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ABSTRACT
7

/
/

!
‘:Bactarial endotoxins producs a variety of patho-
physioclogic effects by inducing the releass of humcral
factors from calls of the raticulosndothslial system,
primarily macrophages. This study focusses on one particular
factor, glucocorticoid antagonizing fFactor (GAF> ., Antagonism
was augmantsd when mices wers subjected to conditiorns of
strass where adrenoglucocorticoids are necessary for survival.
Mice were sensitized to both toxic endotoxin and irradiated
detoxifisd sndotoxin during the strass of cold, heat, ard
tourniquet shock. Endotoxin, as wsll as detoxified endctaxin,
induced the rsleasa of GAF from cslls of the RES. Treatmant
of mice with this GAF-rich sarum alsc resulted in their sensi-
tization to stress.

Survival of LPS-poisoned animals subjected to strass
could be 1mp§cvad whan exogonous hydrocortisons was given
prior to thes administration of axogencus GAF-rich serum or
prior to the rolease of sndogenous GAF in response to endo-
toxin. Naloxons, a B-sndorphin antagonist, failed to increasse
the survival rates of animals undsr the axparimental con-
ditions investigated. /-

Endotoxin givan 1 hour pricr ta hydrocortisons or
GAF-rich searum given concurrent with ths hormors inhibited
the inductian uf the gluconeogenic rata-limiting anzyme

phosphocenolpyruvate carboxykinase (PEPCK). [t was shown that

iv




uninducible catalytic activity was not a result of suppressed
or modified catalysis as the amaupt of enzyme, measured by
ELISA, corrslated directly with catalytic activity as
measured by carboxylation with radiolabslsd bicucrbonace.

The data reportsd in this thasis suggsst that GAF
producas a pharmacological antagonism of the animals ability
to manifest an adrenal cortical respaonse. This antagonism
may be the detsrmining factor in the animals demisa during

conditions of stress and it is charactsrized by impairment

of carbohydrats homsostasis dus to noninduction of PEPCK. ... ... =
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INTRODUCTION

Almost a century ago Boise noted that infection pré-
ceded a stats of septic shock (26). Anothsr half-century
passed before ths hemodynamic alterations asspciated with
gram—-nagative septic shock wers directly attributed to a cell
wall constituent referred to ﬁs endotoxin or lipopolysac-
charide (LPS) (103,166). Since that time bacterial LPS has.
bsen under extsnsive invastigation. Although much has baen
lsarned about the pathophysiology of this toxin, today it
still atimulates the curiosity of sany ressarchers due to the
undef ined mannsr by which LPS precipitates death during gram-
negative sepsis and tha associated andotoxin (septic) shock.

Septic shock can be induced by a wide variaty of
microorganisma. Thesa include gram-nmgative bacteria (S6,
163), gram-positive bhacteria (%), spirochetus (B7), rickest-
tsia (91), and fungi (32). Endotoxin shock caused by
gram-negative hactariﬁ is of special interast becausz of its
continued prominance daspite antimicrohial therapy (122,172).
Sepsis associated with gram-positive bacteria is complicated
by the clinical incidence of shock in less than S parcent of
ths cases (143,144), This is contrastsd to gram-negative
bacterial sapsis where approximatsly 3@ percent of the
bacteremic patisnts develop ssptic shock and the average
mortality rate of thase patients is grsater than S0 percent.

This is compared toc a mortality rate of less than 22 percent
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when gram-negative sepsis is uncomplicated hy shock (78,105,
122,168). Thus, the importance of resolving the nature of
how LPS exerts its metabolic effects is clearly indicated.
The asvents of endotoxin shock can be divided intao
msarly and late phases basad upan ths pathophy=ioclogic effects
on the circulatory system (17,122). Immediate hemodynamic
alterations include an initial vasoconstriction followed by
vasodilation with an initial increase followed by a decrease
in systemic arterial blood pressurs (73,167). Leukocytosis
is followed by leukopenia (153) and a hypercoagulahle state
precedes a hypocoagulable state due to disssminated intra-
vascular coagulation (DIC) with depletion of clotting factors
(45,465). These sarly events lead to artericvenous shunting,
microvascular insufficiency and anoxia due to inadequate
perfusion of tissues (1223). Ultimately, progresssion to irre-
versibles shock characterized by terminal hypotension, savers
organ dysfunction and severe myoccardial deprasssion are
beiisvad o contribute to the animals demiss (17. B2,122).
The exact nature of an initial mechanism(s) leading
to irreversible shock and death has not been defined and
saveral mediator substances released by asndotoxin-mediated
shock may ba involved. No intention is made to slight any
authors contributions in this important field of investi-
gation but time constraints will limit this discussion to
only a brisf overview of those mediators which have been

implicated as initiators of irreversible shock. Endotoxinemia
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mlicits tha rslsase of erdogencus histamina from intra-

vascular as well as extravascular storage sites (76,772). In
addition, slavated histidine decarboxylases activity occurs
during challenge with LPS or stress (141). In an effort to
corralate histamina production with endotoxin shouck it was
shown that exogenous histamine, LPS, or histamine resleasor
agent, known as 48/80, produce increasad portal venous
prassure with subsequent pooling of klood in the hepato-
splanchnic arsa, decreased vencus rasturn, and decreased
systemic arterial prassufﬁ in dogs (78). Thas=s data implicats
histamine as s causitive factor of hypatension sesan during
endotoxin shock. Further support for similar pathophysiologic
effucts of histamine and LPS was shown whan phanoxybenzamine,
an anti-histaminic agent, rnravented incr=ased portal

venous pressurs and pooling of blood upon exposurs of dogs

to sither LPS ur'histamine (31). Houwavar, decreasssd systemic
arterial pressurs was not blocked by phenoxybsnzamine in LPS~
poisoned dogs sven though blockage did occur in dogs treated
with histamine (31). It was also shown that phenoxybhenzamine
could not afford protection against systenic hypotension or
death of endotoxin shocked dogs (31,106). In addition, others
have rsported that the LPs-induﬁad acuts increase in portal
vanous prassures and decrease in systemic arterial pressure
observed in dogs was not an acute spisode in cats, cabbits,
ar monkeys (79,93)., Thersfors, it appears that histamine

does not play a mejor crole in ths initiation of irrmsversible
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sndotoxir shock and consequantly aother factor(s) are

implicated.

A proposed model for the pathophysiclogy of snda-
toxin shock suggests that LPS interacts with antibody and
complement. The subsagquent generation of C3a and CSa in turn
activates lmukocyte aggregation and adherence to vascular
endothelium where the ralsase of lysosomal enzymes and very
potent texins, superoxide and hydrogen peroxide occurs. These
can cause endothelial damaga leading to sndogenous volume
loss and hypotension (88,97)., The basis for this model is an
initial resaction bstween LPS and anti-LPS antibody. This is
quits reascnable sincs most mammals contasin antibodies to
LPS (BA3,85)., it is wmll known that LPS activates the comple-
ment cascades (42,68,152). Fearon st al (55) showasd that
complement activation corralatss with LPS-induced hypotsnsion
and death. Furhermore, incrsssed vascular permeability can
ba aborted by protecting the vascular endaothalium from the
insult of complement activation (1562). This was shown to be
true in neutropsnic animals, ie, the lack of ressponse that
occcurs as a result of the slimination of CSa responder and
of oxygen radical producing cells and by the protection
afforded these animals by treatment with superoxids dismu-
tase (156). Also, dogs undergoing exchange transfusion with
plasma that had been made hypococmplementary by heating at
S6°C were rafractory to the lathal effects of LPS (151).

Howsver, others have shown that during hypocomplemantemia




that was inducsd by tresatment with cobra-venom factor (CUVF)
or by congeanital C6 deficiency, the initial (ie, within the
First few minutes after challenga with LPS) hypatansian is
not manifested but that'overall. hypotension and mortality
is unalterad (60,161). Therefore, complement may be involved
in an initial LPS-induced hypotsnsion, but tha terminal
hypotension must bas explained by anothar mschanism.
Catscholamins production has also been shown to occur

during sndotoxinemia (25,13%5)., It {s beliaved that in an

T effort to maintsin homeostasis; slevated-histamine levels ... .

cause the relesass of theas adrenergic amines from tha
adrenals (31,35,78). This concept is supported by showing
hyparsansitivity of rats and mics to histamine fallowing
adrenalsctomy (71). This hypsrsansitivity could be counter-
acted by administering exoganous spinephrins and it thus
appears that catechols and amines sxart opposite and compens-
atory aéfects on one ancother (71,15@). In addition, increzased
urinary excretion of spinephrine and norepine=sncine was
observed in man following subcutansous injactions of hista-
mine (S1). Howsver, catacholamine production during sndotoxin
shock does not appsar to bs a major factor in the irrevar-
sibls phass of shock as adrenalectomizad animals exhibited no
significant changs in portal hubartensian or systemic hypo-
tansion relative to intact animals when given LPS (30,82).
Alsc catecholamins antagonists, such as rssarpine, do not

abolish LPS~-induced hypotension (83). Thesa rmsults indicats



that catecholaminas ars net rasponsihle for irrevarsiblae

endotoxin shock.

Endogenous opiates (endorphins) have drauwn recent
interest as mediators of endotoxinemic shaock. Adrenccortico-
tropin hormone (ACTH) and B-endorphin , the most potent
endorphin, are stored in a common pituitary site (639,137)
and are synthesized from the same precursor glycaoprotein
(63,10%). Both ACTH and B-endorphin are slevatad in a number
of stressed states, including LPS-poisoning (63,81,110,137).
Exogencus endorphins hava besn shown to produce significant
hypotension in rats and dogs (B81,98). Therafore, thesa en-
dogennus opiates may play a critical roles in the classical
LPS-induced hypotension. This is substantiated by studies
with naloxons, a B-sndorphin antagonist, which can roveras
the hypoteansion seen with LPS challeang®s (58,53.8;,38). This
is a smlective revarsal of pathophysiclogic effects and not
a direct pressor msachanism as nalaxons given to ronendotoxi-
nemic rats or dogs doss not alter systemic bloocd pressure
(52,81). Although naloxone reversas hypotansion in ando-
toxinemic rats it has no effect on their survival rates (53).
Thus, in the rat system at lsast, thers appear to b; factors
other than hypotension and cardiac collapse lesading to daath.‘
This is diffsrent from LPS-poisoned dogs, whers naloxons not
only attenuate= hypotension but also increasess the survival
rate (S52), This work has also buen extanded to primates:

in Cynomalgus monkays naloxons has besen shown to improve




hgpataﬁ!iun and survival following sndotaxinsmia (B3). In
addition to reversing hypotension, naloxone also prevents
othar comnmon features of septic shock, eg, the initial hyper-
glucemié in mice dues to deplstion of hepatic glycogen stores
(73). Thé depletion of hepatic glycogen and other carbohy-
drats anomalies may be critical in the demise of LPS-paisoned
animals as hypoglycemia is a hallmark of terminal endotoxin
shock €19@,58,84).

Total depletion of hapaiic glycogen during LPS-

—-challenge results in an initial, but transient hypergly-

cemia, followed Ly a profound and terminal hgpnglgdemic stata
(18,58,34). Adrenalectomy, with subsequant corticostercoid
replenishmant, abolished this LPS~induced glycogen depletion
(138,153). Therefors, enhanced glycogenolysis during endo—
toxinemia is likely due toc the reslease of catechoclamines

from the adrenal glands. Elsvated glycogenolysis by itsaslf
however, should not account for terminal hypoglycemia. An
increase in carbohydrats consumption and/or hepatic gluco-
neogenesis should compensates for any glycogenolytic derange-
mant. Unfortunately, both of these parameters are blocked by
LPS (58,84,153).

b Using a phenol red sclution as a tracer, Turner and
Berry (1539) showed ti.at gastric emptying is prevented within
$-10 minutes after exposurs to LPS, Prior to this, it had
besn shown that LPS suppresses gastric motility (117), Since

gastric caontractiors assist in ths slimination of chyme from




the stomach it appears that the inhibition of gastric
emptying is dus to decreased gastric motility. the overall
effect is sssentially a condition of starvation dus to de-
creased fcod and water uptake during endotoxinemia, Since
LPS blocks ths consumption of exogsnous carbohydratss the
animal becomas dspsndent on hepatic gluconeogenssis to
nautralize tarminal hypoglycemia.

Gluconmogenasis, or reverss glycolysis, depends on
the raversal of three highly exasrgonic reactions (146):
glucose-6~phosphate to glucose, fructose-1,6-diphosphata
to rructose-6-phosphata, and pyruvate to phosphosnalpyruvats.
The former two reactions are catalyzsd by hydrolysis of
ester phosphates bonds by thae enzymss gluccse-6-~phosphatase
and fructose-1,6-diphosphatasa, respactively, while the
latter reaction involves the coupling of two nuclsosidae

triphosphats cleavage reactions, as shown below.

Pyruvata
i
)
! CO, + ATP
Pyruvate carhoxylase |I(
(PC) | ADP + P
W 4

Oxaloacstic acid
1
Phosphosnolpyruvats |
Carboxykinass ! GTPCITP)
(PEPCX) 1
| GDPCIDP)Y + co,

\V

Phasphoencl pyruvate




Endotoxin inhibits the induction, by glucocorticoids or
fasting, of sach of thess esnzymes: gluzose-6-phosphatase
€191), Eruétuse-l.S-diphosphatasa (101), and PEPCK (16).
Although it may be unusugl for a single enzyme to control
thes expression of an entire metabolic pathuwasy, there is
strong esvidence to suggest that PEPCK is the rats-limiting
enzyme in gluconscgenesis; therefors, the interaction of LPS
with PEPCK will bes esmphasized. Seubert et al (146) measured
gluconmogenesis by the Fformation of glucoss in hepatic or
renal cortex slicas from animals receiving cortisol 6 hours
ealier. The amount of glucose formad was dirsctly propor-
tional to tha activity lavels of pyruvats carboxylass and
PEPCK, but not to glucose-6-phosphatass or fructose-1,6-di-
phosphatase. They concluded that the caonversion of pyruvate
to phosphosnolpyruvats is the rate-limiting step in gluco-
necgenesis. Rongstad (13%) showed PEPCK to be the rates-
limiting enzyme by using 3-mercapt6picalinata, a strong
inhibitor of PEPCK. Inhibition of PEPCK correlated directly
with the reciprocal rats of synthesis of glucoss in rat
hepatocytes. Sinces PEPCK appears to ba the regulatory enzyme
in gluconesogenesis, furthsr details of its role and regula-
tion are warranted.

