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Summary

It has been experimentally shown that endotoxin induces a
significant increase in the blood levels of a plasminogen activator
inhibitor (PAI). We cvaluated the effect of different doses of
heparin (5 to 20IU kg=!h™Y), antithrombin III (10 to
40 U kg™! h™!and 240 U/kg as bolus) and of a combination of the
two on: 1) the elevation of PAI activity, 2) fibrin deposition in
kidneys and 3) mortality in rabbits infused with E. coli lipopoly-
saccharide. Our results show that heparin plus AT III is able to
significantly reduce thc generation of endotoxin-induced PAI
activity in rabbits’ circulation. Low dose of heparin and a bolus
injection of AT III both cause a decrease in the generation of PAI
at 2 but not at 6 hours of endotoxin infusion. Morcover, fibrin
deposits in kidneys of animals receiving heparin plus AT III or a
bolus injection of AT III were significantly reduced as compared
to control rabbits. The association between low levels of PAI and
decreased fibrin deposits is strengthened by the significant
correlation (p <0.05) found between these two parameters.
Finally, the plasma levels of PAI activity at 2 and 6 hours of
endotoxin infusion in surviving animals were lower than those
observed in animals that died within 2 hours after the end of
treatment. We conclude that heparin plus AT III partially pre-
vents the endotoxin-induced generation of PAI activity which
seems to correlate with the reduced presence of fibrin deposits in
kidneys and with a reduced mortality.

Introduction

Although disseminated intravascular coagulation (DIC) is a
common clinical syndrome related to sepsis (1), its mechanism has
not been established. Endotoxin, which is released from the cell
wall of gram negative bacteria, is thought to play a relevant role in
the pathogenesis of DIC associated with septicemia. Endotoxin
may trigger blood coagulation by causing endothelial damage
and/or by stimulating the generation of procoagulant activity of
endothelial cells (2—-4). Impairment of the fibrinolytic system may
also contribute to DIC by retarding the clearance of fibrin from
circulation (5). It has been recently shown that endotoxin induces
a significant increase in the blood levels of a fast-acting plasmino-
gen activator inhibitor (PAI) (6), which is thought to play a role in
different clinical conditions related to thrombotic phenomena
(7-12). Whether reduction in the PAI concentration represents a
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therapeutic approach to endotoxin-induced DIC has yet to be
clarified.

We studied the effect of heparin and/or antithrombin I[]
(AT IIT) on the generation of PAI activity in the blood of rabbits
infused with endotoxin and the possible relationship between PAT
levels, fibrin deposition and mortality.

Materials and Methods

Materials

Escherichia coli lipopolysaccharide (LPS) was purchased from Sigma
Chemical Co., St. Louis, MO. Plasminogen was prepared by affinity
chromatography as described (13). Fibrinogen fragment was obtained by
digestion of fibrinogen with CNBr as described (14). Two-chain
melanoma cell tissue-type plasminogen activator (t-PA) was kindly
provided by Dr. Collen (Leuven, Belgium). The preparation used in the
present study had a specific activity of 500,000 IU/nig by comparison with
the International Reference preparation of t-PA. Chromogenic substrate
$-2251 was obtained from Kabi Diagnostica, Sweden. Urokinase (UK)
was purchased from Roger Lab, Barcelona, Spain (a preparation of
100,000 1U was uscd). Sodium heparin was purchased from Roger Lab,
Spain. Human antithrombin III was provided by Landerlan Lab, Madrid,
Spain and prepared by the method of Camacho et al. (15).

Experimental Studies

Male New Zealand rabbits, weighing 2-2.5 kg were anaesthetized by
intravenous infusion of 10 mg/kg body wt of Nembutal (Abbot
Laboratories) via a marginal ear vein, where a catheter was placed to
administer treatment. DIC was induced in 76 rabbits by intravenous
infusion, via the contralateral marginal ear vein, of 20 ug kg™! h™! of
endotoxin during 6 hours. Blood samples were taken via a catheter
inserted into a femoral vein.

Surviving rabbits were sacrificed 2 hours after endotoxin infusion, by
1V injection of 60 mg/kg body wt of Nembutal, for histological examina-
tion of kidney sections.

