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Role of Plasminogen Activator Inhibitor-1 in Promoting Fibrin Deposition in
Rabbits Infused With Ancrod or Thrombin

By Chitra Krishnamurti, Charles Bolan, Curtis A. Colleton, Thomas M. Reilly, and Barbara M. Alving

The role of defective fibrinolysis caused by elevated activ-
ity of plasminogen activator inhibitor-1 (PA!-1) in promot-
ing fibrin deposition in vivo has not been well established.
The present study compared the efficacy of thrombin or
ancrod, a venom-derived enzyme that clots fibrinogen, to
induce fibrin formation in rabbits with elevated PAI-1 lev-
els. One set of male New Zealand rabbits received intrave-
nous endotoxin to increase endogenous PAI-1 activity fol-
lowed by a 1-hour infusion of ancrod or thrombin; another
set of normal rabbits received intravenous human recombi-
nant PAL-1 (rfPAI-1) during an infusion of ancrod or throm-
bin. Thirty minutes after the end of the infusion, renal fibrin
deposition was assessed by histopathology. Animals re-
ceiving endotoxin, rPAI-1, ancrod, or thrombin alone did
not develop renal thrombi. All endotoxin-treated rabbits
de-

NTRAVASCULAR fibrinolysis is regulated by plasmin-
ogen activator inhibitor-1 (PAI-1), a 52-kD inhibitor of
tissue-type plasminogen activator (t-PA)."? In rabbits. PAI-
I can increase from basal values of less than 0.1 nmol/L to
levels 40-fold or higher within 4 hours of endotoxin infu-
sion.>* Endotoxin induces other procoagulant responses
that include stimulation of tissue factor expression on mono-
cytes and endothelial cells as well as downregulation of
thrombomodulin (TM), an endothelial receptor that in-
hibits the procoagulant activity of thrombin.¢
We have previously shown that thrombi do not occur in
animals infused with endotoxin alone.** However, fibrin
deposition can be induced in endotoxin-treated rabbits by
the infusion of ancrod, an enzyme from the Malayan pit
viper that specifically clots fibrinogen without demonstrat-
ing any other procoagulant activity.” Because ancrod does
not induce thrombi in normal rabbits, we have postulated
that ancrod-induced fibrin deposition in endotoxin-treated
rabbits is caused by increased PAI-1 activity. This hypothe-
sis assumes that ancrod does not undergo significant inter-
action with endogenous inhibitors such as TM or an-
tithrombin IlI (AT-lIl) and is therefore not affected by
downregulation of TM in endotoxin-treated animals. How-
ever, the fibrinolytic system may not be the major regulator
of thrombin-induced fibrin deposition, because thrombin is
rapidly inactivated on the endothelium by AT-III® and
TM.Q'IO
These hypotheses were further tested in the present study
by determining whether ancrod or thrombin induced fibrin
deposition in normal rabbits that were infused with human
recombinant PAI-1 (rPAI-1) to achieve high plasma levels
of PAI-1. The relative thrombogenicity of thrombin and
ancrod were also compared in endotoxin-treated rabbits
that had increased endogenous PAI-{ activity.

MATERIALS AND METHODS

Materials.  Human rPAl-1 (specific activity, 250.000 AU/mg)
was obtained from the Du Pont Merck Pharmaceutical Comp (Wil-
mington, DE). The rPAl-1 was produced by Escherichia coli
pE 1200 that carried the PAI-1 cDNA and was purified from lysates
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developed fibrin deposition when infused with ancrod (n =
4) or thrombin (n = 6). Fibrin deposition occurred in 7 of 7
rabbits receiving both rPAl-1 and ancrod and in only 1 of 6
receiving rPAl-1 and thrombin (P < .01). In vitro, thrombin
but not ancrod was inactivated by normal rabbit plasma
and by purified antithrom:bin Il or thrombomodulin. The
data indicate that elevated levels of PAI-1 promote fibrin
deposition in rabbits infused with ancrod but not with
thrombin. In endotoxin-treated rabbits, fibrin deposition
that occurs with thrombin infusion may be caused by de-
creased inhibition of procoagulant activity and not in-
creased PAI-1 activity.

