
such aggregation on the heart appears fully reversible.

PULMONARY VASCULAR AND VENTRICULAR FUNCTION STUDIES

Methods - The initial phases and general care of this preparation were
the same as those described in preceding paragraphs. After thoracotomy 9
domestic pigs were instrumented with a circumferential electromagnetic flow-
meter cuff around the ascending aorta. A catheter-tip manometer (Millar
Instruments, Houston, TX) was placed in the left ventricle via the left
carotid artery. Fluid-filled catheters were positioned for pressure
measurement in main pulmonary artery, right atrium, and a systemic artery
(the left internal mammary). An infusion catheter was placed in the LAD of
6 pigs; in the remaining 3, drugs were given intravenously. A peir of
piezoelectric crystals was inserted in the left ventricular myocardium, as
described above. A second pair was inserted into the free wall of the right
ventricle at minimum depth needed to bury each 2 mm crystal. The right
ventricular intercrystal axis was positioned parallel to the LAD; !ts
midpoint was located approximately 2 cm lateral to the midpoint of the LAD
and 3 cm caudal to the pulmonic valve ring. Both crystal pairs were
attached to the multichannel sonomicrometer mentioned previously.

Once baseline values were obtained, 7 pigs were infused with PAF-
acether, 40-280 pmol/kg/min. Doses were begun at the low end of this range
and increased every 2 min until the appearance of systemic hypotension (mean
arterial pressure decrease in excess of 50Z), at which point the infusion
was halted. Observations were continued until baseline values returned or,
in 2 cases, until death. Six animals received infusions of the stable
thromboxane A analog, U-46619 (300-3000 pmol/kg/min), for comparison with
the actions o PAF-acether. A suitable interval (45-60 min) was interposed
between successive infusions to allow for return and stabilization of hemo-
dynamic parameters.
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Data are reported as means ± standard error and analyzed by Student's
t test (two-tailed) and ANOVA.

Results. Hemodynamic findings were the same in subgroups
receiving intracoronary and intravenous PAF-acether except for the transient
changes with intracoronary infusion described previously. Findings from
each of these subsets are pooled in subsequent analyses.

Infusion of PAF-acether produced a progressive rise in pulmonary
vascular resistance (PVR), eventually reaching 5-120 (mean 44) x baseline
values (Fig. 3). This increase was initially associated with a rise in mean
pulmonary artery pressure from baseline value of 19±1 mmHg to a peak of
45±2. However, pulmonary artery pressure actually fell to 25±4 mmHg with
further progression of hemodynamic abnormality. Cardiac output and stroke
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Fig. 3. Effects of PAP-acether, 40-280 pmol/kg/min i.v., in 7
domestic pigs are shown by comparison of pretreatment
baseline mean value (left bar) and mean value at peak
effect (right bar). Verticals denote standard errors.
PAF-acether caused a progressive rise in pulmonary
vascular resistance (PVR), initially accompanied by
increased pulmonary artery pressure (PAP). Right
ventricular dysfunction, developing with marked rises in
PVR, featured elevation in mean right atrial pressure
(RAP) and severe decline in cardiac output (CO). With
peak effects on CO, systemic arterial pressures also
fell to shock levels. Reproduced, with permission, from
Pharmacol Res Commun, in press (1986).
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volume declined steadily during PAF-acether infusion to values 75 - 98%
below baseline. Systemic arterial pressure also fell from a baseline value
of 94±3 mmHg to an endpoint value of 34±5. However, this pressure decrement
only reached statistical significance at extremes of cardiac output reduc-
tion. Systemic vascular resistance was little changed at first but later
rose by 144% with falling systemic arterial pressure.

These PAP-induced alterations were accompanied by signs of right
ventricular overload and failure: mean right atrial pressure rose from 3±1
mmHg to 13±1 with evidence of tricuspid regurgitation on the right atrial
pressure tracings; right ventricular end-diastolic fiber length increased
from 9.7±1.0 mm to 11.0±1.0 mm (p<0.01); and right ventricular shortening
fraction fell from 10±1% to 5±1%. Left ventricular shortening fraction was
also severely reduced from 13±1% to 1±2%. However, left ventricular indices
showed significant underloading: left ventricular end-diastolic pressure
fell from 12±1 mmHg to 2±1 mmHg and left ventricular end-diastolic fiber
length fell from 11±1 mm to 8.0±0.4. Each of these effects of PAF-acether
was reproduced in 5 pigs by gradually progressive, mechanically-induced
occlusion of the main pulmonary artery.

Confirmatory studies were performed in 12 closed-chest chloralose-anes-
thetized domestic pigs. Intravenous bolus administration of either 3 or
10 nmol PAF-acether produced the same effects on cardiac output and pres-
sures in cardiac chambers and great vessels. On average, PAF-acether,
10 nmol, raised PVR 24-fold, reduced systemic arterial pressure from
110±3 mmHg to 45±5, augmented systemic vascular resistance by 170%,
increased right atrial pressure from 4±1 mmHg to 17±2 with signs of tricus-
pid regurgitation, and lowered left ventricular end-diastolic pressure from
10±2 mmHg to 2±1. Radioimmunoassay performed on simultaneous mixed venous
plasma samples showed that PAF-acether raised TXB levels from 0.'7±0.1 ng/ml
to 2.5±0.7 (3 nmol) or 3.0±0.3 (10 mnol). Pretreatment with indomethacin,
6 mg/kg i.v., eliminated this rise. Indomethacin pretreatment also
eliminated all hemodynamic changes produced by PAF-acether, 3 nmol, and
significantly attenuated changes caused by 10 nmol. Nevertheless, 10 nmol
PAF-acether did raise PVR 10-fold, lower systemic arterial pressure from
113±6 mmHg to 79±11, increase systemic vascular resistance by 58% and raise
right atrial pressure from 4±1 mmHg to 7±1 in the absence of any change in
TXB2 levels (0.74±0.18 ng/ml before and 0.76±0.06 after PAF-acether).

Intravenous or intracoronary infusion of the stable thromboxane A2
analog, U46619, in 6 open-chest pigs produced effects that closely resembled
those of PAF-acether infusion. A progressive, dose-related ris in PVR and
fall in cardiac output culminated in severe systemic arterial hypotension
and signs of right ventricular overload and failure. Reduction in left
ventricular shortening fraction also occurred with infusion of U-46619
accompanied by declining left ventricular end-diastolic pressure and fiber
length. As in the case of PAF-acether, circulatory effects waned and
usually reversed completely in the 30 min after discontinuation of infusion.

Discussion. Our results confirm the capacity of PAF-acether to
produce profound shock, manifested as severe systemic arterial hypotension,
markedly reduced cardiac output, and increased systemic vascular resistance.
These changes were accompanied and even anticipated by progressive and very
severe rises in PVR. Both right and left ventricles showed signs of reduced
contractile function (diminished shortening fraction). The right ventricle
exhibited signs of acute myocardial failure: increased filling pressure and
end-diastolic fiber length along with decreased cardiac output, stroke
volume, and systolic shortening. The severe and abrupt rise in afterload
imposed by PAP-induced elevation of PVR was very likely a major factor in
precipitation of right ventricular failure. Reduced coronary perfusion,
particularly during srstemic arterial hypotension and right-sided diastolic
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pressure rise, and primary PAF-induced depression of inotropic state may
have interfered with the capacity of the right ventricle to cope with

enormously increased afterload. Our data suggest that the diminished
pumping action of the right ventricle was further compromised by tricuspid
regurgitation, probably 'ae to right ventricular dilation. Our results
exclude venous pooling or plasma sequestration as a significant factor
contributing to right ventricular dysfunction occurring soon after
administration of PAF-acether.

In contrast to the situation in the distended right ventricle, reduced
contractile function in the left ventricle was accompanied by evidence of
underfilling--decreased left ventricular end-diastolic pressure and fiber
length. Although diminution in the inotropic state of the myocardium might
contribute, reduced left ventricular contractile performance during
PAF-acether infusion is adequately explained by insufficient preload
(stretching of the myocardium just prior to systole). This insufficiency in
left ventricular preload probably reflects right ventricular incapacity to
sustain adequate blood flow through pulmonary vessels severely obstructed by
PAF-acether. Plausibility of this analysis is demonstrated by the capacity
of mechanical constriction of the main pulmonary artery to reproduce all
early hemodynamic consequences of PAF-acether infusion. If it were possible
to eliminate PAF-induced pulmonary vascular obstruction, the normally-filled
left ventricle might still be dysfunctional due to an unmasking of PAF-
induced contractile depression. This theoretical possibility, however, is
likely to be of little consequence. Measures that alleviate the influence

of PAF-acether on the circulation would probably act in the heart as well as
the lungs.

Results in open-chest and closed-chest animals show similar circulatory

effects of PAF-acether. PAF-induced changes observed in pulmonary vascular
function were not dependent upon concomitant thoracotomy, abnormalities in

blood gas concentrations, or a particular type of anesthesia, nor were they
exclusively related to either bolus administration or steady infusion. The
similarity of our data in domestic pigs and results of Kenzora et al. in
intact dogs (7) suggest that PAF-acether may have an obstructive influence
on in situ pulmonary vessels of many species.

Indomethacin blocked much of the pulmonary vascular response and other

consequences of PAF-acether. This finding plus the similar circulatory
actions of PAF-acether and the TXA 2 analog, U-46619, suggest that PAF-
induced release of TXA2 may be a major mechanism by which PAF-acether
causes early circulatory collapse. This concept is favored by the substan-
tial TXA2 release associated with PAF-acether administration. However, this
does not appear to be the sole mechanism of PAF-acether action in our model.
Even when PAF-induced TXA release was fully blocked, PAF-acether was able

to cause substantial rises in PVR and pulmonary artery pressure.

CONCLUSIONS

Release of PAF-acether by activated leukocytes or platelets can exert
profound deleterious effects on the circulation. Bolus administration of
PAF-acether directly into the coronary circulation causes a dose-related,
biphasic flow response--a brief fall in coronary vascular resistance
followed by a more prolonged rise. When severe, the latter phase is
associated with systemic hypotension and evidence of myocardial ischemia.
All aspects of this latter phase are substantially diminished by

cyclooxygenase blockade.

More steady and prolonged administration of PAF-acether, either by
intracoronary or intravenous route, discloses a different pattern of
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circulatory response. High doses rapidly cause profound systemic hypoten-
sion, circulatory collapse, and death. Examination of a broader dosage
range discloses a progressive rise in PVR with Increasingexposure to PAF-
acether. Initially, this is manifested chiefly by a rise in pulmonary
artery pressure. Greater rise in PVR initiates signs of acute right
ventricular failure: increase in right ventricular filling pressures and
dimensions and decrease in systolic shortening, stroke volume and cardiac
output. By contrast, the left ventricle shows signs of underfilling, most
likely the effect of reduced flow delivery from the pulmonary circulation.
In this phase of steady PAF-acether exposure, coronary flow changes are
modest and, in any event, cannot fully explain hemodynamic changes. When
progressively increasing PAF-acether administration results in systemic
hypotension, the right ventricle simultaneously exhibits signs of far-
advanced failure, including tricuspid regurgitation. Our data suggest that
the rise in PVR and resultant acute right ventricular failure are predomi-
nant factors producing circulatory collapse associated with PAF-acether
administration to domestic pigs.
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ABSTRACT

Various arachidonic acid metabolites are released from the lungs
during hypersensitivity reactions such as anaphylaxis or asthma.
Thromboxane A2 and leukotrienes were shown to play a key role in the
bronchoconstriction associated with these conditions. In our
experimeats, Reverse Phase High Performance Liquid Chromatography
(RP-HPLC) and Enzyme Immunoassay (EIA) techniques were use (a) to study
the profile of cyclooxygenase and lipoxygenase products released during
guinea pig anaphylaxis, (b) to characterize their time-course of release,
and (c) to investigate the complex interactions regulating their
synthesis. The lungs of guinea pigs sensitized to ovalbumin (100 mg
intraperitonealy and 100 mg subcutaneously) were perfused with Krebs
solution. Anaphylaxis was induced by specific challenge (ovalbumin, 100
ug/ml) and the effluent was collected at 1 min intervals for the measure
of prostaglandin E2  (PGE2 ), thromboxane B2  (TxB2 ), leukotrienes
B4  (LTB4 ) and D4  (LTD4 ). In a set of experiments, the
12-hydroxyheptadecatrienoic acid (HHT) and 12-keto-heptadecatrienoic acid
(12-keto-HT) were analysed. Our results showed that the time-course of
release of all the arachidonic acid metabolites were maximal

approximately 5-6 min following the onset of the challenge. Leukotriene
D4 and to a higher extent LTB 4 were the major lipoxygenase products
detected during anaphylaxis. Perfusion of the lungs with aspirin and
indomethacin decreased the formation of PGE2 and TxB2 but did not
modify the release of leukotrienes. On the contrary, BW755C and

eicosatetraynoic acid (ETYA) reduced the release of all icosanoids from
the lungs. FPL-55712, a selective leukotriene antagonist, significantly
reduced the release of PGE 2 , TxB2 , LTB4 and LTD 4  at the high

concentration (20 uM). In summary, this study made use of novel
techniques to quantify arachidonic acid metabolites in the effluent of
perfused lungs. New metabolites were described. Our study also stresses
the possible significance of LTB4 as a mediator of anaphylaxis and
asthma.
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INTRODUCTION

The release of "Slow Reacting Substance" ("SRS" - a mixture of
leukotriene C4 , D4  and E4 )

I -  by perfused guinea pig lung
following specific antigen challenge was first reported by Kellaway and
Trethewie4. Brocklehurst5 used the guinea pig ileum, a pharmacolo-
gical preparation which is exquisitely sensitive to SRS, to study the
time-course of release of SRS-A (Slow Reacting Substance of Anaphylaxis)
in the same experimental model. Piper and Vane6 described the release
of "additional factors" namely RCS (Rabbit aorta contracting substance -
now known to be a mixture of thromboxane A2 and prostaglandin endo-
peroxides) and other prostaglandin-like substances in addition to the
previously identified mediators SRS-A and histamine from guinea pig lung
during anaphylaxis. These mediators account for the symptoms of
immediate hypersensitivity reactions. Pharmacological evidence points to
a role for leukotrienes in the bronchoconstriction associated with
anaphylaxis and asthma. For instance, the administration of chemically
pure leukotrienes was shown to mimick the symptoms of asthma
crisis7 ,8 . However measurements of the various arachidonic acid
metabolites and especially lipoxygenase products in biological fluids are
relatively difficult and remain a handicap for assessing the full signi-
ficance of these compounds in health and disease.

The aims of the following study were:
(a) to use novel Reverse Phase High Performance Liquid Chromatography

(RP-HPLC)9 and Enzyme Immunoassay (EIA)1 0  techniques to study
the profile cyclooxygenase and lipoxygenase products during guinea
pig anaphylaxis,

(b) to characterize the kinetics of their release following antigen
challenge, and

(c) to investigate the interactions between the various mediators by
modulating their release by selected drugs.

MATERIAL AND METHODS

Guinea pig sensitization and lung perfusion

Guinea pig of either sex were sensitized with two initial doses of
ovalbumin (Sigma, Grade II, 100 mg, intraperitonealy and 100 mg subcuta-
neously) and a subsequent recall (10 mg intraperitoneally) one week
laterll, 12 .  Three weeks after the initial injections, the animals
were sacrificed and the heart and lungs were excised and perfused via the
pulmonary artery with oxygenated Krebs solution (15 ml/min) for 2 min.
The flow rate was subsequently decreased to 2 ml/min.

Sample collection and icosanoid measurements

Aliquots of effluents (0.5 ml) were collected before and 0, 2, 4, 6,
8, 10, 15, 20, 25 and 30 min following antigen challenge (ovalbumin,
Sigma, Grade IV, 100 ug/ml for 30 min) for the determination of
prostaglandin E2  (PGE2 ) and thromboxane B2  (TxB2 ). Aliquots
corresponding to one minute of perfusion (2 ml) were collected for 25 min
after the antigen challenge for the study of the time-course of release
of leukotrienes. However for the experiments using various drugs, the
collection of the complete 30 min effluent was done for the measurement
of leukotrienes. All samples were collected in tubes containing equal
volumes of cold methanol.

RP-HPLC analyses were performed with a C18 Radial-Pak cartridge
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(100 x 8 m; 10 urm particle size) as described beforel2,1 3 . PGB 2

(200 ng) was added as internal standard and each sample were centrifuged
(3000 g; 30 mnn). Supernatants were acidified and injected (4 ml) without
further treatment or in the cases where the volumes were 60 ml, the
samples were initially extracted with methanol before RP-HPLC analysis.

Elution of the arachidonic acid metabolites was monitored by ultra-
violet spectrophotometry at 229 nm (5-HETE; 5-hydroxyeicosatetraenoic
acid and HHT; 12-hydroxyheptadecatrienoic acid) and at 280 nm (Leuko-
trienes, diHETE, PGB 2 and 12-keto-HT;12-keto-heptadecatrienoic acid).
Quantification of these metabolites was done by comparison of the peak
areas with the internal standard. Corrections for differences in molar
extinction coefficients and recorder settings were performed. Recoveries
of the arachidonic acid metabolites in our experimental conditions were
estimated to be over 90%.

Prostaglandin E2 (PGE2 ) and thromboxane B2 were measured with
a novel EIA technique as described beforelO,1 4 .
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Figure 1. (Right Panel) Time-course of LTB4  (squares) and LTD4

(triangles) release from perfused guinea pig lungs during anaphylaxis.
Figure 1. (Left Panel) Time-course of HHlT (triangles and 12-keto-HT
(circles) release from perfused guinea pig lungs during anaphylaxis.
Aliquots corresponding to 1 mmn of perfusion (2 ml) were analysed by
RP-HPLC. Experiments were repeated at least 6 times and the figure is a

representative one.

Drugs used

The following drugs were used: aspirin (Sigma Chem., St-Louis,
U.S.A.); indomethacin (Merck Frosst, Montreal, Canada); BW755C (Welcome
Labs., Beckenham, U.K.); eicosatetraynoic acid (ETYA; Hoffman Laroche,
Nutley, U.S.A.). FPL-55712 and the leukotrienes have been kindly
provided by Dr P. Sheard of Fisans Ltd (U.K.) and Dr J. Rokach of Merck
Frosat (Canada) respectively.
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RESULTS

Time-course of the release of arachidonic acid metabolites

When perfused guinea pig lungs were challenged with ovalbumin,

LTB 4 and LTD4 were the only two 5-lipoxygenase products which could

be detected by RP-HPLC techniques in the two ml effluents. Maximal con-

centrations of LTB4 ( 40 pmole/2 ml) and LTD4 ( 12 pmole/2 ml) were
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Figure 2. Effects of aspirin on the Figure 3. Ef fects of indomethactn
release of PGE 2 (upper panel) , TxB2  on the release of PGE2 (upper panel),
(center panel), LTB 4 and LTD4 (lower TxB2 (center panel) , LTB4 and LTD4

panel) from perfused guinea pig (lower panel) from perf used guinea pig

lungs during anaphylaxis. Values are lungs during anaphylaxis. Values are

means -t SEM of 14, 5, 5, 7 (control, 1. 0, means t SEM of 14, 2, 3, 3, 3 (control,

5.0, 25.0 uM) observations for PGE2; 0.1, 1.0. 5.0, 10uM) observations for

16, 5, 5, 7 observations for TxB2 and PGE2; 16, 2, 3. 3, 3 for TxB 2 and the
the leukotrienes, leukotrenes.

190



reached approximately 5 min after the beginning of the challenge. The
amounts of leukotrienes rapidly decreased afterwards and were no longer
detectable after 10 min of perfusion. As shown clearly in Fig I (right
panel), the amount of LTB4 released was approximately three times the
amount of LTD4 . However the presence of 5-HETE, LTB4 , LTC4 , LTE4
and the w -oxidation products of LTB4 were not detectable in most
experiments.

55

* CONTROL CONTROL

BW755. : a mE TYA 5 .

-3 -3

2 *2

B 6 12 a 24 30 3 12 10 24 36

TIME (...} TINE 1.,.)

• CONTROL 300 
CONTROL

40 BW755, t M 240 ETYA 0 5 4

36 I

24 128

12 so

0 w:: 6 IS 1e 14 30 5 12- - I1S 24 30l

TIME (a,.) TIME (, )

75 60
LT8

4  * LT8
4

LT0
4  * LTO

4

so 48

45 I 38

a I4

S24

1 g 12

C0T. I I. CMfUI. I 8S

OW75. 1.'M) ETYA (1.,)

Figure 4. Effects of BW755C on the Figure 5. Effects of
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3 observations for TxB2 and the 2 uM) observations for PGE 2 ; 16,
leukotrienes. 3, 3, 2 observations for TxB2 and
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The left panel of Fig 1 shows the time-course of release of two
cyclooxygenase products, HHT 'and 12-keto-HT. The presence of these
compounds in the lung perfusates was confirmed by Gas ChromatographicMass
spectrometric analyses. The amount of the two products detected in each
of the sample analysed was similar and the maximal level (approximately
250 pmole/2 ml) was reached slightly after the peak level of leukotrienes
(respectively 5-6 min for 12-keto-HT and 12 min for HHT).
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• M Figure 6. Effects of FPL-55712 on

4 FPL55712 '2. 0 44 the release of PGE2 (upper panel),
20.M TxB2 (center panel), LTB4 and
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guinea pig lungs during anaphylaxis.
CValues are means + SEM o 20, 2,
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PGE2 , TxB2 and the
leukotrienes.
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Effect of selected inhibitors of arachidonic acid metabolism

The treatment of perfused guinea pig lung with aspirin 15 min before
and continuously during the antigen challenge resulted in a major
dose-dependent decrease of both PGE 2 and TxB2. As shown in Fig 2

(upper and center panels), the lowest concentration of aspirin used (1
uM) had little effect on the release of mediators. However increasing
the concentration to 5 uM strongly reduced the release of cyclooxygenase

products, and the concentration of 25 uM almost abolished it. The peaks
of release of the mediators were always reached 5 min after the beginning
of the challenge.
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The same concentrations of aspirin had no significant effects on
LTB4 and LTD4 released from the anaphylactic lungs. As shown in the
lower panel of Fig 2, control anaphylactic lungs released approximately
25 pmole of LTD 4 and 40 pmole of LTB 4 .

Indomethacin (0.1, 1.0, 5.0 and 10 uM) had effects very similar to
those of aspirin on the release of mediators of anaphylaxis. At the
lowest concentration used (0.1 uM), it decreased both PGE 2 and TxB2
release by more than 50%. As shown in Fig 3 (upper and center panels),
the inhibition of PGE 2  appeared more marked than that of TxB2.
Increasing the concentrations to 1.0 and 5.0 uM completely abolished the
appearance of PGE 2 in lung effluent and diminished by approximately 80%
the release of TxB2 . At the concentration of 10 uM, both mediators
were almost undetectable in the effluent.

The effect of indomethacin on the C-5 lipoxygenase was also similar
to that of aspirin. In brief, the concentration of indomethacin used
(0.1 - 10 uM) did not affect either positively or negatively the release
of LTB 4 or LTD4 (Fig 3, lower panel). It is important to note that
the effect of indomethacin (10 uM) on the release of LTB4 could not be
evaluated because of the retention time of indomethacin which is similar
to that of LTB 4 in our RP-HPLC system; at this high concentration, the
large peak of indomethacin completely covered the peak of LTB 4.

Fig 4 shows the effects of BW755C, an inhibitor of cyclooxygenase
and lipoxygenases, on the time-course of release of PGE2 (upper panel),
TxB2 (center panel) and leukotrienes B4 and D4 (lower panel) by the
anaphylactic lungs. This compound produced a concentration-dependent
inhibition of the release of all arachidonic acid metabolites. At the
opposite of indomethacin, BW755C appeared to be more potent against
TxB2 than against PGE 2 . As shown on the upper and center panels of
Fig 4, the lowest concentration of BW755C (1 uM) did not change
significantly the release of PGE 2 whereas, the release of TxB2 was
reduced by more than 50%. At the concentration of 100 uM, BW755C almost
abolished the release of both cyclooxygenase products.

The release of leukotrienes B4 and D4 which averaged about 50
and 33 pmole in control lungs was not affected significantly at the
concentration of BW755C of 1 uM but was decreased slightly at the
concentration of 10 uM and abolished at the concentration of 100 uM (Fig
4, lower panel).

The effects of eicosatetraynoic acid (ETYA) (1-10 uM) on the release
of anaphylactic mediators by the perfused lungs is shown in Fig 5. This
compound strongly decreased the release of PGE 2 at each concentration
used. No significant difference were seen between the lowest and the
highest concentration of the drug (Fig 5, upper panel). The effect on
the thromboxane release was quite different. ETYA potentiated the
release of TxB2 from the lungs at concentrations of 1 and 5 uM. The
highest concentration (10 uM) diminished by approximately 50% the release
of TxB2 (Fig 5, center panel).

ETYA was a potent inhibitor of leukotriene release (Fig 5, lower
panel). At the concentation of 1 uM, ETYA had no significant effect on
the content of leukotrienes in the effluent but at the concentration of 5
uM, the levels were decreased by two thirds and leukotrienes were
undetectable in the effluent of lungs treated with 10 uM of the drug.
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Effect of FPL-55712. a LTD& antagonist

In this set of experiments, we investigated the effects of
FPL-55712, a peptido-leukotriene antagonist, on the release of

anaphylactic mediators. As shown in Fig 6, this compounds produced a
clear inhibition of lung mediator release. The release of PGE 2 (Fig 6,
upper panel) was decreased by more than 50% at the concentrations of 0.2
and 2.0 uM and was very low at the concentration of 20 uM. This high
concentration of the drug also completely abolished the release of

thromboxane B2 . However the concentration of 0.2 and 2 uM did not
affect significantly the release of TxB2 .

The release of LTB4  and LTD 4  (Fig 6, lower panel) was not
affected by the concentrations of FPL-55712 of 0.2 and 2.0 uM. However,
both mediators were inhibited by around 50% when the lungs have been
treated with FPL-55712 (20 uM).

DISCUSSION

This study shows the time-course of release of arachidonic acid
metabolites by the perfused lungs of sensitized guinea pigs. Maximal
amounts of these metabolites were detected in aliquots of the effluent

approximately 5 min after the beginning of the antigen challenge.
Significant amounts were release up to 30 min after the onset of
anaphylaxis although for some of these substances, namely the
leukotrienes, the sensitivity of the RP-HPLC technique do not allow to
measure significant amounts in the effluent 10 min after the onset of the

reaction. Other C-5 lipoxygenase products were only observed
occasionally. It is interesting to note that LTB 4 was release in
larger quantities than LTD4 from the anaphylactic lungs. This evidence

together with previous observations which showed that (a) the lungs bear
specific receptors for LTB4 , (b) LTB4  is nearly as potent a
bronchoconstrictor as LTD4  in the lung 16 , (c) the
bronchoconstriction induced by Platelet Activating Factor (PAF) appears
to be mediated by LTB4

1 7 , and (d) LTB 4 may be involved in the
cell accumulation and the increased vascular permeability in the lung

during immediate hypersensitivity reactions1 B , strongly support a
major role for LTB4 in anaphylaxis and asthma.

Our results also showed that HHT and 12-keto-HT were release in
signification amounts from the anaphylactic lung. These two compounds
which have a ultraviolet chromophores, were detected respectively at 229

and 280 nm. They constitute good markers of the cyclooxygenase, the
products of which, namely the prostaglandins, cannot be detected by
ultraviolet detectors. HHT is released together with TxB2 during lung
anaphylaxis. Since the lungs contain a 15-OH-prostaglandin
dehydrogenase, our results suggest that 15-keto-HT is the metabolite
resulting from the activity of this enzyme on HHT. This product was

recently reported to be formed by the action of purified kidney

15-hydroxy-prostaglandin dehydrogenase on HHT 19 .

Our results also extended previous studies of the effects of aspirin and
indomethacin on the release of arachidonic acid metabolites from
anaphylactic lungs. Using novel sensitive EIA techniques which allowed

the measure of PGE 2 and TxB2 in tiny amounts of lung effluents, it
has been possible to carefully analyse the time-course of release of a
few mediators from the same aliquots. The time course of release of
cyclooxygenase products as measured with the EIA techniques was the same
as that measured with RP-HPLC.
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The two cyclooxygenase inhibitors produced concentration-dependent
inhibition of the release of PGE2 and TxB2 but did not modify the
release of LTB4 and LTD4. The results on PGE2 and TxB2 are in
agreement with previous studies. However inhibition of prostaglandin
synthesis in anaphylaxis was shown by various groups to potentiate
leukotriene release11 . Our present results do not support this
finding. Further studies will clarify this question.

Our results also showed that BW755C and ETYA, two inhibitors of
arachidonic acid metabolism, inhibited the release of PGE 2 , TxB2 ,
LTB4 and LTD4 from the perfused anaphylactic lungs. These findings
confirm previous studies using isolated cell preparations20 . The
inhibition produced by ETYA was different from that of BW755C which was
concentration-dependent. Low concentrations of ETYA appeared to
potentiate TxB2 release whereas it was inhibitory on PGE2 and on

leukotrienes.

The inhibition of the release of icosanoids from the anaphylactic
lungs by FPL-55712 is interesting and raises a number of questions.
FPL-55712 was described in 1973 as a selective SRS-A antagonist21 and
various groups have shown that FPL-55712 was an inhibitor of lung cycloo-
xygenase2 2 .  More recently this antagonist was also shown to inhibit

the formation of leukotrienes. Our data confirm that FPL-55712 is a
relatively potent inhibitor of both pathways of metabolism of arachidonic

acid and may suggest that there are structural similarities between
leukotriene receptors and the binding and/or catalytic sites of

arachidonic acid on both the C-5 lipoxygenase and the cyclooxygenase.

In summary, this study analyses the time-course of release of
PGE 2 , TxB2 , LTB4 and LTD4 from the anaphylactic guinea pig lungs
using novel specific and sensitive methods. The effects of selected
inhibitors are also studied. The results presented confirm the major

role of leukotrienes in lung anaphylaxis. The possible significance of
the high amounts of LTB4 detected in lung effluent is also emphasized.
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A ROLE FOR PLATELET ACTIVATING FACTOR IN SHOCK
AND ACUTE LUNG INJURY

C.P. Page and D.N. Robertson

Dept. of Pharmacology, King's College, London University
Chelsea Campus, Mansera Road, London SW3

INRIODUCTION

Acute lung injury is associated with a number of clinical
conditions including endotoxic and septic shock, acute respiratory
distress syndrome (ARDS) and pulmonary embolism. Despite improved
therapy with steroids, aprotinin and dobutamine, mortality figures still
remain high, being between 50 and 75% in patients with ARDS (1). The
pathophysiology of shock and acute lung injury is very complex and still
remains to be elucidated. The clinical symptoms characterising shock and
acute lung injury are profound haemodynamic disturbances, in particular
systemic hypotension associated with a fall in peripheral vascular
resistance, pulmonary hypertension, bronchoconstriction and pulmonary
oedema. Additionally, there are major alterations in circulating blood
elements such as thrombocytopenia, leuKopenia and systemic vascular
permeability. Several animal models have been utilised in attempts to
further understand the pathogenesis of lung injury. These models include
exposure of animals to thromtbin or fibrin derived peptides (2), hypoxia
(3), and more commonly, endotoxin shock (4). In particular, infusion of
Escherichia Coli into unanaesthetised sheep is a widely used model of
endotoxic shock which reproduces several features of the human clinical
syndrome. There is an early transient phase of pulmonary hypertension
and increased resistence to air flow, followed by a prolonged phase with
high flow of protein-rich lung lymph indicating increased permeability
and pulmonary oedema (5). Following infusion of endotoxin there is an
increased reactivity of the airways to inhaled bronchoconstrictor
stimuli (6), and increased airway reactivity has also been reported in
patients with ARDS (7). Accompanying these changes is accumulation and
disruption of lymphocytes and granulocytes in the pulmonary
microcirculation, followed by migration into the interptitium (8). A
massive influx of neutrophils into the lungs has also been found in
patients with ARDS (9), which is thought to be due to the presence of
extravascular chemotactic factors (10). Leukocytes have therefore been
implicated in the pathogenesis of acute lung injury. This i e' further
supported by the observation that neutrophil depletion Ln sheep
significantly reduces the increase in pulmonary vascular permeability
seen after endotoxin infusion (11). The exact role of these inflammatory
cells in the sequence of lung injury is unclear, but the release of
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their toxic contents undoubtedly is involved. Platelet activation and
subsequent thrombocytopenia is also a feature of shock and acute lung
injury clinically. In some animal species, such as dogs and monkeys,
infusion of endotoxin results in thrombocytopenia (12,13), but in the
sheep, platelets do not seem to participate in the response to
endotoxin, as thromrbocytopenic sheep respond identically to sheep with
normal circulating platelet counts (14).

Many chemical mediators are released during shock including
prostanoids (15), complement-derived peptides (4), histamine, 5HT (16),
kinins and endorphins (17,18). There has been a considerable amount of
interest in the possible contribution of arachidonic acid metabolites to
acute lung injury and shock. During the early phase of pulmonary
hypertension, increased concentrations of the metabolites of both
thrcxrboxane and prostacyclin (TXB and 6ketoPGF l ) have been
observed in both the lung lymph a~d plasma (19,20). Cyclooxygenase
inhibitors inhibit both the pulmonary hypertension and the increase in
thromboxane B (21), and both thromboxane synthetase inhibitors (22),
and thrcmboxa?6e receptor antagonists (23), have been shown to afford
protection against the acute pulmonary vascular response to endotoxin.
Kubo & Kobashi (24), however, have shown that the late phase of
increased vascular permeability is unaffected by inhibition of
thrcmboxane synthesis. These results suggest that thromboxane plays a
crucial role in the early transient pulmonary hypertension induced by
endotoxin in sheep, but does not mediate the late permeability changes.
The source of thromboxane synthesis during endotoxemia is unknown.
Platelets are generally thought to be the major source, but this seems
unlikely in the sheep in light of the inability of thrombocytopenia
affording protection against endotoxin-induced lung injury. The role of
thromboxane however remains controversial as infusion of thromboxane
mimetics does not increase lung vascular permeability (25), and
inhibition of thromboxane has no effect upon the sustained pulmonary
hypertension that accompanies the increased vascular permeability. This
has led to the investigation of the involvement of other vasoactive
agents.

Several products of the lipoxygenase pathway of arachidonic acid
metabolism, namely 5-HETE and 12-HETE, have been found to be released
later in the edotoxin response during the period of increased vascular
permeability (26,27). The peptidoleukotrienes (LTCA, DA, EA) which
are products of 5-lipoxygenase metabolism, exert a va~iety of blological
actions that could contribute to shock, including bronchoconstriction
and vasoconstriction. The precise role of lipoxygenase products of
arachidonic acid metabolism awaits the availability of good lipoxygenase
inhibitors and antagonists of leukotrienes.

5HT is another material that is released from platelets which can
produce bronchoconstriction and vasoconstriction and which may play a
role in a number of forms of acute respiratory failure (28,29). The
5HT antagonist, ketanserin, resulted in a decrease in the degree of
puionary hypertension in patients with sepsis-induced ARDS (28).
Demling et al. (16) found increased 5HT levels in lung lymph but not
plasma in the late phase of endotoxin-induced lung injury, and
ketanserin attenuated both the pulmonary hypertension and hypoxia, but
did not influence the lung vascular permeability. The increased vascular
permeability is thought to be largely due to endothelial cell damage
from activated neutrophils. These cells release toxic oxygen radicals
which have also been implicated in endotoxin-induced lung injury (4).
N-acetylcysteine, a free radical scavenger, reduces both the early and
late phase changes induced by endotoxin, when given in large doses to
sheep.
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The many studies of endotoxin-induced shock in animals has
resulted in major advances in the understanding of mechanisms of lung
injury, but has not led to novel therapeutic advances or an explanation
of existing treatments for these clinical conditions. The inability of
classical mediators to fully account for the pathology of shock and
acute lung injury has prompted investigation into other mediators.

Platelet activating factor (PAP) is an ether linked phospholipid
having the structure l-0-alkyl-2-acetyl-sn-glyceryl-3-phosphorylcholine
(30,31,32), and has a number of synonyms: Paf-acether, AGEPC and APRL.

PAF was first identified as a product of IgE sensitised rabbit basophils
that was able to elicit platelet activation (33). It is now recognised
as being a product of a variety of cell types including platelets (34),
neutrophils (35), macrophages (36), eosinophils (37) and endothelial
cells (38).

In 1983 Myers et al.,(39) reported that i.v. administration of PAF
to mice induced a lethal shock-like response which could be blocked by
glucocorticoids but not by cyclooxygenase inhibitors, thus having a
pharmacological sensitivity reminiscent of the clinical condition. This

Table 1. Evidence for PAP as a mediator of shock and acute
lung injury

1) PAF can mimic the major features of shock and lung injury

systemic hypotension
pulmonary hypertension
thrcmbocytopenia
neutropenia
bronchoconstriction and increased bronchial reactivity
pulmonary oedema

2) PAF is released in models of shock and acute lung injury

3) PAF antagonists inhibit and in some cases reverse shock and
acute lung injury in animal models.

has led to considerable interest in PAF as a possible mediator of shock
and lung injury. This review examines the evidence supporting a role for
PAP as a mediator of shock and lung injury adopted from the criteria for
identification of a mediator proposed by Dale in 1933 (40). Table 1
sumarises this evidence.
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FEATURES OF SHOC AND ACUTE UM INJURY MIMICKED BY PAF

I.v. administration of PAF to experimental animals produces a
range of biological effects that are similar to that observed following
administration of endotoxin or gram negative bacteria and accompanying
AA)S or trauma.

Haemodynmic disturbances

PAF will induce a pronounced and often fatal systemic hypotension
in experimental animals (31,41,42) which has also been observed in human
subjects with brain stem death (43). In experimental animals,
hypotension can be induced following either i.v. or oral administration
indicating that PAF generated extravascularly is able to enter the
circulation and exert its hypotensive effects (44). This seems to occur
in man as well, since a recent report has indicated that inhalation of
small concentrations of PAF, by normal healthy volunteers, can result in
facial flushing and a fall in systemic blood pressure indicative of PAF
exerting an action on the cardiovascular system (45). The mechanism of
PAF-induced hypotension seems likely to be due to a direct action on
vascular smooth muscle since it cannot be abrogated by prior depletion
of circulating blood elements such as the platelet (46,47). Futhermore,
PAF is able to induce systemic hypotension in the rat, an animal species
whose platelets are totally insensitive to PAF (48,49). In the dog,
systemic hypotension induced by PAF cannot be significantly affected by
theophylline, indcmethacin, BW755c or following sympathetic denervation,
suggesting that this particular cardiovascular parameter is not
secondary to adenosine acting via purogenic (P1) receptors,
cyclooxygenase or lipoxygenase products of arachidonic acid metabolism
or any involvement of the sympathetic nervous system (50). Direct
administration of PAF into the lateral ventricles of the CNS is without
effect on systemic hypotension indicating that this phenomenon does not
involve central nervous pathways (51). Systemic hypotension is
associated with a fall in blood flow to a number of vital organs
including the brain, the liver and the kidney, and this may well
contribute to the fall in total peripheral resistance following PAF
administration (52).

In a variety of experimental animals, PAF induces an increase in
pulmonary vascular resistance associated with an increase in pulmonary
wedge pressure. Such changes are concomitant with the fall in systemic
blood pressure.

Changes in blood elements

Another striking feature associated with systemic administration
of PAF is the marked change in blood and plasma volume. There is a
dose-related decrease in both plasm and blood volume associated with an
increase in red cell volume and haematocrit (53,49). Plasma loss can be
detected throughout the vasculature reflecting the capacity of PAF to
increase vascular permeability (54). A variety of plasna proteins can
be shown to leave the blood following systemic administration of PAP
including albumin, low density lipoproteins and very low density
lipoproteins (55). Utilising blue dye as a marker for plasma
proteins, increased vascular permeability can be visualised throughout
the systemic and pulmonary vasculature following PAF administration, a
phenoaenon also observed following systemic administation of endotoxin
(56).

The systemic administration of endotoxin or PAF to experimental
animals is associated with a variety of changes in other circulating
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blood elements. 'There is both thrcmbocytopenia and leukopenia with
subsequent accumulation of microemboli of activated blood elements in a
variety of organs. In particular the pulmonary, renal and hepatic
circulations have evidence of microerbolisation.

Gamma imaging has allowed detection of platelet accumulation
within the pulmonary vasculature following systemic administration of
PAP (57) or endotoxin (58) in animals receiving autologous ill-indium
labelled platelets. Histopathologically, lung tissue removed from PAP
treated animals reveals aggregates of platelets in close association
with polymorphonuclear leukocytes at all levels of the pulmonary
vasculature (59,60).

Pulmonary oedema

Cne of the major clinical features of acute lung injury
complicting sepsis or shock is pulmonary oedema. Lungs taken from
PAF-treated animals reveal oedematous changes both by an increase in the
wet:dry ratio and by evidence of accumulation of plasma markers such as
Evans blue dye or radiolabelled plasma proteins (61,62). In isolated
perfused lungs, oedema formation can be induced by PAP in the absence of
circulating blood elements (22), although at least in the rabbit, the
addition of platelets to the perfusate increases both the pulmonary
pressure and the extent of oedemaformation (63). In other tissues,
including human skin, PAP has been shown to be one of the most potent
mediators eliciting increased vascular permeability with associated
oedema formation which seems to be in a large part due to a direct
action of PAF on vascular endothelium (64). Histopathologically, lungs
taken from PAF treated animals also reveal frank endothelial cell damage
in addition to evidence of vascular permeability (66).

Bronchospasm and increased bronchial hyperreactivity

Bronchoconstriction is often a feature of shock syndromes,
particularly anaphylaxis and acute respiratory distress syndrome. PAF
is now recognised as the most potent endogenous spasmogenic agent yet
identified in both experimental animals and man (67,45). As little as
10 ng/kg i.v. will induce changes in airways resistance and dynamic
compliance indicative of changes in both large and peripheral airways.
PAP is interesting in that it does not cause the contraction of airway
smooth muscle directly, but only in the presence of platelets suggesting
the release of secondary mediators from activated platelets. In vivo in
rabbits and guinea pigs, selective platelet depletion will inhibit PAP
induced bronchoconstriction supporting a platelet dependent process
(47,67). Furthermore, a number of anti-platelet agents have been shown
to reduce PAF-induced bronchoconstriction in vivo, secondary to an
inhibitory effect on the platelet release reaction (46). PAP-induced
bronchoconstriction is associated with an accumulation of platelet
aggregates in the pulmonary vasculature but kinetic studies monitoring
the accumulation of radiolabelled platelets in the pulmonary vasculature
reveal that the platelet embolisation is maximal after the peak
bronchoconstriction, again suggestive of some other aspect of platelet
activation than aggregation contributing to the airways obstruction
(57). As yet the spasmogen(s) derived from activated platelets
resposible for PAF-induced bronchospasm remain to be identified.
Although some investigators have suggested that arachidonic acid
metabolites of both cyclooxygenase (65) and lipoxygenase metabolism (68)
may play a role, this view is by no means supported by all investigators
(46).
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Altered bronchial reactivity to other spasmvgehs (both endogenous
and exogenous) can be a clinical feature accompanying acute lung injury
and shock. It is therefore of considerable interest that PAF is one of
the only chemically defined endogenous substances capable of eliciting a
non-specific increase in bronchial reactivity in both experimental
animals and man (69,70,45).

EVIDENCE FOR PAF RELEASE IN SHOCK

The important question as to whether PAF is released in any given
clinical or experimental situation has been hampered by the lack of a
reliable specific radioimmunoassay. It had been demonstrated by a
number of groups that exposure of platelets to PAF render them
specifically desensitised to futher stimulation by PAF (71,72,73). This
desensitisation bioassay has been utilised to detect the release of PAF
as an alternative to radioimmunoassay in a variety of circumstances.
Henson &Pinckard (74) first utilised this technique to demonstrate the
release of PAP during IgE-induced anaphylaxis in -sensitised rabbits and
recently PAF release has been detected in this way in human allergic
asthma (75). Very recently PAF has been demonstrated to be released
into the blood of animals undergoing endotoxic shock (76), and in the
lavage fluid obtained from experimental animals following acute lung
injury induced by hypoxia (77,78). In the latter circumstance, PAF
release has been shown to be demonstrated by chromatographic analysis of
samples.

The PAF receptor has now been isolated and this has been
utilised successfully as the basis of a radioreceptor assay for
detecting PAF in biological fluids (79,80,81,82).

EFFECT OF- SELECTIVE PAF ANTAGONISTS IN MODELS OF ACUTE LUNG INJURY AND
SHOCK

In the last few years a number of selective PAF receptor
antagonists have been described derived from both natural and synthetic
origins (83,84,85). All of these PAP antagonists have been demonstrated
to inhibit the wide range of biological activities induced by PAF in
vitro and in vivo. It is now recognised that there may be at least 2
distinct PAF receptor sub-types and that the existing PAF antagonists
may have preferential activity on one particular receptor sub-type. For
example, the PAF antagonist kadsurenone has been shown to inhibit the
PAF receptor 1 found on platelets and neutrophils preferentially to the
PAF receptor 2 found on macrophages (86). This classification of the
PAF receptor into distinct populations will hopefully lead to more
selective compounds and allow a better understanding of the role of PAF
in pathophysiological mechanisms.

A number of PAF antagonists have recently been observed to
inhibit endotoxic shock in experimental animals, both the cardiovascular
complications and the acute lung injury (87,88,89,90). Of particular
note is the ability of PAP antagonists to reverse the cardiovascular
changes induced by endotoxin once they have become established offering
the possibility of this class of drugs being both preventive and
curative therapy for shock related disorders (89). PAF antagonists have
been successfully utilised to prevent ischaemic bowel necrosis secondary
to an endotoxin induced hypotension in the mesenteric circulation and to
prevent the respiratory changes associated with anaphylactic shock
(91,92,93). It remains to be seen whether such PAF antagonists will be
useful, in the treatment of acute lung injury and cardiovascular
complications of shock clinically, but the preliminary animal
experiments look encouraging.
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CCNCLUSION

Dale (40) originally proposed a number of criteria for
establishing the validity of a substance as a mediator of nervous
transmission and the sww criteria have beeutilised to assess mediators
of other processes. The cells and organs implicated in endotoxic shock
have been shown to release PAF and release of this hospholipid has now
been desmnstrated in vivo in a model of endotoxin-induced lung injury.
PAF is able to mimic all the features of shock and lung injury following
systemic administration to experimental animals making it aplausible
candidate as a mediator for these pathological conditions. Furthermore,
the ability of a number of PAF antagonists to prevent and reverse
certain aspects of endotoxin induced pathology in experimental animals
suggests that PAF satisfies the criteria established by Dale (40) for
serving the role of a mediator. It is hoped that the availability of
PAF antagonists will allow a better understanding and in time provide a
novel therapeutic approach to the treatment of this important clinical
problem.
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INTRODUCTION

Anaphylaxis in the guinea-pig is widely used as a model for human
asthma. Nevertheless, no ultrastructural morphological studies of the ana-
phylactic shock in this animal were reported until now. Beside histamine,
alternative mediators accounting for asthma have been incriminated, the
peptido-leukotrienes first, and, more recently, PAF-acether was added to
the list (Braquet et al, 1985; Page and Morley, 1986). This ether-linked
phospholipid is known to induce various biological actions. It is also
released during allergic reactions (Benveniste et al., 1972; Pinckard et
al., 1979). PAF-acether administrated i.v. to the guinea-pig induces
bronchoconstriction, which is histamine and cyclooxygenase-independent and
platelet-dependent (Vargaftig et al., 1980). This is consistent with the
fact that non-steroidal anti-inflammatory drugs are ineffective in
clinical asthma.

I.v. administration of PAF-acether induces effects similar to those
of anaphylaxis, including bronchoconstriction, systemic hypotension,
thrombocytopenia, neutropenia and vasopermeation.

We previously described the ultrastructural effects induced by i.v.
PAF-acether in the guinea-pig lungs (Lellouch-Tubiana et al, 1985). The
analogy between PAF-acether and anaphylactic shock effects led us now
to compare the histological alterations induced by both anaphylactic shock
and PAF-acether in the guinea-pig lungs.

MATERIALS AND METHODS

Drugs employed

Pentobarbitone (Nembutal, Lathdvet, France); ovalbumin (antigen)
(Worthington, New Jersey); Al (OH)3; pancuronium (Pavulon, Organon,
France); mepyramine maleate (Rh8ne-Poulenc, France); FPL 55712 (a gift
from Dr. M. Sheard, from Fisons, U.K.); aspirin (lysine acetylsalicylate;
Egic Laboratories, France); PAF-acether (Platelet-Activating-Factor, PAP),
a gift from Prof.J.J. Godfroid (Universit6 de Paris VII).
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Sensitization procedure

30 Hartley guinea-pigs of both sexes (300-500 g) were injected s.c.
with 0.5 ml of 0.9 % NaCi (saline) containing 10 g of ovalbumin and 1 mg
of Al (OH) (Andersson and Bergstrand, 1981). This injection was repeated
14 days la~er and 7 days after the 2nd-injection, the animals were bled to
provide serum for passive sensitization. 1 ml of a pooled serum was in-
jected i.p. to naive animals, which were used 10-14 days later.

In vivo studies

Passively sensitized guinea-pigs were anaesthesized with 30 mg/kg
i.p. of pentobarbitone, treated with the neuro-muscular blocking agent
pancuronium (2mg/kg i.v.) and prepared for the recording of bronchial
resistance to inflation (Lefort and Vargaftig, 1978). After controlling
bronchial reactivity with serotonin (5HT, 1-3 g/kg i.v.), shock was
triggered with a 1 minute i.v. infusion of 1 mg/kg of ovalbumin. For
comparison purpose 66 ng/kg of PAF-acether was injected i.v. to separate
animals. The potential antagonists were given i.v. 5 minutes before
antigen. In separate experiments, ovalbumine or PAF-acether were ad-
ministered by aerosol as described (Cirino et al., in press; Lefort et
al., 1984).

Histological techniques

Lungs were removed 1 minute and 1 hour after the end of ovalbumin or
PAF-acether administration. For light microscopy, they were fixed by 10%
formalin, embedded in parafin and stiined with hematoxylin-eosin-safranin.
For electron microscopic study, 1 mm fragments of lungs were fixed with
2.5% glutaraldehyde in phosphate buffer, at 4C during 24 hours. The lung
samples were then rinsed in the same buffer, post-fixed in 1% osmic acid,
dehydrated and embedded in Epon. Semi-thin sections of 1setm thickness
stained with toluidine blue were examined by light microscopy. Ultra-
thin sections were then prepared with a LKB ultramicrotome, stained with
uranyl acetate and lead citrate, and examined with a Philips EM 300
electron microscope.

RESULTS

Sstemic passive anaphylaxis (ovalbumin i.v.)

1 minute after the end of the intravenous infusion of ovalbumin, lung
parenchyma showed: congested alveolar capillaries, constricted bronchi,
bronchioles and arterioles. Massive platelet aggregates obstructed the
lumen of small pulmonary arteries, peri-bronchial veins and veinules and
occasionally alveolar capillaries (Figure la). These aggregates, which
contained neutrophils, were formed by platelets partially or totally de-
granulated (Figure 2). Unlike what was observed after i.v. PAF-acether,
platelet aggregates were seldom found in the capillaries and were less
disseminated during shock. (Figure Ib). Marked lesions of the vascular
walls were seen in the aggregated vessels: endothelial disruption and
dissociation of the basement membrane. Neutrophils remained attached to
adjacent areas of damaged endothelium (Figure 3). A peri-vascular oedema
dissociated the collagen fibers in the bronchial submucosa.

Images of platelet diapedesis were also observed. At the vicinity of
the bronchial smooth muscle, degranulated platelets were noted containing
tubules and glycogen granules (Figure 4). Neutrophils accumulated in the
vessels and migrated in broncho-vascular spaces and in the septa intersti-
tium.
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Fig. la. Light micrograph of the lung parenchyma 1 min after the i.v.
injection of ovalbumin showing large platelet thrombi in
pulmonary veinules. X200

Fig. lb. 1 min after i.v. PAF-acether, similar platelets thrombi
obstruct alveolar capillaries lumens and some veinules.
X200

Fig. 2. Electron micrograph (EM) of an arterial lumen 1 min
after ovalbumin i.v. The endothelium (En) is ruptured at
several points. Neutrophils (Pmn) are attached to adjacent
areas of damage endothelium. X17 000.

Eosinophils were present in the bronchial walls, in the septa and in
the respiratory alveoli. Isolated eosinophilic granules were found in the
bronchial submucosa, at the vicinity of the smooth muscle. The same in-
filtration of eosinophils was observed after injection of PAF-acether.

One hour after the end of the i.v. perfusion of ovalbumin, broncho-
constriction was over and platelet aggregates had disappeared. The res-
piratory epithelium was denuded and necrosed cells accumulated in the
bronchial lumen. Numerous inflammatory cells (mastocytes, plasmocytes,
eosinophils and macrophages) were found in the bronchial mcosa and
sub-mucosa.

Antigen and PAF-acether aerosolization

Two minutes after the end of ovalbumin aerosolization bronchocons-
triction and arterial vasoconstriction were observed.

Sequestration of neutrophils occurred in the alveolar capillaries and
free neutrophils granules were noted in the capillaries lumen (Figure 5
and 6). Another important finding was the presence of activated macro-
phages, showing numerous pseudopods in the process of phagocytosis of
surfactant in the alveolar lumen, associated with abundant oodematous
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alveolitis (figure 6). Septal and peribronchial mast cells were also seen,
sometimes degranulated.No platelet aggregates were present.

1Tt

Fig. 3. EM of a subinucosal bronchial veinule 1 min after ovalbumin
i.v. The endothelium (En) is ruptured at several points.
Neutrophils (Finn) are attached to adjacent areas of damage
endothelium. X17 000.

Fig. 4. EM of a bronchiolar submucosa showing degranulated platelets
containing glycogen granules (P) in contact with the bron-
chial smooth muscle (Sm). X5600.

One hour after the ovalbumin aerosolizatcon, the bronchial wall was
infiltrated by numerous inflammatory cells, including plasma cells, eosi-
nophils, mast cells and macrophages. Neutrophils remained accumulated in
vascular lumens. An important finding was the presence of eosinophils in
the different layers of the bronchial wall; in the epithelium, in the
lamina propria and in the submucosa (Figure 7). PA-acether inhalation
induced similar effects: neutrophils accumulated in and beyond the vessels
whereas no platelet aggregates were observed. One hour after PAF-acether
aerosolization, neutrophils aggregates persisted. In analogy with shock,
eosinophils and macrophages were present in the bronchial submucosa.

Pharmacological modulation of shock

Pre-treatment of the animals by various antagonists (the anti-hista-
mine mepyramine, the selective leukotriene antagonist FPL 55712, the cyclo-
oxygenase inhibitor aspirin) failed to prevent the appearance of the des-
cribed histological alterations.

t 212

II



IOf

Fig. 5. EM of an alveolar wall illustrating the accumulation of
neutrophils in the capillary lumen 1 min after the
challenge with ovalbumin by aerosol. X3920

Fig. 6. EM of lung parenchyma I min after ovalbumin aerosoli-
zation. The alveolar lumen is oedematous and contains
an activated macrophage with numerous pseudopods. Note
the presence in the alveolar capillaries lumen of free
neutrophil granules. X27900

DISCUSSION

In this study, we found out that the pulmonary histological altera-
tions induced bypassive anaphylactic shock in the guinea-pig bear a
striking resemblance to those observed after PAF-acether administration.
Indeed, in both cases, were observed BC, platelet aggregates and neutro-
phis accumulation, eosinophils infiltration, inflammatory cells dia-
pedesis and vascular lesions.

Arterial vasoconstriction following ovalbumin i.v. was also present
after PAF-acether (Lellouch-Tubiana et al., 1985), confirming the find-
ings of Basran et al. (11). Bronchoconstriction, which is a major feature
of shock and i.v. PAF-acether (Vargaftig et al., 1980) was clearly seen
in our experiments 1 minute after ovalbumin injection or aerosolization,
and resolved one hour later. Bronchial epithelium damage was also found
after i.v. ovalbumin and PAF-acether, and the presence of free eosino-
philic granules containing major basic protein in the bronchial wall
suggest that they account for these lesions. Infiltration of eosinophils
in the brochial wall was also noted after antigen and PAF-acether inha-
lation, which highlights the role of these cells in passive anaphylatic
shock. Here again, the analogy with the effects of PAF-acether is stri-
king. Indeed, infiltration of eosinophils is a well known feature of
asthma (Kallos and Kallos, 1984; Frigas and Gleich, 1986; Page and Morley,
1986). The presence of large intravascular platelet aggregates in systemic
passive anaphylaxis contrasts with the absence of platelet activation
after antigen aerosolization. The intravascular distribution of platelet
aggregates differs in passive systemic shock and after PAF-acether i.v.
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Fig. 7. EM of a bronchial wall 1 hour after the challenge with
ovalbumin by aerosol showing the presence of eosinophils

(E) in the submucosa. X4800

administration since in the former case, the aggregates were mostly located
in small arteries and arterioles, as well as in bronchial veinules. In
contrast, when PAP-acether was used, the aggregates were mostly dissemi-
nated in alveolar capillaries. One possible explanation accounting for
these differences is that, with PAF-acether, platelets are a very early
target and aggregates are formed in the pulmonary microvasculature as soon
as PAF-acether is injected. This is clearly demonstrated by thrombocyto-
penia which follows in 10 seconds this injection (Vargaftig et al., 1980).
On the other hand, in systemic passive anaphylactic shock, thrombocytopenia
is less pronounced and develops in a few minutes. Thus, the hypothesis of
a primary platelet target is unlikely. In this case, platelet aggregation
may result from a secondary effect, initiated by the damaged pulmonary
endothelium and/or leukocytes.

Endothelial disruption in the pulmonary veinules were observed after
i.v. ovalbumin, but not after aerosol. Leukocytes were attached to adjacent
areas of damaged endothelium, suggesting their involvement with those
lesions, specially since free neutrophils granules were present in vascular
lumens. Endothelial lesions were also reported after superfusion of PAF-
acether onto the guinea-pig exposed mesentery (Bourgain et al., 1985).

Activation and clumping of alveolar macrophages was found after anti-
gen aerosolization. Here again, the analogy with PAF-acether is striking
(Maridonneau-Parini et al., 1985).

CONCLUSION

The analogies observed between the bronchopulmonary lesions induced

by passive anaphylactic shock in the guinea-pig and those caused by PAF-
acether are in favour of the suggestion that PAF-acether is involved in
anaphylaxis and specially in asthma. The role of eosinophils is highlight-
ed in our study, since they were found at all levels of the bronchial wall.
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Eosinophils present IgE receptors and may possibly act as effector cells
in immediate hypersensitivity reactions (Capron et al., 1985). Furthermore,
they are very sensitive to the chemotactic effect of PAF-acether in vitro
(Wardlaw and Kay, 1986) and in vivo (Henocq and Vargaftig, 1986). Acti-
vated eosinophils release different substances, including the Major Basic
Protein, leukotrienes and PAF-acether (Spry, 1985). The former is found
in asthma and may be toxic for the bronchial epithelium (Kay et al. in
press). The lesions observed by us agree with this hypothesis.
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V

BIOGENIC AMINES: MICROCIRCULATORY ASPECTS IN SHOCK,
SEPSIS AND TRAUMA

D. H. Lewis

Clinical Research Center, University Hospital
S-581 85 Link6ping, Sweden

INTRODUCTION

The purpose of this communication is to give a concise over-
view of the effect of shock, sepsis and trauma on the handling of
biogenic amines in the body and also how these substances affect
the organism exposed to these pathophysiologies. I will deal
primarily with some of the microcirculatory phenomena and their
mechanisms, and will not deal with the use of biogenic amines or
their blockers in the therapy of these disorders. Further, I will
consider only the monoamines, i.e. catecholamines (including epi-
nephrine, norepinephrine and dopamine), serotonin (i.e.5-hydroxy-
tryptamine) and histamine. To my knowledge, the effect of shock,
sepsis and trauma on polyamines has not been studied. These
substances are involved in cell differentiation and growth, and it
is conceivable that disorders here could have long-term effects.
For a review of these substances see Heby (1986). Since much more
is known about the reactions of catecholamines than about serotonin
and histamine, most emphasis will be placed on catecholamines.

NORMAL FUNCTION

Catecholamines serve as nerve transmitters and hormones, both
local and general. They have important normal functions, relating
to regulation of microvascular tone, blood flow distribution,
distribution of fluid volume amongst the various bodily compart-
ments and regulation of myocardial activity. Their actions depend
on a great many factors, including, the balance between a1 and a2
receptor activity(Alabaster and Davey, 1984) and the receptor dens-
ity of the series-coupled microvessels (Burnstock et al, 1984).For
serotonin and histamine physiological functions have been more
difficult to establish. In the lung, serotonin increases vascular
pressures, probably more post-capillary than precapillary, without
appearing to alter vascular permeability (Brigham and Owen, 1975a),
while histamine has a major effect on vascular permeability with
less of an effect on vascular pressures (Brigham and Owen, 1975b).

Improvements in measuring techniques have meant a great deal
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for research in this area. At present high-performance liquid
chromatography with electro-chemical detection appears to be the
method of choice for catecholamine determinations (Allenmark, 1986;
Oka et al, 1984). For all biogenic amines, the availability of
specific blockers has also led to rapid advancement in our under-
standing of the actions in both animals and man.

An additional complication is the probable interplay between
the actions of the various biogenic amines as well as interactions
with other mediators. Thus, serotonin and histamine may well be
involved in feed-back regulation of, among other things, sympath-
etic nerve transmission and histamine is involved in catecholamine
release from the adrenal medulla (Fahmy et al, 1983). For a review
of the actions of serotonin on blood vessels see Vanhoutte et al,
(1984). Adenosine 5'-triphosphate (ATP) is a co-transmitter with
norepinephrine (Burnstock and Kennedy, 1986) and prostaglandins of
the E series inhibit norepinephrine release from nerve terminals.
"It is reasonable to asume that NE release from the adrenergic
terminals is controlled by a local PGE-mediated feedback mechanism,
which operates through restriction of availability of calcium for
the NE release process, and which seems to be particularly effic-
ient within the 'physiological' frequency range of nerve impulses."
(Hedqvist, 1977). Kopin (1985) has recently reviewed catecholamine
metabolism and the importance of aging on adrenergic mechanisms was
the subject of a symposium led by Roberts and Steinberg (1986).

EFFECTS OF ANESTHESIA

This important subject, especially for the experimentalist,
has been reviewed in detail by Longnecker and Harris (1980).Studies
both in vivo and in vitro indicate that anesthetics in general
cause a vasodilatation. Altura et al, (1980) suggest that this is
due to inhibition of normal vasomotion of vascular smooth muscle as
well as a depression of the contractile responses to those endogen-
ous neurohumoral substances that play a role in maintaining vasc-
ular tone. This may be due to interference with calcium ion move-
ment. "This may help to explain why some of the commonly used
anesthetics, in particular, compromise the control of the cardio-
vascular system, produce hypotension and venous pooling, and
exacerbate the effects of circulatory shock." (Altura et al, 1980).

A number of studies have investigated in detail the effect of
pentobarbital on the circulation both with and without shock. "In
the absence of anesthesia, hemorrhage activates mainly the cardiac
sympathetics (and possibly also the sympathetics innervating the
capacitance vessels) with little sympathetic modifications of the
overall vascular resistance. Under pentobarbital, however,
hemorrhage cannot further increase the discharge of the cardiac
sympathetics and the major sympathetic response is to elicit
constriction of the resistance vessels." (Chien, 1971).Pentobarb-
ital depresses norepinephrine output from sympathetic nerves
(Gdthert and Rieckesmann, 1978). It depresses the catecholamine
response to hemorrhage (Farnebo et al, 1979; Adamicza et al, 1985)
and has a central depressant action (Carrier and Holland, 1966).

EFFECT OF SHOCK AND TRAUMA ON BIOGENIC AMINES

Chien and Simchon (1983) have reviewed the effects on the
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sympathetic and central nervous systems and Parratt (1983) has
reviewed the release of neurohumoral agents.The normal action of
the sympatho-adrenal system is essential for survival in shock and
trauma, at least in the early stage, but may well contribute to
demise of the organism in the late phase. Thus, we showed both
with reduced skeletal muscle blood flow (Lewis and Mellander, 1962)
and hemorrhagic shock (Mellander and Lewis, 1963) that the early
action of the sympathetics was to transfer fluid from the
extravascular space to the intravascular space, but that this was
just the opposite later on, due to the more rapid fall off of
pre-capillary responsiveness than post-capillary responsiveness.
In trauma there was an immediate, marked vasodilatation (Sandegard,
1974) as well as a decreased responsiveness to sympatho-adrenal
stimulation (Lewis and Lim, 1970; Lewis and Kerstein, 1970).

Vital microscopic studies have shown that the hallmark of
irreversibility is the hyposensitivity of the arterioles (Zhao et
al, 1985). One important factor here could be the membrane depol-
arizing action of catecholamines, as shown for epinephrine (Clemens
et al, 1985). Even before irreversibility is reached, there is a
difference in the sensitivity of arterioles depending on their
size. Thus, in hemorrhagic shock Flint et al, (1984) have shown
that larger arterioles become less sensitive to topically applied
norepinephrine, while smaller arterioles do not. Here again, inter-
relationships with other mediators make the picture very complex.
PGE2 stimulates release of catecholamines (Feuerstein'et al, 1981)
and steroids potentiate them (Hellman, 1980). Tyrosine, a
catecholamine precursor, can stimulate catecholamine synthesis
(Conlay et al, 1985), thus possibly acting in a compensatory
manner, but the synthetic pathway can lead instead to tyramine and
may then contribute to sympathetic nerve system exhaustion
(Hamburger and Henry, 1986). In the brain, both catecholamines and
serotonin show an early decrease followed by a subsequent partial
recovery (Laborit et al, 1984a), and the situation can be improved
with a combination of tyrosine, glucose, insulin and vitamin C
(Laborit et al, 1984b).

