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ABSTRACT

Background. In our previously published studies, we demonstrated a high he-
mostatic activity of a low dose of exogenous fibrin monomer during its systemic
administration in a model of dosed liver injury with preliminary inhibition of platelet
aggregation. However, the analysis of platelet involvement in the mechanisms of lo-
cal fibrin formation has not been analyzed.

The aim of the study. To conduct a comparative analysis of the cellular composi-
tion of venous and wound blood, as well as blood in the wound vessels to assess
the contribution of platelets to the hemostatic effect of exogenously administered
fibrin monomers in dosed liver injury under conditions of pharmacologically deter-
mined thrombocytopathy.

Methods. In a model of dosed liver injury in rabbits after inhibition of platelet
aggregation by acetylsalicylic acid in combination with clopidogrel, the effect
of the administration of fibrin monomer was evaluated in comparison with the use
of tranexamic acid. We studied the number of platelets in venous and wound blood
smears, as well as in the contents of wound vessels.

Results. It has been established that with the systemic administration of exogenous
fibrin monomer, the number of platelets in wound blood smears decreases by 17.2 %
in comparison with free circulating venous blood. Platelets in wound blood form
aggregates and are in an activated state. In the wound vessels, the number of these
cells was maximum (150 per lower field) compared with the number of platelets
in the placebo and tranexamic acid groups (55 and 84 per lower field, respectively).
Also in the wound blood, erythrocytes with altered forms (echinocytes, schistocytes,
stomatocytes and ovalocytes) were found.

Conclusion. Systemic administration of exogenous fibrin monomer affects the re-
distribution of platelets between the systemic circulation, wound vessels and wound
blood, determining its hemostatic effect and local wound fibrin formation in dosed
liver injury. The presence of receptor-mediated platelets recruitment due to fibrin
monomer in the wound vessels with the participation of damaged erythrocytes
is assumed.
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PE3IOME

O6ocHoeaHue. BonybuKo8aHHbIX HAMU paHee UcC/1e008aHUSX 6blsIa NPOOEMOH-
CMPUPOBAHA BbICOKAA 2eMOCMAMUYECKAs AKMUBHOCMb HU3KOU 003bl 9K302eHH020
pubpuH-moHomepa (DM) npu e2o cucmemHoM 88e0eHUU HAa MOOesIU 003UPOBAHHOU
mpasmel nedeHU npu nped8apumesbHOM y2HemeHuUU azpe2ayuoHHOU yHKyuU
mpomb6oyumos. OOHAKo aHanu3 yyacmus mpomboyumos 8 MexaHu3Max 10Kasb-
HO20 (hubpUHO06PA308AHUS HE AHAIU3UPOBAJICH.

Ljens uccnedosanus. pogecmu cpasHumesnbHoIl dHAIU3 KIeMOYHO20 cCOCmasa
8€HO3HOU U paHesoU KpoBU, d MAakxe Kposu 8 NpUPAHe8bIx COCydax 071 OYeHKU
8K/1a0a MpoMboyumMo8 8 obecneyeHue 2eMoCmamuyeckozo 3hgheKma 3K302eHHO
88e0éHH020 OM npu 0o3uposaHHoOU mpasme nevyeHuU 8 yca08usaxX papmMarkosou-
yecku o0byc081eHHOU mpomboyumonamuu.

MemoOdbl. Ha modenu 003upo8aHHOU mpasmel nevyeHu y KpoJIUKO8 nNocJie yeHe-
meHusA azpe2ayuoHHoU hyHKYUU mpomboyumos auemusicanuyusiosol Kuciomou
8 coO4emaHuu ¢ KJ1onuodoepesiomM oyeHU8aAsU 8usHuUe sgedeHus OM 8 cpasHeHuU
C npumeHeHuem mpaHexkcamogol kuciomel (TK). M3yyanu konuyecmso mpombo-
Yumos 8 Maskax 8eHO3HOU U paHegoU KpOBU, a MAkKe 8 COOEPXKUMOM NPUPAHEBbIX
cocyooes.