Treatment Schedules

Treatment was started simultaneously with endotoxin infusion. Four
different groups were established: (1) Control group. Eleven animals werc
used as controls and were infused with saline solution (10 ml/h) during
6 hours. (2) Heparin group. Twenty-five rabbits were infused with
different doses of sodium heparin (Roger Lab, Barcelona), diluted in
60 ml of saline, during 6 hours: 9 received 5 U kg’l h~!, 8 reccived
10 TU kg~' h™! and 8 received 20 1U kg™ h™!. (3) AT III group. Thirty-
two rabbits were treated with different doses of human AT T1I diluted in
60 ml of saline: 8 reccived a bolus dose of 240 U/kg immediately beforc
endotoxin infusion. The remaining were divided into three groups of 8
animals which reccived 10, 20 or 40 U kg~' h™! during 6 hours. (4)
Heparin plus AT TII group. Eight rabbits received an infusion of heparin
(10 IU kg ' h™Y) plus AT I (20 U kg™ ' h™!) diluted in 60 ml of saline
for 6 hours.
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Laboratory Methods

Blood samples were taken before endotoxin, at 2 and at 6 hours of
infusion. Plasma was immediately prepared by centrifugation and kept on
icc or frozen at —70° C until tested. Platelet count and fibrinogen
concentration were determined according to standard laboratory assays.
Fibrinogen degradation products (FDP) were assayed by the method of
Merskey et al. (16) using rabbit fibrinogen (Sigma Chemical Co.) and
specific antiserum (Nordic Immunology, Belgium). )

t-PA inhibitor capacity of rabbit plasma (rcfer to as PAI activity) was
measured by an amidolytic assay as previously described (6). Two-chain
t-PA (10 IU/ml final concentration) was added to diluted plasma sample
and incubated during 5 min at 37° C. Samples were then acidified with
M/6 HCI, neutralized with N/6 NaOH and tested for t-PA activity by the
addition of purified human plasminogen, CNBr fibrinogen and S-2251.
t-PA standard curve was processed in the same way. PAI activity is
expressed in units of t-PA inhibited per mililiter. Assays performed with
single-chain t-PA gavc identical results.

Plasma samples to be analyzed by SDS-PAGE were first incubated at
37 °C for 5 min in thc presence of t-PA (250 TU/ml final concentration).
Ten pl of 1/20 diluted sample was then subjected to electrophoresis. SDS-
PAGE on mini slab gels (Min Protcan II, BIO-RAD. Richmond, CA)
was carricd out using resolving gels-of 10% acrylamide and stacking gels of
4% acrylamide. Fibrin autography was performed as reported (17).

Histological Examination

Sections from kidneys used for histological examination were stained
with hematoxylin-cosin and Masson’s Trichrome for fibrin analysis. Tissue
scetions were examined in blind by a histologist and scored on a scale from
0 to 4 as follows: (0) no fibrin, (1) partial fibrin deposit in some glomeruli,
(2) partial deposit in all glomeruli, (3) large quantity of fibrin in all
glomeruli, (4) fibrin thrombi in the glomerular capillaries and in other
non-capillary vessels (Fig. 1).
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Fig.2 Generation of PAI activity in rabbit plasma during LPS infusion.
(®) control, (O) heparin 520IUkg"'h™' (A) ATHI 10 to
240 U kg™t h™!, (A) heparin 10 U kg~ ! h™! plus AT 11120 U kg™ h™'.
* p <0.01 as compared to the control group
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uble I PAI response related to the different treatment schedules. Results are expressed in U/ml as mean + SD

sroup Number Basal 2 h increase 6 h increasc
“ontrol 1 8.7+3.6 118.9 +41.3 200.6 +54.6
feparin 5 IU kg h™! 9 7.3£22 75.4 +15.5% 155.4 +36.5
eparin 10 TU kg~ ' h™! 8 8.0+3.8 118.8 +32.1 170.6 +42.4
{eparin 20 TU kg™ ' h™! 8 7.6+2.1 95.7+51.2 216.1+61.4
AT II1 10 U kg~ ! h™! 8 8.9+3.7 117.0+31.4 176.8 £45.8
AT II120 U kg™ h™! 8 8.0+5.4 87.6+17.0 174.6 +46.9
AT II1 40 U kg™ ' h ™! 8 9.5+2.0 113.4 +48.3 191.3 +52.4
AT III 240 U/kg (bolus) 8 9.2+1.6 70,1+ 12.4% 150.1 £729.1
{eparin 10 IU kg™t h™! +

AT II1 20 U kg™t h! 8 9.1+1.7 63.11 + 11.2%% 110.5 +30.1*

* p <0.05, ** p <0.01 as compared to the control group

Statistical Methods

Results arc expressed as mean + SD. Two-way analysis of variance
ollowed by Tukey’s multiple comparison test for all pairs was applied for
he purposes of group comparison.

