4 RIREL oo

AD 654076

Reprinted from Ansans oF Susceny, Vol 163, No. 3. March 1967
Copyright = 1967 by J. B. Lippincott Company
Prioted is U. 8. A.

Effect of Heparin on the Decrease in Bloud Coagulation Factor
Activity Associated with Experimental Endotoxemia

R. Lee West, Carr.,, MC, USAR.* Pavr B. Jennines, Carr, VC, USAR,**
Rosert M. Harpaway, Cor., MC, USA,**® Enric A. Lu~bpserc,t USA

From the Dicision of Surgeru, Walter Reed Army Institute of Rescarch,
Washington, 1). C.

I sepricestia in humans and in experi-
mental animals given endotoxin, a coagula-
tion abnormality has been observed.” Gans
and Krivit* noted a varizble decline in
fibrinogen and plasminogen levels follow-
ing administration of E. coli endotoxin to
dogs. Unlike the Shwartzman reaction in
the rabbit, the dog showed no marked de-
posits of thrombotic material. Despite the
absence of histalegic evidence of thrombo-
sis, these authors interpreted the decline
in fibrinogen concentration aseindicative
of possible intravascular coagulation. Gans
and Krivit® and Hardaway et al.® noted
that endotoxin administered to the dog
produced a decrease in fibrinogen concen-
tration and platelet count, a prolongation
of prothrombin time, and the appearance
of a heparin-like substance in the circulat-
ing blcod.

Recently, West et al.'* analyzed the
blood coagulation factor activity in dogs
given endotoxin. In all dogs studied a pro-
longation of the one-stage prothrombin
time and ‘or partial thromboplastin time, a
reduction in the activity of factors I, V,
VH, VIII, IX, X, XI, and XII, and a slight
reduction in fibrinogen concentration was
found.
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In 1960, Gans and Krivit* pretreated
dogs with heparin and administered E. coli
endotoxin, They noted that heparin pre-
treatment prevented the decline in fibrino-
gen levels usually seen in endotoxemia and
that the reduction in plasminogen levels
seen in heparinized animals was of shorter
duration than in nonheparinized animals.

Thomas and Wessler '* utilizing rabbits,
found that heparin in small doses would
prevent endotoxin-induced thrombosis in
isolated jugular vein segments.

The purpose of experiments here re-
ported is to evaluate the alteration in clot-
ting factor activity associated with endo-
toxemia in a preheparinized dog.

Materials and Methods

Thirty-two adult mongrel dogs of both
sexes, weighing 10 to 20 Kg., were utilized.
The principles of laboratory animal care
as established by the National Society for
Medical Research were observed. The ani-
mals were anesthetized with 30 mg./Kg of
pentobarbital sodium intravenously. A poly-
ethvlene catheter was placed into the ab-
dominal aorta by way of the right femoral
artery and arterial blood pressures were
monitored with this catheter using a San-
Lorn recorder. A second polyethylene ca-
theter was placed in the right ventricle by
way of the right femoral vein and was also

connected to the recarder. Injections e , .
helect

in

made by way of a polyethylen@(
the opposite femoral vei —
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The animals were divided into two
groups. Group A consisted of 16 dogs
which received E. coli endotoxin alone and
Group B consisted of 18 dogs which re-
ceived heparin prior to administration of
endotoxin. Endotoxin was prepared from
E. coli, strain 0111:B; according to the
method of MacLean and Weil." The dose
administered was calculated to be lethal in
60 to 80 per cent of animals. Two dogs,
one of group A and one of group B were
studied simultaneously. Heparin was ad-
ministered intravenously as follows: 1)
4 mg./Kg. prior to administration of endo-
toxin, and 2) 2 mg./Kg. at 2, 4, and 6 hours
after administration of the initial dose. En-
dotoxin was administered to the heparin-
ized animals 15 minutes after the initial
dose of heparin,

Blood was collected utilizing a fresh
polycthylene catheter for each sample. The
catheter was introduced through a cut-
down site in the left femoral artery and
each was passed further up the artery than
the previous catheter to prevent collaction
of blood from an area of damaged endo-
thelium. Between collections, the artery
was clamped above the cutdown site with
an atraumatic vascular clamp.'

