Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK

OPUMHATTBHBIE VICCNELOBAHWA Tom 31, N2 1, 2023 VMeHn akagdemmra V. 1. Nasnosa

YOK 615.273.5.015.4 1.)

DOL: https://doi.org/10.17816/PAVLOVJ108736 n_a

Mopdonoruyeckue, reMmoctasuonormyeckme

U reMocTaTU4ECKUe acneKTbl CUCTEMHOro NpMMeHeHus
3K30reHHoro ¢ubpuH-MoHOMepa B Moaenu

C NOCTTPaBMaTUYeCKMM KPOBOTEYEHUEM

Ha ¢oHe npuema BapdpapuHa

B. M. Boosun'™, W. U. LLlaxmatos', W. . bobpos', [1. A. Opexos?, B. B. Tepsaes',
B. E. Yepnycs', A. M. Momot' 3

! ANiTaiiCKnin rocyapCTBeHHbIN MedULMHCKNIA YHuBepcuTeT, bapHayn, Poccuitckas Qenepaums;
Z AnTaicKuin KpaeBom Kapamonormyeckuii aucnatxcep, bapHayn, Poccuiickas Oenepaums;
3 Anaickuit dunman HaumoHanbHoOro MeaMLMHCKOTO UCCTIE[0BaTeNbCKOrO LieHTpa remMartonoruu, bapHayn, Poccuiickan Oegepauus

AHHOTALMA

BgedeHue. PaHee Hamu bbina yCTaHOB/EHA CMOCOBHOCTb 3K30reHHo BBeAeHHOro dubpuH-MoHoMepa (DM) B HM3Koi Jo3e
3HaunTeNbHO OrpaHNYMBaThL NOCTTPaBMAaTMYECKYIO KPOBOMOTEPIO Ha IKCMEPUMEHTaNBHOM MofeNN Baphap1HOBOW Koarynonatmm
«in vivox. Mpwn 3ToM Mopdonornyeckme 0cobeHHOCTM NpupaHeBoro GprbprHOobpa3oBaHmMA He bl PacCMOTPEHbI.

Llens. CpaBHWTb Mopdonornyeckue, reMocTasvonormyeckme M reMoctaTyeckne AaHHble Mo UTOraM CUCTEMHOO
npUMeHeHWA 3Kk3oreHHoro OM anA uHTepnpetaummn ero 3$¢HeKTOB B MOOENM C MOCTTPaBMAaTUYECKUM KPOBOTEYEHWEM
Ha poHe npuema BapdapuHa.

Mamepuanel u Memodbl. B pabote ncnonb3oBanuch KponuKM-camupl nopofs! LnHwmnna. NMposegeH cpaBHUTENbHbI
aHanM3 remocTasnonormyeckux 3PGeKToB M MoppoNOrMYecKorM KapTWHbI MPUPaAHEBOWM MOBEPXHOCTU MeYeHW nocie
[031pOBaHHOM TPaBMbl NPW NpefBapuTeNbHOM cucTeMHoM BBeaeHUn OM (0,25 Mr/Kr BHYTPMBEHHO) MM KOHLEHTpaTa
daxTopoB npotpoM6rHoBOro KoMnnekca (40 ME/Kr BHyTprBEHHO) Ha doHe npureMa uBoTHbIMK BapdapuHa (0,4-0,5 Mr/kr/cyt
per 0S B Te4eHue 2-x Heaenb).