This is a US government work. There are no restrictions on
its use.

by sequential anion exchange and cation exchange chromatogra-
phy on Q Sepharose and S Sepharose columns.!' This preparation
of rPAL-1 contained no detectable endotoxin units (<0.03 endo-
toxin units/mL) as determined by the limulus assay.

Single-chain human recombinant t-PA (Activase: specific activ-
ity, 580.000 1U/mg) was obtained from Genentech (Berkeley. CA).
Lys-plasminogen (specific activity. 20 CTA U/mg) was purified
from Cohn fraction 11 paste (Cutter Laboratories. Berkeley. CA) by
affinity chromatography on lysine-Sepharose (Pharmacia Fine
Chemicals. Uppsala, Sweden). Human thrombin (specific activity,
4,360 U/mg) and calcium chloride were purchased from Sigma
Chemical Comp (St Louis, MO). Purified human AT-111 (ATnativ)
as well ar e substrates D-Val-Leu-Lys-pNA (S-2251) and H-D-
Phe-Arg-pNA (S-2238) were obtained from Kabi Diagnostica
(Stockholm, Sweden). Ancrod, an enzyme derived from the
Malayan pit viper. was a gift from Abbott Laboratories (North Chi-
cago, IL). Endotoxin (E coli 0111:B4) was purchased from Difco
Laboratories (Detroit, MI). Rabbit TM (specific activity. 1.000 U/
mg) was obtained from American Diagnostica (Greenwich. CT).

Sample collection and handling. Blood was collected into poly-
propylene tubes containing EDTA (0.9 mL blood and 0.1 mL 2%
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Fig 1. Plasma PAI-1 activity in rabbits treated with endotoxin
{10 ug/kg) followed by either (@) saline, (O) ancrod, or (B) thrombin.
Ancrod (5 U/kg) or thrombin (130 U/kg) was infused from4 t0 5
hours. The dose of thrombin infused was equivalent to 590 U an-
crod/kg, as determined from the relative potencies of ancrod and
thrombin in vitro. Rabbits were killed 30 minutes after the end of
the infusions. The number of animals with renal fibrin deposition is
as follows: ancrod (4 of 4), thrombin ({6 of 6), and saline (0 of 3).

EDTA) and maintained at 0°C for no more than 5 minutes before
centrifugation for ! minute at 22°C in an Eppendorf centrifuge
3200 (Brinkman Instruments, Westbury, NY). The plasma was sep-
arated, aliquoted, and stored a1 —70°C. Plasma for determination
of t-PA activity was acidified. diluted to 0.5% with 0.05 mol/L Tris.
0.1 mol/L NaCl, 0.1% Tniton X-100, pH 8.8, and frozen at —70°C.
When prepared in this fashion. there was no loss of t-PA activity.*
Determination of -PA activity. The assay was performed ac-
cording to the method of Wiman et al.'? Acidified, diluted plasma
was incubated with an equal volume of 1 mmol/L S-2251 and plas-
minogen (0.3 mg/mL) in the presence of fibrin (70 pg/mL)at 37°C
in a 96-well microtiter plate. The absorbance was measured after 6
to 8 hours at 405 nm in a Titertek Multiscan spectrophotometer.
Absorbance measurements were converted to t-PA activity by com-
parison with a t-PA standard diluted in rabbit plasma.
Determination of PAI-1 activity. PAl-1 activity was performed
according to the method of Chmielewska et al.'® t-PA (50 IU/mL)
was incubated for 10 minutes with plasma or dilutions of plasma in
0.02 mol/L sodium phosphate containing 0.} mol/L NaCl, pH 7.3.

KRISHNAMURT! ET AL

After acidification and dilution, residual t-PA activity was deter-
mined as previously described.'? In this assay, one unit (arbitrary
unit [AU)) of inhibitor is defined as the amount that inhibits | 1U
1-PA in 10 minutes ai 37°C.

Fibrinogen assay. Plasma was diluted and mixed with a cal-
cium-thrombin solution for | hour: the fibrin clot was then wound
on a glass rod, washed in normal saline, and solubilized in alkaline
urea as previously described.* The concentration was determined
spectrophotometrically at 280 nm.