In Table 1, are summarized some of the important microcirc-
ulatory aspects of the early, compensatory actions of the sympatho-
adrenal system to hemorrhage and shock. Note that all of these
actions are compensatory in nature and are truly essential for a
proper response to the injurious stimulus. It can be suggested that
one important function of vasoconstriction is to keep the micro-
circulatory hematocrit at its normal low level. Insulin resistance,
which develops in this state, has often been looked upon as an
inappropriate response. Ware (1982) has, however, pointed out that
this allows the body to use the sympathoadrenally-induced hyper-
glycemia to pull water out of the cell, thus aiding in the refill-
ing of both the extra- and intra-vascular spaces, at the expense of
the much larger intracellular space.

One of the major differences between shock and trauma is that
the traumatized tissue has a depressed reactivity tj catechol-
amines, which means that the involved tissue cannot take part in
the compensatory reactions. Catecholamines are also released into
the injured tissues, and at least for the nervous system have been
shown to participate in the injury, possibly by the production of
oxygen free radicals (Kurihara, 1985). The possible importance of
this for the patient has been emphasized by Young and Becker(1982):
"The fact remains that the spinal cord is often not transected by
trauma and that a delayed detrimental pathophysiological event
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Table 1. Acute Response of Microcirculation to Hemorrhage & Shock

Vascular Resnsnne Physiological Pffect Significance for
Hnmeogtasi R

generalized vaso- increased peripheral maintained arterial
constriction, both vascular resistance blood pressure in
pre- and post- the face of low
capillary cardiac output

decreased (or main- decreased (or main-
tained) microcircul- tained) microcirc-
atory hematocrit ulatory blood

viscosity

increased tone of venoconstriction with adjusted size of
capacitance vessels decrease of blood in vascular bed to re-

peripheral veins duced blood volume;
movement of blood
volume centrally

greater increase in decrease in capillary restoration of
precapillary resi - hydrostatic pressure circulating blood
ance than in post- with net inward move- volume
capillary resistance ment of extravascular

fluid

opening up of "pre- increase in size of restoration of circ-
capillary sphincters" capillary bed avail- ulating blood volume

able for fluid
exchange more even distrib-

ution of available
capillary blood flow

metabolic response
sympatho-adrenal release of glucose restoration of
effect on liver, from liver--> hyper- circulating blood
pancreas and adrenal glycemia--> increased volume and extra-
medulla osmolality of plasma vascular volume

and extravascular space

occurs that can be reversed. It is possible that a secondary
injury of the spinal cord may be prevented by proper immobil-
ization, manipulation of blood pressure and alteration of biogenic
amines or other metabolites at the trauma site." (Italics are
mine).

Serotonin appears to be involved in the hypoxia-induced pulm-
onary vasoconstriction (Lauweryns and Cokelaere, 1973), possibly
mediated by the serotonin found in the pulmonary neuroepithelial
bodies (Lauweryns et al, 1986). This response is important in pre-
venting blood from traversing unoxygenated alveoli. In the peri-
pheral vessels, anoxia potentiates the constricting action of sero-
tonin (Shepherd and Vanhoutte, 1985). The puzzling array of both
constrictor and dilator actions of serotonin can perhaps be
explained in part by the possibility that it modifies adrenergic
transmission (Vanhoutte et'al, 1984). Finally, of interest clin-
ically is the observation that serotonin constricts collateral
blood vessels (Verheyen et al, 1984).
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Histamine, coming mainly from mast cells, has a major action
on vascular permeability. The original proposal by Majno et al,
(1967), that this is accomplished by endothelial cell contraction
with opening up of the interendothelial junction is still the sub-
ject Qf debate. Histamine also plays a role in the hyperglycemia
peen with shock. It stimulates release of catecholamines from the
adrenal medulla by a Hi-receptor mechanism (Dimlich, 1985).

EFFECT OF ENDOTOXIN AND SEPSIS ON BIOGENIC AMINES

Nagler (1980) has reviewed the effects of endotoxin on the
circulation and microcirculation and Schrauwen's doctoral thesis
(1986) explores in detail effects on the mesenteric circulation of
the pig. The effect of endotoxin on the microcirculation has been
studied by vital microscopy (Urbaschek and Urbaschek, 1975; Baker
and Wilmoth, 1984). Table 2 taken from the data of Baker and Wil-
moth (1984) shows that in rats given endotoxin intravenously, there
is a marked depression in the ability of both arterioles and ven-
ules of all sizes of the cremaster muscle to respond to norepi-
nephrine applied topically. Similarly, McKenna et al (1985) have
observed that sepsis decreases vascular contractility to norepi-
nephrine. The explanation for these observations is not clear, but
there are changes in receptor density (Shepherd et al, 1986) and in
receptor sub-types (Winbery et al, 1986) on exposure of tissue to
endotoxin. In addition, septic plasma affects the ability of rat
myocytes in vitro to produce cAMP upon stimulation by epinephrine
(Carmona et al, 1985).

Endotoxin causes marked elevations of plasma catecholamines in
conscious rats. "It would appear that the elevation in plasma
catecholamines may be a direct indication of the severity of endo-

Table 2. Videomicroscopy of rat cremaster muscle. Endotoxin: 6 mg/
kg iv during a 1 hr period. Norepinephrine applied topically to
muscle. Threshold dose (-log molar conc) necessary to produce vaso-
constriction. Data from Baker and Wilmoth (1984)

Type of Approx. diam Post-endotoxin
microvessel in gm Control max. chanae at timemin

large order
arteriole 140 8.5 4.1 120

first order
branch arteriole 80 8.4 4.1 120

second order
branch arteriole 55 8.8 5.2 120

large order
venule 170 8.2 4.0 120

first order
branch venule 80 7.9 4.5 90

second order
branch venule 60 8.1 4.7 90
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toxicosis and under certain conditions have potential as a pre-
dictor of ultimate shock and death." (Jones and Romano, 1984).
The observations of Benedict and Grahame-Smith (1978) indicate that
the same is true for humans. They found higher and longer lasting
levels of catecholamines in non-survivors than in survivors.

The studies of McKechnie et al, (1985) confirmed the data of
Jones and Romano (1984) and explored in more detail the role of the
sympatho-adrenal system in this response. In addition to studying
the effect of endotoxin on intact rats, they noted the effects of
"sympathectomy" with guanethidine and/or adrenal demedullation. It
was shown that "sympathectomy" had some effect on the levels of
plasma catecholamines and on mortality, while adrenal demedullation
blocked both the catecholamine and hyperglycemic responses and had
a devastating effect on mortality, as shown in Table 3.

Studies in sepsis and septic models have revealed myocardial
dysfunction (Spitzer et al, 1986) as well as dysfunction of the
peripheral vasculature in septic patients. Thus, Siegel et al
(1967) found a decreased peripheral vascular resistance independent
of the flow level in patients in septic shock as compared to those
suffering from shock of other etiologies. This picture resembles
the peripheral vascular status seen in hepatic failure, suggesting
the possible production of false transmitters (Siegel, 1986), as
suggested by Fischer and Baldessarini (1971). They reasoned that
amines absorbed from the gut, normally metabolized in the liver,
would not be in the presence of hepatic failure. These amines
would then overflow into the circulation and accumulate in nerves.
The same could well be true in shock, in view of the decreased
barrier function of the gut in this situation. This would then be
a slight modification of the original hypothesis put forward by
Fine and colleagues as to the mechanism of irreversibility in shock
(see Fine, 1970).

Table 3. Effect of "Sympathectomy" (SY) and/or Adrenal Demedull-
ation (AD) on plasma catecholamines and glucose, and on mortality
in rats. Data taken from McKechnie et al, 1985.

Endotoxin-induced
plasma increases SY AD SY+AD

Epinephrine early-no effect blocked blocked
late-reduced

Norepinephrine early-no effect reduced markedly reduced
late-reduced

Glucose no effect blocked blocked

Endotoxin

Mortality alone

1 hr 0/10 0/7 0/8 0/8

4 hr 0/10 1/7 6/8 7/8

8 hr 3/10 3/7 8/8 8/8
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II

As Thijs et al, (1984) have pointed out, the hemodynamic
problems in patients with septic shock involve 4 main factors.
These include peripheral pooling, peripheral vascular failure,
increased permeability and myocardial failure. It is not difficult
to see that most of these items can be related to alterations in
the reactivity to catecholamines and the excess presence of the
other biogenic amines, as well as other mediators.

Serotonin and histamine are undoubtedly involved in the patho-
physiological changes seen in endotoxemia and sepsis, but their
exact roles have been difficult to establish. Since there are great
species variations in these substances, care must be taken in
interpreting experimental data. In sheep, Emau et al, (1984) found
elevated serotonin levels with endotoxin, and no change in
histamine levels. In rats, Schauer (1975) found elevated histamine
levels upon exposure to endotoxin, higher in non-survivors than in
survivors. Serotonin, coming to a large extent from platelets and
from the gut may (Stein and Thomas, 1967) or may not (Allison et
al, 1981) play a role in the pulmonary changes seen with endotoxin.
In dogs, Murphy et al, (1981) concluded that endotoxin did not
cause immediate, marked platelet aggregation and that serotonin
from these cells did not seem to play a major role in the immediate
pulmonary response. Using the Hi-blocking agent, diphenhydramine,
Brfgham et al, (1980) concluded that endogenous histamine was
responsible only in part for the increase in pulmonary vascular
permeability seen with endotoxin and was not involved in the pulm-
onary hypertension.

ROLE OF ENDOTHELIUM

The metabolism of biogenic amines by the endothelium has
recently been reviewed by Shepro and Dunham (1986). It is becoming
increasingly clear that the endothelial cells play a major role in
many important metabolic processes, not the least involving bio-
genic amines. Of great importance for the control of the microcirc-
ulation is the realization of the role of the endothelium in
mediating vasodilator responses (Furchgott et al, 1984). For a long
list of vasoactive substances, including for example, serotonin,
the ability of the substance to produce vasodilatation depends on a
functioning endothelium, which via an endothelial-derived relaxant
factor (or factors) causes the smooth muscle to relax. In the
absence of a properly functioning endothelium, or if the substance
reaches the smooth muscle directly from the outside of the vessel,
there will then be vasoconstriction. Shepherd and Vanhoutte (1985)
point out how this may well be one of the explanations for coronary
artery vasospasm. It is not necessarily the only mechanism for the
production of vasospasm, however, as Svendgaard et al, (1985) have
shown that cerebral vasospasm after subarachnoid hemorrhage in the
rat is mediated via intracerebral catecholamine pathways.

Since much of the endothelium is found in the lung, which
receives all of the venous drainage before blood is delivered to
the systemic circulation, the function of the pulmonary endothelium
is of paramount importance. It can be considered to protect the
body from an overflow of local hormones, by removing them from the
circulating blood. Thus, epinephrine, a general hormone, is not
metabolized by pulmonary endothelium, whereas norepinephrine, a
local hormone, is removed. We have suggested (Post and Lewis,
1979)that failure of this function could result in toxic actions by
the body's own mediators. Thus, cardiac arrhythmias could be due
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in part to failure of the pulmonary endothelium to remove norepi-
nephrine from the venous return. The role of endothelium in the
metabolism of serotonin and the problems that can arise when this
function fails has been described in detail by Vanhoutte et al,
(1984).

FINAL COMMENTS

Catecholamines, functioning as nerve transmitters and both
local and general hormones, play a central role in the effects of
shock, sepsis and trauma on the microcirculation. They are vital
for survival in the early state, but may contribute to death in the
later stages. When and how this about-face occurs is not clear. It
may well be that many of the other mediators also important inthese pathophysiological states have their effect by modulating

catecholamine effects. The reverse is also a very good possibility.

Since the normal functions of serotonin and histamine are not
really understood, it is unclear how these are altered in shock,
sepsis and trauma. What is clear is that they are produced in
excess and appear to have, in general, detrimental effects, since
blockade of their effects does not worsen the organism's status, as
is'the case for catecholamines. In some cases there is an improve-
ment.

What we know about the biogenic amines in these states is much
less than what we do not know. Much work remains to be done.
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INTRODUCTION

A variety of insults (such as trauma, burns, acute pancreatitis and
so on...) are accompanied by shock and often lead to the development of
Adult Respiratory Distress Syndrome (ARDS) which defines a clinical and
physiological sydrome characterized by an increase in pulmonary permeabi-
lity with interstitial edema, subsequent hypoxemia and severe respiratory
failure and by a high rate of mortality (50 to 70 % of patients) (1,2).

Sepsis is largely involved in either the etiology or the complication
of shock and ARDS. It appears more and more that "respiratory failure is
not the major reason for death" (3) and that "most of the deaths occuring
more than 72 hours after the events or illness that resulted in ARDS are
related to sepsis syndrome" (4).

Shock and ARDS also result in multi-organ system failure. Like the
kidney, the pancreas is highly vulnerable during shock, particularly when
pancreatic ischemia is possible due to hypoperfusion. This could be a
critical factor leading to pancreatitis with proteinases release (5).

These enzymes are able to activate complement leading to polymorphonu-
clear cels activation with production of activated oxygen species. They can
destroy proteins and membranes and activate many other zymogens such as
preksllikrein, prothrombin, plasminogene, and so on... (6,7). One of these
proteinases is known as particularly dangerous : it is trypsin. In acute
pancreatitis patients, shock and adult respiratory distress syndrome are
frequent (8). But, until now, the presence of this enzyme in blood has
never been described except for acute pancreatitis.

We have previously reported the results of trypsin measurements in
ARDS patients : a significant correlation appeared between ARDS and
abnormal immunoreactive trypsin (IRT) and more particularly between sepsis
and IRT (9,10). These results were confirmed by Nicod et al. who found a
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19-fold increase in IRT in ARDS patients after a mean of six days evolution
(11).

Further studies were pursued in multiple injured patients, in patients
who underwent major surgical procedure and in severely burned patients, at
the admission to the Intensive Care Unit (ICU) and during several days of
hospitalisation. We studied the evolution of trypsin release in blood in
parallel with amylase and lipase and tried to correlate our observations
with the development of ARDS and sepsis.

MATERIEL AND METHODS

Patients

123 patients admitted to the Intensive Care Unit (ICU) of the Univer-
sity Hospital of Liege have been studied (Table I). They were divided in
three groups : the first group consisted of 89 patients : 65 multiple
injured patients with at least three major injuries (head, chest, pelvis
or limbs) leading to severe shock and 24 patients who underwent major
abdominal surgical procedures on digestive tract or abdominal aorta and
needed long duration intensive care post-operatively. 53 (59,5%) of these
patients presented septic phenomena. 48 (54') patients of this group
developed ARDS.

The second group included 13 multiple injured patients who were
studied immediately after their arrival in the emergency unit. Diagnosis
of shock was established in 11 out of these patients. Eight of them
developed ARDS and 7 presented septic phenomena.

The third group of patients consisted of 21 burned patients classified
in heavy and benign burned patients according to the measurements of the
Burn Skin Area (BSA) and the Units of Burned Skin (UBS) as proposed by
Sachs and Watson (12). The 13 heavy burned patients had more than 300
BSA and more than 40% UBS. Cause of burn was essentially flam (16 patients).
Out of these 21 patients, 10 developed ARDS generally with sepsis.

Table I : Classification of the 123 studied patients (pts).

Group 1 65 multiple injured 24 abdominal surgery
patients patients

n=89 with sepsis : 35 pts with sepsis : 18 pts

Group 2 13 multiple injured patients

n=13 with shock : 11 pts with shock'I 8 pts
and ARDS J

Group 3 21 burned patients

n=21 heavy burns : 8 pts benign burns : 13 pts

Sepsis and ARDS criteria

Sepsis was considered as present when there were fever, white blood
cells count greater than 12.000 cells/mm 3 and local signs of infection.
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The criteria for ARDS were a non cardiogenic edema without an asso-
ciated increase in capillary wedge pressure and severe arterial hypoxemia
requiring mechanical ventiliation as previously described (9,10). The

* severity of this syndrome was estimated by using the respiratory failure
score established by Morel et al. (13). In the ARDS patients, this respi-
ratory failure score remained above 2 during four to five consecutive days.

* Sampling procedure

Blood sampling started within 24 hours of admission to the ICU for
all the patients of the first group. Arterial or venous samples were
drawn twice daily, until the patient died or left the ICU.

In group 2, the first blood sample was taken immediately after
arrival in the ICU. The following samples were taken every 6 hours during
the first 30 hours after injury, twice a day the second and third days and
once a day during 10 days.

In group 3, the first blood sample was taken within the first six
hours after thermal injury and the second between the 6th and 16th hours.
After this period, blood samples were taken twice a day, in the morning
and in the afternoon. Some patients were studied over a twelve days
period.

Blood was drawn form short catheters in polystyrene tubes containing
heparin for trypsin determination. For amylase, lipase, a proteinase
inhibitor ( a1PI) and 2 macroglobulin (a2i) determinatilns, serum was
used. After centrifugation (10 min.,15Oxg , plasma or serum samples were
stored at -300 C until assay.

Plasma or serum assay

Immunoreactive trypsin (free trypsin, trypsinogen and the complex
trypsin - al-proteinase inhibitor) was measured by radio-immunoassay tech-
nique using a rabbit antiserum to human cathodic trypsin, non labelled
human cathodic trypsin as standards and 125 I-labe]led human cathodic
trypsin as tracer.

The lower limit of sensitivity is 5 pg/L and the mean normal value
33.0 * 12.3 pg/I. The value of 70 pg/L (mean value plus three standard
deviations) was taken as the upper limit of normal. Enzymatic methods
were used for lipase and amylase measurements and laser nephelometry for

I PI and c2 M. Upper normal values for amylase and lipase were respec-
tively 140 and 290 U/L. Mean normal values was 2.6 g/L for tPI and 2.4
gIL for a2M.

RESULTS

1. Correlation between immunoreactive trypsin and sepsis in multiple
injured and a!dominal surgery patients

Fig. I presents the mean of highest IRT values measured in the 89
patients of group 1. The mean values are high in septic as well as in
non septic patients when compared to the normal mean value of 33 Pg/L.
In non septic patients, the mean of highest IRT values was 96 pg/iL of
plasma. Eleven patients presented value above 70 pg/L (upper hormal
value), but IRTvalues higher than 500 pg/L were never measured. In 25
patients, IRT always remained within the normal range.
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Fig. 1. Highest IRT Fig. 2. Evidence of pancreatic
values measured in failure in an abdominal surgery
septic (a ) and non male patient. (-) t mean normal
septic (o) patients value for IRT (33ng/ml); ( ---- ) :
of group 1. (o--4) upper normal value for amylase
indicates the mean (140 U/L); (-.-.-) upper normal
value in pg/L plasma value for lipase (290 U/L).

High IRT values were correlated with the presence of septic phenomena
(p < 0.01). In septic patients, the mean IRT value reached 476 Vg/L and
only two patients always remained below the upper limit of normal.'
Values higher than 500 pg/L were found in 13 patients. These high IRT
values were measured during several consecutive days and were thus not a
transitory phenomenon. Plasmatic IRT started rising one or two days before
the clinical signs of sepsis became evident and reached its maximal value
when sepsis was well established. Then it slowly declined with improvement
of patient or remained high until death.

ARDS occurred on days 1 to 2 in multiple injured patients and in
abdominal vascular surgery patients. It occurred on days 2 to 5 for the
digestive tract operation patients. In accord with previous studies,
mortality was higher in patients who developed ARDS,(2,4). IRT rises were
concomitant or occurred one or two days after the onset of ARDS.

Fig. 2 illustrates these observations in a male patient who underwent
a surgical procedure on digestive tract. On day 2, ARDS was present.
Septic phenomena were evident in the afternoon of the same day. At this
moment, IRT was already high (200 pg/L). It continued rising the following
day and remained high until death. -Amylase and lipase presented a similar
but delayed evolution.
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2. Simultaneous release of IRT, amylase end lipase.

In 13 multiple injured patients with major injuries and severe shock
(group 2) IRT, amylase and lipase were measured on blood samples taken at
well defined times after injury.

Fig. 3 shows the mean values obtained for IRT, amylase and lipase at
each sampling time. Until day 5th, these mean values were obtained on the
13 patients; from day 6th to day 13th, the mean values were established on
7 remaining patients with sepsis and ARDS (one patient died and the five
othershad left the ICU, after improvement). The mean IRT value was abnormal
on day 4th and always remained high in the following days, reaching a
maximal mean value on day llth. Amylase and lipase presented a similar
evolution. The drop of mean values observed on day 13th accompanied an
improvement of patients.

e--*INT ng/m"
Amylese U/I p

i---. Lip"u* WI i A

A IA'

GM - \ % % %
*0 s =*. / ' I

0 i 0 I \II" / I

400

,. 't

1 2 3 4 5 6 7 S 9 10 .16 L2 d.,,

Fig. 3. Simultaneous release of IRT, amylae and
lipase in the 13 multiple injured patients of
group 2.

- mean normal value f or IRT

upper normal value f or amylase
upper normal value for lipase

3. Pancreatic failure in burned patients

The mean value for IRT, amylase and lipase were calculated for each
sampling time. As shown on fig. 4, all along the study, the means of the
three measured substances were found normal. However, mean IRT and mean
amylase raised slowly in the last days particularly when compared to the
values obtained on day one. On day 7th, the mean amylase value reached
the upper limit of normal.
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It seemed thus that burned patients, unlike multiple injured and
abdominal surgery patients, did not developed a pancreatic failure.
However, surprisingly, in four heavy cases with ARDS and sepsis, the
markers of a pancreatic suffering were present : IRT, amylase and lipase
became abnormal on day 3th, and remained high for several days. Two of
these heavy burned patients died on day 7th with IRT values above 500 jg/L.

Fig. 5 illustrates one of these particular cases. On fig. 5A, are
presented the evolution of IRT, amylase and lipase and on fig. 58, the
evolution of the two anti-proteinases ( a IPI and a2M) in the same patient.

616 (ARDS)
9P.--IlRT

nq/nO IRT , 1. \ Amyase un

120- a-a- LUpase -490

000

1 2 3 4 6 7 8 days

Fig. 5A. Pancreatic failure in a 24 years
male patient burned at 42% UBS.
Legend : see fig. 4.
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Trypsin, amylase and lipase were abnormal from day 3th; the curves
drawn for these three substances presented a parallel evolution; however,
lipase quickly returned to normal value (day 4th) while trypsin and
amylase remained either abnormal or at limit of the upper normal value.
Curiously, we observed abnormally low values for the three measured sub-
stances on the first day, 6 to 24 hours after thermal injury.

B 16 (ARDS)

10 a, P1I 1&. e d1 p

i pi I i I i I i

1 2 3 4 5 6 7 S days

Fig. 5B Evolution of the two main plasmatic
proteinase-inhibitors in the same patient
as fig. 5A.

i1 P I v proteinase inhibitor
- mean normal value for cqPI

L2M : s2 macroglobulin

:mean normal value for ci2M

As concerned slP and 2M, their evolution was similar to what had
been previously observed in patients at risk of develoing ARDS (14).

u 2M dropped dramatically after 24 hours and remained very low (below 1gI) all along the study; alP behaved as an acute phase protein, reaching
aroung 8 g/L on day 4th remaining above 4 g/L until the end of bloo
sampling.

DISCUSSION

1. Pancreatic failure in critically ill patients

We observed very important releases of immunoreactive trypsin (reaching10 to 50 - fold the mean normal value of 33 pg/L) in multiple injured and
abdoinl surgery patients in correlation with sepsis. In burned patients,
we observed moderait releases of the sae enyme. At this point, it is
important to ote d that orter chnique measured trypsinogen, potential free
trypsin a on tryps udboundto ePhbe nat the trypsin bound to 2 ac. In

complex with this large molecule, trypsin remains enzymtically active and
thus very dangerous. So, by our radioimmunological technique, we do not
otain any information about the presence of trypsin- b macroloulin
complex e whiac represent the moat iportant part of trypsin complexes in
plasma (15,16). When immunoreactive trypsin was masured in patients
plasma, it apeared late after injury (4 to 5 days) but persisted for
several ays. Its aare was generally concomitant or a little delayed
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to the onset of ARDS trypsin can thus not be considered as a marker of
ARDS useful for an early diagnosis of this syndrome. On the contrary,
the release of trypsin in plasma always preceded (by at least 24 hours)
the clinical signs of sepsis; so, this enzyme appears as an early marker
of sepsis syndrome which is a frequent cause of death in ARDS and burned
patients (4).

We also observed a release of amylase and lipase in plasma of our
patients. In most cases, this release accompanied the release of trypsin;
this simultaneous increase of IRT, lipase and amylase is classically
associated with the diagnosis of pancreatic disorder. It seems thus that
pancreatic failure is frequent after severe injury and shock despite the
fact that a diagnosis of pancreatitis was never established in our patients.
In a previous paper, we already mentioned the simultaneous release of
trypsin and amylase in ARDS and septic patients (9); however, the origin
of amylase may be extra-pancreatic and Weaver et al. have underlined the
presence of non pancreatic amylase in critically ill patients plasma (17).

With our new observations about the simultaneous release of the three
substances (trypsin, amylase and lipase), we are now able to confirm that
pancreatic failure occurs during shock.

2. What are the ways of penetration of trypsin in blood and how could
it accumulate in plasma ?

During shock, there is a circulatory stagnation : trypsin can be
absorbed from gastrointestinal tract. During shock, a pancreatic ischemia
is possible due to hypoperfusion ( 5 ) : this is a critical factor leading
to pancreatitis as we have observed in our patients. During this pancreatic
failure, trypsin and trypsinogen escaping from pancreas accumulate in
abdominal cavity. From there, these pro-enzyme and enzyme can flows out
in blood via the lymph of thoracic duct.

In plasma, it seems that trypsin does not remain free : it is quickly
bound by the two main antiproteinases, l1PI and aM. However, in our
patients, an unbalance between proteinases and antiproteinases cannot
be excluded : alPI levels were elevated, but it appears more and more
that this antiproteinase is rapidly inactivated (at level of a methionine
residue) by toxic forms of oxygen and the chlorinated derivatives which
are produced by activated leucocytes during ARDS and shock (18,19). On
the contrary, plasma levels of a9M were low (below 50% of normal value) in
our patients. A similar fall in a2M plasmatic levels was also observed in
septic shcck patients by Witte et al. (20). a2M is normally present in
high concentration in plasma and is able to entrap nearly all known pro-
teineses, particularly serine proteinases, facilitating their removal via
reticulo endothelial system.

Our observations in severely ill patients suggest that there are a
consumption and clearance of this inhibitor indicating a saturation by
proteinses released not only by leucocytes but also by pancreas.

3. What are the consequences of this pancreatic failure in severely ill
patients ?

The main consequence of this pancreatic failure will be a release of
numerous enzymes such as phospholipases, elastase, lipase ... (22).
Among all these enzymes, trypsin appears as the most dangerous.

Trypsinogen, released from pancreas and appearing in blood is inactive.



However, it will be rapidly activated to trypsin by autoactivation or by
action of other proteinases released, for example, by activated polymor-
phonuclear leucocytes (21). This active trypsin is able to activate all

the other zymogens of pancreatic origin such as prophospholipases, pro-

kallikrein. It can also activate plasmatic prothrombin and plasminogen
leading to coagulation, fibrinolysis disorders and bradykinin release
(7,10). It activates complement with a degradation of complement fraction
C3 (6). This complement activation will entertain the granulocytes acti-
vation in patients. Trypsin also destroys proteins and tissues, and when
bound to 0(2M, remains a potent endopeptidase. In this way, pancreas
failure may contribute to the occurence and to the degree of severity of
shock and acute respiratory failure. The released enzymes will be secondary
mediators enhancing tissues and membranes destruction and increasing the
endothelial permeability responsible for lung dysfunction.

CONCLUSIONS

Trypsin-like activity was detected in critically ill patients, parti-
cularly in correlation with sepsis. Trypsin release in plasma was
accompanied by abnormal levels of amylase and lipase, suggesting a pancre-
atic failure in these patients. This pancreatic failure may contribute to
the degree of severity of shock and acute respiratory failure.
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INTRODUCTION

Bradykinin and related kinins have been shown to produce
all four of the cardinal signs of the inflammatory response,
vasodilatation, increased vascular permeability, pain and,
in higher doses, accumulation of leucocytes (1). Some obser-
vations have described the appearance of kinins in inflamma-
tory exudates induced by thermal injury. Roche e Silva and
Antonio (2) observed that immersing rat paw in hot water in-
duced the appearance of a kinin-like activity in the perfu-
sate of the subcutaneous spaces. This observation was con-
firmed several times by the same group (3, 4, 5). Edery and
Lewis (6) detected a kinin-forming activity in the lymph
draining the burned limb of the dog. Kinins could thus par-
ticipate in the inflammatory response to burn.

Kinins are released from plasma proteins, the kininogens
by several specific (plasma or tissuekallikreins) or non-
specific (e.g. trypsin) enzymes. Human plasma contains two
kininogens, low molecular weight (LMU) and high molecular
weight (HMW) kininogens. Both kininogens are formed by two
chains surrounding bradykinin. The heavy chain is similar
for both kininogens, while the light chain is characteristic
for each kininogen. The light chain of HMW-kininogen is a
cofactor for the initiation of the contact system of blood
coagulation, and exists in complexes with plasma prckalli-
krein and coagulation factor XI. HMW-kininngen is the prefe-
rential kinin-forming substrate for plasma kallikrcin (7, 8).
Recently, the heavy chain of both kininogens was shown to
contain two potential roactive site sequences, lGn-Val-Val-
Ala-Gly, that inhibit thiol-proteinases (g, 10). Kininogens
thus apparently have two functions: they release pro-inflam-
matory kinins and are anti-inflammatory 02-cysteine protei-
nase inhibitors.
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The Plasma Kinin System in Burned Patients

We have developed specific radioimmunoassays for the heavy

chain of kininogens and for the light chain of HMU-kininogen
(11).These assays can be used to estimate the plasma content
in total kininogens and in HMU-kininogen directly. The diffe-
rence between total kininogen and HtW-kininogen gives the le-
vel of LW-kininogen (11).Whe showed that "in vitro",a relea-
se of kinins accompanies a decrease of the level of kinino-
gene estimated by radioimmunoassays (12). Moreover, we deve-
loped an automated method for the measurement of plasma pre-
kallikrein enzyme activity (13). For both kinds of assays, we
established reference values in a large population of normal
subjects (11, 13). We showed that the plasma level in kinino-
gene and prekallikrein is similar whatever the sex or the age
of the subject (11, 13).

Very few results about the involvement of kinins in man af-
ter thermal injury have been reported (14). Thus in the first
place, we quantified the plasma levels of prekallikrein and
kininogens in 36 severely burned patients admitted to the
"Centre des BrOl6s", of Herriot Hospital in Lyon. Upon admis-
sion to the intensive care unit, the plasma level of proteins
in the patients was reduced by 13 5 %, that of HMU-kininogen
was diminished in the same range 14 %), while the plasma
levels of prekallikrein (- 26 %) and of total kininogens
(-26 %) were more drasticalyreduced. The plasma content in
kininogens and in prekallikrein stayed at these low values
during the first three days following thermal injury (15).

We have shown (15) that reduction in total kininogens is di-
rectly proportional to the extent of the burn injury estimated
by the Burn Skin Area (BSA) or by the Burn Unit Skin (BSU) of
Sachs and Watson (16). We have also observed, as others (17),
a reduction in complement plasma level. In our patients, there
was a positive correlation between the plasma level in total
kininogens on the one hand and on the other hand the plasma
level in C3c and C4 (15).

A decrease of prekallikrein activity in plasma suggests that
this enzyme is activated by the injured surface and bradykinin
released from HIW-kininogen. However HMU-kininogen was slight-
ly reduced in our patients. This apparent discrepancy could be
explained by the protection of the immunogenicity of the light
chain of this kininogen in spite of the release of kinins as
we have shown "in vitro" (12).

The Kinin System inBlister Fluids

The decrease of total kininogens can be explained, at least,
in part by an extravasation through the burned skin. Indeed,
in six other patients, we were able to obtained blister fluids
(18). These fluids contained 23 + 4.1 g.L-1 of proteins, or
30 % plasma level. They also contained prekallikrein and kini-
nogens. Prekallikrein was present in the same proportion as
plasma proteins while total kininog en level was relatively 2.5
times higher than plasma proteins (18). 3acobsen and Wealer
(19) previously observed large increase of kininogens in lymph
after thermal injury. Like ourselves, they showed that scald-
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ing limbs of the dog or of the rabbit did not induce the ap-
pearance of active kallikrein in lymph (19). Similarly,
Armstrong at al. (20) found no active kallikrein but prekalli-
krein in blister fluid induced by other means. Thus, on the
surface of the skin# there is no activation of kinine but a
lose of prekellikruin and mainly of kininogens.This loss would
explain part of the decrease of the plasma level.

The Inflammatory Resoonse to Burn in Kininonen-Daficient
Animals

To estimate the importance of the involvement of kinine in
the inflammatory response to burn, we compared the edemas in-
duced by heating (30 sac; 600C) the pau of normal Uister rats
and of kininogen-deficient Brown Norway rats. The plasma of
our Brown Norway rats from the strain BN/Ray Pfd f contains
only T-kininogen but not the two usual kininogens and does
not form kinins by the usual ways (21, 22). T-kininogen is not
a kinin-forming substrate for kallikreins and releases kinins
with very large concentrations of trypsin (23). It is an acute
phase plasma protein and is identical with al-cysteine protei-
nasa inhibitor (10). We observed that this inflammatory res-
ponse induced by heating the paw has similar pattern and ex-
tent in both strains of rats (24). Other factors would thus be
responsible for the inflammatory response. Indeed, Green (25)
has described some differences between the exudetss induced by
bradykinin and by thermal injury. In the experiments of Roche
o Silva and his collaborators (2, 4, 5), the thermal insult
was milder then in our experiments.

CONCLUSIONS

Following thermal injury, there is an activation of the ki-.
nin system as demonstrated by the decrease of plasma prekalli-
krein level. The role of kinins in the inflammatory rebponse
is apparently minor as the edema induced by heating is not mo-
dified by the lack of these polypeptides, as shown in a speci-
fic strain of rats. There is also an accumulation of kinino-
gens on the skin and in blister fluids. In blister fluids, ki-
ninogens could inhibit cysteine proteinases.

REFERENCES

1. Lewis, n" hn : Handbook of egperimental Pharmacology
(editor. E. Erdos). Springer Verlag (Berlin, Heidelberg,
New York) 25 : p 516 (197D).

2. Roche a Silva, M. and Antonio, A. Med. Exp. 7 : 371 (1960).
3. Roche a Silva, 14, and Rosenthal, S. 3. Pharmacol. exp,

Thor. 132 : 110 (1961).
4. raria Lemme, 3., Hemamura, L. and Roche a Silvat M. Brit.
3m Pharmacol. 40 : 294 (1970).

5. Limaos, F., Barges, D., Souza-Pinto, 3. Gordon, A. and
Predo, 3. Br4 R, exp, Pathol. 62 : 591 *1981).

6. dery, M. end Lewis, Po .. Physiol. (London) 169 : 568
(19635.

7. Rovar, In : Handbook of experimental Pharmacology
(editor: E.rdos). Springer Verlag (Berlin, Heidelberg,
New York) 25 suppl, p. 1(979).

8. Colman, R. 3. Clln. Inves,. 73 : 1249 (1984).

j 239



9. Ohkubo, I., Kurachi, K., Takasaua, T., Shikawa, H. and
Sasaki, M. iBic tr 23 : 5691 (1984).

10. Ruller-Estie-T.9,Fritz, H., Kellermann, 3., Lottepsich,
E., Machleidt, M. and Turk, V. f 191 : 221(1986).

11. Adam, A., Albert, A., Calay, G., Closest, 3., Dames, 3.
and Franchimont, P. Cl!n. Chem. 31 : 423 (1985).

12. Adam, A., Dames, 3., Era, P., Albert, A., Stas, 3. and
Lecomte, 3. i. 34 : 19 (1986).

13. Adam, A., Azzouzi, M., Boulanger, 3., Era, P., Albert, A.,
Dames, 3. and Faymonville, M. Clin. Chem. Clin. Biochem.
23 : 203 (1985).

14. Colman, R. and Wong, P. In : Handbook of exoerimental
Pharmacology (editor: E/ T'rdo ). Springer Verlag Hearlin,
Heidelberg, New York) 25 suppl. p. 569 (1979).

15. Adam, A., Damas, 3., Albert, A., Era, P., Marichi, .3
Calay, G. and Laurent, P. Thrombosis Res. 41 : 537 (1986).

16. Sachs, A. and Watson, T. In : The immune consequences of
therml (editor: 3. Ninnemann). Williams and
Utlki aNew ork) p. 1 (1981).

17. Moors, F., Davis, C., Rodrick, N., Fannick, 3. and Fearon,
o. Enql 3. Ned. 314 : 948 (1986).

18. RarIChi, J., Adam, A., Damas, 3. and Lecomte, 3. C.R.
Soc, Biol. 179 : 748 (1985).

19. 3acobsen, S. and Waaler, 8. Brit. 3. Pharmacol. 27 : 222
(1966).

20. Armstrong, 0, 3epson, 3., Keels, C. and Stewart, 3.
3. Physiol. (London) 135 : 350 (1957).

21. Dames, 3. and Adam, A. Ex.erientia 36 : 586 (1980).
22. Damae, 3. and Adam, A. Ml. Physiol. 8 : 307 (1985).
23. Greenbaum, L. iochemj . Permaco1 . 33 : 2943 (1984).
24. Damas, 3., Remece-Volon, G. and Adam, A. Int. 3. Tissue

Reactions 6 : 391 (1984).
25. Green, K. Br. 3. exp. Pathol. 59 : 38 (1978).

240



THE ROLE OF LIPID MEDIATORS IN BLOOD FIBRINOLYSIS

J.J. Emeis
Gaubius Institute for Cardiovascular Research Herenstraat 5d
2313 AD Leiden, The Netherlands

INTRODUCTION THE FIBRINOLYTIC SYSTEM

The fibrinolytic system is the physiological counterpart of the
coagulation system. Formed from fibrinogen by thrombin after activation of
the coagulation cascade, fibrin is not meant to be a permanent structure
in the body, but a temporary one bound to be removed by proteolytic
enzymes. The most important of these enzymes is plasmin that, by limited
proteolytic cleavage, degrades the insoluble polymer fibrin into soluble
fragments, th fibrin degradation products. As plasmin is a broad spectrum
protease and can degrade many plasma proteins, it will not normally be
present in the blood in its active form, but as an inactive pro-enzyme
(plasminogen). Plasminogen is activated into plasmin by other specific
proteases : the plasminogen activators. Of the three types of plasminogen
activators present in the blood, tissue-type plasminogen activator (t-PA)
is considered to be the most important for intravascular fibrinolysis. The
role of the other two plasma plasminogen activators in intravascular
fibrinolysis (plasma pro-urokinase, and the Factor XII-dependent
plasminogen pro-activator, both circulating in blood as pro-enzymes) is
still obscure. Not only is fibrin the substrate for plasmin, but it also
dramatically accelerates plasminogen activation by t-PA, thus virtually
limiting plasmin formation to the surface of its substrate fibrin.
Moreover, fibrin protects plasmin from inactivation by protease inhibitor
'2-antiplasmin, which rapidly inactivates plasmin in the fluid phase.
Plasminogen activator activity is regulated by other specific protease
inhibitors, the plasminogen activator inhibitors (PA inhibitors). The
fibrinolytic system is schematically depicted in Fig. 1. For more detailed
descriptions of the fibrinolytic system, the reader is referred to recent
reviews (1-5).

In the present paper the -relatively few - data regarding the role
of lipid mediators (especially the eicosanoids and platelet-activating
factor) in fibrinolysis will be reviewed. Also, a brief survey will be
given of the changes in the fibrinolytic system in trauma and sepsis.

LIPID MEDIATORS AND CELLULAR PLASMINOGEN ACTIVATOR SYNTHESIS

The cellular sources of the plasma plasminogen activators (PA) are
only partly defined. Tissue-type PA, the major plasma PA involved in
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fibrinolysis, is synthesized by vascular endothelial cells in vitro (6,7)
and is present in endothelial cells in vivo, as determined by
histochemical (8,9) and immunohistochemical (10) techniques. From said
cells it is released into the blood (11). At present, no data are
available on the possible effects of lipid mediators on endothelial cell
t-PA synthesis, either in vivo or in vitro.

Urokinase-type PA immunoreactivity is widely distributed in many
cell types throughout the body (12) ; which of these contribute to the
level of circulating plasma u-PA is unknown.

Many cell types synthesize and secrete PA's in vitro (for recent
reviews, see 13,14) ; depending on the type of cell, the activator
synthesized can be either u-PA (generally as its inactive precursor
pro-uPA), t-PA, or both activators. Since methods .o differentiate between
these two types of activators have only recently become available, the
interpretation of previously reported data on the effects of lipid
mediators on PA synthesis is in many cases hampered by incomplete
knowledge of the type of activator studied. Moreover, in may studies PA
activity in cell extracts or conditioned media was assayed, and as many
cells are now known to produce PA inhibitors, activity data should be
interpreted with caution since changes in PA inhibitor synthesis will also
lead to changes in the PA activity measured.

In HeLa cells (which produce t-PA, ref. 15,16) Crutchley and
co-workers (17,18) showed that phorbol myristate acetate (PMA) induced
increased synthesis of both E- and F-type prostaglandins, and of t-PA
(17). As increased prostaglandin synthesis preceded increased t-PA
synthesis by some hours, these authors hypothesized that prostaglandins
might mediate the increase in t-PA synthesis. The cyclo-oxygenase
inhibitor indomethacin abolished prostaglandin production in these cells,
but had no effect on the induction of increased t-PA synthesis (17).
However, two inhibitors of arachidonate metabolism via the lipoxygenase
pathway, eicosatetraynoic acid (ETYA) and nor-dihydroguaiaretic acid
(NDGA), dose-dependently inhibited t-PA induction by PMA (18). Also,
5-hydroxyeicosatetraynoic acid directly stimulated t-PA synthesis in HeLa
cells (18). Similarly, in rat RBL-1 basophilic leukemia cells, calcium
ionophore-induced increase in PA-synthesis proved insensitive to
indomethacin, but was abolished by ETYA and by NDGA (18). The inhibitors
had little effect on basal rates of PA synthesis in these cells. As PG's
El, E2 and 12 induce increased PA activity (19), prostaglandins, in human
skin fibroblasts, are involved in the modulation of PA synthesis (likely
t-PA). The mechanism of this induction presumably involves activation of
adenyl cyclase, as the effect of PGEI was potentiated by phosphodiesterase
inhibitors. Nevertheless, the PMA-induced increase in PA activity in these
fibroblasts was not influenced by indomethacin (19).

Increased PA activity was also induced by PGE I and PGE 2 in mouse
C1300 neuroblastoma cells (20) - the activator in this cell line being
predominantly t-PA (21) -, by PGEI in human embryonic long cells (22), and
by PGE 2 in rat osteoblasts (23). In cultured rat granulosa cells, which
produce t-PA as the sole activator (24), again PGEI and PGE2 induced
increased PA activity whereas PGFI and PGE2. had no effect (25). In
cultured macrophages (which produce pro-uPA, ref. 26) PGEI and PGE 2
reduced PA activity ; PGF1 , and PGF2, proved inactive, as well as
indomethacin and aspirin (27,28). In both granulosa cells, human lung
cells and macrophages cAMP had similar effects as PGEI and E2.

In human synovial fibroblasts, cyclo-endogenous oxygenase products
could enhance PA activity in cells treated with supernatants of activated
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mononuclear cells (possibly interleukin-1), but did not enhance
PA-activity in retinoic acid-treated cells (28). Prostanoids by themselves
were poor activators of basal synovial cell PA activity (29, see also 30).

The above data strongly suggest that eicosanoids are involved in the
regulation of the fibrinolytic activity of cells, especially after PA
synthesis stimulation. The mechanisms involved are still poorly
understood, but might be related to changes in cAMP metabolism
(19,20,22,25,27,29). It is also clear that the effects of prostanoids on
cellular fibrinolytic activity vary with the cell type, and possibly with
the activator type, studied. As already mentioned above, possible

concomitant changes in PA inhibitor synthesis have to be taken into
account before changes in fibrinolytic (plasminogen activator) activity
can be interpreted as changes in PA synthesis. To date, no studies on the
effects of eicosanoids on PA inhibitor synthesis are available, except for
one study in macrophages (31).

RELEASE OF TISSUE-TYPE PLASMINOGEN ACTIVATOR FROM ENDOTHELIAL CELLS

The fibrinolytic activity of blood is to a large extent determined
by the plasma level of t-PA. This t-PA is synthesized and stored by
vascular endothelial cells, and can be acutely released from these cells
into the circulation. As the half-life of t-PA in the circulation is very
short (5-7 min in man, ref. 32), the plasma level of t-PA is highly
variable, and can be subject to rapid, short-term changes (see refs.
11,33,34 for recent reviews). Lipid mediators are involved in the t-PA
release reaction, both as inducers of the release reaction, and as
mediators of said release. Experimental studies demonstrated that
platelet-activating factor (PAF-acether) was a very potent inducer of t-PA
release in the rat in vivo (35). Studies in isolated perfused vascular
beds in rats (35) and pigs (36) showed that PAF-acether induced the
release of t-PA by a direct effect on vascular endothelial cells. Compared
to other compounds that induce the release of t-PA, such as acetylcholine,
histamine, calcium ionophore A-23187, bradykinin, eledoisin and thrombin,
PAF-acether proved equipotent to thrombin, and more potent than other
inducing agents (11,35,37). (A recent report suggests that PAF-acether may
be less potent in mice, ref. 38). Studies on the mechanism of
PAF-acether- induced t-PA release in perfused vascular beds then
demonstrated that the release reaction was calcium-dependent, and could be
inhibited by the phospholipase inhibitors mepacrine and
p-bromophenacylbroide, by the lipoxygenase inhibitors NDGA, AA-861 and
ETYA, and by the leukotriene synthesis inhibitor diethylcarbamazine
(35,36,39). In the rat system, the cyclo-oxygenase inhibitors
acetylsalicylic acid and indomethacin were unable to inhibit PAF-acether
induced t-PA release (35), though in the pig system acetylsalicylic acid
was inhibitory (36). A similar inhibitory profile was found in the rat
perfusion system when A-23187, bradykinin, carbachol or thrombin was used
to induce the release of t-PA, and when mepacrine, NDGA or calcium-free
solution was used to inhibit (39). The data suggest that t-PA release
involves the (calcium-dependent) activation of phospholipase(s), resulting
in increased availability of arachidonic acid for further metabolization
to eicosanoids. The metabolite involved might be a lipoxygenase product,
although a cytochrome P450 -dependent reaction cannot be excluded (11,40).
Still in the perfused rat vascular system, leukotriene D4 was able to
directly induce the release of t-PA (39).

Whether this same reaction sequence is also involved in t-PA release
in vivo is still under investigation.
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Although, as mentioned, PAF-acether is a potent inducer of the
release reaction in vivo, it is not indispensible : in rats, t-PA release
induced by bradykinin or by venous occlusion was not inhibited by the
PAF-antagonist BN 52021, which would inhibit the t-PA release, in vivo as
well as in perfused vascular beds, induced by PAF-acether (39).

Lipid mediators therefore in two different ways may be involved in
the acute release of t-PA from endothelial cells into the circulation : as
inducer of the release reaction (PAF-acether and leukotriene D4), and as
intracellular mediators ( a still non identified arachidonate metabolite).

ASPIRIN, PROSTACYCLIN AND FIBRINOLYSIS

The widespread use of aspirin and related cyclo-oxygenase inhibitors
in the prevention and treatment of thromboembolic disease has led to a
number of studies on the effects of aspirin on blood fibrinolytic
activity. High-dose aspirin not only inhibits thromboxane synthesis by
platelets, but also prostacyclin synthesis by endothelial cells (41), and
prostacyclin has been reported to increase fibrinolytic activity in
patients with ischemic arterial disease (42-45), and to increase t-PA
synthesis in fibroblasts (see above). High-dose aspirin, by decreasing
fibrinolysis, might influence the balance between coagulation and
fibrinolysis unfavourably. The first studies, however, reported a
favourable effect of aspirin on humoral (46) and blood leukocyte (47)
fibrinolytic activity. Subsequently, Levin et al. (48) reported that
aspirin (650 mg/day x 2) reduced the increase in t-PA activity in plasma
obtained after venous occlusion, even though it did not change plasma t-PA
activity under resting conditions. (Venous occlusion for 10-20 min, at a
pressure halfway between systolic and diastolic pressure, results in the
release of t-PA from the endothelium into the blood vessels of the
occluded limb, and is widely used in fibrinolysis studies to assess the
fibrinolytic capacity of patients). The data of Levin et al. therefore
suggested that high-dose aspirin reduced the t-PA release capacity of
endothelial cells. These observations were not confirmed by Bounameaux et
al. (49), who found no effect on plasma t-PA activity, t-PA antigen or PA
inhibitor levels of aspirin, indomethacin or dazoxiben (a thromboxane
synthase inhitor), either before or after venous occlusion. Similarly,
Keber and Keber (50) found no effects of chronic aspirin treatment on
blood fibrinolytic activity, either before or after venous occlusion.
Indeed, Hanuouda and Moroz (51) and Korninger et al. (52) noted increased
t-PA release after venous occlusion in aspirin-treated volunteers.

Mussoni et al. (53,54) found no effect of low-dose aspirin (20
mg/day x 7), but confirmed Levin's observation that high-dose aspirin and
indobufen (200 mg/day x 2) significantly reduced the t-PA activity
increase after venous occlusion, without however influencing the t-PA
antigen increase. Similar data, using similar aspirin dosages, were
reported by Keber et al. for venous occlusion-induced changes, but not for
exercise-induced increases in t-PA antigen or activity (55). Besides,
Brommer et al. (56) reported that aspirin did not affect the release of
t-PA induced by Desmopressin (a vasopressin derivative) infusion.

In combination with the observations that prostacyclin infusion
results in a (transient) increase in blood fibrinolytic activity (42-45),
these studies suggest that in some situations (e.g. venous occlusion)
cyclo-oxygenase products may favourably affect plasma fibrinolytic
activity by a mechanism, as yet unexplained, that is not operative during
exercise - or Desmopressin - induced t-PA release, and presumably does not
involve t-PA synthesis rate or the endothelial release mechanism.
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SEPSIS, TRAUMA AND FIBRINOLYSIS

Trauma and sepsis are associated with profound changes in the
fibrinolytic system (for reviews, see 57-60). A well-known example of such
a change is the post-operative fibrinolytic shut-down, i.e. decreased
plasma fibrinolytic activity during the immediate post-operative period.
Before the discovery of plasma PA inhibitors, it was generally thought
that decreased plasma fibrinolytic activity was due to decreased plasma
levels of t-PA. However, it soon became clear that fibrinolytic activity
was the result of both t-PA and PA inhibitor (PAI) activities, and that
decreased plasma fibrinolytic activity could be present in the face of
increased t-PA antigen levels, provided the PAI level was even more
increased.

Increased levels of PAI are found after, and even already during,
surgery (61-64). Despite the concomitant increase in t-PA antigen in the
same period, the plasma fibrinolytic activity drops, resulting in the
post-operative (or even per-operative) fibrinolytic shut-down. A similar
increase in PAI is seen in traumatized patients (63). In all these cases
the increased PAI levels rapidly revert to normal (even faster than the
acute-phase protein C-reactive protein, ref. 65) suggesting that PAI
behaves like a (very) acute phase-type reacting protein. The mechanisms
leading to increased plasma levels of PAI are still unknown. Recently, we
could demonstrate that the infusion of interleukin-1 into rats resulted in
increased plasma levels of PAI (65). Trauma-induced increases in plasma
interleukin-1 may thus be one of the causes leading to increased PAI
levels, probably by an effect of interleukin-1 on vascular endothelial
cells, since these cells, in vitro, respond to interleukin-1 by increased
synthesis of PAI (65-67). Moreover, the PAI increasing after interleukin-1
infusion is of the same type as the PAI produced by endothelial cells
(65).

A second component that induces increased levels of (endothelial
cell-type) PAI is endotoxin, as first reported by Colucci et al. (68).
Even minute amounts of endotoxin gave rise to large increases in plasma
PAI levels within a few\ hours in experimental animals (65,68) and
endotoxin induced increased PAI synthesis in cultured endothelial cells
(65,68-70). Very high levels of PAI were found in septic patients (68) and
in patients with meningococcal disease (71). In the latter group of
patients, PAI levels normalized parallel with plasma endotoxin levels
during penicillin treatment (71).

Whether lipid mediators are in any way involved in the regulation of
plasma PAI levels is unknown ; in rats, in any case, the increase in PAI
level after endotoxin injection was not influenced by pre-treating the
animals with aspirin, indomethacin, or the PAF-antagonist BN 52021 (39).

CONCLUSION

Lipid mediators are in various ways involved in fibrinolysis.
Eicosanoids can, in vitro, influence the synthesis of plasminogen
activators (and possibly plasminogen activator inhibitors) by cultured
cells. The release of t-PA from endothelial cells into the blood stream is
induced both by PAF-acether and leukotriene D., which activate an
endothelial release mechanism presumably involving a lipoxygenase
metabolite. The role of lipid mediators (if any) in the induction of
plasminogen activator inhibitor synthesis induced by interleukin-1 or
endotoxin, remains to be defined.
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FIBRINOLYSIS IN ENDOTOXEMIA

A-M. Dosne, F. Dubor and L. Chedid
UA-579 Immunoth6rapie Exp6rimentale, Institut Pasteur
Paris, France

INTRODUCTION

The fibrinolytic process includes plasminogen cleavage by different
types of plasminogen activators leading to plasmin formation. Plasmin
degrades fibrin but also cartilage proteoglycanl and activates latent
collagenase2. Besides its role in hemostasis, fibrinolysis may play a role
in tissue remodeling and metastasis of tumor cells3' 4. The fibrinolytic
process is controlled by inhibitors acting either at the plasminogen
activation step or by antiplasmins. An alteration in fibrinolysis was first
observed following the injection of certain vaccines5 . These changes were
reproducible with purified lipopolysaccharides (LPS) from the walls of gram-
negative bacteria. After experimental endotoxemia there is first an
acceleration of fibrinolysis followed by a late depression. Some of the
mechanisms underlying these sequential modifications have been recently
clarified by the identification of mediators induced by endotoxin and the
ability to study the responses of isolated cells.

ACTIVATION OF FIBRINOLYSIS FOLLOWING ENDOITOXIN INJECTION

Thirty years ago, it was observed that blood clots dissolved
spontaneously in 60 min when blood was collected 100 min after injection of
small doses of LPS from Salmonella abortus equi in humans6 . Fibrinolytic
activity was more easily detected in the plasma euglobulin fraction, which
lysed in about 6 min7 . The acceleration of fibrinolysis declined rapidly
and was no longer observed 4 hr after endotoxin injection. A parallel
between activation of fibrinolysis and fever rise was reported but a causal
relationship was excluded since pretreatment with antipyretics suppressed
fever but not the fibrinolytic reaction7 . At that time, these results ledto the proposal that purified LPS could be used as thrombolytic therapy.

Several mechanisms could produce increase in blood fibrinolytic
activity. Activation of Hageman factor was reported, as reflected by
decrease in prekallicrein8 ,9 and generation of bradykininlO during endo-
toxemia in man. In vitro studies provided evidence for a direct interaction
between the Liyid A moiety of the endotoxin and Hageman factor leading to
its activation 1 . A Hageman factor-dependent plasminogen activator has
been demonstrated in blood but its function is not well defined 12 .
Activation of the lageman factor-kinin system during endotoxemia has becn
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mainly studied with respect to coagulation activation and hypotension and
its role in fibrinolysis activation was not established. The release of
plasminogen activator from vascular endothelium has received much attention
since endothelial cells contain and produce tissue plasminogen activator 31 4.
As LPS does not directly induce plasminogen activator release from cultured
endothelial cells, mediators are likely to be involved. Adrenalin release
subsequent to endotoxin injection could play a role since catecholamines
induce in vivo a certain but weak fibrinolytic reaction 15 . The fact that
adrenalectomy suppresses the fibrinolytic response to LPS in the rat

supports the role of adrenals16 . Release of vasopressin from pituitary
gland might be an important factor since this hormone is a powerful inducer
of plasminogen activator release in vivo17 and in perfused vessels 18 . A
peak in vasopressin activity occurs in blood 1-2 hr after endotoxin injection.
This appears to be independent of known physiological stimuli such as hypo-
tension and hypovolaemia 19 . As the blood brain barrier does not allow the
penetration of endotoxin, further investigations are needed to understand
the mechanism of this vasopressin release. In addition to these factors,
platelet aggregating factor could be also involved. Some data suggest that
this lipid mediator plays a role in endotoxeiia 20 and this factor is endowed
with a potent tissue plasminogen activator releasing activity21 .

Besides endothelial cell production of tissue-type plasminogen activator,
in vitro findings suggest that lymphokines produced by T cells exposed to
LPS, increase the expression in macrophages of a urokinase-type plasminogen
activator which is partly membrane-bound22,23,24 . The importance of this
phenomenon during endotoxemia is presently unknown.

The biological importance of this transient hyperfibrinolysis has been
generally evaluated in relation with the activation of coagulation and the
occurrence of intravascular coagulation after endotoxin injection.
Administration of fibrinolytic inhibitors favorizes fibrin deposition in the
kidneys25 ,26 and treatment with the plasminogen activator streptokinase
prevents the lesions of the generalized Shwartzman reactions27 . These data
would suggest that the hyperfibrinolytic response to endotoxin has a
protective effect in the pathogenesis of Shwartzman reaction.

Table 1. Decreased Fibrinolytic Activity in Blood Collected 4 hr after
Endotoxin Injection in the Rat

Endotoxin (gg/kg) 0 .03 .3 3 30

Euglobulin clot lysis 52 137 193 231 > 240
time (min)

Plasma inhibitor anti- 1.2 4.7 12 21 41
urokinase (U/ml)

Wistar rats (5-10 per group) received i.v. injection of LPS from
S.enteritidis and were bled 4 hr later. Plasma euglobulin were precipitated
at pH 5.9 with 0.01 % acetic acid. Plasma inhibitor was estimated by adding
0.15-10 U of urokinase to 100 Al of plasma followed by euglobulin
precipitation. Residual lytic activity of urokinase was determined on
fibrin plate rich in plasminogen. One unit of inhibitor was defined as the
amount neutralizing one unit of urokinase.
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LATE INHIBITION OF THE FIBRINOLYTIC ACTIVITY AFTER ENDOTOXIN INJECTION>

It has been observed in humans that hyperfibrinolytic state is
followed by a decreased blood fibrinolytic activity which could last up to
24 hr7 . In rats which receive 30 ng to 30 pg endotoxin per kg we have
noticed a prolongation of the euglobulin clot lysis time whicn is depedent
upon doses of endotoxin (Table 1).
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Fig. 1. Fibrinoenzymatographic pattern of rat plasma euglobulin 4 hr after
injection of LPS (30 g/kg). Euglobulins (15 gl) from control (C) or LPS-
treated rats were submitted to SDS-PAGE in the presence or absence of 90 mU
of urokinase (UK). Acrylamide gel was applied on a fibrin agarose gel rich
in plasminogen. Lysis areas (clear zones) correspond to the different
enzymatic activities whose molecular weight were calculated by reference to
calibrated proteins. Without UK supplementation enzymatic profiles of
control or post-LPS samples were not very different. When UK (34 and 54 kd)
was added to control sample, these lytic bands were not reduced but a 80 kd
lytic area increased. When UK was added to post-LPS sample, activities
corresponding to 34 and 54 kd were decreased and a major lytic area extended
from 80 to 105 kd. This shift in the molecular weight of UK indicates the
presence of PAZ whtdh binds to UK and forms higher molecular weight
complexes.

Recent findings have shown that a plasminogen activator inhibitor (PAI)
increases in plasma with a peak between 3 and 6 hr after endotoxin
injection28 ,29. When plasma from endotoxin-treated rabbits is passed on a
gel filtration column the relative molecular weight of tissue plasminogen
activator-related antigen is 100 kd as opposed to 66 kd when normal rabbit
plasma is used28 . This study concluded that PAl binds to plasminogen
activator yielding high molecular complexes devoid of enzymatic activity.

251



Such complexes could be also detected when plasma supplemented with

plasminogen activator was submitted to polyacrylamide gel electrophoresis
in the presence of sodium dodecylsulfate (SDS-PAGE) since this detergent
renders the complexes fibrinolytically active30 . Utilizing this method, we
have found that the molecular weight of urokinase added to post-endotoxin
rat plasma is augmented about 50 kd. This increase in relative molecular
weight is an estimation of the molecular weight of PAX (Fig. 1).

Several mechanisms are involved in PAX generation induced by bacterial
lipopolysaccharides. In vitro experiments have demonstrated that cultured
endothelial cells produce PAIl4 ,31,32 and that endotoxin stimulates this
synthesis28, 33,34 . Figure 2 shows that supernatant from human endothelial
cells exposed to LPS neutralizes urokinase and forms higher molecular weight
complexes.
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Fig. 2. Fibrinoenzymatographic analysis of urokinase neutralization by
endothelial cell supernatants. Urokinase (25 g1 of 6 U/ml) was mixed with
25 gIl of unconditioned medium (lane A) or supernatants from control

endothelial cells (lane B) or from cells incubated with LPS (I jig/ml) for
24 hr (lane C). SDS-PAGE and development of fibrinolytic activities were
performed. Control supernatant decreased the 35 and 53 kd lytic bands of
urokinase and led to the formation of 93 and 107 kd complexes. Supernatant
from LPS-treated cells suppressed the 35 kd lytic band and further reduced
the 53 kd band.

Pulmonary macrophages also generate PAX in response to endotoxin35 ,36 .
These reactions could be amplified in vivo by interleukin-1 which is a
potent inflammatory and immunological mediator released by macrophages 37

and also a powerful PAX inducer in endothelial cells and in vivo2 9 , 3 8 .
Although PAI secreted by different cells shows a molecular weight in the
range of 50 kd, this inhbitory activity might be supported by various
proteins whose specificity towards different types of plasminogen activators
has to be established. Such information would help to clarify the
biological role of PAI(s). The inactivation of tissue plasminogen activator
which was demonstrated in vivo28 might contribute to the development of
intravascular coagulation which is frequently observed in septicemic
patients. On the other hand, PAZ has been reported to inhibit Bageman
factor39 . The consequence of the neutralization of urokinase-type
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Ii

plasminogen activators expressed by inflammatory macrophages
40p41 or tumoral

cells42 is still speculative.
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Fig. 3. Prevention by polymyxin B and colimycin of the LPS-induced
inhibition of urokinase in endothelial cell cultures.

Some attempts at preventing generation of LPS-induced PAI have been
done with the help of polymyxin B since this antibiotic binds to the
Lipid A moiety43 and blocks several LPS reactions44,45,46 . In cultured
endothelial cells, polymyxin B and colimycin suppress PAI generation
induced by LPS-MFg. 3). When assessed in vivo in the rat, we have found
these compounds to be effective only after low doses of LPS.

In conclusion, alteration in blood fibrinolysis induced by endotoxemia
consists of transient increase in plasminogen activator(s) followed by
generation of plasminogen activator inhibitor(s). Some of these reactions
are due to direct effect of endotoxin on endothelial cells and macrophages
and others appear to be regulated by endotoxin-induced mediators. These
alterations are probably relevant to the risk of intravascular coagulation.
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Chapter 3

The immune response
in

critically ill patients



ORIGINS OF IMMUNOLOGICAL IMPAIRMENTS IN BURNS

M. Braquet
Unit6 de Recherche Clinique, Centre de Traitement des BrOI1s
H~pital d'lnstruction des Arm6es Percy, F-92141 Clamart, France

One of the best examples of the immunodepressed host is afforded by
burn patients since the natural protection barriers are broken and the
host defenses are no longer operative. In this respect a frequent
complication of serious burn injury is sepsis that leads to death in a
large percentage of patients surviving the shock phase of such injury (1).
In the 1940s, Gram-positive cocci were the main source of the infections
but with the discovery of antimicrobial therapy longer the case.
Infections are now caused mainly by gram-negative bacilli such as
pseudomonas (2) and methicillin-resistant Staphylococcus aureus,
Aspergillus Mucor, Herpes virus and Candida (3-5). Pneumonia is also
extremely frequent in patients with inhalation injury or shock lung (6).
Burn patients may furthermore present suppurative chondritis and thrombo-
phlebitis, pyelonephritis and endocarditis (2,7).

The total body surface area affected (TBSA) and depth of burn are the
factors influencing the extent of abnormality in immunologic functions.
Prolonged skin allograft survival may be noted after burn (8). The
immunological impairments in thermal injury and the suspected mechanisms
of immunosuppression are reviewed in this paper.

IMMUNOLOGIC ALTERATIONS IN BURN PATIENTS

Delayed hypersensitivity skin tests point to the occurrence of anergy
in burn patients. There is a high survival rate in patients displaying a
consistent positive reaction or in those who regain reactivity in the
second phase. On the contrary, there are high mortality rates in
individuals with continuously negative skin reactions (9). This fall in
the skin immune response is often linked with the activities of the T cell
system which are reduced to a greater extent than those of the B cell
system (10-13). Table 1 presents a summary of the principal T cell
impairments.