PEPCK was first observed in chicken liver mitochon-
dria in 1954 (162). It is found primarily in the cytoscl of
hamstars, rats, and mice and in the mitochondria of rabbits

and chickens (72), and equally proporticnad in tha cytoscl
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and mitochondria in man (155). Ballard and Hanson showsd the
cytosolic and mitochondrial iscenzymes to be immunclogi-
cally distinct proteins. While some investigators have shownh
that only the cytosclic form respondes to diest and hormones
(118,148), others have implicated a role for mitochondrial
PEPCK (3,72). Although dstails of the physiologic interaction
hetween cyto=olic and mitochondrial PEPCK has yet to be re-
solved, they both appear to be regulators of gluconecgenesis
(155).

Hepatic PEPCK is readily induced by glucagen (a cAMP
stimulator) (127,169), cAMP (127,163,170), norepinephrina
127y, glucocor;icoids (118, 126,148,17@), fasting (S9,148),
alloxan or mannoheptuloss induced diabetes (148), and
thyroxir, (28,116). As a negative control, insulin inhibits
the inducticn of hepatic PEPCKX (67,143,163,172). This appears
toc bes a direct suppression as insulin, in the absences of
gluccse (a glucagon, hence, cAMP modulator), inhibits the
dibutyryl cAMP induction of PEPCK activity in Reuber H-35
cells (67,154), It should bs noted that adrenalectomy or
induced diabstes doss not interfere with the circadian cycle
of PEPCK (123). Thus, multiregulation of this gnzyme is
apparent and when ons regulatory mechanism bescomas compro-
misad the other(s) may compansats.

Recent attention has been given to investigating the
lavel at which hepatic PEPCX is regulated., Since actinomycin

D blocks the induction of PEPCX by cAMP (163) or glucocorti-
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toids (132,131), regulation at the lesvel of transcription

is probable. This is substantiated by measuring the incrsase
in aﬁnunt of immunoprecipitable PEPCK from in vitro trans-
lation of hepatic RNA following tresatment with cAMP (84,B85)
or glucocorticoids (85,107). In addition, a dirsct measure
of glucocorticoid or cAMP induced lavels of mRNA for PEPCK
using cDNA probes has also confirmed a transcriptional level
of regulation (2,8,38,39,184). With this background of PEPCK
and its regulation, a discussion of how LPS intsracts with
this crucial gluconeogenic enzyme will ensus.

Kun (S4%) was the first to observe an inhibition of
gluconeogsnesis by LPS when he noted ssvers hypoglycemia in
LPS-poisoned rats. Othar studies have confirmed this early
report. Shands at al (147) showsd that LPS naither altared
thes rates of glucoss clearancs from tha blood nor altered
oxygen consumption, measured hy metzbolism and oxidation of
various substrates. Thesy concluded that LPS-induced hypogly-
cemia was dus to inhibition of gluconeogenesis and not due
to insulin or incrsas=sd metabolism. HcCalluﬁ and Berry (102)
saw an almost S0 percent innibition of incorportaion of
cu-""clalanine into blood glucose after LPS-paisaning in
mice. Additional studies have also shown impaired gluconso-
- gesnesis upon endotoxinemia (58,113,171).. The questicn re-
mained howaver, as to how LPS inhibits gluconmogenssis,
Rippe and Berry (18,130,131) reported thae inhibition of in-

duction of hepatic PEPCK following either LPS-paoisoning or
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actinomycin 0. Although LPS inhibits ths induction of other
hepatic serizymes, gluccse-6-phosphatase (1Q1), fructose-1,6-
diphosphatass (121), and tryptophan oxggaﬁasa (16,132>, this
is not due to gross hepatic tissue damage since it deoes not
inhibit the induction of hapatic tryosine amino transaminase
(16). The uakove cdata clearly show that LPS inhibits gluco-
neogenesis at the leval of PEPCK. Sevsral studies have
provirled insight as to how this antagonism occurs.

Using a compilation of reports, Berry (17) suggested
LPS antagonizes the glucocorticoid induction of PEPCK by a
a humoral factor. First, the large sizs of endotoxin made it
an unlikely intracellular toxin (121). After endotoxinemia,
Noyes (121) detsctad LPS in phagocytic Kuppfer cells in tha
liver but not in nonphagocytic hepatic parenchymal cells,
Sacond, aimals with a hyperactive reticulcsndothelial system
(RES) are sensitized to the lsthal effacts of LPS (3,44).
Thus, the basis for an RES mediating substancs was noted and
subsequent studies supported this.

Moors et al (111) shouwed sarum from LPS-poisconed
mice inhibited the glucocorticoid induction of PEPCK in mice
made tolerant to LPS., Tolerarnt mice ars refractory to the
effects of LPS. In addition, supsrnatant from peritoneal
exudate cells (PEC’'s), primarily macrophages, alsc inhibited
the glucocorticoid induction of PEPCX in mice made tolerant
to LPS (111), Furthermors, normal mice pretreated with rabbit

anti-macrophge serum did not exhibit LPS inhibited PEPCK
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activity (111). Pretr=atment with anti-thymocyte serum did
not abolish the inhibition of PEPCK activity by LPS (111).
This investigation clearly establishes an LPS-induced humoral
substance produced by macrophages of the RES which antago-
nizes the glucocorticoid inductian of PEPCK and was thus
called ’'glucocorticoid antagonizing factaor (GAF)® (111),
Other studies have since confirmed GAF as the LPS-induced
mediator which inhikits the glucocorticoid induction of
hepatic PEPCK.

Congenitally athymic nude mice (nu/nu) exhibit hydro-
cortisone induced PEPCK activity regardless of LPS treatment
(112). Their PEPCK activity is, howsver, inhibited by serum
rich in GAF (ie, serum collected 2 hours after administra-
tion of LPS to mics pretreated with zymosan, an RES acti-
vator) (112J). In addition, C3H/HeJ mice, which do not respond
to LPS and exhibit a fully inducibles PEPCK activity oven in
the prasencs of LPS, resist hydrocortisons induced enzyme
levels in the presence of GAF-rich serum (114). Also, Reuber
K=3S hapatoma cslls which are refractive to the LPS inhibi-
tion of hydrocortisons induced PEPCK activity, displayed
total inhibition of PEPCK activity when trsatad with GAF-~
rich sarum (65,66). Finally, Couch et al (43) showed that
mice mada tolerant to LPS and subsequently glaced in the
cold wers sensitized to the lsthal effects of GAF-rich serum
but not LPS.

It is the purpose of this paper to svaluata the
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glucocorticoid antagonism of LPS, to further support the
role of GAF as an LPS-induced mediator, and toc assess the
dysfunction of carbohydrate metabolism at the level of PEPCK
by either LPS or GAF.
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MATERIALS AND METHODS

CHEMICALS:
All chemicals, reagents, and enzymes used in thase

experiments were obhtained from Sigma, unless otherwise noted.

ENDOTOXIN CLPS):
Commercially prepared and lyophilized LPS from

Salmonella typhimurium was purchased from Difco, Detroit,

MI, cat # 3125-25. It'mas staored dessicated at 4 C and re-
constituted in sterils, nonpyrogenic @.39% isotonic saline.
Tha reconstituted solution was stored at -20 C. Freeze
thawing did not alter, in a detectable way, the activity of

LPS.

RADIATION DETOXIFIED ENDOTOXIN (RD-LPS):

This preparation was graciously provided by Dr.
Lorand Bértdk of the National Institute of Radicbioclogy and
Radiohygierne in Budapsst, Hungary. It is a phennl-water endao-

toxin preparation from Escherichia coli @89, human strain,

which was detoxified by exposure to 158 kBy (kiloGrays) of
60-Co gamma irradiation. Reconstitution and storage was the

sams as that for toxic LPS.

ANIMALS:
CFW mice initially purchased from Charles k.ver

breeding Laboratories Inc. (Wilmington, MAY and subsequently
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bred at this facility wers employed in all experiments. Both
male and female mice wsrs used, ranging in weight from 2@ to
25 grams. Mice were housed no more thaﬁ 12 per largs cage or
S per small cags with Bata Chip badding (Nartheastarn Pro-

ducts Corp., Warrenburg, N.Y.). Food pellets from Wayra Lab-
Blox, Allied Mills, Chicago, Il. and tap water were availabls

at all times except during controlled starvation.

TOLERANCE:

Mice were made tolerant to LPS by a modificatiqn of
the procedure describad by Goodrum and Berry (66J). A series
of intraperitoneal injsctions were given at increasing dose-
lavals of 10 ug, 15 ug, and 25 ug LPS in volumss of 100,

150 and 250 ul prepared from a 120 ug/ml solution. Mice were
injected on days 1,2 and 4, respectively, prior to challenge
48 heurs after the last injsction. Mics rendered tolerant do

not respond to the lasthal effeacts of LPS.

STIMULATION OF THE RETICULOENDOTHELIAL SYSTEM (RES):
Hypsraccivation of the RES sensitizes mice to LPS
and it alsg increases the yi=ld of induced humoral factors
known to ba produced by macrophages. In order to stimulate
the RES, mice were given an intravenous injection of 700 ug

of heat-killed Corynebacterium parvum (Burroughs Wellcome,

cat. # CN 6134) in a total volume of 100 ul. Mice were then

challenged & days later.
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COLLECTION OF GAF-RICH SERUM (CpES):
GAF (glucocorticoid antagonizing factor) rich serum,

also called Corynebacterium parvum - sndotoxin serum (CpES),

was collected by dacapitating mice 2 hours aftar an intra-
vanous injsction of 25 ug LPS in mice whoss RES had been
stimulated with C. parvum 6 days earlier. Blood was allowed
to clot approximately 3 hours at 4°C then centrifuged at
10,000 rpm for 10 minutes. The serum was filtared through a

@.45S um millipore filter and stored at -20°C.

COLD AND HEAT STRESS MODELS:

Cold strass was inducad sccording to Couch and Berry
(43). Endotoxin talsrant mice were placed individually, with-
out food, watsr, or badding on a wire mssh scrsen, about
1.S cm above the tabls top in a walk-in refrigerator at S°C.
Each mouses was covered with a'aso ml beaker. A brick, or
other wsight, was placed on top of the beaker to pravent the
mouse from escaping. Temperaturs was resgulated bhetwesan 4°C
and S°C. Heat stress was induced by housing endotoxin toler-
ant mice in a 37°C walk-in incubator. Thers were S mics per
cage and badding, but no food or watsr was provided., No
mathod for controlling humidity in sither tha cold or heat
stress environment was availables. Ractal temperatures were
measursd with a small animal thermistor, inssrted about 1 cm
into the rsctum and read on a telestharmomster (Yellow

Springs Instrument Co.) aftsr 3 ainutes. Temperatures uwere
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recarded every hour.

TOURNIQUET SHOCKX STRESS MODEL:

Tourniquet shock was induced by a modified version
of that of Rasanthal (1362, To a 15028 ml glass bmakar was
added about S@ ml chloroform. A wire mesh stand was placed
into the beaker and them top of the stand was approximately
12 cm above the liquid chloroform surface. A singls mouss
was placed onto the wire mesh and aluminum foil was then
placed over the beaker. Mice weras anesthetized for 15-30
seconds. It is bsttmr to re-anasthetizes than tao over-anes-
thetize. The subdued mouse was than placed in a hollow brasas
cylinder about % cm in diameter. A rubber band (size 30,
measuring 2 x 1/32 x 1/8 in) was then uwrapped in 6 egqual
turns around a tubercullin syrings case, 1 cm in diameter
and 3 cm long. This hollow cass was coated lightly with
glycerol for sasy resmoval cof the rubbar band. To the hind
leg of ths mousa mas'tied, by a slip knot, fishing line
attached to an 11 gm lead weight. The weight was passsd
through the TB syrings case pulling the hind lasg into ths
case. The rubber band was then slippad off the case so that
it Fit snugly against the body and around the proximal hind
leg. Ihe fishing line was then removed and the process was
repsated for the other leg. Tourniquets wasre left on for

1 hour before removal with sharp scissors.
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PHOSPHOPOENOLPYRUVATE CARBOXYKINASE PURIFICATION:

This péocedure is a modification of that of Colombo
(41> andAIunedJian (86). Induced levels of PEPCK were obh-
tained by starving mice 2% hours prior to challange. After
this time, mice wers decapitated, their livers wers perfused
with ice cold sterils, nonpyrogenic 8.9% isotonic saline
via the portal vein., The gall bladder was excised and dis-
carded. Thes livers wers axcised and immediatasly frozen in

liquid nitrogen. Livers wsrs maintained at -20°C for a maxi-

- mum-of--48--hours unt‘l-purification-was begun. All purifica-

tion precedurss were psrformed at 4°C. Each liver was homc-
genized in S volumas (w/v) of buffer 1 (S8 mt Tris-HCl, 1 mM
EDTA, 1 mM DIT, 0.25 M sucrosa, pH 7.4) by a motor driven
taflon Patter-Elvehjam hamogenizer at cns—quarter speed,

Thes homogsnats was then cantrifuged at 100,000 x g for 1
hour at 4°C in a Bsckman TiS@ rotor using a Beckman modal L
ultracentrifuge. Solid ammonium sulfate, 45% Cw/v),

was added to the suparnatant and stirrsd overnight at 4°C
and thes precipitate was removed by centrifugation at 10,000
x g for 15 minutes. Ths suparnatant was then made 65% (w/v)
in ammonium sulfats. This was stirred for % hours at 4°C.
The precipitates was collectad aftar‘centrifunation at 10,000
x g for 1S minutes and dissclved in buffer 2 (S8 mM Tris-HCl,
.S mM EDTA, 0.5 mM DIT, pH 7.5). It was dasaltad by over-
night dialysis against buffer 2. Further desalting was

accomplished by passing it through a 2.3 cm x 26 cm BioGal

S

o P - ;
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P-6 column equilibrated with buffer 2. Eluate fractions with
0D 280 greater than @.15 were pocled and applied to a 2.7 x

9 cm DEAE-cellulose column equilibrated with buffer 2. This
column was washed with buffer 2 until the QD 282 was zero

and the PEPCKX fraction was then eluted with a 388 ml gradient
of @ to 380 mM NaCl in buffer 2. The PEPCK fraction eluted
between 70 and 1S@ mM NaCl. Fractions containing PEPCK acti-
vity, assayed by the method of Calombo (41), were pcocoled and
concentrated to S ml by pressure filtration using a 43 mm
Amicon PM 3@ membrane at 15 psi nitrogen. This sclutisn was
Jdiluted to 4@ ml with buffer 3 (10 mM potassium phasphate,
2.5 mM EDTA, @.S mM OTT, pH 7.2) then dialyzed 24 hours
against 2 changes of buffer 3. The dialysate was then applied
to a 2.6 x 4 cm hydroxylapatite column sguilibrated with
buffer 3. This columr was flushed with buffer 3 until the

0D 2680 read zsro. The fraction containing PEPCK was then
sluted with a 200 ml linear.gradipnt of @ to 200 mM potassium
phosphate, pH 7.8. Fractions containing PEPCK activity wers
pooled and concentrated to 25-3S ml using the Amicon de-
scribed above. This solution was then dialyzed for 2 days
against 3 changes of buffer 4 (10mM tris-HCl, 0.1 mM EDTA,
2.1 mM DTT, 10% glycerol). The dialysats was then made 0.6

mM with manganese chloride arnd applisd to a 1.2 x 2.4 cm
agarose-hexane-GTP affinity column. this column was washed
with 1@ ml of buffer 4 (without manganemas chloride)., PEPCK

was then sluted with buffer 4 containing 1 mM GIP in a
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volume of 1-2 ml. Fractions containing PEPCK acti«vity were

stored at -20°C in a S@ percent glycerol sclution.

