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Abstract

Lopap, found in the bristles of Lonomia obliqua caterpillar, is the first exogenous prothrombin activator that shows serine
protease-like activity, independent of prothrombinase components and unique lipocalin reported to interfere with hemostasis
mechanisms. To assess the action of an exogenous prothrombin activator reversing the anticoagulant and antihemostatic ef-
fect induced by low molecular weight heparin (LMWH), male New Zealand rabbits (N = 20, weighing 3.8-4.0 kg) allocated to
4 groups were anticoagulated with 1800 1U/kg LMWH (iv) over 2 min, followed by iv administration of saline or recombinant
Lopap (rLopap) at 1 pg/kg (LG1) or 10 pg/kg (LG10), 10 min after the injection of LMWH, in a blind manner. Control animals
were treated only with saline. The action of rLopap was assessed in terms of activated partial thromboplastin time (aPTT),
prothrombin fragment F1+2, fibrinogen, and ear puncture bleeding time (BT) at 5, 10, 15, 17, 20, 30, 40, 60, and 90 min after
initiation of LMWH infusion. LG10 animals showed a decrease of aPTT in more than 50% and BT near to normal baseline.
The level of prothrombin fragment F1+2 measured by ELISA had a 6-fold increase with rLopap treatment (10 pg/kg) and was
inversely proportional to BT in LMWH-treated animals. Thus, Lopap, obtained in recombinant form using E. coli expression
system, was useful in antagonizing the effect of LMWH through direct prothrombin activation, which can be a possible strategy
for the reversal of bleeding and anticoagulant events.
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Introduction

Heparin and low molecular weight heparin (LMWH) are
widely used for thromboprophylaxis and for the treatment of

daily subcutaneous administration based solely on weight
and not requiring monitoring of the patient (4).

venous thromboembolic events. Heparin is a heterogeneous
mixture of branched glycosaminoglycans, which accelerates
anti-thrombin (AT)-derived inactivation of thrombin and,
to a lesser extent, coagulation factors Xa and 1Xa (1-3).
LMWHs are derived from cleavage of heparin into a more
homogenous mixture of glycosaminoglycans with a mean
molecular mass of 5 kDa, and LMWHs inhibit factor Xa more
effectively than thrombin. Compared to heparin, LMWHs
have superior bioavailability, less nonspecific binding, and
non-dose-dependent half-lives, which facilitate once or twice

Bleeding can be initiated by a reduction or inhibition
of coagulation factors, decreased platelet function and
increased capillary permeability (3). The effect of unfrac-
tionated heparin (UFH) is neutralized with protamine, but
this effectis partial on LMWH and only approximately 60%
of the anticoagulant effect can be neutralized. Protamine,
an arginine-rich basic cationic protein derived from salmon
sperm, has high affinity for negatively charged sulfated gly-
cosaminoglycans, including heparin. Paradoxically, since
1937, protamine has been reported to have anticoagulant
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activity (4). Thus, an effective antidote for bleeding induced
by LWMH is still needed in current clinical care (3-5). The
Lonomia obliqua prothrombin activator protease (Lopap)
is a 69-kDa tetrameric protein with prothrombin activator
activity independent of the prothrombinase compounds,
although calcium ions increase its activity. It recognizes
and hydrolyzes prothrombin (at concentrations similar
to those in human plasma) at the Arg284-Thr285 peptide
bond, leading to the generation of active thrombin, which
follows linear kinetics. The thrombin generation starts by
prethrombin 2 formation, followed by two consecutive
hydrolyses (6).

Recombinant Lopap (rLopap) has been obtained as
described by Reis et al. (7) and reproduces the ability of
native Lopap to hydrolyze human prothrombin, generating
a-thrombin. The aim of the present study was to assess
the effect of rLopap as an exogenous hemostatic factor in
reversing bleeding induced by LMWH in rabbits.

Material and Methods

Animal preparation

The experimental protocol was approved by the Ethics
Committee for the Use of Animals of the Teaching and Re-
search Institute, Hospital Sirio-Libanés. Male New Zealand
rabbits were randomly allocated to 4 groups of 5 animals
each. Anesthesia was induced with ketamine HCI (40 mg/
kg, im) and xylazine (5 mg/kg, im) and was maintained by
intermittent injections of the same mixture.

Hair was removed from the ears, neck and upper chest.
The animals were monitored and maintained in spontaneous
respiration with an oxygen mask. The left femoral artery was
dissected free for arterial pressure measurement, the right
femoral vein for drug administration and the right jugular
vein for blood withdrawal. Animals were sacrificed with an
overdose of sodium thiopental (48 mg/kg, iv).

Blood withdraw
and BT
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Experimental design

The animals were treated with LMWH (Enoxaparin,
Clexane®, Sanofi Aventis Pharmaceutical Ltda., France)
as previously described (8). Briefly, rabbits received 1800
IU/kg LMWH iv over 2 min, followed by iv administration of
saline (SG) orrLopap atadose of 1 ug/kg (LG1) or 10 ug/kg
(LG10), 10 min after the injection of LMWH, in a blind man-
ner. Control animals (CG) were treated only with saline.