Burn patients often develop T cell lymphopenia as evidenced by the
early fall in OKT3+ cells. This disorder becomes clearly apparent at 48
hours after thermal injury. OKT3+ cell number then slowly falls until D17
when it attains the minimal value. A slow rise towards normal values then
occurs. The alteration of helper T cells (OKT4+) is the main cause of this
biphasic pattern (10). On the contrary, the number of suppressor cells
(OKT8+) remains appreciably the same. The OKT4/OKT8 ratio is thus
decreased and reaches a minimal value between D10 and D15 (10). After D20
after severe burn two types of response have been observed as a general
rule : (a) the OKT4/OKT8 ratio stayed low in patients who were critically
ill and died ; and (b) the OKT4/OKT8 ratio rose slowly in patients who
recovered (10,12). Antonacci et al. (14) explains the fall in OKT4/OKT8+
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ratio by a "sequestration" phenomenon, perhaps triggered by
corticosteroids, in which OKT4 cells in particular would be sequestered to
lymphoid compartments other than the peripheral blood.

Table 1. Abnormalities of T-cell functions after severe thermal injury

* OKT3 + cell number decreased
* OKT4 + cell number decreased
* OKT8 + cell slightly or not impaired
* Decreased OKT4 + /OKT8 + ratio
0 Reduced in vitro cytotoxicity
0 Decreased lymphoproliferative responses in vitro to

nonspecific mitogens, soluble antigens, and
alogenic cells

* Cutaneous energy displayed by negative delayed
hypersensitivity skin reactivity

* Prolonged survival of skin allograft

Although the possibility exists that impaired OKT4/OKT8 ratio may
denote a relative predominance of suppressor cells, when mixed lymphocyte
responses are analyzed it appears that the fundamental alteration of
significance is deficient T cell "help" characterized by a fall in the
number of IL2-producing cells and/or a concomitant dysfunction of these
cells (13).

T cells are also affected by qualitative impairments in addition to the
above-mentioned quantitative alterations. Their cytotoxicity is lowered in
burn patients, possibily deriving from lower release of lymphokines (15).
In addition, T cell proliferative responses to nonspecific mitogens,
specific antigens, and histoincompatible cells (mixed lymphocyte
reactions) are lowered after burn injury (16-20). The T cell impairments
are summarized in Table 1.

As for the B cell system, no alteration was noted in the total number
of circulating cells (12). There was a transient fall in immunoglobulin
concentration early after thermal injury with the lowest point being
situated around D5. Generally, immunoglobulin G(IgG) levels are weakened
the most, with little early change in immunoglobulin M (IgM) levels
(21-23). Burn blister fluid contains all the serum inrwunoglobulins, one
cause of the fall in immunoglobulin levels possibily being the
extravasation of previously intravascular IgG into tissue through the
increasingly permeable capillary endothelium. Some works also report a
higher tissue levels of IgG in deeper layers of burned skin (24).

In general the lower serum antibody concentrations and the incidence of
infection are not correlated (25).

Burn injury significantly affects natural killer (NK) cells too. These
cells trigger a cell-mediated cytotoxic reaction, are IgG-Fc receptor
positive and have been reported to be a key mechanism in host anti-viral
defense. After burn injury NK-dependent cytotoxicity is lowered (26,27).
In addition, NK activity in burn patients was not increased by either
interferon, (IFN)-y or - (27). This lack of effect may add to burn
patients' susceptibilities to viral infections, especially cytomegalovirus
and herpes simplex.

Apart from alterations in T cells and NK activity, a set of disorders
act upon the nonspecific cellular immunity in patients with severe thermal
injury, leading to abnormalities of phagocytic cells (macrophages and
neutrophils), as shown in Table 2. Burn patients thus present highly
altered monocyte and neutrophil functions.
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Neutrophils display a lower microbicidal activity (28-30), impaired
chemotaxis (31-34), a fall in lysosomal enzyme content (34-35), oxygen
consumption (36), nitroblue tetrazolium reduction (37), chemiluminescence
(38) and glucose oxidation (39), and impaired NADH-NADPH oxidase activity
(40). Neutrophils may be degranulated and present pseudopodes. Lower
inflanuatory responsiveness has been reported, as measured by skin windows
(41). Thermal injury also alters A 23187-stimulated arachidonic acid (AA)
metabolism, a biphasic sequential release of the different metabolites
(5-HETE, LTB4, 20-OH LTB) being recorded (see accompanying paper) (10).
The capacity for AA metabolite production is highly altered after an early
but transient rise, the fall being associated with the clinical outcome of
the patients. After the third week, two patterns were generally noted
(a) there was an extremely low calcimycine-stimulated AA metabolism in
patients who died ; (b) on the contrary, the stimulated release rose
progressively back to normal in patients who recovered. These functional
alterations are correlated with lower superoxide production (10), and a
higher susceptibility to severe infection by various microorganisms.
Pulmonary alveolar phagocytes (42) and the reticuloendothelial system
(RES) have also been reported to present similar alterations.

Table 2. Impairments of phagocytic cells after severe thermal injury

* Diminished chemotactic responsiveness
0 Diminished superoxide and hydrogen peroxide release
0 Diminished arachidonat metabolite production
* Impasment of bacterial activity

0 Granulocytopenia (early phase)
* Partial degrmaulation
* PMN leukocyte agegtion
* Decreased serum opsonic activity

Phagocytic depression of neutrophils from burn patients is
usually not seen until more than 5 days following injury.

A variety of cells are comprised in the RES including noncirculating
phagocytic cells located close to the vascular system throughout the body.
The RES takes part in the action of host-defense phagocyting bacteria,
cellular debris... A considerable depression of RES has been noted after
thermal injury, apparently in relation with a deficit of fibronectin (43).
This glycoprotein is able to bind to a variety of materials leading to
their phagocytosis mainly by Kupffer cells in the liver.

Abnormal activation of the complement system is another potential
dysfunction of the host defense. Lowbury and Ricketts (44) were the first
to report a defect in the alternative complement pathway in 1957 (44).
Many researchers have since reported serious alterations of complement
functions and levels after burn injury. A pronounced fall in hemolytic
serum complement activity (CH50) has been observed, mainly in septic burn
patients with burn injury over more than 30 % of the TBSA (45-48). Falls
in CH50 units were accompanied by falls in C3 activity (45) and in
concentrations of C3 and C4 (49). Sepsis or a potential risk of sepsis
appear to be reflected by very low levels of hemolytic complement
activity. Complement titers remain decreased until death in fatally burn

* injured patients (50). CH 50 titers and protein concentrations of
individual complement components (C4, C2, C3) are found to be normal or
raised in minor thermal injuries (45,47,51). To date the only complement
components that have been decreased, whatever the size and severity of the
thermal injury, are C1 esterase activity and C1 y protein (46,51). At
present researchers have only a poor understanding of the cause or
consequences of depressed C1 activity and the mechanism of hemolytic

complement activation in thermal injury. Sera from burn injured patients
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has consistently presented depressed complement activity of the alternate
activation pathway, as assessed by the C3 conversion assays (52,53). The
depression was seen in both bacteremic and nonseptic burn patients and
correlated with TBSA. Sorne evidence was presented by Bjornson et al.
(46,52) suggesting that sera from burn injured patients contain an unknownI inhibitor of C3 conversion. Holder and Ablin (54) have also reported
inhibitory serum activity of the alternative complement pathway ; on the
basis of their findings, they suggest that an inhibitor of the C3

II

proactivator may have been produced as a result of burn injury. While
classic pathway activity is normal or supranormal, the alternative pathway
depletion continues for at least a week (55). Complement activation
results in the formation of various components (C5a, C3a, C4a) that
promote various pathologic events (e.g. chemotaxis, release of lysosomal
enzymes, superoxide production, T/B cell interactions, histamine release,
inune adherence).

MECHANISMS OF IMMUNOSUPPRESSION IN BURN PATIENTS

The exact mechanisms underlying anergy in the burn patient are still
not yet assessed. The first possible hypothesis may involve an increase in
suppressive cells. An enhancement in the relative suppressor activity of T
cells has been proposed (10). In addition, the involvement of inhibitory
macrophages has been advanced (56,57) the suppressor activity resulting in
this case form exaggerated production of prostaglandins (58). On the other
hand, it has been proposed that the major defect in cellular imnmunity is
the failure of lymphocytes from burn patients to produce adequate
quantities of IL 2 in response to standard stimuli (59). Failure of IL 2
production is correlated early after injury with a marked reduction in the
percentage of circulating T lymphocytes of the helper/inducer phenotype.
Late after injury, diminished IL 2 production persists, despite recovery
of the helper T cell subset (59).

Detection of immunoregulatory factors has been increasingly
reported in serum of patients with thermal or traumatic injuries, as
detailed in Table 3 ; the second hypothesis takes account of this fact.
The nature of these suppressive factors is not yet elucidated, although
various hypotheses have been advanced (Table 3). These factors affect both
the specific and nonspecific host defense mechanisms. Thus, soluble plasma
factors from burn patients have been reported to inhibit chemotaxis of
normal, polymorphonuclear (PMN) leukocytes (61,62). This inhibitor is
heat-stable and nondialyzable (61). The binding of abnormal proteins in
the leukocyte membrane has been evidenced by the appearance of
antileukocytic autoantibodies (63). The incubation of normal P N with
plasma from recently burned patients suppresses or at least depresses A
23187-stimulated AA metabolite synthesis and phorbol myristate
acetate-activated superoxide production (10). This phenomenon was observed
with plasma at D2 and D3 and lasts for about 20 days, although it varies
among patients. The suppressive activity disappears after the plasma is
heated, and the use of FPLC showed that the molecular weight of this
factor was lower than 50,000 dalton. (D) (10).

Similar findings were obtained by Baxter's group (44), which isolated
two circulating protein moieties exhibiting superoxide inhibitory activity
(mel wt 26,000 D and 52,000 D). Inhibition produced by the large mol wt
protein can be blocked by anti-C3D antibodies, while the lesser inhibition
exhibited by low mel wt protein cannot (64).

a tBjornson et al. (65) demonstrated an inhibitory effect of sera from
septic burn patient. on the phagocytosis of Staphylococcus aureus and

Escherichia coli by normal neutrophils. Inhibition of phagocytosis by sera
from burn patients was neither due to cytotoxic effects on neutrohils nor
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Table 3. Possible plasmatic factors related to inuunodepression
in thermal injury

Nature Mol/wt (0 Suppreesi" Effect Reerence

Acute phase proteins - Decreased PMN arachidonate and su- 27, 11

peroxide release
Protein(s) <50.000 Decreases PMN arachidonate metsbo. 11

ksm

Proteins 26,000 Decreases PMN superoxide poduction 64
52,000

Nondialyzable > 12,000 Decreases PMN phagocytosis 65
Fluid phase C3b - Decreases PMN phagocytosis and kill- 66

ing
Nondialyzable, heat stable - Decreases chemotactism 61
SAP- 3.654 Suppresses PHA response 60.68

Nordilyzable 5,000 Suppresses IL2 production 59

The suppressive factors are generally not present in the normal serum.

*Suppressor active factor comprising peptide, carbohydrate, and fatty acid components

to defective opsonization but was caused by a direct and irreversible

interaction of the sera with the neutrophils. Further studies by the same
authors revealed the presence in sera from bacteremic burn patients of an
inhibitor of phagocytosis that was nondialyzable, suggesting a substance
with a mol wt of more than 12,000 D.

Ogle et al. (66) demonstrated that fluid phase C3b, a degradation
product of C3 from normal human serum, inhibits phagocytosis and killing
of E coli by neutrophils. At a concentration that is similar to the C3
concentration in normal human serum, over 99 % inhibition of neutrophil
function could be observed. Although the exact mechanism of the inhibition
of neutrophil function is not yet known, fluid phase C3b may play an
important role in thermal injury, which is accompanied by intravascular
complement activation. The correlation of the appearance of the
phagocytosis inhibitor after D5 following thermal injury with the
appearance in the circulation of C5a can be seen as an indicator of
complement activation. Whether fluid phase C3b also has an inhibitory
effect on neutrophil locomotion deserves further investigation.

The suppressive factors also impair lymphocyte function. The first
demonstration was provided by Ninnemann et al. (60) and Ninnemann and
Stein (67) who showed that burn patient serum suppresses the PHA response
of normal human lymphocytes. The suppressive factors are not present in
the normal seruta ; are heat stable ; pH stable ; unaffected by trypsin,
proteinase K, DNase or RNase ; and are related to the presence of
endotoxin and cutaneous burn toxin (68,69). After a complex procedure
including Amicon ultrafiltration, ion-exchange chromatography, and
Sephadex C-25 gel filtration, a suppressor active factor (SAP) was
isolated (68,69). The mol wt of SAP was estimated to be 3,654 D and its
isolectric point between 3.2 and 3.6. Characterization of SAP revealed a
complex structure comprised of (a) a peptide component rich in glycine,
serine, and alanine ; (b) a carbohydrate component containing sialic acid;
and (c) a fatty acid component tentatively identified as prostaglandin E.
In addition to the imnunosuppressive activity on lymphocytes, SAP alsocause. inhibition of PMNl chemotaxis and hemolytic activity.

Circulating factor(s) suppressing IL 2 production and IL 2 activity
are found in the serum of burn patients and may play a role in the
protracted impairment of IL 2 production by lymphocytes from these
individuals. A major portion of this serum suppressive activity appears
once again to reside in a low mol wt (5000 D) polypeptide fraction (59).
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Interestingly, the presence of plasmtic suppressive factors has also
boon reported in other pathologic states, including cancer and acquired
immunodeficiency syndrom (AIDS). In cancer, macrophage cytotoxicity is
inhibited by plasma (70), and the nature of those factors has been
reported to be immune complex (71) or low mol wt factors (1,400 D) that
inhibit proliferation of mitogen-stimulated T cells as a function of the
concentration of cAMP (72). Concerning AIDS, plasmapheresis and selective
isuunoadsorption have boon proposed as a treatment, suggesting the
involvement of plasma suppressive activity (73).

CONCLUSION

The main risk of death in burn patients is still sepsis deriving
from energy. Appearance in the plasma of potent suppressive factors may
account for the immune depression. Soma therapeutic modalities may
therefore be used in combating these negative effects : (a) plasma
exchange that provides a significant beneficial effect in restoring
lymphocyte function in burn patients (74) and at the same time improves
allograft survival times (75) ; (b) drugs inhibiting or at least
controlling the early massive inflammatory phase, such as leukotrienes or
platelet-activating factor (PAF) antagonists. Products of lipoxygenase
pathways and PAF (see accompanying papers) are indeed important modulators
of lymphocyte functions (76). Above all LTB4 activates cytotoxic effector
cells of NK type by through increased lytic efficiency. LTB4 also
stimulates IL 1 production by large granular lymphocyte and suppressor
cells that may need the participation of monocytes and cyclooxygenase
products. LTB4 may furthermore induce the appearance of TS+ cells from
TS-depleted lymphocyte cultures. Since PAP produces LTB4 in various cell
models it could have similar effects as LTB4. Any drug that could control
and decrease the first phase may thus reduce the relative intense negative
feed back and, as a consequence, anergy. This assumption is at present
being investigated in our laboratory.
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IMPORTANCE OF IMMUNE FUNCTION IN TRAUMA FOR SURVIVAL

J. L. Meakins
Professor of Surgery and Microbiology Mc Gill University
Montreal, Quebec, Canada

INTRODUCTION

Trauma may manifest itself in a number of different
ways, including thermal injury, blunt injury, and the injury
associated with elective surgery. Each of these forms of
trauma has been demonstrated to produce important changes in
the immune response which are clearly secondary and which in
the absence of compounding variables such as the complications
of infection, shock, malnutrition etc. have a recovery period
which is a function of the magnitude of the injury and the age
of the patient. This chapter will review data on the immune
system following trauma and integrate these acquired immune
defects with the increased likelihood of developing infection
as well as the influence of compounding variables on the
evolution of these defects.

£ THE EFFECT OF SURGERY
4

Surgery is a controlled form of trauma and as such
stratification of its magnitude permits an evaluation of its
influence upon the immune response. While there have been
many studies done in this area, the first comprehensive
approach was that of Slade et al. I who found that a standard

donor nephrectemy, lasting approximately three hours and
twenty minutes, led to depression of the delayed
hypersensitivity skin response in the immediate post-operative
period, which could last up to two weeks. In vitro tests of
1T and B lymphocyte function were also depressed, following
induction of anesthesia and stayed depressed up to five days.
Correlation of different parameters was difficult to confirm
but there was overall decreased immune function following the
donor nephrectomy. McLouglin at al. demonstrated an excellent
correlation between the appearance of immuno-suppressive
activity in the serum to PHA and skin test energy in patients
following major vascular surgical procedures specifically
those on the aorta.2  It is of interest that those patients
who demonstrated the altered skin test responses and the
presence of the immuno-suppressive serum were that group of
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patients who developed an increased incidence of infectious
complications following surgery.

Our initial studies of the influence of surgery failed to
demonstrate any influence of surgery upon skin testing but the
timing was incorrectly selected and subsequent studies

4 have
demonstrated clearly that skin testing, neutrophil chemotaxis
and neutrophil adherence may be altered by any surgical
procedure. Furtnermore, the magnitude of the operation was an
important contributing factor to the degree of abnormality of
the immune parameter measured. Most functions we studied had
returned to normal by seven days.
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Fig.i. The effect of surgery on neutrophil chemotaxis.

Figure I demonstrates the influence of surgery upon neutrophil
chemotaxis and in addition reinforces the idea that the
magnitude of the procedure influences the degree of
abnormality of neutrophil chemotaxis.

As part of an attempt to correct these abnormalities
following surgery, a reviously demonstrated protein-sparing
nutritional regimen 9 was instituted on the hypothesis that
the neuroendocrine response which produced the changes in body
composition would be that same response which influenced the
immune system a study nf 85 patients randomly allocated
to an isocaloric protein-sparing regimen versus a regular 10%
glucose solutiondemonstrated there were no differences in
either outcome or benefit to the immune system. In both
groups of patients the cell-mediated and neutrophil functions
measured were equivalently decreased. Serum albumin was,
however, higher in those patients receiving the protein-
sparing regimen. There is a study confirming this result from
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a.

O'tMahony and his ,ollegues who looked at PHA responsiveness
and a descriptive review of T-lyuphocytes and their subsets. 6

They demonstrated no influence upon the immune changes
following surgery, of a similar protein-sparing regimen. It
therefore seems clear that the alterations produced by pure
injury following surgery are not mediated by any of the
factors related to nutritional or body composition measures
may be mediated by some factors unrelated to the neuroendocrine
response.
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Blunt injury has i Mportant influences upon the immune
response. Our date .119 i2 -demonstrate that skin test
abnormalities occur promptly after the injury and appear to be
a function of the age of the patient and the magnitude of the
injury.

In addition to the abnormalities ofskin teats there are clear
changes in neutrophil chemotaxis and neutrophil adherence.
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Figure 4 demonstrates the influence of trauma on three sub-
groups of injured patients. Those patients whose neutrophil
chemotaxis remains normal throughout their course in hospital
have a minor injury of no greater magnitude than a fracture.
Those patients who have more than one system injured have an
initial decrease in their neutrophil chemotaxis but their
injury, not being sufficient to alter skin test reactivity, is
associated with a rapid return to normal of neutrophil
chemotaxis. The third group are those patients who had
multiple injuries sufficient to alter skin test reactivity and
in this population at least four weeks are required before
skin test returns to normal. Neutrophil adherence is
similarly abnormal and there is a close correlation between
the presence of abnormal chemotaxis and abnormal adherence 12.

130

110
0

z 90
C-)
z

10 20 30 40 50 60 70 80 7
Hours Days

TIME

Fig.5. Neutrophil chemotaxis studied upon arrival in emergency
following trauma.

The patients who became anergic following injury had a higher
incidence of infection; however some did not have any
infectious complication. Determination of time at risk, that
is the period of time during which patients were immuno-
compromised demonstrated a substantially higher rate of
infection and septicemia, which increased with duration of
risk. The altered immune responses were always associated
with increased mortality from all causes but particularly
those of an infectious nature.

The timing of these abnormalities is almost instantly
following the injury.
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Patients studied two hours after trauma can be seen to have
altered PMN chemotaxis with serum inhibitors of cell
migration. Figure 6 showing four peaks of serum inhibitors of
neutrophil chemotaxis is from a patient who was studied five
hours after their injury.

These data suggest the instantaneous production of
mediators which can influence the immune response. The four
peaks of chemotactic inhibitors seen in figure 6 are
remarkably similar to those abnormalities found by Ninnemann
in his burn population.1 4 Because of technical difficulties
with the chemotaxis assay we have been unable to further
fractionate or identify these peaks of inhibitory activity.

Christou's data in trauma patients suggest strongly that
the immune response and nutritional factors and body
composition are separate in the trauma patient. Immune
measures (skin test reactivity and chemotaxis) have returned
to normal in patients whose anthropometric studies (tricep's
skin-fold thickness, mid-ain circumference and serum albumin)
are increasingly abnormal.

COMPOUNDING FACTORS

The normal course of the changes following trauma or
surgery is one of recovery, and is a function of the magnitude
of the trauma. However, when compounding factors such as

complications of the injury itself, the development of
infection, or other factors intervene in the recovery
following trauma, the abnormal host defense mechanisms persist

as a result of the compounding variable, at the level to which
they had been depressed by the initial injury. It goes
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without saying that this is an extremely complex and difficult
area to unravel particularly in a patient population where
clinical investigation is controlled more by the evolution of
the patient than by other factors. It is only in animal
models that a truly controlled situation can be created and
permits the possibility of dissecting out the various factors
that are involved in the development of these abnormalities.

The development of intreabdominal sepsis following either
surgery or basic intraabdominal disease is very much
associated with abnormalities of host defense. It is also
apparent that the drainage of the last abscess, that is
control of the intraperitoneal infection surgically, does lead
to improvement in host defenses. Our own studies in drainage
of abscesses point this out 1 5 . Solomkin et al. in studies
of neutrophil chemiluminescence and chemotaxis has
demonstrated exactly the same thing, in particular, that it is
the drainage of the last abscess that is of most importance.

1 6

His neutrophil chemotaxis and chemilumineacence can be seen to
improve temporarily following drainage but never, ompletely to
normal until infection is controlled. Heideman looking at
complement levels (C-3, C-4, and C-5) has shown that resection
of necrotic tissue, drainage of abscesses, control of trauma
are all clearly associated with the return to normal of
circulating complement factors. The failure to correct these
basic disease processes is similarily associated with the
persistence of their abnormality. In the same vein Richards
et al. 1 8 have demonstrated with regard to fibronectin that
those patients whose intraabdominal abscess is drained without
accompanying multiple organ failure.have a routine return to
normal of fibronectin levels (along'the same course that would
be expected following recovery following intraabdominal
surgery). Those patients with a more complex course, that is
multiple organ failure, do not have the same return to normal;
their fibronectin levels remain remarkably abnormal.

Chrohn's disease and its complications have been
associated with abnormalities of the immune response1 9 .
In an attempt to determine whether this was an intrinsic
defect associated with Crohn's disease itself and therefore
present in all patients, or a function of the patient's illness-
we utilized the Crohn's disease activity index (CDAI and
correlated with a variety of immune parameters. 0

It is apparent that while not all of these measures go
perfectly with the Crohn's disease activity index that the
symptomatic patients with a high CDAI had abnormalities of
their skin test reactivity, neutrophil chemotaxis and the
ability to deliver neutrophils to an inflammatory focus.

PHN Delivery (xlO 6

ST CTX(u)* CDAI* 6H* 24H*
Normal HD All N 126.6+2.3 63.7+23-1 11.4+2.0 144.4+23.1

2N
Abnormal HD 7RA 103.7+3.2 341.2+33.0 0.5+0.2 25.2+12.5

The correlation of both the CDAI and neutrophil chemotaxis and
cell delivery into skin windows was statistically significant.
When in the same patients their CDAI returned to lower levels
and their disease was in a state of remission all of their
Immune measures were normal. The patients still had Crohn's
disease but it was quiescent suggesting strongly that it is
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the state of the patient's illness in this setting that is
creating the abnormalities of the immune response rather than
the specific disease itself.

The implications are such that one can imagine a
traumatized patient having the same abnormalities with the
complications of his trauma once the influence of the injury
itself had passed. As an extension of these ideas Tchervenkov
et al.21 working with rats has demonstrated that there is a
marked decrease in skin test reactivity following burn injury
which starts to return to normal on day 5 following the burn.
These burns universally became infected on about the 12th
post-burn day at which time the skin tests again deteriorated
markedly. This second drop in skin test reactivity was a
result of the infection of the burn wound as the animals had
already demonstrated that they were partially recovered from
the burn injury itself. The response to KLH remained abnormal
for the remainder of the experimentI Fig.7. The complexity of
cause and effect is apparent and its resolution will only be
managed in burn models such as this.

THE EFFECT OF THERMAL INJURY ON OTH (LONG TERM FOLLOW-UP)
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Fig.7. DTH response f 'lowing a 30% burn in the rat.

Utilizing the Staphylococcus abscess model of Miles, Miles
and Burke 22 , the DTH response to KLH and size of the
staphylococcal abscess were correlated. Throughout the
evolution of the burned rat model described above the skin
test reaction predicted the size of the abscess: the smaller
the DTH response, the larger the abscess (fig.8) and vice-
versa.
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The relationship between a cell mediated immune response and a
bacterial infection is striking and suggests that
compartmentalization of the immune response and control of
infection may not be as clear as previously thought. McPhee
et al.2 3 have shown that the product of a mixed lymphocyte

culture reaction is effective in markedly reducing mortality

in intraabdominsl infection in rats.

SUMMARY

All forms of injury and perhaps even stress lead to

changes in the immune system. It is likely that age has an

influence on the degree of these abnormalities. These changes
almost certainly have important influences on outcome. In the
absence of compounding factors the natural history of these
changes is recovery which is related to the initial injury and
the changes in physiology.

Development of any complications will lead to prolongation
of this state of acquired immuno-deficiency. Compounding
factors such as infection, malnutrition or organ failure
create their own problems and become so intertwined with the
effects of the initial injury that they are inseparable in

their effects upon the immune system and consequent
i susceptibility to infections.
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ANERGY IN CRITICALLY ILL PATIENTS

A. Engquist and S. H. Johansen
Department of ICU and Anesthesia
Bispebjerg and Herlev Hospitals Copenhagen, Denmark

INTRODUCTION

The failure of delayed hypersensitivity skin responses
to recall antigens or anergy has been widely used in order to
document a possible correlation to the incidence of postoperative
sepsis and mortality. Patients with anergy developed significjntly
more infectious complications postoperatively than the others ' .

Additionally, the degree of surgical trauma determined the extent
of the postoperaiive decrease of skin test responses. In contrast,
Bancewicz et al. found that delayed hypersensitivity skin
testing was not of general value as a predictive test in surgical
patients, since their data demonstrated an increasing incidence
of anergy with age. Furthermore, abnormal skin tests followed
clinical detection of sepsis, and therefore did not contribute
to management.

Factors implicated as causes of anergy are sepsis, shock,
major trauma, malnutrition and high age. All these factors are
commonly found in patients treated in the intensive care unit
and these patients carry a high mortality.

The purpose of the present study was to evaluate the
usefulnes of intradermal tests of immunity for determining
survival in critically ill medical or suhgical patients
admitted to an intensive care department

MATERIAL AND METHODS

Out of a total of 952 patients admitted to the intensive
care unit (ICU) at Herlev Hospital during a 3 year period,
290 consecutive patients were tested by intradermal injection
of 4 antigens: candida, 'ps, tuberculin and streptokinase -
streptodornase (Varidase ) and a control solution containing
solvents as described by Meakins et al

The skin testing was performed within the fihst 24 h
after admission to the ICU as described previously . The
induration was measured 48 h after injection. A positive
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reaction was defined as a diameter of at least 5 mm. Two or
more positive reactions represent normal immunity. One positive
reaction indicates relative anergy. If no positive reactions are
present, anergy exists. Sequential testing was performed at
weekly intervals.

The 290 patients were representative concerning distribution
of age, sex, diagnoses and mortality rates.

The definition of sepsis was a quickly rising core
temperature and shivering, the presence of a well-known
focus or a suspicion hereof with or without a positive blood
culture. In no case was the treatment altered as a consequence
of the skin test response, since the results were excluded from
the patient's chart and, therefore, unknown to the clinicians.

RESULTS

Table 1 shows the distribution of the main diagnoses in
the total group of 290 patients, consisting of 165 surgical and
125 medical patients, respeqtively.

Table 1. Main diagnoses

Diagnoses No. %

Respiratory failure 161 55.5
Cardiovascular failure. 42 14.5
Gastrointestinal disease 21 7.2
Renal failure 11 3.8
Endocsine disease 8 2.8
Other 47 16.2

apoisoning, sepsis of unknown origin, fluid-electrolyte disorders.

Twenty-seven of the patients died within 24 h after
skin testing or were transferred to other hospitals. The
results from these patients are excluded which leaves 263
patients. In Table 2, the distribution of the 263 patients
and their responses to skin testing are shown including
mortality rates.
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Of the 263 patients, 55.1% were anergic, 23.6% were
relative anergic, and 21.2% showed normal responses. The
difference in skin test responses between surgical and
medical patients was insignificant. The mortality rate was
45.5% in all anergic patients, being significantly higher
in anergic surgical patients (50.0%) as compared to anergic

Table 2. Skin test responses and mortality

Death
Response

No. % No.

Surgical patients n = 148

Anergic 82 55.4 41a  50.0
Relative anergic 35 23.6 9 25.7
Normal 31 20.9 7 22.5

Medical patients n = 115

Anergic 63 54.8 25a  39.7
Relative anergic 27 23.5 6 22.2
Normal 25 21.7 3 12.0

Total n = 263

Anergic 145 55.1 66a  45.5
Relative anergic 62 23.6 15 24.2

Normal 56 21.2 11 17.9

aMortality rate was significantly higher in anergic patients

as compared to relative anergic and normal patients,
respectively (p < 0.001).

S medical patients (39.7%) (p < 0.001) . In relative anergic

patients the total mortality rate was 24.2%. In patients
showing normal skin test responses the total mortality
rate was 17.9% (surgical patients 22.5%; medical patients

12.0%). The total mortality rate in anergic patients was
significantly higher (p < 0.001) than the mortality rates

S in relative anergic and normal patients. The difference

between the latter two groups of patients differed
insignificantly.
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Table 3. Sepsis rates and mortality in septic patients

Sepsis Death
Response

No. % No. %

Surgical patients n = 148

Anergic 24 29.3 15 62.5
Relative anergic 11 31.4 3 27.3
Normal 3 9.7 2 66.6

Medical patients n = 115

Anergic 16 25.4 7 43.8
Relative anergic 3 11.1 2 66.6
Normal 3 12.0 0 0.0

Total n = 263

Anergic 40 27.6 22 5 5 .0a

Relative anergic 14 22.6 5 35.7
Normal 6 10.7 2 33.3

a
Mortality rate was significantly higher in anergic patients
as compared to relative anergic and normal patients,
respectively (p < 0.001).

b

Sepsis rate was significantly higher in anergic and relative
anergic patients (p < 0.001).

The total group of anergic and relative anergic patients
showed sepsis rates of 27.6% and 22.6%, respectively, which
were significantly higher than the sepsis rate in normal
patients (10.7%) ( p < 0.001). The sepsis rates be'tween
surgical and medical patients differed insignificantly.

In the total group of 40 anergic septic patients the
mortality rate was 55.0% as compared to 35.7% in relative
anergic and 33.-3% in normal patients, respectively, being
significantly higher (p < 0.001). The total group of
anergic patients thus showed significantly higher mortality
and sepsis rates. Additionally, the mortality rate in anergic
septic patients was significantly higher as compared to
mortality in septic patients with relative anergy or normal
skin test responses.
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Table 4. Sequential skin testing

Unaltered Improved WorseResponse

No. Mortality% No. Mortality% No. Mortality%

Anergic is 89.5 a  20 25.0 - -
Relative anergic 5 60.0 3 33.3 9 55.5
Normal 6 33.3 - - 0 0

a
Mortality rate is significantly higher in patients who remain
anergic as compared to anergic patients with improved
responses (p < 0.001).

Table 4 shows the results from sequential skin testing
in 62 patients. 19 patients remained anergic and 17 of these
died. In contrast, 20 patients showed improved skin test
responses. Of these patients only 6 patients died. This
difference in mortality rates was significant (p < 0.001).

Table 5. Distribution of skin test responses and mortality
rates in patients with or without cancer

Cancer (n = 57) Non-cancer (n = 206)
Response

No.(%) Mortality(%) No.(%) Mortality(%)

Anergic 6 1 .4a 68.6b 53.4 38.2
Relative anergic 22.8 30. 8b 23.8 22.4
Normal 1 5 .8a 33.3 22.8 14.9

a
Patients with cancer showed a higher rate of anergy (p < 0.001)
and a lower rate of normal skin test response (p < 0.001).

b
All patients with cancer showed higher mortality rates
(p < 0.001).

Table 5 shows the distribution of skin test responses
and percentage of mortality in anergic, relative anergic and
normal patients with (n = 57) or without (n = 206) cancer.
Patients with cancer showed a significantly higher rate of
anergy (61.4%) than patients without cancer (53.4%) (p < 0.001).
The percentage of normal skin test responses was significantly
lower in the cancer group of patients (15.8%) as compared to
22.8% in patients without cancer (p < 0.001). The percentage
of relative anergy differed insignificantly in the two groups
of patients. All cancer patients had significantly higher
mortality rates (p < 0.001) compared with patients without
cancer, regardles of skin test responses.
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DISCUSSION

Cell-mediated immunity was assessed in 148 surgical and
115 medical patients, all critically ill, within 48 h after
admission to the intensive care unit. The distribution of
skin test responses showed approximately 55% anergic, 24%
relative anergic responses and 21% normal reaction to four
recall antigens. A distribution of skin test responses. 6
approximately that 7of our study was found by Meakins et al.
and Pietsch et al. .

They found roughly 63% anergic, 22% relative anergic
responses and 5% normal reactions. In preoperative patients
Meakins et al. found a majority of normal reactions, about
70%. 21% showed anergic and 9% relative anergic responses.
Our data indicate that critically ill patients react to
recall antigens in much the same way as patients after major
surgery or trauma, although almost half of the patients in
our study were medical patients. The skin test responses
thus suggest a correlation between severity of disease and
immunological competence. Our results thus contrast with
the findings of Bancewicz et al. , who did not find
increased mortality and sepsis rates in patients with
abnormal skin test responses. The reason for this is obscure.
Sequential skin testing provided even more prognostic
information, since the group of anergic patients with
unaltered responses showed a mortality rate of almost 90%,
whereas patients with improved skin test reactions showed
a mortality rate of only 25%.

Sepsis was found in 27.6% of the anergic patients
with a mortality rate of 55.0%. In contrast, only 10.7% of
the normal responders were septic and the mortality rate
was only 33.3% in this group of patients. By examining all
952 patients admitted to the intensive care unit during a
three year period, the overall sepsis rate was found to
be 15.9% and the mortality rate was 41.1%.

The higher rates of anergy and mortality found in
patients with cancer do not essentially alter ghe results
for the total group of patients. Eilber et al. also found
higher rates of anergy9 and mortality in pa ients with cancer,
whereas Johnson et al. and Pietsch et al. found equal
distributions of skin test responses between patients with
or without cancer. The higher mortality rates in cancer
patients could be due to the progression of malignancy
per se.

Since the majority of patients received either
enteral or parenteral nutrition, it was not possible to
relate the skin test responses to the nutritional status
of our patients.

In conclusion, our findings show that the responses
to skin testing with recall antigens in critically ill
patients provide prognostic information on sepsis and
mortality rates in good agreement lith those found by
Meakins et al. and Pietsch et al. . However, our results
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do not clarify whether changes in immunocompetence precede
and cause infectious complications and higher mortality
rates or whether they are secondary responses to organ failure
in critical illness. Furthermore, the present study does not
answer, whether anergy reflects defective T he1er cell
function, increasefiT suppressor cell activity , or a T cell
suppressive factor . Assessment of cellmediated immunity by
skin testing with recall antigens cannot be recommended for
general use. However, this method can be used in monitoring
immunocompetence during future attempts to reverse acquired
defects in host-defence mechanisms.
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NEURAL RELEASE MECHANISMS OF THE INJURY RESPONSE

H. Kehlet, C. Lund and S. Schulze
Department of Surgical Gastroenterology
Hvidovre University Hospital, DK-2650 Hvidovre, Denmark

INTRODUCTION

The body reacts to injury both locally and generally. The inflamma-
tory reaction contributes to the local response, which is considered to
be important for healing and defense against infection. The general re-
sponse is characterized by hypermetabolism, substrate mobilization, fluid
retention, changes in coagulation and fibrinolysis, and various immuno-
functions.

In contrast to our detailed knowledge on the changes in various hor-
monal, metabolic, and immunological components of the stress response, in-
formation of the exact nature and relative rolets) of the various signals,
which may initiate and potentiate the response is limited and not fully
understood. This chapter is a short updated review of current knowledge
on neural release mechanisms of the injury response. For a detailed in-
formation the reader is referred to recent reviews (1,2,3).

ACTIVATION OF AFFERENT NEURAL PATHWAYS TO INJURY

Following an injury, the nociceptive signal(s) to the central nervous
system is transmitted primarily by small myelinated (A4)and unmyelinated
(C) sensory afferent fibers to the substantia gelatinosa in the dorsal
horn, with further rostrad spread to the thalamus (1). The relative role
of various nociceptive stimuli (pressure, vibration, chemical, thermal,
intense mechanical) in arousing the stress response remains to be deter-
mined as do the exact nature of the peripheral substrates (transmitters)
involved. However, local synthesis in the traumatized area of histamine,
serotonine, kinins, prostaglandins, and substance P has been shown to ini-
tiate or facilitate afferent neural stimuli (1). Concomittantly, noradre-
naline released by efferent neural reflexes potentiates the effect of the
above mentioned factors on firing of afferent nerve fibers.

NEURAL RELEASE OF THE LOCAL INFLAMMATORY REACTION

Swelling and hyperalgesia, two characteristic signs of acute inflam--
mation continue to occur in totally denervated tissues following injury
(4), but the intensity of the response may be modulated by neural influen-
ces. Thus, denervation surgically or by local anaesthetics, as well as
capsaicin, and immunosympathectomy reduces swelling, hyperalgesia, as well
as accumulation of leucocytes following an experimental thermal or chemical
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injury (5,6). Data from clinical studies are limited, although they sug-
gest a reduced flare response to different stimuli in patients with cord
transections (4).

THE ROLE OF AFFERENT NEURAL STIMULI IN RELEASING THE GENERAL RESPONSE TO
INJURY

It is well documented that afferent neural stimuli are a major re-
lease mechanism of the classical endocrine metabolic response to surgi-
cal injury. Thus, neural blockade with local anaesthetics (epidural/spi-
nal) prevents the pituitary response, the adrenocortical and sympathetic
response to lower abdominal (gynecological) procedures as well as proce-
dures in the lower extremities (2,3). However, changes in thyroid hormo-
nes are unaffected. Likewise, during these minor procedures, neural blocka-
de prevents or reduces the metabolic response since changes in blood glu-
cose, free fatty acids, glycerol are small or negligible (2,3). Hyperme-
tabolism is reduced and protein economy is improved, as assessed by nitro-
gen balance. Recent experimental studies have failed to demonstrate any
effect of epidural analgesia during laparotomy on urinary nitrogen loss,
leg glutamine efflux, and decrease in muscle glutamine, although hind-
quarter nitrogen efflux was diminished (7). In contrast, epidural anal-
gesia in patients undergoing hip replacement prevented the usual post-
operative changes in intracellular muscle amino acid concentrations, in-
cluding the decrease in glutamine, corresponding to an inhibition of the
glucose and cortisol response (8).

It is well documented that despite the blockade of the sympathe-
tic, pituitary, and adrenocortical response to surgery, neural blockade
has no influence on the acute phase protein response as well as only a
very minor effect on postoperative granulocytosis (2,3).

Neural stimuli may be of some importance in releasing the immunologi-
cal changes following surgical injury although only few responses are mo-
dified by neural blockade. A single dose epidural analgesia has no effect
on postoperative leucocyte migration (9), and continuous epidural analge-
sia is without effect on complement (lo) and immunoglobulin (11) changes
postoperatively. During hip surgery epidural analgesia led to an impro-
ved monocyte function (spreading and lysis) (12) as well as the usual de-
crease in blastogenic response of circulating lymphocytes to non-specific
and specific mitogens was reduced (13). However, neural blockade had no
effect on T-cell subpopulation changes during hip surgery (14). In studi-
es during abdominal surgery where epidural analgesia is less efficient
in reducing the stress response (see below) postoperative changes in NK-
cell activity (15) as well as postoperative impairment in delayed hyper-
sensitivity (16) was unaltered by neural blockade.

The effect of neural blockade on the stress response to major sur-
gical procedures is well documented to be less pronounced than during
minor clean surgery in the lower part of the body (2,3). The explanation
hereto is probably dual. Firstly, the currently used epidural techniques
do not provide a total and sufficient afferent neural block of the tho-
racic segments. This has been demonstrated during additional coeliac
blockade (2,3) as well as in recent studies using evoked potentials (17).
The role of the unmodulated afferent vagal pathway is probably negligible
(2,3). Secondly, during major injury other factors than neural stimuli may
be of importance.

Selective nociceptive blockade with epidural intrathecal opiates
has in several studies been demonstrated to provide only a minor or no
alteration of the injury response, despite sufficient pain relief
(2,3).

The influence of nociceptive blockade with drugs inhibiting sensiti-
zation of peripheral nerve endings/spinal cord using prostaglandin synthe-
tase inhibitors, substance-P antagonists, antihistamines, etc. has not
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been completely elucidated. Recent clinical studies suggest that a combi-
nation of neural blockade and indometacin may reduce the hyperthermic re-
sponse to both herniotomy and cholecystectomy, but without influence on
postoperative granulocytosis, acute phase protein response, despite
total pain alleviation (18,19). Preliminary studies furthermore suggest
that even combination of neural blockade with indometacin, histamine 1
and 2 receptor antagonists, serotonine antagonism (ketaserin) as well
as inhibition of fibrinolysis (tranexam acid) do not reduce the granu-
locytosis response to inguinal herniotomy (20).

CONCLUSION

The available data have demonstrated that minor clean surgical injury
activates afferent neural pathways, which secondarily leads to activation
of the classical endocrine metabolic response to surgery as well as some
immunological changes. Neural-blocking techniques may inhibit the endo-
crine metabolic response to a major degree during such minor surgical
trauma, although only a few components of the immunological response may
be modified. The acute phase protein response and granulocytosis are un-
affected. The role of the nervous system in releasing the different stress
responses to major injury can not be answered at present, since the bloc-
king techniques are insufficient during such procedures. However, humo-
ral factors may probably be of more importance in such situations (21,22,
23,24). Recent studies with combined neural blockade and nociceptive
blockade with drugs inhibiting sensitization of peripheral nerve endings
leading to total pain relief following surgery have also failed to modu-
late the acute phase response and granulocytosis.

Although, modulation of the stress response to injury has not been
documented to improve survival, the available data from controlled studi-
es on neural blockade in surgical patients (3,25) suggest a benefit on
various morbidity parameters. However, a major reservation should be made
to consider the stress response a one major response, thereby neglecting
possible differences in physiological significance of the various compo-
nents. Further understanding of the release mechanisms of the components
of the injury response is of major importance and may hold potential bene-
fit for the injured and critically ill patient.
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SURGERY AND THE IMMUNE RESPONSE

M. Salo
Departments of Anaesthesiology and Medical Microbiology
University of Turku, SF-20520 Turku, Finland

In the last few decades the treatment of surgical patients has continu-
ously advanced. Anaesthetic and surgical techniques have greatly improved.
The treatment of hypovolemia is nowadays better mastered. Great progress has
been made in the maintenance of renal and pulmonary function. The advances
have reduced the numbers of immediate and early deaths after surgery. At
present, many of the patients with a fatal outcome die later from infectious
complications which are still the major hazard during convalescence.
Increasing attention and research is therefore directed to changes during
and after operation in the immune response. As a result, our understanding
of immunological events is constantly improving and we are better equipped
to control immune responses in patients at risk and thus reduce morbidity
and mortality from infections.

IMMUNE RESPONSE TO SURGERY

During surgery a local inflammatory reaction arises at the site of
tissue injury, possibly with systemic effects and the specific immune
response is affected. The distinction of changes in the inflammatory
reaction and the immune response is rather an academic than a practical
question in surgical patients since both mechanisms interact to ensure
survival of the body.

The immune response to surgery is characterized by temporary decreases
in neutrophil functions and in the phagocytic capacity of the mononuclear
phagocyte system (MPS,RES), activation of the complement and overall
decreases in cell-mediated immunity and lesser decreases in humoral immunity.
These changes are progressive, depending on the extent of the operation.

Neutrophil Functions

Neutrophils are the first cells to appear at the site of bacterial
invasion and tissue injyrp, but their mobilization to skin abrasions is
depressed after surgery ' . This has also been shown in vitro tests.
Neutrophil adherence is decreased for a JaX after nephrectomy and open-

*, heart surgery , but increased thereafter ' . Neutrophil motility towards
chemotactic attractants (chemotaxis) and spontaneous Luigation are depressed
in vitro for some hours to some days after operation ' . The extent of the
depression is related to the extent of surgery and it may be due to an
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intrinsic defect in neutrophil chemotaxis, serum inhibitors or abnormalities
in chemotactic factor generation.

Serum opsonic capacity for facilitation of ingestion of particles to
be phagocytosed is slightly depressed after surgery. A decrease6in serum
opsonic capacity gan be observed in vitro after cholecystectomy and major
abdominal surgery but only at high serum dilutions, which makes the signifi-
cance of the decrease clinically less important. By contrast, an opsonization
defect may be of practical importance in inflamed and poorly perfused tissues
and in serum in patients with major postoperative complications, burns or
severe infections.

No changes in neutfophil ingestive capacity have been obserged after
major abdominal surgery , nephrectomy or abdominal hysterectomy . The bac-
tericidal cipacity of neutrophils is unaltered for qtaph. aureus after
nephrectomy and increased after opeg-heart surgery but decreased for
candida after abdominal hysterectomy . Several studies have measured various
microbicidal-related neutrophil variables such as oxygen consumption, nitro-
blue tetrazolium (NBT) reduction, iodination, chemiluminescence and different
enzyme activities. The chemiluminescence responses of granulocytes in phago-
cytosis of zymosan are depsessed for less than one day after nephrectomy
and abdominal hysterectomy and are on preoperative levels on the first
postoperative day in phagocytolilnof zymosan, Staph. aureus and E. coZi
after major aqominal surgery I but depressed for 3-4 days after open-
heart surfery . A postoperative decrease has aso been observed in NBT
reduction , neutrophil myeloperoxidase activity and in the activities of
the intraneutro0ilic granule proteins 0-glucuronidase, lysozyme and B12-
binding protein , but no changes were observed in myeloperoxidase-mediated
iodinat n or hexose monophosphate shunt activity after elective general
surgery

Anaesthesia in itself produces changes in neutrophil functions.
Halothane anaesthesia produces in man a reversible conce% ration-dependent
depression in neutrophil random migration and chemotaxis , which is also
observed in patilnts under enflurane and morphine anaesthesia before the
start of surgery , by inhalation of 60 Z v/v nitrous oxide increased
neutrophil chemotaxis-. Halothane + N2 0 + 02 and thiopentone + N20 + 02
anaesthesia1 decrease ingestion of latex particles and NBT reduction by
neutrophils . When separated neutrophils are exposed in tissue culture to
increasing concentrations of inhalational, intravenous or local anaesthetics,
a dose-dependent inhibition of random and directel8m2ility, ingestion and
microbicidal functions of neutrophils is observed

Mononuclear Phagocyte System Functions

Both parts of the mononuclear phagocyte system (MPS,RES), monocytes and
tissue macrophages,, are affected by surgery. The numbers of monocytes in
blood circulation increase postoperatively. Their chemotactic motility,
ingestive capacity, chemiluminescence responses and lysozyme production have
been observed to be increased in vitro for 2o2 a day after abdominal
surgery and decreased thereafter for a week I. By contrast, the spreading
of monocytes on plastic surfaces, which is thought to reflect their phago-
cytic capacity, is decreased after hiP 24eplacement under general anaesthesia
and increased under epidural analgesia . Monqyte-medated cytolysis is
decreased after hip2§eplacement under general and combined epidural agt
general anaesthesia , but not after operation under epidural analgesia
This decrease is mediated by serum factors. By contrast, monocyte-mediated
haemolytic activity as increased after open-heart surgery in the immediate
postoperative period .

The number of monocytes which phagocytose latex particles or reduce NBT
is decyased after halothane + N20 + 0- and thiopentone + N 0 + 0 anaes-
thesia . In in vitro exposure to 1.7 v/v enflurane, 0.8 1 v/v galothane,
0.2 2 v/v methoxyflurtge and 70 Z v/v nitrous oxide decreases monocyte
chemotactic responses . In vitro exposure to thiopentone of monocytes
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depresses their cytolytic capacity in a dose-dependent way but no such
depression occurs when monocytes are exposed to a wide range of cgcentra-
tions of fentanyl, morphine, diazepam, pancuronium or bupivacaine

The total MPS phagocytic capacity, for which the fixed macrophages in
the liver (Kupffer cells) and spleen are largely responsible, is depresld
after traumas of various origins. This can also be seen after surgery
The depression is only slight even after uncomplicated major surgery , it
is seen in the immediate postoperative period and it is followed by a period
of hyperfunction. Anaesthesia in itself with cyclopropane, diethyl ether,
halothane, neurolepts and efdural analgesia may also cause an impairment
in MPS phagocytic functions . The impairment may be greater when surgery
is performed der halothane instead of combined anaesthesia with the use
of neurolepts .

The decrease in MPS phagocytic functions is thought to be associated
with decreased concentrations of plasma fibronectin which acts as a MPS
opsonin. Fibrons6 tin concent:7ations are decreased for 5me hours after
cholecystectomy and for 1-2 days after major surgery . Other suggested
mechanisms for postoperatively decreased MPS functions are decreased blood
flow of MPS organs and various inhibitory effects.

Complement

The complement, which is necessary for the inflammatory reaction,
neutrophil functions, lysis of cells, bacteria and viruses and participation
in many effector system52 is activated in a clqtrolled way in connection 3
with various operations including abdominal and cardiovascular surgery
This activation has been shown in decreased haemolytic complement (CH5 0)
values, decreased concentrations of complement components and as the
appearance of complement split products into the blood circulation. Many
complement components are acute phase reactive and increase unspecifically
during the inflammatory reaction. The profiles of complement activation are
slightly different in different studies, but the activation of alternate and
also of the classic pathways has been suggested to occur during surgery.

A high degree of complement activation can be oge ged during extra-
corporeal circulation in open-heart surgery patients ' . The conversion
rate of C 3 which in normal health is less than 5 Z of total plasma C337 38
protein increases during extracorporeal circulation to mor 5 than 30 Z
and plasma C3a concentrations may be increased severalfold . C- is also
thought to be released in parallel with C3a' but C5a is readily attached
to neutrophil receptors and therefore cannot be in equal concentrations
measured in plasma samples. Complement activation during extracorporeal
circulation may be somewhat slighter when membrane oxygenators are used
instead of bubble ones . Besides extracorporeal circulation, protamine
administration during cardiovascular and open-heart surgery may also result
in high C3a concentrations . The high levels of activated complement compo-
nents during open-heart surgery are, however, usually without harmful clini-
cal sequelae.

No differences in complement activation were seen when the patients
were anaesthetized wi neurolept, halothane or epidural anaesthesia for
aortofemoreal surgery . Studies in trauma patients show that the extent
of trauma and the presence of nonvital tissue or abscesses affects complement
activation. In minor trauma, complement concentrations increase above refer-
ence values over toweek, but in major trauma they may remain at low levels
for a longer time

Cell-mediated Im nity

The effects of an operation on cell-mediated immunity have been well-
documented, since cell-mediated immunity responses have a central role in
host defences and modern immunological methods were first available for the
study of these variables of the immune response. These studies include

291

4



quantification of effector cell numbers and measurement of their functional
variables.

Quantification of Lymphocytes and Their Subsets. Leucocytosis in
peripheral blood, an increase in the proportions of neutrophils and mono-
cytes and a decrease in the proportions of eosinophils and lymphocytes
occur during and after operation. The numbers of lymphocytes in peripheral
blood remain however unaltered during surgery of mild to moderate trauma
and decrease after majo Isgery. The values return to preoperative levels
within one or two weeks

In minor surgery no changes are observed in the proportions or numbers
of T and B lymphocytes, effector cells of cell-mediated and humoral immunity,
respectively. As the extent of surgery increases, the numbers of T and B
lymphocytes in peripheral blood tend to de 2gge and their proportions
simultaneously change in favour of B cells . The numbers of T lympho-
cyte subpopulations T helper/inducer and T suppressor/cytotoxic cells also
decrease, but their proportions either remain unchanged or change in f2oi
of T suppressor cells after operations with increasing trauma severity

Changes in Functional in vitro Test Values. Most studies of the immune
response in surgery deal with in vitro measurement of lymphocyte prolifer-
ative responses to mitogens, antigens and allogenic cells in peripheral
blood samples from patients undergoing an operation. An impairment of T
lymphocyte proliferatiX5 4ssqnses has been observed after operations from
minor to major surgery . Responses to phytohaemagglutinin (PHA) and
concanavalin A (Con A), the widely used T lymphocyte mitogens, already
start to decrease during operation. They are lowest at the end of surgery
and usually return to preoperative values after uncomplicated surgery over
a period of I to 10-14 days. Similar decreases in lymphocytic responses
have been observed to antigens such as purified protein derivative of
tuberculin (PPD), streptokinase-streptodornase, mumps and candida and to
allogenic cells in a mixed lymphocyte culture. The decreases may5 esAreater
in neonates and young children than in older children and adults ' .
A decrease in lymphocytic responses can be observed after operations done
under general or regional anaesthesia. Some studies show smaller changes
in lymphocyte proliferative responses after operations dog gder regional
analgesia than after those done under general anaesthesia ' , but this
depends on how well afferent neurogenic impulses from the area of surgery
can be blocked and perhaps also on how general anaesthesia is performed.
However, what is considered more important than anaesthesia in determining
the postoperatiXI Jmphocyte proliferative responses is the extent of
surgical trauma -'

Other functional cell-mediated immunity test values are also depressed
postoperatively. Such changes have been found when the effects of lympho-
kines, effects of lymphocytes on taret cells and antibody-dependent
cellular cytotoxicity were measured . The sgsitivity of lymphocytes to
prostaglandin E2 is increased postoperatively and the amount of serum
needed to halv4,PPD-induced lymphocytic responses is smaller after operation
than before it . Natural killer (NK) cell activity is increased during
operation but decreased after operation up to a nek. This has been obsernd
after hip replacement--, major abdominal surgery and open-heart surgery
NK cell activity may fall eg~n to undetectable values in patients with
postoperative complications .

Delayed Hypersensitivity Skin Test. In studies of the effects of an
operation on delayed hypersensitivity skin test results, two basically
different ways to express the results are used: measurement of reaction
diameters/areas induced by recall antigens or grading of patients into
reactive, relatively anergic and anergic ones on the basis of to how many
antigens they react with an induration of at least 5 mm in diameter. The
two types of studies give slightly different results.
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Those studies measuring the diameters or areas of the indurations s w
decreased delayed hypersens6iyjty skin test reactions after nephrectomy
and major abdominal surgery ' . By contrast, those studies grading patients

F into reactive, relatively anergic or anergic ones show no effects of minor
or uncomplicge95 major abdominal surgery on delayed hypersensitivity skin
test results *'. Even afggr major cardiovascular surgery less than half
of patients became anergic

Humoral Immunity

A general consensus is that humoral immunity is less affected by
surgery than cell-mediated immunity, but, on the other hand, humoral
immunity variables have been studied much less. As shown above, the numbers
of B lymphocytes decrease in peripheral blood postoperatively as the extent
of surgical trauma increases, although less than the numbers of T lympho-
cytes. Lymphocyte proliferative responses to Staph. aureus strain Cowan I
(StaCw I), which mainly stimulates B lymphocytes to transform, are decreased
on the first day after minor orthopaedic surgery and hip replacement and
recover by the 3-4th postoperative day (Salo, unpublished). Several studies
also show a postoperative decrease in lymphocytic respontes to pokeweed
mitogen (PWM), which stimulates both T and B lymphocytes .

Serum immunoglobulin concentrations decrease postoperatively, especially
after major surgery. However, such changes are more likely to be due to
haemodilution and loss of protein into extravascular tissues than to disturb-
ances in immunoglobulin production. In vitro studies show that the numbers
of immunoglobulin synthetizing an96 secreting cells in peripheral blood
decrease after open-heart surgery and there is a simultaneous decrease in
the synthesis and secretion of IgG, IgM and IgA into the culture supernatants
after PWM stimulation. However, such decreases in immunoglobulin production
cannot be observed after hip replacement or minor orthopaedic surgery (Salo,
unpublished).

The opinion that humoral immunity is less affected by anaesthesia and
surgery is partly based on animal studies measuring specific antibody
responses. These studies show that IgG and IgM antibody production is well
maintained in response against different types of antigens during anae
thesia and that antibody responses may even be enhanced during surgery
However, recent studies show that the level of IgG anti-tetanus toxoid
antibody production is lower in surgical patients than b controls. The
impairment is greater in anergic than reactive patients 6 8Depressed anti-
body production has also been observed in burned patients but no general
agreement exists on postoperative antibody responses.

CHANGES IN PATIENTS WITH MALIGNANT DISEASE

Basically similar changes in the immune response are found in patients
with malignant and benign disease. Some differences have been found in
changes reported below but there is no evidence that the general patterns
of postoperative immune response changes differ in these patients. During
major abdominal surgery, the patients' nutritional state unlike the malig-9
nancy of the disease had an effect on postoperative lymphocytic responses

However, when a tumour has been an ibunologic burden to the patient, its
removal may improve immune responses

The postoperative increase in monocyte numbers and in their phagocytic
capacity in patie15 s7Yith benign disease was not observed in patients with
malignant disease I . Lymphocytic proliferative responses to mitogens and
bacterial antigens decrease postoperatively but in patients with malignant
disease lymphocyte responses to tumour antigens may also be depressed.
Depressed lymphocyte cytotoxicity to tumour ce}s has been measyred post-
operatively in pat gnts with mammary carcinoma , Wilms' tumour and
malignant melanoma and depressed leucocyte migration inhibition in
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patients with malignant melanoma and breast cancer . These responses
usually return to preoperative values within a week.

Generation of cytotoxic cells is depressed after mlor abdominal sur-
gery in patients both with malignant and benign disease . No such increases
in NK cell activity was found during surgery in patients with disseminated
malignancy as wj observed in patients with benign disease or localized
primary tumours and the postoperative decrease in N54cl activity was
of longer duration in patients with malignant disease ' . However, NK
cells were equally unaffected by 2 % v/v halothane jgd 66 % v/v nitrous
oxide in patients with benign and malignant disease .

Another difference between patients with malignant and benign disease
is found in postoperative antibody-dependent cellular cytotoxicity (ADCC,
killer (K) cell function) reactions. ADCC responses decrease postoperatively
in patients with advanced malignancy and in septic and g chetic patients
but not in patients with benign disease or early cancer . This difference
like that found in NK cell activity may, however, be due to other reasons,
e.g. the nutritional state, than malignancy. Accordingly, in another study
K cell activity was epyally depressed after surgery in patients with benign
and malignant disease -.

Halothane anaesthesia depresses mitogenginduced lymphocytic responses
more in tumour-bearing mice than in controls . However, halothane anaes-
thesia in patients decreased cytotoxicity a 4much as balanced anaesthesia
without the use of halogenated anaesthetics

ETIOLOGY OF THE CHANGES

Anaesthesia

In general, anaesthesia is considered to have a smaller role than
surgery in decreasing immune responses during operation. The effects .f
anaesthesia on the immune response are twofold. Self-evident is the protec-
tive role of anaesthesia as it makes the operation painless and reduces
responses to surgery. The immune depressing effects of anaesthesia may
manifest through its direct effects on host defences but also through its
indirect effects on the endocrine and metabolic balance, oxygenation,
ventilation and tissue perfusion, i.e. through its effects on the internal
milieu of the cells.

Most intravenous, inhalational and local anaesthetics depress mitogen-
induced lymphocytic responses, when separated lymphoc 5es are exposed in
vitro to increasing concentrations of the anaesthetic . Similar observations
have been made on cytotoxicity, NK cell activity and immunoglobulin produc-
tion by lymphocytes and on granulocyte functions.

Animal studies show decreasing effects of anaesthesia on several
variables of the immune response. Most studies deal with the effec g
halothane but effects of other anaesthetics have also been studied
Although most studies are carefully conducted the risk always remains,
especially in handling small animals, that disturbances in homeostasis may
contribute to the extent of changes.

Few studies have been made of the effects of clinical anaesthesia on
man. During balanced anaesthesia with thiopentone + N20 + analgesics +
muscle relaxants before the start of surgery no changes were observed oXr
1-2 hrs in the PHA- or Con A-induced lymphocyte proliferative responses .
5-7 hrs' anaesthesia with halothang~or enflurane did not affect PHA-induced
lymphocyte responses in volunteers" but another study found a decrege in
PHA-induced lymphocytic responses after 3 hrs' halothane anaesthesia .
More changes in the immune response due to anaesthesia may arise in patients
with disturbed homeostasis and in those with marginal immunocompetence.
Anaesthesia may alis have other effects on host defences, such as those
on cilial function and on thoracic duct lymph flow and bacterial clearance
when high positive end-expiratory airway pressures (PEEP) are used during
controlled ventilation8 7 .
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The immune response during surgery may be modified to some extent by
blocking afferent impulses from the operation area with regional analgesia,
which is possible at lower abdominal and lower extremity surgery, where
granulocyte and lymphocyte numbers, mitogen- and antigen-induced lympho-
cyte proliferative responses, monocyte functions and serum suppressive
ctv by high epidural analgesia than general anaes-
thesia' ' . By contrast, no differences in the immune response
were observed when minor surgery was performed under halothane anaesthesia
with spontaneous ventilatig, balanced anaesthesia with mechanical ventila-
tion or regional analgesia

operative Trauma

The degree and extent of operative trauma are considered to be crucial
in the postoperative changes of the immune response but not exclusively.
Surgical trauma is basically different from accidental trauma in producing
changes in the immune response since during surgery the anaesthetist and
surgeon are able to minimize by prophylactic and therapeutic measures
homeostatic disturbances. Therefore, the changes in the immune response
produced by a surgical trauma can be expected to be slighter than those
after an equal accidental trauma.

Correlations have been observed between the extent of surgical trauma
and the changes in leucocyte and differential counts, numbers of lymphocytes
in periphgjah blood and mitogen- and antigen-induced lymphocyte proliferative
responses '  . A similar correlation has been found between the extent of
surgery and T lymphocyte, their subtype and NK cell numbers and the plasma
volume needed to halve PPD-induced lymphocytic responses

Other Factors

The effects of blood transfusion depend on the situation in which blood
is needed and on the blood preparation used. Blood transfusion may sometimes
further deteriorate trauma-decreased immune responses but in some cases it
may improve immune responses, since the maintenance of sufficient oxygen-
ation and tissue perfusion is of primary importance for the patient and
the adequacy of his immune response. The clinically significant deleterious
effects of blood transfusion are suggested by reports on a worse prognosis
in patients with colorectal or some 0her cancer who received blood trans-
fusion compared to those who did not .

Several drugs including many antibiotics, cytostatics and cortico-
steroids are known to disturb immune responses. Severe malnutrition with
its immunosuppressive effects is deleterious to the patient undergoing
surgery. Psychological factors may be important in postoperative immuno-
suppression, but immobilization, disturbed diurnal rhythm and preoperative
fasting are less important.

MECHANISMS OF THE CHANGES

The main mechanisms of the postoperative decrease of cell-mediated and
humoral immunity consist of the neuroendocrine response induced by surgery
and taesthesia, immunosuppressive factors liberated from the surgical
area and pharmacologic effects of drugs given during and after the
operation. Among the mediator mechanisms can be distinguished the effects
of corticosteroids, catecholamine§2 prostaglandins and the imbalance between
proteases and protease inhibitors .

These mechanisms lead to postoperative redistribution of neutrophils
and lymphocytes and to functional changes in effector cells. Intravascular
leucocyte populations are not equal during and after the operation to what
they were before it. Moreover, these cells represent only a small fraction
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of cells which participate in the immune response. The effector cells in
the tissues might therefIre react in other ways than the cells found free
in the blood circulation

Activation of suppressor cells is currently under active investigation.
Increased suppressor T lymphocyte function has been observed in man after
burns and, after surgery, W nocytes have been observed to be suppressive
in the cytotoxicity reaction . By contrast, decreased Con A-indved
suppressor cell function has been found after open-heart surgery and
after hysterectomy . The suppressor system thue seems to be very complex
and maximum9guppression may be observed with a combination of different
suppressors . The lymphocytes may moreover be postoperatively increasingly
sensitive to endogenous suppressors, sus as prostaglandin E, as shown in
connection with coronary bypass surgery .