SDS-PAGE :

Sodium dodecyl sulfats polyacrylamida gel slectro-
phorasis (SOS-PAGE) was by the method of Laemmli €95).
Thoraughly clezned glass plates wers sealed on three sides
using spacers and 1% hot agarose. These platss allowed the
formation of a g=l 1.5 mm in thickness. Ths separating gel
was made in a 125 ml sids-armed flask containing 10% acryl-
amide (Eastman), 0.26% bisacrylamide (Eastman), @0.375S M Tris-
HCl, pH 8.8, 8.1% SDS, 3.05% N,N,N’ ,N’~tatramsthylethylena~
diamine (TEMED). Following degassing of the solution, poly-
merization was initiated with frashly made 10% ammonium
persulfats (BioRad) to 0.015%. This sclution was gently
poursd bstwesn the ssalsd platss and allowsd to polymerize
for 25 minutes at 25°C. To ansures a flat surface the solution
was overlaid with a 1:4% dilution of lower buffar (1.5 M Tris,
@.4% S0S) during polymerization of the acrylamida. The
stacking gel was preparad in assentially the same manner as
the separating gel except the acrylamids and bisacrylamide
concantrations wersa halvéad and the buffer was changed to
9.125 M Tris-Cl, pH 6.8. The overlay buffer was removed and
after initiating polymerization with ammonium persulfate the
atacking gel was placed on top of the saspparating gel. A

tsflon well-forming comb was insarted into tha stacking gel
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and polymerization occurred at 25°C in 20 minutes. The teflon
comb was gently removed and the plates were placed in an
electrophoretic apparatus containing eslectrode buffer (25 mhM
Tris, 0.182 N glycine, @0.1% SOS, pH B8.6). Samples were pre-
pared by boil.ing for S minutes in an equal volume of sample
buffer (2.5 mM Tris-Cl, pH 6.8, 4% SDS, 18% glycerol, 10%
B-mercaptosthancl, 2.002% bomophenal blue). The samples uwere
loaded (S-S0 ul) using a Hamilton syringe intc the sample
well chambers., Molecular weight markers were run with each
gel. Gels wers slectrophorssed for 4 hours at 25 mAd, con-
stant current, or until the bromophencl blue tracking dye
was 1 cm from the bottom of the gel. Gels were fixed for
30-60 minutes in 10% acetic acid, 30% methanol, 10% tri-
chloroacetic acid (TCA), stained for 30-60 minutes in @.1%
Coomassis brilliant blus R, 10% acetic acid, 3¥% methancl,

and then destained overnight in 15% acetic acid.

ANTI-PEPCK IgG FRACTION ISOLATION:

On day 1, a New Zealand white rabbit was injected
with a total volume of 2.8 ml containing 3 mg/ml purified
PEPCK in an equal volums of complates Freunds adjuvant (Difco,
Detroit, MI, cat. # 0638-600). This antigsn-adjuvant mix was
given as a 1.9 ml intraperitonsal and 90.25 ml subcutanecus
injection in all four haunches, On days 24 and 26, 3.5 mg/ml
purified PEPCKX in a totsl volums of 1.0 ml sterils, nonpyro-

genic 2.9% iscotonic saline was injsctsd intravenously. On




23
day 35S, and twice 3 weak thersaftar for 4 wesks, ths rabbit

was bled hy cardiac puncture using a 30 cc syringe and an 18
gaugs naadlﬁ. Approximately 1S ml of sarum was collectad
from each blesed. The IgG fraction was isclated from this
immuna serum according to the method described by Nowotny
(119). The ssrum was centrifuged at 10,000 x g for 1S minutes
to remova any callular debris. To this uas added saturated
immonium sulfats dropuiss to 40% saturation at 25°C while
stirring. After 30 minutes the sclution was centrifuged at
1008 x g for 30 minutes. The pellst was washed oncs with
phosphats buffered salins (PBS, 0.02 M phosphatm, 0.38% NaCl,
pH 7.0) containing 49% ammonium sulfats and the washed psllet
was radissolved in PBS to 10X of the atarting volume. This
solution was dialyzed svery B-12 hour$ against 2-3 buffer
changas of 0.0175 M phosphate buffer (PB), pH 6.3, until no
sulfates could be detscted in ths dialysis buffer whan nixed
with solid barium chloride. The dialyzed solution was clari-
Fied by centrifugation at 10,000 x g for 1S minutes and the
clear supernatant was diluted to approximatsly 1S mg/ml with
PB, pH 6.3. This sclution was then applied to a 2.3 x 25 cm
DEAE-Sephadex A-SO column equilibrated with PB, pH 6.3. Tha
first fractions, which contain IgG, with an 0D 280 Qara
pocled and concentrated to approximately 3 mg/ml by praeassure
filtration using a PM 10 Amicon filter under 1S psi nitrogen.
This solution concentrate was divided into 1.0 ml aliquotes

and storad at -20°C.
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TITRATING ANTI-PEPCK IgG:

Rabbit anti-mouse PEPCK IgG fraction was titrated
by its ability to bind and precipitate out PEPCK from high—-
spesd mouse liver supsrnatants. This procedure is a modified
version of that of Ballard and Hanson (%), In 1.5 ml Eppen-
dorf tubes, anti-PEPCK was dilutsd in 0.217S M phosphate
buffered salins, pH 6.3, to yisld a total volume of S@ ul of
various concentrations (2-25@ ug) of the antibody. To this

was addad 10 ul of 25-30% (w/v) high-speed (102,000 x g3

mouse liver supernatant. After mixing, thes solution was in-

cubated fFor 1 hour at @°C. Praiﬁmﬁhawidé”fEadtibﬁéwﬁaEe 164W"7W

included as controls. Following ths First incubation, 0.2 ml
of a 10% suspension of heat-killed, furmalin-fixed Staphylo-
coccus aureus, Cowan | strain (Sigma cat. # P-7155, binding
capacity of 1.56 mg human 1gG per ml) was added and after
gentle mixing was incubated for 1S5 minutes at Q°C. After
centrifugation for 1 minute, 8.4 ml of ths suparnatant was

assayed for PEPCK by thes radicmetric assay described later.

IMMUNODIFFUSION: »

This was performed according to Clausen (40). A
solution of 1% purifisd agar (Difco cat. # QSE0-01) in
varonal buffer (15 mM diethyl bacbituric acid, 7S mM sodium
barbital, pH B.6) uwas presparad. Than 2.8-3.0 ml of molten
agar was pipestted onto a glass slides cleansad with 70%

sthanol. This was allowed to harden for about S minutes in
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a moist humidifier. After punching an appropriates pattern

with a Gsiman punch, 3 mm bore, the wells weres removed by
vacuum. To the appropriate wells was added 18 ul of antigen

Chigh-speed, 100,000 x g, wmouse liver supernatant) and anti-
body (rabbit anti-mouses PEPCK). Diffusion occurred overnight

and tha immune precipitin line was read using a back-lighting

apparatus (Kallestad Labs, Inc., Minnesapolis, MN).

IMMUNCELECTROPHORESIS:

Modification of the procsdure dascribed by Nowotny
(120) was usad. 1X Purified agar, as in the immunodiffusion
method above, was smployed. Wslls wers punched with a Gelman
gel punch C(a 1.5 mm well for the antigen and a 1 mm trough
for the antibody). The antigen plug was rsmoved by vacuum
and 2 ul of antigen (high-spsed mouse liver suparnatant) uwas
added. Electrophoresis was carried ocut for 1 hour (3-8 mA
per slide) using a Pharmacia EPS 500/400 power source. After
sclectrophoresis, ths antibody trough was removed hy vacuum
and @.1 ml of rabbit anti-mouse PEPCK serum was added. Thas
slide was incubated overnight at @5 C and read as in the

immunodiffusion method abovs.

WESTERN BLOT:

This was pesrformad according to the procsadure of
Burnetts (34%) uwhich was adapted from that of Towbin (157).
Gels were prepared as in the SO3-PAGE section above, except

thay were slectrophorasad ovarnight at 4 mA and left
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unstained. Half of the SOS-PAGE containmsd samples and the

other half contained molecular weight markers to monitor the
transfer of proteins onto the nitrocellulpse. Transblot
materials were assambled in a plastic container filled with
degassed slactrophoretic buffer (20mM ITris-bass, 150 mi
glycins, 20% (w/v) methanol, pH 8.3), in the following se-
quenca, Bottom plastic holder, filter pad, two pisces of
filter paper, nitrocellulnse sheat (Schleicher & Schuell,
cat. # BABS), SDS-PAGE gel, two pieces of filter paper,
filter pad, and top plastic holder. Care was taken to avoid
entrapment of air bubbles'ih'éhg iagaf of assembly. The
assembled material was quickly trarsferred to an alectro-
phorstic chamber (Hosffsr TE SO Transfer Electrophoretic
Cell) which had been previously filled with electrophoretic
buffsr. The nitrocellulose shest was positioned bstueen

ths SDS-PAGE gel and ths anode. Elactrophorasis was run at
4°C for 2 hours at S0 V, The transblot apparatus was dis-
mantlad and the nitrocslluloss was cut to saparats samplas
from molecular weight markers. The nitrocalluloss containing
samples was heat-sealed in plastic (Sears counter craft, seal

N-save) and stored at 4°C. The nitrocelluloss containing

nolecular weight markers was stainad in India ink as follows,.

Nitrocellulose was washed 4 times for 1@ minutes each time
in 250 ml wash buffer (PBS-TW: 2.15 M NaCl in 2.81 M Na,HPO, /
NaH,PQ,, pH 7.2, containing 0.3% Twean 20> at 37°C. After

eacl wash the nitrocslluloss was thoroughly rinsad in watar.
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After the final wash, the nitrocellulose was stained with

India ink (1 ul ink per ml PBS-TuW) for 2 hours. Following
confirmation of the transfer of proteins from the SNS~-PAGE
gel to the nitrocellulose, the stored nitrocellulose con-
taining samples was saturated by incubaticn in 15 ml of a
10% milk-Tris-salina (MTS) sclution (10% Carnation instant
nonfat dry milk, 10 mM Tris-Hcl, 0.9% NaCl, pH 7.4) at 40°C
for 30 minutes under constant rocking. After protein satura-
tion, the nitrocesllulose was incubated in 1S ml 10% MTS
containing 280 ul rabbit anti-mouse PEPCK serum Faor 380 min.
at 25°C. Occassional handling and turning of the bag afforded
maximum contact of the antibody with the antigen. Following
this incubation, the nitrocslluloses was washed in 200 ml
Tris-saline without milk for 10 minutes at 25°C, then in 200
ml Tris-salins containing 0.05% NP-48 for 10 minutes at 25°C,
and finally in 20@ ml Tris-salins for 1@ minutas at 25°C.
Following this wash, tha nitrocslluloss was incukated in 1S
ml MTS containing 3 ul of '**I-protein A, 3.7 x 10* cpm,
(kindly provided by Dr. H. Bose, Dept. of Micro., U.T.
Austin), Incubation proceedsd at 2S°C for 1 hour after which
the nitrocsllulose was blot drisd and then air dried for 1-2
hours. The nitrocellulose was sealed in Saran wrap and auto-
radiographed in an intansifying screen sxposed at ~-70°C to

Kodak XR Film,
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PHOSPHOENOLPYRUUVATE CARBOXYKINASE ASSAY:

Method 1: _ssentially that of Colomba st al (41).
This method was used to monitor the presence of PEPCK during

its purification. In the reaction, PEPCK catalyzes the car-

boxylation of phosphosnolpyruvate (PEP) to oxaloacetic acid
(0AA) which is subsequantly converted to malic acid by malic
dehydrogenase (MDH) with concomitant oxidation of NAOH. The
disappearance of NADH is followed at 348 mm as a decrease in
absorbance over time, Purification of PEPCKX was completed
through the desalting step befors assaying for activity dus
to the pressnce of NADH oxidizing activities in crude liver

supsrnatants. The reacticn mix contained:

S6 mM HEPES buffer, pH 7.0-7.2
1 mM dithiothreitol (DIT)
2 mM MnCl,°4H,0
2.2 mM NADH
22 units malate dehydrogenasas (MOHD
2.3 mM inosine S’~diphosphate (I0P)

2.5 mM phosphosnolpyruvate (PEP)

The reaction was run at 25°C by adding 9.7 ml of the reaction
mix, less IDP and PEP, to a cuvetts. Then 0.1 ml of sample
containing PEPCK was added and the small decrease in absorb-
ance was recorded. The remaction was started by the addition
of 8.2 ml IDP/PEF and the dacrease in absorbance was again

recorded. The snzyme activity was calculated as follows:
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L CAA - AR Y/minl (rxn vaol in mld
+10P =100

U/ml = -
(sample vol in mll{6.23Cabsorption coefficient)]

One unit is defined as that amount of anzyme that catalyzes

the Formation of one micromocle product per minuts at 25°C.