Pe3ynemamei. BeepeHve nssHe OMy BapdaprHM3MPOBaHHBIX *KUBOTHBIX B YCIIOBUAX [03MPOBaHHOM IKCTIEPUMEHTANTBHOM
TpaBMbl MeYeHW CMnocobCTBOBanO remocTaTuyeckoMy 3ddeKTy, CpaBHAMOMY C [OEMCTBMEM KOHLEHTpaTa (aKTopoB
npoTpoMbMHOBOro KoMmnnekca. 06a reMocTaTMyeckmx npenapata NpUMBOLMIM K MHTEHCMBHOMY GUOpPMHO006pa3oBaHMio,
CnocobCTBYIOLLEMY YMEHBLLEHMIO MOCTTPaBMaTMYeCKoM KposonoTepu. B cnyyae npumeHenns OM oTMeyanock noKanu3oBaHHoe
B paHeBOW NOBEPXHOCTM yBENUYEHWE TOMLLMHBI TPOMOOTUYECKMX OTNIOMEHNIA U PUOPMHOBBIX HATEN B CPaBHEHMM C NnaLebo
B 4,0 pasa u B 1,6 pasa cootBeTcTBeHHO (p < 0,000001). B 370T NpoLecc akTMBHO BOBAEKaNUCb TPOMBOLMTLI, YTO NPUBOAMIO0
K CHUMEHMIO UX KONMYeCcTBa B NpocBeTe npupaHeBbix cocynoB B 1,7 pasa (p < 0,0002). He 6bino BbiABNeHO Kakoro-nm6o
pencteua co cropoHbl ®M Ha cucTeMHble reMocTaTU4ecKue peakuMy B BEHO3HOM KPOBM B OT/AIMUME OT KOHLEHTparta
$aKTopoB NPOTPOMOMHOBOrO KOMMMEKCa.

3aknioyeHue. BeepeHHbIn n3BHe OM cnocobeH OKasblBaTb JIOKaNbHOE reMoCTaTU4YecKoe LEenCTBUE B YCIOBMAX
A03VPOBaHHOM IKCMEPUMEHTATIbHOM TPaBMbl M KOarynonaTuu, Bbl3BaHHOM MpyveMoM BappapuHa. 'eMocTaTuyeckoe fencTame
6bIn0 0nocpefoBaHO MHTEHCMBHBIM TPOMB006Pa30BaHMEM Ha paHEeBOW MOBEPXHOCTU MEYEHM C aKTUBHBLIM BOBNEYEHWEM
TpoMbouuToB B npouecc. 0cobeHHOCTU NpoAeMOHCTPMpoBaHHbIX 3ddexrToB OM MoryT bbiTh onocpefoBaHHBIMU Yepe3s MoKa
ele He yCTaHOBMEHHble MexaHu3Mbl fencteua OM, uto onpepenseT HeobxoAMMOCTb B MPOAOSKEHWUM MCCNeA0BaHWI
B AaHHOM HanpaBieHnH.
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ABSTRACT

INTRODUCTION: Earlier, an ability of exogenous fibrin monomer (FM) introduced at low doses to considerably limit
posttraumatic blood loss was established by us on an experimental model of warfarin coagulopathy in vivo. However, the
morphologic peculiarities of fibrin formation in the wound area were not considered.

AIM: To compare morphologic, hemostasiologic and hemostatic data based on the results of systemic application of
exogenous FM to interpret their effects in the model of posttraumatic bleeding with the underlying intake of warfarin.

MATERIALS AND METHODS: In the work, Chinchilla male rabbits were used. A comparative analysis of hemostasio-
logic effects and of morphologic picture of the surface of the liver in the wound area was conducted after a dosed trauma,
with a preliminary systemic introduction of FM (0.25 mg/kg intravenously) or a concentrate of prothrombin complex factors
(40 1U/kg intravenously) with the underlying intake of warfarin by animals (0.4-0.5 mg/kg/day per os for 2 weeks).

RESULTS: Introduction of FM in warfarinised animals in the conditions of a dosed experimental liver injury promoted
a hemostatic effect comparable with that of a concentrate of prothrombin complex factors. Both hemostatic drugs led to
intense fibrin formation that reduced posttraumatic blood loss. The use of FM was associated with increase in the thickness
of thrombotic deposits and fibrin fibers in the wound surface in comparison with placebo by 4.0 and 1.6 times, respectively
(p < 0.000001). This process actively involved platelets, which led to 1.7 times reduction of their quantity in the lumen of the
blood vessels in the wound vicinity (p < 0.0002). No effect of FM on systemic hemostatic reactions in venous blood was found,
in contrast to concentrate of prothrombin complex factors.