The leucocyte transmitters, interleukins I and 2, may also have a role
in the changes. The ability of leucocyte suspensions in vitro to produce
interleukin I which is an initiator of the immune response, an inducer of
the acute phase response and a factor in proein catabolism is at preoperat-
ive levels on the fifth day after operation . However, the kinetics of its
production during surgery is not known in more detail. By contrast, the
capacity of T helper cells to produce interleukin 2, which causes rapid
proliferation of effector cells to adequate numbers,9is depressed after
major surgery for a week but not after minor surgery . Removal of adherent
cells abolished the decrease in interleukin 2 production which suggests
a monocyte-mediated mechanism in the decrease.

CLINICAL SIGNIFICANCE OF THE ALTERATIONS

The inflammatory reaction and immune response are part of the general
physiological response to surgery and occur in interaction with other
homeostatic mechanisms. The inflammatory reaction is not only important in
defence against microbes but also in wound healing and repair of damaged
tissue. The postoperatively depressed immune response is considered to be
beneficial to the patient in preventing the body from reacting against its
own antigenic structures exposed and released during operation. However,
autoantibodies appear in spite of postoperatively depressed immune responses
after noncardiac and open-heart surgery . During open-heart a6gery, lympho-
cytes may become sensitized to cardiac mitochondrial antigens . The levels
of various anti-heart antibodies and the degree of migration inhibition
correlate with the frequency of the postpericardiotomy syndrome suggesting
the clinical importance of these autoimmune phenomena.

The changes in the immune balance during surgery may also impair
resistance to infections. To what extent the changes in the immune response
contribute to the rise of postoperative infections depends on the situation
as a whole, since changes also occur in outer host defences and the degree
of bacterial contamination varies. Unfavourable location of the surgical
trauma, presence of traumatized tissue with haematoma and poor oxygenation
and tissue perfusion of the local area may also favour the rise of infection.
Surgically broken epithelial barriers and the presence of the intubation
tube, intravenous and other canules and catheters all give access to the
microbes into the interior. Moreover, changes occur in the mucociliary
clearance, secretions and in the natural microbial flora. The functions of
complement, granulocytes and MPS, which react first in the blood and tissues
against invading organisms, are only slightly affected by uncomplicated
surgery causing minor or medium trauma. The complement is capable of
mounting an inflammatory reaction and generating chemotactic and opsonic
substances, and immunoglobulins are available.

Thus, changes in the immune response are not exclusively responsible
for postoperative infections but may contribute to their rise. This is
especially true if the disturbances in the immune response are severe and
prolonged or the patient is preoperatively ismunocompromised. Decreases in
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the postoperative ijune relinnse may thus manifest as increased s 18itivity
to postoperative infections', recrudescence of l65ent infections

* reactivation of a virus without causing infection or as a rise of an
opportunist infection. The correlation between postoperatively decreased
immune responses and frequency of postoperative septic complications and
mortality has been best documented by the delayed hypersensitivity skin
test. Those patients who are anergic or bei 8ee anergic postoperatively
are at most risk to develop sepsis and die

Another suggested deleterious consequence of postoperatively decreased
immune responses is the spread of malignant disease. Although surgery is
certainly the most effective method of treating cancer, there are reports
of rapid dissemination of cancer shortly after radical surgery and
exacerbation of cancer after surgery for an independent or related condi-
tion . Although these observations cannot be generalized and the proof
of a possible connection is not conclusive, this may point to decreased
host defences of clinical importance when large amounts of malignant cells
may be free in the blood circulation during surgery. Significantly, there
is an abundance of animal studies showing connect 8gs between anaesthesia,
surgery, immune response and spread of malignancy

Massive complement activation in itself may be harmful to the. ient.
Massive activation in bacteremia may result in shock during surgery , and
in endotoxemia it is with other activated mediator systems a major mechan-
ism in the induction of septic shock. Ca in excessive amounts may lead to
leucostasis and endothelial damage, and contributes to the rise of adult
respiratory distress syndrome (ARDS). Massive stimulation of neutrophils
by complement and other chemotactic factors may result in their inability
to respond to chemotactic stimuli and to move to the site of microbial
invasion.

RECOMMENDATIONS FOR PATIENT CARE

The maintenance of homeostasis is of primary importance for the inmune
response. The body is able to correct even severe alterations in the immune
response if failures in the vital functions can be corrected and the under-
lying disease can be treated.

High age, malnutrition, certain drugs and diseases are known to
affect immune responses preoperatively. These factors should always be
taken into account. The best results in the correction of malnutrition
have been obtained in severely malnourished patients with preoperative
nutrition of at least a week's duration. The use of drugs known to be
immunosuppressive must be considered on an individual basis.

In anaesthesia its general performance is more important than the
selection of some special anaesthetic agent or method. This means good
a-aesthetic management and careful maintenance of homeostasis. Halothane
with its well-documented immunosuppressive effects cannot be recommended
in patients with severe infections. The need to modify operation-induced
responses by high analgesic doses or epidural analgesia must primarily be
considered from other viewpoints than that of the immune response.

Since the extent of operative trauma is crucial for the postoperative
immune response, an atraumatic approach to operation with minimal blood
loss is also recommendable from the immunological viewpoint. An open
question is what the most suitable time is to make the final reconstructions
in the multiple trauma patient. This also concerns patients with postoperat-
ively decreased immune responses before further elective operations. In view
of endocrine and metabolic alterations, a stabilization period has been
recommended after the primary operations. It might also be beneficial for
the immune response. By contrast, in patients with nonvital tissue,
abscesses or other toxic processes, immediate operation is a prerequisite
for restoration of the immune response although the immune response may
transiently be further compromised by the operation.
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In experimental work several possibilities already exist iBgthe modifi-
cation of 4e inme resm8 se by specific and1 fspecific means . Ibuprofen,
cimetidine , levamisole and interleukin 2 can prevent changes in
postoperative immune responses. In the future, these and other immunomodula-
tors may be given prophylactically or per- and postoperatively to high-risk
surgical patients to improve their immune responses. This, however, requires
a good understanding of the basic immune mechanisms by the operative team
and laboratory services available for measurement.
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IMMUNE FUNCTION AND SEVERE INFECTION

V. Andersen
Laboratory of Medical Immunology, Department of Medicine "-A
Rigshospitalet, University Hospital, Copenhagen, Denmark

The general immunosuppression during acute bacterial infection

In patients with an acute bacterial infection such as meningococcal

meningitis, lymphocyte proliferative responses in vitro are depressed
1soon after the onset of symptoms . Responses to microbial antigens are

more sensitive than the responses to mitogens such as phytohemaggluti-

nin (PHA) and are as a rule completely suppressed during the acute

stage. The response to suboptimal concentrations of PHA may be a more

sensitive indicator of depressed lymphocyte function than when the

usual dose is employed2 .

In uncomplicated cases, lymphocyte responsiveness normalizes with-

in 14 days. The increasing responses obtained when the offending micro-

organism is employed for stimulation in vitro are similar to those ob-

served with unrelated microbial antigens. However, if dose-response

studies are carried out, a shift in the optimal concentration is seen
for the offending microorganism, providing evidence for development of
increased lymphocyte sensitivity to the causative microorganism' .

In case of a complicated clinical course, lymphocyte proliferative

responses fluctuate corresponding to the febrile periods. Again, the
course of the response to the causative microorganism does not differ

from the responses to other microbial preparations.

Men the infection has subsided, and recirculating memory cells

are established, separation of sensitized and non-sensitized persons
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in the lymphocyte proliferation assay is best obtained at low antigen

concentrations giving submaximal stimulation3 .

The polyclcnal stimulation of lymphocytes follwing infection

Serum antibodies rise fast following acute bacterial infection,

whereas a more prolonged increase is seen in total immunoglobulin con-

centrations'. one factor to consider is polyclonal activation of lympho-
4cytes by microbial products . In some cases the factor responsible is

well characterized, e.g. the T lymphocyte mitogen LPF (Lymphocytosis
Promoting Factor), from Bordetella etussis5 and the B lyphocyte mi-

togen Protein A, from j&_________L_§ aureus. However, many polyclonal

activators are still incompletely known, and one microbial species may

produce several; thus, polyclonal B lymphocyte activation may be induced

by a strain of St2hy aureus that is deficient in Protein A6 .

Of importance for the late rise in immunoglobulins following infec-

tion is the emergence of immunoregulatory antibodies such as anti-idio-

typic antibodies and antibodies against irmunoglobulin and complement

components.

Detection of pre-existing immune deficiency in patients with infection

The impact of infection on the immune system makes laboratory in-

vestigation for underlying immune deficiency difficult. Studies on lym-

phocytes and other cells must be interpreted with special caution if

carried out during or shortly after infection. A careful history should

always be obtained as soon as possible, concerning predisposing factors

and previous infections. However, studies of lymphocyte and phagocyte

function are best postponed until after recovery.
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INTERLEUKINS: AN OVERVIEW

S. K. Durum
Laboratory of Molecular Immunoregulation, Biological Response
Modifiers Program, Division of Cancer Treatment
National Cancer Institute, NIH, Frederick Cancer Research
Facility, Frederick, MD 21701-1013

Immune responses are in the beginning, specific in that a given lympho-
cyte is initially triggered via its membrane receptors for a specific
antigen. But following the initial antigen trigger, a specific T lympho-
cyte elaborates a number of nonspecific soluble mediators with a wide
range of effects on other cells, both proximal and distal, both within
the immune system and outside it. A complex network develops in which
these immune cytokines exert positive and negative feedback effects on
one another. Immune cytokines include: interleukin 1 (produced by macro-
phages and other cells, with actions on many cell types), interleukin 2
(produced by T cells, with actions on T and B cells), interleukin 3
(produced by T cells, with actions on hematopoietic stem cells), inter-
feron-y (produced by T cells, with actions on many cell types), R cell
stimulating factor or BSF (produced by T cells, with actions on B and T
cells), lymphotoxin (produced by T cells, actions on tumor cells and
various normal cell types) and tumor necrosis factor also termed
cachectin (produced by macrophages and various other cell types, with
actions on fat cells, macrophages and other cells.

INTRODUCTION:

The immune system can be divided into two broad categories of components:
specific elements that engage foreign antigens (lymphocytes and anti-
bodies) and nonspecific elements that mediate and amplify defense mech-
anisms. Lymphokines are a part of the latter category of non-specific
mediators and amplifiers. The term "lymphokine" is used to encompass
those extracellular products that are elaborated by lymphocytes. Recent
years have witnessed great advances in the characterization of these
molecules and the focus of this brief review will be those lymphokines
that have been cloned and are thereby the best characterized.

Figure 1 illustrates the spectrum of lymphokines that emanate from the
interaction of a helper T lymphocyte engaging its specific antigen on
the surface of an antigen-presenting macrophage (W1). All the lympho-
kines shown are polypeptides of 15-19 lKd and none are constitutive cell
products; they are produced only following cell activation. They occur
in nanomolar to picomolar concentrations in extracellular fluids. All
probably mediate their effects on target cells via high affinity membrane
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receptors. The target cells can be as proximal as the producing cell
itself or as distal as.the central nervous system. The following dis-
cussion ill analyze each of the lymphokines in further detail.

IH

Figure 1. The Lymphokine Spectrum

IL 1 and the T-M6 interaction

Figure 2 depicts the earliest events in the T-M. interaction. Antigens
~are taken up by M6, and in the case of peptide antigens, partly cata-
~bolized and then presented on the plasma membrane. T cells employ anti-
! gen receptors to recognize the antigen (for whicb the T cell is specific)and simultaneously engage Ia molecules on the 4. T cells are initially

activated through the antigen receptor but require interleukin 1 (IL 1)I ~ ~(1,2) fro the Mel to become further activated. IL 1 can be induced by cel i w ehnss h is ehns eursTM cl oTc

and appears to involve Ia molecules which may transduce a signal to
release IL 1(3). A second type of signal can also be delivered fro T

cells, a lymphokine that has not ben fully characterized but is distinct
fro other known Melactivating lyiphokines (such as IFN-y or CSFI) (6).
In the absence of T cells, a number of microbial products can also
stimulate Me to produce IL 1. IL 1 so generated then acts on T cells but

also has a wide range of biological effects as indicated in Figure 2.
The T cell itself is thought to require IL 1 as a stimulus to produce

~interleukin 2 (IL 2) or in the cage of some T cells, to express IL 2
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Figure 2. Interleukin I

IL 2 and BSFI: lymphocyte growth

Following the initial activation stages involving antigen, Ia and 1!. 1,
T cells produce and utilize growth factors as shown in Figure 3. IL 2
(5) is a growth factor for T cells and can, under some conditions stimu-
late B cell growth and also promote growth and activation of lymphokine-
activated killer cells and natural killer cells. The receptor for
IL 2 has also been cloned and is the best characterized lymphokine re-
ceptor (6). T cell clones that produce IL 2 have been designated THI,
and appear to be a subset distinct from that designated TH 2 , which pro-
duce B cell stimulating factor (BSF 1 ) (7). BSF1 (also termed "IL 4") (8)
activates resting B cells to enlarge, increase Ia expression, and become
receptive to other signals, such as cross-linking of surface immuno-
globulin. BSF 1 also promotes switching from IgM to IgG. Proliferation
of B cells requires an additional lymphokine, BCGF2 , which has not been
cloned as of this writing. BSF1 also supports the growth of some T cell
and mast cell lines, and supports the growth of other hematopoietic
lineages as well.
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Figure 4. Interleukin 3 and Granulocyte-Monocyte-Colony-Stimulating
Factor

ThF and LT: inflammation and anti-neoplasia

* Tumor necrosis factor (TNF) and lymphotoxin (LT), shown in Figure 5, are

distinct molecules (28% homology) and are produced by different cells,

* yet they share a common target cell receptor and thus should have similar

activities. Actions of TNF (11) have been studied more extensively than

LT (12) and include the dramatic cachexia (wasting) effect which was dis-

covered quite independently of the antitumor effect.
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Figure 5. Tumor Necrosis Factor and Lymphotoxin

Interferon: anti-virus and immunoregulation

Interferon-t (IFN-ca) is produced by activated M46 (as well as many other
cells) (13) whereas IFN-y is released from activated T cells (14) as
shown in Figure 6. Both interferons have antiviral actions and are anti-
mitotic. IFN-y has powerful 16-activating properties, arming them to
kill intracellular pathogens and tumor cells - a dramatic increase in 146
Ia expression is also elicited by IFN-y. Cellular receptors for IFN--y are
known to be distinct from those for IFN-t.
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Figure 6. Interferon--n and Interferon-y

In conclusion, lymphokines are non-antigen specific mediators and ampli-
fiers of the immune response. Although the lymphokines are similar in
certain physical characteristics, such as molecular weight, they are the
proaucts of unrelated genes, rather than a gene family like the immuno-
globulin genes. The best studied lyisphokines have now been cloned but
we can expect more lymphokines to be cloned, considerable impetus coming
from the potential use of lymphokines as therapeutics. For each lympho-
kine in its post-cloning phase, the future will bring studies of regula-
tion of its gene, structure-function studies of the biologically active
peptide, determinations of the full spectrum of biological actions and
analyses of the receptor.
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CELLULAR IMMUNE FUNCTION AND INJURY

J. A. Mannick
Department of Surgery, Brigham & Women's Hospital and Harvard
Medical School, Boston, MA.

Defects in cellular immune responsiveness have been featedly
described in patients after serious injury or major burns . The exact
relationship between impairment of cellular immunity and septic
complications in such injured patients is unknown. Nevertheless, there
are several reports which indicate that clinical anergy in patients with
major burns, for example, is signifkcgn6yliorrelated with mortality,
particularly with death from sepsis ' ' ' 

. A number of years ago, we
reported anergy in patients after major burn injury was associated both
with failure of circulating lymphocytes from such patients to respond
normally to the T cell mitogens phytohemagglutinin (PHA) and Concanavalin
A (Con A), and with the presence in the patients' serum of circulating
substances suppressive of activation of normal human T lymphocytes

In order to investigate the apparently abnormal T lymphocyte
function in injured patients and burn patients, we investigated
circulating T lymphocyte subsets with monoclonal antibodies in patients
with burns of greater Jan 30% body surface area and those with lesser
degrees of burn injury . We showed that patients after major burn
injury had a significant early alteration in the ratio of circulating
helper-inducer to cytotoxic-suppressor T cell phenotypes. This reduction
tended to return towards normal several weeks after burn injury, and it
was again altered in association with the appearance of systemic sepsis.
We alsT3found similar changes in patients suffering from major traumatic
injury . More recent studies have indicated that patients with severe
burns have an early and persistent reduction in the percentage of
circulating T cells (Figure 1), and that the reversal of the ratio of T
helper-inducer to cytotoxic-suppressor subsets is caused chieflY4by an
absolute diminution in the number of circulating T helper cells . This
diminution was not found consistently in trauma patients. As a correlary
to these studies, we also found that patients after serious thermal injury
often had circulating lymphocytes of immature phenotypes not normally seen
in the circulqing blood, including lymphocytes expressing the OKT6 and
OKT9 antigens .

We and others have examined the question of whether or not increas-
ed circulating suppressor :ell activity could account for the impal"a Vt1
of T lymphocyte activation seen in patients following major injury
In patients with major burns, we found that circulating peripheral blood
mononuclear cells (PBMC) were on some occasions capable of inhibiting
proliferation of lymphocytes from normal Auman volunteers in response to
T cell mitogens or alloantigens in vitro . However, because of
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Fig. 1. OKT3 positive cells (total circulating T cells)
following burns. 17 patients with burns, 30%
total body surface area or greater (&) are
compared to 8 with burns less than 30% total body
surface area (A) and shown as the mean±lSEM. The
control range is shown. (*p 40.05 patients versus
controls,fp <0.05 burns greater than 30% versus
burns less than 30%). (Reprinted from Annals of
Surgery)

potentially factitious results inherent in assays which involve the
simultaneous culture of multiple allogeneic cell populations, these
results and similar results reported from other laboratories clearly must
be interpreted with caution. Experiments to demonstrate suppressor cell
activity in autologous culture systems by subtracting and re-adding
appropriate cell types have proved difficult and so far have not produced
sufficiently consistent results to permit firm conclusions.

One assay used in many laboratories for the detection of suppressor
cell activity in an autologous system, namely the inhibition of poly-
clonal immunoglobulin (Ig) production by T lymphocytes in response to
pokeweed mitogen (PWM) has not yielded positive results in seriously
injured patients (Figure 2). in fact, patients with major burns, for
example, often have background polyclonal Ig production by circulating B
cells that is in excess of PWM Iimulated Ig production by similar cells
from normal control individuals . Thus, circulating suppressor T cells
in burn patients, if present, are clearly not effective in inhibiting PWM
stimulated B cell Ig production, a finding consistent with the
observation that there is not an increased percentage of cells bearing
the cytotoxic-suppressor phenotype in the PBMC of these patients.

Because of the persistent impairment of T lymphocyte activation seen
in seriously injured and burn patients, we have more recently studied the
ability of PBMC from such individuals to produce the cytokines necessary
for the initiation of the immune response. Adherent cells from the PBNC
population of seriously injured patients and patients with major burns
were studied for their ability to produce interleukin 1 (IL 1) in
response to endotoxin and the PBNC of the same individuals were studied
for their ability togroduce interleukin 2 (IL 2) in response to PHA
stimulation in vitro . We have found that IL 1 production by the
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Ig Synthesis in 11 patients after thermal injury
IgG (ug/mL)

Mean ± SEM P*

Controls 7.57 ± 1.1 ...
Days after burn
0-2 4.01 ± 1.6 NS
3-6 13.7 ± 3.4 0.04
7-10 21.1 ± 6.08 0.017
11-15 35.6 ± 2.2 0.0004
16-20 27.1 ± 3.9 0.0003
21-25 24.7 ± 6.6 0.007
26-30 17.4 i 5.17 0.048
31-40 17.98 ± 4.1 0.016
41-50 11.2 ± 2.76 NS
51+ 8.1 ± 4.1 NS

*Statistics, patients vs. controls; Mann-Whitney U test;
NS = P greater than 0.05

Fig. 2.

adherent cells of seriously injured patients is not inhibited at any time
in the post-injury or post-burn course. An initial increase in IL 1
production is the customary finding (Figure 3). On the other hand, there
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Fig. 3. Serial measurements of IL-1 in 23 burn patients
expressed as mean±ilSEM. Control values shown as the
mean±2SEMs. * indicates p<0.05 patients versus
controls. (Reprinted from Annals of Surgery)

is a profound and persistent depression in the ability of circulating
lyphocytes from the same seriously injured patients to produce IL 2
(Figure 4). This impairment of IL 2 production, as might be expected,
parallels the inhibition of lymphocyte activation seen in the same group
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Fig. 4. Serial measurement of IL-2 production in 13
patients with burns, 30% total body surface area
or greater compared to 10 patients with burns, 29%
total body surface area or less. Values are meant
lSEM. The mean±SEM of IL-2 measurements in the
control group is shown. * indicates p42.05 compared
to controls, ** indicates p<0.05 when the groups
were compared with one another. (Reprinted from
Annals of Surgery)

of patients and recovers on recovery from the burn wound or traumatic
injury. The degree of impairment of IL 2 production is clearly
associated with the degree of injury and with the appearance of systemic
sepsis. Impairment of IL 2 production by the PBMC of seriously injured
patients parallels the reduction in the percentage of circulating T cells
with the helper phenotype early after injury. Later on in the
post-injury course, impairment of the IL 2 production persists after
recovery of the helper T cell population suggesting that the reduction in
circulating helper T cells, known to be the chief source of IL 2
synthesis, does not completely acqgunt for the depression in IL 2
production seen in these patients .

Because of the known dependence of antibody formation against a
variety of bacteria and bacterial antigens on the participation of helper
T cells, and the more recent demonstration of the role of IL 2 in
initiating and maintaining the antibody response, it seemed appropriate
to study antibody formation in seriously injured patients despite the
fact that earlier work by other investigators Xd suggested that antibody
formation was not impaired in such individuals . We therefore studied
the ability of patients with major burns to make a2secondary antibody
response to a booster injection of tetanus toxoid . We found that as a
group these patients were impaired in their ability to make an initial
antibody response as compared with normal control individuals (Figure 5),
and that those patients who did make an initial response failed to
maintain antibody production. A subgroup of these patients was
simultaneously studied for the ability of their lymphocytes to produce IL
2. It was found that the failure to make an appropriate anti-tetanus
toxoid antibody response was clgely correlated with deficient IL 2
production in the same patients
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Fig. 5. Propagation of anti-tetanus toxoid antibody

response measured by hemagglutination in 14 burn
patients studied for more than 3 weeks, and in 5
controls. Closed symbols indicate meantSEM; open
symbols, median; and * p<0.05 patients versus
controls. (Reprinted from Archives of Surgery)

we have also evaluate bnatural killer (NK) celi activity in
seriously injured patients . We have found that patients with severe
burns had significantly depressed NK activity for a 40-day period
following injury. Patients with lesser burns had reduced NK function for
an initial 10-days post- burn, after which NK activity slowly returned to
the normal range. Traumatically injured patients had depressed NK
function in the 3-6 day range post-injury. All the above changes occured
in the presence of normal num rs of circulating cells being phenotypic
markers for NK effector cells

Suppression of lymphocyte activation by serum or serum fractions
from seriously injured patients has also been repeatedly reported. Our
group was perhaps the first to suggest that serum factors play a 2jole
in the cellular immune deficiency seen in trauma and burn patients
The serum suppressive activity is apparently concentrated in a low
molecular weight polypeptide-containing fraction. This fraction, which
is non-toxic, is inhibitory of normal T lymphocyte activation by
mitogens, and also of T cell-dependent antibody formation in vitro.
These suppressive serum fractions from trauma and burn patients are also
inhibitory of IL 2 production by normal human PBMC, thus suggesting at

least one additional mechanism underlying2 he marked deficiency of IL 2
production by cells from such individuals . moreover, suppressive serum
fractions bve been found to inhibit the effect of IL 2 on IL 2-dependent
cell lines . The source of the serum suppressive peptide fraction
remains unknown.

Circulating suppressor substances have been described by other
investigators in a variety of disease states. However, the low molecular
weight su~pressor peptide material found in burn patient serum by Ozkan and
Ninnemann clearly resembles the material purified from a similar source
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in our own laboratory. Ozkan and Ninnemann have attributed the activity
of this peptide fraction to its ability to bind prostaglizdins,
particularly prostaglandin E (PGE ). Kato and Askenase have also
described an antigen- specific supressor factor found in the mouse which
requires bound PGE for its activity. The low molgoUar weight
suppressor factor ecovered by Webb and associates from prostaglandin-
treated T lymphocytes also clearly resembles the suppressive material
recovered from trauma patients' serum in our laboratory.

Prostaglandins of the E series have long been known to suppress
lymphocyte activation. It was at first believed that this was entirely
the result of elevation of intracellular cyclio AMP levels, but m.e
recent studies, including those of Webb et al and Fischer et al
indicate that PGE's also may act through stimulation of a subset of T
suppressor lymphocytes which in turn may release suppressor factors.
Kunkel et al have more recenty shown that PGE's act as endogenous;
mediators of IL 1 production . The latter findings reinforce the
concept that PGE's may be important in in vivo inmunoregulation, since
the relevance of in vitro observed PGE effects for the in vivo situation
has been questioned on the grounds that PGE (s) do not accumulate in vivo
because of diffusion and catabolism.

Recent experiments from our laboratory have shown that PBHC from
seriously injured patients, particularly patients with major burns, are
much more sensitive to inhibiion by low concentrations of PG than gre
PBMC from normal individuals . Very low concentrations (10 or 10 -M)
of PGE added to cultures of patient cells markedly inhibit their
responie to a range of dosages of PHA. This finding is particularly true
in patients whose PBMC are inhibited in their PHA response in the absence
of PGE. The suppression of the PHA response to patients' PBMC can be
partially reversed by the addition oi Indomethacin to the cell cultures.
These results suggest that one mechanism for the inhibition of T
lymphocyte activation seen in seriously injured patients is PGE2
production by the adherent cells in the PBHC population. These
observations are supported by animal experiments which point to PGE
production by adherent cells as an imir"nt mechanism inhibiting immune
responses after trauma or burn injury ' .

In summasry, it appears that after serious injury in man cellular
imaune responses are inhibited. The mechanism underlying this inhibition
appears to be chiefly a failure of production of IL 2 by T lymphocytes.
.This results not only in an impairment of cellular immunity against
certain micro-organisms, but also in impairment of antibody formation
against bacterial products. In turn, the mechanism underlying the
impairment of IL2 production by T lymphocytes in these patients may be
inhibition by PGE2 produced by activated cells of the monocyte/macrophage
lineage.
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METABOLIC MEDIATORS IN INJURY

D. W. Wilmore
Harvard Medical School, Brigham and Women's Hospital, 75
Francis Street, Boston, Massachusetts

Physiologic responses following injury are initiated by signals
arising locally from the wound or inflammatory focus. Both neural and
circulatory pathways are utilized in the transmission of these signals.
The pathways to and integration of the signals in the central nervous
system are essential for many of the responses to occur. For this reason,
the myriad of mediators and physiologic mechanisms which are activated
can be considered as part of a "reflex arc" with mediators and response
pathways serving as afferent or efferent "limbs" in relation to the central
nervous system. In addition, local or circulatory mediators may bypass the
central nervous system and initiate responses directly. (Figure 1) Our
understanding of these regulators and pathways is incomplete; some
responses, for example synthesis of actue phase proteins, may occur without
mediation via the central nervous system.

AFFERENT SIGNALS

Neural Afferents

One of the most important initiators of the injury response, at least
in the early period following trauma, is the stimulation of peripheral
nerve endings in the damaged tissue. This neural pathway is the most
rapid route by which to signal the brain that tissue injury has occurred,
and it is primarily manifest as pain. Egdahl and Richards demonstrated
that stimulation of the femoral nerve in the anesthetized dog resulted
in an immediate rise in 17-hydroxycorticoid output from the adrenal glandi
When all tissues of the canine hindlimb had been severed except the femoral
nerve, artery, and vein, a similar response was obtained to a burn injury
on the limb? This immediate rise in cortisol secretion was prevented or
abolished if the nerve was transsected before or following the burn injury,
demonstrating that an intact afferent nerve supply from the area of injury
was essential for the normal adrenocortical response to occur. In this
model, circulating factors did not appear to mediate responses. In further
dog studies, the spinal cord or medulla oblongata was transsected, the

'median eminence of the hypothalamus was ablated or the anterior hypothalamus
or pituitary removed? These studies demonstrated the necessity for each
of these structures to be intact in order for a normal adrenocortical
response to trauma to occur. Removal of the cerebral cortex and thalamus
did not alter the ability of the animals to respond appropriately.
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These experiments are consistent with the observations in humans that the
cortisol response to operative injury is absent in patients with spinal
cord transsection above the level of injury. Spinal and epidural
anesthesia appear to have similar effects with respect to operative
stimuli, although cephalad transmission of nervous signals may not be
blocked as completely as with cord transsection, and co-existing afferent
pathways, such as splanchnic and vagus nerves, may be present.

Afferent pain pathways are not the sole route for nervous stimulation
of the hypothalamus and anterior pituitary gland. Conscious appreciation
of pain is not necessary for the adrenocortical response to injury or
operation, although it may be a sufficient stimulus. The animal experi-
ments described above were carried out under barbiturate anesthesia,
and active cortisol responses were documented when the integrity of the
neuroendocrine axis was maintained. In patients underoing abdominal
hysterectomy, administration of epidural morphine, which inhibits noci-
ceptive pathways without concomitant sympathetic blockade, had minimal
effects on intraoperative elevations of plasma cortisol and glucose, but
blocked the usual postoperative rises.4 These responses were totally
prevented by the use of epidural bupivicaine which does interrupt afferent
sympathetic pathways.

MAJOR PATHWAYS MEDIATING METABOLIC RESPONSES
TO TRAUMA AND SEPSIS

~NJURY

BONE
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Figure 1
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Afferent nervous signals from the area of injury are transmitted
rapidly via the spinal cord to the hypothalamus and pituitary. These
signals are fundamental in initiating adrenocortical responses following
operation and injury. Nonetheless, there is abundant evidence that humoral
substances serve, in addition to neural signals, as afferent mediators.
Denervation of burn wounds by the application of topical anesthetic or
interruption of neural afferents to the brain by spinal anesthesia fails to
alter the hypermetabolic response to burn injury.5 Synthesis of acute phase
proteins is unaffected in quadriplegic burn patients. Operative injury in
denervated areas of paraplegic patients resulted in altered albumin
metabolism, 42 globulin concentrations, and erythrocyte sedimentation rates
comparable to responses observed in non-paralyzed patients.6 Epidural
anesthesia blocks afferent sympathetic impulses and hormonal responses to
lower, abdominal surgery, but does not affect changes in coagulation, fibrin-
olysis or acute phase proteins. 7 Regulatory systems distinct from the neuro-
endocrine axis must also mediate host responses to injury and sepsis.

Interleukin-1 (Endogenous Pyrogen and Other Lymphokines)

Fever is a universally recognized sign of disease processes, whether
they are infectious, traumatic, inflammatory or immunologic in nature. In
1948 Beeson and Bennett demonstrated that sterile inflammation in the rabbit
peritoneal cavity and canine pleural cavity induced host white blood cells
to produce a substance termed "endogenous pyrogen," which caused fever when
injected intravenously into rabbits.8 This pyrogenic activity is only one
of numerous biologic effects attributed to the protein molecule (or
closely related family of molecules) now referred to as interleukin-l (IL-1).
Interleukin-l is synthesized by macrophages, both circulating and fixed, in
response to a wide variety of stimuli; bacteria and their products appear to
be among the most potent stimulators of IL-l production. Because of its
multiple biologic effects, interleukin-l has been referred to variously as
endogenous pyrogen (EP), leukocytic pyrogen (LP), lymphocyte activating
factor (LAF), leukocyte endogenous mediator (LEM), and mononuclear cell
factor (MCF). Its activities include induction of fever, neutrophilia, and
synthesis of acute phase proteins and depression of plasma iron and zinc, all
of which are characteristic responses observed following injury and infec-
tion. In addition, it has been shown to have a role in activation of B- and
T-lymphocytes, augmentation of natural killer cell activity, and stimulation
of fibroblast proliferation in vitro. Isolationcofinterleukin-l or active
fragments from the blood of patients following injury and during sepsis
has been achieved only recently, and its precise amino acid structure h1 only
recently been determined. Our knowledge of its biologic effects in humans is
incomplete. Nonetheless, IL-l appears to be a key mediator of physiologic
responses with important host defense and wound healing functions.

Interleukin-l is absent in unstimulated macrophages or present only in
very small quantities. It must be synthesized de novo in response to a
specific stimulus, requiring a number of hours. The biologic effects of
interleukin-l likely result from nonspecific increases in membrane phospho-
lipase activity.9 Arachidonic acid is released and serves as substrate for
either the cyclo-oxygenase or lipoxygenase pathway, depending on the
specific cell type, and yielding prostaglandins, or leukotrienes.
The proposed mechanism by which IL-l induces fever is the stimulation of
prostaglandin E2 synthesis in the thermoregulatory center of the hypothal-
amus, resulting in elevation, ofbody temperature setpoint. Induction of
fever by IL-1, but not all of its other activities, can be blocked by
inhibitors of the cyclo-oxygenase pathway of prostaglanding metabolism such
as aspirin, indomethacin, and ibuprofen. The mechanism(s) by which IL-l
achieves its other effects is unknown, but does not appear to be mediated
by cyclo-oxygenase inhibitors. IL-l may act directly on tissues and cells,
for instance activating T- and B-lymphocytes and inducing hepatic acute
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F
phase protein synthesis, without the central nervous system playing a role.
Other "serum" factors may be required to mediate these changes. These
circulating factors, such as tumor necrosis factor (TNF) and the interferons,
are elaborated by macrophages following injury. The role of these substances
following trauma is yet to be determined.

Exogenous Pyrogens
Microorganisms and their products are powerful inducers of host IL-1

synthesis, but endotoxin, a lipopolysaccharide moiety of gram-negative
bacterial cell walls, also acts independently of IL-1 as a circulating
factor capable of initiating a variety of host responses.] '1 1 Egdahl
demonstrated that endotoxin acts directly in the central nervous system,
causing f3ver and accelerated adrenal release of cortisol and epinephrine
via ACTH and efferent sympathetic pathways, respectively.12 Circulating
endotoxin has profound systemic effects, particularly on the cardiovascular
system, causing hypotension, and may account, along with other mediators
such as IL-l, and TNF for the qualitative differences in host responses to
sepsis compared to accidental injury uncomplicated by infection. There has
long been speculation about the role of endotoxin in shock states and pro-
longed critical illness. Although gram-positive bacteria are not thought
to yield endotoxin, these organisms still have pyrogenic activity. Enteric
organism may translocate across the gastrointestinal tract following injury
and thus mediate many of the responses observed.

Other Humoral Mediators

The prostaglandins are oxygenated fatty acids derived from membrane
phospholipids, which serve as potent biological regulators. Elevated levels
of prostaglandins have been demonstrated in the lymph fluid draining burn
wounds, and in the blood of patients during shock. Prostaglandins have also
been proposed as regulators of a variety of cell and organ functions, and
their local production can be stimulated by bradykinin, thrombin, hypoxia,
and hypotension. Thus, local regulation of metabolic pathways may occur.
One such effect may be the initiation of skeletal muscle proteolysis via
prostaglandin E2 (PGE2 ), which appears to be a locally mediated event
causing increased degradation of skeletal muscle protein and release of
amino acids. 13 There are undoubtedly many substances, such as the plasma
kinins, superoxide radicals, leukotrienes, and others, which are
synthesized or released as a result of local tissue injury. Their roles in
systemic responses are not clearly defined.

EFFERENT SIGNALS

The Role of the Catabolic Hormone

The catabolic hormones epinephrine, glucagon, and cortisol are all
generally elevated following critical illness but their exact role was not
established until Sherwin and associates described their syn.ergistic inter-
action in a series of animal and human experiments. 14 The separate infusion
of cortisol, glucagon, and epinephrine each resulted in a transient increase
in hepatic glucose production. When the three hormones were infused
together, a synergistic effect was noted, and glucosq production was
consistently elevated during the 6 hour period of infusion.

These studies were continued and expanded by Bessey and colleagues, who
administered the three catabolic hormones intravenously, alone or in combina-
tion, to normal subjects for 72 hours. A variety of metabolic measurements
were performed to determine the metabolic effects of these hormones.15

Combined hormonal infusion resulted in hyperglycemia, hyperinsulinemia,
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Table 1. Some Metabolic Effects Which Occur with Infusion
of Glucagon, Epinephrine, and Hydrocortisone

Control Hormonal Infusiona

Metabolic Rate
(kcal/hr-m2 ) 32.24±1.05 38.42±1.31
Urinary Nitrogen
(g/day) 11.8±0.7 14.8±0.9
Nitrogen Balance
(g/day) -0.2±0.4 -3.5±0.4
Sodium Excretion
(mEq/day) 237±17 132±14
Potassium Excretion
(mEq/day) 93±2 122±5
Basal Glucose
(mg/dl) 94±2 133±4
Basal Insulin
("U/ml) 8±1 22±3

aAll values different, p<0.05.

diminished whole body insulin-mediated glucose disposal, and reduced forearm
glucose uptake. At the end of the 72 hour infusion, hepatic glucose produc-
tion was significantly elevated in comparison with controls who received
only normal saline. When endogenous glucose and/or insulin was given,
endogenous glucose production was not completely suppressed, in contrast to
total suppression observed during the control study. In addition, hyper-
metabolism occurred throughout the period of hormonal infusion, and meta-
bolic rates increased approximately 20% (Table 1). The patients maintained
nitrogen equilibrium during the control arm of the study, but increased
their urinary excretion of nitrogen during hormonal infusion and excreted
approximately 17 g of nitrogen per day. Because food intake was fixed at
approximately 14 g protein per day, negative nitrogen balance of approxi-
mately 3 g per day occurred in all subjects during hormonal infusion.

Isotopic studies demonstrated that the hormonal environment increased
protein turnover and was particularly associated with increased protein
catabolism.

The Hormonal Environment and Inflammatory Mediators

The infusion of catabolic hormones into healthy, normal subjects, in
part, mimics the endocrine environment of critically ill patients. As a
result of hormonal infusion, there is an increase in metabolic rate, hyper-
glycemia, hyperinsulinemia, skeletal muscle insulin resistance, accelerated
nitrogen turnover, and negative nitrogen balance. However, a variety of
alterations commonly observed in critically ill patients was not seen; in
particular, hormonal infusion did not induce fever, marked leukocytosis,
hypoferremia or alterations in circulating concentrations of acute phase
proteins. To induce tissue inflammaticn and evaluate the systemic responses
which occur following inflammation, we injected etiocholanolone, a naturally
occurring pyrogenic steroid, intramuscularly in normal volunteers. Some
subjects received only etiocholanolone injectionsl 6, while others received
the injections along with an infusion of catabolic hormones1 7. Etiocholano-
lone injection resulted in fever, leukocytosis, elevation in C-reactive
protein, and hypoferremia. However, concentrations of the catabolic hor-
mones remained at normal levels and blood glucose and protein metabolism
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Table 2. The Induction of Interleukin-1 by the
Intramuscular InJectionof Etiocholanolone
and its Metabolic Effects (Hean±SEM)

Etiocholanolone
Control Injection

Peak Rectal
Temperature (*F 3 99.3±0.1 100.9±0.38
WBC (cells x 10/mm) 6.9±0.4 11.2±0.5a

C-Reactive protein
(mg/dl) 0.6 3.6±0.7a

Serum Iron (gdl) 72±13 30±4a

Urinary Nitrogen
Excretion (g/day) 11.9±0.4 12.1±0.6
Nitrogen Balance
(g/day) -0.5±0.3 -0.2±0.5
Plasma Glucose
(mg/dl) 94±2 96±2
Serum Insulin
(MU/ml) 8±1 4±1a

ap<0.05, when compared to controls

was no different than in control studies. The fed subjects remained in
nitrogen balance (Table 2).

When etiocholanolone was given in conjunction with hormonal infusion
the entire spectrum of responses commonly observed in critically ill
patients occurred. Some of these responses could be ascribed solely to the
hormonal infusion, others to the inflammatory mediators; and finally, some
responses were a result of interaction between the two stimuli. Hyper-
metabolism and hyperglycemia, insulin resistance, and negative nitrogen
balance were predominantly mediated by the infusion of the counter-regula-
tory hormones. Etiocholanolone injection resulted in fever, acute phase
protein synthesis, and hypoferremia. Leukocytosis, temperature, and
C-reactive protein response were reflected in interaction between the two
stimuli. Because of this interaction, we hypothesize that both inflammatory
and endocrine mediators are important stimuli of the metabolic response to
critical illness. Both sets of mediators are necessary for a complete
manifestation of the host response, although in our model system the
predominant catabolic features of the response were attributable to the
hormonal mediators, while 'acute phase' responses were mediated primarily
by the presence of the inflammatory mediators.
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INTRODUCTION

Thermal injury induces the most complex array of physiological dysfunction
known. Extensive research effort has led to an understanding of some of the
changes occurring following a major burn, yet early pathological changes have
been documented to be different from those of later phases and great difficulties
have arisen in determining cause-and-effect relationships in these changes. For
example, intensive first treatment using specific, systemic and local therapy suc-
cessfully delays mortality in the early phase of very severe burns but has little
relationship to the outcome. This was observed where burn victims, treated early,
survived initially in greater numbers than those devoid of early treatment (48%
greater at day 4, 32% at day 12), whereas the difference was only 7.3% at 2

1months . The fatal outcome of the late phase is ascribed to multiple organ sys-
tem failure (MOSF) but not always to concomitant sepsis, for often bacteria can-
not be detected in up to half the patients who die . Where sepsis had been well
controlled and was not confirmed at death, it had been surmised that infection
was not the primary cause of death. In this situation, devitalized tissue and/or
circulating endotoxin have been thought to perpetuate some mediator-induced
response which lead to MOSF 2 . Evidence in animal models suggests, however,
that endotoxic shock and burn shock are two different pathologies. Whereas
endotoxin mediates its effects through lipid peroxidation via the production of
oxygen free radicals, and catalase and superoxide dismutase can reverse these

'effects, burn shock is not protected by these enzymes 3. Thus endotoxin, when
present, may not be the main mediator of late death in burns.
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One significant system which can undergo failure is the immune system,
specifically the T cell system (anergy). It was shown that the degree of T cell
failure correlated well with mortality rates 4, but in the debate on whether
anergy causes sepsis or is caused by sepsis, arguments are offered for both
interpretations. Early studies on T cell function in burn injury 5,6 ascribed the
failure to an activation of non-specific suppressor cells, as cocultures of normal
lymphocytes with burn patients' lymphocytes gave lower than normal responses.
Again bacterial endotoxin was claimed as the mediator which activated suppres-
sor cells 7, as it was known that polyclonal B cell activators could lead to genera-
tion of suppressor lymphocytes . In particular, suppression was claimed to
involve the macrophage which releases prostaglandin E (PGE) and interleukin-1
(ILI upon stimulation with endotoxin. PGE would then induce the suppressor T
cell . However in burn patients' circulating cells ILl levels proved to be more or
less in the normal range up to 50 days post burn, and PGE levels in plasma did
not correlate with immune suppression 10. Thus, the question of endotoxin-
mediated suppressor cell activation in burn trauma may be factitious, especially
as a result of direct measurements of the suppressor lymphocyte marker OKT8.
After the first week, numbers of post burn OKT8-positive cells were shown to be
normal, and the low T4/T8 ratio was due to a decrease in number of T4 helper

11,12lymphocytes

Our analysis of burn patient's humoral and cellular immune status revealed
an abnormally high immunoglobulin (Ig) production in vitro in the first few
weeks, followed by a depressed response which was either transient in survivors,
or permanent in non-survivors. These changes did not correlate well with the
proliferative responses to conventional mitogens 13 but were well correlated with
the allogenic responses in the mixed lymphocyte reaction (MLR) 14,15 suggesting
T helper cell functional failure.

We observed further, that production of both 112 and its receptor (LL2R) in
bum patient's lymphocytes was markedly suppressed during or shortly before the
functionally observed immunosuppression ' . IL2R levels decreased over the
post burn period, but if they remained above 50% of the first day level they
increased again leading to survival. Once below 50% of the first day level, expres-
sion of IL2R continued to drop until death. Addition of IL2 to survivors' cell cul-
tures increased both the number of IL2R and the MLR response. In non-
survivors' cells, 112 also raised the IL2R levels, but did not reverse the low MLR
functional response. Thus, terminal burn injury appears to affect the expression

18of IL2 functional receptors

This report deals with our preliminary examination of IL2 function and fac-
tors implicated in post burn immunosuppression, such as post burn serum, PGE2 ,
and a very well characterized lipid-protein complex induced in skin by burning
(Cutaneous Burn Toxin, CBT). This toxin is known to depress the in vivo
immune response to Pseudomona 19 and the in vitro lymphocyte proliferative
response
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Fig. 1. Immunoglobulin G (ng/ml) in Fig. 2. Proliferative iresponse of ]I,2-
suternatants of 8 day cultures of 5 x dependent NK cells in the presence of
10 PBMC from a normal subject, IL2, assayed in three separate experi-
containing CBT with (e) or without ments (A, 9, MJ ) with CBT. Growth
(o) PWM. With PBMC from two of these cells in the presence of CBT
other subjects the PWvM-induced IgG and antiserum to CBT at 0.005%
concentrations with 1.25,ug/ml CBT, (t3]). Cells were cultured at 105/ml

were 76% and 60% of their respective for 64 hours with a tritiated thymi-
control values without CBT. dine pulse for the last 16 hours.
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MATERIALS & METHODS

Preparation of peripheral blood mononuclear cells (PBMC), culture condi-
tions and enumeration of IL2R-expressing cells by flow cytometry, were per-
formed as described in detail elsewhere 1. Assessment of Ig production in
?okeweed mitogen stimulated PBMC cultures was performed as described before

. Post burn sera were tested at a concentration of 10% (v/v), 1L2 (Biogen

Corp.) was used at 20U/ml, PGE2 (Sigma Co.) at 106 to 10" M and indometha-
cin (Sigma Co.) at a concentration of lpg/ml. CNBr-activated Sepharose 4B
(Pharmacia) aud monospecific anti-PGE2 serum (Sigma Co.) were utilized for the
affinity chromatography adsorption of post-burn sera. CBT was isolated and
purified from burned human skin following the procedures of Dr. G. Schoenen-
berger21 in his laboratory. Antiserum to CBT was produced in sheep and the

immune globulin fraction was the gift of Dr. G. Schoenenberger. The human
IL2-dependent cell line 22 was generously provided by Dr. R. M. Corczynski of
the Ontario Cancer Institute, Princess Margaret Hospital, Toronto. These cells
were cultured at 10 /ml in microwell plates in volumes of 0.1 ml with tritiated
thymidine (1pCi in 50#1) added at the 4 8 th hour. Plates were harvested at the

6 4 th hour. Standard IL2, when added in 50p 1, was in a dilution calculated to pro-

mote proliferation registering about 4000 cpm.

RESULTS

IL2-bearing cells were enumerated in ConA-stimulated PBMC from normal
controls and from burn patients at day 1 and at the time of maximal immu-
nosuppression which varied from day 10 to day 40. IL2 added to these cultures
increased the percentage of IL2R-positive cells in all cultures (Table 1). The addi-
tion of indomethacin (IM) to cultures had no effect on normal receptor levels or
on receptor expression at the time of immunosuppression; but it did increase the
expression on cells isolated on the first day of the injury.

When PGE2 was added to cultures of normal PBMC in the presence of nor-
mal human serum (NHS), there was a drop in percentage of IL2R-positive cells.
IL2 in these cultures reversed the inhibition caused by PGE 2 (Table 2). Post burn
(PB) serum isolated on day 1 was not suppressive of IL2R expression, but serum
isolated at the time of immunosuppression (days 10 to 40) was. Removal of
PGE2 from immunosuppressive serum, using antibody to PGE2 did not com-
pletely reverse the inhibition. These results suggested that immunosuppressive
sera contain factors other than PGE2 which affect IL2 receptor expression.

The toxin from burned skin is known to appear in patient plasma increas-
ingly after thermal injury 23. To study the viability of PBMC in the presence of
CBT, cultures of 106 cells/ml were established with CBT ranging from 0.25 to 10
pg/ml. The percent viable cells after 48 hours was enumerated by trypan blue
staining and the numbers of cells per ml were counted using the Coulter Counter.
CBT had no effect on the viability of PBMC (Table 3). As a test for its. effect on
immunoglobulin production, CBT was incubated in vitro with 5 x 10 5 I'BMC/ml
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and pokeweed mitogen at 10pg/ml. From 0.15 to 0.6 pg/ml, CBT did not inhibit
IgG production but 1.25 and 2.5 esg/ml concentrations were suppressive (Fig 1).
Supernatants from cultures of 10 cells/ml incubated in the lresence of 5pg/ml
phytohemagglutinin, and with CBT ranging from 0.12 to 10ug/ml, produced
decreasing amounts of IL2. The IL2 was assayed by the growth of an EL2-
dependent human T cell line (data not shown). The direct effect of CBT on proli-
feration of this IL2-dependent cell line, in the presence of a standard amount of
IL2, was to inhibit the growth increasingly as the concentration of CBT increased
(Fig 2). Fifty percent of the optimal growth occurred in the presence of about
1.0pg/ml CBT in this system.

DISCUSSION

Some laboratories have recently focused on the failure of IL-2 function in T
10,117lymphocytes of severely burned patients ,11,17 Since it is known that PGE

inhibits the production of human IL2 9, we tested the sensitivity of lymphocytes
from the burn patients, to induction of receptors for IL2, in the presence of
indomethacin. At the time of the patients' immunosuppression (days 10 to 40),
the decreased percentage of IL2R-bearing cells was not augmented by IM. On the
first day, however, IM did augment the percentage of IL2R-positive cells. This
indicated that endogenous PG production in PBMC was active on the first day
but not at the time of immunosuppression. A biphasic release of eicosanoid meta-
bolites in burn patients was reported 24 to be very high on day 1 and was then
exhausted. Our findings are consistent with this pattern. Thus, the immu-
nosuppression of the later period, characterized by reduction in helper cell
numbers and in IL2 function, was not dependent on endogenous eicosanoid meta-
bolism.

When PGE 2 was added to cell cultures of normal subjects, in concentrations
known to be immunosuppressive in vitro, it reduced the percentage of IL2R-
positive cells. However, this reduction was reversed in the presence of IL2. Serum
from patients on the first post-burn day did not suppress levels of IL2R expres-
sion, but at the time of immunosuppression burn serum did lower the percentage
of IL2R-positive cells. However added IL2, and the removal of PGE 2 both
brought the percentages of IL2R-positive lymphocytes up to similar levels, but
not completely to the normal control level. This suggested that factors affecting
IL2R, other than PGE2 , might exist in the immunosuppressive serum.

In recent years, immunosuppressive serum factors have been gaining atten-
tion and are reported to be of a variety of molecular sizes 10,24,25, 6. The
lipid-protein complex from burned skin, CBT, was known to have immu-
nosuppressive properties 19,20 It appears in the plasma of burn patients at con-
centrations ranging from 10 to 100 ug/ml 23, with a peak at about the sixth day
post-burn 27 When it was incubated with PBMC, to observe its effect on cell
viability, no deleterious effects were noted in vitro in 48 hours. However in

assays of immune function, CBT at 1.25 and 2.5 ug/ml caused a marked
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Table 3. Effect of CBT on growth and viability of PBMC

cultured at 37 * C for 48 Hrs.

CBT concentration (pg/ml)

0 0.25 0.5 1.0 2.5 5 10

Cell concentration

( X 10 6 /ml) Mean

0 Hrs: 1.0 1.0 1.0 1.0 1.0 1.0 1.0

48 hrs: 1.73 1.76 1.63 1.86 1.68 1.87 1.80 1.77±0.10

Viability

0 Hrs: 94.8 94.8 94.8 94.8 94.8 94.8 94.8

48 Hrs: 93.2 91.5 86.9 90.5 90.4 86.3 87.0 88.8±2.3
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inhibiton of PWM-induced IgG production by PBMC at 5 x 10b/id. As well,

PHA-induced IL2 production was arrested. The complex, at about 1.0 ug/ml,
directly inhibited 50% of the proliferative response of a human IL2-dependent
cell line cultured initially at 105 cells/ml in the presence of IL2. It is yet unk-
nown whether CBT exerted its effect by binding IL2, or had a direct effect on the
membrane IL2R.

Proper IL2 function now appears to be critical to the late burn mortality, as
non-survivors' lymphocytes cannot functionally respond to exogenous IL2 18.
CBT had earlier been implicated in late burn mortality 28, because CBT plasma
levels correlated with patient death, to a highly significant degree, by probit
analysis1 9 . It is significant therefore, that CBT interferes with a mechanism so
critical to recovery from thermal injury. Curiously, early eschar excision and
wound closure, involving extensive surgery and multiple anaesthesics, are pro-
cedures which themselves should be immunosuppressive. Yet they arc known to
improve the immunologic depression profoundly 29. This is supported in animal

303models 0,31 Thus, evidence exists which links thermal injury of skin to an
immune failure in severe burns. Skin has an immunological function 32 and CBT
may be a complex of some immunoreactive material in skin perhaps reacting w~h
IL2 or its receptor. However, immunosuppression mediated by CBT will have to
be weighed in consideration with other immunosuppressive factors.
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In his now famous treatise of 1897, "Adaptation in Pathological
Processes," Doctor William Welch discussed the dynamic physiologic and
evolutionary mechanisms at work in an organism's adaptive response to
various lIfe-threatening pathologic processes. In his paper, Doctor
Welch aptly suggested:

that the adaptability of this mechanism to bring about
useful adjustments has been In large part determined by the
factors of organic evolution, but that in only relatively few
cases can we suppose these evolutionary factors to have
intervened on behalf of morbid states. For the most part, the
agemcies employed are such as exist primarily for physiologic
uses, and whle these may be all that are required to secure a
good patbologic adjustment, often they have no special "fitness

for this purpose"

In any discussion of the adaptive responses to the pathologic
processes induced by trauma, the alterations observed in host defense
mechanisms are amonb the most important to the survival of the organism
in the morbid state. Whether a good pathologic adjustment is secured
depends, in large part, on a successful "series" of pathologic
adjustments to the recurrent threats of immune deficiency and septic
infection. However, these threats often arise as the final "coup de
grace" in an organisms frequently unsuccessful struggle to adapt to the
complex phenomenon of trauma. As such, trauma must be viewed as a
dynamic insult, extending and increasing in complexity well beyond the
initial encounter with host as a series of interactions among adaptive
responses, and including the pathophysiologic sequelae of adaptation and
the introduction of new influences. Indeed, host defense must not be
viewed as an isolated entity, but rather as an integral element of the
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clinical didactic, sensitive to the effects of organ system change and

capable of exerting its own beneficial and deleterious effects on other

organ systems. Successful immunologic adaptation, therefore, is more

accurately determined by how significantly immunologic homeostatic

balance is affected by the complex phenomenology of trauma, i.e., the

ismunologic effects of (a) the acute stress (adrenocortical response),
(b) neuroendocrine influences, (c) nutritional deficiency, (d) the

Infection itself, or (e) medical intervention, and others.

This paper will concentrate on the immunologic effects of the acute

stress response to burn induced imaunodeficiency.

Severe injury be it from surgery, trauma, or burn, represents a
monumental challenge to homeostasis. Indeed, it has long been assumed

that during the response to injury, homeostasis, in the strict sense, is

foregone as regulatory systems coordinate to maintain vital functions at
the expense of less vital ones. However, following the most severe
injuries It is clear that physiologic regulation often does not occur In

a coordinated and adaptive fashion. This should not be suprising since

prior to modern clinical intervention, such severe injuries were

invariably fatal, with survival past the shock phase a rare occurrence.

Thus, from an evolutionary perspective, adaptive mechanisms to cope with
post-shock injury could not have been selected and, as a result,

disordered and inappropriate regulatory system responses following

recovery from shock would be the rule rather than the exception.

Thermal injury represents such a condition of severe stress, both

physiologically and psychologically. Intuitively, one would therefore
expect that stress-associated hormones such as corticosteroids and

catecholamines would be elevated following injury. Indeed, this is the

case with many of the deleterious physiologic sequelae of injury being

attributed to chronic activation of "stress hormone" systems.

Corticosteroids have long been employed as effective

imsunosuppressive agents (Gabrielsen and Good, 19671; Hakinodan et al.,

19702). Although species differences exist, administration of

corticosteroids or their derivatives generally produces a consistent
pattern of hematologic and immunologic change. This includes rapid

lymphopenia, monocytopenia, eosinopenia and granulocytosis (Dougherty
and White, 19443). These cellular changes have been considered to be

due either to lysis (Dougherty and White, 19454; Claman, 19725), or
redistribution of cells to an extravascular compartment (Claman, 19725;

Cohen, 19726; Berney, 19747; Fauci, 19748.) Immunologic changes include
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thymic involution (Dougherty and White, 19454; Clsesson and kopke,

19699), depressed cel3-ediated immune responses reflected by decrease$

in: T killer and natural killer functions (Fernandes at al., 197510;
Parrillo and Fauci, 197811; Oshili at al., 198012), T cell blastogenesis

(Webel at al., 197413; Blougren and Anderason, 197614; Neifeld and

Tormey, 197915), mixed lymphocyte responsiveness (Ilfeld at al., 197716;

Katx and Fauci, 197917), graft versus host reactions (Medawar and

Sparrow, 195618), and delayed hypersensitivity responses (Derbes et al.,
195019; Gabrielsen and Good, 19671). Humoral Immunity has been
reportedly enhanced (Pauci et al., 197820) or attenuated (Elliott and

St. C. Sinclair, 196821) by corticosteroids while phagocytic cell
functions are uniformly Inhibited (Rhinehart et al., 1974; 197522,23).

When administered In pharmacological doses to normal human

subjects, corticosteroids induce a profound lymphopenia (Dale et a].,

197424; Fauci and Dale, 197425; Yu et al., 197426.) However, this
lymphopenia does not reflect a generalized reduction in numbers of all

lymphocytes. Only T cells are affected and, specifically, only T cells

with helper/inducer function (T cells bearing the T4 or Leu3 cell-

surface markers). Numbers of cells with suppressor/cytotoxic function

(T cells bearing the T8 or Leu2 cell-surface markers) remain constant or

decrease only slightly. This effect of corticosteroids has been

documented by Fauci and co-workers (Haynes and Fauci, 197827; Cupps et
al., 198428) using both rossetting and imunofluorescence analyses. In
the rossetting studies, numbers of circulating Tmu cells (T cells with

helper activity) decreased by approximately 1O00/ 3 with only slight
reduction in Tgau a cells (T cells with suppressor activity). When

similar studies were performed using immunofluorescence techniques,

identical results were obtained. T4 positive cells were specifically

depleted from the circulation following corticosteroid administration

while T8 positive cells were affected only slightly. It should be noted

that these changes in numbers of T cells belonging to the two subsets

reversed within 24 hours following termination of corticosteroid

treatment. Further, it seems likely that this quantitative decrease in

helper/inducer cells and the corresponding relative increase in

suppressor/cytotoxic cells in the blood is responsible, at least in

part, for the iimunosuppressive effects of corticosteroids.

On the basis of these studies, the question that immediately arises
is, where do the T celIls disappear to during corticosteroid treatment

and where do they return from following termination of treatment?
Animal studies (Levine and Claman, 197029; Cohen, 19726; Fauci, 19748)

have indicated that corticosteroids induce sequestration of T cells in
the bone marrow where they are not normally found in significant

numbers. Data reported by Antonacci et al. (198230; 1984b 31 ) have
demonstrated that, following burn injury, an identical pattern of change
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occurs in peripheral blood lymphocytes as observed following

corticosteroid administration. Thus, thermal injury was shown to induce

lymphopenia that was limited to T cells bearing receptors for the Fc
fragment if Ig (Tau cells) or cells bearing the T4 marker. As was the

case following corticosteroid treatment, numbers of peripheral blood

Tgamna or TS positive cells were little affected by burn injury.

Normalization of these cell numbers occurred during recovery from the

Injury.

In contrast to the approximate 3-fold increase in total cortisol

observed in most studies, Cal vano et al. (1984a 3 2 ) demonstrated a 10-

fold increase In free cortisol relative to normal controls. This was

due to the Increase in total cortisol along with significant decreases

in the cortisol-binding proteins, transcortin and albumin. Since

endocrine dogma asserts that only unbound or free cortisol exhibits

biological activity, this 10-fold increase reflects the amount of

bloactive cortisol actually present. It would seem that this dramatic

increase in free cortisol following burn injury represents a large

enough increment to account for the same peripheral T cell subset

changes as observed following exogenous administration of

corticosteroids.

Corticosteroids also have direct suppressive effects on lymphoid

cell activtles, as opposed to modulating numbers of cells available to

participate in and regulate immune responses. T lymphocytes are much

more strongly affected than are B lymphocytes (Fauci et al., 197425).

Inhibition of T cell proliferation is the most commonly observed effect

when corticosteroids are administered in vivo (Fauci and Dale, 197425;

Webel et al., 197413) or added to mitogen- or antigen-stimulated

mononuclear cells in vitro (Blougren and Andersson, 197614; Crabtree et

al., 197933; Neifeld and Tormey, 197915.) However, under proper

conditions, attenuation of cytolytic T cell activity has also been

reported (Cillis et al., 1979b
3 4 ; Schleimer at aJ., 198435). It has now

been established that inhibition of T cell proliferation by

corticosteroids is, in turn, due to inhibition of interleukin-2 (IL-2)

or T cell growth factor production (Crabtree et a]., 197933; Gillis et

al., 1979a 3 6 ; Larsson, 198037). Exogenous administration of IL-2 to

cultures treated with corticosteroids restores proliferation to normal

indicating that the T cells are primed to respond (i.e., express

receptors for IL-2) but simply lack a sufficient amount of IL-2 in order

to do so (Crabtree et al., 197933; Gillis et al., 1979b3 4 ; Larsson,

198037). It is not known if inhibition of IL-2 secretion by

corticosteroids is in turn mediated by increased leukocyte cyclic AMP

levels (Coffey and Hadden, 198538).
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most assay systems for quantifying cortisol (as opposed to

synthetic corticosteroid) -induced Inhibition of T cell proliferation

require substantial (>5 x 10-7M) concentrations of steroid for an effect

to be observed (Ilfeld et al., 197716; Katz and Faucd, 197917; Neifeld

and Tormey, 197915). However, one assay that is approximately an order

of magnitude more sensitive is the autologous mixed lymphocyte reaction

(Ilfeld at al., 197716; Katz and Fauci, 197917). In this system, an

individual's purified T cells are induced to proliferate when co-

cultured with their own irradiated (or mitomycin C treated) non-T cells.

Data reported by Antonacci et al. (1984a 3 9 ) demonstrated marked

inhibition of proliferation in autologous mixed lymphocyte culture

following burn injury. Further, and perhaps most important, addition of

exogenous IL-2 to burn patient autologous mixed lymphocyte cultures

restored proliferation to levels observed in normal control cultures.

As pointed out, corticosteroids inhibit T cell proliferation in vitro by

decreasing lymphocyte production of IL-2, and addition of exogenous IL-2

to corticosteroid-treated cultures can restore proliferation to normal.

These results suggest that injury-induced elevations of corticosteroids

may, in addition to influencing numbers of circulating leukocytes,

directly affect T cell activity by inhibiting the production of IL-2.

Further support for this hypothesis is provided by the work of Wood et

al. (198440), who directly measured IL-2 production in cultures of

mitogen-stimulated mononuclear cells from burn patients and normal

controls. IL-2, but not IL-I, production was found to be significantly

reduced in the cultures of cells from thermal ly-injured subjects.

The obvious similarity between corticosteroid administration and

burn injury on changes in numbers of peripheral blood T cells belonging

to the helper/inducer and suppressor/cytotoxic subsets strongly suggests

that increased output of endogenous corticosteroids following thermal

injury is responsible for the specific T4 lymphopenia in the blood of

patients sustaining this type of injury. Whether these T cells are

sequestered in the bone marrow as happens during corticosteroid

treatment remains to be demonstrated definitively, but preliminary
experiments in a rat model of thermal injury indicate a significant

increase in helper/inducer T cells in the bone marrow on day two post-

injury (Calvano et al., 198b 4 1 ).

RKSULTS

In the present study, the relationship between increased

corticosteroids and immunologic changes following thermal injury was

elucidated further by administration of a constant infusion of

hydrocortisone (cortisol) to normal human subjects at a rate designed to

produce steady-state plasma concentrations which mimic those observed

after burn.



Infusion of hydrocortisone was carried out over a 6 hour period.

Prior to infusion, during infusion at 4, 4.5, 5, 5.5 and 6 hours, and at

16 hours following termination of infusion, blood samples were obtained
and the plasma assayed for hydrocortisone by radioimmunoassay. Pre- and

post-infusion plasma concentrations of hydrocortisone were within the
expected normal range, averaging 9.3 and 11.1 ug/dI, respectively.

However, during infusion, plasma levels of hydrocortisone reached a
steady-state of 35-40 ug/d]. These plasma concentrations were
pathophysiological, not pharmacological. A group of 24 thermally-
injured human subjects had a mean hydrocortisone concentration of 47.5
ug/dl at 24-48 hours post-injury, a level only slightly higher than that
achieved during hydrocortisone infusion. These data indicate that the

infusion rate employed was able to increase plasma hydrocortisone in
normal subjects to an extent that mimics levels observed during severe

physiologic stress.