Results

Effect of AT I and/or Heparin Treatments on the PAI Induced
by Endotoxin

Fig.2 shows the plasma levels of PAI activity, at 2 and 6 h of
>ndotoxin infusion in rabbits grouped according to treatment
ype, regardless of drug dosage.

Although a marked and time-related increase in plasma PAI
ictivity was observed in all groups, analysis of variance revealed
hat the intensity of the PAI response to endotoxin in rabbits
eceiving heparin plus AT III was significantly lower as compared
o the control group (about 50% reduction). Similar results were
bbtained when the PAI levels were expressed as percentage of
oreinfusion values.

As shown in Table 1, the PAI activity observed after 2 hours of
ndotoxin infusion in rabbits treated with low doses of heparin
51U kg~ ' h™") was lower than that found in controls (p <0.05).
A similar partial effect was observed when a bolus injection of
AT TIT was given to the animals prior to endotoxin infusion.
Neither heparin (10 and 20 IU kg™! h™!) nor AT TIT (10, 20 and
{0 U kg~ ' h™') appeared to significantly affect the generation of
PAT.

When heparin, AT III or a combination of the two were added
n vitro to PAl-rich plasma samples obtained from LPS-treated
rabbits, 6 hours after the start of infusion, no effect on PAI
ictivity was demonstrated (not shown).

Fibrin autography of plasma samples taken at 6 hours of LPS
nfusion did not reveal the presence of fibrinolytic activity, neither
n the region corresponding to free activators nor in that
orresponding to activator-inhibitor complex (not shown). How-
2ver, when samples were supplemented with t-PA (250 IU/ml)
he formation of enzyme-inhibitor complex with an apparent M,
100 kDa was observed (Fig. 3). The lysis zone of this complex was
oreater in LPS-treated animals than in animals simultaneously
reated with AT III-heparin, confirming a reduction in inhibitor
ctivity in this latter sample.

Laboratory Parameters of DIC

Infusion of endotoxin produced overt intravascular coagulation
n control animals as indicated by the marked changes in platelet
count, fibrinogen and FDP levels. All treatments significantly
reduced the generation of FDPs without affecting drops in
platelet count and fibrinogen levels (Fig. 4).
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Fig. 3 t-PA binding capacity of rabbit plasma at 6 hours of LPS infusion.
A control without LPS infusion; B: treated with AT III 20 U kg*l h!
plus heparin 10 IU kg * h™! and LPS infusion; C: control with LPS
infusion. Molecular weights are shown as M, x 1073

Histological Findings

Intense fibrin thrombi were observed in the majority of
glomeruli of kidney sections from control animals. Infusion of
heparin or AT III had little effect on the extent of fibrin
deposition while both a bolus injection of AT III and an infusion
of AT IlI-heparin significantly reduced it (Table 2). In tissue
sections from these latter groups only a small proportion of
glomeruli were stained with fibrin-specific dye, and only faintly
$O.

When plasma inhibitor levels at 6 hours of endotoxin infusion
were plotted against the scorc of fibrin deposits, a positive
correlation (r = 0.27, p <0.05) was found, suggesting that the two
phenomena may be related. '

Mortality Rate

In the control group, 5 out of 11 rabbits.died shortly after the
endotoxin infusion while all “treated” animals, except 1 in the
heparin group, survived until the end of the experiment (8 h),
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Fig. 4 Evolution of platclet count, fibrinogen and FDP levels in the differcnt groups during LPS infusion. (@) control, (O) heparin 5-20 1U kg™!' h7!,
(A) AT IIT 10-240 U kg~' h™%, (A) heparin 10 1U kg™ ' h~! plus AT 1T 20 U kg~' h™" * p <0.001 as compared to the control group

Table 2 Score of fibrin deposits in kidneys. Results arc expressed as
mean = SD

Group Number Kidney
Control 11 2.9+1.0
Heparin 5 U kg~! h™! 9 21+ 1.4
Heparin 10 TU kg™! h™! 8 24+1.1
Heparin 20 TU kg=! h™! 8 2.7+0.5
AT I 10 U kg™' h™! 8 25+1.3
ATIII 20 Ukg™' h~! 8 21£1.0
ATIN 40 U kg™ ' h! 8 2.1+1.1
AT IIT 240 U/kg (bolus) 8 1.2 +0.7*
Heparin 10 TU kg~ ' h™! +

AT 20 U kg ' h~! 8 0.9+ 0.8%*

* p <0.05, ** p <0.01 as compared to the control group

when they were sacrificed for the histological studies. In spite of
the very short follow up, mortality rate in the control group was
significantly higher than in the other groups (p <0.01).
Moreover, the increase in plasma PAI activity in the six animals
that died following endotoxin infusion was significantly higher
(p <0.05) than in the survivors (212.6 * 53.6 U/ml vs 165.3 =+
51.1 U/mt).