CONCLUSION: Exogenous FM can produce a local hemostatic effect in the conditions of dosed experimental trauma and
coagulopathy induced by warfarin intake. The hemostatic effect was mediated by intense thrombosis on the wound surface
with the active recruitment of platelets in the process. The peculiarities of the demonstrated effects of FM may be mediated
though the mechanisms of its action that have not yet been identified, which necessitates continuation of the research in this
direction.

Keywords: fibrin monomer; warfarin; concentrate of prothrombin complex factors; hepatic injury; bleeding arrest; fibrin
formation
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LIST OF ABBREVIATIONS

A10 — clot amplitude in 10 min

CFT — clot formation time

CPCF — concentrate of prothrombin complex factors
CT — coagulation time

ETP — endogenous thrombin potential

F — fibrin

FM — fibrin monomer

INR — international normalized ratio

i/lv — intravenously

INTRODUCTION

Researchers in all countries of the world are
studying hemostasis as an integral, multicomponent
and self-regulated system. The works published in
recent years show that the regulatory mechanisms
of this system have not yet been fully discovered.
This is evidenced by the statements of the modern
theory of cellular model of hemocoagulation [1-3],
as well as by new ideas about the peculiarities
of spatial thrombinogenesis and fibrinogenesis in
in vitro conditions [4]. These circumstances create
prerequisites for continuation of investigation of the
mechanisms of hemostatic reactions in vivo, which may
be helpful in further development of new effective and
safe hemostatic drugs.

For many years, in the classic cascade scheme of
fibrin formation by A. A. Schmidt and P. 0. Morawitz,
a molecule of fibrin monomer (FM) as a product of
proteolytic action of thrombin on fibrinogen, was
considered only as a substrate for formation of polymer
fibrin fibers [5, 6]. Analyzing the data of modern studies
and classic ideas about the mechanisms of hemostatic
reactions, we put forward a hypothesis that suggested
the existence of a regulatory effect of FM on the
processes of intravascular thrombosis. This assumption
was rather convincingly confirmed on models in several
in vivo experiments performed by our research team.
Thus, it was established that intravenous administration
of this drug at a dose of 0.25 mg/kg, without affecting
hemostasiologic parameters, leads to minimization
of posttraumatic blood loss (in dosed liver injury) in
different models of hypocoagulation with the intake of
antithrombotic drugs such as heparin [7], dabigatran
etexilate [8], or in suppression of platelet function [9].
To note, the used dose of exogenous FM after dilution
in the systemic bloodstream, becomes comparable
with its physiological content in blood plasma in
healthy individuals and does not exceed 7.8 pug/ml [10].
Therefore, we are not inclined to assign the hemostatic
effects of FM at this dose to non-localized increase in
systemic hemostatic activity.
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MCF — maximum clot firmness
m.f. — microscopic field

MSB — martius scarlet blue
n.r. — not recorded

Plt — platelets

TBV — total blood volume
ttPeak — time to peak

Viromsin— thrombin generation velocity index

Nevertheless, investigation of the morphologic
picture of the wound surface after administration of
FM to animals receiving heparin or antiplatelet agents,
showed enhanced fibrin formation that predetermines
reduction of blood loss [7, 9].

The hemostatic properties of FM in warfarin-
induced coagulopathy were analyzed by us earlier. The
data obtained showed that in terms of the intensity
of blood loss reduction, FM is not inferior to the
comparison drug — concentrate of prothrombin complex
factors (CPCF). However, morphologic aspects of fibrin
formation in the wound area were not presented on
this model.

The aim of this study to compare morphologic,
hemostasiologic and hemostatic data of systemic
application of exogenous fibrin with underlying intake
of warfarin.

MATERIALS AND METHODS

On the base of Altai State Medical University, a
study has been conducted on male Chinchilla rabbits
(n = 64) of 3.0-4.5 kg mass. The work was approved
by the Local Ethics Committee of Altai State Medical
University (Protocol No. 12 of 2015, November 12).
The experiments on animals were conducted according
to the requirements of 2010/63/EC Directive of the
European Parliament and of the Council of the European
Union on the protection of animals used for scientific
purposes (of 2010, September 22), the European
Convention for the protection of vertebrate animals
used for experiments or for other scientific purposes
(of 1986, March 18), as well as Declaration of Helsinki
and Rules for performing works using experimental
animals.