Prior to infusion, subjects were slightly lymphopenic as evidenced
by an average lymphocyte count of 1139/mm3 (Normal Range - 1500-

3500/mm 3 ). The reason for this is not known, but may be related to
prior manipulation of the subjects for placement of central venous and

arterial lines. Nonetheless, during infusion, significant lymphopenia
ensued with the lowest number (534/mm3 ) of circulating lymphocytes

observed after 6 hours of infusion. However, by 16 hours post
infusion, lymphocyte counts had normalized to 2171/mm3 and the pre-
existing slight lymphopenia was no longer present. Hydrocortisone

infusion also induced a significant monocytopenia with a time course

very similar to that of the lymphopenia.

A group of thermally-injured subjects (N - 26) showed only slight
lymphopenia at 24 hours post-injury, and completely unlike the response
to hydrocortisone infusion, these patients manifested dramatic
monocytosis. These differences between hydrocortisone infusion subjects
and burn patients may be due to the high rate of catecholamine secretion

known to occur after severe injury.

Corticosteroids cause granulocytosis, and during hydrocortisone
infusion, numbers of granulocytes were significantly elevated by 4 hours

and had approximately doubled by 6 hours of infusion. Unlike lymphocyte
counts, numbers of granulocytes were completely normal prior to

infusion, and there was no difference between pre-infusion and 16 hour
post-infusion numbers.

Thermally-injurea patients also manifested granulocytosis, but to a
greater degree than did the infusion subjects. Again, this may have

been due to a burn-induced catecholamine response since catecholamines,
like corticosterolds, cause granulocytosls. These data suggest that the

two hormones may be additive in their effect on granulocyte numbers.
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T cells, expressed as the percent T3+ or T1+ of total lymphocytes,

declined gradually during the course of hydrocortisone infusion with

statistically significant decreases observed at 5.5 and 6 hours of

infusion. Sixteen hours after infusion, the percentage of T cells had

returned to pre-infusion levels.

The decline in the percentage of T cells could be accounted for

almost entirely by a similar decline in the percentage of cells

comprising the T4 subset. Thus, the percentage of T4+ lymphocytes went

from 45% prior to infusion to 31% by 6 hours of infusion. Following

infusion, the percentage of T4+ cells rose, reaching 48% at 16 hours.

Since in peripheral blood T4 and T8 are mutually exclusive T cell

subsets, a decrease in the percentage of T4+ cells should be associated

with an increase in the percentage of T8+ cells if, as suggested above,

T4+ rather than T8+ cells left the blood during hydrocortisone infusion.

The percentage of T8+ lymphocytes did increase during infusion, but at

no time were these changes statistically significant relative to the

pre-infusion percentage of T8+ cells.

At 24-48 hours post-injury, thermally-injured subjects showed a

pattern of change in the percentage of T cells and T cell subsets

similar to that of normal individuals undergoing hydrocortisone

infusion. Thus, following burn, percentages of T3+ and T4+ cells were

dramaticall y decreased while the percentage of TO+ lymphocytes increased

slightly. It is to be noted that the percentage of T3+ cells decreased

to a greater extent in the burn patients than in the infusion subjects,

but the percentages of T4+ and T8+ cells were quite similar in burn and

infusion subjects. Although burn patients actually manifested an

inversion in the T4:T8 ratio, this ratio also was close to 1 after 6

hours of hydrocortisone infusion. In the thermally-traumatized subjects

percentages of T3+ and T4+ lymphocytes normalized during recovery from

injury.

Following burn injury, the percentage of B cells (identified by
monoclonal anti-Ia) in burn patients was remarkably similar to that

found for HLA-DR+ lymphocytes during hydrocortisone infusion.

Numerical changes in lymphocyte subsets during hydrocortisone

infusion were dominaLed by the profound lymphopenia. The T cell
lymphopenia brought about by hydrocortisone infusion was mostly limited

to the T4 subset. Thus, while numbers of T4+ cells decreased to an

extent similar to T3+ cells, numbers of T8+ cells declined only

slightly. The increase in all T cells following infusion was most
likely due to the previously mentioned compensation for the slight

lymphopenia that was present prior to initiating infusion.

355



! L
Burn patients showed decreased numbers of T3+ and T4+ cel Is, but

this decrease was not as great as that during Infusion. This was

because lymphopenia in the burn subjects at 24 hours post-injury was not

nearly as great in magnitude as was the lymphopenia in the infusion

subjects. In contrast, numbers of TO+ I ymphocytes in thermally-injured

subjects were not different from normal. However, the data does

indicate that during hydrocortisone infusion the numbers of To+ cells

did drop lower than observed in the burn patients. Again, this can be

attributed to the more profound lymphopenia during hydrocortisone

infusion.

Numbers of B cells (HLA-DR+) and LGLs (Leu7+) did not change during

hydrocortisone infusion. However, at 16 hours post-infusion, there was

a significant increase in B cells but not LGLs. This suggests that the

slight lymphopenia observed prior to infusion can be attributed to a

decrease in both B and T cells, but not LGLs, since these cells did not

increase in number by 16 hours post-infusion.

In thermally-traumatized subjects, numbers of B cells (Is+) were

higher than seen during hydrocortisone infusion, almost identical to

pre-infusion numbers, and lower than those observed fol lowing infusion.

The conclusion therefore is that B cells are decreased only slightly or

not at all following burn injury, a pattern similar to that observed

during hydrocortisone infusion.

DISUSSION

Previous reports have shown that exogenous administration of

corticosteroids produces the effects documented here: Iymphopenia,

monocytopenia, granulocytosis, a specific decrease in T4+ lymphocytes,

and inhibition of lymphocyte proliferation to mitogens. However, these

previous studies employed either oral dosing or bolus intravenous

injection of glucocorticoids. Such routes of hormone administration

prevented precise control of plasma steroid concentrations. Thus, peak

concentrations of corticosteroids attained were well above the normal

range and must therefore be considered "pharmacologic", not

"physiologic."

The present study differs from the above-described reports in that

plasma hydrocortisone concentrations were controlled by means of a

constant infusion and were never allowed to rise above levels which the

adrenal glands normally are capable of achieving. This was confirmed by

comparing the steady-state infusion plasma hydrocortisone concentrations

to those observed for a group of 24 thermally-injured patients and
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noting that both groups had mean hydrocortisone levels of approximately

40-50 ug/di. Interestingly, however, the hematologic/immunologic

effects of generating these pathophysiological hydrocortisone

concentrations in normal subjects were similar to those documented in

previous studies in which pharmacologic levels of corticosteroids were

employed. This suggests that the threshold for a corticosteroid effect

is actually quite low and may be relevant in less severe states of

stress than thermal injury. Alternatively, it may be that the total

mass of corticosteroid administered is a relevant variable since, in the

present study, a 60 kg subject would have received 65 mg of

hydrocortisone over the 6 hour infusion period.

Considering these injury-induced changes, one at a time, as

resulting from the combineo effects of elevations in corticosteroids and

catecholamines, the following can be predicted. First, injury-

associated lymphopenia produced by elevated corticosteroias may be

attenuated by the lymphocytosis induced by catecholamines. It is to be

noted that this is supported by the fact that burn patients had

hydrocortisone concentrations similar to those of the infusion subjects,

but only a slight/moderate lymphopenia compared to that observed during

infusion. Second, monocytosis is observed following burn injury

suggesting a predominant catecholamine influence on these cells since

hydrocortisone infusion alone produces monocytopenia. However, at this

time it is not known if the magnitude of thermal injury-induced

monocytosis would be much greater if there were not concomitant

elevation of corticosteroids. Finally, it appears that granulocytosis

following burn injury might be the result of an additive effect of

corticosteroids and catecholamines since both hormones act to increase

plasma granulocyte numbers, and granulocytosis after burn injury is

greater than that produced by hydrocortisone infusion alone.

As has been suggested previously, the specific decrease in T4+, as

well as T-mu, lymphocytes may be related to immune dysfunction commonly

observed following burn injury. However, it has become clear recently

that the T4 subset further can be resolved into two sub-subsets, helper-

effector and suppressor-inducer. Two-color immunofluorescence analyses

employing anti-T4 along with either anti-Leu8, anti-2l4, or anti-4B4 can

be employed to identify these subsets of T4+ cells. Such analyses need

to be performed following thermal injury as well as after corticosteroid

administration. But, based on an Immunodeficiency hypothesis of thermal

injury-induced immune dysfunction, the prediction is that the decline in

T4+ cells in both injury and corticosteroid conditions will be largely

limited to the helper-effector subset of T4. In addition, it appears

that elevations of plasma hydrocortisone to levels that mimic those

observed following burn injury are sufficient to produce a functional

immunologic deficit.
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The data presented here as well as previous data from this

laboratory and others thus lend support to the hypothesis that elevated

corticosteroids are intimately involved in the immunologic changes

occurring in the early period following thermal injury. Further, since

immune regulation is a temporal process orchestrated by complex

Interactions among the Individual elements comprising the immune system,

it is suggested that these corticosteroid-induced early events may "set

the stage" for others, including active immunosuppression, occurring

later in the post-burn course.
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NATURAL KILLER CELL ACTIVITY AND LYMPHOCYTE FUNCTION
DURING AND AFTER OPEN-HEART SURGERY IN RELATION TO
THE ENDOCRINE STRESS RESPONSE

E. Tonnesen, M. M. Brinklov and N. J. Christensen
Department of Anaesthesia, Odense University Hospital, DK-5000
Odense C, Denmark

The effect of elective open-heart surgery on natural killer (NK) cell
activity was studied in 20 patients allocated to two different anaesthetic
techniques. To clarify the mechanisms behind changes in NK cell activity
the distribution of lymphocyte subpopulations and lymphocyte blastogenesis
to PHA were determined. The endocrine response to surgery was measured
as serum cortisol and plasma catecholamines.

ANAESTHETIC DATA

Premedication consisted of diazepam 0.25 mg/kg b.w., morphine 0.25
mg/kg b.w. and scopolamine 0.003 mg/kg b.w.
. Group I received high dose fentanyl(75-125pug/kg b.w.) maintained

with etomidate-fentanyl infusion. Ventilation: oxygen/air.
Group II received a balenced anaesthesia consisting of fentanyl

(6L 20,pg/kg b.w.) maintained with midazolam infusion. Ventilation:
oxygen/nitrous oxide/halothane.

METHODS

NK cell cytotoxicity was measured in a 6 hours 51Cr-release assay
against K562 target cells (1).

Circulating lymphocyte subpopulations were determined using mono-
clonal antibodies against the T-cell population (OKT3), the T-hel'per cell
(OKT4), the T-suppressor cell (OKT8), the B-cell population (Bl) and NK
cells (Leull). Conventional fluorescence microscopy was used.

Plasma epinephrine and norepinephrine were measured by a single
isotope-derivative assay (2) and serum cortisol was measured by a compe-
titive protein binding technique (3).

SAMPLE TIMES

From each patient 12-14 consecutive blood samples were drawn from an
arterial line:

Sample 1: The day before operation
Sample 2: Before induction (after cannulation of the radial artery)
Sample 3: 10 min after intubation
Sample 4: 10 min after sternotomy
Sample 5: Before cardiopulmonary by-pass
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ISample ba: After 10 mi on by-pass
Sample 6b: After 40 min on by-pass
Sample 6c: After 70 min on by-pass or 2 mi after initiation of partial

by-pass
Sample 6d: After 100 min on by-pass or 2 min after initiation of

partial by-pass
Sample 7: 15 min after termination of by-pass
Sample 8: During skin suture
Sample 9: First postoperative day
Sample 10: Third postoperative day
Sample 11: Sixth postoperative day
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RESULTS AND DISCUSSION

With respect to sex, age, weight and duration of surgery the two
groups were comparable.

NK cell activity fluctuated in the same way in the two groups. After
a transient increase just before induction of anaesthesia the activity,
decreased significantly until start of extracorporeal circulation (ECC)
which was accompanied by a gradual increase. Postoperatively, NK cell
activity and the lymphocyte response to PHA were significantly depressed
for 3-6 days. These changes were accompanied with severe lymphopenia af-
fecting the T-lymphocytes (OKT3) with a selective loss of the helper cell
(OKT4) subset (data not shown).

The immunological parameters showed only minor differences between
the groups, whereas the endocrine response differed with a delayed corti-
sol response in Group I. A steep rise in plasma catecholamines occurred
in both groups during EEC and plasma epinephrine remained significantly
elevated, although at a lower level, until the sixth postoperative day.

The results suggest that coronary by-pass surgery is associated with
two periods, pre-bypass and postoperatively, of marked immunosuppression,
probably mediated by different mechanisms. Finally, the study suggests a
correlation between NK cell activity and plasma epinephrines during ECC.
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NATURAL KILLER CELL ACTIVITY DURING EPINEPHRINE
AND CORTISOL INFUSION IN HEALTHY VOLUNTEERS

E. Tdnnesen, M.M. Brinklv, N.J. Christensen
Department of Anaesthesia, Odense University Hospital
DK-5000 Odense C, Denmark

Using a continuous intravenous infusion pattern to simulate some of
the hormonal changes induced by major surgery the effect of epinephrine
and cortisol on natural killer (NK) cell activity and circulating lympho-
cyte subpopulations were investigated.

MATERIAL

Twenty healthy fasting volunteers, aged 25-40 years, were allocated
to receive either a continuous intravenous infusion of cortisol 5 pg/kg
b.w./min for five hours (Group I), epinephrine 0.05 pg/kg b.w./min for
one hour (Group II), cortisol for five hours with simultaneous infusion
of epinephrine during the last hour (Group III) or saline for five hours
with simultaneous infusion of saline during the last hour (Group IV).

BLOOD SAMPLING

The first sample was taken immediately before start of infusion
(0 hour) after a rest period of 30 min. Subsequently, in Group I, I1, and
IV, blood was drawn every 60 min during the first four hours of infusion
followed by sampling every 15 min in the fifth hour. The last blood
sample was drawn 15 min after completing the infusions.

In Group II blood was drawn every 15 min during epinephrine infusion
and finally 15 min after infusion.

METHODS

NK cell cytotoxicity was measured in a 6 hours 51Cr-release assay
against K562 target cells.

Circulating lymphocyte subpopulations were determined using mono-
clonal antibodies against the entire T-cell population (OKT3), the T-
helper cell (OKT4), the T-suppressor cell (OKT8), the B-cell population
(81) and NK cells (Leu 11). Conventional flouroscence microscopy was used.

Total leucocyte count was determined by a Coulter Counter S and the
differential count was performed automatically.

Serum cortisol was measured by a competitive protein binding techni-
que. Plasma epinephrine and norepinephrine were measured by a single iso-
tope-derivative assay.

365



RESULTS

Compared with preinfusion levels cortisol did not induce changes
either in activity or fraction of NK cells (Leu 11).

Increasing leucocytosis, neutrophilia and lymphopenia could be demon-
strated after two hours infusion. The lymphopenia was accompanied by a
significant reduction of the T-cell fraction (OKT3 and OKT4) (Data not
shown).

During epinephrine infusion the fraction of NW cells (Leu 11) increas-
ed significantly (Data not shown). The increase in number of NK cells was

accompanied by a simultaneous increase in NK cell activity followed by a

return to pre-infusion levels after termination of infusion.
Significant leucocytosis occurred without changes in the percentages

of segmented neutrophils and lymphocytes.
The T-cell (OKT3) fraction decreased significantly with a selective

loss of T-helper (OKT4) cells (Data not shown).
During simultaneous infusion of cortisol and epinephrine NK cell ac-

tivity as well as the number of NK cells (Leu 11) in peripheral blood in-
creased to the same level as during epinephrine infusion alone.

Leucocytosis and neutrophilia equal to the additive response to the
two hormones seperately could be demonstrated, whereas the cortisol-indu-
bed lymphopenia was abolished by the addition of epinephrine.

Infusion of saline 0.9% for five hours did not induce any changes in
the resting level or activity of any cell type analyzed (Data not shown).

CORTISOL INFUSION EPINEPHRINE INFUSION
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NK cell activity expressed as % cytotoxicity. Effector to target ratio
50:1.
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CONCLUSION

Our results confirm the role of epinephrine as a potent inducer of
NK cell activity in vivo, whereas no effect of cortisol on NK cell acti-
vity could be demonstrated in the actual infusion design.

I
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A LONGITUDINAL STUDY OF THE INFLUENCE OF ACUTE
MYOCARDIAL INFARCTION ON NATURAL KILLER CELLS.

K. Klarlung, B. K. Pedersen, T. G. Theander and V. Andersen
Department of Cardiology, Copenhagen County Hospital, Gentofte
Copenhagen, Denmark. Laboratory of Medical Immunology
Rigshospitalet, University Hospital, Denmark
Lymphocyte Laboratory, Department of Infectious Diseases
Rigshospitalet, University Hospital, Copenhagen, Denmark

INTRODUCTION

Natural killer (NX) cells are thought to play an important role in
Immune surveillance against cancer and certain infections (1). NK cells
are augmented by interferon (IF) and interleukin 2 (Ii-2) and inhibited
by certain prostaglandins (PG), e.g. PGE1, PGE2, PGA1 and PGA2, by
activated PMNs and by physical stress. The acute myocardial infarction
represents a condition with the involvement of cellular necrosis and
severe physical stress. In this study we measured baseline, IF- and
I1-2-enhanced NK cell activity within 24 hours after clinical symptoms of
AMI and regularly thereafter for 6 weeks. Furthermore NK cells were
quantitated by counting large granular lymphocytes (LGL).

PATIENTS AND METHODS

Ten patients with AMI, (8 males, 2 females), mean age 58 years, and 62
sex and age matched healthy controls were studied. Blood samples were
collected within 24 hours after the ANI and then on days 3,7 and 14 and
at 6 weeks. NK cell activity of mononuclear cells, isolated by Ficoll
Isopaque gradient centrifugation was measured against K 562 target cells
in a Cr-release assay, as previously described in details (2). NK cell
activity was measured in triplicates at effector/target (E/T) cell
ratios=80/1, 40/1 and 20/1, only E/T cell. ratio=80/1 is given below. In
vitro incubation of mononuclear cells with IFN-c and 11-2 was
performed as described (2). LMLA were enumerated by identification of
medium to large-sized lymphocytes with a relatively high ratio of
cytoplasma to nucleus, asurophilic cytoplasmic granules and often an
indented nucleus in cytocentrifuged preparations, stained with

ay-GFr&inald (2).

RESULTS.

Baseline NK cell activity on days 1,3,7,14 and at 6 weeks was
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significantly lower than that of controls (p<O.ol on day 1,3,7, p<0. 0 5 on
day 14, p=0.05 at 6 weeks). The NK cell activity of the patients on day 1
was 10.9±6.1Z versus 31.1:11.3% in the control group (mean+SD), Fig.1. IF
as well as 11-2 significantly enhanced the NK cell activity (p<0.01) on
all five days tested, Fig.2, but neither IF nor 11-2 restored the
suppressed NK cell activity, except when measured at six weeks. The NK
cell activity (mean+SER) of the patients measured at 6 weeks was after
exposure to IF 47.9±2.9% versus 53.2+2.21 in controls (NS), and after
exposure to I1-2 36.7±2.2% versus 41.3+4.8% (NS). NK cells were
quantitated by counting LGLs. The proportion and concentration of IOLs on
days 1,3,14 and at 6 weeks did not differ from the values observed in
controls and LGLs did not differ significantly between the days measured,
except on day 7, where LGLs were increased when compared to day 1 and to
6 weeks, P<0.01. Similarly a slight, but statistically not significant
increase in Leu 11 positive cells on day 7 was found. Serum-cortisol
concentration (mean$M) measured day 1 was 0.6R_0.10 umol/l versus
0.44+0.4 uol/l at 6 weeks (NS)(normal range 0.0-0.83). We were not able
to demonstrate any correlation between maximum ASAT levels, maximum LIH
levels, leukocyte count,body temperature, plasma cortisol concentration
and NK cell activity. Furthermore we did not find any correlation between
medical treatment and NK cell activity.
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DISCUSSION

This report demonstrates significantly reduced NK cell activity
after MU, which could not be restored by addition of IF or 11-2,
indicating that the NK cell activity was not suppressed because of low
production of these compounds. We were not able to demonstrate any
correlation between serum-cortisol and NK cell activity, and the low NK
cell activity is thus not likely to be due to a corticosteroid effect.
The proportion and concentration of LILs and Leu 11 positive cells were
normal in the patients. The NK cell defect in patients with AMI is thus
functional.
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IMMUNE DEPRESSION AND SEPSIS FOLLOWING INJURY:
THE ROLE AND IDENTITY OF CIRCULATING MEDIATORS

J. L. Ninnemann
Department of Surgery, University of California, San Diego
La Jolla, CA 92093

INTRODUCTIO1

It is well known that profound immunological disturbances often occur
as a result of thermal or traumatic injuries (1,2). These changes, which
include serum protein alterations (e.g. complement activation, fibronectin
depletion, and the generation of immune complexes) as well as compromise
of cellular functions (e.g. depressed neutrophil chemotaxis and intracellu-
lar killing, suppressor T-cell activation and depression of lymphocyte
blastogenesis), have been summarized elsewhere (3). Immune problems in
patients are so far reaching that it has been cynically suggested that the
study of any immunologic parameter following injury is sure to reveal de-
fects of potential clinical importance. Unfortunately, this statement is
basically true. In general, the greater the extent of the injury, the
greater the likelihood that clinically significant immunological depression
will occur. In burn patients, this means that all patients with a greater
than 40% body surface area injury can be expected to have serious, multiple
immunological problems and, therefore, be at high risk to sepsis.

Two clinical manipulations seem critical to reversing the immune
changes observed in burn patients: removal of the dead or injured tissue
and restoration of the surface barrier to wound colonization through wound
closure. Immunological perturbations will persist in burn patients as long
as these two conditions have not been met. With closure of the burn wound
often comes rapid restoration of immunological competence and, frequently,
full recovery of the patient. The earlier each of these clinical manipu-
lations can be accomplished, the earlier immunological restoration will be
achieved, thereby decreasing the septic threat and increasing patient
chances for survival. This hai become the dominant surgical philosophy
for treating major thermal injuries (4).

The question of how immunoloaic depression in the burn patient is
mediated, has received a great deal of attention. Experimental studies
have shown that the general circulation of patients after injury, a major
operation, or the onset of disease often contains factors affecting vas-
cular permeability, causing hemolytic changes in red blood cells, depress-

ing cardiac output and renal function, causing profound immunosuppression,
and, in some cases, precipitating multiple organ failure. Especially
interesting have been cross-perfusion experiments in which it has been
found that the transfer of blood from one animal after thermal injury,
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can produce these effects in another, normal animal (5). Our own in vitro
experiments to study lymphocyte competence following injury have shown that
the response of normal cells placed in burn patient serum is often pro-
foundly impaired (6). On the other hand, the response of burn patient
lymphocytes removed from the "burn environment" and placed in normal serum,
returns toward normal following a period of incubation (7). Warden et al.
have made similar observations using neutrophil chemotaxis as the test
system (8). It is clear, therefore, that post-injury serum contains medi-
ators which dictate the behavior of, at the very least, lymphocytes and
neutrophils. In addition, cell behavior appears to be controlled by medi-
ator induced, nonspecific suppressor T cells. The activity of these cells
is usually mitomycin-resistant, and appears to be short lived since it can
be abrogated by a short period of cell culture, which may explain the re-
turn to normal of cellular immune response upon removal from the "burn
environment".

Typical suppressive activity of sequential serum samples drawn from
patients with major thermal injuries is summarized in Figure 1, which plots
post-injury day vs the suppressive activity of patient serum as measured in
mixed lymphocyte culture. Such studies reveal the presence of immunosup-
pressive substances in the serum of almost all patients with major thermal
injuries. These substances appear very quickly following injury, and in
fact can often be detected within 4-6 hours. Suppressive serum activity
can persist for weeks to months, depending on the severity of the injury.
As suggested earlier, patient serum loses its suppressive nature as the
wound is surgically closed and the patient approaches hospital discharge.
Patients who do not survive have suppressive serum to the very end, and
suppressive activity often reaches a dramatic peak in terminally injured
patients shortly before death (10).
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SOURCES OF SUPPRESSIVE MEDIATORS

Four potential sources have been the focus of investigations concern-
ing the mediators of injury-induced immune depression (a) the products of
the injury itself, which are released into the circulation from the wound;
(b) endogenous immunoregulatory molecules such as the prostaglandins;
(c) immunologically active substances from exogenous sources, such as bac-
terial endotoxin; and (d) iatrogenic suppressors, such as derivatives of
topical agents used for burn therapy. It seems likely that all four
categories of mediators play clinically significant roles.

Suppressive Products of Injurys SAP

Various unique products of burn injury have been proposed to have
immunologic activity. Perhaps the best known of these is the controversial
burn-toxin molecule of Allgower and Schoenenberger (11). These researchers
reported the isolation and biochemical characterization of a high molecular
weight lipid-protein complex with cell membrane affinity and a nonspecific,
noncytotoxic immunosuppressive activity. The formation and release of this
complex appeared to be blocked by the topical application of cerium nitrate
to the burn wound. In 1977, Hakim reported the isolation and partial puri-
fication of an immunosuppressive peptide from fractionated burn serum, which
had a molecular weight of 10,000, an ability to inhibit guinea pig peri-
toneal macrophage migration, and suppressive activity vs mitogen-induced
blastogenesis of normal human peripheral blood lymphocytes (12). A similar
factor was reported by Garner et al. (13) who isolated a 5-10 kilodalton
peptide which suppressed the transformation of mitogen-stimulated T and B
lymphocytes. We have reported the isolation and characterization of a low
molecular weight glycopeptide in patients with 40% body surface area burns.
This is6late, given the acronym SAP (suppressor active peptide) has been
found to suppress T lymphocyte blastogenesis in mixed lymphocyte cultures
through the generation of a suppressor T-cell population, to inhibit neu-
trophil chemotaxis in a receptor mediated yet nonspecific manner, and to
hemolyze human erythrocytes by increasing membrane fragility (14-16). Bio-
chemical analysis of SAP has revealed a complex structure, comprised of a
4000 dalton peptide component rich in glycine and serine and containing
hydroxylysine and hydroxyproline, and a carbohydrate component containing
sialic acid (hexose to protein ratio of ls9 w/w). That SAP can be isolated
within hours of injury indicates an etiology other than drug, topical or
treatment related, and suggests an origin other than bacterial. We feel,
instead, that SAP may be generated as a result of the inflammatory process,
and our results suggest that the proteolytic degradation of a normal tissue
component may produce this immunologically active byproduct. The prelim-
inary amino acid analysis of the peptide portion of SAP reveals a charac-
teristic structure related to collagen. It is interesting to note that
burn toxin isolates of Schoenenberger contained collagen-like material,
and that attempts to remove this "contaminant" also eliminated biological
activity (GA Schoenenberger, unpublished observation). Such collagen-
related material could be released by the proteolytic degradation of tissue
collagen which is known to occur during inflammation (17), or by the break-
down of the collagen-like portion of serum Clq. Since Clq participates in
the inflammatory response and contains a collagen-like sequence, we have
tested in vitro, the putative generation and immunological activity of Clq
peptide fragments under physical conditions present in the burn patient
(18). Nanogram quantities of heat or enzyme generated fragments of Clq
were clearly shown to be suppressive in vitro to neutrophil chemotaxis and
mixed lymphocyte response (MLR). The addition of lymphocytes pre-troated
with Clq fragments suppressed ongoing MLR indicating the activation of
suppressor cells by the peptides. Finally, anti-Clq globulin was found to
reduce the suppressive activity of collagen-like SAP, isolated from human
burn sera (18).
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Endogenous Immunoreulatory Moleculest Prostaglandin E

The products of the arachidonic acid cascade are among the "normal"
mediators which maintain immunological homeostasis in the healthy host.
It is now clear that prostaglandins are potent lymphokines (22-24) which
along with the leukotrienes, have immunoregulatory properties (25,26).
They have also received increasing attention as potentially important
"abnormal" mediators following injury. Heggers et al. described the direct
release of large quantities of prostaglandins from skin cells as a result
of thermal injuries (19), and prostaglandins appear to be involved in the
generation of many burn injury-related vascular and tissue viability prob-
lems (20,21). In our own work, we could readily demonstrate the suppres-

* sive activity of prostaglandins (particularly PGE2 ) using an in vitro, one
way mixed lymphocyte response as the test assay system. However, we found

*that the quantity of PGE demonstrated in burn patient whole sera by RIA,
while generally quite elevated, was not correlated directly with the sup-

*pressive activity of the sera in lymphocyte cultures. While cortisol
quantities were also generally quite elevated, the additional consideration
of cortisol and its possible synergistic activity with PGE (27) did not im-
prove the correlation. We feel that the lack of correlation between serum
PGE levels and patient immunologic depression was due to a) the presence of
additional suppressive substances in patient sera (indeed, the net effect
of many of these substances upon lymphocyte response appears to be the
same); and b) the fact that suppressor cell activity will continue to be
expressed even after the disappearance of PGE (and possibly other suppres-
sors) from the system. We have been able to demonstrate this fact in our
culture system by the preincubation of responder lymphocytes in PGE2 (or
burned patient serum) for 16 hr, followed by washing, and the addit2on of
stimulator cells. Therefore, clinically, the activity of suppressor cells
may well be present long after the decline in concentration of serum-borne
si-ppressors.

That PGE is indeed responsible for at least some of the immunological
disturbances observed in burn patients is indicated by our early work with
crude fractions of burn sera, and by our more recent work with SAP as re-
viewed above. Both delipidation (the removal of fatty acids, including
the prostaglandins) and the addition of rabbit anti-POE significantly re-
duced the suppressive activity of low molecular weight serum fractions.
The suppressive activity of PGE2, added directly to cultures, could also be
blocked by the addition of anti-PGE2. The antiserum was not suppressive to
the stimulation levels in control cultures (28). Higher molecular weight,
prostaglandin-containing serum fractions were incapable of suppressing the
in vitro lymphocyte response. The suppressive activity of PGE therefore
appears to depend upon its lack of association with albumin, a common
prostinoid carrier in the serum, and an association with a specific low
molecular weight serum component. The immunologic activity of this com-
plex is abrogated by delipidation, or blocked by the addition of antiserum.

When tritium-labeled PGE 2 (in buffer) was applied to our Sephadex
G-200 column, radioactivity was not detected in any of the protein-contain-
ing fractions collected. This is consistent with the low molecular weight
of the prostaglandin (352 daltons), and its probable retention on the
column. When tritium-labeled PGE was applied to our Sephadex G-200
column after overnight preincubation in normal serum, however, radio-Iactivity eluted clearly in two regions which corresponded to the presence
of PGE in a mw 68,000 fraction (consisting primarily of albumin), and a
mw 5,060 fraction (consisting primarily of low molecular weight peptide
material). Since fractions from each of the two regions eluted in iden-
tical positions upon rechromatography, we felt that we were indeed ob-
serving stable, NGE-containing molecular complexes of 68,000 daltons and
5,000 daltons, respectively.
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When we first reported this work in 1984, we hypothesized that it
might be possible that the carrier allows persistence of PGE in the cir-
culation beyond its usual clearance in the lungs (29). The function of
the lungs in clearing prostaglandins may be further compromised by respi-
ratory injuries which often accompany major thermal injuries. The parti-
cipation of carrier molecules in the physiologic effects of the prosta-
glandins is not a new concept. It is generally believed that the transport
of prostaglandin across biologic membranes (such as is required for the
generation of suppressor cells) is carrier mediated, since prostaglandin
cannot freely diffuse through membrane structures (39). The peptide
fraction we have designated SAP therefore, may confer suppressive activity
to PGE by facilitating the transport of this compound across the lymphocyte
membrane.

Exogenous Mediators: Bacterial Endotoxin

Certain bacterial products are clearly recognized to possess immuno-
logic activity. For example, bacterial lipopolysaccharide (LPS) has a
profound effect upon the induction and expression of cell-mediated immunity.
Lagrange et al. have described a depression in T cell activity, measured
by relative levels of delayed type hypersensitivity in normal and LPS treat-
ed mice, at the same time that antibody production was enhanced (31).
They speculated that the opposing effects of LPS on T and B cell responses
were due to suppressor T cell generation. Immunosuppressive properties
of endotoxin have been observed by others as well (32,33), including
Garrido, who studied the suppressive properties of products of Pseudomonas
aeruginosa, a common burn wound pathogen (33).

Our own work led us to consider bacterial endotoxin as a contributor
to serum-mediated post-injury immunosuppression. We recognized very early
that suppression is closely tied to the occurrence of bacterial invasion
of the burn wound. Organisms involved are most often Gram negative, and,
we have concluded, opportunistic of an impaired cell-mediated immune re-
sponse (34-36). Production of endotoxin is associated with this same group
of organisms. In addition, the physiochemical behavior of some of the
suppressive sera suggested endotoxin involvement. Immunosuppressive serum
obtained from burn patients slowly lost its activity when stored in the
cold (even at -80 degrees C), yet does not lose its activity when heated
to 100 degrees C for 30 min. All patient sera, demonstrated to contain
bacterial endotoxin by the Limulus test, were profoundly immunosuppressive
(37). However less than one third of immunosuppressive sera could be de-
monstrated to contain endotoxin. While this observation may simply reflect
the well known limitations of the Limulus test, it is also likely that
endotoxin may initiate the suppressive sequence without circulation in the
blood stream. Two recent studies support these findings and suggest that
prostaglandin E , released by macrophages in response to exposure to endo-
toxin, may be t~e agent which circulates and acts directly in the suppres-
sion of lymphocyte response. Ellner and Spagnuolo report that the addition
of 2.0 to 20.0 ug/ml of LPS suppressed normal lymphocyte response to both
PHA and SKSD (38). When they depleted their cultures of adherent cells,
the lymphocytes were no longer suppressible. The mechanism they have pro-
posed to explain these observations includes the activation of monocytes
and subsequent release of prostaglandin E2, which is the molecule which
suppresses the in vitro lymphocyte response. Indeed, the suppression they
observed could be blocked by the addition of indomethacin to the cultures,
a drug known to block PGE 2 production by macrophages. They also found that
culture supernatants produced by macrophages exposed to LFS were suppres-
sive, implicating PGE 2 in the suppressive sequence. These findings are
particularly relevant to our observation of B cell involvement in the
suppressive sequence, and in view of a recent study by Wilton et al. (39)
which outlines clearcut evidence that B lymphocytes are required both for
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macrophage activation and for the release of mediators including PGE2.
Thus endotoxin containing organisms need not leave the burn wound to exerta profound influence on patient immune reactivity.

We have demonstrated that additions of as little as 1.0 ng of chroma-
tographically purified endotoxin from Escherichia coli 055sB5,E.coli
OlllB4, Pseudomonas aeruginosa (Fisher-Devlin imu-notype 1), Serratia
marcescens, or Salmonella minnesota to human mixed lymphocyte or to mitogen-
stimulated cultures produced statistically significant suppression (40).
In each case, endotoxin was most suppressive when present in the culture
system prior to the introduction of the alloantigen or mitogen. Suppres-
sive effects were dependent upon the participation of peripheral blood
monocytes and could be blocked by the addition of the prostaglandin syn-
thetase inhibitor indomethacin or meclofenamate sodium. Prostaglandin pro-
duction by monocytes appeared to induce a population of "short lived" sup-
pressor cells, identified by the immediate and delayed addition of lympho-
cyte cocultures to endotoxin-preincubated cells. The suppressive behavior
of endotoxin-primed lymphocytes was identical to the behavior of burn
patient serum-primed lymphocytes or to lymphocyte populations derived from
a subpopulation of burn patients whose serum was Limulus positive. We,
therefore, feel that endotoxin plays a significant immunologic role in some
patients (40).

latrogenic suppressors: povidone-iodine

Finally, it should be mentioned that not all post-burn immunosuppres-
sion results from natural causes. Some is inadvertently produced as a re-
sult of the clinical treatment the patients must necessarily receive. It
is now known that many antibiotics (41), multiple anesthesia (42), the use
of topical agents (43), multiple surgeries with the administration of blood
products (44,45) can all be non-specifically immunosuppressive.

We have found that the addition of povidone (PVP)-iodine, marketed in
the United States as the topical agent Betadine by Purdue-Frederick Inc,
to in vitro cultures of normal human lymphocytes is profoundly suppressive
to both MLC-and PHA-induced blastogenesis (40). Evidence suggests that it
is the iodine component and not the PVP component of these additions that
produces the suppressive effect Concentrations of PVP-iodine, equivalent
to iodine concentrations of 10 M are capable of suppressing the response
of normal lymphocytes when 1) in vitro cultures are supplemented directly,
or 2) when lymphocytes are preincubated in the presence of PVP-iodine for
24 h, washed, then stimulated with PHA or allogeneic lymphocytes.

Our data show that this suppression of normal lymphocyte response is
mediated by the generation of suppressor cells as the result of exposure
to PVP-iodine. These suppressor cells exert their influence even after
treatment with mitomycin-C, and thus closely resemble recently reported
suppressor T cells, generated as the result of lymphocyte exposure to
sodium periodate (46). The activity of such suppressor cells can be ab-
rogated by their brief treatment with sodium borohydride, a powerful re-
ducing agent acting upon aldehyde groups at the cell surface (47).

Finally, the clinical significance of our data is clear. Betadine
is in common use as a topical antibacterial in the treatment of burn
patients. We have shown that the sera of patients with large body surface
injuries often contain high levels of iodine, absorbed as the result of
Betadine treatment. These same sera are profoundly suppressive to the
in vitro responsiveness of normal lymphocytes. Iodine appears to be
selectively absorbed to serum albumin; this serum fraction was found to
contain the suppressive activity.
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CONCLUSION

The treatment of thermal injuries requires correction of profound
biomechanical, biochemical, physiological, and immunological abnormalities,
all of which put the patient at very high risk to sepsis. Indeed, it is
recognized that sepsis is probably the most significant remaining barrier
to the successful treatment of major thermal injuries, and septic risk
appears to be directly related to the degree of immunological depression
of the patient. The immune deficiencies acquired as a consequence of in-
jury are complex, and, it is now clear, are due to the activation of a
variety of mediator systems. That these mediators have systemic activity
can be demonstrated by in vitro treatment of normal immune cells with burn
serum or isolated burn serum components. Alternately, at least partial
correction of burn cellular defects can be accomplished by in vitro patient
cell incubation in a normal serum environment.

The possible systemic mediators which may account for these observa-
tions are multiple, and it is likely that more than one mediator system
is important in a single patient at various post-burn times. Many of these
mediator systems are interrelated, introducing the hope that initial, key
mediators can be distinguished from secondary sequelae, and manipulated to
patient advantage. Ability to finally identify the key mediators will lie
in the study of early post-burn events, and in manipulating the immune
system of injured subjects with monospecific antibodies, and such pharma-
cologic agents as polymyxin B, nonsteroidal antiinflammatory agents, and
cymetidine.
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ELECTIVE IMMUNOSUPPRESSION
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INTRODUCTION

The anergy which is associated with trauma, burn injury and
sepsis shares similarities with the pharmacologically induced
immunosuppression of organ transplant patients. These patients have
the same high risk of infections which also causes mortality as in the
trauma and burn patients. The increased risk of infection in
transplant patients is mainly due to prednisone, although both
azathioprine, an inhibitor of DNA replication, and cyclosporin A, an
inhibitor of interleukin 2 (IL-2) formation, may play some role in the
increased incidence of infection. The immunodeficiency characteristic
of burn patientl has been suggested to be mediated by a deficiency in
IL-2 production . This may however only be a partial explanation since
patients treated with CsA do not seem to have a substantial increased
risk of infections although they are immunosuppressed.

The corticosteroids are the first drug of choice for treating

acute allograft rejection. The corticosteroids exert part of the
immunosup ession by inhibiting interleukin I (IL-1) and IL-2
formation . sA inhibits IL-2 formation through inhibiting messenger
RNA for IL-25. CsA does not seem to increase the incidence of
bacterial infections. Thus the increased risk of infections associated
with corticosteroids is likely to be through the inhibition of IL-I.
This monokine is a chemo-attractant for polymorphonucleocytes (PiN's),
therefore the use of corticosteroids result in decreased chemotaxis of
PMN's. Leukotriene B4 (LTB4 ) is another chemo-attractant factor which
is derivid from PMN's. Decreased release of LTB4 is seen in burn
patients', and this too may relate to increased risk of infection. A
further aspect of corticosteroid effects which is different from those
expressed by CsA is its effect in inhibiting macrophage function5 . The
response of macrophages to IL-I includes chemo-attraction, activation
of tumor cell killing and release of arachidonate metabolites.

In the absence of convincing data on peripheral blood T4 /T8
ratios the only measurement of too little or too much
immunosuppression is graft rejection and infection, respectively.
However in patients the measurements of urine immunoreactive

thromboxage7 B2 (i-TXB2 ) can be used as an indicator of allograft
rejection I . Our longitudinal studies of kidney transplant patients
suggest that urine i-TXB 2 may be a suitable indicator of the degree of
immunosupression in the transplant patient.
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In an experimental cardiac rat transplant model, we have
investigated the possibility of replacing corticosteroids wihh drugs
interfering with eicosanoids and platelet activating fector These
drugs are ;ither cyclooxygen?ge inhibitors, 5-lipoxygenase
inhibitors , PAe antagonists , thromboxane synthase inhibitors, and
thromboxane antagonists .

EFFECT OF IMMUNOSUPPRESSIVE DRUGS ON ARACHIDONATE METABOLISM

The immunosuppressive drugs, azathioprine and corticosteroids
may affect arachidonic acid metabolism as illustrated in figure 1.
Corticosteroids inhibit phlpholipase activity through formation of
polypeptides, lipocortins, which block arachidonate release and
subsequent formation of leukotrienes, prostaglandins, and thromboxane.
Azathioprine is 6-mercaptopurine coupled to an imidazole. The latter
permits oral administration of 6-mercaptopurine. Following ingestion,
azathioprine is cleaved to 6-mercaptopurine and imidazole.
Interestingly, imidazole is a thromboxane synthase inhibitor although
not very potent and rather non-specific. Inhibition of thromboxane
synthesis may relate to the finding that intravenous azathioprine
improves kidney flograft survival in dogs better than
6-mercaptopurine .

The effect of CsA on arachidonate metabolism is not well
documented. Inhibition of arachidonate metabolism has been
demonstuted as a decrease in prostacyclin formation in rat blood
vessels , ,nd as inhibition of prostaglandin synthesis in rat
macrophages . However such inhibition may relate to CsA toxicity.

MODULATION OF LYMPHOCYTE PROLIFERATION BY LIPID MEDIATORS

The initiation of the clonal expansion of T-lymphocytes
requires two signals from the macrophage; one signal is IL-I and the
other is foreign antigen presentation. The eicosanoids affect this
interaction by modulating both formation and action of monokines and
lymphokines as well as antigen expression (fig. 2). Prostaglandin E2
(PGE2) and corticosteroids inhibit ILl and IL2 formation whereas
leukotrienes have been shown both directly and indirectly to promote
ILl formation - 9 . The effect of LTB on lymphocyte Rroliferation has
been explored by Goodwin and by Rota-Pleszczinskid who found LTB4
to promote lymphocyte proliferation. Initially, LTB4 was found to
inhibit both Iftogen and antigen-induced T4 lymphocyte
proliferation . However, further studies indicated that LTB4 also
facilitates proliferation of T4 lymypocytes when endogenous PGE2
synthesis is blocked by indomethacin . Recent studies introduced a
new concept namely that T4 lymphocytes dergo phenotypic conversion
to T8 without de novo protein synthesis and moreover that this
conversion Is enhanced by LTB4. Another aspect of immune enhancement
is promotion of lym ocyte migration which is also reported to be
facilitated by LTB4 '.

Thromboxane A2 (TXA2 ) synthase inhibitors have been shown to
inhibit lymphocyte prolifmation which infers that TXA2 promoteslymphocyte proliferation." This effect could however als? be

explained by shunting of endoperoxides into PGE 2 and PGI 2  . More
recently a TXA agonist was shown to promote mitogen induced
lymphocyte profiferation, and to reverse the inhibitig of lymphocyte
proliferation obtained with a TXA2 synthese inhibitor . In order for
the lymphocyte to undergo clonal expansion in response to foreign
antigen and IL-1, the lymphocyte needs to recognize DR antigen on the
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antigen presenting macrophage. The DR antigen expression can be
modulated by the fyo-oxygenase products and also by
gama-interferon2 ' * Unanue and coworkers '

29 showed in vitro that
PGE2 , PGI2 and corticosteroids decrease Ia or DR antigen expression on
macrophages. Stable TXA2 agonists may promote antigen expression but
this has not been described yet. Gamma-interferon, enhances the
immune response by increasing DR antigen expression by macrophages and
endothelial cells. Leukotriene C4 and D4 both increase the release of
gamma-interferon from lymphocytes 2 . Since corticosteroids and CsA
exert their effects through inhibition of ILl and IL2 it might be
possible to replace corticosteroids or decrease the dose of CsA or
azathioprine in the immunosuppressive regimen with drugs that prevent
the formation of the pro-rejection eicosanoids (TXA., LTB4 , LTC4,
LTD4, and LTE ) or promote the synthesis of the anti-rejection ....
compounds (PGE2 , PGD2, 6-keto PGE and PG12 or their analogues

30 '31 .
In addition to the effect of tAe dihydroxyeicosanoids such as LTB4,

further studies have demonstrated synthesis of trihydroxy eicosanoids,
the lipoxins, which are derived from the 15 as well as the 5
lipoxygenase pathway. These ligxins are reported to inhibit the
action of natural killer celi J, and in lower doses to promote
natural killer cell activity . A biological role for the lipoxins is
disputed since meaurable amounts of lipoxins can only be formed by
adding 15-HPETE to granulocytes. The eosinophils are the most likely
cell to produce biological important amounts of lipoxins due to the
activity of its 15-lipoxygenase but lipoxins have not yet been
demonstrated to be released from eosinophils."

Recently PAI has been implicated as one of the mediators of
allograft rejection 0 . The mechanisms are unknown. PAF has direct
effects on cells and tissues but it also stimulates arachidonic acid
release. Depending on the cell type this latter effect of PAF leads to
leukotrienes, prostaglandins or thromboxane synthesis. A stimulatory
effect of PAF on lymphocyte proliferation would be expected. This is
not the c e with in vitro experiments, where inhibition has been
described . This inhibition is attenuated in vitro with indomathacin
indicating that the inhibitory effect of PAF on lymphocyte
proliferation may be indirect through PGE2.

IN VIVO EXPERIMENTAL STUDIES OF INVOLVEMENT OF LIPID MEDIATORS IN CELL

MEDIATED REJECTION

Thromboxane A2

Experimental studies in our laboratory have already revealed
that thromboxane may have a causal role in allograft rejection.
Interdiction of TXA2 synthesis and expression significantly improved
allograft survival in the rat heterotopic cardiac transplant model
where ewis rats are recipients and Lewis x Brown-Norway F1 are
donors . We have obtained similar results with another thromboxane
antagonist (BM 13,505, Boehringer-Mannheim, West-Germany, 15 mg/kg/day
i.m.). As in previous experiments the animals were treated with
low-dose of CsA (0.5 mg/kg/day i.m.). This low dose does not prolong
allograft survival significantly. Treatment with BM 13,505 prolonged
cardiac allograft survival (fig. 3). These data imply that
thromboxane contributes in part to rejection. Furthermore the results
support the proposition that thromboxane is an indicator with a causal
role.
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Leukotrienes

The in vitro studies showing that leukotrienes promote ILl and
IL2 formation as well as IL2 receptor expression, support the thesis
that drugs which prevent the formation of leukotrienes (5-lipoxygenase
Inhibitors) might have the same effect as corticosteroids. The
vascular properties of the leukotrienes, namely increased vascular
permeability suggest that these products may play a role in the edema
linked to rejection. We have found that three different 5-lipoxygenase
inhibitors in combination with either low dose CsA or azathioprine
will prolong aligraft survival to the same extent as the combination
with prednisone . In animal models corticosteroid administered alone
does not prolong organ 1lograft survival, nor does non-steroidal
anti-inflammatory drugs with the exception of aspirin, which
probably acts by other mechanisms.

Prostaglandins

PGE, PGD 2 and PG12 all have properties which attenuate cell
mediated rejection. Numerous studies have shown attenuation of immune
responses. A common mechanism whereby prostaglandins may exert their
effect is by increasing intracellular cyclic adenosine monophosphate
(cAMP) and thereby lowering intracellular calcium.

One of the first descriptions of the use of eicosanoids in
transplant rejection was in 1972 by Quagliata et a137 who showed that
PGE treatment prolonged skin allograft survival i mice. This finding
was confirmed four years later by Anderson et al.i . Then the first
studies emerged suggesting the possibility of manipulating transplant
survival with polyunsaturated fatty acids 39 . These early experimental
studies were performed with skin all ografts which are different to
organ allografts in that the former requires growth of a capillary
network before the tissue is exposed to the blood elements of the host
whereas in organ allografts a large vascular bed of the foreign tissue
is perfused immediately. The first implication of eicosanoid
association with organ transplant rejection was published 15 years ago
and since than only a limited number of studies have been performed.

The first suggestion of a mechanism for the effect of
proaaglandins on the immune system was in 1971 when Franks et
al. showed that the PGE's increase cAMP in thymic lymphocytes
and thereby inhibit lymphocyte proliferation. This was confirmed
by other investigators. PG12 is more potent than PGE, but PGE 2
may be more relevan 1since the human macrophages produce much
more PGE than PG12  . Few studies have been carried out with
PGD 2, which is however synthesized by macrophages in substantial
amounts. 2further property of PGE2 is inhibition of lymphocyte
migrationt. The non-immune related effect, vasodilation may be
important in maintaining allograft function during rejection. The
platelet anti-aggregatory activity of these prostaglandins may
also become important during rejection, when platelets accumulge
in the organ. Prolongation of skin all raft survival by PGE1
has been extended to organ allografts . PGI2 reverses rejection
in kidney transplant patients. Further a PG1 2 analogue, iloprost,
exert2 a synergistic effect with CsA in a rat cardiac transplant
model .

Platelet Activating Factor

The implication of PAF in transplant rejection is a
recent discovery. The first association was found in hyperacute
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rejection in rabbits 45 . Hyperacute rejection is a
humoral-mediated event caused by preformed antibodies and
involves complement activation. Histologically, hyperacute
rejection is dominated by intravascular platelet aggregation.
This type of rejection is now rarely seen in patients receiving
organ transplants. Most patients experience acute cell mediated
rejection.

This hyperacute study was followed by experiments in
cell mediated rejection where a PAP antagonist (BN52021, Beaufour
Institute, Plessis-Robinson, France) acted synergistically with
CsA and azathioprine in prolonging cardiac allograft survival in
a rat transplant model of acute rejection 0 . PAP antagonists, L
652,731 (Merck, Sharp and Dohme, Rahway, New Jersey, USA), and RP
48740 (Rhone-Poulenc, France) also exerted synergistic effects
with a low dose of CsA, but not with azathioprine. The mechanisms
are unknown but likely to be similar to CsA due to the consistant
finding of a synergistic effect with this compound. These latter
experiments tend to confirm the conclusion that BN 52021 was
prolonging graft survival by blocking PAF expression.

Urinary i-TXB, as an Indicator of Rejection

The primary clinical thrust of our work has been directed
to the use of urinary immunoreactive T;Bg f jg jdicator of
renal and cardiac allograft rejection.0 T,l ' ', . Urinary
i-TXB2 ig In early indicator of rejection in renal transplant
patients ' . The false positive urine i-TXB2 values observed in
kidney transplant patients are due to gross hemquria, surgery,
deep vein thrombosis and myocardial infarction". Pneumonia and
urinary tract infection do not cause an increase in urine i-TXB2.

URINE I-TXB2 MAY INDICATE DEGREE OF IMMUNOSUPPRESSION IN
TRANSPLANT PATIENTS

The effect of imnunosuppressants on urine i-TXB2 of
kidney transplant patients was evaluated in a recent study by
following daily urine i-TXB2 values from the second
post-transplant day. Urinary i-TXB was determined in 23 kidney
transplant patients treated with either CsA and prednisone
(N-10), or with azathioprine and prednisone (N-15) or therapy
with all three drugs (triple therapy) (N-9). The patients were
all within 6 weeks following transplantation and were not
undergoing rejection. No difference was seen in urine i-TXB2
values between the group treated with azathioprine and prednisone
and the group treated with CsA and prednisone (fig 4). However
the patients receiving triple therapy exhibited a significantly
(p < 0.05) lower urine i-TXB2. The lower i-TXB 2 value was not
caused by corticosteroids since all three groups received the
same amount of corticosteroids. Furthermore in the triple therapy
group the doses of azathioprine and CsA were less than the doses
used in the groups receiving either azathiprine and prednisone or
CsA and prednisone.

The lower urine i-TXB2 of the patients on triple therapy
may reflect the degree of immunosupression and offer an objective
measurement of the state of immunosuppression in each individual
patient.

Studies in rats revealed that evg moderate doses of CsA
increase the excretion of urinary i-TXB2Ju. This is not the case
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in kidney transplant patients where steroids may be suppressing
the increased i-TXB2 excretion seen in in the rat.

CONCLUSION

The elective immunosuppression of transplant patients and
the side effects occuring from such a treatment relate to some of
the findings in trauma and burn patients. The experimental models
for transplantation have been used to explore The
imunomodulatory role of the lipid mediators in the rejection
process. These findings as well as in vitro data support theIsuggestions that prostaglandins which elevate cyclic AMP
attenuate rejection by inhibiting the immune response. In
contrast, TXA2 and the leukotrienes act as pro-rejection
compounds in promoting both mediator release and initiating
lymphocyte proliferation by increasing cytosolic calcium and
preventing an increase in cAMP. In addition these products have
vascular effects which are similar to rejection related events
such as edema and decreased blood flow to the allograft.

Several strategies may be used to decrease the immune response
of transplant recipients and thereby promote graft survival.
Firstly PGE 2, PGD & PGI 2 synthesis or expression may be
increased, secondly, TXA synthesis or expression may be
inhibited, thirdly, inhibition of leukotriene synthesis and
expression may also be inhibited. Finally, attenuation of
thromboxane and leukotrienes may be obtained with use of PAF
antagonists since PAF releases arachidonate. Our studies in both
experimental cardiac allograft models and renal and cardiac
transplant patients are in accord with this hypothesis.
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CHARACTERIZATION OF THE INDUCTION OF HUMAN
INTERLEUKIN 1 BY ENDOTOXINS

J-M. Cavaillon and N. Haeffner-Cavaillon
Unit6 d'lmmuno-Allergie, Institut Pasteur, 28 rue du Dr. Roux
75624 Paris Cedex 15, France. INSERM U28, Hopital Broussais
96 rue Didot, 75674 Paris Cedex 14, France

INTRODUCTION

Endotoxins isolated from Gram negative bacteria can induce profound
physiological modifications and trigger the immune system. Endotoxins are
lipopolysaccharides (LPS) which consist of a polysaccharide chain (PS) co-
valently linked to ahydrophobic moiety (Lipia A) via a 2-keto-3-deoxy-octonic
acid residue(s) (KDO). The classical endotoxic activities (e.g. local Shwart-
zman reaction, pyrogenicity, lethality...) as well as the immunological
effects of endotoxins (adjuvanticity, mitogenicity, polyclonal activation
of immunoglobulin secreting cells...) are mediated by the Lipid A (1,2).
However, it has also been shown that the polysaccharide moiety of some LPS
act as an adjuvant (3,4); protect mice against lethal irradiation (5,6);
induce the production of colony stimulating factors (5-8); induce a "trans-
fer tumor resistance" in serum of BCG-infected mice (9); and mediate B-cell
proliferation (10). LPS can also stimulate complex positive and negative
immunoregulatory circuits in which monocytes/macrophages play a central
role (10-14).

We have previously shown (15) that Bordetella pertussis endotoxin, as
well as its isolated polysaccharide chain (PS), induces a polyclonal acti-
vation of rabbit immunoglobulin-secreting cells and we have established that
such polyclonal activation was dependent upon the presence of macrophages.
We have also reported that the same endotoxin binds to rabbit macrophages
(16). The binding was saturable, specific, dose-dependent and reversible
on peritoneal macrophages, whereas only non-specific binding was detected
on rabbit alveolar macrophages. The specific binding was mediated by the
polysaccharide moiety. Extension of this work to human monocytes and mouse
macrophages using radiolabeled B. pertussis and Neisseria meningitidis LPS
led to similar conclusions (17,18). Since interleukin I (IL 1), originally
described in 1972 by Gery and Waksman (19) as Lymphocyte Activating Factor
(LAF), is involved in many of the activities mediated by endotoxin-stimulated
macrophages (20-22), we have investigated the interactions between LPS and
monocytes which lead to IL I release.

PARAMETERS OF INTERLEUKIN 1 INDUCTION BY ENDOTOXINS

The presence of IL I was assessed in the supernatants of human periphe-
ral blood mononuclear adherent cells which were purified, cultured and sti-
mulated with various LPS in the absence of serum. These conditions permit
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FIGURE 1. Dose-dependent effect of Neisseria meningitidis and Bordetella
pertussis endotoxins on the induction of IL 1 secretion by human monocytes.
Each experimental point represents the mean of values obtained from 10 to
22 differents donors f SE. A suspension of peripheral blood mononuclear cells
(0.5ml) containing 106 NSE4 cells/ml were led to adhere in 24 wells plastic
dishes in the absence of serum for 1 h at 370C. After washing, the adherent
cels were cultured in 0.5 ml RPNI for 24 h in the absence of serum, and in
the absence or in the presence of XL 1 inducers. Cell supernatants were har-
vested, centrifuged and tested for their capacity to induce C3H/BeJ thymocytes
proliferation in the presence of suboptimal doses of Con A ; 1:10 diluted
supernatants were added to 0.75 x 20 thymocytes, in the presence of 4% FCS,
5 x 10-5 M 2-mercaptoethanol and 0.075 ug Con A per well. The cultures were
maintained 72 h at 370 C and ( 3 H)-thymidine was added 7 h before the end of
the culture.

one to avoid the secretion of "spontaneous" or "constitutive" IL 1 which
has been reported by various authors (23,24). The IL I activity was detected
by the conventional co-mitogenic assay on C3H/HeJ mice thymocytes in the pre-
sence of suboptimal doses of concanavalin A (25). We noticed that the capaci-
ty of endotoxirs to induce IL 1 secretin by hmmmi mocytes was dependent upon the ori-
gin of the LPS. The most characteristic example can be observed when compa-
ring the dose-response relationship of IL I secretion induced by N. meningi-
tidis LPS and B. pertussis LPS (Figure 1). Similar observations were reported
by Newton (26) with different LPS. Furthemore, individual variations exist
in monocyte sensitivity to LPS depending upon the donors.

Maximal IL 1 secretion was detected in supernatants of adherent cells
maintained 12 to 24 h in culture in the presence of endotoxin (Figure 2).
However, the presence of lipopolysaccharide throughout the culture period
is not required since IL I activity was present in 24 h-supernatants when
LPS was removed after two hours of culture (Table 1). Human monocytes lose
their capacity to secrete IL I when maintained in culture more than 24 h
prior to LPS stimulation (Table 1). It was shown by several authors (27-29)
that the capacity of 24 h-cultured monocytes to secrete IL 1 upon further
LPS stimulation can be restored by the addition of interferon. Interferon
acts also by itself (30) or synergistically with LPS (31,32) in the induction
of IL 1 secretion by human monocytes and alveolar macrophages.
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FIGURE 2 .Kinetics of the induction of IL 1 secretion (extra-cellular IL 1
activity) and IL 1 synthesis (IL 1 activity in cell lysates) by human mono-
cytes stimulated by N. meningitidis LPS. Cells were cultured in the presence
of 1 ng to 12ug LPS from 6 to 24 h; after each period of time, supernatants
were harvested and 0.5 ml of fresh medium was added to the adherent cells
and the cultures were frozen; after freezing/thawing (3x), the supernatants
were collected and centrifuged. The supernatants were assayed for IL 1 acti-
vity as described in figure 1.

A dissociation between the production of cytoplasmic IL 1 and extracellular
release of IL 1 by murine macrophages and human monocytes has been reported
for various IL 1 inducers (24,33). In agreement with Newton's observations
(26), we report that low doses of N. meningitidis LPS (10- 100pg/assay),
which are unable to induce the release of IL 1, have the capacity to induce
the synthesis of cytoplasmic IL 1, as judged by the IL I activity found in

TABLE 1. Interleukin I activity in the supernatants of human
monocytes stimulated by LPS during different period of time

PRESENCE TIME OF IL 1 SECRETION INDUCED BY

SUPERNATANT N. meningitidis B. pertussis
OF LPS HARVESTING LPS (1 pg) LPS (10 Vg)

O- 2h 2 h 3015 ± 497 a 2038 ± 263

O- 2h 24 h 14953 ± 2306 19359 ± 1540

0-24h 24 h 13782 ± 1295 18899 ± 340

0-48h 48 h 14442 ± 1171 22330 ± 1425

24-48h 48 h 3023 ± 418 6262 ± 1536

a The results are expressed as the mean of triplicate cultures ± SD; the

background value (supernatants of unstimulated adherent cells)was 2421 + 999
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cell lysates (Figure 3). With high doses of LPS, the kinetics of appearance
of extracellular IL I and cell-lysate associated IL 1 are quite similar,
whereas with low doses of LPS, no IL I activity was detected in the cell
supernatant after 6 h of culture, but an IL 1 activity was already detec-
table in cell lysate (Figure 2). Additional information has been provided
by Bayne et al. (34) who showed that 93% of LPS-stimulated human monocytes
contain cytoplasmic IL 1, and by Matsushima et al. (35) who described that
the intracellular IL I was mainly associated with the cytosol. Because of
the tremendous sensitivity of the monocytes to LPS with respect to cytoplas-
mic associated IL 1 (IL I can be detected, depending upon the donors, in
cell lysates of cultured monocytes stimulated by 0.1 pg of LPS) , it should
be stressed that this assay is meaningless when used to assess the IL 1 in-
ducing capacity of natural components which may be contaminated by such low
LPS contaminations which areimpossible to detect by conventional assays.

INVOLVENT OF THE POLYSACCHARIDE MOIETY OF ENDOTOXIN IN IL 1 INDUCTION

As mentioned previously, we have shown that the polysaccharide (PS)
moiety of B. pertussis LPS was able to induce a macrophage-dependent poly-
clonal activation of immunoglobulin-secreting cells (15) and to mediate the
specific binding of lipopolysaccharide to mononuclear phagocyte plasma mem-
brane (16-18). As discussed in the introduction, IL I is thought to play a
role in the LPS-induoed polyclonal activation, therefore, we investigated
if the isolated PS was able to induce IL 1 secretion. Indeed, we were able
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to show that B. pertussis, as well as N. meninitidis PS had the capacity
to induce the release of IL 1 by human monocytes (36,37). In this context,
it is noteworthy to remember that isolated PS derived from LPS are involved
in various biological effects (3-10) including . adjuvantlcity; protection
against irradiation; B-cell proliferation and differentiation; and protec-
tion against tumors. These different activities correlate with the capacity
of the PS to induce IL I secretion, since it has been shown that interleu-
kin I is involved in adjuvanticity (38), radioprotection (39), participates
by itself, or synergistically with B-cell growth factors and B-cell differen-
tiation factors in the maturation and the activation of B-lymphocytes (40-
43) and is able to inhibit the growth of certain tumor cell lines (44-47).

In preliminary studies, we observed that the activity of isolated PS

was dependent upon the hydrolysis used to release it from endotoxin. Thus
PS isolated after hydrolysis of the LPS in acetate buffer (48) was active
(Table 2), whereas those obtained after hydrolysis in acetic acid (1%) or
mineral acid (HCl 0.25N) were devoid of IL 1-inducing capacity. The lack of
activity correlated with a difference in response to the thiobarbituric acid
assay. This assay detects the presence of the KDO molecule at the reducing
end of the polysaccharide. Neither synthetic KDO residues alone (49), nor
synthetic KDO residues substituted in position 5 (the position which is
substituted by a heptose residue in almost all LPS from Gram negative bac-
teria) by a methyl group or a benzyl group were able to induce IL 1 secre-

tion.

To further investigate the determinant (s) required for IL I induction,
we examined the role of the residues present at the reducing end of diffe-
rent LPS-derived polysaccharides. Accordingly, Dr. Martine Caroff (UA 1116,
CNRS, Institut de Biochimie, Orsay) isolated a fragment containing as the
terminal reducing sugar a KDO residue after hydrolysis of "deaminated" B.
pertussis endotoxin in acetate buffer (fragment B). After acidic methanoly-
sis, a second fragment was isolated containing as th reducing sugar the
methyl-ketoside-methylester-KDO residue (see schematic pathway on figure 4).
Fragment B was the only active fragment which induced in a dose dependent
fashion, a level of IL 1 secretion similar to that reached with the entire
PS, suggesting that the carboxyl group of the KDO residue was necessary for
the induction of IL 1. This hypothesis was corroborated by the fact that
after alkaline treatment of the fragment obtained after methanolysis [treat-
ment which restores the carboxyl group], the oligosaccharide obtained was

as active as the fragment B. Similar findings were obtained with a trisac-
charide (Hep-Hep-KDO) isolated from Salmonella minnesota Rdl LPS by Dr.

TABLE 2. IL I INDUCTION BY B. PERTUSSIS LPS AND ITS DERIVED
ENTIRE POLYSACCHARIDE MOIETY AND PENTASACCHARIDE

REFERRED TO AS FRAGMENT B

Experiment I Experiment II

Inducers cpm ± SD Inducers cpm ± SD

none 2691 ± 611 none 2110 ± 361

LPS 10 jig 16656 ± 1215 LPS 30 tig 19513 ± 2751

30ug 22047 ± 2828 PS 30ug 12848 ± 1394

PS lOug 6615 ± 1817 Fragment B 14762 ± 4264

30 jig 19715 ± 3482 30jg
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FIGURE 4. Schematic representation of the fragmentation of the B. pertussis
LPS. @ and ) symbols illustrate the capacity of the different fragments
to induce comparable level of IL 1 secretion to that obtained with the enti-
re polysaccharide, or the incapacity, respectively.