Method 2: This is a modification of the procedure of
Ballard and Hanson (S) and Chang and Lanes (368). This assay
was used to measurs tha activity of PEPCK in crude liver
supsrnatants. Livers wers prepared according to the ’purifi-
catipn oEVPEPCK’ method discussed earliar. The reaction
is assaﬁtiallu that of ths Colombo assay discussed abova,
sxcapt tha carboxylation of PEP involved assaying the incor-
poraticn of radioclabeled ‘“cn, and ths reaction mix contained
S0 mM KHCO, containing 2 uCi NaH"'Cu3 CICN # )74941-H), 100
mt imicucols buffer, pH 6.3, and 2.5 mM NADH. The reaction
mixturs was kept on ice in appropriately labsled 13 x 108 mm
test tu-2s until the reaction was initiated. To begin the
reaction, the tubes wers prswarmed to 37°C for 3 minutes. At
timed intervals, S0 ul of a 15% (w/v) high-spaed liver super-
‘natant was added. The reaction wad tarminated 15 minutes
later by the addition of 25 ul of 15% (w/v) ics cold TCA.
Each tube was immediately placed on ica. A control reaction
less PEP and I0P was run with sach assay and the result was

I

subtracted from the sampls result. Fres COl was removed

from the reaction tubs by bubbling unlabelsd CU1 through the

- e e . e i mee e im orm e wr w
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reaction solution for 30 minutes. After :antrifugafian for 2
minutes at 2,000 rpm, 8.4 ml of the reaction sclution was
counted in a total volumes of 6.8 ml complets counting cock-
tail (RPIl, Resesarch Products Intarnational Inc., cat. #
111567, for S minutes on a scintillation counter. One unit
of activity is defined as that amount of snzyme that cata-

(LI

lyzes the fixation of one micremole of NaH L0, per minute

at 37°C and was calculated as follows:
incorporated cpm as stable "'C-malata

U/ml = -—
Cumois NaH'“CD,)(rxn tima, 15 mind(ml sample, ©.0S ml)

Specific activity was calculated as mU/mg protsesin,

Methsd 3: Enzjme linksd immuncsorbant assay (ELISA)
was used to measure the amount of PEPCK in high-spsed mouse
liver supernatants. In this way a comparison bstwsen the
amount of snzyme and activity of snzyme (msthod-2) can be
made. The FLISA procadure used is an adaptmsd version of that
of Tsang et al (158)., Plastic, 86 well, microtiter plates
(Dynatech '.aboratories cat, # 011-010-365@) wsrs prawashed
in 8S% athanol and rinsed in distilled water. After drying
they wers uwrapped in plastic wrap and stored at 25°C until
uses . Upon usa ths wells wera coated with 208 ul of 5 ug/ml
rabbit anti-mouss PEPCK IgG in sensitizing bBuffar (@3.05 N
Iris, 2.0 mM EDTA, ©.3 .! KC1, ph B8.0). Coating of antibody

occurred by incubating at 37°C for 1 hour and than overnight
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at 4°C. Aftsr coating the plates wers washed 3 times for 3
minutes each with wash buffer (PBS-TW, @.01 M Na,HPO,/NaH,PO,,
©.15 M NaCl, pH 7.2, with ©.3% Tween 2@). Between each wash
tha platss uwers shaksen dry and then blot dried on a layer of
paper towslls. To esnsures completa saturation of all binding
sitas in ths wells, thes platss ware than incubated overnight
at 4°C with 200 ul of 0.5% Carnation nonfat dry milk in sensi-
tizing buffar. Plates wers wished as abova. After the final
wash, 200 ul of a 1:49 mousea liver homogsnatas in PBS-TW was
———added to the-appropriate wells -and the plates-uwere incubated
for 1 hour at 37 C. Plates wers then washad as above. The
anzyme was then sandwiched by ths addition of 20@ ul rahbbit
anti mouss PEPCK IgG:horseradish psroridase (HRP) ccnjugate
in PES-TW made 0.01% with raspect to thimerosal. Platss uwere
incubated for 1 hour at 37°C than washed as before. During
the final wash, fresh substrats was preparsd as follows. To
8 scrupulously clesan 100 ml graduated cylinder was added 10
ug o-phenylenediamins (OFD), dissolved in 1 ml of absoluts
mesthanol. This was taken to a volume of 189 ml to which 0.1
ml of a 3% hydrogen psroxids solution was added. Aftar ths
final wash, 200 ul of this OPQD substrats was addesd to aach
wsll., Ths conjugated HRP resduces H,0, to 1/2 0, rssulting
in thes subsmquant oxidation of QPO and formation of an orange-
yellow chromagen. The reaction was allowsd to procsad at
room tempesrature for 30 minutss, after which time it was

terminated with 25 ul of 8 N H,S0y. The absorbance of ths
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plate wells were then read at 49@ nm using an automatic
microplate readsr (Dynatech MR B2Q). n‘control with S ug/ml
praimmuns sarum coated to the bottom of the wells uas run
with sach assay and its absorbance uwas subtracted from that

of the samples,

PREPARATION DOF RABBIT ANTI-MOUSE PEPCK I1gG:HORSERADISH
PEROXIDASE CONJUGATE:

Tha procedurs of Boorsma and Stresfkesrk (27) was
employed. Horssradish peroxidass (HRP), 8 mg, was dissolved
in 2 ml distilled, deionized water and 0.4 ml of frashly
mades @.1 M NalO, (periodats). This solution was stirred at
25 C for 20 minutes, during which time the pericdate oxi-
dized the aldmshyde groups of HRP. After 20 minutes tha oxi-~
dation wass tarminated by the sddition cf 3 drops of athylans
glycol. This solution was stirred at 25°C for S minutes,

The solution was then desalted through a 2 x 12 cm Sepahadex
G-28S fFine column equilibrated with 2.081 M scdium acstate
buffer, pH 4.2. The brown colored fractions were collected

and pooled. To this was added 10 mg IgG (purified rabbit anti-
mouses PEPCK antibody). Ths primary amines of ths antibody
reacted with the aldehyds yroups of HRP. This conjugate
solution was brought to pH 8.8-8.S by adding 1 M Na,HCO,/
NaH,CO;, pH 9.5, in a dropwise fashion. After stirring for

2 hours at 25°C, 0.2 ml of freshly madas NaBH (0.4 mg/ml) uas

added and the solution was incubatad at 4°C for 2 hours.
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This resulted in the reduction of any unrsactsd aldehyda

ALY - AL T N Y

groups. the conjugate sclution was then dialyzed overnight

5.
PR e

against phosphats buffered saline (PBS), pH 7.0-7.2. The
diaslysats was stored at -20°C in aliquotss containing 0.01%

thimerosal until use.

RRARIVY A

i H | PROTEIN ASSAY:
/ g;i The method of Bradford (29) was used. The absorbance
; of acidic Coomassis brilliant blues G-25@ shifts from 465 to
i S89S5 nm when bound by protein and the amount of binding is
'~ directly proportional to color intensity. Concentrated dya
/;5 reagsnt (BioRad cnt.'ﬁ S00-006) was dilutsd 1:% in distilled
% water, filterad through Whatman no. 1, and stored in glass

at 25°C. To 5.0 ml of dilutsd dys reagsnt was added 0.1 ml

appropriats diluted protein (eg, a 1:10 dilution of a 15%

. (w/v) high spssd mouss liver supernatant). Th.s was mixed

t: by gentla inversicn and sllouwed to set at least 15 minutas,
RS

§: but no longar than 1 hour, before resding on & Backman uv/vis
“%; spoactrophotometer at S35 nm against a dilutesd dys:distilled
E? watesr blank., Standard proteins wers run with each assay to
ti @stablish a standard curve from which protein concentrations
5 (mg/ml) wers read.
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RESULTS

EFFECT OF STIMULATING THE RETICULOENDOTHELIAL SYSTEN
CRES) ON SENSITIZATION OF MICE TO ENDOTOXIN: Benarcerraf (2)
showsd that mice wers sensitized to the lsthal effects of LPS
upon prior stimulation of their reticulnendothslial system
(RES) with zymosan. Sinces the biclogical sffscts of LPS are
madiated by leukocytes, primarily macrophagss (111), it seems
likely that a proliferation of these cells in the spleen and
other RES tissue could result in this acuts sensitization to
LPS. We primed the RES of CFW mice with a heat-killed, for-
malin-fixsd preparation of Corynsbactarium parvum prior to
challengs with toxin sndotoxin (LPS) or radiodetoxified endo-
toxin (RD-LPS)., These results ars shouwn in Table 1. With a
sufficiert dose-rats of LPS, C. parvum primed mics began to
die as sarly as 2 hours post-challenge. Theses wers convulsive
deaths characterized by bloody diarrhea, hematuria, protsin-
uria and splesnomegaly. Eight hours after tha administration
of LPS the LOg, for mice whose RES had besen stimulated was
approximately S ug for LPS and 29 ug for RO-LPS. No deaths
wera observad cduring this sama time when unprimed mice werse
challanged with as muzh as S@@ ug of LPS. These data show
the lesthal activity of detoxified LPS (RD-LPS) during bio-
logical conditions which optimize tha lethal effects of endo-

toxin. Howsver, evan undaer such conditions RD-LPS remains

less toxic thsn LPS. Thes exact chemical reason for a dscreass
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Table 1: Sensitization of mice primed with Corynebacterium

parvum to LPS or RD-LPS.

% Mortality at time C(hours)

Cumulative deaths/total

Traatment Doses levsel Y% . 8 a8
a
Unprimed + LPS S0 ug 2 "] Q2
2/13 /13 2/13
b
Primed + LPS 20 ug 47 80 100
: 7/18 12/18 18718
S ug e7 sS4 sS4
3/11% 6711 6711
9.8 ug 9 a5 Y2
@/12 3712 s/12
; c
Primed + RO-LPS 20 ug 41 4s =1}
/20 /20 10/20
S ug ] 33 42
e/12 Y712 g5/712
2.8 ug 2 2] 8
es12 1712 1712

s
Normal mice given S02 ug LPS (iv) darived from S.typhimurium

b
Mice injected with 700 ug of heat-killed C. parvum (iv) and

given various dasss of LPS (iv) 6 days later.

c
Mice injected with 720 ug of heat-killed C. parvum (iv) and

given various doses of RD-LPS (iv) 6 days latar.
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in the toxicity of RND-LPS is unknown, although irradiation
does result in a decreass in the kesto-deoxyoctonate (KDO) and
glucosamina groups (23). Loss of thess would render the
molecules mores hydrophobic and potentially less reactive with
thosa cslls of the RES which produce mediators involved in
the pathophysiologic effects of LPS. Thess biological dif-
ferancaes ars even mors spsculative than the chemical ones
and further studies are nemeded to resclve the animals re-

sponse to LPS versus RD-LPS.

- EFFECT OF MEAT AND COLD STRESS ON SENSITIZ2ATION OF
MICE TO ENDOTOXIN: It is well known that mice subjscted to
tenperature stress survive poorly when treatsd with LPS (13,
124,125). We cbsarved the sffect of RD-LPS in mics which
wers housed at S°C and 37°C and compared this toxicity with
that of toxic LPS. In mice exposed to S°C (Figure 1), LPS was
mors lethal than RD~LPS. At 10 hours the LD, for LPS was 0.5
ug. This is a 782-fold increasa in toxicity over animals
poisoned at 25°C whers the LDg is 345 ug at 24 hours after
challsngs with LPS. The LDso for RO-LPS was approximately
20 ug at 10 hours of cold strass, This is a SO-fold incrsases
in toxicity over animals poisoned at 25 C°where the LD, is
about 1000 ug at 24 hours (23). Though ROD-LPS is less toxic
than LPS in mics sxposed to cold, even its diminished toxi-
city is significant when comparsd to cold-stres=ed mice

receiving saline as a placabo. Nons of the unpoisched mics
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Figure 1: Effect of cold stress on ssnsitization of mice to
an intravencus injaction of LPS (clear hars) or radiodetoxi-
fied LPS (shaded bars). Percent mortality was calculated and
plotted along thes ordinate against various times Chours) |
after challsngs along ths abscissa. Fasted mice wars houssd
at S°C, singly, without bedding, in s walk-in refrigsrator.
Mortality rates ars calculated from at least 3 sesparate

axperimants, sach with at least S mics per group.
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died when exposed to S°C for 1@ hours. The LDg, was calcu-
lated at 10 hours in all temperature-stress experiments
bscauss there were significant mortality rates in mice
treated with LPS whiles those given only salines were rela-
tively unaffected within this time span (ssa lsgend to
Figurs 3).

During heat stress ths decreases in the LI, for
RD-LPS and LPS is sven more dramatic than during cold stress.
Figure 2 shows that at 1@ hours of incubation at 37°C the
Lo so for LPS is 0.0% ug, or a 10,200-fald incrsase in toxi-
city over mice poisonsd at 25°C. As in cold stress, RD-LPS
is lass lethal than LPS during heat stress. At 10 hours of
incubation st 37°C the LDg, Ffor RO-LPS is 0.5 ug. This is a
2,008~fold increase in toxicity relative to the LOgy for mice
housed at 2S°C. Thess data show that the potency of both LPS
and RD-LPS are intensified during temparature stress and tihis
is mare dramatic at 37°C than at 5°C. The reason for in-
creased sensitization at 37°C is unknown, but the animals
response to LPS may diffsr in hact versus cold strass. It
has been reported that B-endorphins, the endogeanous opiates
releasad during endotoxinemia, may rsgulate hyperthermia (82)
but not hypothermia (137). Sinca naloxone antagonizes the
affactg of B-andarphins (52,64,81,82) and glucocorticoids
afford protsction against the lathal sffects af LPS (12,1%,
61,99), ws tried to protect our tempsraturs-stressed mice

against the toxic effectn of LPS with thess two agents.
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Figure 2: Effact of hasat stress on sansitization of mice to

an intravenous injectinn of LPS (clear bars) or radiodetoxi-
fied LPS (shaded bars). Percent mortality was calculated and
plotted along tha ordinate against various times Chours)
after challsnge along the abscissa., Fasted mice wers housed
at 37°C, S pmr cagms, in a walk-in incubator. Mortality rates
were calculated from at least 3 separate experiments, each

with at lsast S mics per group.
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EFFECT OF HYDROCORTISONE OR NALOXONE IN PROTECTING
MICE AGAINST LETHALITY DUE TO ENDOTOXIN DURING COLD AND HEAT
STRESS: Hydrocortiscne, given as a 5@ mg/kg subcutaneous
irjection prior to LPS increassd the survival rate of mics
during cold or hsat stress (Figures 3 and 4%). Using an
approximate LD,, dose of LPS (1 ug at 5°C and 6.1 ug at
37°Cy, 47% (16/34) and 33% (10/38) of the mice were dead
when housed at 5°C or 37°C (Figures 3 and %), respectively,
at 10 hours after challenga with LPS plus hydrocortisone.
At both temperatires this is about one-half ths mortality
rate seen in mice given LPS alone where 79% (26/33) of the
mice died in the cold (Figure 3) and 73% (13/2%5) of the mice
died in the heat (Figure 4) at 10 hours. In addition to
increasing survival, hydrocortisons anabled mice to maintain
a more normal body temperature (Figures 3 and 4, clear bars).
At 1@ hours LPS-poisoned mice had an average body temperature
of 21°C in the cold and 40.2°C in the heat, LPS-poisoned
mice given hudroccrfisone maintained an average body temper-
ature of 26°C and 39.6°C at S°C and 37°C, respectively, at
12 hours. Regardleas of the time of death after challenge
with LPS, mice which died during cold stress exhibited a bady
temperature of about éo°c. This is almost 20°C cooler than
normothermia. This wide fluctuation is not obsarved at 37°C.
LPS-poisoned animals exposed to h=at praesent with only a 2-3°
C hyperthermic response at the time of death. This may

irdicate that regulation of hyperthermia is more critical -
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Figure 3: Ability of hydrocortisone or naloxons to protect

mics housad at S°C against lethality from 1 ug of LPS.
Et = LPS (1 ug, iv). NX = naloxone (5 mg/kg, sc) plus LPS.
HC = hydrocortisona (S0 mg/kg, sc) plus LPS. C = narmal mics.