Using the block randomization method, 4 groups of
animals were formed.

Group 1 (n = 21): the animals were injected 0.5 ml
of placebo solution into the marginal vein of the ear (urea
solution (3.75 M) at a concentration comparable with that
in FM drug)). After one hour, midline laparotomy was
performed under general anesthesia, and a standard
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liver injury was inflicted by the established method to
evaluate the volume and rate of blood loss, as well
as fibrin formation in the wound [12]. For anesthesia,
animals were injected Telazol® at a dose of 10 mg/kg
(Zoetis, Russia).

Group 2 (n = 13), group 3 (n = 14) and group 4
(n = 16): animals were previously introduced aqueous
solution of warfarin per os at a dose of 0.4-0.5 mg/kg
(Nycomed, Denmark). The animals in which the value
of international normalized ratio (INR) reached > 2.0,
were used in the experiment. Further, these animals
were intravenously injected placebo solution in the
amount of 0.5 ml, CPCF solution (Prothrombin 600®,
Baxter, Austria) at a dose of 40 IU/kg or FM solution
(Tekhnologia-Standart, Russia; RF Patent No. 2522237
of 2014, July 10) at a dose of 0.25 mg/kg. In 60 minutes
after i/v introduction of placebo or systemic hemostatic
agent, a standard liver injury was performed [12] under
general anesthesia with Telazol® (Zoetis, Russia).

The system of hemostasis was evaluated in
venous blood obtained from the marginal vein of the ear
in phlebotomy. Blood was taken before i/v introduction
of the preparations (hemostatic agent or placebo), and
also immediately before anesthesia prior to modeling
of wound bleeding. To count the number of platelets,
the venous blood taken in this way, was stabilized
by placement into test tubes with potassium salts of
ethylene diamine tetracidic acid (AQUISEL® K3E/EDTA 3K,
Aquisel S. L., Spain). In the obtained samples, platelets
were counted using Drew-3 automatic hematology
analyzer (Drew Scientific Inc., Great Britain-USA). Other
parameters of hemostasis were studied with 0.11 M
(3.8%) sodium citrate solution (9:1 ratio) used as blood
stabilizer. From these samples, platelet-poor plasma
was obtained by standard methods, in which INR and
platelet concentration were determined by Klaus method
on Thrombostat 2 semi-automatic coagulometer (Behnk
Electronik, Germany) with an appropriate reagent kit
(Tekhnologia-Standart, Russia). Besides, D-dimer
level was evaluated on an analyzer-reflectometer
using NycoCard® D-Dimer test system (Axis-Shield
PoC AS, Norway). Stabilized whole citrated blood was
also used for thromboelastometry on ROTEM® Gamma
thromboelastometer (Pentapharm GmbH, Germany) in
Natem mode with Startem reagent.

Standard parameters of thromboelastogram were
evaluated:

- coagulation time (CT);

- clot formation time (CFT);

- clot amplitude (a angle);

- maximum clot firmness (MCF);

- clot amplitude in 10 minutes (A10).

In platelet-poor blood plasma, thrombin generation
was evaluated by method of calibrated automated
thrombography according to H. C. Hemker (2003).
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The study was conducted on Fluoroskan Ascent
plate fluorimeter with Thrombinoscope® 3.0.0.26
software (ThermoFisher SCIENTIFIC, Finland) with
Thrombinoscope® reagents (PPP-Reagent, Thrombin
Calibrator, FluCa-Kit; the Netherlands).