Helmut Brade (Forshungsinstitut Borstel, Germany)(49) and representative of
the inner core region of many enterobacterial LPS. Isolated Hep-Hep-KDO was
able to induce IL 1 secretion in a dose dependent fashion (Figure 5). When
the trisaccharide was treated with NaBH4 , the carbonyl-reduced trisaccharide
was inactive, indicating a conformational requirement in the KDO molecule.
Finally we reported that synthetic KDO disaccharides were able to induce IL I
secretion, confirming univocally that determinants present in KDO residues
are involved in IL I secretion induced by endotoxins.

CPM I"Wr
3 )

I 1 II 2
)Jg

LPS B.P 36

,I.

Hop-Hep-KDO 2,

FIGURE 5. Interleukin 1 secretion induced by the trisaccharide Hep-Hep-KDO
isolated from SalmoneZla minnesota Rdl mutant LPS.
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INABILITY OF ISOLATED B. PERTUSSIS AND N. MENINGITIDIS PURIFIED LIPID A

TO INDUCE INTERLEUKIN I SECRETION

To further investigate the determinants of the LPS molecule involved
in the induction of IL I secretion, we tested the capacity of isolated
Lipid A to stimulate the release of IL I by human monocytes. Classical pro-

cedures used to isolate and purify Lipid A lead to Lipid A preparations
which are heterogeneous(50) and contaminated with significant amounts (I-
5%) of native and variously degraded LPS, as assessed by thin layer chroma-

tography, gas liquid chromatography,rid SDS PAGE analysis (N. Haeffner-
Cavaillon, unpublished observations). Estimation of KDO by the thiobarbitu-
ric acid assay or estimation of neutral sugars by colorimetric methods are

not sensitive enough for assessing the purity of Lipid A preparations.
Escherichia coli F515, N. meningitidis, and B. pertussis Lipid A prepara-
tions containing trace amounts of LPS, induced IL I secretion (Caroff et al.
submitted). However, it should be noted that in the case of B. pertussis
Lipid A, the amount of LPS detected (1-2%) did not induce IL11 secretion
by itself. When homogeneous and purified B. pertussis Lipid A preparations
were obtained after hydrolysis in acetate sodium buffer (M Caroff et al.
manuscript in preparation), the Lipid A contained 2 glucosamine residues,
2 phosphate groups, and 5 fatty acids; a composition which is similar to
that reported for enterobacterial. derived Lipid A. When tested in biologi-
cal assays, this preparation was pyrogenic, mitogenic, and induced a Shwart-
zman reaction, but was unable to stimulate the release of significant amounts
of IL 1 by human monocytes, at doses up to 30 )19 (Figure 6). Similar results
were obtained with N. meningitidis Lipid A devoid of any LPS contamination.
One to 10 ng / assay of native N. meningitidis LPS induced significant levels
of IL I secretion, whereas 10 to 30 Pg / assay of pure Lipid A were inactive
or had low activity depending upon the donors.

When B. pertussis Lipid A preparations were isolated after hydrolysis
of LPS in 0.25 N. HCl, the preparations were heterogeneous and contained a

1 2 4 6 a 10 12 18

PURIFIED
LIPID A

LPS A AAA A A t A A A A a

FIGURE 6. Comparison of interleukin 1 secretion induced by 10 ug of native
BordetelZa pertussis LPS and 10 pg purified Lipid A. Each symbol represents
one individual donor among the 15 tested. The results are expressed as Sti-
mulation Index (S.I.) :

cpm in the presence of supernatants (1:10) from LPS or Lipid A
stimulated human adherent ceZls

S.I.=cpnm n the presence of supernatants from unsttmuiated adherent ces
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TABLE 3 PYROGENICITY (EP) AND CAPACITY TO INDUCE LYMPHOCYTE
ACTIVATING FACTOR (LAF) OF B. PERTUSSIS LPS AND
DIFFERENT LIPID A PREPARATIONS.

Lymphocyte
Preparations Pyrogenicity a Activating

Factor b

LPS EP ++ LAF ++

Crude Lipid A (acetate buffer) EP ++ LAF ++

Crude Lipid A (HC1, 0.25 N) EP ! LAF ++
Purified Lipid A (Acetate Buffer) EP ++ LAF -
Purified Lipid A (HCl, 0.25 N) EP ± LAF -

a pyrogenicity was measured by the standard procedure using New Zealand rab-

bits (49)
b LAF activity was measured by the standard co-mitogenic assay on C3H/HeJ

thymocytes. Human monocytes were stimulated with 20ig/ml of LPS and LipidA

glucosamine to phosphate group ratio of 2:1 (some fatty acids were also lost
during the hydrolysis). The Lipid A preparation containing trace amounts of
LPS was not pyrogenic but able to induce IL I secretion (Table 3)(M. Caroff
et al. submitted for publication). According to our results it can be propo-
sed that different determinants of the LPS molecule are involved in the in-
duction of ergerompyrogen and IL 1. Similar dissociation between the induc-
tion of LAF activity and pyrogenicity was reported with muramyl dipeptide
analogs (52). Recently it was demonstrated that IL 1, which was known as"endo-
genous pyrogen'(53-55) is not indeed the only mediator of fever, and that
other factors such as alpha interferon (56,57) and Tumor Necrosis Factor
(TNF)(58,59) which canbe induced by endotoxins, are also involved in fever
induction (60,61). Recently, it was reported by Loppnow et al. (62) that
synthetic E. coli Lipid A containing 6 fatty acids, two phosphate groups and
two glucosamine residues, was able to induce similar levels of IL 1 to those
obtained with S. minnesota Re mutants, whereas synthetic Lipid A containing
4 fatty acids instead of 6 was a very weak IL I inducer. Thus the amount of
fatty acids within the Lipid A might influence its activity. Moreover, it
was reported that the 4'-dephosphorylated synthetic Lipid A was 10 times
more active than the di-phosphorylated compound (62). Considering all the
results, it can be proposed that the capacity to induce IL 1 secretion by
isolated Lipid A depends upon the presence of different substituents on the
/3-D-glucosaminyl-(1-6)o -D-lucosamine disaccharide, and that the Lipid A
moiety may not be equally involved in native LPS from various origins.

INHIBITION OF LPS-INDUCED INTERLEUKIN 1 SECRETION BY POLYMYXIN B

Polymyxin B (PMB) has been widely used to demonstrate the role of Lipid A
in many biological assays. Since the lack of IL 1 inducing capacity of iso-
lated Lipid A may be due to the loss of a component present in the native
endotoxin during the hydrolysis procedure of the LPS, we further investigated
the role of Lipid A in the induction of IL I secretion by studying the effect
of PMB on native LPS-induced IL I secretion (63). Among the different LPS
tested, PMB could only inhibit IL I induction by E. coli LPS and Acinetobac-
ter calcoaceticus LPS, indicating that for these two endotoxins, the Lipid A
moiety may play a role in IL I induction. For several other LPS (N. menin-
gitidis, Salmonella enteritidis. S. friedenau)(100 ng/assay),PMB (2 pg/assay)
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had no inhibitory activity. PMB had only an inhibitory effect when the N.
meninaitidis was used at low concentrations (PMB ratio to LPS 1000:1). Fur-
thermore, at a concentration of 10 )/assay PMB acted synergistically with
all LPS and at higher doses, PNB itself , probably due to its toxicity, in-

* duced IL I release (63). Since polymyxin B is known to react with Lipid A
(64), these results in conjunction with those obtained with isolated Lipid A
indicate that the involvement of the Lipid A moiety is dependent upon the
origin of the endotoxins. It is noteworthy that Apte et al. (65) showed that
PMB did not inhibit all LPS-induced biological activities.

ENHANCING EFFECT OF SERUM

As mentioned previously, we purified, cultured,and stimulated monocytes
in culture medium without serum to avoid the so-called spontaneous release
of IL 1. Since we have shown that the specific binding of radiolabeled LPS
to human monocytes required, (or was increased by) the presence of serum com-
ponent(s)(17), we investigated whether serum could also amplify IL I induc-
tion by LPS. A potentiating effect was observed with low concentrations of
serum from different origins (37). It is noteworthy that an enhancing effect
of serum has been reported for a wide variety of biological activities indu-
ced by LPS (66-68). The addition of very low amounts (0.1%) of human autolo-
gous serum which had no significant influence on the background values, led
to the secretion of IL I when added at doses of LPS which by themselves were
unable to induce the secretion of IL I (Figure 7). According to the kinetic
data , the synergistic effect did not require the simultaneous presence of
LPS and serum since sequential addition of serum and LPS led to IL I secre-
tion similar to that of simultaneous addition (37). Recently, it was repor-
ted by Matsushima et al. (35) that plasminogen is involved in the synergis-
tic effect of serum on LPS-induced IL 1. When tested in LPS specific binding
experiments, plasminogen can not be substituted for complete serum (J-M.
Cavaillon, unpublished observation). Thus, plasminogen seems to be involved
in the regulation of the release of IL I rather than in mechanisms related
to the triggering signal mediated by the specific binding of LPS to mono-
cytes.

N.MENINGITI aS 10 20 30 cpm x
LPS

ii............................. . . . . . . . . . . . . . . . . . . . . . . . .

10 ng 1 1. ................ ................. ................100 ..........g.

1 pg , i[iii~ iiii~

J ---- JR@M I ----I----------O-O-

* .........

FIGURE 7. Enhancing eflfect of 0.1% human serum, on interleukin 1 secretion
induced by increasing amounts of i . meningitidi PS (- and...represent

the background values of aUpernatants frtom cultured monocytes without LIPS
c nd in thp e of 0.1 respectively).
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FIGURE 8 . Inhibition of the N. meningitidis LPS specific binding (O.2 g
[3H]-LPS) to human monocytes by gangliosides (5;g), ceramide (5pg), and
N. acetyl neuraminic acid (5;g); and inhibiton of the N. meningitidis LPS
(long) -induced IL 1 secretion by gangliosides (1ug), ceramide (lug) and
N. acetyl neuraminic acid (3pg). The presented data are the mean of the
results obtained ,vith 3 to 7 different donors.

INHIBITION OF LPS-INDUCED INTERLEUKIN 1 SECRETION BY GANGLIOSIDES

Gangliosides which are glycosphingolipids present in the membranes of
most eukaryotic cells, are potent immunosuppressors(69-72). They have been
shown to inhibit some of the LPS-induced activation of the immune system
(73,74).We have investigated the capacity of such glycosphingolipids to
inhibit LPS-induced interleukin 1 release (75). Crude preparations, as well
as purified individual mono, di and trisialogangliosides (GM1, GD1a and
GT1b respectively) were able to abbrogate the secretion of IL 1 induced by
LPS as well as the synthesis of intracellular IL 1. Interleukin I induction
by other inducers, such as MDP and C3a, was unaffected by the addition of
gangliosides. Ceramide, the lipid moiety of gangliosides, failed to inhibit
the IL 1 release induced by LPS. Similar lack of inhibition was obtained
,.ith an asialoganglioside (asialo-GM1), suggesting a crucial role of N.
acetyl neuraminic acid within the ganglioside molecule. Parallel results
were obtained when studying the ability of gangliosides to inhibit the spe-
cific binding of LPS to human monocytes (Figure 8). Altogether, these re-
sults demonstrate that the specific binding of LPS via its polysaccharide
moiety, is the prerequisite event in the signal provided by endotoxins for
the synthesis of interleukin I by human monocytes.

CONCLUSIONS

According to our data, we conclude that at least for B. pertussis ,nd
N. meningitidis endotoxins, the initial event for IL 1 secretion by human
monocytes is a binding of specific determinants in the inner core region of
the endotoxin molecule to a lectin-like receptor present on the monocytes
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plasma membrane. This interaction of LPS with monocytes may be inhibited by
gangliosides, leading to an inhibition of IL I synthesis; this demonstrates
the causual relationship between the specific binding to the monocytes recep-
tor ard the induction of IL 1 secretion. A similar correlation between LPS
binding and an LPS-induced function has been reported by Akagawa and Tokunaga
(76), studying the capacity of mouse macrophages, activated by LPS, to kill
tumor cells. These authors observed the failure of LPS to activate alveolar
macrophages , results which correlate with the lack or very low expression
of LPS-binding sites. This observation is consistent with our report demons-
trating a lack of specific binding of LPS to rabbit alveolar macrophages (16).
Interestingly, treatment of murine cells by interferon (IFN) led to a LPS-indu-
cible cytotoxicity and to the expression of LPS receptors. Since it was re-
ported by Eden and Turino ((32) that IFN allowed the IL I secretion by human
alveolar macrophages stimulated by LPS, and by Wewers et al. (77) that normal
human alveolar macrophages do not secrete IL 1 when stimulated by LPS, it
can be proposed that as for mouse (76) and rabbit (16) alveolar macrophages,
human alveolar macropnages do not express LPS receptors in the normal state.
Regulation of expression of LPS-receptors by IFN will be of physiological
relevance since infectious diseases may generate IFN (78).

Induction of IL 1 secretion was promoted by the B. pertussis pentasaccha-
ride containing at the reducing end a KDO residue with a free carboxyl group,
and by the Salmonella minnesota trisaccharide Hep-Hep-KDO at doses of 10 jig/
assay. The involvement of the inner core region among different endotoxins
in IL I induction is not astonishing since only 2 regions of LPS have been
highly conserved during evolution : the Lipid A and the inner core region.
The inner core region constitutes a domain of very limited structural diver-
sity, consisting of neutral sugars mainly heptose residues, and KDO residues.
There are no natural LPS, nor mutants devoid of KDO molecule(s), and it
should be noted that KDO molecules are negatively charged. They may, there-
fore, be the first determinants involved in ionic bridges, which are a fea-
ture of ligand-receptor interactions. The surrounding residues may promote
attachment due to hydrophobic interactions. Isolated Lipid A from B. pertus-
sis and N. meningitidis LPS were impotent IL I inducers, and polymyxin B,
known to inhibit Lipid A-mediated activities, did not or weakly inhibited ILl
secretion induced by native B. pertussis and N. meningitidis LPSs. However,
synthetic E. coli Lipid A was able to induce IL I secretion (62). The IL I
induction was dependent upon the amount of fatty acids and phosphate in syn-
thetic Lipid A. Interestingly, we observed that PMB inhibited completely IL I
secretion induced by E. coli LPS. Therefore, according to our results and
those reported by others, we suggest that the Lipid A region is not the only
active principle for IL I induction by all endotoxins, and that both moieties
of the endotoxin are required to induce IL 1, the PS mediating the specific
binding to the receptor, the Lipid A enhancing the attachment. It can be
also proposed that Lipid A is required to obtain a more adequate conformation
of the residues present in the inner core region involved in the induction of
IL 1. Finally, the exact structure of LPS capable of inducing IL 1 secretion
may be different from the native LPS added to the culture, since it has been
reported that LPS may be processed by macrophage enzymes leading to a more
active molecule (79,80).
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V. Santena 5bis 10126 Torino, Italy
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Introduction

Earlier consideration of the endothelium has tended to picture it as

a passive cells between the blood and the interstitium. There is now a
growing awareness that vessel walls participate actively in the

development of the immune and inflammatory response by a two-way

interaction between endothelial cells (EC) and immunocompetent cells. In

the presence of cell-mediated immune response, vasodilation and
proliferation of capillary EC has been documented (1) as well as

leukocyte adhesion to and passage through endothelial linings in order to
localize at inflammatory sites (2). It is therefore of interest to

establish which molecules and pathways are involved in this cell-to-cell
interaction.
The mediators produced by the immunocompetent cells and involved in this

system of comunication are the autocoid substances (prostaglandins,
leukotrienes, acetylated alkyl phosphoglycerides, oxygen species) and
the classical lymphokines (Table 1).

Table 1. Products of immunocompetent cells acting on EC.

AUTOCOIDS LYMPHOKINES

-Prostaglandins -Interferon a
-Leukotrienes -Interferon y

-Acetylated alkyl ether -Interleukin-1
-Tumor necrosis factor

OTHERS -Others not well identified

-Antibodies

-Reactive oxygen species

-Proteases

409

_ _ _ _ -



Autocoids modulate rapidly and for limited periods of time the vascular

responses and the migration of leukocytes, and they act either on EC or
leukocytes themselves (2-6). Lymphokines are also potent ictivator of the

vascular cells (proliferation, migration, production of colony
stimulating factors) (7-10). Their effects are slow, and persist for

longer periods of time. Furthermore, EC are involved in the host defense
as cells able to present the antigen to T lymphocyte in Ia (class II
major histocompatibility complex antigen)-restricted manner (11).

Interferonyinduces the expression of Ia antigens on the surface of EC
(12), thus permitting BC to present the antigen to T cells, perhaps
serving to recruit antigen specific-T cells at the site of developing

immune response.
It has been recently show that interleukin-1 (IL-1), a pleiotropic

multifunctional mediator produced by activated monocytes/macrophages
(13-14), is produced by (15-16) and active on EC (17-27). As summarized
in Table 2, IL-1 induces a wide range of biological activities on EC.
Firstly, IL-1 changes the non -thrombogenic surface of BC into an
actively thrombogenic by inducing the synthesis of a tissue factor-like
procoagulant (17-18) and of a inhibitor of the plasminogen activator
(22), and by inhibithing the protein C anticoagulant pathway
(20).Secondly, IL-I induces EC adhesiveness (18,21,23,26) for blood
leukocytes: this effect is partially related to a de novo synthesis of

the procoagulant-like activity (18) and of a protein recognized by a
monoclonal antibody raised against cultured EC prestimulated by IL-I
(21). Thirdly, this lymphokine induces the synthesis of two autocoids,
namely prostacyclin (PGI2) (27) and platelet-activating factor (PAF)
(19), that both act on EC by an autocrine mechanism (4,28).

Table 2. Activities of IL-I on EC.

PRODUCTION OF:

-Tissue procoagulant activity (Bevilacqus et al.,1984)
-Plasminogen activator inhibitor (Nachman et al.,1986)

-Platelet activating factor (Bussolino et al., 1986)
-PGI2  (Rossi et al.,1985)
-PGE2  (Albrightson et al.,1985)
-von Willebrand factor (Shorer et al.,1985)

INHIBITION OF:

-Protein C anticoagulant pathway (Nawroth et al.,1986)

CHANGE IN:

-Shape (Montesano et al.,1985)
-Matrix composition (Montesano et al.,1985)

INCREASE IN ADHESION OF:

-Neutrophils, monocytes,HL60 and

U937 cell lines (Bevilacqua et al.,1986)

-T lymphocytes (Cavender et al.,1986)
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These EC activities my play an important role in the vascular regulation
of thrombus formation, vascular tone and cell interaction with the vessel
wall.
Here, we summarize the regulation of the production of PAF, an acetylated
alkyl phosphoglycerides involved in the cell-to-cell interaction (29-31),

by molecules with IL-I activity.

IL-1 induces EC production of PAF (19)

Crude and purified IL-i from stimulated monocytes promotes PAF
production in a dose-dependent manner (1-50 U/ml). Other lymphokines
(interferons, IL 2) are inactive; endotoxin, at the concentrations that

could contaminate IL-I preparations, has no effect. Similarly to the
other activities mediated by IL-i (13-14), PAF synthesis requires a long
interaction with the cells ( 2 hours), lasts the same time (up to 18
hours) and is blocked by protein synthesis inhibitor. In contrast, other

stimuli (A23187, angiotensin II, vasopressin, antibodies-anti factor
VIII, ATP, histamine, thrombin, bradykinin) induce a rapid PAF

production, their effects last only for a few minutes and they do not
require protein synthesis to be active (32-33). Leukotrienes C4 and D4
also induce a prolonged accumulation of PAF persisting up to 2 hours

(34). The different time course in PAF production related to the
different stimuli, suggests a more complex regulation of PAF metabolic
pathways and/or differences in the transmembrane signals coupling the
action of the stimulus with the synthesis of PAF. Most of the PAF
produced (7-10 ng/ 5xlO 5 cells) remains associated to the cells and only
25% is released in the culture medium.

Modulation of EC PAF production by different molecular species of IL-1

(35)

We tested the ability of five IL-1 preparations, all active in the

thymocyte costimulator assay, in inducing PAF and PGI2 production from
EC: human natural IL-1 obtained from Staphylococcus albus-stimulated
human monocytes and purified by affinity chromatography (Genzyme); "22 K
factor", a pure preparation from mitogen-stimulated human mononuclear

cells showing extensive homology with the derived aminoacid IL-1B
sequence; murine recombinant IL-1 Q, having a high homology to the humana

species (murine IL-1 a) (a gift of Dr. LoMedico); human recombinant IL-1B
;human recombinat IL-i Q(a gift of Dr. Gillis).

Human natural IL 1, that contains equal amounts of the different species
( mor pI 5 and Bor pI 7) of IL-1, elicits PAF and PGI2 production. In
contrast, when sand BIL-1 molecules are examined, different responses are
elicited by the two molecular species. Murine IL-1 cinduces the synthesis

of PAF, but is inactive in inducing PGI2 production. However, in contrast

to the murine capecies, human mIL-1 promotes PAF and PGI2 generation.
IL-i Bpreparations (22 K factor and humanrecombinant IL-i) elicit PGI2
production, but are unable to activate PAF synthesis.
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The different response of EC to Vand BIL-1 species for PAF production, is
the first evidence of a functional dissociation between these two IL-1
forms, and suggests that a slight difference in the molecular structure
might greatly affect functional properties.

IL-1 activates 1-O-alkyl-2-yso-GPC: acetyl CoA acetyltransferase

(19.36)

Two specific enzymatic reactions have been documented to be involved
in PAF biosynthesis. 1-0-alkyl-2-yso-GPC: acetyl CoA acetyltransferase
(acetyltransferase) catalyzes acetylation of inactive lyso-PAF into the
bioactive PAF, whereas 1-O-alkylacetylglycerol: CDP-choline
cholinephosphotransferase (cholinephosphotransferase) transfers the
phosphobase to 1-0-alkylacetylglycerol (30).
In EC stimulated by A23187, Camussi et al. (32) suggested the importance
of an acetylation process in the synthesis of PAF as inferred from the
incorporation of labeled acetate into PAF molecule. Acetyl CoA, a
substrate for the acetyltransferase, amplifies the response induced by
IL-1 confirming the importance of the acetylation step.
The basal activity of acetyltransferase in resting EC is 3.68 nmol/min/mg
protein and the Km for acetyl CoA is 92 M. After IL-1 stimulation the
activity of the enzyme is increased severalfold in a transient and
time-dependent fashion similar to that of PAF production. The Vmax of the
acetyltransferase is about 3-5 times the Vmax of unstimulated cells,
whereas the Km is not affected. Similarly, Ninio et al. (37) showed that
A23187 stimulation of PAF production in rat peritoneal cells is
accompanied by a rapid increase in the Vmax of the acetyltransferase with
no change in the Km. Furthermore, a mononuclear cell factor, probably
related to IL-1 enhances the V max of cyclooxygenase in stimulated
fibroblasts producing PGE2, without affecting the Km of the enzyme (38).
Other authors have shown that acetyltransferase activity might be
enhanced by reversible stimulation of the enzyme by a phosphorylation /
dephosphorylation process (39), and that cAMP-dependent protein kinase

increases the Vmax of the enzyme (40).
At present, further data are required to elucidate the mechanism of IL-1

-mediated stimulation of acetyltransferase and either activation of the
enzyme or de novo synthesis can be suggested.
The cholinephosphotransferase is present in EC (1.7 nmol/min/mg protein),
but its activity is not increased after IL-I challenge.

IL-1 induces PAF synthesis by a deacylation/reacetylation process (36)

IL-1 causes the incorporation of [3H]acetate into the PAF molecule
that parallels with the time course of acetyltransferase activation,

suggesting that EC incorporate the exogenous precursor into the PAF as
shown in other cell types (30). When EC are preincubated with [3H
lyso-PAF, they incorporate the precursor into PAF molecule.
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In non-stimulated EC a greater amount of [ 3H]lyso-PAF is acylated to 1--[ 3 H]
alkyl-2-acyl-GPC, in a time dependent manner (plateau after 2 hours
labeling). IL-1 induces PAF production that parallels with the fall of

l-0-011alkyl-2-acyl-PC, while[N]lyso-PAF is not directly transformed

into[ H ]PAF. These experiments suggest that PAF is produced by a

deacylation of l-0-alkyl-2-acyl-GPC into lyso-PAF, which is then

acetylated by the acetyltransferase.

1-0- [3 H ] alkylacetylglycerol, the substrate of the

cholinephosphotransferase is not significantly incorporated in PAF

molecule.
After 12-18 hours, the generated PAF is catabolized. In experiments

performed with labeled precursors, this event correlates with an increase

of l-0-alkyl-2-acyl-GPC. It is still not possible to decide whether PAF
is inactivated by a .direct transacylation or whether lyso-PAF is an

essential intermediate in PAF catabolism (30).

IL-I induces transient intracellular calcium mobilization (41)

The model of IL-1 as a calcium ionophore agrees with most of the
evidence presently available and provides for a probable mechanism of

action. Indirect evidence derives from the fact that many of the
biological activities of IL-1 are mimicked by the calcium ionophore

A23187: prostaglandin production in different tissues, neutrophil

degranulation, T-cell mitogenesis. Moreover, calcium channel blockers
inhibit the fever due to IL-1 (13-14). This lymphokine activates
phospholipase A2. a calcium-dependent enzyme, in rabbit chondrocytes, so

eliciting arachidonic acid release from intracellular stores and its

conversion to PGE2 (42).
Recently, we have observed that IL-1 induces a clearcut, dose-dependent

Ca++ influx in quin-2 loaded EC. Murine and human arecombinant IL-1
showed a more powerful effect than 8 recombinant IL-I . With Ca++
labeling studies we obtained a dose-dependent Ca++ efflux elicited bya

and BIL-1; the major efficacy of IL-I a was confirmed. Differing from
other agonists inducing Ca++ influx in EC, such as thrombin and
arachidonic acid (41), IL-i evokes a prolonged (20-30 minutes) rise of

intracellular Ca++ levels.

A hypothesis

The model presented in figure 1 outlines possible pathways for

IL-i-mediated PAF production in EC. IL-I interacts with a binding site on

EC surface (43) inducing a rise in Ca++ in the cytosol. It is possible

that IL-i activates the protein kinase C, as suggested by the study of
Levine and Xiao (44) showing a synergic effect between IL-1 and

activators of protein kinase C. Furthermore, IL-I is able to
phosphorylate a 41 K protein in K562 cell line (45). The increased Ca++
in the cytosol and the possibly activated protein kinase C are

intracellular signals for de novo synthesis of the acetyltransferase or
of a kinase that activates this enzyme. IL-1 could activate a
phospholipase A2 or increase its cellular concentration, which deacylates

1-0-alkyl-2-acyl-PC to lyso-PAF (30).
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acetyl CoA PA acetyl COA

PAF

Figure 1. Hypothesis on the mechanisms inducing kF production

from EC after IL-1 activation. PLA2= phospholipase A2.

Implications of IL-i-induced PAF production from EC

The biological role of IL-i mediated EC production of PAF remains to

be characterized. The range of biologically active PAF concentrations is

very close to those reached in EC after IL-1 challenge. Most PAF produced

is cell-bound, but can be extracted from the cells. Unfortunately, proof

is not given that PAF associated to EC is exposed in outer membrane, as

hypothyzed by McIntyre et al.(33). However, PAF associated to EC could

modulate the adhesion of blood circulating cells. IL-1 has been shown to

promote the adhesion of neutrophils to EC (18,21). This effect is only

partially mediated by the generation of procoagulant like activity or of

a protein recognized by a specific monoclonal antibody, that partially

inhibits the adhesion induced by IL-1 (21). Our preliminary experiments

shown that neutrophils preincubated with PAF-specific antagonists or

desensitized to PAF itself, adhere to IL-1 treated EC to a lesser extent

than non-treated neutrophils. This suggests that PAF can partially

mediate the adhesion of neutrophils caused by IL-1.

Furthermore, PAF released from IL-i-stimulated EC is rapidly inactivated

by binding to target cells and humoral inhibitors, suggestingits action

only in the microvascular network. This released PAF can activate

platelets, neutrophils and monocytes at the site of

immunologically-mediated processes, or act through an autocrine mechanism

on EC influencing the vascular permeability.
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r INTERLEUKIN-1 STIMULATION OF VASCULAR ENDOTHELIAL CELL
ADHESIVENESS FOR LEUCOCYTES: IN VITRO AND IN VIVO STUDIES

C. J. Dunn, W. E. Fleming, R. G. Schaub, A. o. Gibbons,
J.W. Paslav and D. E. Tracey
Department of Hypersensitivity Diseases Research and
Department of Atherosclerosis and Thrombosis
The Upjohn Company, Kalamazoo, MI 49001, U.S.A.

INTRODUCTION

Under normal conditions, circulating leukocytes adhere to the vascular
bed through a reversible adhesive interaction with endothelial cells (ECs).1

However, a dramatic increase in leukocyte adherence is observed following
tissue injury which is restricted to vessgls in the affected area.2 During
the early stages neutrophils predominate. Although this is a fundamental
aspect of inflammation, little is known of the actual mechanisms which
initiate leukocyte adhesion. It has been known for some time that divalent
cations are essential and removl of cell surface sialic acid residues
augments EC-leukocyte adhesion. 1,3 Development of EC culture techniques has
permitted more extensive studies on the adhesive interactions between these
cells. Recent observ~tions suggest a role for altered fibronectin,

4

chemotactic factors9b, and arachidonic acid metabolites,',8 indicating the
polymorphonuclear leukocyte (PMN) as the target cill. Enhanced EC-PMN
adhesion following preincubation of ECs with C'5a , or C'5a desarg,

9

suggested that these cells could be stimulated to begome hyperadhesive for
PMNs, although these observations are controversial. Leukotriene B4 (LtB4)
has been shown to initiate adhesion of human PMNs to bovine ECs immediately
after contact with endothelium in vltrg, although the adhesiveness of PMNs
was also directly affected by LtB4 ."u

In this communication we provide evidence that interleukin (IL-1) acts
as an endogenous mediator of leukocyte adhesion to vessel walls via a
selective effect on cultured endothelium which is independent of leukocyte
stimulation. In addition to these in vitro findings IL-1 was also shown to
stimulate vascular-leukocyte interactions in vivo indicating a potential
role for this cytokine in thrombotic and inflTaatory diseases.

MATERIALS AND METHODS

Cell Culture, Separation and Labeling

Endothelial cell,(ECs) were cultured from human umbilical veins as
previously described." * ECs were grown to confluency and subcultured at
370C in RPMI 1640 culture medium (KC Biological, Kansas) containing 20%
fetal bovine serum (Sterile Systems Inc., Logan, Utah), Int4 glutamine, 10
ug/ml streptomycin and 2.5 ug/ml fungizone (Gibco, Grand Island, New York)
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in 24-well tissue culture plates (Falcon, no. 3008). After 3-4 days the sub-
confluent EC monolayers were used for adhesion studies. ECs were not used
beyond the third subculture passage. The purity of EC culture was confirmed
by morphology and anti-factor VIII antigen fluorescent staining as previously
described.l1

A human fibroblast cell line (from the American Type Culture collection,
- CRL 1445 Rockville, MD) was cultured under the same conditions and used for
adhesion assays where appropriate.

Human PMNs were isolated by centrifugation of citrated human blood
(300xg, 40C for 20 min). Platelet poor plasma (PPP) was obtained by centri-
fugation of plasma at 2,500 x g for 15 min. The erythrocyte-leukocyte
suspension was made up to 50 ml with 2.5% gelatin in sterile saline and
allowed to settle for 30 min (370C). The cells were centrifuged for 15 min
at 250 x g (room temperature) and resuspended in 4 ml saline. Erythrocytes
0 reremovgd by hypotonic lysis and the remaining leukocytes resuspended in
P (2x10 cells/ml). This preparation yielded > 90% PMNs, of which the

remaining cells were monocytes.

The human mononuclear cell line, U-937 (ATCC-CRL 1593) was maintained in
culture medium for use in adhesion assays. Human peripheral blood lympho-
cytes (PBLs) were separated a;Vording to prey ioUy ly described techniques.i3

Leukocytes were labeled with OLCr as described.'%q Cell viability was > 90%.

Endothelial Cell-Leukocyte Adhesion in vitro

51Cr-labeled leukocytes were added to EC cultures at a final concentra-
tion of 2 x 106 leukocytes/ml. After incubation at 370C (30 min for PMNs;
60 min for U-937 cells; 120 min for PBLs) non-adherent leukocytes were
removed by gentle washing. The remaining adherent leukocytes were removed
by trypsin-EDTA treatment and their radioactivity determined using a gamma
counter. Leukocyte adhesion was expressed as the percent labeled leuko-
cytes remaining after adhesion relative to the total labeled leukocytes
added.

Highly purified human monocyte-derived interleukin-1 (IL-1) was prepared
by C.A. Dinarello (Tufts Univ.) and human recombinant IL-1 and IL-1B were
obtained from Genzyme Corp., Boston, Mass., in phosphate buffered saline, pH
7.4, containing 0.5% bovine serum albumin, and diluted in culture medium as
required. The gctivity of IL-I was established in the mouse thymocyte proli-
feration assayl  and expressed as half maximal thymocyte stimulation unit s
(U). IL-I was endotoxin-free as assessed by the Limulus amebocyte assay.

Freshly washed subconfluent EC cultures were incubated with IL-1 for
varying time giriods at 370C. Excess IL-1 was removed by washing in culture
medium (x3), Crlabeled leukocytes added and adhesion assessed. In some
experiments, ECs were preincubated with IL-1 for 5-60 min, washed, incubated
in culture medium for varying periods of time, washed again and tested for
leukocyte adherence.

Similar experiments were performed with lipopolysaccharide (LPS- E. Coli
derived, 0.55:85 phenol extract, Sigma). The direct effects of IL-1 and
on EC-leukocyte adhesion were determined by co-incubation of either substance
with ECs and PMNs or U-937 cells for 30 min or 60 min, respectively. U-937
cells were also prei-ncubated with IL-1 or LP3"for 3.5 hr, washed and tested
for adhesion to untreated ECs. Serum was omitted from all LPS experiments to
avoid the non-specific effects of LPS-activated serum proteins.

Phytohemagglutinin (PHA) and phorbol myristate acetate (PMA) were
obtained from Sigma and also tested for stimulation of EC-PMN adhesion.
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Actinomycln 0 and cycloheximide (Sigma) were added to EC cultures in the
absence and presence of IL-I or LPS for 3.5 hr. Cultures were washed (x3)
and leukocytes added to assess adhesion.

All experiments were carried out twice with 6 wells per group.

Stimulation Of Vascular-Leukocyte Interactions By IL-I In Vivo

Adult male New Zealand White rabbits (4.5-5 kg) were anesthetized with
Nembutal (30 mg/kg iv). The neck was shaved and prepared for a sterile cut-
down procedure. Both jugular veins were carefully exposed to avoid unneces-
sary trauma or occlusion. Ethylene vinyl acetate (EVA) disks containing
either BSA (250 mg/disk) or human interleukin 1 (Genzyme, Boston, MA 50
U/disk) were prepared according to previously described techniques,l7 care-
fully positioned around each vein and sutured in place with 4.0 Dexon. Each
EVA disk was positioned to avoid obstruction of blood flow. The incisions
were closed and the animals recovered and were maintained for 24 hours in
individual holding cages. After 24 hours, the rabbits were anti-coagulated
with heparin (3000 Units iv) and overdosed with intravenous Nembutal. The
chest was opened and an 18 gauge needle was positioned into the left ven-
tricle for whole body perfusion at 90-110 mmHg pressure. Perfusion fluid was
removed from an incision in the right ventricle. Two liters of Tyrode's
buffer (pH 7.4) was followed by 1 liter of 1% glutaraldehyde/4% formaldehyde
fixative prepared in Tyrode's buffer. Each jugular vein was dissected,
removed, and further processed for microscopic analysis.

RESULTS

Stimulation of EC-Leukocyte Adhesion In Vitro

Incubation of ECs with IL-1 for 3.5 hr. resulted in increased EC
adhesiveness for PMN leukocytes compared with basal adhesion exhibited by
untreated ECs (Table 1). The effect wos dose related, maximal adhesion
(+89%) being observed around 2.5 x 10-1 U/ml IL-I. Minimal effective doses
occurred between 2.5 x 10-4 - 2.5 x 10-5 U/ml IL-I. Similar results were
found with LPS, peak activity (+53.6%) occurring between 10-100 ng/ml (Table
1).

Table 1. Dose-related augmentation of PMN adhesion to endothelial cells
pretreated with IL-1 or LPS.

PMN adhesion % change
Group (tsem) PMN adhesion
Control 26.7 (0.65) --

2.5x10 1  50.6 (±1.11) + 89.5 *
2.5x10"2  42.3 (±1.77 + 58.4 *

IL-I (U/ml) 2.5x10-3  37.0 (±0.92) + 38.6 *
2.5x10-4  37.1 (±0.78) + 39.0 *
2.5x10 -5  32.0 (±0.74) + 19.9

Control 23.3 ±0.54) --
100 36.8 ±0.81) + 53.6 *
10 35.3 ±0.92 + 51.5 *

LPS (ng/ml) 1 32.1 ±0.95) + 37.8 *
1x10 -1  26.2 ±0.47) + 12.4
lx10"2  25.5 (±0.44) + 9.4
1x10-3  22.3 ±0.40 - 4.3

• P<O.001 treated cultures compared with untreated

controls.
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PMN adherence to fibroblasts (13.9% ± 0.44) was not increased by either IL-I
(1-10 U/ml) or LPS (1-100 ng/ml) pretreatment, indicating specificity for
ECs.

Supernatants transferred from IL-1 or LPS-treated ECs did not stimulate
adherence of leukocytes to fresh untreated EC cultures.

Treatment of ECs with IL-1 or LPS for various time periods revealed the
requirement for a minimum of 1-2 hr following treatment with these stimuli
for expression of hyperadhesiveness. EC-PMN adhesion increased progres-
sively as the preincubation time was extended (up to 3.5 hr).

Variation of the "exposure time" of ECs to IL-1 or LPS stimulus showed
that periods as short as 5 min were sufficient for enhanced EC-PMN adhesion
provided at least 2 hr was allowed to elapse between removal of stimulus and
addition of PMNs. Maximal activity occurred when ECs were exposed to IL-1 or
LPS for 30-60 min followed by a 2 hr incubation period.

PMN adhesion to IL-1 stimulated ECs diminished to basal levels 24 hr
after treatment. However, an additional IL-1 treatment at this time resulted
in augmented EC-PMN adhesion resembling that following initial IL-1
stimulation (fig. 1).
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Figure 1. The effects of re-exposure of ECs to IL-I on EC-PMN
adhesion 24 hr following initial stimulation (IL-I 10 U/ml).

Pretreatment of ECs with actinomycin D (5 ug/ml) or cycloheximide (5
pg/ml) completely blocked IL-1 and LPS-stimulated EC-PMN adhesion, whereas
unstimulated basal adhesion was unaffected (fig. 2).

Adhesion of U-937 cells to ECs pretreated with IL-i (10 U/ml) or LPS (100
ng/ml) for 3.5 hr was enhanced by 98.4% and 106%, respectively (fig. 3).
PBLs depleted of adherent leukocytes also showed increased adhesion (+85%) to
ECs similarly pretreated with IL-I.

Coincubation of ECs and PMNs, or ECs and U-937 cells (30 min and 60 min,
respectively), with IL-I (10 U/ml) or LPS (100 ng/ml) during adhesion did not
cause increased adhesion compared with untreated cells. Furthermore,
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prolonged pretreatment (3.5 hr) of U-937 cells with IL-i or IPS failed to
alter their subsequent adherence to untreated U~S (fig. 3).

,C O NT ONOL __
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IL-i + ACTINOMVCINDt IL-1 + CYCLOHEXIVIDE

CONTROL

LIPS

LPS + ACTJNOMYCIN-0

LPS + CYCLOHEXIMIDE

t PUVN ADHESION (% OF TOTAL PUN ADDED)

Figure 2. The inhibitory effects of protein synthesis inhibitors
on IL-1 and LPS-induced EC-PMN adhesion (see Methods).
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Figure 3. 11-1 stimulated EC hyperadhesiveness for U-937 cells
(see Methods).

Studies with purified human recombinant IL-i (rIL-1) indicated that rIL-
10 was 6-7 times more active than rIL-ica with respect to stimulation of EC
hyperadhesiveness for Pt4Ns (fig. 4).
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Figure 4. Comparison of human recombinant IL-1a and IL-1B on EC
hyperadhesiveness for PMN leukocytes (see Methods).

Preincubation of ECs for 3.5 hr with PHA (250 ng - 25 ug/ml) or PMA (1 ng
- 100 ng/ml) resulted In augmented EC-PMN adhesion. As for IL-I and LPS,
such treatment specifically affected endothelial cell adhesiveness and did
not alter EC morphology as determined by light and scanning/transmission
electron-microscopy (data not shown).

Stimulation Of Vascular-Leukocyte Interactions By IL-I In Vivo

Morphological examination by scanning electron microscopy (SEM) showed
that 4 of 8 control (EVA/BSA treated) veins had significant alterations of

I(

Figure 5. Scanning electron micrographs of veins exposed to control
EVA disks demonstrate the basal injury produced by surgical inter-
vention and disk placement. Endothelial cells exhibited rounding,
separation of cell junctions and filopodia. Some subendothelial
migration of PMNs was also observed.
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I
the endothelial cell layer. Two of these veins had rounding of the endothe-
lial cells, separation of intercellular junctions and partial detachment of
endothelium from the basement membrane. Few adherent leukocytes were
observed on these vessels (fig. 5). The remaining 2 veins with significant
vascular alterations had leukocyte migration under the endothelium (fig. 5)
and the associated endothelial cell detachment which results from leukocyte
migration. The remaining 4 control veins exhibited less severe morphologic
changes which included formation of endothelial cell filopodia, separation of
intercellular junctions and scattered leukocyte adhesion and migration.

The responses of veins to IL-1 (EVA/IL-1 treated) could be distinguished
from those observed in the control veins. Four of the 11 IL-1 treated veins
examined exhibited evidence of injury resembling that of the most severely
affected control veins (i.e. separation of endothelium, formation of endo-
thelial cell filopodia and scattered migration of leukocytes under the
endothelium). The remaining 7 IL-1 treated veins had leukocyte adhesion and
vascular injury which was significantly greater than in control veins (fig.
6).

Figure 6. Veins exposed to IL-1 EVA disks had significantly more
injury and PMN migration. Large areas exhibited deendotheliali-
zation. Many of these areas had both PMNs and platelets adherent
to the exposed basement membrane. The subendothelial migration
of PMNs in areas adjacent to those with exposed basement membrane
suggests that PMN migration was the cause of endothelial cell loss
in these veins.

In eact of these 7 veins large areas of endothelial cell denudation with
exposure of basement membrane and platelet accumulation was observed. Leuko-
cyte migration was the most likely cause for the loss of endothelium. Intact
endothelium, adjacent to deendothelialized zones, had large numbers of
migrating leukocytes in the process of detaching the cells from the basememt
membrane (fig. 6). Other conspicuous features of these 7 responder IL-1
treated veins included multiple leukocyte aggregates and thiieassocTation of
platelets with adherent leukocytes (fig. 6). One of the responder veins had
a large mural thrombus on the lum~nal surface.
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DISCUSSION

Several studies have shown that a wide range of biological subltln
Oe 

su '~ges
ne a t directly with leukocytes, causing increased adhesjvgness.,,

However, historical evidence derived from in vivo1,z observations
strongly suggests that it is the EC which becomes h--e-radesive following a
variety of inflaninatory stimuli. Our experiments were initially designed to
determine the nature of such a response using the in vitro endothelial cell-
leukocyte adhesion assay system. We pursued the hypothesis that EC damage
results in increased adhesiveness of these cells for circulating leukocytes.
Direct physical trauma to ECs (heat, pressure) failed to alter EC hyperad-
hesiveness or to induce secretory products possessing this activity (Dunn and
Flemingx unpublished data). Since endotoxin causes injury to bovine ECs in
vitro,YA we decided to determine whether this effect could lead to enhanced
Er -adhesiveness for leukocytes. Surprisingly, LPS caused a delayed increase
in EC adhesiveness for leukocytes which was not associated with EC toxicity.
On the contrary, this proadhesive action of LPS was dependent on EC protein
synthesis. Similar results were o0ained with human ECs which are not
susceptible to LPS-induced injury.'/ Such a novel phenomenon had not been
previously described. At this time reports appeared ?n2 th stimulatory
effects of LPS and IL-1 on EC procoagulant activity, ,0 1 an event which
was also protein-synthesis dependent. We reasoned, therefore, that IL-1 may
represent a potential endogenous mediator of EC-leukocyte adhesion, via
direct activation of ECs. As the in vitro data show, IL-1 indeed proved to
be a potent stimulator of EC adhesiveness for a variety of leukocyte types
(PMNs; U-937 mononuclear cells, peripheral blood lymphocytes). As with LPS,
IL-1 caused a dose-dependent delayed increase in EC-PMN adhesion without EC
injury, was specific for ECs and did not involve leukocyte stimulation.
Exposure of ECs to stimulus for as little as 5 min resulted in EC hyper-
adhesiveness provided a 2 hr latent period was allowed to elapse prior to
addition of leukocytes. Thus, adhesion could be induced by brief exposure of
ECs to IL-1 (or LPS) which was not reversible upon removal of stimulus.
Preincubation of ECs with actinomycin D or cycloheximide resulted in complete
inhibition of IL-1 and LPS-induced EC-PMN adhesion, suggesting a requirement
for protein synthesis. This, coupled with the fact that IL-1 or LPS-treated
EC culture supernatants could not transfer activity, suggest that adhesion is
probably mediated via EC surface membrane changes. These observations have
been confirmed and extended by the work of other investigators20 who have
shown that IL-1 induces the expression of a specific EC surface protein which
is thought to be the proadhesive molecule. Such a protein, to which a
monoclonal antibody, H4/18, has been raised, correlated with the development
of delayed-type hypersensitivity vascular lesions in man.zz That the IL-1
induced EC procoagulant activity may be related to the observed hyperadhesive
response seems unlikely since addition of tissue thromboplastin or various
anti-thrombin agents failed to modify adhesion (Dunn & Fleming, unpublished
observationE and the EC procoagulant response is refractory to repeated IL-1
stimulationU whereas adhesion is not.

Other alterations in EC surface membrane properties have been reported,
including increased expression of Fc (IgG) and C'3 receptors23 following
viral infection, which paralleled increased adhesion of PMNs to the infected
endothelium. IL-1 has also been shown to stimulate formation of an EC
pericellular glycosaminoglycan matrix.24 Further studies are required to
determine whether there is a relationship between these events and IL-1
induced EC hyperadhesiveness.

In addition to its orotdhesive effects, IL-1 induces EC synthess of
procoagulant activity,20.2 tisIge plasminogen activator inhibitor2  and
delayed release of prostacyclin 0 in vitro. Accordingly, we attempted to
determine the effects of IL-1 on leukocyte-vascular interactions in vivo. A
model was constructed whereby either bovine serum albumin (BSA) oF--T-was
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applied locally from a slow-release polymer (EVA) positioned around the
adventitlal side of the Jugular vein. Control EVA-BSA treated veins showed
evidence of variable pathological changes, probably due to a combination of
the irritant effects of surgery and the presence of the EVA-BSA disk. It is
also possible that the perivascular disk caused some intermittent turbulence
or obstruction of blood flow during the 24 hr incubation period. Such
changes, combined with surgical trauma, are important requirements for
vascular injury.17 In spite of the increased baseline injury observed in
control veins, the IL-1 treated veins showed a significantly greater degree
of injury, apparently mediated by leukocyte adhesion and migration. Super-
nantants from IL-1 disks, but not BSA disks incubated in culture medium,
enhanced EC-PI4N adhesion in vitro indicating that IL-1 was released from EVA
polymer disks in vivo (Dunn and Fleming, data not shown). It would appear
that IL-1 diffused from the polymer to the vein lumen, activating ECs to
become hyperadhesive for leukocytes. In most IL-1 treated veins (7 of 11),
larger numbers of individual aggregated leukocytes were observed than in
control veins. This would be consistent with the in vitro observations
reported herein. The subsequent migration and activation of accumulated
leukocytes would induce EC loss, basement membrane exposure and platelet
accumulation. That the EC changes were mediated by an inflammatory reaction
generated by IL-1 around the vein seems unlikely since 1) subcutaneous
implantation of EVA disks containing IL-1 produces minimal inflammation which
does not differ from control BSA or phosphate buffered saline (Dunn and
Gibbons, unpublished observations), 2) the inflammatory response to IL-1 is
brief, peaking arQund 3 hr and requires a relatively high local concen-
tration of IL-I,28 and 3) the inflammatory response to surgery would probably
mask any IL-1 induced inflammation. These results are in accord with recent
studies which also demonstrate IL-1 stimulation of EC procoagulant activity
in vlvo. 9

Collectively, these observations indicate that IL-I and LPS augment EC
hyperadhesiveness for leukocytes in vitro via mechanisms dependent upon EC
protein synthesis. The significant pa-tological changes observed in the
blood vessel lumen following perivascular application of IL-i in vivo
suggests a potential role for this cytokine as an endogenous mediator of
inflammatory and thrombotic diseases. In contrast, the stimulatory effects
of LPS on EC adhesiveness may be a major contributory factor to the extensive
adhesigQ of leukocytes observed throughout the vascular bed in septic
shock.Ju The relevance of PMA and PHA-stimulated EC-leukocyte adhesion to
vascular diseases has yet to be determined although these stimuli may repre-
sent useful tools in gaining a better understanding of the mechanism(s) of
induced vascular hyperadhesiveness at the molecular level.
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SYSTEMIC ALTERATION OF ENDOTHELIAL CELLS IN SHOCK

C. Mittermayer, R.P. Franke, G. Kalff, U.N. Riede
Department of Pathology and Department of Anaesthesiology
Aachen University of Technology, D-5100 Aachen
Klinikum der RWTH, West Germany

1. PATHOLOGY OF EARLY CHANGES IN SEPSIS

From the standpoint of pathology the number of patients dying
from sepsis has been constantly increasing in the last 10 -
20 years. Diagnosis of this complex condition has become more
difficult recently since it is not always possible to detect
bacteria, fungi or viruses. This can be related to invasive
medicine and intensive care following surgery and extensive
burn.
Moreover, the spectrum of pathologic characteristics seems to
have changed. The organ weights of patients suffering and
dying from shock following trauma and sepsis differed in the
1950s, 1960s and 1970s: At autopsy the weight of the kidneys
was high in the 1950 - 1960 period while the weight of the
lungs was low in this period. In the 1970s the lung weights
increased 2 - 3tumes at autopsy compared to that in the 1950s
indicating a shift in the shock syndrome symptoms
(Mittermayer et al., 1973).
Complications arising from the lung function then came into
the foreground and are still dominating the intensive care
scene. By analyzing lung probes from deceased patients and
lung biopsies of patients with the aid of electron microscopy
and morphometric methods the following was shown:

Within seconds after trauma the weight of the lungs in-
creases from average 230 g to values up to 1000 g
(Joachim at al., 1976) due to fluid assembly in the
interstitial space (Riede et al., (1981). Endothelial
cells are not damaged at this point. This stage is
reversible.
Between the 6th and 10th day after onset of shock a
morphological transformation of the lung architecture
takes place. Lung fibrosis is the final result. This
kind of fibrosis cannot be discerned from other forms of
lung fibrosis of different etiology on a morphological
basis alone. Taking into correlation specific diffusion
capacity of the alveolar wall and PaO2 (Riede et al.,
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1984) the differential diagnosis can be made. Apparently
shock-induced fibrosis of the lung is brought about by
disturbances of diffusion and perfusion.

In any case of shock-induced lung damage the first
morphological sign at the cellular level is damage of endo-
thelial cells.

2. ENDOTHELIAL DAMAGE - INITIAL FEATURE OF SHOCK

The mean barrier thickness of the alveolar wall in human
lungs decreases during the first 6 days in shock (Riede et
al., 1978). This is due to blebbing and shedding of
endothelial cells. Finally capillaries without any
endothelial lining can be observed (Figure 1). The
replacement of the lost endothelial cells then depends on the
efficiency of the regenerative forces. About 50 % of these
pa.tients die; the remainder survives and shows severe
morphological residues in the lung (Mittermayer, 1978).

Figure 1

Human lung in septic shocK. Capillary (CAP) is devoid of
endothelial layer; basement membrane thickened. The
interstitium (IST) is broadened by edema.

Damage of endothelial cells during shock seems to be a uni-
versal phenomenon in man. In the heart "shock-endocarditis"
occurs (Mittermayer et al., 1971a). This is an aggregation of
platelets along the closing zone of the valves (Figure 2). In
animal experiments it was demonstrated that endotoxin induced
shock produced endothelial damage after 30 minutes followed
by endocarditis thrombotica. This occurred when endothelial
cell death exceeded reparative forces at the valves.
Endotoxin or Lipid A in combination with the mechanical
alteration occurring at the closure of the valves evokes
endothelial damage, which is followed in the porcine heart by
a 1.200-fold regeneration burst compared to normal cell
turnover there (Mittermayer, 1971b).
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3. REDUCED REGENERATION OF HUMAN ENDOTHELIAL CELL CULTURES

At present there is still only scarce knowledge of how
endothelial cell damage occurs during shock in various
regions of the human body. At the Department of Pathology,
Aachen, Technical University, an in vitro system of human
endothelial cells was used to study proliferation under
different conditions (Scharffetter et al., 1986). These cells
were derived from umbilical veins or veins from vein-
stripping surgery in adults. Grown on a polymer-base and

Figure 2

Scanning Electronmicroscopy (marker = 500 um)
Endocarditis thrombotica in pig aortic valve 1 hour after
i.v. endotoxin injection (20 pg/kg body weight)

coated with extracellular matrix, they exhibited Factor VIII
related antigen, prostaglandin production and the appearance
of silver-stained cell borders upon confluency (Figure 3). If
non-confluent cultures are used and fed with serum from a
patient with septic shock it can be seen that marked decrease
in proliferation activity occurs (Sch~ffel et al., 1982a).
Moreover, the prognosis of patients correlates grossly with
the degree of this inhibition (Sch~ffel et al., 1982b). Thus
the septical patient may not be able to repair endothelial
damage in vivo and develops the clinical signs of increased
vascular permeability and microthrombosis as seen in the
lung.
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Figure 3

Human endothelial cells in confluent state. Silver-staining
of the cell borders. The cells are polygonal and cell borders
are indented (280 x).
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4. DISTURBANCE OF ENDOTHELIAL CELL ADHERENCE IN SEPTIC
SHOCK

Human endothelial cells are grown on a transparent base in a
cone-plate rheometer (Figure 4) and can be observed
continously by microscope and camera (Franke et al., 1984).
Confluent human endothelial cells in culture show a circum-
ferencial microfilament network. No stress fibres are seen
at this stage crossing the cytoplasm (Schnittler et al.,
1986) Shear stress of 2,5 dyn/cm2 over 3 hours is able to
induce large amounts of stress fibres crossing the cyto-
plasm. (Figure 5).
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The range between 2 and 6 dyn/cm2 shear stress is equivalent
to the venous and the arterial shear stress in man. In this
dynamic type cell culture, cells must be highly confluent
(5th day after confluency) in order to be fully non-
thrombogenic in the fluid dynamic experiments with blood. If
lipid A, the effective constituent of endotoxin, is added in
growth medium without blood (200 ug/ml), rupture of the cell
layer is encountered. The same holds true for supernatants of
highly pathogenic E. coli and clostridium strains (Franke et
al., 1985).

Figure 6 demonstrates the effect of sera from 8 patients
suffering from hemorrhagic shock and 12 patients suffering
from septic shock, two of them after burns. It is seen that
endothelial cell layer is lost to the artificial stream of
culture medium during shear stress. If whole blood of healthy
donors is then added to the chamber thrombi growing at the
site of endothelial damage can be seen. In control
experiments with sera and blood from healthy donors no
thrombi are formed during the period of the experiment.

Figure 5

Pattern of actin filament in human endothelial
cell culture visualized by phaloidin-rhodamin.
a) Human endothelial cells in confluent state show only

a marginal microfilament network. No stress fibres cross
the cytoplasm.

b) Human endothelial cells after 3 hours of exposure to low
levels of fluid shear stress (2,5 dyn/cm2); large amount
of stress fibres pass through the cells.
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Figure 6

Confluent human endothelial cells are incubated (48 hours)
with sera from shock patients. Cells were then subjected to
fluid shear stress (6 dyn/cm2).

It is hoped, that with this dynamic cell system problems of
cell adherence and cell regeneration seen in shock patients
can be elucidated by standardized cell models.
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ARTERIAL WALL REACTION FOLLOWING ELECTRICAL LOCAL
DE-ENDOTHELIALIZATION

R. H. Bourgain, R. Andries, C. Bourgain and L. Maes
Department of Physiology, V.U.B., Laarbeeklaan 103
B-1090 Brussel, Belgium

INTRODUCTION

Endothelial continuity is essential for vascular homeosta-
sis as its maintenance prevents local thromboformation and
atherogenesis (1). If it is well known that small, res-
tricted endothelial denudation zones may occur as the re-
sult of hemodynamics (2), homocystinemia (3), generation of
free oxygen species (4), and angiotensin challenge (5),in
these conditions, only a few endothelial cells are affected
and no myointimal thickening occurs. More recently, Hansson
and Schwartz (6), described focal spontaneous cell death in
rat aortic endothelium following a long phase of gradual
detachment of the affected endothelial cells, but without
significant exposure of the subendothelial structures be-
cause migration of the normal surrounding cells rapidly
covered the area of denudation.

In a previous paper by Potvliege and Bourgain (7),
evidence was adduced that local endothelial cell loss in-
duced by the application of an electrical current, is in-
variably followed by a typical reaction pattern involving
the surrounding endothelium and the media: indeed both
smooth muscle cell migration and accumulation of lipids and
collagen within the vessel wall is observed and appears to
be directly related to direct exposure of subintimal tissue
to the blood stream. Guilbaud et al. (8), observed major
modifications of the vascular and particularly the arterial
endothelium in patients suffering from electrocution com-
plicated by burn, while Braquet et al. (9), convincingly
demonstrated the involvement of the arachidonate cascade
and liberation of free oxygen species in severely burned
patients.

In view of these observations, we felt the need for a
systematic approach to the study of arterial wall reaction
by performing local electrically induced de-endotheliali-
zation in small vessels using a method developed and stan-
dardized by Bourgain et al. (10).
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METHODOLOGY

Inbred male white Wistar rats weighing between 250 and
300 g as well as guinea-pigs (500 to 600 g) were investi-
gated In order to study ultrastructure of and the effect of
PAF-acether antagonists on electrically induced thrombo-
formation. All experiments were performed under general
anesthesia by thalamonal (3 ml/kg body weight IM) and the
animals were kept under artificial ventilation. Following a
longitudinal incision in the abdominal wall, a loop of
small intestine was gently extracted from the abdominal
cavity and a branch of the mesenteric artery (250 to 300 um
in diameter) was dissected free from the surrounding me-
senteric tissue over a length of 2 to 3 mm and kept under
continuous superfusion by isotonic Ringer solution at 37
*C. The induction of local de-endothelialization was per-
formed using a micromanipulator for the application of a
platinum electrode onto the vessel wall in the middle of
the arterial segment. This electrode measured 100 um in
diameter and was insulated except at the tip, where the
conductive diameter was restricted to 25 um. A direct cur-
rent was then applied for 60 seconds; its polarity was in-
versed every 5 seconds while the intensity of the current
was varied according to the diameter of the vessel, ranging
from 30 to 50 uA. The inversion of the polarity avoided
vasospastic phenomena. The electrical current application
resulted in a retraction followed by desquamation of ap-
proximately 20 adjoining endothelial cells and exposure of
the subintimal structures to the blood stream, but without
interference with the normal blood flow pattern.

For ultrastructural analysis, at well indicated time
intervals, the animals were perfusion-fixed at physiologi-
cal pressure through a catheter in the left common carotid
(1.5 % glutaraldehyde in 0.1 M cacodylate buffer with 2 %
sucrose and 2 mM CaCl2, pH 7.4, 37 C). After overnight
immersion fixation of the whole mesenterium in the glutar-
aldehyde fixative (4*C), the arterial segment was isolated
from the surrounding structures, postfixed in 1 % osmium-
tetroxide for 1 h, dehydrated in ascending ethanol con-
centrations and liquid C02 critical point-dried. The spe-
cimens were sputtercoated with 15 nm gold and examined with
a Philips SEM 505 scanning electron microscope at 30 kV.
For transmission electron microscopy the arterial segment
was seized in a forked 5 mm wide forceps, excised and im-
mediately plunged in 2.5 % glutaraldehyde in 0.075 M caco-
dylate buffered to pH 7.2 and left to fix for 2 hours at
room temperature. After overnight rinsing, they are post-
fixed for 1 h in unbuffered 1 % osmiumtetroxide. The spe-
cimens were stained in bulk for 2 h at 37 *C by 0.5 % ura-
nyl acetate buffered to pH 5.3 before being embedded in
Spurr's resin. Transverse sections were cut over at least
half the length of each specimen. Semi-thin sections, taken
at regular intervals, were stained with alkaline methylene
blue and examined by light microscopy. Thin sections, taken
in uninvolved as well as in de-endothelialized portions
were contrasted by lead citrate and examined with a Zeiss
EM-9 electron microscope.

When in the course of the current application or im-
mediately afterwards, a local thrombus appeared, it was
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measured by means of the optoelectronic device we developed
accordingly. The PAF acether antagonist used was the gink-
golide BN52021 (Ipsen Lab).

RESULTS

Ultrastructural observations

Normal endothelium. SEN investigation revealed the
typical ultrastructure of normal endothelium in the rat.
The endothelial monolayer formed a thin carpet of closely
adjoining, flattened, polygonal and elongated cells, their
nuclei bulging slightly into the vascular lumen. Except at
bifurcations where the orientation of the cells is more
randomlike; the long axis of the endothelial cells always
paralleled the direction of the blood stream as described
by Maes et al. (11).

Figure 1. SEM-picture of an arterial segment excised 3 days
after the induction of the lesion, showing the
activated endotelial cells and a large de-endo-
thelilialized area, covered by platelets.
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Figure 2. SEM-picture of an arterial segment excised 7 days
after the induction of the lesion, showing acti-
vated endothelial cells.

Intimal lesion. The application of the electrical
current resulted in an immediate, localized, slightly oval
lesion which consisted firstly in a retraction of the en-
dothelial cells at the site of the application of the cur-
rent followed by the detachment of 15 to 20 adjoining en-
dothelial cells. Sometimes, small localized crevices became
evident in the underlying subintima. Very few ultrastruc-
tural alterations were present at this stage in the media.
If present, they consisted of some membrane irregularities,
eventually pycnotic nuclei and some degree of disrupture of
the organelles. The lamina elastica was never ruptured and
maintained a normal aspect. Few if any platelets adhered
onto the denuded area but a few hours later more adhesion
occurred. When observed 3 min following the application of
the electrical current, the edge between the area of the
lesion and the nondenuded endothelium consisted of flaps of
partially detached endothelial cell remnants. Over time the
area of the lesion extended. Some endothelial cells sur-
rounding the affected area demonstrated detachment from the
subendothelium and manifested bulging into the vascular
lumen (11).
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Figure 3. TEK-picture of a 3 days old lesion, clearly dem-
onstrating the presence of platelets in the
medial structures (14000).

These cells subsequently then completely desquamated,
delimiting an area of 30 to 35 cells. This phenomenon was
observed within 24 to 48 h. The surrounding endothelial
cells showed a very marked bulging of the nuclei and elon-
gation of their structure revealing the characteristic
feature of activated cells. Transmission electron micro-
scopy demonstrated in the cytoplasm of these activated
cells extensive enlargement of the endoplasmic reticulum
and Important hyperplasia. Observations made on days 3 and
7 indicated that the activated endothelial cells both at
the upstream and downstream locations of the affected zone,
were moving in order to cover the de-endothelialized area;
all of these cells demonstrated extreme bulging and at
cetain sites they clearly overlapped the edges of their
adjoining neighbours. Flaps of these cells apparently
floating freely into the vascular lumen as a result of this
phenomenon. In all specimens examined, these findings were
constantly observed. At day 7, the de-endothelialized area
was completely covered by the endothelial cells, very oc-
casionally a small crevice could still be detected between
some cells, but this was rather exeptional. The general
aspect of the cells was still one of some degree of acti-
vation (figures 1 and 2).

Medial lesions. The modifications which appear Im-
mediately after application of the electrical current were
described in the preceding section. Within 24 h, the media
underlying the site of application of the current, demon-
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strated extensive invasion by platelets. Eventually, a few
erythrocytes were seen together with the invading platelets
located deep in the vessel wall in between the smooth
muscle cells. This type of recruitment of thrombocytes by
the vessel wall was observed in all specimens; surprising-
ly, no leukocyte diapedesis was evident. These phenomena
were observed to a higher degree at day 3; by this time,
the platelets had degranulated and the few erythrocytes
became deformed and were clearly hemolyzing (figure 3). At
day 7 the phenomena had abated to some extent, but the
evidence of platelet recruitment and degranulation was
still very much conspicuous. The smooth muscle cells pre-
sented very marked vacuolization but this remained res-
tricted to the area underlying the site of application of
the electrical current. The plasma membranes of the smooth
muscle cells did not show any disruption, but at some
sites, the cytoplasm presented small vacuoles, tightly
packed together and higly suggesting fatty infiltration
(figure 4).