Inhibition of thrombin und ancrod by rabbit plasma. AT-111. and
TM. The inhibitory effect of rabbit plasmas, purified human AT-
11, and rabbit TM toward thrombin and ancrod was determined in
a two-stage assay. The plasmas tested were normal rabbit plasma
(PAI-1 <5 U/mL), piasma from an endotoxin-treated rabbit (PAl-
1. 115 AU/mL). and plasma containing rPAl-1 (115 AU/mL). Be-
fore incubation with thrombin or ancrod. plasma was first defibrin-
ogenated and the fibrin clot removed. This was accomplished by
diluting 1 mL plasma with an equal volume of veronal-saline buffer
(1 part veronal consisting of 0.028 mol/L sodium diethylbarbitu-
rate. 0.125 mol/L sodium chloride. and 0.023 mol/L. HC! with 9
parts 0.15 mol/L NaCl. pH 7.35) and adding 0.06 mL human
thrombin (3 U/mL. final concentration). After incubation for 10
minutes at 37°C. the clot was removed by winding on a glass rod.

In the first stage of the inhibition assay. the defibrinogenated
plasma (1.6 mL) was incubated with thrombin or ancrod (0.18 mL.
100 U/mL) at 37°C: in the second stage. the residual coagulant
activity was determined by admixing a 0.1-mL aliquot with 0.2 mL
human fibrinogen (0.4 mg/mL in veronal saline buffer) at 37°C.
The clotting time was recorded with a Dataclot 2 fibrometer
(Helena Labs. Beaumont. TX).

Thrombin (10 U/mL. final concentration) and ancrod (10 U/
mL. final concentration) were also incubated with AT-1I1 (1 U/mL,
final concentration) in veronal buffer and the residual coagulant
activity determined as described above. The inhibitory activity of
TM was determined by mixing thrombin (2 U/mL. final concentra-
tion) or ancrod (2 U/mL. final concentration) with rabbit TM ($
U/mL. final concentration) in veronal buffer and determining resid-
ual coagulant activity.

AT-1H activity.  The activity was determined in test plasmas in
the presence of heparin (3 U/mL)." Thrombin (0.1 mL, approxi-
mately 20 U/mL) was mixed with 0.4 mL diluted plasma at 37°C
for exactly 30 seconds. S-2238 (0.3 mL. 0.48 mmol/L) was then
added to the mixture and the reaction was stopped | minute later by
the addition of 50% acetic acid (0.3 mL). The residual thrombin
activity was measured spectrophotometricaily at 405 nm. and the
concentration of AT-111 was calculated using standard curves pre-
pared from pooled normal rabbit plasma.

Comparison of coagulant activity of thrombin and ancrod in
vitro. Normal rabbit plasma (0.1 mL) was incubated with 0.1 mL
veronal saline buffer for 2 minutes at 37°C in a fibrometer cup.

Table 1. PAI-1 and t-PA Activities in Rabbits Receiving Endotoxin and Ancrod or Thrombin

PAL-1 (AU/mL) 1-PA (IU/mL)
Experimental i
Groups Oh 4h S5h Oh 4h 5h Thrombi
Endotoxin + saline <1 188+ 5 167 + 16 1.3+£01 0.2+02 ] 0/3
Endotoxin + ancrod <1 143 + 11 147 + 8 1.0+£03 05+02 0 4/4
Endotoxin + thrombin <1 126 + 10 95 + 11 1.7+02 06+0.1 0.1+01 6/6
Saline + ancrod 19+£1.8 23+17 37+16 04+02 0.7+02 1.8+06 0/6
Saline + thrombin <1 <1 <1 0.7+03 08+02 1.0£0.2 0/6

The activities (mean + SEM) for plasma PAI-1 and t-PA are given for the rabbits presented in Fig 2. After an infusion of endotoxin {10 ug/kg) at time 0,
the thrombogenic stimulus ancrod or thrombin was infused from 4 to 5 hours.
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Fig 2. Plasma PAI-1 activity in rabbits treated with rPAIl-1 fol-
lowed by either (@) saline, (O) ancrod, or (B) thrombin. A bolus of
rPAI-1 (40 ug/kg) was administered at time O followed by a continu-
ous infusion of rPAI-1 (1.5 ug/kg) with either saline, ancrod (5 U/
kg). or thrombin (130 U/kg) from 5 to 85 minutes. Rabbits were
killed 30 minutes after the end of the infusions. The number of
animals with renal fibrin deposition is as follows: ancrod (7 of 7),
thrombin (1 of 6), and saline (0 of 6).