The following parameters were evaluated:

- time of initiation of thrombin formation (lagtime);

- endogenous thrombin potential (ETP);

- peak thrombin concentration;

- time to peak thrombin concentration (time to peak,
ttPeak);

- thrombin formation velocity (Vi ompin) [13]-

For histologic examination, the liver tissue was
taken from the animals including a part of wound and
a fragment of intact surface with subsequent fixation
in 10% neutral formalin solution by Lilly method.
The biomaterial was obtained immediately after
spontaneous stoppage of bleeding. In cases of animal
death with continuing bleeding, the biomaterial was
taken immediately after stoppage of cardiopulmonary
activity. The tissue was processed with isopropyl
alcohol in carousel automat (TISSUE-TEK VI PTMé
model, Sakkura, Japan) and was embedded in paraffin
on mod. TISSUE-TEK TEC 5 station (Sakkura, Japan).

Histologic sections of 4-5 pm thickness were
obtained on semi-automatic rotor microtome (mod.
Accu-Cut SRM, Sakkura, Japan) with subsequent staining
with hematoxylin and eosin in a device for automated
staining of micropreparations (mod. TISSUE-TEK Prisma,
Sakkura, Japan). Further, they were transferred under
the film in the device for automatic processing of
micropreparations (mod. TISSUE-TEK Film, Sakkura,
Japan). The microscopic structure of fibrin deposits in
the micropreparations was studied after preliminary
staining of sections by MSB method according to D. D.
Zerbino and L. L. Lukasevich [14]. The fibrin age was
identified using reagents (BVS, Russia).

Platelets were counted in large vessels of
venous or arterial type in stained micropreparations
in five microscopic fields in immersion microscope
(magnification x 1000). After that, the mean number
of these cells was calculated. Microphotographs were
obtained in Leica DM 750 E200 microscope with Leica
EC3 digital videocamera (Leica Microsystems CMS
GmbH, Germany). The obtained images were analyzed
using Image Tool. 3.0 software.

The animals were subjected to euthanasia after
stoppage of bleeding from the wound by introduction
of an anesthetic at a lethal dose (3—-4 times exceeding
the therapeutic one) or at the moment of arrest of
cardiopulmonary activity irrespective of the continuation
of bleeding.

Statistical analysis of the results was performed
on the basis of MedCalc Version 17.9.7 software
(license number: BU556-P12YT-BBS55-YAH5M-UBES1).
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The significance of differences between the parameters
was evaluated using Mann-Whitney test or Wilcoxon
W-test. The differences were considered statistically
significant at p < 0.05. Distribution of values is
presented as median (Me) with indication of 25th and
75th percentiles (Q25-Q75).

RESULTS

In a previously published paper, we demonstrated
structural alterations in histological micropreparations
of hepatic tissue in the trauma area in intact animals
with introduction of different doses of exogenous FM
[15]. In this article we partially reproduced these data as
a starting point for analysis of the morphologic picture
in animals receiving anticoagulant therapy including
hemostatic agents of systemic effect.

Tom 31,N¢ 1, 2023

Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK
MMeHV akaneminka . 1. [1asnosa

Morphologic Data

In the placebo group 1, thrombotic deposits in the
form of thin, smooth shiny pinkish masses about 66 pm
thickness (Figure 1A) were detected in the area of the
surgical wound (Table 1). These formations consisted
mainly of fibrin in the form of thin, rarely anastomosing
fibers (Figure 1B). Fibrin fibers were mainly oriented
along the wound surface. Among them, unchanged
erythrocytes were found. According to the criteria
stated by D. D. Zerbina and L. L. Lukasevich in their
work [14], thrombotic masses on the wound surface in
animals of group 1, as well as in other groups 2—-4 may
be referred to mixed type thrombi (fibrin-erythrocyte). It
should also be noted that there were about 73 platelets
in the microscopic field in the lumen of large vessels
near the wound (Figure 1C).

Fig. 1. Morphologic changes in the liver wound area after spontaneous stoppage of bleeding on an example of a rabbit from the
placebo group: A — thrombotic masses, hematoxylin and eosin stain, x 100 magnification; B — fibrin fibers (arrows) in thrombotic
masses, MSB stain for fibrin, x 400 magnification; C — lumen of large vessels in the wound area containing platelets (arrows),

hematoxylin and eosin stain, x 1000 magnification.
Notes: MSB — martius scarlet blue, F — fibrin, Plt —platelets.