Blood samples for analyses were col-
lected according to the following schedule:
1) a control sample after the dog had been
ancsthetized and catheters placed but prior
to administration of cither endotoxin or
heparin, 2) from heparinized dogs only, 5
minutes after administration of heparin,
and 3) from both heparinized and non-
heparinized dogs, 5 minutes after adminis-
tration of endotoxin and 1, 2, 3, and 4 hours
after administration of endotoxin,

The animals were kept in the operating
room until the last dose of heparin was
administered. The vascular catheters were
then removed, incisions closed., and the
animals returned to their cages.

All animals which died within the first
48 hours after receiving endotoxin were re-
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corded as fatalitics. Animals surviving be-
yond 48 hours were considered survivors.

Autopsies were performed on  animals
which died.

Laboratory Examinations

Blood used for one stage prothtombin
and partial thromboplastin time was anti-
coagulated with 3.2% sodiwmn citrate in a
ratio of 1 part citrate to 9 parts whole
blood. For analytical chemical anulyses,
plalelet counts and hematocrits, blood was
collected in a siliconized tube and anti-
coagulated with EDTA, 0.01 ml. 109
EDTA/1 ml. whole blood. Platelet counts
were performed using a phase contrast
microscope  with appropriate  counting
chamber,

Coagulation Screening Tests

One-stage prothrombin time. Reagents
and duplicate samples of test plasma and
control plasma were brought to 37° C. in
a water bath. Then 0.2 ml of a 1 to 1 mix-
ture of 0.025 M calcium chloride and
thromboplastin * was blown from a pipette
into a 10 X 753 mm. plain glass tube con-

taining 0.1 ml. of plasma and a stopwatch ™ ~

was simultancously started. The tube was
tilted in air until a clot formed. The stop
watch was stopped simultaneously with
clot formation, and the interval of time re-
quired for the clot to form was measured.?

Partial thromboplastin time. Reagents
and duplicate samples of control plasma
and test plasma were brought to 37° C, in
a water bath. To 0.1 ml. of test and control
plasma in separate 10 X 75 mm. test tubes
was added 0.1 ml. of a 1 to 1 mixture of a
partial thromboplastin ®*® and 2% kaolin.
The mixture of plasma, kaolin and partial
thromboplastin was incubated for 2 min-
utes with intermittent, gentle agitation. At

® For screening tests, “Simplastin” supplied by
Warner-Chilcott, Morris Plains, N. J., was used.

*¢ “Platelin” supplied by Warner-Chilcott,
Morris Plains, N. J.
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Tube No, 1 2
Test plasma 0.4 mi. 04 mi
theparinized:
Mg. of Polybrene (1} 001

P.T. in seconds 28.6 16.3

the end of this 2 minute incubation, 6.1 ml.
of 0025 M calcium chloride was blown
into the mixture and a stop watch started
simultaneously. The tube was tilted in air
and the interval required for clot forma-
tion was timed.> 113

Neutralization of heparin with poly-
brene. In order that the one-stage pro-
thrombin and partial thromboplastin times
could be performed on heparinized plasma,
heparin was neutralized with polybrene.' *
Based on the dose of heparin administered
to the experimental animals, the amount
present in the plasma was estimated. A
series of tubes containing varying amounts
of polybrene was set up and aliquots of
plasma were mixed vith the polybrene.
Concentrations of polybrene used extended
over a range sufficient to neutralize heparin
in the plasma. Table 1 illustrates neutraliza-
tion of heparin with polybrenc in amounts
sufficient to neutralize heparin to the ex-
tent that the one-stage prothrombin in one
of the tubes is within normal limits. Table
la illustrates neutralization of heparin with
polybrene in amounts sufficient to give a
normal partial thromboplastin  time. It
should be noted *hat slightly more poly-
brene is required t aeutralize heparin suf-
ficiently so that partial thromboplastin time
will be within normal limits in one tube.