Percent mortality (dark bars) was calculated and colonic
temperaturas (;ight bars) were measured and plotted along
the ordinats against variocus times Chours) aftsr challengs
plotted along the abscissa.‘Fastad mice wers housed singly,
without badding, in a walk-in refrigscator. Mortality rates
and colonic tsmpsratures usre calculatad from at lsast 3

ssparats experimesnts, sach with at lesast S mice per group.
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Figures 4: Ability of hydrocortisons or naloxone to protect

mice housed at 37°C against lethality from 0.1 ug of LPS.

Et = LPS (0.1 ug, iv). NX = naloxons (S mg/kg, sc) plus LPé.
HC = hydrocortisones (S0 mg/kg, sc) plus LPS. C = normal mice.
Percent mortality (dark bars) was calculated and colonic
temperaturas (light bars) wera mesasurad and plotted alang
the ordinats against various times C(hours) after challenge
plottad along the abscissa. Fasted mice wers housed S per

cage in a walk-in incubator. NMortality ratss wers calculated

""T"and colonic temperatures wsre measured from at -least 3 sepa-- - -

ratz sxperiments, each with at least S mice psr group.
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to the animals survival. It has been shaun that B-endorphins
regulate hypertharmia (82) but not hypothermia (64). It
ssamad resasonable then to atudy the affact of blocking en-
dogenous B-endorphins with the opiate antagonist, naloxone,
during temperaturs strass. |

Naloxone, given as a S mg/kg subcutansous injsction
S minutes prior to LPS, neither attenuated mortality nor
cold-stress induced hypotharmia or heat-stress induced hyper-
thermia. At S°C mics given naloxons prior to L?S exhihited
a mortality rats of 73% (27/37) and their average bhody tem-
psratura was 21°C at 10 hours (Figurs 3). This is essentially
ths sams as in mices tresated with LPS alons whare a mortality
rats of 79% (26/33) and average body tempsrature of 21°C was
observed at 10 hours. Similar parity was noted at 37°C
(Figura 4). At 10 hours the mortality rata of mics treatad
with LPS alone or LPS plus naloxons were similar, 68% (19/26)
and 62% (16/26), respectively. Mice treated with naloxones
prior to challengs with LPS had an'avaraga body temperaturs
of 40.1°C at 10 hours during heat stress and this is about
the same as ths averags reading of 40.2°C taksn in mices which

received LPS slone.

from thess studies it must bs concluded that hydro-
cortisone increases the survival rate of sndotoxinemic mice
during both hsat and cold stress. This is characterized by
thae animals ability to maintain 8 mors normal body temper-

aturs. On tha other hand, naloxons did not afford protection
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or alter the animals hypothermic rasponse in tha cold or
hyperthermic responsa in ths hsat. This suggests that B-en-
dorphins do not contribute to the demiss of LPS-poisuned
animals during temperutura stress and they have no clear rols
in long-tarm resgulation of hypartharmia or hypothermia.
Howsver, during the early stages of heaat stresss, naloxons
may have antagonized the ability of B-endorphins to regulate
hypertharmia. At 4 hours, mices treated with LPS plus naloxone
had a core temperaturs which was 0.3°C higher than mices
treated with LPS aleone (Figure 4). This incrsass in body
tempsrature may eithsr bs biologically insignificant or else
dersgulation of hypsrthermia may merely be a symptom of the
animals response to LPS as thes mortality rates for both
groups of mice is the same at this time. Since very small
dose-levels of LPS and RD-LPS are fatal for mice during
stress toc heat or cold and for mice whoss RES has bheen
stimulated, the ability of RO-LPS to eslicit an RES derived
serum factor which could sensitize mice to the conditions of

temperaturs stress was tested.

EFFECT OF KEAT AND COLD STRESS ON SENSITIZ2ATION CF
MICE TO GLUCOCORTICOID ANTAGONIZING FACTOR: Couch et al (43)
showed that mice wers sensitized to the cold with serum
collected 2 hours after LPS was given to mice whose RES was
primed with zymcsan, This same format‘was used to collu~t

serum from mice whosa RES had besn activated & days earlier
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with 700 ug of heat-killed Corynebacterium parvum. The sarum
was collected 2 hours aftar challengs with 25 ug ot LPS or
RO-LPS. It was abbreviatad CpES for C. pacrvum endotoxin sarum

and CpdES for L. parvum detoxified endotoxin secum. Mice

'uhich werse made tolerant to LPS wers used in this experimant

in order to test for the presence of a humoral factor and to
nagate tha effects of any reaidual sndutoxin rsmaining in
the sarum. At S°C, CpES and CpdES are both very potant as
sarly as 4 hours after administration (Figure 5). At 4 hours
93% (25/27) of the mica challenged with CpES and 80% (18/20)
of the mics challengsd with CpdES wers dead. Control sera
collected from , pacvium primed mice without LPS (CpS), from
unprimed mice given LPS (ES) and from unprimed mice given
RD-LPS (dES) wera significantly less lathal. A control group
of mice (column C in Figure S) was also included to show the
unrssponsiveness of tolerant mice to & 1@ x LDy, of LPS.
Similar results wers obtained during heat stress. At 37 C,
CpES and CpdES killed 108% (25/25) and 88% (14/1i8), re-
spectively, of the endotoxin tolerant mice 4 hours after
challenge (Figure 6). The mortality rates for mice given
control sera (CpS, ES, and dES) were dramatically less asven
at 8 hours after challengse.

These data indicate the presence of an LPS-induced
sarum mediator produced by cells of the RES which sansitizes
endotoxin tolesrant mice to cold and heat straess. Also, cells

of the RES producs this mediator in response to sither LPS or
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Figurms S: Effacts cof cold stress on sansitization aof mice,
made tolesrant to endotoxin, to glucocorticoid antagonizing
factor (GAF). Percent mortality was calculated and plotted
along thas ordinate against various times (hours) after chal-
lange plotted along ths abscissa. Fasted mice were housed
singly, without bedding in a S°C walk-in refrigerator. All
mice weres rsnderad tolerant to endotoxin. C = mice givean a
10x LD¢o of LPS. CpS = sera collacted B days after challenge
with C. parvum. ES = sera collected 2 hours after challangs
‘with 25 ug LPS. dES = sera collected @ hours after challenge
with 25 ug RN-LPS. CpES = sera collscted 2 hours after chal-
lengs with 25 ug LPS in mice primed 6 days earlier with
E. parvum. CpdES = sera collected 2 hours aftar challengs
with 25 ug RD-LPS in mice primed 6 days sarlier with

L. pacvum.
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Figurs 6: Effects of heat stress on sensitization of mice,
made tolerant to endotoxin, to glucocorticoid antagonizing
factor (GAF). Percent mortality was calculated and plotted
along the ordinats rgainst various times (hours) after chal-
lengs plotted along thes abscissa. Fasted mice wers housed

in a 37°C walk-in refrigerator. All mice wers reandsced
tolarant to endotoxin. C = mice given a 10x LD, of LPS.

CpS = sera collectad 6 days after challenge with C. parvum,
ES = sera collected @ hours aftar challenge with 25 ug of
LPS. dES = saera collected 2 hours after challengs with 25 ug
of RD—LPS; CpEsr-rsﬁr;rcdllactbd 2 ﬁuurs‘aftar challenge mith
25 ug of LPS in mice primed 5 days eacrlier with C. parvum.
CpdES = smara collected 2 hours after challengs with 25 ug

of RO-LPS in mice primed 6 days earlier with C. parvum,
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RD-LPS. This is shown in figures S and 6 where lethality due
to CpdES sssentially parallsls that of CpES from 4 to B hours
of cold or heat stress. Because this serum is known to antago-
nize the effacts of axogenocus hydrocortisons in vivao (111,
112,114) and in rat hepatoma cells in vitro (6S5,6B68), the
madiator was called ’'glucocorticoid antagonizing Factor
(GAF)'. Inhibition of the adrmsnal cortical response during
heat and cold stress is the most probable axplanation for
lethality dus to GAF as adrenalectomized animals survive
poorly during tempesrature stress (74) and this can be re-

ver=sed by exogenous corticosteroids (74).,

EFFECT OF HYDROCORTISONE IN PROTECTING MICE AGAINST
LETHALITY DUE TO GLUCOCORTICOID ANTAGONIZING FACTOR (GAF)
DURING COLD AND HEAT STRESS: GAF-rich serum (CpES and CpdES)
is lethal for mice placed in ths cold or heat (Figures S5 and
6); furthermores, sxogencus hydrocortisons protects mice
poisonsd with LPS sgainst lathality due to LPS during temper-—
aturs stress (Figures 3 and 4). Thersfors, it ssemed necas-
sary to try and protact tempsrature~stressed mics against
lethality due to GAF by giving tham sxogenous hydrocortisons.,
At S°C (Figurs 7) hydrocortiscne affordad partial protection
to mice poisconed with CpES (GAF-rich serum). At 4 hours, B80%
(B8/13) of the mice given CpES were daad while only 23% (3/13)
of tha mice given 58 mg/kg of hydrocortisons plus CpES had

died. The mortality rats of the hydrocortisone treated group
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Figure 7: Protective effact of hydrocortiscones on survival of
tolerant mice subjected to GAF-rich serum puting stress to
cold. Percent mortality was calculated and plotted along the

crdinate against various timss (hours) after challenge

plotted along the abscissa. HC = hydrocortisaons given sc,

S@ mg/kg (6 mice per groupj. CpES = §. parvum sndotoxin

serum given iv, 0.% ml (10 mics per group). HC + CpES =
hydrcocortisone given sc, 58 mg/kg, 2 hours prior to CpES
given iv, 8.4 ml (13 mice per group). Fastad mice were housed,

singly, without bedding in a walk-in refrigerator at S°C.
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rose to 61% (B/713) at 8 hours, but this ig still signifi-

cantly less than thes numher of deaths seen in mice which uere
not prstreated with the hormone. At 37°C (Figure B), similar
rasults wsre cbsarved. All of the mice receiving CpES were
daad at 4% hours (25/25) compared to a 26% (7/27) mortality
rate for ths group pratreated with hydrocortisons. As with
exposure to S5°C, stress for 8 hours at 37°C showed similar
results. The mices without hormone treatment had a mortality
rates about twice that of mice which did receive hydrocorti-
sone,; 100%  (25/25) and S52% (17/287), respactively. Thus
hydrocortisons, given 2 hours prior to serum (CpES) con-
taining snhanced lesvels of GAF natably increased the survival
rates of mics stressed by cold and by heat. This‘is signifi-
cant as it indicates that not only can GAF antagonizs the
effects of hydrocortisone, but the hormone can also antago-

nize the sffects of GAF.

EFFECT OF SENSITIZING MICE TO THE LETHAL EFFECIS OF
LPS WITH A PRIOR DOSE OF LPS OR RO-LPS: This expsriment shous
that mice which are stressed with a small dose of LPS or de-~
toxified LPS ars sansitized to a second sublethal dose of LPS
6 hours later. Figure 9 shows that administration of S@ ug
LPS followed 6 hours later with 150 ug of LPS results in a
mortality rate of S3% (16/3@0) at 24 hours and 77% (23/3@) at
48 hours after challenge with the second dose. Also, S0 ug of

RD-LPS sensitizes mics to this second injection of LPS as S8%




S8

Figure 8: Protectiva effect of hydrocortisone an survival of
tolerant mice subjectaed to GAF-rich serum during stress to
hait. Percent mortality was calculated and plotted along tha
ordinate against various times (hours) aftar challengs
plotted élnng the abscissa. HC = hydrocortisone given sc,

S@ mg/kg (7 mice per group). CpES = C. parvum endotoxin

serum given iv, 3.4 ml (10 mice per group)., HC + CpES =
hydrocortisone given sc, 52 mg/kg, 2 hours prior to CpES
given iv, 0.4 ml (27 mice per group). Fasted mice wers housed,

S par cage in a walk-in incubator at 37°C.
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(10/17) and 70% (12/17) of thasa mice warm dead at 2% and 4B
hours, respectively. Initial stress of ths mouse must be
caused by tha first 50 ug dose-level because the combined
total of both dose lsvels (ies, 200ug) rmsults in a mortality
rate of only 7% (1/15) at beth 24 and 48 hours after chal-~-
lenge (Figurn 39).