In warfarin-treated animals after introduction of
placebo (group 2), pink, smooth thrombotic deposits
of small thickness (Me = 25 pym) were determined
on the wound surface (Figure 2A, Table 1) that were
2.6 times less expressed in comparison with group
1. They consisted of relatively thin, pink fibrin fibers
(Figure 2B) oriented mainly along the wound surface.

DOl https://doi.org/10.17816/PAVLOVJ108736

Anastomoses between them were scarce, like in group
1. Fibrin fibers were 3.1 times thicker in comparison
with group 1. Besides, there were inclusions of small
numbers of unchanged erythrocytes in thrombotic
masses. With this, the number of platelets in the lumen
of large vessels in the wound area (Figure 2C) did not
differ from group 1.
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Group 1 Group 2 Group 3 Group 4
Parameters (after introduction (after introduction (after introduction (after introduction
of placebo) of warfarin and placebo) | of warfarin and CPCF) of warfarin and FM)
n 21 13 14 16
66.2 [62.7-83.5] 25.8 [24.1-34.3] 79.3[72.8-84.9] 102.0 [81.8-115.1]
p;., <0.000007; ;.5 = 0.040; p;., = 0.002;
Ax26 Ax12 Ax15;
Thickness of thrombotic p,.5 < 0.000007; p,., < 0.000007;
masses, im Ax31 A x4.0;
ps, = 0012
Ax13
0.83 [0.72-0.93] 2.59 [1.96-2.90] 5.57 [3.91-6.99] 4.03 [3.56—4.61]
p;., = 0.005; Py =0.005; p;., = 0.005;
Ax31 Ax6.7; Ax4.9;
Thickness of fibrin fibers, um p,.; =0.00007; p,., =0.00007;
Ax22 Ax 16
P, =0.151
73.5[61.0-90.8] 81.0 [62.0-96.0] 56.5 [47.8-69.5] 485 [41.3-57.5]
p;., = 0836 p;5 = 0.026; p;., = 0.002;
Ax13; Ax1.5;
Number of platelet, pc./mf. p,.,=0.005; p,., = 0.0002:
Ax 14 Ax17;
ps.,=0.199

Notes: CPCF — concentrate of prothrombin complex factors, m.f. — microscopic field, FM — fibrin monomer, A — difference in compared

parameters

In case of using CPCF instead of placebo (group 3),
the thickness of thrombotic deposits was 1.2 times that
(Figure 3A) in group 1 and 3.1 that in group 2 (Table 1) and
made about 79 pm. Thrombotic masses were of brownish
shade and had a knobby surface. They contained a large
number of predominantly lysed erythrocytes and ‘thick’
strands of fibrin (shown by arrows in Figure 3B). There
structures, as a rule, ran parallel to the wound surface
of the liver, contained thickenings along the route and
anastomosed with each other. To note, the thickness of
fibrin fibers in group 3 was maximal and was 6.6 and 2.2
times the thickness in group 1 and 2, respectively. Along
with increase in thickness of thrombotic masses and of
fibrin fibers in the lumen of large vessels, a decrease in
the number of platelets was noted (shown by arrows in
Figure 3C) 1.3 times in comparison with group 1 and 1.4
times in comparison with group 2.

In the experimental group of animals that received
FM as a hemostatic agent (group 4), the wound surface
was covered with thick (about 102 microns) brownish
thrombotic masses with an uneven (knobby) surface
(Table 1). Thrombotic deposits in this group 4.0 times
exceeded the thickness of deposits in group 2 and
1.3 three times — in group 3. Thrombotic masses

DAl: https://doi.org/10.17816/PAVLOVI108736

contained a large number of lysed and unchanged
erythrocytes, as well as thickened fibrin fibers that ran
in different directions forming numerous anastomoses
(Figure 4B). The thickness of fibrin fibers in this group
exceeded this parameter in groups 1 and 2, by 4.9
and 1.6 times, respectively. The preparations of this
group of animals had the smallest number of platelets
in large vessels in the wound area of all comparison
groups (Figure 4B) that amounted to about 48 cells in
the microscopic field (m.f.).