Fibrinogen was quantitated by precipi-

TasLe 1a. Neuiralization of Heparin with Polvbrene

TABLE ). Ncutralization ot Hepurin iith Polvbreme

3 4 5 [

.4 mi. 4.4 mi 5.4 mi. Normal plasma
control

a3 Ho25 [LXER5.)

0.

) 3 4 .2

tation from plasma using sodium sulfite.
The previpitate was washasd bree of other
protein and the residual precipitate was
quantitated by the biuret technic.

Resuilts

The one-stage  prothrombin  time and
partial thromboplastin time for both con-
trol and heparinized animals are shown
in Tables 2 and 3. Fibrinogen con. mtra-
tions are shown in Table 4 and platelet
counts in Table 5. The numbers in the
tables are the means of the various meas-
urements before administration of endo-
toxin au:l at the various intervals after ad-
mimstration of endotoxin,

One-stage  prothrombin  and  partial
thromboplastin times of the nonheparinized
animals progressively lengthened over the
4-hr. observation perind. In the heparinized
group, these examipations remained within
normal limits except for the onc-stage pro-
thrombin time at 3 hours after administra-
tion of endotoxin. At this particular point
in time the onestage prothrombin time
was at the upper limits of normal.

Fibrinogen concentration in bhoth groups
of animals declined slightly over the 4-hr.
observation period. However, relative to
the mean of the control sample in each
group, the amount by which the fibrirogen
concentration declined was the same.

Tube No. 1 2 3 4 L) 6
Test plasma 0.4 ml. 0.1 1al. 0.4 ml. 0.4 ml. 0.4 mh. Norma! plasma
(heparinized) control
Mg. of Polybrene 1] 0.02 0.025 004 0.06
P.T.T. in seconds >60 >60 173

200 43 16.5
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‘_ TABLE 2. Mean Prothrowbin Times®

Nonheparinized \nimals Heparinizad Animals
" . : Con. Can- 7
DR | i teod** Smin. Phe  2hr. 3hr. dhr trof**  Smin. thr.  2hr. 3. 4 he
i 65 68 i 3% X0 43 T YO T R R A2
¢ In seconds.
i ** Intervals after endotoxin.
. i
< % Tausra. ¢ . rartial ThromPoplastin Fimes®
= ; R ——— . . e —
3 ; Nonheparinized Animais Heparinized Animals
.g memsmm e b s ey me e ar o e - ————— i —— e e e e e
:- . Con- Con-
p: trof** Smin. thr. 2l. 3hr.  $he trof** Smin. thr  2hr.  3dhr.  4hr
15.6 157 1R 216 210 24.0 151 150 139 16.0 15X 4.5
¥ * In secondls,
3 ** Intervals after endotonin.
In both groups of animals, there was  activity of all known clotting factors, with
an appreciable decline in platelet counts 3 the exception of factor XIII.
: minutes after endotoxin, and these gradu- Results demonstrate that heparinization
-3 ally returned toward normal levels over  of a dog prior to administration of enao-
the 4-hr. observation period. toxin will reduce the loss of coagulation
. i . factor activity. At 3 hours after administra-
; Discussion tion of endotoxin, the one-stage prothrem-
o As a measure of coagulation factor ac-  bin time was at the upper limits of vari-
. - tivity, one-stage prothrumbin and partial  ability. At 2 hours after endotoxin, partial
: : thromboplastin times were used in this ex-  thromboplastin time varied very slightly.

These changes suggest minimal loss of clot-

TanLk 3. Meun Fibrimogen Concentrations®

Nonheparinized Animals

Con-
trol*®  Smin. 1 hr 2 hr. 3 hr. 4 hr.
40t 474 398 Ry} 367 57
*Ia Mg ‘.
** Interval after endotoxin.