Interestingly, in animals subjected to a high choles-
terol and high fat diet for at least 2 months, this type of
lesion was also observed by Potvliege and Bourgain (12).
Fibrin deposition within the vessel wall media was a common

Figure 4. TEN-picture of a 7 days old lesion showing the
deposition of fibrin (04O00).

finding in 48 h to 3 to 4 days specimens. When compared to

normal arteries, the alignment of the smooth muscle cells
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was drastically modified and no longer presented a well
defined circular appearance. Marked irregularity of their
contours was seen, admittedly restricted to the current
application site but not exceeding this zone to any major
extent. Important collagen and elastin deposition was
present in the medial stuctures near the adventitia.

Thrombotic Complications

In the described experimental conditions, electrical
current application onto the arterial wall, performed in
the guinea-pig in identical conditions as in the Wistar
rat, frequently resulted in the appearance of a thrombus at
the site of endothelial cell lesion. The thrombus consisted
mainly of platelets although at a later stage, between 4 to
6 minutes, some leukocytes were recruited, surrounding and
penetrating the thrombus. Topical superfusion by BN52021 at
10-3 M or intravenous administration (4 mg/kg) of the drug,
invariably resulted in the disappearance of the thrombotic
phenomenon. This observation convincingly demonstrated,
that at least in these experimental conditions, the throm-
botic phenomenon following desquamation of the endothelial
cells was related to generation of PAF-acether by the ves-
sel wall, possibly by the endothelial cells surrounding the
desquamated site. In a previous paper, Bourgain et al. (12)
documented these findings in detail.

DISCUSSION

Our data clearly demonstrate that the local applica-
tion of an electrical current in well standardized condi-
tions, induces specific alterations at the site of the en-
dothelium and the media of the arterial wall which do not
extend into the adventitia. Within a few minutes following
current application, the endothelial cells demonstrate
marked retraction, rapidly followed by desquamation from
the underlying intimal structures. Immediately following
the electrical challenge, few if any platelets adhere onto
the exposed intimal structures; however, within minutes,
more platelets adhere onto the denuded areas and within a
few hours, invasion of the vascular wall by platelets oc-
curs complying with the observation that the local appli-
cation of an electrical current results ultimately in pla-
telet adhesion onto the de-endothelialized area. The
presence of fibrin within the vessel wall also clearly de-
monstrates that plasma proteins infiltrate the vessel wall
and participate in a process of inflammatory reactions
comprising the intima and media of the arterial wall. The
appearance of fatty vacuoles in the smooth muscle cells as
well as the deposition of fats, collagen and elastin in the
interstitial spaces separating these cells is indicative of
a process specifically affecting the arterial media. The
reaction of the endothelial cells surrounding the affected
area is identical in all arterial specimens examined. The
bulging phenomenon and the marked elongation of the cells
as well as the superposition of their edges, are indicative
of a mobilisation to cover the denuded area; this activity
is present upstream as well as downstream of the de-endo-
thelialized area. Transmission electron microscopic data
clearly Indicate that the endothelial cells present a very
high degree of metabolic activity as demonstrated by the
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increase of the endoplasmic reticulum and cell size and
conspicuous signs of hyperplasia. The observation that
thromboformation can be inhibited by specific PAF-acether
antagonists is highly suggestive that this mediator is in-
deed intimately involved in the accompanying processes of
platelet-vessel wall interaction and vascular challenge.
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INTRODUCTION

It has been demonstrated that histamine is released into rabbit
plasma during the acute allergic reaction following IgE-dependent activa-
tion of basophils (1-3) and this was ascribed to a factor actively
released from leukocytes by a calcium - and temperature - dependent
process (4,5). From 1972 onwards, Benveniste et al. (6-7), described the
method used to obtain this substance which they named platelet-activating
factor (PAF), and they started its characterization, demonstrating that it
was released from rabbit basophils by an IgE-dependent process. It was
subsequently evidenced by structural elucidation that PAF is a phospho-
lipase A, sensitive phospholipld (8-10), identified as 1-alkyl-2(R)-
acetyl-glycero-3-phosphorylcholine (10,11). The two main molecular species
of PAF produced by human neutrophils or rabbit basophils have a hexadecyl
or octadecyl alkyl moiety, but more advanced separation techniques have
shown that PAF comprises multiple (at least 16) molecular species
containing saturated or unsaturated alkyl or acyl chains, or even a polar
head group other than choline (12,13).

PAF has been termed as both PAF-acether (ace for acetate and ether
for the alkyl fond), and AGEPC (Acetyl GlyceryT Ether PhosphorylchoTine
in the literature. In this paper, 1-0-octadecyl (or hexadecyl)-2(R)-acetyl-
glycero-3-phosphorylcholine, is simply termed PAF.

As a potent mediator of anaphylaxis and hyperreactivity, PAF may be
involved in shock, graft rejection, post-ischomlc disorders, ovoimplan-
tatlon, and certain central nervous system (CNS) disorders (rev. in 14-
18). This review presents some data indicating that PAF is also a potent
modulator of the immune response.

CELLULM SOURCES OF PAF

As shown in Fig. 2, there are many cellular origins of PAF (6, 19-
26). PAF is released by sensitized basophils and mast cells following
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antigen or anti-IgE challenge. Monocytes and macrophages respond to
phagocytic stimuli such as bacteria, opsonized zyumosan or immune com-
plexes, or to the calcium ionophore A 23187, whereas neutrophils respond
in addition to phorbol esters and the chemotactic agents C5a, C5a-des-Arg
and formyl-methionyl-leucylphenylalanine (FMLP). Eosinophils also respond
to A23187, C5a and FMLP, and, furthermore, to the eosinophil chemotactic
factor of anaphylax1s (ECF-A). PAF is released by endothelial cells in
response to A23187, thrombin, vasopressin, angiotensin. II, anti-factor
VIII and interleukin 1 (IL 1). Even the bacterium E. Coli was recently
demonstrated to produce PAF (27).

While it was believed that lymphocytes cannot produce PAF, they can
produce 2-lyso-PAF following stimulation with A 23187, and their inability
to produce PAF may result from the lack of acetyl transferase (28).
Nevertheless, in certain circumstances, appropriate stimulation will cause
lymphocytes to synthesize or activate acetyl transferase and thus produce
PAF : large granular lymphocytes release PAF after Fc receptor stimulation
(29) and a series of human leukemic cell lines of B and T cell origin, as
well as Epstein-Barr virus transformed lymphoblastoid cell lines release
PAF-like material after stimulation with A23187, acetyl CoA or phytohemag-
glutinin (PHA) (30).

The cellular origin of PAF produced by various tissues and organs
under stress or inflammation is still to be identified.

Many of the cells or tissues producing PAF are themselves targets of
PAF-induced bioactions (31-34). Specific receptors or at least binding si-
tes for PAF have been identified in many circumstances (using
radiolabelled PAF) (rev. in 35,36). With the discovery and development of
PAF receptor-specific antagonists research has been greatly facilitated in
this field since they indicate the circumstances in which PAF mediates the
observed pathophysiological effects (rev. in 35, 37-38).

REGULATION OF THE IJNE RESPONSE : DIRECT EFFECT OF PAF

Without a doubt, PAF participates in the complex system of host
defenses as shown by its potent proinflammatory activities. Assisted by
the development of PAF receptor antagonists and agonists, recent research
efforts have been devoted to the potential of PAF in modulating cellular
immune responses.

A concentration-dependent inhibition of lymphocyte proliferation was
noted when PAF was added to human peripheral blood lymphocyte cultures
(containing 5-10 % monocytes), stimulated with the mitogens PHA or conca-
navalin A (ConA) (39). Inhibition was observed when PAF was added within
the first 3 h of a 72 h culture period, the IC50 ranging between 10-12 and
10-20 M. There was no significant effect on lymphocyte proliferation when
PAF was added at a later time. The inhibition was not accompanied by cell
toxicity as shown by the trypan blue exclusion method and a similar sup-
pression of lymphocyte proliferation was observed with ethoxy-PAF, a
non-hydrolyzable PAF analog (40). The PAF receptor antagonist, BN 52021,
prevented PAF-induced this inhibition. Of interest, the cyclooxygenase
inhibitor, indomethacin, also reversed suppression, which implies that
prostaglandins intervene as second nessengers in the PAF-induced inhibi-
tion of lymphocyte proliferation (39). When production of IL 2 by human
lymphocytes was measured after mitogen stimulation, a similar effect of
PAF and ethoxy-PAF was noted, using the IL 2 dependent CTL-L2 cell line
(39). BN 52021 also reversed the suppression of IL 2 production by PAF

(39,40). It was also reported recently that PAP abolished CD + T cell



proliferation, but this inhibition was observed at higher concentrations
of PAF and could be seen when PAF was added late during the culture and
was not linked with inhibition of IL 2 production (Dulioust et al.) (41).

Seeing that inhibition of lymphocyte proliferation and IL 2
production may be due to the activation of suppressor cells, lymphocytes
were preincubated with PAF for 3-18 H, washed and then added to fresh
autologous lymphocytes stimulated with mitogens. This coculture assay
showed that PAF could activate suppressor cells which, subsequently,
inhibited lymphocytes cultures in the absence of any further contact with
PAF (42). An increase in the number of CD8+ T cells and a slight decrease
in CD4 + T cells after 18-48 h accompanied the induction of suppressor

S cells.

Of interest, the PAF antagonists per se generated some suppressor
cell activity, although to a lower degree than PAF.

A remarkable spectrum of activities emerged when specific leukocyte
subsets were isolated and purified before preincubation with PAF (43) :
PAF-preincubated monocytes exerted suppression by means of an
indomethacin-sensitive mechanism, while PAF-preincubated CD8+ T cells had
a suppressive effect via an indomethacin-resistaiit mechanism. It is
interesting to note that PAF-preincubated CD4+ T cells enhanced lymphocyte
proliferation in a pronounced manner and this effect was not blocked by BN
52021.

In a different system, PAF and two non-hydrolyzable PAF analogs
raised the proliferation of IL 2-stimulated human lymphoblasts, while some
antagonists (CV-3988 and L-652,731, but not WEB 2086 and BN 52021)
inhibited such proliferation (44,45). Even when the drugs were added 48 h
after the beginning of a 72 h culture period this effect of the
antagonists was o,;erved, which implies that the drugs interfered with a
later event in T cell activation. Furthermore, inhibition of IL 2-induced
proliferation of T-lymphoblasts by the PAF synthesis inhibitor, L-648,611
suggested the possibility that endogenously produced PAF could be
implicated in some step(s) of the inhibition (44,45).

An important corrobation of some of the in vitro observations
outlined above was provided by the in vivo instillationoT PAF into rats
via an implanted mini-pump (46). A er seven days of instillation,
PAP-treated rat splenocytes showed enhanced IL 2 production in response to
ConA.

T-cells are known to regulate IgE production (47-49) and are
therefore believed to play an important role in the pathogenesis of atopic
diseases. Peripheral blood T cells from atopic individuals show decreased
suppressor cell activity and numbers (50-53). In normal individuals,
mediators such as histamine (54), leukotriene 84 (55-57) and PAF (42,43)
can activate suppressor cell function. Thus, it would appear plausible
that these mediators could contribute to dampen immune responses and
prevent or abort the development of allergic reactivity. While this is
supported by studies with histamine (58) further work is necessary
concerning the precise effect of lipid mediators in the modulation of the
various steps involved in the regulation of the IgE response and related
events.

Since accessory cells are essential for many T cell functions, it
was interesting to study the effect of PAF on monocyte-macrophage IL 1
production. A biphasic response was observed when increasing concentra-
tions of PA" were added to lipopolysaccharide - or muramyl dipeptide-
stimulated human monocytes or mouse peritoneal macrophages (59,60). Low
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concentrations of PAF (10- 1 - 10- 1
0 M) significantly enhanced IL 1 pro-

duction while high concentrations (10-8 - 10- 6 M) were markedly
inhibitory. These effects were more evident when platelets were added to
the monocyte cultures (59). All these effects of PAF on the IL 1 produc-
tion were blocked by the PAF receptor antagonist aN 52021. Under certain
experimental conditions (R)PAF or the PAF analogs PR 1501 and PR 1502 by
themselves but not (8C) PAF were able to induce IL 1 production, although
to a lower extent than with LPS (61).

The PAF/IL-1 interaction may also play a major role in the immune
injury of the arterial wall observed in shock, acute respiratory distress
syndrome or sepsis indeed PAF is a potent amplifier of platelet and
leukocyte responses at very low concentrations (10_16 4 10- L

L M), it

dramatically potentiates not only the release of IL 1 by monocytes/
macrophages (see above) but also the production of leukotrienes (62,63)
and free ralicals 102' , OH' (64)] from polymorphonuclear cells induced by
various stimuli. Similarly, the ether lipid activates platelets to form
thrombin, ATP... which in turn, as IL 1, act on endothelial cells to
produce more PAF (65). This amplification process causes the formation of
a large, dense platelet thrombus, invaded and surrounded by neutrophils,
then by eosinophils and macrophages, and spreading over the adjoining
vacuolized endothelium (66,67). Indeed' PAF alter the molecular
organization of cytoskeletal proteins which control endothelial
permeability (68) : human endothelial cells stimulated by PAF retract and
lose reciprocal contact while stress fibers disappear or become less
regular ; such impairments induce bleb formation.

Another area in which lymphocytes and various phagocytes exert a
potent effector function is cytotoxicity against tumor, virus-infected and
allogeneic target cells and parasites. Since host defenses against these
foreign or transformed cells involve various degrees of inflammation, and
since other lipid mediators have been shown to modulate cytotoxicity in
either a positive [e.g. leukotrienes (69), TxA 2 (70)] or negative [e.g.
prostaglandins (70,71)] manner, recent studies have looked at the effect
of PAF on cytotoxic effector cell functions. Natural Killer (NK)
cell-mediated lysis of the erythroleukemia target cell line K562 was
markedly enhanced by picomolar concentrations of PAF (72). Preincubation
of NK cells with PAF followed by washing before their culture with K562
target cells, or addition of PAF as late as 60 minutes after the initia-
tion of the 4 h cytotoxicity culture also produced enhanced NK activity.
8N 52021 could not block this PAF-induced effect. Natural cytotoxic cells
and macrophages mediate their cytotoxic activities, at least in part,
through synthesis and release of tumor necrosis factor (TNF), a protein
with many other biological activities similar to IL 1. When preincubated,
or co-incubated with PAF, LPS-treated human monocytes and mouse peritoneal
macrophages elaborated significantly higher quantities of TNF (73). In ad-
dition large granular lymphocytes, which comprise the effector natural
killer (NK) cells responsible for lysis of K562 target cells, have been
shown to produce PAF under certain conditions (29). Therefore it appears
that endogenous PAF may play a role in the regulation of NK function.
Interestingly, phospholipid analogs of PAF, 1-0-akyl-lyso-phospholipids
(ALP) may provide a new approach to cancer chemotherapy (59). These ether
lipids possess an unusually broad range of biological
activities-macrophage activation, malignant cell differentiation, and di-
rect cytotoxicity, all thought to be membrane mediated. Unlike most
antitumoral agents, these analogs do not appear to have a direct effect on
DNA synthesis or function and are non-mutagenic(60). The antitumour
activity of ALPs may partly be mediated by the generation of highly
tumouricidal immuno-cometent cells from the monocyte-macrophage
linoage(61,62). The process of macrophage activation is still unclear(62),
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but an activation of Interleukin-1 (IL 1) by ALPs is possible (B. Pignol
and P. Braquet, unpublished).

Whether similar mechanisms underlie graft rejection is not yet
defined, but PAF is generated by isolated, perfused kidneys (78), and
released from renal allografts during hyperacute rejection (79). The PAF
receptor antagonist, BN 52021 was shown to increase cardiac allograft
survival in rats, with a synergistic effect with azathioprine and
cyclosporin A (80). Whether the latter findings are due to the antagonism
of PAF-enhanced cytotoxic cell activity, the generation of suppressor
cells or the action of the antagonist on other cellular or fluid-phase
protagonists of graft rejection remains to be elucidated.

The exact role of PAF in the primary and secondary mixed lymphocyte
reaction and in the generation of cytotoxic lymphocytes in-vitro is not
well assessed. However, Gebhardt et al. (81) have recently shown that BN
52021 potentiates alloantigen recognition in primary and secondary mixed
lymphocyte culture and enhances the generation of cytotoxic lymphocytes
in vitro. In this study the platelet-activating factor antagonist was
added to and removed from primary and secondary mixed lymphocyte cultures
at various times after culture initiation. Similarly, BN 52021 was added
to bulk cultures in which cytotoxic lymphocytes were being generated and
the effect on the level of cytotoxicity as determined by the release of
51chromium in the cell mediated cytotoxicity assay were determined. The
presence of BN 52021 throughout the duration of primary and secondary
mixed lymphocyte cultures had the greatest enhancing effect on the
proliferative capacity of the responding cells measured by [3H] thymidine
incorporation. Addition of BN 52021 24 hours or later after the initiation
of cultures had less enhancing effect on lymphocyte proliferation. The
removal of BN 52021 from mixed lymphocyte cultures up to 48 hours after
their initiation also was found to eliminate the potentiating effect of
this antagonist. Similar observations were made in the mixed cultures
employed to generate cytotoxic T lymphocytes. The continuous presence on
BN 52021 during the entire 72 hour culture period produced an enhanced
level of cell mediated cytotoxicity, whereas the removal of the antagonist
up to 24 hours after culture initiation eliminated the enhancing effect.
Since the secondary mixed lymphocyte cultures and the bulk cultures used
to generate cytotoxic T lymphocytes contained exogenous IL 2 in amounts
adequate to support the growth of the cells, it is concluded that the
potentiating effect of 5N 52021 on alloantigen recognition is not due to
the enhanced production of IL 2 in antagonist-treated cultures.

Cytotoxic/suppressor T-lymphoblasts accumulate in Langherans cells
and may participate in diabetes development (82) ; in vitro splenic lym-
phocytes induce cytotoxicity against rat Langherans islets (83) which is
dose-dependently inhibited by the PAF antagonist BN 52021. This result
suggests that PAF may be involved in the cytotoxic effect of splenic lym-
phocytes and provides a rationale for using PAF antagonists for the
prevention of autoimmune diabetes (84).

Preliminary findings also suggest that keratinocyte killing of
Candida was blocked by the antagonist BN 52021. Here again, these results
indicated that PAF enhanced cell cytotoxic activity.

As reviewed in this section, PAF exerts numerous effects on the
various cellular components of the immune system. Although some of these
effects may appear contradictory, they may be due to interactions with
several cell subsets or different receptors. Many ongoing and future
studies will be needed to unravel the complete picture.
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REGULATION OF THE IMINE RESPONSE THE INDIRECT EFFECT OF PAF

Apart from its direct effect on the immune response, PAF can also
cause the release and/or generation of various mediators which in their
turn will influence the regulation of lymphocyte functions. This would
also apply for cationic proteins and other suppressive factors, released
from activated eosinophils and for leukotrienes, prostaglandins and
neuropeptides.

Activation of eostnophils

Both in vivo and in vitro (rev. in 14), it has been evidenced that
PAF is a powerful modulator of eosinophil functions

(i) For human eosinophils, PAF is one of the most powerful chemotactic
agents. As the PAF antagonist BN 52021 dose-dependently inhibits
eosinophils locomotion (86), the effect is receptor mediated.

(ii) Hemoconcentration and increased total leukocyte counts are induced by
systemic PAF injections ; the underlying eosinophil and monocyte subsets
decreases by up to 33 % and this is suppressed by PAF antagonists.

(iii) In comparison to those from normal individuals, eosinophils from pa-
tients with eosinophilia, including asthmatics, have an increased capacity
to release PAF (87). A pronounced eosinophilic infiltration was noticed
solely in allergic patients who had been injected PAF intracutaneously, a
large quantity of the cells being degranulated (88). Moreover, BN 52021
(89) inhibited two phenomena : PAF induced LTC. and 02' formation by
human eosinophils.

(iv) In vitro, PAF induces the release of cationic proteins, including Ma-
jor Basic Protein (MBP) (P. Braquet, unpublished). This may explain why in
airway hyperreactivity, the PAF antagonist BN 52021 affords protection.

(v) PAF-acether in the presence of Schistosoma mansoni previously coated
with C3b and specific antibodies (90) induces an increase in eosinophil
cytotoxicity which is dose-dependently blocked by PAF antagonists.
IgE-induced cytotoxicity of rat and human eosinophils is also inhibited by
BN 52021 and related Ginkgolides (M. Capron, pers. Com.).

(vi) Finally, electronic microscopy studies have evidenced that the two
PAF antagonists : BN 52021 and WEB 2086, antagonize eosinophil recruitment
in the lung elicited by both PAF and antigen in the guinea-pig (A.
Lellouch Tubiana, in preparation). In PAF-induced thrombosis of the
mesenteric artery a similar result is obtained, the artery being
infiltrated by eosinophils 10 minutes after challenge. It is interesting
to notice that eosinophils were surrounded by degranulated platelets in
both lung and mesenteric tissues (R.H. Bourgain, in preparation). In
bronchoalveolar lavages from sensitized rabbits challenged with ragweed
allergen, the PAF antagonist ON 52021 also antagonizes eosinophil accumu-
lation (91).

PAF is thus a major mediator of eosinophil recruitment and
degranulation and indirectly, it may therefore also regulate the immune
response :indeed, eosinophil granules contain two highly basic proteins
(oosinophil cationic protein (ECP) and eosinophil protein X (EPX)). At
appropriate in vivo concentrations (10-10 M), these proteins induce
suppressive efficts on peripheral blood mononuclear cells from the normal
donor, which implies that eosinophils have a regulatory role in
immunological reactions (92). Indeed, lymphocyte function was reported to
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be inhibited by non dialyzable and heat sensitive factor produced by
zymosan-stimulated eosinophils (93). A similar mechanism could be
implicated in familial reticuloendotheliosis, a disease characterized by
severe combined immune deficiency with hypereosinophilia (94).

It will become possible to evaluate the role of PAF in eosinophil
activation and the putative consequent disturbance in the lymphocyte
response by undertaking systematic study of diseases involving eosinophil
infiltration with impairment of lymphocyte response.

Prostaglandin and leukotriene release

PAF induces prostaglandin and leukotriene generation in lungs and
various cell systems which, in turn, are potent modulators of lymphocytefunctions (rev. in 57, 95).

Neuropeptide release

The development and function of the immune system is directly
influenced by endocrine factors from the pituitary and hypothalamus (rev.
in 96) : indeed, both pituitary and hypothalamic hormones interfere with
lymphocyte proliferation and function and it has been shown recently that
human peripheral mononuclear cells possess specific receptors for these
hormones, and other imuno-regulatory peptides.

It seems that PAF plays an important role in regulating CNS
functi'ns : (i) after [SH] PAF injection in vivo in gerbils, the binding
of PAF is 250 times higher in the brain than in other tissues ; the PAF
antagonist, BN 52021, inhibits this phenomenon (P. Braquet and B.
Spinnewyn, unpublished) ; it has recently been shown that there are high
affinity binding sites for PAF in the gerbil brain (E. Chabrier and P.
Braquet, in preparation) ; (ii) several behavioural parameters in mice
have been modified by PAF antagonists of several chemical series (97) ;
(iii) in gerbils, the PAF antagonists BN 52021, kadsurenone and brotizolam
inhibit the post ischemic phase of cerebral ischemia (98) ; (iv) PAF
modulates neuropeptide release from various cerebral tissues (99 ; F.
Dray, in preparation ; P. Braquet unpublished). In addition, the hormonal
response is changed, following PAF injection in animals (100).
Consequently, PAF may indirectly alter the immune response via neuro-
peptide release.

Prolactin and growth hormone. PAF causes prolactin (PRL) and growth hor-
mone (GH) to be released from the rat anterior pituitary tissue (99) which
effect is blocked by PAF antagonists (P. Braquet, unpublished). It seems
that PRL and GH play an important role in regulating lymphocyte functions
since hypophysectomized rats lose their immune response (101). The
immunological responsiveness of these animals was restored when treated
with PRL or GH, but not with corticotropin or other pituitary hormones
(102). In addition, on human lymphocytes, specific binding sites for PRL
have been evidenced. Of interest, ciclosporin A displaces PRL from these
sites (103,104) and on the contrary, stimulation of PRL secretion reverses
the immunosuppression induced by ciclosporine (104). These data imply that

* PRL release may take part in the exacerbation of the immune response
* afforded by ALPs (see above) and conversely may account for the delay in

graft rejection obtained by a combination of ciclosporine and PAF
antagonists (80).

Substance P. Substance P (SP) is an 11 amino acid peptide, located
in nerve endings of several species, including man (rev. in 105). SP
constricts pulmonary airways leading to bronchoconstriction, contracts
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smooth muscles, stimulates epithelial call secretion in the lungs and the
gut and increases the permeability of microvasculature (rev. in 105). The
release of mediators from mast cells such as leukotrienes or histamine is
also stimulated by SP in an indirect manner ; in vitro, SP stimulates
human monocyte chemotaxis with an EC50 as low asI1 -F' a M. SP generates
TxA2, 02" and H202 by C. paryum-activated macrophages, activates
lysosomal enzyme release and stimulates phagocytosis of yeast cells (rev.
in 105).

PAF induces SP release from guinea-pig lung preparations, as
determined by radioinmunoassay (106). PAF-induced release of SP is mainly
observed in large bronchi and trachea. On a molar basis, PAF seems to be
as active as capsaicin in inducing SP release (106). However, from chopped
lung parenchyma, no net release of SP elicited by PAF or capsaicin is
observed, although the amount of neuropeptide extracted at acidic pH from
lung tissue is markedly increased. This observation Implies than SP is
released from nerve endings upon stimulation with PAF and capsaicin but
that it does not spread within the tissue (106). The inhibition of airway
hyperreactivity exerted by the PAF antagonists BN 52021 and WEB 2086 may
partly be explained by the PAF-induced increase of SP release.

The prior body of evidence indicates that PAF may be a potent
mediator of SP release and may therefore also indirectly regulate the
immune response : indeed, the uptake of [3H] thymidine and [3H] Ieucine by
purified human peripheral blood T lymphocytes is significantly improved by

SP, in vitro at low concentrations (107) ; the same degree of
proliferative response to SP has been demonstrated by similar experimentswith mouse lymphocytes from msenteric lymph nodes and Payer's patches

(107). Moreover, the in vitro production of IgA in lymphocytes from spleen
and Payer's patches is significantly enhanced by SP by up to three times
(108).

Consequently, in this manner, PAF may once again indirectly in-
fluence the immune response.

CONCLUSION

PAF has numerous effects on many organ and tissue targets. The ac-
tion of the mediator on various cell types can account for several of
these effects. PAF has been related with a great majority of inflammatory
and immune responses, right from discovery of its production in allergic
reactions to the recent and current studies of its effects on cellular
inmune functions. The direct involvemement of the mediator in these
phenomena can now be studied since specific PAF agonists, antagonists and
inhibitors, have been developed.
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LEUKOTRIENES IN LYMPHOCYTE ACTIVATION: LEUKOTRIENE B4
ENHANCES INTERLEUKIN 2 AND INTERFERON-GAMMA
PRODUCTION BY MITOGEN AND ALLOANTIGEN-STIMULATED
HUMAN T CELLS

M. Rola-Pleszczynski, C. Pouliot, L. Bouvrette and P-A. Chavaillaz
Laboratoire d'immunologie, Facult6 de M6decine, Universit6 de
Sherbrooke, Sherbrooke, OC, Canada JI H 5N4

INTRODUCTION

LTB4 and, to some extent, certain other hydroxyeicosatetraenoic

acids (HETE) can regulate several immune cell functions (reviewed in 1).

We have initially shown that LTB4 can induce the appearance of

suppressor T cells which in turn inhibit the proliferative response of

human lymphocytes to mitogens (2, 3). Others have also shown LTB4 to

suppress LIF production (4) and Ig synthesis (5). The expression of

LTB4 -induced suppression appears to require the presence of monocytes in

the responder population in most circumstances (3, 6). It also requires

the integrity of the cyclooxygenase pathway (6): use of indomethacin in

the responder cell culture not only prevents the expression of sup-

pression, but actually results in LTB4 -induced enhancement of proli-

feration. This latter effect may be the consequence of induction by

LTB4 of "positive" signals in the forms of IL-I, IL-2 or interferon-

gamma when suppression is prevented. We have recently shown that LTB4

can augment the production of IL-I by human monocytes (7). In this paper,

we present initial evidence for the modulation of production of the

lymphokines IL-2 and IFN by LTB4 .

MATERIALS AND METHODS

Leukotriene B4 was a generous gift from Drs A.W. Ford-Hutchinson

and J. Rokash, Merck-Frosst Canada. It was dissolved in ethanol and

further diluted in RPMI-1640 medium, final ethanol concentration being

less than 0.5%. Recombinant IL-1 (rIL-1) was obtained from Cistron and

rIL-2 from Aaersham. Nordihydroguaiaretic acid (NDGA), caffeic acid (Caf),
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indomethacin (lndo) were obtained from Sigma. EW755c was from

Burroughs-Wellcome, U-60257 was a gift from Dr H. Bach (Upjohn) and

cyclosporin A (CyA) was a gift from Dr G. Hole (Sandoz).

Human peripheral blood mononuclear leukocytes (PBNL) were obtained

by sedimenting venous blood from healthy, medication-free volunteers on a

Ficoll-Hypaque gradient. Monocytes were removed by adherence to BHK-

precoated Petri dishes. Lymphocyte subsets were enriched in T4 or

Ta+ cells by treatment with OKT8 or OKT4 (Ortho Diagnostics) plus com-

plement, respectively. This resulted in greater than 90% enrichment of

either subset. Alternatively, T44 or T8+ cell populations were

selected by panning labeled cells on anti-mouse Ig precoated culture

flasks.

PBNL, monocyte-depleted lymphocytes or enriched T cell subsets were

cultured in RPHI 1640 medium, 57. FCS, in the presence of either concana-

valin A (ConA, 5 ug/ml; Pharmacia), phytohemagglutinin (PHA, 0.1%; Difco

Laboratories), poly I:C (30 ug/ml; Sigma), or allogeneic mitomycin

C-pretreated (50 ug/ml, 30 min) PBML and varying concentrations of LTB4

for 24 h at 370 C. Cell-free supernatants were then collected and tested

for their IL-2 and IFN-gamma contents. To assay for lymphocyte proli-

feration, the cultures were incubated for 72 h (mitogens) or 120 h

(allogeneic PBHL) at 370 C and 3H-TdR was added for the last 18 h of

incubation. Cells were then harvested and proliferation was assessed by

measuring the uptake of 3H-TdR.

IL-2 was measured using the IL-2 dependent mouse CTLL line.

Interferon-gamma was measured using a couercial RIA assay for human

interferon-gamma (Centocor).

RESULTS

When human PBML were incubated with PRA for 24 h, the addition of

LTB4 in conjunction with indomethacin markedly enhanced IL-2 production

by these cells. No significant effect was observed in the absence of indo-

methacin. A significant effect was seen at an LTB4 concentration as low

as 1 pM (10-1 2 M) (Figure 1).

Because of the possibility that this enhancement in IL-2 production

was secondary to an enhancement of IL-1 production via a direct LTB4 -

monocyte interaction, monocyte-depletion was combined with the addition of

460



LiIL

Z[

U!

L

MNotu TS 1H +TSM "OpMI LTS4 (IF")I

Figure 1. Effect of LTB4 on production of IL-2 by human PBML cultures
stimulated with ConA in the absence or presence of indomethacin
(10"6M). n = 6.

rIL-1 (100 pg/ml) to T lymphocyte cultures stimulated with ConA. This

allowed for a similar increase in IL-2 production in the presence of

LTB4 (Table 1), indicating that this mediator was capable of affecting

directly IL-2 production, in the absence of any effect on accessory cells

and IL-1 synthesis.

We had previously shown that T cell subsets could respond diffe-

rently to LTB4 in their inmmnoregulatory functions on lymphocyte proli-

feration. A differential effect of LTB4 on the production of IL-2 by T

TABLE I Effect of LTB4 (10-10M) on IL-2 production by monocyte-

depleted human T lymphocytes MOC in the presence of rIL-1 and

ConA.

IL-2 (cpm)

Lc + rIL-I 567 + 69

Lc + rIL-1 + ConA 1514 + 181

Lc + rIL-1 + CouA + LTB4  2351 + 215 p < 0.01
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cell subsets could explain, at least in part, these functions. In fact,

removal of T8+ lymphocytes by OKT8 plus complement not only enhanced

baseline IL-2 production by PEA-stimulated PBML, but allowed for further

augmented production of IL-2 in the presence of LTB4 (Fig. 2). Conver-

sely, depletion of T4+ cells had the opposite effect, and addition of

LTB4 further depressed IL-2 production (Fig. 2). Similar findings were

observed when IFN-gamma production was mt.sured in poly IDC-stimulated

cultures supplemented with LTB4 t IFN-ga- production was inhibited by

LTB4 in T4+-depleted PBNL while it was enhanced in TO+-depleted

cultures (Fig. 3).

E
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Figure 2. Effect of LTB4 on the production of IL-2 by PEA-stimulated

PBML depleted of either T4+ or T8+ cells by ORT4 + C and
OKT8 + C pretreatment, respectively. n = 4.

Because of its potential to augment lymphocyte responses,

LTB4 was tested for its ability to reverse the inhibition of lymphocyte

proliferation and IL-2 production by hydrocortisone (H-Cort). H-Cort at

10" 5 M inhibited proliferative responses to ConA, PEA and allogeneic

PBML by 60-80% and this inhibition was not reversed by LTB 4 when added

simultaneously with H-Cort. (Table II). The smaller inhibition by lower

concentrations (10-6, 10-7 M) of H-Cort could however be reversed by

LTB4 concentrations of 10" 10 -10-M. A similar pattern of reactivity
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was observed when T cells were preincubated with LTB4 for 18 h before

being added to PBML cultures containing ConA and H-Cort (data not shown).

LTB4 was also capable of reversing, partially or completely,

the inhibition of IL-2 synthesis produced by the leukotriene synthesis
inhibitor U-60257 and the lipoxygenase inhibitors caffeic acid, NDGA and

BW755c It was also able to restore IL-2 production in the presence of

low concentrations of CyA, a powerful inhibitor of IL-2 synthesis (Table

III).

TABLE II Effect of LTB4 on reversal of inhibition of lymphocyte

proliferation by hydrocortisone

Addition to culture Proliferation (percent of medium controls)

H-Cort(M) LTB41 (H) ConA PHA PBML

- 10-8 ill 122 109
- 10-10 100 135 100

10-5  - 41 40 20
10- 5  10- 8 41 43 22
10- 5  10-10 38 25 11

10-6 - 60 61 30
10- 6 10-8 101* 49 43
10-6 10-10 92* 58 54*

10- 7  - 82 80 62.
10- 7  10-8 114 106 101*
10- 7  10-10 123 117 124*

W Asterisks denote a significant effect of LTB4 (p < 0.05; n 6).

DISCUSSION

The present studies indicate that LTB4 can modulate lymphokine

production by human lymphocytes. In addition to interacting directly with

monocytes and possibly enhancing IL-2 synthesis by increasing IL-1

production (7), LTB4 appears to be able to affect directly IL-2

producing cells cultured in the presence of IL-1. Depletion of the T8+

suppressor lymphocyte subset further enhances both baseline IL-Z

production and LTB4 -induced augmentation of IL-2 synthesis. It thus

appears that LTB4 can generate a number of "positive" signals which

regulate the inmune response when "negative" signals leading to enhanced

suppressor cell function are blocked (Fig. 4).
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Figure 3. Effect of LTB4 on the production of IFN-gamma by poly I:C-
stimulated PBML depleted of either T4+ or T8+ cells by

OKT4 + C or OKT8 + C pretreatment, respectively. n = 3.

TABLE III Effect of LTB4 on IL-2 production by human ConA-stimulated T
cells in the presence or absence of hydrocortisone (H-Cort).
NDGA, caffeic acid (Caf) and cyclosporine A (CyA).

Addition to culture IL-2 (mean cpm + S.E.M.)
-- 1618 + 202

-LTB 4 10-7M 1715 ± 150
-LTB 4 10-9M 1422 + 162

U-60257 (10-4M) -1140 + 98
U-60257 LTB4 10-7M 1878 + 225*

U-60257 LTB4 10"9M 826 + 89

Car (10-4M) -782 + 66
Car LTB4 10-7M 1328 + 150"
Caf LTB4 1O'9M 750 + 82

NDGA (25 ug/ml) 310 + 40
NDGA LTB4 10-7M 604 ± 75*
NDGA LTB4 1O'9M 334 + 38

1BW755c (50 ug/ml) - 17M850 + 95
BW/755c LTB4 I-M1525 + 182"
BW755c LTB4 10'9M 2308 ± 211"

CyA (10 ng/ml) 744 + 84
CyA LTB4 10-7M 1525 201"
CyA LTB4 10"9M 1342 160"

denotes significant effect of LTB4
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Indirect evidence for the participation of lipoxygenase activity in

lymphocyte function has been brought forth by several investigators

(8-13), including ourselves (14). In addition to showing that

5-lipoxygenase inhibitors suppressed natural cytotoxic cell activity, we

could restore normal cytotoxic activity with exogenous LTB4 (14). The

present studies demonstrate a similar phenomenon using lymphocyte

proliferation and production of IL-2. Analogous results were recently

reported by Goodwin et al (15).

Studies by Johnson and Torres (16) and Farrar and Humes (11) also

showed that LTB4 can replace IL-2 in helper cell-depleted mouse spleen

cells or in a IL-2-dependent murine cell line, respectively, and allow for

IFN-gamma production. Our studies reported herein indicate that IFN-gamma

production by normal human peripheral blood T cells can be markedly

enhanced by LTB4 . For both IL-2 and IFN-gamma, however, the cell

subpopulations involved in the interaction with LTB4 are of crucial

importance, with amplification produced in the absence of T8+ cells and

suppression in the absence of T4+ cells. Whether modulation by LTB4

of the production of these lymphokines may also be responsible for the

observed augmentation of natural cytotoxic and NK cell function by LTB4

(14, 17-20) is presently under investigation.

itogen

LTB 4  CD -- e'L-2-0_T rasp : proliferation

PGE 2

Figure 4. Schematic illustration of the various pathways through
which LTB4 interacts with cells of the immune system

and modulates positively or negatively the immunei
response
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All these studies would tend to suggest that lymphocytes possess

lipoxygenase activity and that this activity is essential to several of

their functions. To this date, however, direct and convincing proof of

this is lacking, possibly due to the limitations of sensitivity and

specificity of the available methodologies. Optimal concentrations of

LTB4 , as assessed by its exogenous use in vitro, are in the picomelar

range, thus at the lower limit of reliable detectability by high

performance liquid chromatography or radioimmunoassays. With the

forthcoming elucidation of the structure of 5-lipoxygenase and the

subsequent development of appropriate molecular probes for it, it may

become feasible to identify its presence in lymphocyte preparations and

thus resolve part of the dileumma.

In conclusion, inflammatory mediators such as LTB4 may contribute

to the overall immune reaction by affecting several cell types and the

production of various cytokines. The resulting net effect should depend

on local conditions such as the presence of monocytes, the proportion of

specific T cell subsets or the use of anti-inflammatory drugs.
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II

REGULATION OF T-CELL ACTIVATION BY LEUKOTRIENE B4

J. S. Goodwin
Department of Medicine, Medical College of Wisconsin
Milwaukee, Wisconsin

INTRODUCTION

The evidence that endogenous arachidonic acid metabolites are
important in normal T cell activation and proliferation is suggested by
several experimental findings. Perhaps the most direct evidence was
provided by Kelly and his coworkers (1), who showed that drugs which
blocked all arachidonic acid metabolism also inhibit mitogen-induced T cell
proliferation. Drugs such as nordihydroguaretic acid (NDGA) and BW755c
inhibit all lipoxygenase enzymes as well as cyclooxygenase (which is also a
lipoxygenase enzyme). There are also specific cyclooxygenase inhibitors
with no activity on the lipoxygenases, such as indomethacin and the other
non-steroidal anti-inflammatory agents (NSAIA's). More recently, drugs
which selectively inhibit 5-lipoxygenase, with little or no activity on 12
or 15-lipoxygenase or on cyclooxygenase, have been described. These inlcude
caffeic acid (2), AA861 (3), and Rev 5901 (4). In addition, specific 12-
lipoxygenase inhibitors and specific 15-lipoxygenase inhibitors are being
developed by some pharmaceutical companies but are not yet available for
study.

One can use the effect of specific and non-specific inhibitors of
arachidonic acid metabolism on various assays of T cell activation
proliferation to gather clues about the possible role of endogenously
produced arachidonic acid metabolites in T cell function. For example, the
fact that indomethacin and other cyclooxygenase inhibitors cause increased
T cell proliferation in mitogen or antigen stimulated cultures was part of
the evidence used to demonstrate that PGE is a normal endogenous feedback
inhibitor of T cell activation and proliferation (reviewed in 5). Use of
non-specific lipoxygenase inhibitors (that is, drugs which inhibit all
lipoxygenase enzymes, including cyclooxygenase) suggest that some
arachidonic acid metabolite(s) is (are) critical to normal T cell function.
The fact that these non-specific lipoxygenase inhibitors stop mitogen
induced T cell proliferation was already mentioned above (1). In addition,
Johnson and Torros have shown that a non-specific lipoxygenase inhibitor
suppressed mitogen-induced interferon production by murine splenocytes
(6). This suppression could be reversed by the addition of LTB4, LTC4 or
LTD4 to the cultures. LTB4, LTC4, or LTD4 were capable of replacing the
helper cell or interleukin-2 (IL-2) requirement for interferon production
by Lyt 1- 2+ cells. Similar results have been published by Farrar and Humes
(7). The authors concluded that leukotilenes may play an essential role in
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the IL-2 stimulation of interferon production. This conclusion would have
been strengthened had either group of investigators actually demonstrated
leukotriene production in their cultures.

Similar data has been presented for natural killer (NK) function.
Both Seaman (8) and Rola-Pleszcynaki et al (9) have shown that non-
specific lipoxygenase inhibitors suppress NK activity, and exogenous LTB4
will overcome that suppression (9), once again suggesting a role for
endogenous leukotriene production in lymphocyte function.

In spite of the experimental results described above, most
investigators interested in arachidonic acid metabolism or immunology have
tended to stay away from experiments looking at a critical role for
leukotrienes in T cell activities. There are at least two reasons for
this. First, several laboratories reported little or no effect of
leukotrienes when they were added to various in vitro assays of T cell
function. Second, it is generally accepted that T cells do not metabolize
arachidonic acid to leukotrienes. Indeed, the best published studies
suggest that T cells do not metabolize arachidonic acid at all. I will
discuss both of these points in some detail.

Several laboratories report modest(10-12) or no (13) inhibition of
mitogen-induced lymphocyte proliferation by leukotrienes. Webb et al (14)
reported that LTD4 or LTE4 in concentrations as low as 10 pK caused some
inhibition of 3H-thymidine incorporation in mitogen-stimulated mouse
thymocytes. Payan and Goetzl (11) reported that LTB4 but not LTC4 or LTD4
caused a slight inhibition of mitogen-induced 3H-thymidine incorporation
and lymphokine production by human lymphocytes. Rola-Pleszcynski et al
(10) also found a modest inhibition by LTB4 of human lymphocyte
mitogenesis. On the other hand, Guttery et al (13) found no effect of LTB4
over a wide dose range in the same assay system. In sum, the effects of
exogenous leukotrienes on some assays of T cell function are not
impressive.

Equally unimpressive is the evidence that T cells even produce
leukotrienes. Two groups reported that lymphocytes metabolize arachidonic
acid to 5-HETE, and LTB4 (15, 16) but others have disputed this claim,
arguing that the LTB4 produced comes from contaminating monocytes in the T
cell preparation (17-19). Goldyne et al (17) in an article published in
1984 in Journal of Biological Chemistry found essentially no lipoxygenase
metabolites produced by human T cells when monocytes were effectively
removed prior to culture. These results, as well as similar unpublished
results of several other laboratories have discouraged most investigators
from looking for an intrinsic role for LTB4 or other 5-lipoxygenase
products in T cell function. Any evidence for such a role, such as the
inhibition of T cell proliferation by lipoxygenase inhibitors, has been
ascribed to an effect on monocyte helper function. As we discuss later,
we feel that the failure of most investigators to find leukotriene
production by T cells is secondary to difficulties in methodology and not
to a real deficiency in 5-lipoxygenase activity in T cells.

One other effect of lipoxygenase metabolites that should be mentioned
Is the ability of some lipoxygenase metabolites to regulate the synthesis
of other lipoxygenase metabolites. The results differ depending on the
tissue studied. For example, 15-HETE in relatively high concentrations
(10 pH) inhibits 5-lipoxygenase activity in some cell types (20, 21) and
actually stimulates leukotriene synthesis several fold in other cell types
(22). In addition, inhibition of cyclooxygenase leads to a "shunting" of
arachidonic acid into the lipoxygenase pathway, resulting in increased
leukotriene production in several systems.
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MECRANISN OF ACTION OF CORTICOSTEROIDS

The studies described in this paper will deal with our investigation
of LTM in T cell proliferation and also our studies on lipoxygenase
metabolites of arachidonic acid produced by T cells. Since much of our work
has been guided by a hypothesis regarding the mechanism of action of
glucocorticosteroids, I will start by outlining that hypothesis so that my
subsequent reasoning might be more understandable. The hypothesis is that
many or all of the immnologic effects of glucocorticoids are secondary to
their inhibition of arachidonic acid metabolism (23-26). In the aid-
19701e, several groups showed that steroids inhibited the release of
arachidonic acid from membrane phospholipid (23, 27-29). Danon and
Assouline (30) showed that RNA and protein synthesis was needed for
steroids to inhibit arachidonic acid release and subsequent metabolism.
Flower and his associates in England (24, 31) and Hirata, Axelrod and their
coworkers at the NIB (25) identified a phospholipase A2 inhibitory protein,
termed macrocortin or lipomodulin, that was synthesized and released by
cells upon exposure to corticosteroids. On the other hand, several
investigators have failed to find an inhibition by corticosteroids of the
endogenous production of arachidonic acid metabolites in vitro (32) and in
vivo (33, 34).

If indeed the effects of corticosteroids in a physiologic system are
due to inhibition of arachidonic acid metabolism, then this allows us to
construct several testable hypotheses. For example, if in a given
physiologic system, corticosteroids have an effect not shared by
cyclooxygenase inhibitors (NSAIA's) then that implies that the effect of
corticosteroids in that system is due to inhibition of the production of a
lipoxygenase metabolite of arachidonic acid rather than a cyclooxygenase
product. This can then be tested in several ways. First, one should be
able to duplicate the effect of corticosteroids with non-specific
lipoxygenase inhibitors. Second, one should be able to reverse the effect
of corticosteroids by adding back one or more lipoxygenase metabolites of
arachidonic acid. Finally, one should be able to demonstrate that specific
lipoxygenase metabolites of arachidonic acid are indeed produced in that
system, and that corticosteroids inhibit their production with a dose
response relationship of inhibition of lipoxygenase metabolite production
similar to the dose response relationship for the physiologic effect of
corticosteroids in that system.

I realize that the hypothesis about the mechanism of action of
corticosteroids outlined above may seem overly simplistic or naive, but it
has helped us generate many useful ideas about the possible role of
lipoxygenase metabolites of arachidonic acid in various immunologic
functions. There is an extensive literature about the effects of
corticosteroids on immunologic function in vivo and in vitro. There are
also many previous studies of the effects of NSAIA's in those same systems.
Thus, we can use the previously described effects of corticosteroids and
NSAIA's to suggest areas where the endogenous production of a lipoxygenase
metabolite of arachidonic acid might be critical for normal immunologic
function.

LTB4 IN SUPPRESSOR T CELL INDUCTION

Our first investigation of this type was a study of the role of
leukotrienes in suppressor cell generation. We reasoned that, since
corticosteroids inhibit suppressor cell generation in many in vitro and in
vivo models (35-37), and since NSAIA's do not inhibit suppressor cell
generation (38-40), then a lipoxygenase metabolite of arachidonic acid
might be a critical component of suppressor cell generation. Indeed, Rola-
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Plezczynski at al. (10) had reported that human periperhal blood
mononuclear cells (PBMC) incubated for 18 hours with LTB4 suppressed the
proliferation response of fresh antologous PBKC to mitogens. We found that
LTB4, but not LTC4 or LTD4 was a potent suppressor of polyclonal Ig
production in pokeweed mitogen (PWM) stimulated cultures of human
peripheral blood lymphocytes (41). Preincubation of T cells with LTB4 in
nanomolar to picomolar concentrations rendered these cells suppressive of
Ig production in subsequent PWM-stimulated cultures of fresh autologous B
+ T cells. This LTB4-induced suppressor cell was radiosensitive, and its
generation could be blocked by cyclohexamide but not by mitomycln C. The
LTB4-induced suppressor cell was OKT8 (+), while the precursor cell could
be OKTB(-). The incubation of OKT8(-) T cells with LTB4 for 18 h resulted
in the appearance of the OKT8 antigen on 10-20% of the cells, and this
could be blocked by cyclohexamide but not by mitomycin C. Thus, we showed

that LTB4 in very low concentrations induces a radiosensitive OKT8(+)
suppressor cell. LTB4 is three to six orders of magnitude more powerful
than any endogenous hormonal inducer of suppressor cells previously
described. The fact that LTB4 can cause an OKT4(+) to OKT8(+) shift in T
cell phenotype has now been reproduced in at least one other laboratory
(43). More recently, it has been shown that stimulation of OKT4(+) cells
with lectins results in the expression of both OKT4 and OKT8 on some of the
cells (44). Given our evidence discussed below that LTB4 is a T cell
activation signal, it may be that the OKT4 to OKT8 shift caused by LTB4 is
actually a stimulation of OKT4 cells to express both antigens.

We have recently found that 15 HPETE induces both phenotypic and
functional suppressor T cells in a manner quite similar to LTB4, the major
difference being that much higher concentrations of 15 HPETE (10 nM to I
uM) were required for the effect (42). In addition to causing induction of
OKT8(+) suppressor cells we have also found that both LTB4 and 15 HPETE
cause increased proliferation of OKT8(+) T cells stimulated by mitogen,
while the proliferation of OKT4(+) cells is inhibited by these compounds
(12). A similar effect of LTB4 had been previously published by Payau et
al. (45). The balance between stimulation of OKT8(+) cells and inhibition
of OKT4(+) cells is presumably why other investigators found only modest or
no effects of LTB4 on the mitogenic response of unfractionated T cell
preparations (10, 11, 13). We will return to this issue of differential
effects of LTB4 on T cell subpopulations when we discuss our findings of
an apparent reversal by LTB4 of inhibition of interleukin-2 (IL-2)
production by corticosteroids.

ENDOGENOUS LTB4 IS NECESSARY FOR MITOGEN-STIMULATED IL-2 PRODUCTION
AND T CELL PROLIFERATION

After the studies described above we turned our attention to the role
of LTB4 in normal T cell proliferation. Our recent findings would lead us
to believe that our report on LTB4 in suppressor cell generation was
focusing on just one aspect of a more general role for LTB4 in T cell
activation. Once again, we were guided in this study by our knowledge of
previous studies showing that corticosteroids profoundly suppressed T cell
proliferation in mitogen or antigen-stimulated cultures (46, 47), while
NSAIA's actually enhance T cell proliferation in these same assays (48). We
asked, therefore, whether the effect of corticosteroids in inhibiting T
cell proliferation might be secondary to inhibiting the production of some
lipoxygenase metabolites of arachidonic acid (26). We first compared the
effects of corticosteroids, non-specific lipoxygenase inhibitors,
cycloowlownie inhibitors, and specific 5-lipoxygenase inhibitors on
mitogen induced T cell proliferation.

Our results can be summarized as follows:
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1. Nonspecific lipoxygenase/cyclooxygenase inhibitors such as BW 755c
and NDGA inhibited IL-2 production and T cell proliferation in
phytoheagglutinin (PHA)-stimulated cultures in a manner similar
to hydrocortisone or dexamethasone, while a specific cyclooxygenase
inhibitor, indomethacin, actually enhanced IL-2 production and T
cell proliferation.

2. Two Specific 5-lipoxygenase inhibitors, AA861 and Rev 5901 which
inhibit 5-1ipoxygenase at doses which cause little effect on 12 or
15 lipoxygenase or on cyclooxygenase, also inhibit IL-2 production
and T cell proliferation. This suggested that the relevant
arachidonic acid metabolite necessary for T cell activation was a
product of the 5-lipoxygenase pathway.

3. LTB4 in concentrations as low as 10-10M completely reversed
the inhibition of IL-2 production and T cell proliferation
caused by steroids or by the 5 lipoxygenase inhibitors. LTB4 did
not reverse inhibition caused by PGE2, histamine, or irradiation.
LTC4, LTD4 and 5 HETE had no effect on inhibition caused by steroids
or lipoxygenase inhibitors. Thus, the reversal of inhibition was
specific for LTB4 versus the other 5-lipoxygenase metabolites (LTC4,
LTD4 and 5 HETE), and the reversal by LTB4 was specific for inhibition
caused by steroids or lipoxygenase inhibitors versus other inhibitors
(PGE, histamine, irradiation). This suggested that LTB4 was specifically
reversing the inhibition of IL-2 production and proliferation caused
by steroids and not stimulating IL-2 production via another unrelated
mechanism.

4. LTB4 is produced in PHA stimulated cultures of human peripheral
blood T cells. After 18 hours, one million T cells in one ml media
produce one nM LTB4. There is a good correlation between inhibition
of LTB4 production by various concentrations of hydrocortisone and
inhibition of IL-2 production.

We concluded from the findings summarized above that corticosteroids
inhibit mitogen-induced IL-2 production and T cell proliferation by
inhibiting endogenous LTB4 production. A related conclusion from this
study is that LTB4 production is a necessary component of mitogen-
stimulated T cell proliferation. Our recent findings using T cell subsets
have led us to reject these conclusions as overly simplistic, as will be
discussed later.

T CELLS PRODUCE LTB4

Our finding of LTB4 production by T cells was somewhat controversial,
especially in the light of published reports that purified T cells do not
metabolize arachidonic acid (17, 18). One possibility was that the LTB4
produced in our cultures was produced by the contaminating monocytes. It
is clear that a small percentage of accessory cells are required for T cell
activation by PHA or other mitogens (49, 50), and our T cell preparations
contained 1-2% monocytes as identified by peroxidase staining. We first
addressed the issue of the source of the LTB4 by comparing LTB4 production
in PHA stimulated cultures of T cells (1-22 monocytes), of peripheral blood
mononuclear cells (PBMC, 15-20% monocytes), and of T cells to which 20%
adherent cells had been added back. Comparable amounts of LTB4 were
produced in each situation (51,. In addition, T cell preparations
vigorously depleted of monocytes (CO.2%) that no longer proliferated in
response to PEA still produced LTB4 upon stimulation by the calcium
ionophore A23187. Out method of LTB4 quantitation is discussed below and
involves HPLC followed by a specific RIA for LTB4 on the relevant
fractions.
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A more rigorous method of testing the cell origin of LTB4 is to use T

cell lnek, as is shown in Figure 1. Jurkat cells, a human T cell line,
produced LTB4 when stimulated by either PRA or phorbol-yristate-acetate
(PMA). We feel this provides very strong evidence that T cells do indeed
metabolize arachidonic acid, and a major arachidonic acid metabolite of
human T cells is LTB4. The time course for LTB4 accumulation in cultures
of Jurkat cells was similar to that of peripheral blood T cells. LTB4 was
always undetectable at 2 hours but present in measureable amounts after 4
hours of culture. Because the limits of sensitivity of our assay of LTB4
is 100 pH, and because levels as low as 1 pH could partially reverse
inhibition by steroids or lipoxygenase inhibitors, there may be much
earlier production of biologically relevant amounts of LTB4, perhaps in the
first few minutes of T cell activation, that are below the level of
sensitivity of our detection.

ARACHIDONIC ACID INHIBITS LTB4 PRODUCTION

The question then arose as to why we found relatively large amounts of
LTB4 production by T cells when Goldyne et al. (18) and other groups (by
various personal communications) had foud no LTB4 production. We found
one answer lay in the differences in the methodologies employed (52). In
the studies of Goldyne et al. (18) as in most studies of arachidonic acid
metabolism, exogenous arachidonic acid at 10 M or higher was always added
to the incubation media. We found that exogenous arachidonic acid
profoundly suppressed LTB4 production by PHA-stimulated T cells. Results
of 5 experiments are shown in Table 1, giving a dose response to added
arachidonic acid.

Exogenous arachidonic acid also suppressed appearance of 12 HETE and
15 HETE, but to a less extent than LTB4 levels. This dramatic inhibition
of lipoxygenase activity in human T cells by arachidonic acid is not
necessarily generalizable to other cell populations. Several groups have
shown that exogenous arachidonic acid changes the pattern of cyclooxygenase
metabolites of arachidonic acid produced in tissue or cell cultures (53,
54). Laclos et al (55) reported some inhibition of 5-lipoxygenase activity
and an increase in 15 HETE production by human mixed leukocytes by
arachidonic acid at 5 uM or higher. On the other hand, Lee et al. (56)
reported no influence of similar concentrations of arachidonic acid on
purified human neutrophils, and others, (57, 58) have found an increase in
LTB4 produced by human neutrophils when arachidonic acid was added to the
media. One obvious conclusion from our findings is that previously
reported studies of arachidonic metabolism by various tissues, if done
entirely in the presence of exogenous arachidonic acid, should be repeated
to see if the arachidonic acid altered the pattern of metabolites produced.

The mechanism of inhibition of LTB4 formation by arachidonic acid
is unclear. Several possibilities are testable:

1. Exogenous arachidonic acid or a metabolite promotes further metabolism
of LTB4, 12 HETE, etc.. Thus, there is no inhibition of lipoxygenase
metabolism by exogenous arachidonic acid, just an acceleration in
further metabolism of the products that we measure.

2. The arachidonic acid is preferentially converted to a metabolite
that inhibits 5, 12 and 15 lipoxygenase. Vanderhoek, Bailey and
their colleagues (20-22) have shown that products of arachidonic
acid such as 15 HETE inhibit 5 lipoxygenase.
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Table 1. Effect of exogenous arachidonic acid on LTB4 production by PEA-
stimulated T cells. Experiments 1, 2 and 3 show results of a direct RIA
f or LTB4 on the supernates, while in experlients 4 and 5 the supernates
were fractionated by HPLC prior to RIA. (Taken from reference 52).

LTB4 (pg/tube)

Arachidonic Acid Exp.1 Exp.2 Exp.3 Exp.4 Exp.5

0 210 240 120 100 140

10-6 &.12.5 412.5 4.12.5 20 412.5

10850 48 50 37 34

10 0104 70 91

10-12 91 122

isool

-400

',00

0 1 4 20
OLAWIN OF CULTMR Hmut)

Figure 1. Stimulation of LTB4 production from Jurkat cells by PHA (4.0
ug/ml), A23187 '.5 ug/me) and P3A (50ng/ml) alone or in combination (taken
from reference 51)
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3. Exogenous arachidonic acid might be directly inhibiting lipoxygeaase
in T cells. There is some indication that lipoxygenases may pre-
ferentially act on arachidonic acid while it is still esterified
to phospholipid. Free arachidonic acid might then competitively
inhibit that lipoxygenation without necessarily being a good substrate.

4. The arachidonic acid could be poisoning the cells through unknown
mechanisms, and the decrease in LTD4 production would just be one
aspect of a general decrease in cell function. None of our ex-
periments using different sources of arachidonic acid points to
such a mechanism, but it has not been completely ruled out.

I should emphasize that the question of whether T cells metabolize
arachidonic acid to LTB4 is far from resolved. Borgeat and his colleagues
have recently presented data at the International Meeting on Prostaglandins
and Related Compounds (Florence, June, 1986) in which they found no LTB4
produced by human lymphocytes, even if no arachidonic acid was added to
the system. This brings up an interesting discrepancy in our own results.
Our method for measuring LTB4 is by an RIA of the culture supernate.
Alternatively, we extract the supernate, deproteinate it, fractionate it by
high performance liquid chromatography (HPLC), and then assay by RIA for
LTB4 those fractions collected with the retention time of LTB4. Using
either method we arrive at similar estimations of LTB4 produced, about 500
pg per/ml of T cells cultured at one million cells per ml with PHA for 18
hours (26, 52). The HPLC runs show a peak with a retention time identical
to LTB4 (e.g., see reference 26). However, 500 pg of LTB4 is below the
sensitivity of detection of the HPLC. Thus, the HPLC peak seen with the
retention time of LTB4 is not all LTB4. On the other hand, the RIA shows
that there is immunoreactive LTB4 in the T cell supernates, and this
immunoreactive LTB4 has a retention time identical to LTB4 on HPLC. So the
peak seen on HPLC with a retention time equal to LTB4 contains LTB4, but
the major component may be some other compound.

STIMULATION OF LTB4 PRODUCTION BY IL-2

We have shown that LTB4 is produced by mitogen-activated T cells and
that LTB4 is required for IL-2 production (26). We have also found that
LTB4 may be a second messenger for IL-2 in IL-2 responsive cells. Exposing
T cell blasts or IL-2 dependent murine cell lines, RT-2 or CTLL, to IL-2
resulted in a prompt appearance of LTB4 in the culture media (Figure 2).
LTB4 was always measureable in the CTLL and HT-2 cultures by 30 minutes,
and low levels (close to the 100 pM limit of sensitivity of our assay) were
detectable as early as five minutes after IL-2 addition. This is much
earlier than the appearance of LTB4 in PHA stimulated cultures of resting T
cells or Jurkat cells (Figure 1). Thus the question arose as to whether
LTB4 might act as a second messenger for IL-2. As mentioned previously,
there is evidence that LTB4 can substitute for IL-2 in some systems (6, 7,
59). For example, two groups have shown that LTB4 can substitute for IL-2
in the stimulation of interferon production by murine T cells or T cell
lines (6, 7). We have shown that LTB4 causes maximal proliferation of IL-2
dependent cells in the presence of suboptimal levels of IL-2 that by
themselves only cause minimal proliferation (ref 59, included in appendix).

LTB4 PRODUCTION IS NECESSARY FOR IL-2 RECEPTOR EXPRESSION.

We have recently turned our attention to other actions of LTB4 in T
cell activation. One necessary component of IL-2 dependent T cell
proliferation is expression of IL-2 receptors. IL-2 receptor expression
can take place in the absence of IL-2 production (60), but IL-2 up-
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regulates IL-2 receptor expression (61, 62). We have found that endogenous
LTB4 production is a necessary component for IL-2 receptor expression (63).
The experiments were entirely analogous to those described earlier showing
that LTB4 was necessary for IL-2 production (26). A representative

experiment is shown in Figure 3, showing that LTB4 by itself stimulates the
appearance of IL-2 receptors on PEA-stimulated T cells. BW 755c completely
inhibits the appearance of IL-2 receptors (as does hydrocortisone or other
inhibitors of arachidonic acid) and that inhibition can be overcome by
LTB4.

CONFLICTING DATA

The experimental results presented and discussed in the first part of
this paper are all consistent with the concept that endogenous production
of LTB4 by T cells is a necessary component of T cell activation.
Endogenous LTB4 appeared to be necessary for both IL-2 production and IL-2
receptor expression after mitogen stimulation. Results from other
laboratories suggest it is also necessary for interferon production. In
addition, we have suggested that the inhibition of T cell proliferation by
corticosteroids could be explained by inhibition of endogenous LTB4
production. The results of the experiments I will now discuss have thrown
some of our previously tidy hypotheses into some disarray. Indeed, it is
now impossible to construct a model for LTB4 in T cell activation that
accomodates all of our recent experimental results. Because of space
limitations, and also because this represents preliminary unpublished work
still in progress, I will simply discuss these recent results without
presenting the data.

2000. *CTLL celk
oHT-2 colk

1800 Tcell blst$

-~1000-

800

Uj- 600-

U.'

-j

~400-
-j

200-

4100- 90 _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ _

0 o0s 1 2 2o
DU.ATION OF CULTURE (Hours)

Figure 2. IL-2 stimulation of LTB4 production in IL-2 responsive cells. T
cell blasts were made by incubating peripheral blood T cells with PHA for
72 hours. Prior to the experiments the T cell blasts or cell lines were
incubated in complete media without IL-2 for 3 hours with hourly change of
media in order to reduce the IL-2 bound to the cells. IL-2 at 50 U/ml was
then added and the cells were cultured for the indicated times. Control
cells containing no IL-2 produced no measureable LTB4 at any time point.
(Taken from ref 51).
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Our first unsettling finding was that in order for LTB4 to reverse
inhibition of T cell mitogenesis by steroids or lipoxygenase inhibitors,
adherent cells must be removed during the isolation of T cells. In other
words, our routine procedure for isolating T cells involves separation of
peripheral blood mononuclear cells (PBMC) on a Ficoll-Hypaque gradient,
followed by removal of adherent cells by a 30 min. incubation on glass
petri dishes, followed by E-rosetting. By chance, we found that IL-2
production by T cells isolated directly from PBMC without an adherence step
was still inhibited by steroids or lipoxygenase inhibitors, but LTB4 had
absolutely no effect on this inhibition. On the other hand, LTB4 still
completely reversed the inhibition of IL-2 receptor expression in these
cells. Thus, we most either remove a population of adherent cells, or
activate a population by the adherence step, or both, as a requirement for
LTB4 reversal of inhibition of T cell proliferation and IL-2 production by
steroids or lipoxygenase inhibitors. One obvious conclusion from this is
that not all immunologic effects of steroids can be explained by inhibition
of LTB4 production. Another conclusion is that the steroids and
lipoxygenase inhibitors are inhibiting T cell proliferation at two or more
steps, only one of which is reversible by LTB4.