Bleeding time

Ear puncture lesions were made in regions devoid
of visible vessels using a No. 11 scalpel blade (Swann
Morton, England), creating a full-thickness lesion 3-5 mm
in length. One lesion was made in each ear at each time
point, beginning at 10 min and immediately prior to LMWH
infusion, and at5, 10, 15, 17, 20, 30, 40, 60, and 90 min after
initiation of LMWH infusion according to the study design
(Figure 1). Each lesion was identified by a number on the
ear using an indelible marker, and blood was absorbed at
30-s intervals onto individual number 1 filter paper discs,
11 cm in diameter (Whatman International Ltd., UK). The
baseline bleeding time (BT) was 1.77 £ 0.32 min.

Laboratory tests

Blood samples were obtained from a triple-lumen cath-
eter 10 min prior to LMWH infusion and at 5, 10, 15, 17,
20, 30, 40, 60, and 90 min after the beginning of LMWH
infusion (Figure 1).

Blood was collected at each time pointinto 3.8% sodium
citrate at the proportion of 9 parts blood to 1 part sodium
citrate and kept at 4°C until the end of the experiment. On
the same day, blood cell counts were determined at all time
points with an automated hematology analyzer (ABX Pentra
120, ABX Diagnostics, France). The samples were then
centrifuged at 2000 g for 15 min and evaluated for activated
partial thromboplastin time (aPTT), anti-Xa activity, plasma
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Figure 1. Schematic presentation of the study design. LMWH was infused over 2 min at time 0, and either rLopap (1 pg
or 10 pg/kg) or saline was infused over 2 min at 10 min after the beginning of LMWH infusion. A total of 11 blood samples
were collected from each animal at 11 bleeding times (BT). Enoxaparin = low molecular weight heparin (LMWH); rLopap

= recombinant Lopap.
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fibrinogen, and prothrombin fragment 1+2.

Prothrombin fragment F1+2 was measured by ELISA
using the Enzygnost F1+2 kit (Siemens Healthcare Diag-
nostics, Germany). Measurements were normalized to their
baseline (samples collected 10 min before LMWH infusion)
and are presented as normalized values.

Plasma LMWH concentration was measured by an anti-
factor Xaassay (Berichrom Heparin, Dade Behring, Germany).
Aseries of commercial plasma samples of known LMWH con-
centration was used to construct a standard curve. Residual
anti-Xa activity was measured using a chromogenic Xa-specific
substrate S2222 (Chromogenix, Sweden).

Fibrinogen and aPTT were measured using standard
commercial kits (Helena Laboratories, USA) in a BFT-II
coagulometer analyzer (Siemens Healthcare Diagnostics).
The test range for the aPTT assay was 28-350 s. In cases
where aPTT was above 350 s, it was set at 350 s.
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Figure 2. Bleeding time (BT) and anti-factor X activity (anti-Xa). A, BT
was evaluated on rabbit ears by a 3-5-mm transfixing incision (with
care taken to prevent damage to the artery and vein) with a No. 11
scalpel. B, Anti-Xa. CG = Control group; SG = saline group; LG1 =1
ug/kg recombinant Lopap (rLopap); LG10 = 10 ug/kg rLopap. Data
are reported as means + SD for N = 5 rabbits per group. *P < 0.01
vs saline group (ANOVA).
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Statistical analyses

Data are reported as means + SD. Statistical analysis
was performed using the Prism 5.0 software. Differences
were determined by one-way analysis of variance (ANOVA),
and P values of less than 0.05 were considered to be sta-
tistically significant.

Results

Bleeding and anti-Xa activity

The injection of LMWH (1800 IU/kg) induced an increase
of BT. Five minutes after the administration of LMWH, there
was a maximum increase in BT from 1.77 + 0.32 to 8.28 +
1.12 min (N = 5), followed by a gradual decrease within 90 min
(Figure 2A). rLopap or saline was administered 10 min after
the injection of LMWH. Treatment with rLopap delayed BT ina
dose-dependent manner. LG1 was 2 min slower than LG10 in
reducing bleeding, but both concentrations of rLopap reduced
bleeding time at 17, 20, and 30 min after LMWH administration
compared to SG. At 20 min, a mean BT of 4.97 + 1.04 was
observed in the saline group, as opposed to 2.92 + 0.78 in
LG1(P<0.01)and 2.41+£0.57in LG10 (P <0.001). BT values
returned to normal (near baseline) and no significant difference
was observed among groups 80 min after the administration of
saline or rLopap. No significant difference was observed at 30
and 50 min after rLopap injection. There were no statistically
significant differences in anti-Xa activity (Figure 2B) among
the groups at any time point tested.