Different concentrations of thrombin (0.1 mL.) or ancrod (0.1 mL)
diluted in veronal saline buffer were then added and the clotting
time recorded with a fibrometer. When tested with normal rabbit
plasma, | U of ancrod was equivalent to 0.22 U of thrombin.

Animal experimental design. The animal protocol was ap-
proved by the small animal committee at the Walter Reed Army
Institute of Research. Male New Zealand rabbits (2.2 to 3.2 kg)
received intravenous infusions through the marginal ear vein witha
23-gauge needle. Infusions of thrombin and rPAI-1 were adminis-
tered in the opposite ear. In all experimental groups in which
thrombin or ancrod was infused, a sirgle concentration of each
agent was used. The doses were chosen based on previous studies
that showed an effective dose that could decrease fibrinogen levels
in normal rabbits without inducing apparent thrombosis.*'*'® For
ancrod. the dose was 5 U/kg. For thrombin, the dose was 130 U/kg.
Based on in vitro studies comparing the relative coagulant effects of
thrombin and ancrod, a dose of thrombin of 130 U/kg was equiva-
lent to 590 U/kg of ancrod.

The thrombosis model has been reported previously.** Briefly,
one set of rabbits received intravenous infusions of endotoxin (10
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wg/kg) in 3 mL saline at time 0, followed by an infusion of ancrod (5
U/kg) or thrombin (130 U/kg) in a volume of 10 mL from 4 t0 §
hours. Another set received rPAI-1 as an intravenous bolus (40
ug/kg in 3 mL saline) at time O, followed by a continuous infusion
of rPAI-1 (1.5 ug/kg) either alone or in combination with ancrod (5
U/kg) or thrombin (130 U/kg) for 1 hour.

Rabbits were euthanized 30 minutes after the completion of the
infusions by first receiving an intramuscular injection of a solution
containing 50% ketamine hydrochloride (Ketastet, 10 mg/mL; dose
1 mg/kg) and 50% xylazine hydrochloride (Rompun, 20 mg/mL.;
dose, 2.2 mg/kg) as a preanesthetic, followed by an intravenous
infusion of sodium pentobarbital (V-Pento C; 325 mg in S mL;
Euthanasia-6).

Histopathology. The kidneys were removed after euthanasia
and immersion-fixed in neutral buffered 10% formalin. Sections
were processed, embedded in paraffin, and stained by a modified
phosphotungstic acid hematoxylin (PTAH) procedure.

Two sections from each kidney were scanned by light microscopy
on high power and 50 glomeruli were counted per section. Fibrin
deposition was considered to be present if at least two glomeruli
stained positive for fibrin. The lung, spleen, and liver of each ani-
mal were also examined for the presence of fibrin. Histologic stud-
ies were performed by a veterinary pathologist who was unaware of
the experimental treatment protocnls.

Statistics. Results are expressed as the mean + SEM. Statistical
analysis was performed using the Student’s /-test on paired samples.
Data on fibrin deposition in rabbits receiving rPAI-1 and ancrod or
thrombin were evaluated with Fisher’s exact test.!”

RESULTS

Effect of ancrod or thrombin in endotoxin-treated rabbits
with elevated levels of PAI-1. Rabbits were first treated
with endotoxin and received infusions of either ancrod or
thrombin 4 hours later, when the levels of endogenous PAI-
1 were at their maximum value (150 to 200 AU/mL, Fig 1).
Fibrin deposition did not occur in rabbits that received only
endotoxin, or in control rabbits that received ancrod or
thrombin alone. However, endotoxin-treated rabbits that
received ancrod or thrombin all had fibrin deposition.