Peculiarities of Changes in System of Hemostasis
in Experimental Coagulopathy

As it was shown by us earlier [11], the volume
of blood loss (% of the total blood volume, TBV) in
warfarin-treated animals after introduction of FM and
CPCF was 9.1 and 6.7 times less as compared to the
warfarin plus placebo group. Similar changes were seen
in the rate of blood loss (in mg/s). This parameter was
3.7 times below the control values in FM group, and
5 times below the control in CPCF group.

Differences in the morphologic structure of the
wound surface of the liver in animals of the experimental
groups to a certain extent correlated with the volume
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Fig. 2. Morphologic changes in the liver wound area after spontaneous stoppage of bleeding on an example of a rabbit from
warfarin plus placebo group: A — thrombotic masses, hematoxylin and eosin stain, x 100 magnification; B — fibrin fibers (arrows)
in thrombotic masses, MSB stain for fibrin, x 400 magnification; C — lumen of large vessels in the wound area containing platelets
(arrows), hematoxylin and eosin stain, x 1000 magnification.

Notes: MSB — martius scarlet blue, F — fibrin, Plt — platelets.

Fig. 3. Morphologic changes in the liver wound area after spontaneous stoppage of bleeding on an example of a rabbit from
warfarin plus CPCF group: A — thrombotic masses, hematoxylin and eosin stain, x 100 magnification; B — fibrin fibers (arrows)
in thrombotic masses, MSB stain for fibrin, x 400 magnification; C — lumen of large vessels in the wound area containing platelets
(arrows), hematoxylin and eosin stain, x 1000 magnification.

Notes: MSB — martius scarlet blue, F — fibrin, Plt — platelets.
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Fig. 4. Morphologic changes in the liver wound area after spontaneous stoppage of bleeding on an example of a rabbit from warfarin
plus FM group: A — thrombotic masses, hematoxylin and eosin stain, x 100 magnification; B — fibrin fibers (arrows) in thrombotic
masses, MSB stain for fibrin, x 400 magnification; C — lumen of large vessels in the wound area containing platelets (arrows),

hematoxylin and eosin stain, x 1000 magnification.
Notes: MSB — martius scarlet blue, F — fibrin, Plt — platelets.

and rate of blood loss, as well as with hemostasiologic
changes in whole venous blood and platelet-poor plasma,
which is demonstrated in Table 2. It is quite obvious that
the use of warfarin in groups 2—4 before the experiment
was associated with the development of warfarin-related
coagulopathy in the form of hypocoagulation evidenced
by INR (2.0-2.5 times increase), coagulation time (CT)
in thromboelastometry (2.4-3.5 times prolongation),
with the impossibility to record other parameters of the
method in most blood samples (in 54%-61% of cases).
Along with this, there was an expected decrease in the
intensity of thrombin generation in blood plasma shown
by Lagtime, ETP, Peak thrombin, ttPeak and Vthrombin.

Introduction of CPCF in warfarinised animals of
group No.3 as an antidote to warfarin led to correction of
the coagulation shift with reversal of INR to the normal
level (group No.1) and with overcompensated increase in
density characteristics of the clot in thromboelastometry
(Table 2). In particular, there was 1.2 times increase in
MCF and 1.5 increase in A10 compared to the parameters
obtained in group No.l1. It is important to note the
excessive enhancement of thrombin generation indicated
by the leading parameters of this test.

The use of exogenous FM in animals of group 4
was not accompanied by any systemic correction of

DAl: https://doi.org/10.17816/PAVLOVI108736

hypocoagulation induced by anticoagulant therapy (in
venous blood). This was confirmed by 2.2 times increase
in INR values (in median) of the respective parameter
determined in the animals of group 1 (Table 2) and was
associated with prolongation of chronometric parameters
of blood coagulation (CT and CFT) together with the
reduction of density characteristics of the clot (a angle,
MCF and A10) and low intensity of thrombin generation.