Another recent finding is that reversal of the inhibition of steroids
or lipoxygenase inhibitors by LTB4 or IL-2 is dependent on the type and
dose of mitogenic stimulus used. Thus, for PHA and Con A at optimal
concentrations, either LTB4 or IL-2 reverses inhibition caused by
hydrocortisone or BW755c. For A23187, LTB4 but not IL-2 will reverse the
inhibition caused by hydrocortisone or BW755c. This may be related to the
fact that A23187 is thought to stimulate T cell proliferation via IL-2
independent pathways (64). Finally, for PHA and Con A at suboptimal
doses, IL-2 but not LTB4 reverses the inhibition caused by hydrocortisone
or BW755c. These results have several implications. Just as in the
previous paragraph, those data indicate that not all effects of steroids
can be explained by inhibition of LTB4. On the other hand, we have not
been able to separate the effects of steroids from the effects of BW755c or
AA861, suggesting that, while the effects of steroids in our systems are
not always solely due to inhibition of LTB4 production it is still possible
that the effects of steroids can be explained by inhibition of the
production of other arachidonic acid metabolites.

Our initial attempts to investigate the cellular basis for the
different effects of LTB4 and IL-2 on steroid-induced inhibition of
mitogenesis have involved further fractionations of our cell populations
into subsets, as well as the addition of various accessory cell factors
(IL-l or supernates from monocyte cultures) to the T cell cultures. We
found that corticosteroids and LTB4 had markedly different effects on IL-2
production by different T cell subsets. PHA stimulation of OKT8(+) cells
resulted in very little IL-2 production, but this was increased greatly by
LTB4. On the other hand, PHA caused considerable IL-2 production by
OKT4(+) cells. This was completely inhibited by hydrocortisone, and this
inhibition was not reversed by LTB4. Thus the apparent "reversal" by LTB4
of the inhibition by hydrocortisone of IL-2 production is actually a switch
in IL-2 production between T cell subsets. This is not true for IL-2
receptors, however. LTB4 did reverse the hydrocortisone inhibition of IL-2
receptors in both OKT4(+) and OKT8(+) cells.

Another recent finding is that phorbol myristate acetate (PMA) can
reverse inhibition of IL-2 production by steroids or lipoxygenase
inhibitors. Because PMA directly activates protein kinase C, this suggests
that endogenous LTB4 is necessary in a step proximal to protein kinase C
activation. I should perhaps pause here to state the obvious, that LTB4
currently has no place in the generally accepted paradigm of T cell
activation or in the activation of any cell type (reviewed in 65, 66). The
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currently accepted paradigm involves transductionof cell surface signals
(antigen presentation by an accessory cell, in the case of T cells) by
hydrolysis of phosphatidylinositol biphosphate, producing diacylglycerol
and inositol triphosphate. The former activates protein kinase C and the
latter causes increases in intracellular free Ca by releasing endoplasmic
reticulum stores (reviewed in ref 65, 66). Phosphatidyl inositol hydrolysis
can be bypassed by administering agents that directly activate protein
kinase C (such as phorbol esters or diacylglycerols) in combination with
calcium ionophores (67-71). Thus there is no "need" in this schema for
LTB4 production. It is important to realize, however, that the currently
accepted paradigm of T cell activation is insufficient to explain many
experimental findings. For example, Nishizuka (72) feels that at least
three signals are required for activation of resting T cells, phorbol
ester, calcium ionophore and a small amount of PHA. Nishizuka (66) feels
that much of the work on T cell activation used calcium ionophore (usually
A23187) at doses ( 0.5 ug/ml) that were much higher than required for
increasing intracellular calcium and which had "nonspecific" activating
effects on T cells. In addition, findings in T cell lines such as Jurkat,
which are already "activated" to some extent (otherwise they would not be
continuous cell lines) are important but should not be uncritically
accepted as applying to activation of normal human T cells.

Since in humans arachidonic acid is the predominent fatty acid
esterified at the two position in phosphatidyl inositol, it is easy to
envision how arachadonic acid release and metabolism would follow the
production of diacylglycerol from phosphatidyl inositol.

SUMMARY

I have presented what I feel is a confusing array of findings
regarding the role of LTB4 in T cell activation. The confusion should not
distract us from the strong evidence that LTB4 in picomolar concentrations
has powerful effects on T cell activation. When the confusion is finally
resolved, I am confident that endogenous LTB4 will be recognized to have a
central role in the early events of T cell activation.
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A ROLE FOR PLATELET-ACTIVATING FACTOR (PAF)
IN HUMAN T-LYMPHOCYTE PROLIFERATION

S.G. Ward, G.P. Lewis, J. Westwick
Department of Pharmacology, Hunterian Institute, Royal College of
Surgeons Lincolns Inn Fields, London WC2A 3PN, England

INTRODUCTION

Interleukin-2 (IL-2) is a soluble 15,000 dalton sialoglycoprotein,

originally termed T-cell growth factor. Human IL-2 consists of a 133

amino acid polypeptide chain containing a single intramolecular disulfide

bridgeI . Interleukin-2 is released by and activates T-lymphocytes after

stimulation of the T-cell antigen receptor complex termed T3-Ti2 . Upon

interaction with its specific membrane receptors3 , IL-2 generates signals

which determine T-lymphocyte proliferation. Interleukin-2 receptor ex-

pression on T-lymphocytes is transient and occurs only after appropriate

immune stimulation by antigens, T-cell specific monoclonal antibodies,

mitogenic lectins such as phytohaemagglutinin (PHA) and phorbol esters,

all of which stimulate components of the T-cell surface antigen receptor

complex2'4*5  Upon receptor binding, IL-2 mediates a switch in T-cells

from G1 into the proliferative S, G2 and M stages of the cell cycle
6 ,7,8.

It seems that high and low affinity receptors for IL-2 exist9 and the

biological effects of IL-2 are due to occupancy of the high-affinity

receptor3,9 . Interleukin-2 bound to the high-affinity receptor is

internalised10'll but the role of the low affinity receptor has not yet

been determined. The events which follow IL-2 binding to receptors are not

clear but there are conflicting reports as to whether IL-2 induces (poly)-

phosphatidylinositol (PPI) metabolism or calcium mobilization12,13,14 .

Platelet activating factor (PAF) is produced by and activates a range

of inflammatory cells, including platelets, polymorphonuclear leucocytes

and macrophages 15 16 . However, to date, its effects on lymphocyte

function, in particular IL-2-induced T-lymphoblast proliferation, have

not been characterized. We have examined the role of PAF in lymphocyte
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mitogenesis by determining the effect of (a) PAP and two non-hydrolysable

PAP agonists, PR1501
1 7 and PR150218 (b) three compounds which have been

described as potent and selective PAP receptor antagonists, at least with

respect to platelet activation, namely L-652,731
1 9 , BN52021

20 and CV3988
2 1

and (c) a selective PAP synthesis inhibitor L-648,6112 2 on IL-2-induced

proliferation of human T-lymphoblasts.

We report that IL-2 induced proliferation of human T-lymphoblasts as

measured by 3H-thymidine (3 H-TdR) incorporation can be dose-dependently

antagonized by two structurally distinct PAP antagonists, namely

L-652,731 and CV3988, as well as a PAP synthesis inhibitor, L-648,611.

Together with results showing enhancement of IL-2-induced 3H-TdR

incorporation by PAP and two synthetic analogues of PAP in human

T-lymphoblasts, these results suggest a novel role for PAP as a modulator

of T-lymphocyte proliferation.

MATERIALS AND METHODS

PAF (1-O-octadecyl-2-acetyl-sn-glycero-3-phosphorylcholine) was

obtained from Bachem,Switzerland. PR1501 and PR1502 are non-hydrolysable

PAP agonists in which the O-CO-CH3 of PAF is replaced by -NH-CO-CH3 or by

-CH2 -CO-CH3 respectively and were generously donated by Dr P. Rasmussen

of Leo Pharmaceuticals, Denmark. The PAP receptor antagonist L-652,731

and the PAP synthesis inhibitor L-648,611 were generously donated by Drs

T.Y Shen, and J Chabala of the Merck Institute, Rahway, N.J. USA. CV3988

was generously donated by Dr Nishikawa of Takeda Chemical Industries,

Osaka, Japan. BN52021 was a gift from Dr P.Braquet of Institut Henri

Beaufour, Paris, France. Phytohaemagglutinin (PHA) was purchased from

Wellcome. Human recombinant IL-2 was a gift from Dr D.A. Cantrell of the

Imperial Cancer Research Fund, London.

Cell cultures

Human T-lymphoblasts were produced essentially according to the

method of Smith and Cantrel1 2 3 . Human peripheral blood mononuclear cells

(PBMC) were isolated by Ficoll-Paque (Pharmacia) gradient centrifugation

of fresh human blood. The PBMC's were cultured at 106 viable cells/ml in

RPMI 1640 medium (GIBCO) supplemented with 10% heat-inactivated foetal

calf serum (HIFCS), 100 u/ml penicillin/streptomycin (GIBCO), in the

presence of PHA 1 ug/al (Wellcome) for 72 hours. After 72 hours,

contaminating monocytes were removed by adherence and the remaining

non-adherent cells were washed 3 times in serum-free RPMI 1640 before

being re-suspended in 10% HIFCS containing RPMI 1640 containing 20 g/ml

recombinant IL-2. The cells were washed, re-suspended and supplemented
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Fig. 1. Dose response curve of IL-2 induced 
3 H-TdR incorporation by human
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Fig. 2. The effect of three PAF antagonists (BN52021, L-652,731 and
CV3988) on the dose response curve of IL-2-induced human
T-lymphoblast 3H-TdR incorporation. Each point represents the
mean ± s.e. mean of 3 H-TdR incorporation induced by IL-2 (0.1 -

30 ng/ml) in 14-day-old lymphoblasts pre-treated for 10 min vith

10,pM BN52021 (s), L-652,731 (U), CV3988 (0) or vehicle (1).
The above data is representative of results obtained with
lymphoblasta from 3 donors.
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with fresh IL-2 (20mg/al) every 2 days for 10-14 days. Two days before

the cells were to be used for experimentation, they were washed in serum-

free media again, re-suspended but not supplemented with IL-2. Six hours

before use, the cells were again washed and re-suspended, this time in

media supplemented with 1% HIFCS. This treatment ensured that the

lymphoblasts accumulated in the GO-Gl phase of the cell cycle. After 6

hours in 1% serum- containing media, the cells were washed and

re-suspended in media containing 10% HIFCS.

Aliquots (160 ul) of cell suspension containing 1.6x105 viable IL-2

receptor positive T-cells (T-lymphoblasts) were added to 96-well, flat-

bottomed microtitre plates. Quintuplicate aliquots were then treated

with 20il drug vehicle, PAF agonists (0.03-3OOnM), PAF receptor

antagonists or the synthesis inhibitor (l-30jiM) followed 10 minutes

later (unless otherwise stated) by the addition of 20il recombinant IL-2

(0.l-30ng/ml). The cells were then incubated for 72h. For the final 18h

of incubation the cells were pulsed with 3H-TdR (1 uCi/ml, 2Ci/mMol) and

harvested on to Whatman GF/A filter paper using a multiple automated cell

harvester. Incorporation of 3H-TdR was measured using standard liquid

scintillation counting techniques and expressed as dpm. To examine the

possible cytotoxic effects of these compounds, the PAF antagonists and

vehicles were incubated with T-lymphoblasts at the concentration stated

above, then trypan blue dye exclusion was examined 24, 48 and 72 h later.

RESULTS

1. Effect of PAP receptor antagonists on IL-2 induced proliferation of

human T-lymphoblasts

Interleukin-2 induced a dose-related 3H-TdR incorporation (Fig.l)

with an ED50 of 2.2+0.18 ng/ml, n-6 donors. When the dose response curve

of IL-2-induced proliferation was performed in the presence of 10 JIM of

each of the three PAF receptor antagonists, L-652,731 and CV 3988, but

not BN52021, produced significant inhibition of proliferation (Fig 2).

Furthermore L-652,731 and CV3988 produced dose-related inhibition of

sub-optimal IL-2-induced 3H-TdR incorporation with IC50sa of 11+2.5 and

13.4+4pM respectively (n-3 donors). The other PAF receptor antagonist,

BN52021, at the highest concentration examined (30 yM), was ineffective

at modulating IL-2-induced 3H-TdR incorporation (n-3 donors, fig 3). The

PAP synthesis inhibitor L-648,611. was also an effective inhibitor of

IL-2-induced proliferation (IC50 - 15 pM, fig 3).

Trypan blue exclusion assays performed at 24, 48 and 72 h demonstrated
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L-652,731 added 10 min before (aE) 24 h after (0) or 48 h after

(A) the addition of IL-2. In the latter two treatments CeA)
the lymphoblasts were washed to remove IL-2 then resuspended

prior to the addition of L-652,731. All treatments were pulsed
with 3H-TdR (see methods) at 54 h and harvested at 72 h.
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that the PAF receptor antagonists (1 - 30 pM) were not cytotoxic (data
not shown).

Time course experiments were carried out on 10-day-old blast

cells. PAF antagonists were added at 24 hr. and 48 hrs after the

initial IL-2 stimulation of the cells and after the IL-2 had been washed

off. Fig.4 shows that, even under these conditions, the PAF antagonist

L-652,731 was still effective in reducing proliferation. It can be seen

from Fig. 4. that L-652,731 was less effective against IL-2 at 48 hrs

than it was at 24 hr. post IL-2 or 10 min prior to IL-2.

2. Effect of PAF agonists on sub-optimal IL-2-induced proliferation

PAP and two stable analogues of PAF (PRl501 and PR1502) produced a

marked and dose-dependent potentiation of sub-optimal IL-2-induced 3H-TdR

incorporation (Fig.5). Furthermore, PAP or PR1501 could reduce the

inhibitory effects of 10 pM L-652,731 if added 10 min prior to the

addition of L652,731 (Pig.6). However, the inhibitory effect of 10 jiM

L-648,611 could not be reversed by similar treatment (data not shown).

30 A Ai

10-

0i

o 0-3 3 0300
+ PAF agonist nMILo2

0.3ng/mi

Fig. 5. Mean ± s.e. mean of sub-optimal (0.3 ng/ml) IL-2 induced 3H-TdR
incorporation in human T-lymphoblasts in the presence of vehicle
(open symbols) or 0.3 to 300 nM PAF (M), PR1501 (*) or
PR1502 (A).
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DISCUSSION

These results suggest that PAF can exert a modulatory role in human

T-lymphoblast proliferation. Two structurally unrelated compounds which

have been described as potent and selective PAF receptor antagonists,

namely L-652,7311 9 and CV39882 1 , as well as an inhibitor of PAF synthesis,

L-648,611,2 2 are effective inhibitors of IL-2-induced proliferation, as

measured by 3H-TdR incorporation. The results presented here also suggest

that the putative PAP receptor on lymphocytes may well have different

structural specificities to that present on platelets. This was suggested

by the finding that only L-652,731 and CV3988 inhibited IL-2 actions,

whilst BN52021, which is at least as active as both these compounds against

PAF on platelets, failed to affect IL-2-induced proliferation. To examine

this proposal, we are currently examining other compounds on human

T-lymphoblasts which are platelet PAP receptor antagonists.
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Further evidence of a role for PAF in human T-lymphoblast proliferation

was provided by the PAP agonists. PAP and two non-hydrolysable PAP agonists

enhanced sub-optimal IL-2-induced proliferation of human T- lymphoblasts.

Until recently, it was thought that, unlike other leukocytes,

lymphocytes were not capable of producing PAP.
24 ,2 5 However, Jouvin-

Marche et al demonstrated that lymphocytes are capable of producing

2-lyso-PAF when stimulated with the Ca+ + ionophore, A23187, and their

failure to produce PAP is thought to be due to the lack of acetyl

transferase activity rather than the absence of phospholipase A2

activation. Furthermore, Malavesi et a12 6 have found PAF to be released

from large granular lymphocytes after Pc receptor stimulation.

A series of human leukaemic cell lines of B and T origin and of

Epstein-Barr virus (EBV) lymphoblastoid cell lines are capable of

releasing PAF-like material after appropriate stimulation with A23187,

acetyl CoA and/or PHA 27 . The authors suggested that circulating human

lymphocytes may also release PAF after appropriate stimulation. IL-2 may

be the appropriate stimulant and the method of preparation of

T-lymphoblasts, as used here, may result in the T-lymphoblasts becoming

capable of producing PAP, which - as demonstrated here - plays a role in

IL-2-induced proliferation. Indeed, IL-2 itself may be the stimulus

required for activation or synthesis of acetyl transferase, the vital

enzyme required for PAP generation from 2-lyso-PAF. Since IL-2 has been

shown to stimulate phosphorylation of proteins28 , it may achieve such

enzyme activation by way of complex protein phosphorylations. The

leukaemic cell lines reported by Bussolino et a127 may be so activated.

A role for the elevation of intracellular free calcium ([Ca++]i) has

been shown in the production of IL-2. 29,'O Perhaps the elevation of

increased [Ca++Ji following T3-T1 stimulation by either antigens,

monoclonal antibodies or mitogenic lectins can result in the formation of

2-lyso-PAF by activation of the appropriate calcium-dependent

phospholipase A2 . In support of this, Bussolino et al reported that

stimulation with A23187 could result in 2-lyso-PAF formation. At

present, we are attempting to detect PAP production by human

T-lymphoblasts at various stages of the cell cycle.

Furthermore, the results of time course experiments shown in Fig. 4

suggest that the PAF receptor antagonist L-652,731 can be added at any

time during the incubation period and still prove an effective inhibitor

of IL-2-induced proliferation. The possibility of the PAP antagonists

and the synthesis inhibitors sequestering or inactivating the IL-2

molecule itself, as reported by Robb31 for ganglioside inhibition of IL-2

dependent proliferation, is unlikely because compounds were still
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effective following removal of the IL-2 stimulus.

Since L-652,731 inhibited proliferation to some extent, no matter

what time it was added, it might be possible that cytoplasmic events are

affected rather than initial membrane receptor operated events. Gutowski

and Coles32 reported activated lymphocyte cytoplasmic extracts contained

a substance of greater than 100,000 Mr, which triggered DNA synthesis in

isolated nuclei but not intact cells. Interleukin-2 may regulate the

production of such 'second messenger'-type protein and the action of this

messenger may well be the site of action of PAP.
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Chapter 6

New drugs
in shock



LACK OF EFFECI OF CYCLOSPORINE A ON ENDOGENOUS
ARACHIDONIC ACID METABOLISM IN HUMAN NEUTROPHILS

0. H. Nielsen, J. Elmgreen and I. Ahnfelt-Ronne*
Department of Medical Gastroenterology C, Herlev Hospital
University of Copenhagen, and *Department of Pharmacology
Leo Pharmaceutical Products, Ballerup, Denmark

INTRODUCTION

Arachidonic acid (AA) may undergo metabolism via either the cyclo-
oxygenase pathway to prostaglandins (PGs) and thromboxanes (TXs) or via the
lipoxygenase pathways to hydroxyeicosatetraenoic acids (HETEs) and leukotri-
enes (LTs) (1). Different cell types metabolize AA according to their rela-
tive activity of the AA metabolizing enzymes.

An important modulator of the inflammatory reaction, cyclosporine A
(CS-A), was studied as a potential modifying agent of AA release and meta-
bolism in human neutrophils (PMs) by a newly developed technique for
immunopharmacological investigations.

MATERIALS AND METHODS

Blood from 10 healthy volunteers was drawn in EDTA (10 mM) and the
leukocytes were isolated by a modification of B6yum'sI ethod (2). Suspen-
sions of PMNs (5x10 cells/ml) were incubated with 1- C-AA (1 ;Ci/ml, 58
mCi/mmol) (Amersham International,'U.K.) in autologeous serum (5%) at 370 C
under a stream of 5% carbon dioxide until steady state conditions f i incor-
poration of AA into the phospholipids were achieved (5h). Excess I- C-AA
was remoed by washing. After preincubation (1-30 min) with CS-A (100-10.000
ng/ml) ( H-CS-A, Sandoz, Switzerland served as internal standard) the cells
were challenged with calcium ionophore A23187 (Calbiochem, CA, U.S.A.) (10
pA, 15 min). Activation of the cells was terminated by centrifugation of the
neutrophils through dibuthyl phthalate:dinonyl phthalate (3:1). The eicosa-
noids were isolated from the extracellular fluid by extraction and thin-
-layer chromatography, and quantitated by autoradiography and laser densito-
metry of the autoradiographs (3). Identification of the radioactive spots
was performed by co-chromatography with pure standards, and further identi-
fication as well as determination of thp specific activity were performed by
quantitative high pressure liquid chromatography. The test system was vali-
dated with well-known inhibitors of AA metabolism, indomethacin and nordi-
hydroguaiaretic acid (NDGA).

RESULTS

14Following the 5h incubation period, 35% of the added 1- C-AA was in-
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Table 1. Total release of radioactivity (nCi/5x106 cells), and relative
contribution of the eigosanoids, LTB , and 5-HETE (in per cent of
radioactivity) as revealed by laser Aensitometry of autoradiographs
during preincubation with serial dilutions of CS-A. Medians with
ranges in parentheses (n=10).

Concentration of CS-A (ng/ml)
0 100 1000 10000

5-HETE 13.0 12.1 12.3 12.1
(%) (8.4-15.2) (8.4-15.9) (8.5-14.9) (8.0-14.6)

LTB 5.0 4.7 5.1 5.2
(%)4 (2.3-7.9) (2.4-8.0) (2.1-8.0) (2.5-7.9)

Radioactigity 18 18 18 18
(nCi/5x10 cells) (12-23) (13-24) (12-23) (11-22)

corporated into the PMNs - 30% into the phospholipids, and 70% into the tri-
glycerides. Radioactivity released from the PMNs consisted mainly of free AA,
58% (44-71), LTB4 , 5% (2-8%), 5-HETE, 13% (8-15%), and less than 3% of a cyc-
looxygenase proddct identified as 12-hydroxy-5,8,10-heptadecatrienoic acid
(HHT). The main fraction of the residual radioactivity released was more
lipophilic than AA, indicating esterification to cholesterol or glycerol.

Three weeks exposure was found to be optimal for autoradiography (Fig.
1). The relation between radioactivity and the laser densitometric response
is shown in Fig. 2. A positive correlation was found up to approximately
7500 dpm (3.4 nCi) per spot (p<0.01). No significant changes in formation or
release of AA or its metabolites were detected using CS-A within the range of
pharmacological concentrations (Table 1).

M
Mo44EThs
HHT

gg**O rLT%

, 0 100 1000) t0.000 MW~n

Fig. 1. Autoradiographic presentation of TLC separated eicosanoids
rel2 ased from peripheral human neutrophils prelabelled with
I- C-AA and challenged with A23187 after exposure to CS-A.
Lack of effect of cyclosporine A is shown.
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Fig. 2. Correlation between radioactivity and laser densitometric
response (3 weeks of exposure time) (n=5). Medians with
ranges as bars.

Quantitative HPLC revealed specific activities of LTB4 and 5-HETE in the
range of 13-20 mCi/mmol, corresponding t? a 3 fold dilution of radiolabelled
AA. The lipoxygenase inhibitor NDGA (10 6M) nearly abolished the LTB4 and
5-HETE production, and indomethacin (10 M) inhibited HHT production by 70%.
The coefficient of variation within assay's was less than 0.15 for assessment
of released AA-metabolites.

DISCUSSION

CS-A is a lipophilic polypeptide which has been shown to suppress humo-
ral and cell mediated immunity, an action which has been postulated to in-
volve interference with the AA metabolism (4,5). However, therapeutic concen-
trations of CS-A (100-500 ng/ml) (6) as tested in this assay did not affect
the AA release or the lipoxygenase activity, thus suggesting that other fac-
tors may be important for the action of CS-A. 14

The present method based on incorporation of 1- C-AA into phospholi-
pids of cell membranes is of physiological relevance both for studies of
various cell types in relation to chronic inflammation and for immunopharma-
cological investigations.
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SULOTROBAN (BM 13.177) AND BM 13.505, TWO TX-RECEPTOR
BLOCKERS, ARE EFFECTIVE IN EXPERIMENTAL MODELS OF
ISCHAEMIA AND SHOCK.

K. Stegmeier and J. Pill
Research Laboratories Boehringer Mannheim GmbH
SandhoferstraBe 116, D-6800 Mannheim 31, Germany

INTRODUCTION

There is much evidence that arachidonic acid metabolites may parti-
cipate in the pathophysiology of ischaemia and shock. One of them,
thromboxane A2 (TXA2), is a potent platelet aggregator and vasocon-
strictor and its concentration in plasma is elevated in experimental
models of ischaemia and circulatory shock. This suggests that it is an
important mediator in the pathogenesis of circulatory shock, myocardial
ischaemia and sudden death1 . The use of specific TXA 2  receptor
blocking drugs offer the possibility to further characterize the role
of TXA2 in these processes leading to severe functional and structural
changes in some organs, especially in the heart, the lung and the kid-
neys. We have previously reported that Sulotroban (BM 13.177)- is a
selective and competitive thromboxane receptor blocking drug2' 3 . More
potent analogues of BM 13.177 have since been identified and the results
of pharmacological investigations with one of them, BM 13.505, have been
recently presented4 .

In this paper we present some data from our own investigations
together with some findings reported by other investigators which assess
the effects of these drugs in animal models of acute renal failure, myo-
cardial ischaemia, sudden death and shock and demonstrate the role of
TXA2 in the pathogenesis of these disorders.

RESULTS AND DISCUSSION

Prevention of glycerol-induced acute renal failure in rabbits

Acute renal failure (ARF) in humans remains a poorly understood
response of the kidney to hypoperfusion, presumably mediated by an acute
ischaemic insult5 . There is no experimental model whose pathology
resembles that of the common hypotensive form, in which vasoconstriction
is believed to play a considerable role. One of the well established
models used to study the pathogenic mechanksm in ARF is glycerol-induced

ARF in rabbits. A decreased renal blood flow and vasoconstriction of
large- and medium-sized renal vessels have been demonstrated6 . Fur-
thermore, a direct correlation between the level of renal function as
determined by serum creatinine and the metabolic potential of microsomal
preparations from kidney for TXA2 formation have been reported

7 .
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This suggests that the potent vasoconstrictor TXA2 is generated by the
kidney following glycerol administration and may mediate the ARF in this
model.

We estimated renal function by determination of the serum creati-
nine concentration, renal TX formation by calculating the 24 h urinary
excretion rate of TXB2 determined by radioimmunoassay and examined
kidney morphology after autopsy 72 h after injection of glycerol. ARF
was induced by subcutaneous injection of 14 ml glycerol per kg (50 % in
saline). The thromboxane receptor blocker BM 13.505 (BM, 5 mg/kg) or the
thromboxane synthase inhibitor dazmegrel (D, 40 mg/kg) or the cyclooxy-
genase inhibitor indomethacin (I, 8 mg/kg) were injected intraveneously
30 min before glycerol administration. Two and six hours after glycerol
injection the same doses of the drugs were injected subcutaneously.

Table 1. Change of serum creatinine and TXB2 excretion rate
within 24 h after glycerol injection

Serum creatinine Thromboxane B2
(/umol/l) (ng/24 h)

before 24 h after before after

G 105(73-125) 177 (93-417)* 401(142-645) 1256(399-2057)**
G + BM 94(65-119) 111 (82-179) 374(253-630) 1184(287-2555)*
G + D 94(79- 97) 121(107-198) 313( 14-588) 205( 54- 318)
G + I 109(99-228) 348(162-621)*** 282(182-548) 728(307-2345)***

Median and range, n = 6 - 8
P= 0.05, **P (0.05, ***P (0.01

Twenty-four hours after glycerol injection the most prominent
change in serum parameters was an increase in serum creatinine concen-
tration in G and G+I groups compared with the values before treatment
(Tab. 1). In contrast, a moderate increase of serum creatinine concen-
tration was observed in only one animal of the G+BM group and two ani-
mals of the G+D group whereas in all other animals no change occurred.

The data in Tab. 1 also show that subcutaneous injection of G
stimulated renal excretion of TXB2. In the G+D group TXB2 excretion
rate was lower than in the pretreatment period. In the G+I group the
rise in TXB2 excretion rate was reduced to about 2/3 of the G group.
Whereas BM 13.505 did not influence TXB2 excretion rate stimulated by
co-administration of G. The morphological changes in individual animals
correlated very well with the serum creatinine concentrations. Patholo-
gical findings with G alone and G+I were tubular dilatation, casts,
necrosis and interstitial oedema or fibrosis. Two animals of the group
treated with G+D showed moderate changes in morphology and serum crea-
tinine concentration. The other animals of that group exhibited mild to
moderate morphological changes without impairment of renal function. In
contrasts, only minimal changes were seen in a few animals treated with
G+BM.

These results indicate that TXA2 plays an important pathogenic role
in G-induced ARF. I even enhanced G-induced ARF although it reduced
TX82 excretion. This is consistent with previous observations of
Torres et al. 8 and may result from simultaneous inhibition of renal
biosynthesis of prostaglandin 12 and prostaglandin E2 which play an
important compensatory role in the protection of renal blood flow
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and glomerular filtration rate. The excellent effect of BM 13.505 is in
accordance with its ability to block the receptors of TXA 2 and prosta-
glandin endoperoxides without inhibiting prostaglandin snythesis.

U 46619-induced sudden death in mice

Injection of 800 ug/kg of the thromboxane mimetic U 46619 into
male, anaesthetized mice causes lung emboli and sudden death within a
few minutes. The mortality induced by this thromboxane mimetic may be
due to a combination of vasoconstriction and thrombosis9 .

If the drugs (0.01 - 1 mg/kg) were injected into the tail vein
5 min before the U 46619 injection, the survival rate characterizes the
antagonistic potency. BM 13.505 protected mice from death induced by
U 46619 with an IDS0 value of 0.025 mg/kg and EM 13.177 with an ID50
of 0.06 mg/kg.

In order to investigate the time course of the protective action,
the drugs were administered orally. U 46619 was injected into the tail
vein 2 to 48 hours after pretreatment with the antagonist. A dose of
1 mg/kg BM 13.505 protected animals at least for 6 h against the lethal
effects of U 46619 injection (Tabl. 2). In contrast BM 13.177 was of
minor efficacy, a dose of 50 mg/kg protected only 50 % of the animals
from death. At 24 hrs after administration of 5 or 10 mg/kg BM 13.505
about 50 % of the animals survived U 46619 injection.

Table 2. Time course of the protective effect of EM 13.505 and
BM 13.177 against U 46619-induced sudden death in male mice

Number of surviving mice
Dose number of tested mice

Substance mg/kg at the given hours after drug administration*
P.O.

2 h 4 h 6 h 24 h 30 h 48 h

1 - - 5/5 1/15 - -
BM 13.505 5 5/5 5/5 9/9 7/10 4/5 2/5

10 10/10 10/10 10/10 6/10 4/10 0/5

EM 13.177 50 15/20 8/15 4/13 2/10 0/4 0/5

*sudden death was were provoked by the injection of 800/ug/kg U 46619
at the time given.

Treatment of acute myocardial ischaemia

1. Cats

Increased local TXA2 formation in ischaemic myocardium has been con-
sidered to be a major pathophysiological event contributing to tissue
damage in the course of myocardial ischaemia10 . Cats were subjected
to 5 h of permanent occlusion of the left anterior descending coronary
artery (LAD) and 30 sin later infusion with BM 13.177 (5 mg/kg x h,
i.v.) started11 . In comparison with vehicle-treated LAD-occluded cats,
BM 13.177 significantly attenuated the loss of creatinine phosphokinase
activity from the ischaeaic myocardium and antagonized the ischaemia
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induced rise in the ST-segment of the electrocardiogram. Under these
conditions BM 13.177 did not reduce plasma thromboxane levels or
ischaemia-induced platelet aggregate formation but considerably anta-
gonized TX-dependent platelet secretion ex vivo.

Brezinski et al. 12 reported similar findings on changes of creatinine
phosphokinase activity and ST-segment, however they infused higher doses
of BM 13.177 (bolus of 20 mg/kg, followed by 20 mg/kg x h).

2. D

BM 13.177 was also studied in an experimental model of ischaemia and
reperfusion-induced arrhythmias1 3 . BM 13.177 was given to greyhounds
in a bolus of 5 mg/kg 15 min prior to occlusion of the left anterior
descending coronary artery, followed by an infusion of 9 mg/kgxh. The
TX receptor blocker markedly reduced the severity and incidence of
arrhythmias resulting form both ischaemia and reperfusion.

Models of experimental shock

Arachidonic acid-induced vasoconstriction in isolated lungs from rabbits

The pulmonary vascular bed responds with acute vasoconstriction to
increased availability of free arachidonic acid (AA), wether exogenously
applied or released from endogenous sources upon stimulation. The in-
fluence of BM 13.177 on the arachidonic acid-induced vascular effects
in isolated lungs form rabbits was studied1 4 .

BM 13.177 dose-dependently inhibited the pressor responses evoked
by repetitive direct application of AA or by repetitive stimulation of
endogenous AA-release with the calcium-ionophore A 23187.

Endotoxin-induced shock in mice

The protective effect of BM 13.177 and BM 13.505 on endotoxin-
induced mortality was studied in NMRI mice1 5 . A significant decrease
in and a prolonged onset of lethality was observed after pretreatment.
Both drugs were also capable of reducing the lethality rate in BCG-sen-
sitized animals.

Endotoxin-induced pulmonary vasoconstriction in sheeps

Intravenous injection of E. Coli endotoxin (I/ug/kg) caused a
transient increase of pulmonary artery- and airway pressure paralleled
by large increases of TXB2 concentration in plasma. Pretreatment with
SM 13.177 (bolus 5 mg/kg, followed by 0.75 mg/kg x min) abolished the
rise of pulmonary artery and airway pressure 16 . Plasma concentrations
of TXB2 in BK-treated animals were similar to endotoxin-treated con-
trols.

CONCLUSIONS

These studies indicate that TXA 2 rlays a significant role in the
pathogenesis of acute renal failure, sudden death, ischaemia and shock
in these animal models, and that TX receptor blocking drugs attenuate
or prevent the deleterious effects of TXA2. These drugs may be useful
tools for investigating the importance of TXA2 in the pathogenesis of
other experimental models, especially in that of sepsis and burn. Clini-
cal trials (sulotroban) and studies in healthy volunteers (BM 13.505)
shoe that both drugs are well tolerated. Ongoing clinical trials will
help to clarify the specific role of TXA2 and the therapeutical bene-
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fit of a thromboxan receptor blockade in certain pathological states,
among which is septic shock.
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GINKGO BILOBA EXTRACTS INHIBITS OXYGEN SPECIES
PRODUCTION GENERATED BY PHORBOL MYRISTATE ACETATE
STIMULATED HUMAN LEUKOCYTES

J. Pincemaill, A. Thirion2, M. Dupuis1, P. Braquet3, K. Drieu 3,
P. Hans4 and C. Deby1
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INTRODUCTION

Recent studies (1) have shown that phorbol myristate acetate (PMA)
induced superoxide anion (O ") release in polymorphonuclear (PMNs) cells
from whole body gamma irradiated rabbits was significantly reduced in
animals treated preventively with a Ginkgo biloba extract (Gbe, IPS 200
Institut Henry Beaufour, France). In an effort to define further the me-
chanism of action of Gbe, experiments were performed to study its effects
on the respiratory burst in whole stimulated PMNs preparations (employing
PMA as stimulus) as well as on the NADPH-oxidase activity. Then, the in-
teractions of Gbe on the release of toxic oxygen species (0 27. 1202, OH-)
during PMNs stimulation were studied. At least, it was also of interest
to examine the effect of Gbe on the activity of myeloperoxidase, enzyme
contained in neutrophils and responsible of the generation of strong oxi-
dants such as hypochlorous acid (HOCl) or chloramines.

METHODS

Polymorphonuclear (PMNs) cells were isolated as previously described
(2) and suspended in a phosphate buffer (pH 7.4) medium (PBS). After
addition of CaC12-MgCl 2 (2 mM - 0.5 mM), the cells were stimulated with
phorbol myriatate acetate (8 X 10-8M final) during 30 minutes at 37 OC.
a) Measurement of oxygen consumption on 2 X 107 stimulated cells/ml of PBS

was determined with the Clark oxygen electrode (3). NADPH-oxidase acti-
vity was assessed in the 27,000 g particulate preparation from neutro-
phils stimulated with PMA (4) by the measurement of oxygen consumption.
The 27,000 g pellet was resuspended in 0.34 M sucrose-Tris at a concen-
tration of 1.3 mg protein/ml. The oxygen uptake was followed during 10
minutes after addition of 1 mM NADPH in the absence (control) or in the
presence of Gbe.

b) Superoxide generating activity was measured by following the superoxide

I0
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dismutase inhibitable reduction of ferricytohrome C at 550 nm in a
double beam spectrophotometer (5). 1.5 X 106 cells/ml of PBS were pre-
incubated with Gbe during 15 minutes. After centrifugation, the yellow
supernatant was removed. Cells were resuspended in PBS, stimulated and
the release of 02' was followed. 6

c) The amount of H212generated by 2 X 10 stimulated PMNs/ml of PBS after
30 minutes was determined in the presence of 10-4 M azide according to
the method using potassium thiocyanate (6).

d) 2.5 X 106 cells/ml of PBS were stimulated in the presence of 1 mM a-keto-
y-methiol-butyric acid (KMB). The hydroxyl radical generated during
the PMNs activation reacted with KMB to produce ethylene (7), measured
by gas-liquid chromatography, using a Porapak column in Barber-Colman
3000 gas chromatograph.

e) yeloperoxidase was purified from human neutrophils (8) with an absor-
bance ratio (A430/A28 0 ) of 0.65. Enzyme activity was measured spectro-
photometrically at 200 C : 0.9 mU (4.4 X 10-8) of myeloperoxidase was
combined with 2.9 ml of 50 mM phosphate buffer, pH 6.0 containing 0.167
mg/ml dianisidine hydrochloride and 1.4 X I0-4M hydrogen peroxide. The
change in absorbance at 460 nm was measured during I minute (9).

RESULTS

Table I indicates that Mbe, at 500 and 250 ug/ml, significantly inhi-
bits the oxygen uptake of PMA stimulated cells. A similar effect is obser-
ved when the broken cells preparation (27,000 g fraction) containing the
NADPH-oxidase activity is used (Table II).

The release of activated oxygen species is also decreased when cells
are stimulated in the presence of Gbe (Table III). For example, an inhibi-
tory effect of 29% and 36% is respectively observed in 02' and H202 assay
with a concentration of 250 pg Gbe/ml.

Table I. Inhibitory effect of Gbe on the oxygen con-
'sumption by PMA stimulated human leukocytes.
Values are the percent of oxygen present in
the medium after PMA addition in the absence
(control) or in the presence of Gbe at 500,
250 and 125 pg/ml.

Time Control Gbe 500 Vg Gbe 250 pg Gbe 125 pq

0 100 100 100 100

1 100 100 100 100

2 96 100 90 97

3 65 93 72 73

4 25 76 51 41

5 14 58 29 11

6 0 34 11 0

7 0 11 4 0

8 0 0 0 0
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Table II. Inhibitory effect of Gbe on the NADPH oxi-
dase activity contained in the 27,000 g
particulate preparation. Values are the
percent of oxygen present in the medium
after NADPH addition in the absence (con-
trol) or in the presence of Gbe at 500,
250, 125 wg/ml.

Time Control Gbe 500 ug Gbe 250 ug Gbe 125 ug

0 100 100 100 100

1 66 84 80 76

2 37 70 61 52

3 21 60 45 33

4 12 51 31 20

5 4.5 40 21 12

6 1.5 33 13.5 6

7 0 29 9 4

8 0 25 7.5 3

Table III. Inhibition effect of Gbe on 02', H202 and OH* release
during PMNs stimulation and on the myeloperoxidase
activity. Values are mean + S.D.

% inhibiton

Gbe (Pg/ml) 02w H202  OW" Myeloperoxidase

I (n=3) (n=3) (n=3) activity (n=3)

Control 0 0 0 0

500 34 + 54 + 3.5 - I00

250 29 + 2 36 + 2.3 86 + 1.7 100

125 15 + 1.6 17 + 1.3 84 + 1.1 100

62.5 0 6 + 1.1 75 + 2.3 78.6 + 2.4

31.2 - - 58 + 5.9 62.9 + 0.7

15.6 - 42 + 4.7 53 + 0.5

10 - - 51.3 + I
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The ethylene production indicates that Gbe strongly diminishes the
generation of OH'. Indeed, it is able to give an inhibition of 42% at a
concentration as low as 15.6 pg/ml. At much higher concentrations, the
inhibitory effect is more marked and can reach 85% at 250 iig/ml, for
example.

At least, in a concentration range of 10-100 ug, Gbe considerably re-
duces the myeloperoxidase activity. The enzyme activity is completely in-
hibited in the presence of 125 ug Gbe/ml. (Table III)

DISCUSSION

The inhibition of the respiratory burst in whole PMNs preparation,
observed in the presence of Gbe, seems to be exerted at different levels.
a) Gbe inhibits NADPH-oxidase activity, as shown on the broken cells pre-

paration. Tauber et al. (10) have recently demonstrated that quercetin
and kaempferol, two liposoluble flavonoids, were able to permeate PMNs
and so to inhibit the respiratory burst enzymatic system. Ginkgo biloba
extract contains flavonoids such as coumarinic esters of kaempferol and
quercetin heterosides which may be so responsible of the extract acti-
vity. As expected, the inhibitory effect of Gbe on NADPH-oxidase acti-
vity leads to a decrease in the release of superoxide anion and hydrogen
peroxide by PMA stimulated human PMNs.

b) Gbe strongly scavenges 0H" generation in these experiments on PMNs. It
is efficient at concentration as low as 15.6 pg/ml while no effect is
observed on 02 uptake or 02' and H202 release at this concentration.
This can be explained by the free radical scavenging activity of Gbe,
previously described in in vivo and in vitro studies (11,12).

c) The myeloperoxidase activity which is responsible of the generation of
strong oxidant species (HOCI, chloramines) is also significantly reduced
by Gbe, even at low concentration (IC50 = 10 pg/ml).

Our results can explain why PMA induced superoxide anion release in
polymorphonuclear cells from whole body gamma irradiated rabbits is signi-
ficantly reduced in animals treated-preventively with Gbe (1). By its
regulator action of PMNs functions, Gbe appears to be an interesting the-
rapeutical agent. Beside its radiobiological protection, Gbe has been
proposed in the reduction of the post-radiatherapic oedema in larynx cancer
treatment where there is an increase of 02' release by PMNs (13). On the
other hand, Gbe could be experimented in the treatment of disease where
free radical production by PMNs is suspected as it is the case in the Adult
Respiratory Distress Syndrome (ARDS) (14) or in burn-injured patients (15).
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THE CORONARY, INOTROPIC, CHRONOTROPIC AND ARRHYTHMO-
GENIC EFFECTS OF PAF-ACETHER ON ISOLATED GUINEA-PIG HEART
AND THEIR SELECTIVE INHIBITION BY BN 52021

I. Viossat, P. E. Chabrier, M. Chapelat and P. Braquet
Institut Henri Beaufour, 72 avenue des Tropiaues
91940 Les Ulis, France

INTRODUCTION

A phospholipid mediator identified as 1-0-alkyl-2-acetyl-sn-

glyceryl-3-phosphorylcholine (1,2), platelet-activating factor (PAF-
acether) has been demonstrated to play an important role in a variety of
inflammatory, respiratory and cardiovascular disorders (3). Intravenous
injection of PAF-acether induces strong systemic reactions mimicking
typical anaphylactoid reactions such as bronchospasm (4), increased
vascular permeability (5) and hypotension (6). Such similarities are
found in vitro in perfused organs. In isolated perfused guinea-pig heart,
injection of PAF-acether produces a coronary constriction and heart
failure with a decrease in contractile force (7) which are

characteristics of in vitro cardiac anaphylaxis (8). BN 52021, a specific
PAF-acether receptor antagonist has been shown to inhibit PAF-acether
effects in various models : contraction of guinea-pig lung strips (9),
hypotension in rats (10). It also antagonizes the hemodynamic
v difications occurring in shock states such as endotoxemia in guinea-pig
(11) and anaphylaxis in rat (12). Here we report the effects of PAF-
acether and BN 52021 on isolated perfused guinea-pig heart.

MATERIALS AND METHODS

- PAF-acether (1-0-hexadecyl-2 (R)-acetyl-glycero-3-phosphorylcholine)
was purchased from Bachem (Bubendorff, Switzerland) and stored at
-800C in a 0.5 % bovine albumin serum solution.

- BN 52021 [3-(1,1-dimethylethyl)hexahydro-l,4,7b-trihydroxy-8-methyl-
9H-1,7a-epoxy methan,) lH,aH-cyclopenta[clfuro[3' ,2' 3,4]cyclopenta
[1,2-d] furan-5,9,12(4H)-trione].(IHB-IPSEN Institute for Therapeu-
tic Research, Le Plessis-Robinson, France) was dissolved in dimethyl
sulfoxide.

Experimental procedure

Male Hartley guinea-pigs (350 - 450 g) were anaesthetized with
pentobarbital (30 mg/kg i.p.). One minute after heparin injection
(1000 UI/kg i.v.) hearts were excised and rapidly cannulated through the
aorta on a non-recirculating Langendorff perfusion apparatus. The heart
preparations were perfused with a modified Krebs Henseleit buffer pH 7.4
at 37*C and oxygenated with a 95 % 02 - 5 CO2 gas mixture under a
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constant hydrostatic pressure of 80 cm of water. Hearts were firstly
submitted to a stabilization period of 15 minutes, receiving a normal
pefusion medium. They were then perfused for 10 minutes with either BN
52021 at various doses or the control medium containing 2 0/.. DMSO.
PAF-acether was then injected in a bolus of 0.1 ml above the cannula and
hearts were submitted to another 15 minutes perfusion period.

Coronary flow was measured by sampling at regular time intervals and
expressed as ml.min-l.g-1 . . Heart rate and contractile force wereww
recorded by means of an isofonic transducer and a Gemini II Ugo Basile
recorder and respectively expressed as mm and beats per minute (B.P.M.).

Data analysis

Statistical comparisons were determined by Fisher-Snedecor one way
analysis of variance on the experimental values. Results were presented
as percent change of control or as means ± S.E.M.

-!

--- 4n-12E!

4

PAF (10'lno)es/O.lmto

0
0 10 14 18 22 26 min

Figure 1 : Time-course of the effect of PAF-acether on coronary flow

Table I
Effect of PAP-acether on coronary flow, heart rate and contractile force

Dose of Coronary flow Heart rate Contractile force
PAF-acether (% decrease) (0 decrease) (% decrease)

(moles) 2 min.after PAF 2 min.after PAF 6 min.after PAP

10- 11 (n - 7) 0 4 ± 2 n.s. 4 ± 6 n.s.

5.10 -11 (n - 4) 30 ± 3**

10-10 (n = 6) 55 ± 5*** 6 ± 3 n.s. 6 ± 4 n.s.

10-9  (n - 6) 65 ± 4*** 26 ± 2*** 35 ± 4***

10-8  (n - 7) 85 ± i*** 34 ± 9** 30 ± 4***

10"7  (n - 7) 91 ± 4*** 41 t 7*** 31 ± 8***

Results are expressed as 6 decrease versus initial value
*' p < 0.01 - ** p < 0.001 - n : number of animals
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RESULTS I
Effects of PAF-acether and BN 52021 on isolated perfused guinea-pig heart

PAF-acether induced a dose-dependent reduction of coronary flow
(table I). Vasoconstriction appeared with a maximum at 2 min after PAF-
acether injection. Coronary flow returned and stabilized after 4 min to a
lower level than initial value as shown in figure 1.

With a similar time course, PAP-acether dose-dependently decreased
heart rate (table 1). In contrast, effect on contractile force was
observed later with a maximum at 6 min (table I). It is interesting to
note that the concentrations necessary to affect cardiac function
(contractile force, heart rate) were higher than those affecting coronary
flow. Moreover, we observed that the highest dose (10-7 moles) of
PAF-acether induced arrhythmias in 40 % hearts.

Whatever the dose used, BN 52021 alone was devoid of any effect on
cardiac function. In our control experiments, the vehicle DMSO was also
without effect.

Effect of BN 52021 versus PAF-acether

A high dose of PAF-acether (10- 7 moles) which induced alterations in
all the parameters measured was used to demonstrate the action of BN
52021. At this dose, PAP diminished by 91 % the coronary flow. BN 52021
inhibited in a dose-dependent manner the fall in coronary flow (15 % at
10 5 M; 63 % at 2.10 -4 M) (Fig. 2). It inhibited the decrease of heart
rate induced by PAF-acether by 82 % at 2.10 4 M, although it was inef-
fective at 10" M (Fig. 3). In contrast, at both concentrations BN 52021
did not prevent the fall of contractile force caused by PAF-acether (Fig.
3). No arrhythmias were observed in presence of BN 52021.

i10

n.s. p<0.001 100

0. n -" 13ep < 0.001
Control 10 2.10-4

so..n.9.° 0.

Cofntrol 10
-  2.10 ' control 10 "-

IM 5 2l (U) U[N 522o1) (M)

Figure 2 : Inhibition of Figure 3 Effect of BN 52021
PAF-induced (10- 7 moles) coronary on PAP-induced alterations of heart

spasm by BN 52021 rate and contractile force

DISCUSSION

PAF-acether exerts a direct effect on cardiac function as previously
demonstrated (9,10) and confirmed by us in our present experiments. These
effects are represented by dramatic changes in coronary flow, cardiac
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rhythm and contractile force, effects which are also observed in cardiac
anaphylaxis (11, 12). In perfused guinea-pig heart, BN 52021 is effective
against PAP-induced coronary vasoconstriction and greatly protects hearts
against heart rate diminution and the appearance of arrhythmias. However,
BN 52021 does not totally inhibit the decline of contractile force
induced by a high dose of PAF-acether. Therefore, it is possible thatI this ef fect is just a consequence of myocardial ischemia due to the

non-totally blocked coronary spasm which cannot be reversed specifically
by PAP-acether receptor antagonists. BN 52021 is known to inhibit
competitively the effect of PAF-acether on platelet aggregation (13), on

hypotension and on brochonspasm and to antagonize many manifestations
related to shock states. In our study, BN 52021 has been demonstrated to
inhibit also the direct cardiac action of PAF-acether indicating that
this drug competes with PAF-acether in cardiac tissue.
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THE EFFECT OF BW 755C ON WOUND HEALING IN A SCALD BURN
INJURY PIG MODEL-MORPHOLOGICAL AND BIOCHEMICAL FINDINGS

J. A. Bauer', P. Conzen2, K. Wurster3

Chirurgische Kinik Innenstadt und Chirurgische Poliklinik der
Universitht Munchen, NuSbaumstr. 20, D-8000 MOnchen 2
2 Institut fOr chirurg. Forschung der Univ. MOnchen, Machioninistr.
15 D-8000 MOnchen 70. 3 Pathologisches Institut des St~dt.
Lehrkrankenhauses Monchen-Schwabing K61ner Platz 1, D-8000
MOnchen 40

Aim of study

The significance of the arachidonic acid metabolites as mediators of ther-
mal lesions remains controversial (1,2,3). We have therefore examined the
effect of BW 755C - a known inhibitor of cyclooxigenase and lipoxigenase-
on wound healing. In this study 2 nd° scald burns effecting 20 % of the
body surface of anesthetised pigs were induced (3). The effect of systemic
administration of BW 755C (10 mg/kg/die)(n=7) five minutes following in-
duction of the scald burn was compared with that of a control group (n=4).

Material and Methods

The scald burn was created by immersing the flank of the animal in hot
water (75°C) for 10 seconds.The burned area was regulated via application
of an adhesive dressing and represented 20 % in 20 kg animals. The in-
creased skin thickness was regularly controlled within the first three
hours with a 10 MHz ultrasonic head transducer (4). Blood samples were ta-
ken before burning, 4 h after burning and daily for a week. On the seventh
day the animals were killed and biopsies were obtained. In the plasma
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samples prostanoid levels were measured (TxB2, 6-ketoPGFlalpha, PGF2alpha,
13, 14-dihydro-15-ketoPGF2alpha).

Fig. 1) Scald burn injury model (waterboiler, connection tube, bath,
basket with cut out piece)

Results

The animals treated with BW 755C exhibited adequate wound healing on in-
spection and microscopy. Half of the control animals, but none of the
treated animals, developed wound infection. Lower prostanoid levels com-

pared with the control group were found in the group of treated animals.
The other parameters remained unchanged (kininogen, prekallikrein,
C -INA., clotting parameters).

Fig.2) Microscopical findings on the treated animal at the 7th day(hea-
ling sandwich: denaturated od epidermis/unified scorf, a tiny bit
granulocytes and bacterias / new epidermis in the depth)(HE,lOOx)
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Conclusion

On the basis of our experimental model we conclude that the administration
of arachidonic acid inhibitors can significantly improve wound healing in
scald burn injuries.
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A NEW SONOGRAPHIC MODEL FOR EFFECTIVE QUANTIFICATION
OF ANTIEDEMATOUS AND ANTIINFLAMMATORY DRUGS IN BURNS

J. A. Bauer', A. Wendelbergerl, W. Felix2 and
Chirurgische Klinik Innenstadt und Chirurgische Poliktinik der
Universitit MOnchen, NuBbaumstr. 20, D-8000 MOnchen 2.

2 Walther-Straub-lnstitut for Pharmokologie und Toxikologie der
Universit&t MOnchen, NuBbaumstr. 26, D-8000 MOnchen 2

Aim of study

An experiment set up to test and quantify the effect of antiedematous
and anti-inflammatory drugs in thermic lesions (1) must be simple, quick
and safe. Surface area and depth of the lesions must be exactly defined.

Materials and methods

The aim conditions can be fulfilled by using 10 MHz ultrasonics to mea-
sure the depth of a scald wound of standardised 8rea on the back of a
rat or the flank of a pig (water temperature -75 C; period of exposure:
10 sec.) The area of the scald is kept constant by standardising the
body weight and the size of the opening of the apparatus. Only these fac-
tors, the temperature, and time of exposure affect the depth of the scald.
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Fig. 1) Rat dorsum after scalding (15 % of body surface)

10 MHz-ultrasonics is so effective in demonstrating that the lesions is
standardised that biopsies are superfluous. Inspection and evaluation
according to a simple scale are adequate methods of controlling the pro-
gress of woundhealing during the subsequent weeks.

Fig. 2) Suspension sonogram through the non compressed gel mass.
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Fig. 3) Transition area non burned tissue/burned tissue 3 h after
scalding (Sonogram)

Results

A trial of various drugs shows that some drugs present scalding edema,
while others are anti-edematous but do not improve wound healing, and a
third group does not prevent, and indeed may even increase the edema,
but improves wound healing. (In all doubtful cases a biopsy should be
carried out on the seventh postoperative day). A forth group shows no
edema and good healing.

Flammacerium, BW 755C, Indomethacin, Aspirin, Diclofenac, Flavichroms
and others compounds were also tested.

The drugs were distributed into the four groups:
Group I (presenting scalding edema).
Bufedil, Calalase, SOD, Aspirin, Indomethacin, Diclofenac, Aescin locally
given.
Group 2 (antiedematous, but not improving wound healing)
HR, Aescin i.p., Tolyprin
Group 3 (not antiedematous, but improving wound healin)

Flavichroms, DMSO 60 %,

Group 4 (antiedematous and good wound healing)
Etofenamat
BW 755 C

Conclusion

Only the inhibitors of PG and LT formation (dual NSAID's) do work very
well.
As seems possible the arachidonic acid cascade (2,3) is at the onset of
the inflammation burst.
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Actin filament in sepsis, 433 Burn (continued)
Acute phase proteins in burns, 49-54 mediators in ARDS, 43-54
Acute respiratory distress syndrom, metabolic aspects, 23

43-54, 230 nutritional aspects, 23
Alpha-1 acid glycoprotein in burns, size (burn) effect on susceptibi-

51, 53 lity to infection, 33
Alpha-1 proteinase inhibitor BW 755 C, 519-521

in burns, 49, 53, 233
Alpha-2 antiplasmin in burns, 59 C-reactive protein in burns, 50, 53
Alpha-2 macroglobulins in burns, 49, Catabolic hormones in injury, 332-334

53, 59, 233 Catalase, 89, 91-93

Amylase in shock, 231, 232 Chemotaxis
Anergy, see Immunosuppression in burn, 259

Antibodies, see Immunoglobulins in surgery, 265-267

Antithrombin III in burns, 59 in trauma, 267-269

Arachidonic acid Cardiopulmonary resuscitation in

metabolism in burn, 12-14 burn, 21, 22
Circulatory collapse and PAF,

B-cell 177-185

in burn, 7, 258, 355 Complement system
Beta-glucuronidase in endotoxin in burn, 9, 10, 46, 59, 259, 260

shock, 92 after surgery, 291

Biogenic amines in shock and trauma, Corticosteroids effect on T cells in

217-224 burn, 349-358

infusion, effect on NK cell Cyclooxygenase
activity, 365-367 in burn, 12, 13

Blood flow control, 67-72 Cyclosporin, 497-499
Blood volume control, 67-72
BN 52021 E. Coli endotoxln, 87-94

and acute renal failure, 134, 135 Elcosanoids
and immune response, 448, 449, in sepsis, 109-121

451-454 production by anaphylactic lung,

and PAF-induced cardiac Impairment, 187-195

513-516 Elastase
in shock, 169-173 in burns, 48, 53, 59
tissue plasminogen activator proteinase inhibitor-complex, 59

inhibition, 245 Electrical de-endothelializaton,
transplant rejection, 388, 389 437-444

Burn Endothellal cells
causes of death in burn patients, adhesiveness for leukocytes,

33 417-425
clinical outcome, 3,4,21-24,31-33 electrical impairment, 437-443
depth, determination by sonography, interleuklne-1 production by,

63-66 411-415
free radical in, 87-94 and tissue plasminogen activator,

244
in sepsis, 429-433
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Endotoxic shock Infections due to burn, 22, 23,
biogenic amines in, 221-223 31-41
catalase effect on, 91-93 Interferons (a, y), 316, 317
fibrinolysis induced by, 249-253 Interleukine-1
leukotrienes in, 151-156 in burn, 8, 9, 11, 322, 353
peroxidation in, 91 and endotoxin, 395-405
phosphatase and activity in, 90 functions, 312, 313
SOD effect on, 91-93 and leukocytes adhesiveness,

Endotoxtn 418-425
and interleukine-1, 395-405 platelet-activating factor
and leukocyte adhesiveness 418-425 effects, 449, 450

Eosinophil and PAF, 453 production, 312, 313
Epidermal cell-derived thymocyte- in shock, 331, 332

activating factor (ETAF) - after surgery, 296
see also interleukine-1, 9 Interleukine-2

Experimental cirrhosis and PAF, 172 in burn, 6, 324, 337-345, 353
functions, 313, 314

Fatty acids in immunodepressed patients
in shock, 144 261
in starvation and sepsis, 125-127

Fibrinogen in burns, 59 leukotriene effect, 460-465,
Fibrinolysis 472, 473

and endothelial cell, 244 platelet-activating factor effect
and endotoxin, 249-253 448, 488, 489
inhibition in late phase of endo- production, 313, 314

toxemia 251-253 receptor, 476, 477
and lipid mediators, 241-247 in burns, 338
and PAF-acether, 244, 245 after surgery, 296
and prostaglandins, 245 Interleukine-3, 314

Fibrinopeptide A in burns, 59 Iron
Fibronectin in burns, 8, 59 role in free radical production,
Free radicals 83, 84

see oxygen free radicalse Kidney failure in shock, 129-135
Gangliosides, effect on IL-1, 404 Kirin system
Ginkgo biloba extract 507-510 in burn, 237-240
Granulocyte monocyte-colony in blister fluids, 238, 239

stimulating factor, 314, 315 Leukotri enes

Haptoglobin in burns, 51, 54 in burn blister, 159-162
Hemorrhagic shock, 67-75 and endotoxic shock, 115, 116,

biogenic amines in, 220 151-156
treatment, 72, 73 generation in shock, 153-155

Hepatic failure in shock, 144-148 inhibitor in scald burn injury,
Hypertonic resuscitation 519-521
in hemorrhagic shock, 73-76 neutrophil production in burn, 259

production by anaphylactic lungs,
Immune system 187-195
in burns, 257-262 Leukotriene B,
definition 4-6 in burn blister, 159-162
and surgery, 265-267, 289-298 lymphocyte proliferation, effect on,

Immunoglobulin 384, 388, 459-466, 469-479
in burns, 258, 323 Linolenic-acid in starvation and
after surgery, 293, 339 sepsis, 125-127

Immunosuppression, 4, 23 Lipase in shock, 231, 232
mechanisms, 383-390 Lipid A, 402
mechanisms in burns, 260-262 Llpopolysaccharide
skin tests in, 277-283 see endotoxin

Immunosuppressive factors Lipoxygenase in burn, 13, 14
and burns, 4, 260-262, 325, 326, Lymphocyte

373-379 see B cells, T cells
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Lymphocyte proliferation Peroxidation (continued)
in burns, 342 determination (general methodes),
leukotriene effect on, 459-466, 97, 98

469-479 in endotoxemia, 87-94
lipid mediator effect, 384, 390 ethane as a marker, 103, 104
platelet-activating factor in, pentane as a marker, 98-108

448-449, 483-491 Phagocytosis impairment
after surgery, 363 in burns, 259

Lymphotoxine, 315, 316 after surgery, 298, 299
Lysosomal enzymes in burn, 88 Phosphatase (acid) activity

in burns, 89
Macrophage in burn, 7, 11 in endotoxin, 92
Mast cell Plasminogen in burns, 59

degranulation (after burns), 40 Platelet-activating factor
Malonaldehyde (following burns), 40, acute lung injury, 197-203

89 anaphylactic shock, 209-215
Mixed lymphocyte reaction and PAF, and angiotensin 11, 132-134

451 antagonists, 134, 135, 169-173,
Multiple organ failure, 139-149 207, 208, 487-489
Myocardial infarction, effect on NK in burn, 14, 15

cells, 369-371 cardiac impairment by, 513-516
cell sources, 447, 448

Natural killer cells circulatory collapse induced by,
after acute myocardial infarction, 177-185

369-371 generation in sepsis, 167-169
in burns, 258, 325, 339 and imune response, 447-454,
after cortisol infusion, 365-367 483-491
after norepinephrine infusion, and interleukine-1, 409-414

365-367 with kidney failure, 130-135
and platelet-activating factor, lymphocyte proliferation, 483-491

451 and prostaglandin, 132-134
after surgery, 292, 361-364 pulmonary impairments induced by,

181-183
Neural release mechanisms in injury, in shock, 163-173

285-287, 329, 330 tissue plasminogen activation by,
Neuropeptides and PAF, 453, 454 244, 245
Neutrophil activity transplant rejection, 388, 389, 451

adhesiveness, 418-425 and vessel wall, 443
arachidonic acid metabolism, Prekalllkrein in burn, 59

497-499 Prostaglandins
in burns, 259 lymphocyte proliferation, effect,
after cortisol infusion, 366, 367 388
after norepinephrine infusion, production by anaphylactic lung,

366, 367 187-195
respiratory burst, 507-510 in sepsis, 109-121
after surgery, 289, 290, 362 and tissue plasminogen activation, A

245
Oxygen free radicals Prostaglandin E

definition, 79 immunosuppression by, 376, 377
generation, 84 Proteases in burns, 47, 57, 227-235
physiopathological roles, 84 Pseudonomas exotoxin (in burns), 39
in shock and trauma, 85 Pyrogens (exogenous), 332
sources, 81

Sepsis

Pancreatic failure in burns, 233-235 and biogenic amines, 221-224
Pentane as a marker of peroxidation, in burns, 31-41

97-108 and elcosanoids, 109-120
Peroxidation endothelial cells, 429-433
in burns, 40, 87-94 and fibrinolysis, 246
definition. 80 immune function in, 305, 306
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TBA reactive substances
leukotrienes in, 115, 116 see peroxidation
lipid metabolism in, 125 Th--omboxane
parameters in, 57-61 immunosuppression by, 386
prostaglandins in, 109-120 inhibitor in shock, 501-505
skin test in, 277-283 production by anaphylactic lung,
thromboxane in, 109-120 187-195

Skin substitutes, 26, 27 in sepsis, 109-121
Skin test, 277-283, 292 urine production, in transplan-
Sonography computer assisted in tation, 389

burns, 63-66, 523-525 Tissue plasminogen activator,
Starvation 241-246

lipid metabolism in, 125-127 Transplantation, 383-390
Sulotroban, 501-505 Trypsin-like activity
Superoxide dismutase (SOD), 89, 91-93 in burn and sepsis, 227-235
Suppressive factors platelet-activating factor effect,
see Inmunosuppressive factors 450

Tumor necrosis factor, 315, 316
T-cell in burns

corticosteroid effects on, 350-358 Wound in burns
helper CD,., 37, 257, 258, 349-358 healing and closure, 24-26
suppressor CD,+, 37, 257, 258,

349-358
total CD3+, 322
leukotriene effect, 459-466,

469-479
platelet- activating factor effect,

449, 483-491
after surgery, 292
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