The changes in t-PA and PAI-1 in the animals receiving
endotoxin are shown in Table 1. Infusion of ancrod into
endotoxin-treated rabbits caused no change in PAI-1 activ-
ity, whereas thrombin infusion caused a significant decrease
(P = .01). Thrombin has been previously reported to de-
crease endogenous PAI-1 levels through activation of pro-
tein C.'8

The increased PAI-t activity induced by endotoxin was
associated with reduced t-PA activity that persisted
throughout the infusion of ancrod or thrombin. Administra-
uion of thrombin to normal rabbits was not associated with

Table 2. PAI-1 and t-PA Activities in Rabbits Receiving rPAI-1 and Ancrod or Thrombin

PAL1 (AU/mL) t-PA (U/mb)
Experimental
Groups O min 5 min 65 min 0 min 5 min 65 min Thrombi
rPAI-1 + saline <1 147 + 18 215 + 22 1.3+02 04 +0.1 04+02 0/6
rPAI-1 + ancrod <1 168+ 9 241 + 14 1.0+0.1 04+02 0.1+0.1 7/7
rPAl-1 + thrombin <1 211+ 27 281 + 13 1.4+0.2 0.2+01 02+0.1 1/6

The activities {(mean + SEM) for plasma PAI-1 and t-PA are given for the rabbits presented in Fig 3. After a bolus infusion of rPAI-1 {40 ug/kg) at time
0, ancrod or thrombin was infused with rPAl-1 (1.5 ug/kg) from 5 to 65 minutes.
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Table 3. Laveis of Flbrinogen and AT-ill in Endotoxin- or rPAl-1—
Treated Rabbits Receiving Infusion of Ancrod or Thrombin

Fibrinogen AT-
{mg/mt) {% control)
Treatment
Protocol Time 0° Endt Time 0° Endt Thrombi
Endotoxin + thrombin 2.1 +0.2 13+02 90:+7 69+9¢ 6/6
PAL1 + twombin 23+01 19:x02 84+3 76:5% 1/6
Saline + thrombin 2001 15+x02 90+5 84:x9 0/6
Saline + ancrod 22+03 04:02 ND ND 0/6
PAH1 + ancrod 25+02 0602 100:+12 92:9 777
Endotoxin + ancrod 22202 04+x02 94+4 91+x10 4/4
rPAL1 + saline 2001 18202 934 92112 0/6
Endotoxin + saline 23+x02 18 110+9 93+6 0/3
Abbreviation: NO, not P
* Beginning of the 1-hour infusion of the thrombogenic stimuk
1 Thirty mi after pletion of the infusk
$ P=.003.
§P=12.

any alteration of PAl-1 or t-PA activity. Although normal
rabbits treated with ancrod beginning at 4 hours showed a
trend towards an increase in mean PAI-1 and t-PA activities
at the end of ancrod infusion, the changes were not sighifi-
cant, P = .09 for PAI-1 activity and P = .17 for t-PA activity.

Effect of ancrod or thrombin in rabbits with elevated levels
of rPAI-1. We administered to normal rabbits infusions of
rPAl-1 to obtain plasma PAJ-1 values that were similar to
those in endotoxin-treated rabbits. Rabbits received rPAI-1
as a bolus (40 ug/kg) at time 0 followed by a 1-hour infusion
of 1.5 ug/kg; this dose resulted in PAI-1 levels of 150 to 200
AU/mL (Fig 2). There was no evidence of renal fibrin depo-
sition in the animals that received only rPAI-1. When an-
crod was infused with rPAI-1, renal fibrin deposition devel-
oped in all animals (n = 7). However, when thrombin was
infused with rPAl-1 (n = 6), renal deposition was noted in
only one rabbit, a significant difference from that of ancrod-
treated rabbits (P = .0047).

Table 2 shows the values of PAI-1 and of t-PA in rabbits
receiving rPAI-1. Infusion of rPAI-1 was associated with a
decrease in endogenous t-PA activity, as was noted for the
endotoxin-treated rabbits. During the infusion of rPAI-1,
the plasma PAI-1 activity increased to a similar extent in the
groups receiving ancrod or thrombin, suggesting that hu-
man rPAI-1 activity was not affected by thrombin infusion.