DISCUSSION

The described results of the study on the model
of warfarin-induced coagulopathy demonstrated fatal
posttraumatic blood loss (in % of calculated TBV) and
death of 75% in warfarinised animals [11]. As it is
known, administration of warfarin per os results in
inhibition of enzymes required for the synthesis of
vitamin K-dependent blood coagulation factors (Il, VI, IX,
X) in hepatocytes thus leading to hypocoagulation. This
reduction of blood coagulation was proved with taking
into account the data of INR (in prothrombin test), of
thromboelastometry and calibrated thrombography test.
Here, use of FM together with the known hemostatic
drug — CPCF — was accompanied by significant
reduction of parameters of posttraumatic blood loss.
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In the present study, the wound surface in
warfarinised animals was morphologically presented
as insignificant thrombotic deposits with relatively thin
fibrin fibers and corresponded to the expected increase
in blood loss and death of animals due to insufficient
effectiveness of plasma mechanisms of the system
of hemostasis. It should be noted that the thickness
of fibrin fibers 3.1 times exceeded that in the group
of intact animals (control). Also noteworthy are the
results of an earlier study in which the thickness of
fibrin fibers was inversely related to the intensity of
thrombin generation [16, 17]. In particular, Collet J. P.,
et al. and Wolberg A. S. demonstrated in vitro that the
enzymatic transformation of fibrinogen in the presence
of low concentrations of thrombin occurs with the
formation of ‘thick’ fibrin fibers with increased porosity
of the resulting gel, whereas increased concentration of
thrombin leads to the formation of ‘thin’ and short fibrin
fibers characterized by relative resistance to fibrinolysis.

The traditional preparation for inactivation of
warfarin (CPCF) demonstrated 6.7 times reduction of
the volume of blood loss (in % of TBV) with reversal
of INR (in prothrombin test) in comparison with use
of placebo [11]. The above presented observations
correlated with the morphologic picture of the wound
surface in the form of increased volume of thrombotic
masses (in comparison with the placebo group), the
presence of thicker and frequently anastomosing fibrin
fibers in their structure. In the thrombotic masses there
was a high number of lysed erythrocytes which, as it
is known, can on the one hand promote aggregation of
platelets and form joint aggregates [18, 19], and, on
the other hand, serve as donors of phosphatidyl serine
providing a procoagulant surface for thrombin activation
[20]. The presented combination of hemostasiologic,
and, as a result, morphologic changes after use of
CPCF promoted minimization of posttraumatic blood
loss. Another histologic peculiarity was reduction of the
number of platelets in large vessels near the wound
surface (1.3 times in comparison with group 1 and
2.4 times — with group 2). Probably, platelets, being
important participants of hemocoagulation, were more
actively involved in thrombosis in the presence of CPCF.

The absence of the relationship between
hemostasiologic changes in venous blood (systemic
circulation) with the underlying use of exogenous FM
(0.25 mg/kg), and morphologic changes in the wound
was demonstrated. Thus, replacing of CPCF with FM
was not accompanied by signs of compensation of
warfarin-induced coagulopathy (according to INR,
thromboelastometry and calibrated thrombography).

Tom 31, N2 1, 2023
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Nevertheless, the use of the given fibrinogen derivative
led to a sharp reduction of blood loss (9.1 times in %
of TBV as compared with placebo) [11]. In histologic
evaluation, the use of FM was associated with formation
of comparatively more massive thrombotic deposits in
the wound area. Here, we also observed the most active
involvement of both lysed erythrocytes and platelets in
the process of local thrombosis, and the latter were
more actively involved in the observed process.

CONCLUSION

The conducted study showed that the externally
introduced fibrin monomer can produce a local hemostatic
effect in the conditions of dosed experimental trauma
and coagulopathy induced by taking warfarin. Hemostatic
effect was mediated by intense thrombosis on the wound
surface of the liver with active involvement of platelets
in the process. With this, no effect of fibrin monomer
on systemic hemostatic reactions in venous blood was
found. In pour opinion, the demonstrated effects of fibrin
monomer may be mediated by mechanisms of action
of this fibrinogen derivative not yet clarified, which
necessitates continuation of research in this direction.
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