Clotting parameters

Activation of coagulation was assessed by measuring
F1+2 levels (Figure 3), fibrinogen (Figure 4), and aPTT
(Table 1) before and after LMWH and rLopap/saline in-
jections. An increase in F1+2 levels was observed in the
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Figure 3. Fragment F1+2 levels measured by ELISA and report-
ed as fold increase over baseline (time -10). CG = Control group;
SG = saline group; LG1 = 1 pg/kg recombinant Lopap (rLopap);
LG10 = 10 pg/kg rLopap. Data are reported as means + SD for N
= 5 rabbits per group. *P < 0.01 vs saline group (ANOVA).
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rLopap groups compared to CG after 17 min
(0.89 £ 0.16, LG10 vs 0.26 £ 0.13, P < 0.001),
20 min (1.50 £ 0.15,LG10and 0.89 + 0.16, LG1
vs 0.28 £ 0.13, P < 0.001) and 30 min (1.30 *

S.A. Andrade et al.

Table 1. Activated partial thromboplastin time (aPTT) following pretreatment
with low molecular weight heparin (LMWH, iv) and treatment with recombi-
nant Lopap (rLopap, iv).

0.10,LG10and 0.68 £0.17,LG1 vs 0.26 £ 0.14, Groups Baseline  After LMWH After rLopap

P < 0.001 and P < 0.01, respectively). F1+2

levels remained elevated for 20 min after rLopap 5 min 10 min 20 min

treatment, and t'hen decreased and returned to Control 284+ 2.6 279420 281425 282423

norr/zzlsiyosv% rir::nléi ure 4, the fibrinogen levels Saline  26.8£38 >350.0£0"  >350.0:0° >350.0:+ 0%

at 10 and 20 min gfter tr;e injection %f rLopap LG1 277+23  >350.00° 234.3£22.0™ 227.6 £14.0™
LG10 285+3.1 >350.0+0* 168.9 + 24.0***  157.8 + 21.0"*#

showed only a slight decrease in LG10 compared

to SG. Administration of 1800 IU/kg LMWH to
the rabbits significantly prolonged aPTT (Table
1). The rLopap-treated groups (LG1 and LG10)
showed a dose-dependent decrease in aPTT 10
and 20 min after administration of the compound
compared to SG and CG (P < 0.01).

Hematological parameters

There were no statistically significant differences in
hematocrit (Figure 5A) or platelet numbers (Figure 5B)
among the groups at any times tested.

Discussion

rLopap is the first exogenous prothrombin activator
that shows serine protease-like activity, independent of
prothrombinase components (6) and unique lipocalin activity
that interferes with hemostasis mechanisms (7). Members
of the lipocalin family are recognized as carriers of small
lipophilic molecules, regulators of metabolic and homeo-
static processes, and share three characteristic conserved
domains in their primary structure (9). Furthermore, Lopap
has no similarities with other known prothrombin activators,
including those from snake venoms or serine proteases.
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Data are reported as means + SD for N = 5 rabbits per group. CG = control group;
SG = saline group; LG1 = 1 ug/kg rLopap; LG10 = 10 pg/kg rLopap. *P < 0.01 vs
saline group. *P < 0.01 vs control group. *P < 0.01 vs LG1 (ANOVA).
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Figure 4. Fibrinogen level. CG = Control group; SG = saline
group; LG1 = 1 pg/kg recombinant Lopap (rLopap); LG10 = 10
pg/kg rLopap. Data are reported as means + SD for N = 5 rabbits
per group. *P < 0.01 vs saline group; *P < 0.05 vs saline group
(ANOVA).
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Figure 5. Hematocrit (HCT, A) and platelet count (B). CG = Control group; SG = saline group; LG1 = 1 ug/kg recombinant Lopap
(rLopap); LG10 = 10 ug/kg rLopap. Data are reported as means = SD for N = 5 rabbits per group.
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In the present study, we investigated the effect of rLopap
in controlling excessive bleeding when factor Xa is inhibited
by LMWH. Factor Xa was inhibited by injecting a single
dose of LMWH (1800 1U/kg). LMWH level was sustained
along treatment, as demonstrated by anti-Xa levels (Figure
2B) and as previously demonstrated (8). A similar dose of
LMWH (2 mg-kg '-day!, sc) is used for treating patients
with venous thromboembolism (10). However, a similar
dose of LMWH in rabbits resulted in high anticoagulation,
as previously described (8).

The peak blood activity of anti-Xa (~4 1U/mL) was also
higher than that previously reported with the same dose (10).
This discrepancy in peak blood activity is probably due to
the different route used for the administration of LMWH in
the present study. It is a concern that high doses of LMWH
may result in severe anticoagulation, which could prevent
procoagulantdrugs from reversing its effect. rLopap efficiently
controlled the excessive bleeding induced with LMWH in
rabbits. A single iv injection of rLopap 10 min after the
administration of LMWH decreased the bleeding time and
aPTT and increased the production of the F1+2 fragment,
without an excessive consumption of fibrinogen. There was
no alteration in anti-factor Xa activity, possibly because rLo-
pap does not interfere with blood levels of heparin. Lopap is
non-immunogenic and was well tolerated, with no significant
change in blood pressure, heart rate or temperature following
its administration (data not shown). In addition, rLopap seems
to have a short half-life in the circulation and low doses do
not cause disseminated intravascular coagulation, as sug-
gested by our data (Figures 2A and Figure 4).

It is well known that Lopap induces clot formation in
microvessels (11), does not activate factor X or plasmino-
gen, and has no fibrinogenolytic activity (12). In contrast
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