Exogenous hydrocortisone, 5@ mg/kg, repressed this
lethality and its effect was more intsnse when given concur-
rent with the S0 ug priming doss of LPS than when given
concurrent with the second 1S58 ug dose of LPS 6 hours later.
Mice given hydrocortisone concurrent with the priming dose
of LPS exhibited a mortality rate of 15% <4/26) at 2% hours
and 23% (65/26) at 4B hours (Figure 8). This is significantly
less than the mortality rates of SB% (10/17) and 70% (12/17)
at 24 and 48 hours, respectively, seen in mice which did not
recaive hydrocortizones. However, when the same dose of the
hormone was given 6 hours after the priming dose of LPS and
concurrent with the sscond dogse of LPS, it was less pro-
tective, The mortality rates for these mice were 38% (5/13)
at 2% hours and S4% (7/13) at 48 hours (Figura 9,

Thass data suggest that the priming dose of LPS
stimulates the production of a glucocorticoid antagonizing
Factor which impairs the effects of sxogenous hydrocortiscne
and sensitizes mics to an otherwise sublethal dose of LPS
given G hours later. This initial glucocorticoid antagenizing

activity can bs oppossd when hydrocortisons is given with
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Figurs 9: Sensitization of mice to tha lethal effects of LPS
following a small dose of LPS or ROD-LFS 6 hours earlier,
Percent mortality was calculated and plotted along the ordi-
nate sgainst various trsatments as shown along thes abscissa.
The clsar bar in a given trsatmant group rsprassnts an slapse
of 24 hours and the shaded bar an slapse of 48 hours. All
LPS injections were given iv in a total volume of 2.2 ml.
KHydrocortisons was given in a dose of S@ mg/kg, sc, in a
tatal volume of 2.2 ml.
a
S0 ug LPS given B hours prior to 150 ug LPS (30 mices/group).
b
S0 ug RO-LPS given B hours prior to 150 ug LPS (17 mice/
group).

c
200 ug LPS given as a bolus control doss (1S mice/group).

d
S8 ug LPS given concurresnt with S@ mg/kg of hydrocortisane
6 hours pricr to 150 ug LPS (13 mice/group).

s _
S@ ug LPS given 6 hours prior to 152 ug LPS given concurrent
with S8 my/kg of hydrocortisona (13 mics/groupl.
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the priming dose of LPS. Sinca GAF has been shown to pre-
dispose mice to the lethal effects of LPS (43), it seems
rsasonables to suggest that the priming dose of LPS slicits
the production of GAF which renders the animallsuscaptibla
to a second exposurs to LPS. This is further support for the
requirasment of an adrenal responss during stress and the

ability of GAF to block this response.

EFFECT OF TOURNIQUET SHOCK ON SENSITIZ2ATION TO LPS
AND GAF: In addition toc heat stress, cold stress, and stress
induced by priming mice with a sublethal dose of LPS 6 hours
prior to challengs, the effact of stress dus to tourniquet
shock on sensitization of rice to LPS or GAF was tmstad.
Tourniquet shock was described in 1943 when Rosenthal (136D
showed maximum lsthality in mice after the tourniquet had
besn applied for @ hours. If tourniquet stress could be in-
duced without the associated lethality, it would provide
a8 system by which mices could be sensitized to the lethal
sffects of LPS or serum rich in GAF (CpES). The application
of the tourniquet is discussed in dstail in the matecials
and msthods saction of this thesis.

Figurs 10 shows that at 24 hours all of the mice
(6/15) stressed by tourniqust application for 2 hours weras
dead. Howsver, when the tourniquet was apllied for only
hour, nona of the mice (0/13) had died. Therefore , a 1 hour

application tims was sslectsd as a means of stress. Whan LPS




DS LSO TOE .

..
o«

. . .
[ I AR PLILES NPy

o mLL

”
at.%e e

l."-" % T

AR P r. .".'. .'. <, c'.:

64
was given at the time of tourniquet application, ths mice
survived poorly (Figure 18). At 2% hours, all of the mice
died {10/10) whan given 25 ug of LPS, 91% (18/11) were dead
after recesiving S ug of LPS, and 1 ug of LPS was lethal for
48% (10/21) of the mice (Figure 10, clsar bars). Exogenous
hydrocortisone (S8 mg/kg) provided partial protesction against
lethality dus to endotoxin when it was given concurrently
with LPS at the tima of the tourniquet application. At 24
hours the mortality rates for thesse mics were 21% (3/1%) and
43% (6/14) with an LPS dose of 1 ug or S ug, respectively.

Mice placed under the stress of tourniquet shock
were also highly sensitive to the lethal effects of serum
containing GAF (CpES, Figurs 10). By 24 hours, all of the
mics (10/1@) treated with CpES had disd. Serum which does not
contain appreciable isvels of GAF (ES for endotoxin serum
and CpS for C. parvum ssrum) uwers essantially nontoxic,
axhibiting mortality rates of 7% (1/14) and no mortality
(0/7), respesctively. In sharp contrast to protection against
LPS, hydrocortisona did not protect mics during tourniquet
strass against lethality due to CpES. All mice (8/8) treatecd
with S8 mg/kg of hydrocortisone concurrent with 0.4 ml of
CpES at ths tima of application of the tourniquest were dead
at 24 hours. Thess data indicata that hydrocortiscne can
afford some orotection when given prior to the production
and/or releass of GAF, but pre-existing GAF completsly blocks

protection afforded by this hormons.
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Figure 10. Effect of tourniqust shock on sensitization of

mice to the lsthal effects of LPS or GAF. Percent mortality
was calculated and plotted along the ordinats against various
treatments shown along the abscissa. All LPS injections uwere
given iv in a total volume of 0.2 ml. All serum injections
wares given iv in a total volume of 8.4 ml. Hydrocortisone

was given as a 52 mg/kg dose. sc in a volumse of 0.2 ml.

In the LPS treatment group, the clear bars reprasasnt LPS
given alons and the shaded bars represent LPS given con-

curréntlu with hydrocortiscne.

a
Tourniquet application For 2 hours (6 mics/group).

b
Tourniquet application for 1 hour (13 mica/group).

c~-a ‘
LPS given at the time of tourniquet application (for c,
7 mice/ group; for d, 11 mica/group; for a, 21 mice/group).

f.e
LPS given concurrantly with hydrocortisons at tha time of

tourniquet application (14 mice/group).

h
Serum collscted 2 hours after challangs with 2% ug LPS.
Given at ths time of tourniqust application (1% mice/group).

i
Serum collectsd 6 days after challsngs with C. pacvum,
Given at the time of tourniquet application (7 mica/group).

J
- Ssrum collected 2 hours aftasr challengs with 25 ug LPS guven
to mice treated 6 days sarlier with . parvum (B mica/group).

k
As in j. Given concurrent with hydrocortiscra (8 mice/group).
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PURIFICATION OF PEPCK AND ACGUISITION OF ANTI-PEPCK ANTIBOLY:
The purification of this enzyme is detailed in the
Material and Methods section of this thesis. Enzyme activity
was measursd at varicus steps of the purification process:
as shown in Table 2. Precipitation bstwesen 45% and 65%
ammonium sulfate saturation resultsd in a 3-fold purification
of the snzyme as sesn in the specific activity column in
Table 2. Proteins precipitated by ammonium sulfate wers then
desalted by passags through a gel filtration column in which
protains larger than 6 kilcdaltons sluted with tha void
volume whils the passags of smallesr protsins through the
column was dalayed. This resultad in an additinal 1.5-Fold
purification of PEPCK. Further purificaticon was achimsved by
ion exchrnge chromatography. Proteins which adsorbed to a
DEAE cellulcose resin wers esluted with a linear gradient of
0-302 mf1 NaCl resulting in a further 3.5~fold purification.
The final purification stsp involved affinity chromatography.
This column consisted of GIP coupled to an acyl hydrazide
derivative of agarcoss. Guanosins triphosphsts is a substrate
of PEPCK and thms srzymae binds to this column-bound ligand in
the presence of manganase (86). Purifisd PEPCX was then
sluted from the column with a 1 mM GIP solution. AfFfinity
purification resultad in an additional 3~f3ld purification
of the snzyme (Tabla 2). Basad on total activity, 10% of the
enzyme was recovered in a highly purified form. Tha fFinal

specific activity wus 16 U/mg which is comparable to that




Table 2: Purification of PEPCKX.

affinity column

a
Total Tatal Specific
Protein Activity Activity
mg/ml U/ml U/mg % Yield
Mousa liver cytosol 61 ese @.38 100
-Ammonium sulfate 180 205 1.1 81
precipitate
BioGsl P6 gel 116 188 1.8 75
filtration column
DEAE ion exchangs 16.8 8 s.8 39
column
GTP-hexana-sgarose 1.5 a4 16.0 12

&8

Defined as nancmoles "CDI fixed psr minute per mg protein.




ussd by Ballard and Hanson (5).

In order to dstarmine enzyme purity, the affinity
column sluats was snalysaed by SOS-PAGE. There is a distinct
and singls band (Figure 11). Its molecular weight was
calculated by ths msthod of Weber and Osborn (165) to be
71,5¢0¢ daltons. This is in good agrsemant with ths value of
70,600 daltons reported by Iynedjian et al (B6). Tha puri-
fied enzyme was used %0 immunize a New Z2saland white rabbit
in ordsr to cbtain anti-~PEPCK antibody. As shoun in Figura 12,
an antibody responss was elicited against ths purified enzyme
praﬁiration ﬁé the imounes serum pracipitated.a single prcﬁain
from s high-speed (100,000 x g), 15% C(w/v), mousa liver
supernatant fraction.

In order to further show that a unigque protsin re-
acted with the immune ssrum, the methods of immunoelesctro-
phoresis and Western blotting wers employed. The presancs of
two distinct bands that differ in elsctrophorstic mobility
are shouwn in Figure 13. Ths pressnce of two distinct proteins
was confirmed by the cbservation of a daleet band upon
autoradicgraphy 2f a Westesrn blot (Figurs 14). The immune
ssrum was derived following immunization with purified PEPCK;
therefore, the rsason for the presencs of two distinct anti-
gens is unclear. It is possible that during the preparation
of the liver supsrnatants some mitochondria may have bean
ruptured and leakage of mitochondrial PEPCK (mPEPCK) occurred.

This iscenzyms is immunologically distinct from cytosolic
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Figure 11: SDS-panlyacrylamide gel slectropharesis of

purified phosphoenalpyruvate carboxykinase (PEPCK). Details
of the purification schema are detailed in the Materials
and Methods section. Lane a = molecular weight standards:
thyroglobin (half unit), 330K; ferritin (half unit), 220K;
lactate dehydrogenase, 14%0K; phosphorylase b, S4K; albumin,
67K; catalase, B@K; ovalbumin, 43K; lactate dehydrogenase
(subunit), 36K; cearbonic anhydrase, 308K; trypsin inhibitor,
20.1X; and lactalbumin,llﬁ.&K. Lane b = high-speed (100,009
X gJ) mouse liver supernatant, 15% (w/v.. Lane ¢ = purified

PEPCK.




71



72

Figura 12. Immunodiffusion pattern showing an immunoprecipi-
tate. Immune serum, ocbtained from a New Z2ealand white rabbit
after immunization with purified PEPCK, is diluted from 1:1
. to 1:128, counterclockwise, in thas outer wells. A high-speed
(120,000 x g) mouss liver supsrnatant, 15% (w/v), is in the

center well.
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Figure 13: Immunoelectrophoresis of a high-speed (100,000
X gJ mouse liver supernatant, 15% (w/v), for 92 minutes at
3 mA. An inmunoprecipitate was observed 24 hours after in-
cubation of the electrophoresed antigen with rabbit anti-

mouse PEPCK placed in the center trough.
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Figure 14: Western blot following SDS-PAGE. Details are
provided in the Materials and Methods ssction. Lanes a-c
represent one-half of the SDS-PAGE gel which was stained
by conventional methods. Lane d represents ths other half
of the SDS-PAGE g2l which was transferred to nitrocellulose
and incubated with antiPEPCK antibody and '251~labelled
protein A, Lane a = molecular weight standards (refer to
figurs 13 for details)., Lane b = 40 ul of purified PEPCK.
Lane c = 20 ul of purified PEPCK. Lans d = high-speed (100,
208 x g) mouss liver supernatant, 15% (w/v),_ hlotted onto

nitrocelluloss.
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PEPCK (cPEPCK) (B5). A small amount of mPEPCK may have
contaminated the purified enzyme used in the present study
and although undstectabls by the conventional stain employed
in SOS-PAGE, it may have slicited an immune response. There-
Fore, the two proteins may rapresent the prssence of both
anti-mPEPCK and anti-cPEPCK antibodies in the immune serum.
It is also possible that, although immunolagically distinct,
residual amounts of mPEPCK in the liver due to leaky mito-
chondria may cross-reacts with anti-cPEPCX in the immune
serum. However, based upon the intensity of both bands in the
Westsrn blot, this appears unlikely, unisss mPEPCK is more

antigenic than cPEPCK. An alternative sxplanation is that

-anti~PEPCK cross-reacts with a livar protsin, othsr than

PEPCK, which exhibits similar immunuelectrcphorstic mobility
and comparable molecular weight to that of PEPCK (Figures 13
and 14).

To further clarify the specificity of the immuna
serum against PEPCKX, a PEPCK-antiPEPCK immune complax was

precipitated with protein A of Staphylococcus aursus.

Following immunoprascipitation the supernatant was assayed for
the presencs of PEPCK. The abssnce of activity with in-
creasing concentrations of antibody verify the specificity

of the immune serum (Figure 15). Addition of praimmune secum,
in the presence of protein A, had no effact on decraasing the
activity lsvel of PEPCX; thsrefore, nonspecific immunopre-

Cipitation was nnt a factor in tha assay.
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Figure 15: Iitrﬁtian of rabhit anti-mouse PEPCK IgG. A fixed

amount ot PEPCK (2% mi/mg) in a high-speed (100,000 x gJ
mouss liver supernatant was incubated with anti-PEPCK. the
immune complex was then precipitated with protein A,

S. sursus, Cowan I strain. Following centrifugation, the
supsrnatant from immune ssrum (e---¢) and prsimmune serum

(0---0) incubations weres assayed for PEPCK activity.
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MEASUREMENT OF AMOUNT OF MOUSE HEPATIC PEPCK BY
ENZ2YME LINKED IMMUNOSORBANT ASSAY CELISA) AND COMPARISON
WITH ACTIVITY LEVELS MEASURED BY CARBOXYLATION WITH RADIO-
LABELED BICARBONATIE: Hepatic PEPCK is readily induced by
hydrocortisone (126,158), cAMP (163,178), and fasting (S9,
- 148), LPS and GAF ars known to inhibit the induction of PEPCK
by hydrocortisone (1B8,130) and fasting (131), but not in-
guction by cAMP (668). Inhibition of this key gluconesogenic
anzyme may be directly rmlated to the animals increased sensi-
tivity to stress. In the above studies, quentitation of PEPCK
is measured by activity, dsfined as nanomoles of“tDl Ffixed
per minuts. Only onae study has attemptsd to directly quanti-
tate the amount of anzyme and this was parformed using the
method of radial immuncdiffusion (S1). The purposs of this
experiment was to dssign an enzyme linked immunosorbant assay
(ELISA) for diresct quantitation of hepatic PEPCN and compars
the 0D reading= obtained by ELISA with thas activity lavels
of the enzyma. Rabbit anti-mouse PEPCKX IgG was obtained by
immunizing a New Zealand white rabbit with purified PEPCK
and 1solating tha IgG fraction (completas dstails are given
in the Materials and Mathods ssction). the spacificity of
this anti-PEPCKX antibody was illustrated previcusly (Figure
15).