Effect of thrombin and ancrod on fibrinogen levels and on
AT-III activity. The importance of inhibitors in prevent-
ing the procoagulant activity of thrombin was suggested by
the finding that thrombin, although infused at a dose that
was 100 times more potent than ancrod, caused only a mild
decrease in fibrinogen levels compared with those measured
in ancrod-treated rabbits (Table 3).

Infusion of thrombin into endotoxin-treated rabbits
caused a significant reduction in plasma AT-1I levels (Ta-
ble 3). This was not observed when thrombin was infused
into saline-treated rabbits or rabbits that received rPAI-1.
Infusion of ancrod caused no significant change in levels of
AT-III in all experimental groups.

Histopathology. Although examination of glomerular
fibrin deposition in experimental animals provided a quan-
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titative estimate of fibrin deposition, other organs were also
evaluated to determine if there were differences among the
experimental groups with respect to the distribution of fi-
brin deposition (Table 4). The minimal prothrombotic ef-
fect of high levels of rPAI-{ in thrombin-treated rabbits was
underscored by the finding of fibrin deposition in only 1 of 6
animals; in this animal, fibrin deposition was confined to
the kidney.

For animals receiving both rPAI-1 and ancrod or for ani-
mals receiving endotoxin followed by ancrod or thrombin,
fibrin deposition was present in other organs as well as in the
glomeruli (Table 4). In animals receiving endotoxin and
ancrod, renal fibrin deposition was more prominent than in
those receiving rPAIl-1 and ancrod.

In vitro studies: Inhibition of ancrod and thrombin by rab-
bit plasma, AT-III, and TM. We postulated that, for the
ancrod-treated rabbits, the major determinant in prevent-
ing fibrin deposition would be a functional fibrinolytic sys-
tem, because ancrod was unlikely to be inhibited by AT-III
or TM. In contrast, in rabbits infused with thrombin, fibrin
deposition could be prevented primarily by inactivation of
thrombin through the inhibitors AT-III and TM. This could
greatly reduce the initial procoagulant activity of thrombin,
and the fibrinolytic system could then degrade forming fi-
brin before deposition could occur.

We further compared the interaction of thrombin and
ancrod with plasma inhibitors by measuring the residual
coagulant activity after incubation with normal rabbit
plasma and plasma with increased concentrations of PAI-1
(Fig 3). The procoagulant activity of ancrod was not inhib-
ited by incubation of ancrod with normal plasma, plasma
from endotoxin-treated rabbits (PAI-1, 115 AU/mL),
plasma containing rPAI-1 (115 AU/mL). purified AT-III,
or TM (Fig 3). In contrast, thrombin was rapidly neutralized
within 30 seconds after incubation with TM and within 3
minutes when incubated with AT-III or with rabbit plasma
containing high levels of endogenous PAI-1 or rPAI-1.

DISCUSSION

This is the first study using rPAI-1 to explore the role of
increased PAI-1 activity in promoting fibrin deposition in
vivo after infusion of procoagulant enzymes. We had previ-

Table 4. Distribution of Fibrin Deposition in Rabbits

Receiving Ancrod or Thrombin
% Animals Affectsd
Kidney Liver Lung Splesn
Endotoxin + thrombin
{n=6) 100 (29 + 13) (o] 50 33
rPAL-1 + thrombin
(n=6) 17 (2 0 0 [+]

Endotoxin + ancrod

n=4) 100 (51 £ 13) 100 75 100
rPAI-1 + ancrod
n=7 1003 +1) 100 43 100

Numbers in parentheses indicate the mean percent + SEM of glomeruli
affected. Values are the percentage of glomeruli affected for the single
rabbit with fibrin deposition.
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A. Rabbit Plasma B. AT

INCUBATION TIME (MIN)