Discussion

Bacterial endotoxin causes disseminated intravascular coagula-
tion and fibrin deposits in various organs. Impairment of the
fibrinolytic system as a contributing factor in the pathogenesis of
endotoxin-induced DIC has already been suggested (18) and the
recent observation that endotoxin induces a very marked and
prolonged elevation of a circulating fast-acting inhibitor of
plasminogen activator supports that hypothesis (6). The endoto-
xin-induced PAIT seems to be of endothelial type (PAI-1) accord-
ing to cell culture studies and physicochemical analysis (6, 19). It
cannot be excluded that other PA-inhibitors, like the PAI-2
produced by peripheral monocytes may partially contribute to
plasma PAI activity in experimental endotoxemia (20).

PAI-1 seems to play an important role in different clinical
conditions related to thrombosis (7-12), although there is no
evidence of a cause and effect relationship. In the present study
we report that infusion of heparin plus AT I significantly
reduces the generation of PAI activity in the plasma of endotoxin-
treated animals as assessed by functional (amidolytic) assay and

fibrin autography. This effect seems to be rclated to a decrease in
PAT and not to the release of t-PA since no evidence of t-PA-PAI
complex was obtained by fibrin autography of plasma samples not
supplemented with (-PA. AT III or heparin given alone showed
no remarkable change in the evolution of PAI activity during
endotoxin infusion. The finding that a low dose of heparin and a
bolus injection of AT III caused a reduction in the plasma levels
of PAT activity at 2 hours but not at 6 hours of endotoxin infusion
is unclear. One possible explanation could be that these two
regimens have only delayed the risc in PAI activity following
endotoxin stimulation (normally occurring at about 2 hours)
without affccting the maximal response, which is better evaluated
at 6 hours when the plateau level of PAI is reached. We do feel,
however, that this effect is not relevant.

The effect of AT Ill-heparin on the generation of PAI
correlated with a reduction in fibrin-like material precipitated in
kidneys. Simple microscopic examination of tissue sections did
not allow for accurate quantification of microthrombosis in renal
tissue; however, the striking difference in microscopic appearance
between kidney sections from control and treated rabbits leaves
no doubts as to the beneficial effect of AT IT-heparin on the
amount of fibrin accumulation. Among the remaining treatment
schedules only the AT III bolus dose clearly reduced fibrin
deposits in kidneys. Infusion of low heparin doscs, which partially
prevented the generation of PAI, had only a limited non-
statistically significant effect.

Apart from a decreased generation of FDPs, none of the
treatments prevented laboratory changes of DIC associated with
endotoxin infusion. The fact that FDP levels are unrelated to PAIL
activity may be due to a plasminogen-independent fibrin(ogen)
degradation mechanism (21, 22). It has also been shown that the
-PA mediated lysis of fibrin may occur, at least in particular
conditions, even in the presence of high levels of PAI (23).

All treatment schemes seemed to reduce mortality regardless
of their influence on PAI evolution. It should be stressed,
however, that the design of the experiment was not the most
suitable for evaluation of mortality due to the very short follow
up. Consequently, any possible association between PAT levels
and mortality could not be properly evaluated. Nevertheless, a
significant difference in PAI activity was observed between
survivors and non-survivors.

The mechanism by which AT ITI-heparin attenuates the PAT
response to endotoxin infusion is unknown. Recently, Gelehrter
et al. (24) reported that thrombin induces PAT activity in cultured
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endothelial cells. Available in vivo data however, do not support
the hypothesis that AT IlI-heparin exerts its action on PAI, via
neutralization of thrombin. Firstly, the dose of endotoxin capable
of inducing a maximal PAI response is much lower than that
required to produce laboratory signs of DIC (6). Secondly, an

infusion of thrombin (from 1 to 5 IU kg~

' min™!, for 60 min)

produces no significant elevation of the plasma levels of PAI (25).
One possibility might be the-that the elevated AT III-heparin
concentrations neutralizes one or more proteases, generated
during endotoxin infusion, which may contribute to the induction
of PAL

In conclusion, our data indicate that the combination of AT III

and heparin significantly reduces the generation of PAI activity
and the deposition of fibrin in tissues, induced by endotoxin

infusion.

The relationship observed between these two

phenomena suggests that PAI may play a role in the regulation of
fibrinolysis. Whether the control of PAI generation represents an
alternative treatment of experimental DIC is under investigation.
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