T T R T

Nonheparinized Animals

Con-
trol  Smin. | he. 2 hr. 3 b 4 hr.

250,620 5360 104,540 120410 117,680 127846

Heparinized Animals

{Con-
trol**  Smin. 1 hr, 2he. d he, 4 hr.

514 s 517 60 475 437

TasLe 5. Mean Platelet Counts

Heparinized Animals

Con-
trol S min. 1 hr. 2hr. 3 hr. 4 hr.

51203930 75120 120,720 1351080 139,150

st
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ting factor activity. The nonheparinized
animals ha¢ .« significant prolongation of
the clotting times as measured by both
these tests at comparable intervals indicat-
ing a much greater loss of coagulation fac-
tor activity.,

Although previous anthors have stated
that heparin will prevent the decline in
fibrinogen levels following endotoxin ad-
ministration,* a significant difference be-
tween fibrinogen levels of heparinized and
nonheparinized animals could not be es-
tablished in this experiment.

Heparin at this dose level did not pre-
vent reduction in the number of circulating
platelets. Previous experiments in this labo-
ratory when massive doses of heparin were
given. showed a similar inability of heparin
tu prevent thrombocytopenia.

Morphologic  studies revealed similar
changes in heparinized and nonheparinized
animals. Both groups had moderate to se-
vere vascular congestion of the small bowel,
liver. and Jungs with less severe congestion
of other organs.

An additional significant result of this
experiment was that heparinization did not
alter mortality. Although defects in blood
coagulation were largely prevented by he-
parinization, a larger percentage of he-
parinized animals died within the first 48
hours after administration of endotoxin
than did nonheparinized animals. These
results were of interest becanse previous
work of other investigators had shown that
heparin would reduce mortality from 10077
in control animals to 487 in preheparinized
animals,® Still other authors demonstrated
that heparin would prevent mortality with
LD 50 doses of endotuxin, but that this
agent would not prevent mortality when
the amount of endotoxin adminisiered was
increased to LD 100 *

The mechanism by which heparin pre-
vented loss of clotting factor activity is not
defined specifically by this experiment.
However, two major theories are offered.

First, heparin by its anticoagulant action,
may prevent utilization of clotting jactors
in intravascular fibrin formation ard sec-
ond, heparin has been shown to be an
inhibitor of proteolytic enzyme activity
which may well explain the resnlts ob-
served here.®

The anticoagulant action of heparin is
dependent upon its capacity to inhibit
plasma thromboplastin formation and 9
prevent the conversion of fibrinogen to
fibrin. Since in this experiment, the partial
thromboplastin times of heparinized ani-
mals remain within normal limits, it would
appear that coagulation factors which con-
tribute to plasma thromboplastin formation
were not utilized. From this evidence, one
can infer that these animals did not gen-
erate plasma thromboplastin in vive.

With the exception of calcium all known
clotting factors are proteins. Excess activ-
ity of proteolytic enzymes, such as fibrino-
lysin or trypsin, could inactivate one or
more of clotting factors. From other ex-
periments in this laboratory, an increase
in proteolytic activity in plasma of animals
subjected (0 endotoxemia has been demon-
strated and associated with a loss of clot-
ting factor activity. However, the specific
enzyme or enzvmes responsible for this
proteolysis have not been identified. Since
heparin may inhibit proteolytic enzymes
including trvpsin, it might protect against
the loss of clotting factor activity through
this action.

Summary

L. Prcheparinized and nonheparinized
mongrel dogs were given endotoxin, and
clotting factor activity was studied using
the one-stage prothrombin time and partial
thromboplastin time.

2. Loss of clotting factor activity in he-
parinized animals was largeh prevented.
whereas control animals lost significant
amounts of clotting factor activity.
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3. Preheparinization did not affect mor-
tality.

4. The possible mechanisms by which
heparin may prevent loss of clotting factor
activity are discussed.
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