Hapatic PEPCKX from ths liver superrnatant of narmal
mice had an 00 490 of 0.293 by ELISA (Table 3). An 0D of

0.084% was seen when mices ware “reatsd with 25 ug of LPS 4




a2

Table 3: Catalytic activity vs ELISA antigenicity of hepatic
PEPCK. Numbers in parenthesis represent the number of mice

in thet group.

a
Defined as nanomoles of 'qCDz fixed per minute per mg protein.

b
Befined as 0D 4380 of oxidized 0OPD after 3@ minute reaction
time with HRP and K O .

c
Ratio of specific activity to 0D 488 (ELISA).

d
Normal, uninduced mics.

a
@S ug LPS given (iv) S hours prior to hapatsctomy.

14
SO mg/kg Hydrocourtisone given (sc) 4 hours prior to hepa-
tsctomy.

g
2% Hour fast prior to hapatsctomy.

h
25 ug LPS given (iv) 1 hour prior to 50 mg/kg hgdroco:tx-
sone (sc) and S hours prior to hapatesctomy.

4
-

Serum collected 6 days after RES activation with 720 ug
C. parvum, Given (9.4 ml,iv) concurrent with hydroco. tiscne.

J
Serum collectsd 2 hours after challeanges with 25 ug LPS.

Given (Q@.4ml,iv) concurrent with hydrocartisons.

K

Serum collectsd 2 hours aftsr challenge with 25 ug LPS in
mice primed 6 days earlier with C. parvum. Given (2.4 ml,
iv) concurrent with jydrocortiscns (sc).
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Tabhle 3:
a c
Specific b Specific Activity
Activity ELISA  ===s=meerececven-
Treatment mU/mg 0D “1Se ELISA
d
Uninduced 18.8 1.0 .093 .002 214
173 17)
e
LPS 0.0 1.1 .08% 004 238
(14) (14)
F
Hydrocortisone 42.4 1.8 .15% .04 278
€17) 172>
_WWM,WBW,W,AVAAm”, e
Fasted 5.0 3.8 .168 .00S 268
12> (12)
Hydrocortisaona:
h
LPS 18.3 1.1 .080 .92 2e3
(5) (s
i
Cps 3B.2 2.2 .139 .00S 260
11> : (11
J
ES 36.¢ 3.0 .137 .0@S8 e6a
(11 (11
k
CpES 2.4 2.8 .09% .007 238
a8 |
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hours prior to hepatectomy. Thus, normal and LPS-treated
mice have essentially the sams levels of hepatic PEPCK

(P > B@). In additiaon, the specific activity of PEPCK did
not differ significantly bestween normal mice and mice pre-
treated with LPS, 13.8 mU/mg and 20.0 mU/mg, respectively
(Table 3). An increase in both the activity and the amount

of PEPCk was shown upon treatment with a dose of S0 mg/kg

. of hydrocortiscne given 4 hours prior to liver extraction.

An 0D of 9.154 was measured by ELISA in this graoup. This is
a significant increase in the amount of enzyme when compared
to normal mice (P < ©.95). Likewisa, the specific activity
of PEPCK was substantially elevated by hydrocortisone from

a baseline level of 19.9 mU/mg to 42.4 mU/mg. Table 3 also
shows the effects of a 24 hour Fast on hapatic PEPCK. These
mice exhibited the greatest rise in the amount of enzyme

and corresponding activity, 9.168 0D by ELISA and 45.0 mU/mg
by carboxylation, respectively. Although this increase is
significant with respect to normal levels of PEPCK (P < @.0S)
it is only =lightly higher than that ohtained by hydrocorti-
sona (P = 58),

To show that the induction of PE;égw;;_;gggﬁcorfinné
was inhibited by a serum Factor, mice made tolerant to LPS
were treated with S0 mg/kg of hydrocortisone that was given
concurrently with serum rich in GAF (CpES). CpES completely
blocked the induction of PEPCK by hydrocortisone (Table 3).

As measured by ELISA the 0D was 0.034 for the group
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treated with hydrocortisone plus CpES and @.293 QD for the
normal group (P = 96). The activity levsls of PEPCK were also
similar for thess two treatment groups, 18.8 mU/mg for normal
mice and 22.4% mU/mg for mice treated with hydrocortiscone and
CpES (P = S2)., Thus, there is no significant difference
betwesn measurable PEPCK in normal mics and in mice given
hydrocortisone concurrent with CpES. Cortrol serum was also
tasted toc show that inhihition of PEPCK by hydrocortisone was
dus neither to residual LPS nor to some nonspecific inhibitor
in the serum. Endotoxin ssrum (ES) collected 2 hours after
challenge with 25 ug of LPS and C. parvum serum (CpS) col-
lected from mice receiving €. parvum 6 days earlier did not
significartly alter the induction of PEPCK by hgdrocortisone.
Measurements by ELISA show that mice given CpS or ES plus
hydrocortisone had PEPCK levels corresponding to 2.139 and
2.137 0D readings, respectively (Table 3). These results uwere
slightly lower than those for hydrocortisone induction. This
difference, thaough statistically insignificant (P < 0.85),
appears to be consistent. The activity levels were alsc lawer
than results cbtained by hydrocortisone alone (42.% mU/mg).
The activity of PEPCK was 36.2 mU/mg in mice treated with
hydrocortisone plus CpS and 36.0 mU/mglin mice treated with
hydrocortisone plus ES., The reason for the slight inhibition
of induction of PEPCK by ES and CpS may be due to the pre-
sence of slightly elevated amounts of GAF (65).

A linear relationship between carboxylation activity
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levels and amount of enzyme (ELISA) can bs established by
comparing the ratio of activity to the amount of enzyme
(Table 3). This is statistically significant as calculated

by the Spearman rank correlation coefficient (r = 2.83),

Therefore, induction of PEPCX by hydrocortisone or by fFasting
resulted in enhanced levels of activity of the enzyme and
this correlates directly with increased ampunts of the enzyme

as measured by ELISA,
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DISCUSSION

The antagonism bhetween glucocorticcids and endotoxin
has besan known for mors than 30 years (43). Although much
ressarch has been conducted during this time, only recently
has the basis for this conflict between these hormones and
LPS besn attributed tﬁ a serum factor produced by cells of
the RES (21,111,11%,115). Since an adrenal cortical respanse
is necessary for survival of animals that are or have been
subjected to stress (140), the nature of how LPS antagonizes
the protesction afforded by the adrenals was elucidated by
subjecting mice to stressful environments. It should be noted
that both glucocorticoids and mineralcorticoids are ralessed
during the stress-induced cortical responsa, but tha rols |
played by mineralcorticoids is beslieved to be of little impor-
tance to survival (6). The discussion that faollows will focus,
therefors, on the role of glucocorticoids.

Surgically adrenalectomized animals are extremesly
sensitive to the lathal effects of LPS (33,37,128), the
stress of cold or heat (74), trauma (142), and other types
of stress. Accordingly, glucocorticoids are nacessary for
&n animal’'s survival under these conditions. When the gluco-~
corticoid response is blocked by LPS, the deliterious
uffects of stress are magnifisd in the endotoxinemic animal.
Previte and Berry (125) showed that mics housed at S°C are

killed, while mice housed at 25°C survive infsction with
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Salmonella typhimurium strain Sr-11-A. This observation was

extended to purified endotaxin when Berry (15) showed that
the LD, for LPS was dramatically reduced in mice expcsed

toc snvironmental temperaturss of S5°C or 37°C. Couch st al
(43) also showed that mice expased to S°C are sensitized to
lethality due to LPS. This present study confirm these early
reports. In addition, it was found that mice given a small
dose of LPS, detoxified by irradiaticon with 150 kiloGrays
from a *°Co source (RD-LPS) at the beginning of cold exposure
also led to poor survival. Mice were sensitized 700-fold to
LPS and 40-fold to RD-LPS after 10 hours of cald expasurs
(Figure 1). At 37°C, lethality was even more proncunced. At
10 hours, a 10,00@-fold and a 2,990-fold sensitivity was seen
for LPS and RD-LPS, respectively (Figure 2).

The reascn for enhanced ssnsitivity to LFS and RO-LPS
at 37°C is not clear. Heroux and Hart (74) repcrted that the
amount of adrenal cortical extract required by adrenalecto-
mized rats was the same at S°C and at 37°C. Therefore, the
greater sensitivity of mice to LPS or RD-LPS at 37°C, rela-
tive to 5°C, cannot be explaired on the basis of a difference
in demand for glucocorticoids. A hyperthermic responsae of
only 2-3°C has been measured at about the time the animals
die when housed at 37°C (Figure 4). By comparison, a de-
crease in body temperature, by as much as 18°C, occurs at the
time of death when mice are housed at S5°C. Thus the degres of

cooling is much greater than the degres of a rise in body
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tamparatura. This suggasts that regulation of hypartharmia
may be more critical an regulation of hypothermia, at
imast in terms of the number 6? degrees regulated. This
differsnce in response curing exposure to heat or cold may
account For the greatsr sensitivity to heat.

Anothar difference in how animals respond to heat and
cold may involve the release of B-endorphins. These endo-
genous opiates appear to play a role in adaptation to heat
but not to cold. Holaday et al (B2) showed that rats exposed
to heat exhibit a greater hyperthermic response, by about
0.5°C, when treated with the opiate antagonist naloxcne.

This small difference in body temperature was associated with
an increase in weight loss and an increase in the number of
escapa attempts (82). Goldstein (6%) did not observe a signi-
Ficant differance in the hypothermic response aof rats during
exposure to cold in the presence cor absence of naloxone. The
results presented in this thesis alsg show that naloxone does
not alter the hypothermic response of mice during exposure

to cold (Figure 3), in agreemant w.th the work of Goldstein
(6%). However, this work does not confirm the conclusion made
by Holaday (B2) since treatment with naloxone did not rasult
in increased hyperthesrmia in mice keﬁt at 37°C (Figure 4.
One obvious diffarence between these studies and thaose of
Holaday is the fact that in this work animals were poisoned
with LPS, Sinces LPS induces tne release of B-sndorphins (Bl),

the dose level of naloxone which was administered may not
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havea bean sufficiant to antagonize the ingreased lsvel af

B-endorphin. The dose of naloxone used was S mg/kg which is
S@ times greater than that used by Faden et al (52,53) to
reverse LPS-induced hypotensive shock, but is only one-half
the dose used by Holaday (82). We also measured colonic tem-
perature over a period of hours whereas Holauay measured
colonic temperature over a periocd of minutes. These obviocus
differences in experimental design could account for the
different results. In addition, naloxone failed to alter the
mortality rate of mice that were poisorned with LPS and then
housed at either S°C ar 37°C (Figures 3 and 4). This obser-
vation is important since it negates several conclusions
which suggest that B-endorphins may serve as lethal factors.
First, the levels of mRNA for the B-endcrphin and adreno-
corticatropin harmona (ACTH) precursor, procpiomelarocortin
(POMC), are increased following adrenalectomy (24). Also,
adrenalectomized rats have elevated levels of B-endorphins

in their blood (1) and these animals are sensitized to stress
(33,37,74,142) . Exogenous dexamethasone, acting as a feedback
inhibitor of POMC (48) prevents hyperendorphinemia in
adrenalectomized rats (24%) and also affords protection
against stress (Figures 3,4 and 8). Finally, B-endorphins

are produced in response to LPS and they have been implicated
in hypotensive shock (52,81,88). Increased levels of these
cpiates can thus be correlated directly with a decrease in

the survival of animals unable to elicit an adrenal cortical
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rasponsa during stress., It can be postulated that glucocorti-
coids, sndogenous or exogenous, may act by decreasing the
lavel cof B-endorphin and hsnce, increase survival. Howaver,
this study does not show increased survival of sndotoxinemic
mice during cold or heat stress when pretreated with ths
endorphin antagonist naloxone (Figure 3 and 4). The role of
these cpiates remains enigmatic in unstressed mice as well.
Treatment with naloxone results in increased survival of LPS-
poisaned dogs (52) and monkeys (83), but not in rats (81),
piglets (14S) or Yucatan minipigs (573.

The lsihal effects of LPS and RD-LPS were alsd
studied during stress conditions other than tempsraturs
stress. When mice are primed with a subcutaneous dose of LPS
or RD-LPS thay baccmé sensitive to a second, normally sub-
lesthal dose, of LPS 6 hours later (Figure 8). Since serum
rich in GAF sensitizes mice to the lethal effects of LPS
(43), it is probable that the priming dose of LPS or RO-LPS
may causa tha rslease of GAF from cells of the RES and sub-
sequent sensitization to a later dose of LPS. Figure S alsa
shows that when hydrocortisone is given concurrently with the
priming dose of LPS, mortality rates, due to the second dose
of LPS, are reduced. This indicates that hydrocortisoune
inhibits the relsase of GAF by the priming dose, although
antagonism of GAF at some other metabolic level cannot be
excluded. When hydrocortiscne is given 6 hours after the

priming dose and concurrently with the second dose of LPS
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the protection afforded is considerably less (Figure %),
This implies that the anti-glucocorticoid effect of GAF is
more intense when it is released prior to exposure to hydro-
cortisone. Thus the antagonism bestween endotoxin and gluco-
corticoids appears to be bidirectional and the early effects
of one may block the later effects of the other. This may be
a critical factor during stress where functiconal adrenal-
ectomy is fatal. Support for the pharmacological action of
GAF was unknowingly introduced by Geller (61) in an earlier
study. He observed that both adrenalectomized mice and mice
whase RES had been stimulated by 2zymosan were sensitized to
the same extant to LPS. In agreement with the work of Geller
Table 1 shows that mice whaose RES is activated with heat-

killed Corynsbacterium parvum are sensitized to the lethal

effects of LPS and Rd-LPS. Since mslevated levels of GAF are
released following treatment Qith zymasan and LPS (B5), it

is likely that a decrease in survival is due to functional
adrenalectomy by GAF. This is comparable to the sensitization
of surgically adrenalectomized mice to the lethal effects of
endotoxin.

Another type of stress cbserved during this study was
that of trauma, introduced by tourniquet shock. Mice whaose
hind limbs were subjected to tourniquet application for 1
hour were sensitized to the lethal effects of LPS by more
than 300-fold (Figure 10). At 2% hours after trauma, the LU,

for LPS was 1.3 ug. Deaths were mediated by the effects of
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endotoxin as the tourniquet application alone was nonlethal
in unpoiscned mice (Figure 1@). Since adrenalactomized
animals are alsc sensitized to tourniquet shock (142, it
seems reasonabla to suggest that LPS has, thraugh the re;ease
of GAF, senaitized the mice to this trauma by antagonizing
the adrenals. This suggestion is reinforced by the chser-
vation that lethality could be atteruated by sxogenous hydro-
cortisone (Figurse 10).