Fig 3. in vitro inhibition of thrombin and ancrod. (A) Thrombin or ancrod was incubated with normal rabbit plasma (—) or with plasma
from an endotoxin-treated rabbit (PAl-1, 115 AU/mL; — — —) or with plasma containing rPAI-1 (115 AU/mL; -----) as described in Materials
and Methods. Thrombin and ancrod were also incubated {B) with purified human AT-ill (1 U/mL) and (C) with rabbit TM (5 U/mL) and the
residual activities determined (see Materials and Methods). Final concentrations of thrombin and ancrod were 10 U/mL in (A) and (B) and 2
U/ml in {C). Results are expressed as mean * SEM of two to four separate experiments performed in duplicate.

ously hypothesized that ancrod induces fibrin deposition in
endotoxin-treated rabbits because the fibrinolytic activity is
inhibited by high levels of PAI-1. The present study vali-
dates this hypothesis by showing that ancrod induces fibrin
deposition in rabbits whose only hemostatic abnormality is
an elevated level of PAI-1. In vivo, ancrod has an initial
half-life of 3 to 5 hours, indicating lack of significant inter-
action with endogenous inhibitors.'® Furthermore, ancrod
does not interact in vitro with rabbit plasma or with purified
TM or AT-IIL

The marked elevation in PAI-1 activity that occurs in
endotoxin-treated rabbits is unlikely to be found in patients.
Ancrod prepared by Knoll Pharmaceuticals (Whippany,
NJ) has been used in human recipients for a variety of clini-
cal conditions and is currently available as an Investiga-
tional New Drug for patients with heparin-associated
thrombocytopenia.? In such patients the goal is to prevent
further clot formation by maintaining the fibrinogen levels
between 70 and 90 mg/dL. This is achieved by infusing
ancrod during a 12-hour period at half the coagulant activ-
ity that was used in the present study. Thus, ancrod would
not be expected to induce thrombosis in human recipients if
used as directed.?’?

The data presented in this report indicate that thrombin,
even when infused into normal rabbits at 100-fold the coagu-
lant activity of ancrod, induces only a mild decrease in fi-
brinogen without evidence of renal fibrin deposition. More-
over, when infused into normal rabbits with high levels of
rPAI-1, thrombin induces minimal fibrin deposition in only
1 of 6 rabbits. These data suggest that, when thrombin is
infused into normal rabbits or those with defective fibrinoly-
sis produced by infusion of rPAI-1, the procoagulant activ-
ity of thrombin is effectively inhibited before substantial
clot formation occurs.

The renal fibrin deposition that occurs after thrombin
infusion into endotoxin-treated animals may be due, at least
in part, to downregulation of TM activity and perhaps an
increased turnover of AT-III. Thrombin has a half-life of

seconds when infused in vivo, because of rapid reversible
binding to the vascular endothelium. The binding is due
presumably to the interaction of thrombin with TM; the
dissociation constant for this interaction is 0.5 nmol/L.*
Binding is not influenced by glycosaminoglycans, and the
bound thrombin can still interact with AT-III, perhaps in an
accelerated fashion.?* Although the PAI-1-vitronectin com-
plex can inhibit a-thrombin,? it is unlikely, at least as sug-
gested by in vitro experiments, that the inhibition is signifi-
cant when compared with that of TM.

Thrombin induced a decrease in endogenous PAI-1 in
endotoxin-treated rabbits, although the levels remained sig-
nificantly above baseline values. Thrombin decreases PAI-1
activity by binding to TM and activating protein C, which
then neutralizes PAI-1.2627

In this study, infusion of ancrod caused no decrease in
endogenous PAI-1 levels, suggesting either that ancrod does
not bind to TM or cannot activate protein C. Infusion of
thrombin into rabbits with high levels of human rPAI-1 also
caused no significant reduction in PAI-1 activity. Because
the reduction of PAI-1 is mediated through the activation of
protein C, it is possible that activated rabbit protein C does
not neutralize human PAI-1.

In the clinical setting, stimuli such as endotoxin that in-
crease PAI-1 activity also downregulate TM as part of a
generalized coagulant response. Currently, the expression of
TM can be monitored indirectly through measurement of
activated protein C or the activation peptide of protein
C.2%% Tests that measure plasma TM levels are available,
but the values may not reflect what is occurring at the endo-
thelial level. The development of methods that can directly
measure TM expression on the endothelial cell surface will
greatly enhance the understanding of how hemostasis is reg-
ulated.
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