A direct analogy between surgical adranalectomy and
,_34?9”§l,?ﬁ5?9°"13m by LPS ¢ RD-LPS can be ascertained by
thé findings that treatment with Qither results in poor
survival of animals subjected to stress. However the degree
of adrenal suppression is not the same since LPS is more
lathal than RD-LPS during exposure to cold or heat (Figures
1l and 2). Readiodetoxification of LPS rassults in decreased
lavels of kstodeoxyoctonate (KDO) groups and altered glyco-
samine and fatty acid groups (23) generating a more hydro-
phobic moleszule this may alter the time course of the inter-
action of RD-LPS with cells of the RES. Although macraophages
are believed to be the cells responsible far the production
of LPS-induced mediators (13,20), the interaction betuween
thess cells and LPS is ill-dafined and further researcch in
this area may provide some insight into the decreased, or
residual toxicity seen with RO-LPS. Nonatheless. this data
shows that RD-LPS is a potent toxin in mice during stress

(Figuraes 1,2 and 9) and this lethality, as wsll as lathality
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due to toxic LPS under similar conditions, is mediated by a
serum factor which may act to Functionally adrenalectomize
the animal,

It is known that serum collected 2 hours after chal-
lenge with LPS in mics whose RES has been activated contains
elevated levels of glucocorticoid antagonizing activity
(111,112,114). The responsikble factor was referred to as
glucocorticoid antagonizing factor (GAF) based on its ability
tg inhibit the induction of PE?CK by hydrocortisons (111,
114), GAF has been partially charascterized as a protein with
a molecular weight of approximately 150,000 daltons and it~
.% sensitive to both heat and trypsin (114). This study shouws
that GAF-rich serum can be obtained when either LPS of RD-LPS
is used as the inducing agent in mice whos2 RES has been

primed with heat-killed Corynebazterium pacrvum. This serum

was designated CpES for €. parvum-LPS treatment and CpudES

for C. pacvup-RO-LPS treatment. As shown in Figures S =nd 6,
both CpES and CpdES are highly toxic for mice during exposure
to celd or heat. In addition, this serum also sensitizes

mice to an otherwise nonlethal traumatic shock (Figure 103,
All mice treated with this serum were made tolerant to the
effects of LPS, it can therefore be concluded that lethality
was indeed due to a humoral factor, presumably GAF, and not
due to LPS. 1t becomes apparent that serum collected after
proliferation of cell= of the RES followed by exposure of

these cells to the toxin, results in a yield of GAF which is
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approximately the ssme whether RD-LPS or LPS is injected.

The relative significencs of thes~ findings renains to be
clarified. uhen RO-LPS was used as Q stimulant for inducing
nonspacific resistﬁnca (NSR) without lypotensive affacts
associated with the toxic preparation, Bértdk (23) showed
that the administration of RD-LPS, given at least 48 hours
pricr to challenges resulted in the protection of dogs against
hemorrhagic shock and protected rats against tourniquet or
septic shock. In contrast, these studies showed RD-LPS ta be

lethal when given at the time gstress is initiated {(Figures

1,2 and S). This lathaltiy was alsc shown to be mediated by -

a serum factor (GAF) produced in ressponse to RD-LPS (Figures
3 and 43. It is likely that the deliterious effects of GAF
occur early. In support of this, Moore et al (115) shouwed
that ths maximal level of GAF is chtained 2 hours after
challenge with LPS and this level rapidly subsides to normal
levals after about 3 hours. Consequently, by the tine Bérték
applied stresssnor stimuli 48 hours after challenge with RO-LPS
the biological effacts of GAF may have disappeared. Therefore,
the time betweesn challsnge with RO-LPS and the induction of
stress is crﬁcial for the sensitization of the animal to,

or the protection of the animal against, stress., Since mice
are sensitized to the antagonism of their adrenal responsa

by GPF, it seemed logical to study the effect of exogerious

glucocorticoids in protecting these mice.

Glucocorticnids are known to attenuate lethality
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when LPS is given to mics housed at 25°C (12,14,61,90,81,
109>, at S°C (125) and at 37°C (152. This work has shoun
that sxogencus hydrocortiscne results in incresasd survival
of mice poisoned with LPS at 5°C (Figure 3) and 37°C (Figure
4). Hydrocortisone was alsa shown to protect against a sub-
lethal dose of LPS given to mice which had bean primed
earlier with a smali dose of LPS or RO-LPS (Figure 8) and
" against traumatic shock (Figure 10). Thus glucocorticoids
are efficacious in protecting mice during a variety of con-
ditions where the animal is poisoned with LPS and also sub-~
Jected to various conditions of stress. This s.wmplifies the
importance of glucocortcoids and their poterntial antagonism
of LPS. In order for these exogenous glucocorticoids to
afford protection, they must bhe given no later than 1 hour
after challenge with LPS (14). This is mast likely dus to
immunosuppression of macrophages (47) with diminished release
of serum mediators, such as GAF. Once these humoral factors
have been released and are allowed to exert their bhiclogical
effects, treatment with hydrocortisone is ineffective. This
was shown where hydrocortisone given 2 hours prior to CpES
afforded protection (Figures 7 and 8) while hydrocortiscne
given concurrently with CpES did not protect (Figure 10).
In addition to immunosuppression, glucocorticoids may afford
protection by other means.

Another mechanism for the action of glucocorticoids

may he due to maintenance of carbohydrate homeostasis. Wolfe
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st al (171) showad that the hypotensive effects of LPS in
dogs was not severe <enough to account for their dsaths.
However, thas hypoglycemic states manifestad by thess animals
was incompatible with life. In addition, all dogs which
survived poiscning with LPS were able to maintain their

blood glucosa lsvels. Menten and Manning (108) were the first
to observe total depletion of carbhohydrates in rabbits
poisoned with LPS. This was later shown to bs due to a combi-~
nation of Eactors; including depleﬁion“éfﬁﬁééatiérﬁi;dbbénrwr
stores (10,13,58,94) and hyperinsulinemia (173). In order

to maintain a sufficient calcric balancs the animal must

- aly on increased consumption of exogenous carbchydrates ar
an increase in the rate of glucouneogenesis. Both of these
parametsrs are blecked by LPS. Exogenous carbohydrate

intaks is blocked because LPS severely limits the con-
sumption of food and water by inhibiting gastric emptying
(153). Also, LPS blocks the synthesis of glucose from non-
carbohydrate sources (11,102,147) even though protein
ﬁatabolism is unalterad (11). Thus caloric insufficienzy may
be a critical factor in_tha demise of endctoxinemic animals.
It is interesting to note that the LPS-induced glycogen de-
pletion in rats is abolished by adrenalectomy (133), yet
adrenalectomized animezls are still sensitized to cold (74). |
The most likely explanation for this is that glycngenolysis

is regulated by the cholinergic response from the adrenals

(139) and adrenalectomized animals in tha cold may have
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sufficient glycogen stores, but these are unobtainable and
thus of little value in caloric conservation.

Endotoxinemic mice treated with hydrocortisone and
exposed to cold or heat survive longer and are able to
regulate their body temperature more efficiently than mice
treated with LPS alone (Figures 3 and %), In a previous study
Previte and Berry (125) also showed the ability of cortisone
to protect mice poisoned with LPS during exposure to cold.
This protection may be due to the maintenance of carbohydrate
reserves and preservation of energy as hydrocortisona induces
protein catabolism (100) and gluconeogenesis (58). The impor-
tance of glucocarticoids during axposure to cold is illu-
strated by the findings that mice housed at S5°C demonstrate
increased levels of endogenocus glucocorticoids (S2) and PEPCK
(43), the rate-limiting enzyme in gluconeogenesis. This
enables sequestration of carbohydrate reserves in order to
cope with the additional energy requirements during stress
to cold, and possibly other types of stress. Kun (S4%) shouwed
that rats poisoned with LPS are unable to caonvert glucose
or pyruvate into hepatic glycogen. In addition, Berry (13)
observed that hepatic glycogen dropped significantly below
normal levels in the presence or absence of cortisone. The
situation is compounded further by the finding that LPS
inhibits gluconecgenesis (10,102,147). This is due to the
inhibition of PEPCK by GAF, as Couch et al (43) showed that

endotoxin tolerant mice housed at 5 C retain fully inducible
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lsvels of PEPCK when given LPS but that addition of serum
rich in GAF completsly blocked this induction and hypogly-
camia snsuas. This confirms the work of others who have shown
the ability of GAF to block induction of PEPCK by hydrocor-
tisone (65,111,112,114), Carbohydrate homeostasis may thus
be a crucial factor for the survival of the erndotoxinemic
animal, especially during stress where anhanced sensitization
to GAF is observed.

The question remains as to whather LPS sensitizes
the animal to stress or whether the stressed animal is sensi-
tized to LPS. This is mads difficult by tha fact that
adranalectomized animals are sensitized to both stress (74,
142) and LPS (33,37). This study shows that the lethal effect
of LPS during stress is mediated by a serum factor whose
effects can be reduced by prior treatmsnt of hydrocortiscne
(Figures 7 and 8) but not by hydrocortisons given concur-
rently with ssrum that contains the sarum faztor GAF (Figure
190). The anti-glucocortizoid activity of GAF is demonstrated
by its ability to inhibit the induction of hepatic PﬁPCK by
hydrocortiscona (Table 3). The ability of GAF ta suppress the
animals adrenal response suggests that LPS or RD-LPS may
sensitize the animal to stress, where an adrenal cortical
response is obligatory for survival (148). Most of the pre-
cesding work has dealt with the biclogical aspects of the
antagonism of glucocorticoids by endotoxin, specifically

the LPS-induced serum factor GAF. Expesriments of this type
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ara oftan difficult to assess dua not only to diffarencas
in response of animals of different genera, but to individual
differmsnces in response of animals in the same genus as uwell.
Enviraonmental conditions, general handling, and overall care
may also be important to the animal’'s bhiological response.
Thus the mechanism by which GAF sxerts adrenal steroid antag-
onism must be resoclved not only in terms of death cr'5urvival
of animals, but also at the cellular lsvel.

In order to understand how GAF antagonizes gluco-
corticoids, it is essential to understand how these hormones
produce their effects. Glucocorticoids enter target cells
and bind noncavalently and rsversibly to cytosolic receptor
proteins (138). Following dephosphorylation, these receptor
proteins associate with nuclear chromatin to initiate trans-
cription (138). Higgins and Gehring (75) showed this to be
site specific. Thus it would follow that antagonism by GAF
may also be site specific. In support of thie, it has been
shown that GAF blocks the glucocorticoid induction of PEPCK
but not tyrosine aminotransferase (TAT) in mouse peritoneal
exudate cell cultures (B5)., By using t*Hldexamethasone as a
stimulant, Berry and Shackleford (22) showed that LPS
neither altered the entry of the hormone into hepatic cells
nor inhibited the binding of the hormone to cytaosclic re-
ceptor proteins. Adrenalectomized mice were used to limit
the effect of endogenous glucocorticoids. This suggests that

the hormone exerts its effects at a transcriptional or post-
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transcipticonal level. It has been shown that induction of
PEPCK by fasting (131) or hydrocortisone (Table 3) is the
result of an increase in amoﬁﬁt of esnzymes and not alterad
enzyme activity. Rippe ard Berry (131) alsc showsd by

radial 1mmuhndiffusion that the amount of PEPCK, induced by
fasting, could be blocksd by LPS. Employing the method of
ELISA, this study shows that hydrocortisone induces an
increaze in the amount of PEPCK and this could be inhibited
with either LPS or the serum rich in GAF (CpES) (Table 3J.
This is due to inhibition of synthesis and not a result of
modification of the enzyme rasulting in dysfunctional enzyme
activity as the amount of PEPCX measured by ELISA corrslated
dirsctly with the sctivity of tha enzyme (r = 3.93 by the
Spsarman rank correlation coefficient shown by the activity
to ELISA ratio in Table 3). Induction of PEPCK requires
active protein synthesis as actinomycin D inhibits the in-
crease in the amount of enzyme (131). In addition de novo
synthesis of PEPCK is probable sincs the amount of mRNA for
PEPCK is increased following induction by glucocorticoids
(2,8,38,39,85,107,164). The fact that lavels of mRNA for
PEPCK are not induced by hydrocortisaones during endotoxinemia
(228) strongly suggest that antagonism by GAF occurs at the
level of tranmscription. Further studies invalving gene
expression of readily available DNA have provided additional
information in this area of research.

The transcription of mammary tumor virus (MTU) can
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be stimulatad 100-fold by glucccorticoids (128), A 1450 has=e
pair fragment of viral ONA containing a long terminal repeat
(LTR) is necessary for this induction to cccur (S4%), This is
highly suggestive of a direct interaction of glucocorticaoids
with DNA at the lsvel of transcription. Also, binding of the
promoter region appears toc be the rate-limiting step for in-
duction af transcription of MTVU DONA by glucocorticoids as
the rate of initiation of transcription was unaltered (160).
This same study shoued that post-transcriptiorial events,
splicing and polyadenylation, were also unaffected. It does
not seem unreasaonable tn propose the same mode of action by
glucocorticoids acts in the regulation of PEPCK, as well as
other target enzymes. If glucocorticoids act at site specific
promotar regions of target DNA, the antagonism by GAF may
also occur at this level. Several possibiliti=s need to be
examined, GAF may alter the dephosphorylation of the cyto-
solic receptor protein, inhibit the transport of the acti-
vated receptor protein across the nuclear membrane, or blaock
the binding of the phaosphoprotein to site specific DNA
sequences. Isolation and purification of GAF should lead
to more meaningful experiments on the mechanism by which it
antagonizes glucocorticoids.

These studies clearly show that a serum baornas

mediator (GAFJ, produced by cells of the RES in respanse
to LPS or RD-LPS, antagonizes the effects of hydrocortiscne

in inducing levels of hepatic PEPCK and subsequently gluco-
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neogenesis. This is associated with a severs and terminal
hypoglycemia which may be incompatible with life. Animals
placed under conditions of stress where an adrenal cortical
response is required for survival are highly sensitized to
the lesthal effects of LPS or RD-LPS and their raspsctive
GAF-rich sera (CpES and CpdES, respectiviey). Purification
of GAF would mnable further research into the specific
physiolaogical and molecular derangements incurred by this

glucocorticoid antagonist.
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