Pe3synomamel. YcmaHogsieHo, Ymo npu cucmemHOM 88e0eHUU 3K302eHH020 OM
KoJ1u4ecmao mpom6oyumos 8 MAasKax, NoJ1y4YeHHbIX U3 paHesoU KpOo8U, CHUXaemcs
Ha 17,2 % 8 cpasHeHUU cO cB0O0OHO YupKyupytoueli seHo3HOU Kposbio. Tpombo-
yumel 8 paHesoU Kposu 06pasyom azpe2amsl U Haxo0Amcs 8 akmugupo8aHHOM
cocmosHuUU. Bnpuparessix cocyoax Konuuyecmao Smux K1emok 6bl/10 MaKCuMaslb-
HbiM (150 8 nosie 3peHuUs) No CpABHEHUIO C YUCIOM 3IMUX KJIEMOK 8 2pynnax niaye6o
u cnpumeHeHuem TK (55 u 84 8 none 3peHuUs coomeemcmeeHHo). Takxe 8 paHesol
Kpo8U 8CMpedanucb 3pumpoyumel ¢ USMEHEHHbIMU hOpMaMu — SXUHOUUM b,
wu30yumel, CMomMamoyumel U 084104UMeI.

3akmoyeHue. CucmemHoe 8sedeHue 3k302eHH020 OM 8/1usem Ha nepepacnpede-
JieHue mpom6oyumos Mexoy CUCMeMHbIM KPOBOMOKOM, NPUPAHe8bIMU COCy0amu
U paHesoli Kposblo, onpedesisis e2o 2eMocmamudeckuli 3¢pgekm u J10KabHoe
npupaxesoe pubpuHoobpazosaHue npu 003upo8aHHoOU mpasme nedeHu. [pedno-
Jiazaemcs Haau4yue peyenmopHo-onocpedo8aHHO20 NpussiedeHuUs mpomooyumos
3a cuém OM 8 npupaHessix cocydax ¢ y4acmuem No8Pex0EHHbIX SpUmpoyuMos.

Knioueasole cnoea: (hubpuH-MoHOMep, auemuscanuyuiogas Kuciomd, KJonu-
0o2pesi, MpaHeKCcamosas Kucsomd, mpom6oyumsl, 0CMAHOBKA KpOBOMeYeHus

Ona yntuposaHuna: BoosuH B.M., Cyzonos E.B., laxmatos W./., Bobpos W.M., Ope-
xoB [I.A., NonraToB A.lO., MomoT A.lN. Mopdonorryeckre npeanocbifik IOKanbHOro remo-
cTaTnyeckoro 3¢ ¢peKTa 3K30reHHoro prbpPrH-MOHOMEpPaA NPV ero CUCTEMHOM BBELEHWN
rocsie TpaBMbl NPV NOAABNIEHUN arperaLMoHHON GYHKLMY TPOMOOLIMTOB B SKCNePUMEHTe.
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OBJECTIVES

The concept of the hemostasis system as a multicom-
ponent cascade reaction aimed at the formation of fibrin
strands with the participation of coagulation factors, en-
dothelial cells and formed elements of blood has under-
gone certain changesin recent years. First of all, it concerns
the regulation of this complex process.

Modern approaches to the study of blood coagula-
tion regulation are based on studies of spatial thrombo-
genesis in vitro [1], the "cellular theory" of M. Hoffman
and D.M. Monroe [2-4], within the framework of which new
data obtained by analyzing the effect of one of the fi-
brinogen derivatives, des-AABB-fibrinogen (fibrin mono-
mer (FM)) - on the hemostasis system under physiolog-
ical conditions, as well as with pharmacologically deter-
mined suppression of blood coagulation reactions. Pre-
vious studies carried out in our laboratory have shown
the presence of unique hemostatic and hemostasiologi-
cal effects with systemic administration of FM without ac-
tivation of blood coagulation reactions and pathological
thrombosis [5, 6].

From our point of view, the detected regulatory effects
of FM are realized outside the set of coagulation reactions
leading to the thrombin formation, but preceding fibrin for-
mation. It is indicated by studies conducted under condi-
tions of mediated inhibition of thrombin by unfractionat-
ed heparin [7, 8], as well as with direct suppression by da-
bigatran [9]. In both experimental models, FM demon-
strated the effect of minimizing post-traumatic blood loss.
At the same time, it contributed to local fibrin formation
without correction of hypocoagulation caused by the ad-
ministration of anticoagulants.

Based on the results presented above, our research
group suggested that the mechanisms of the hemo-
static effect of FM are realized with the participation
of blood cells, primarily platelets, despite the pharma-
cological suppression of their functional activity. The lat-
ter is indicated by the results of studies conducted us-
ing dual antiplatelet therapy and correction of post-
traumatic bleeding with tranexamic acid (TA) or FM [10].
In this work, a high local hemostatic activity of FM com-
parable to the effects of TA with a concomitant 16-fold
decrease in the intensity of ADP-induced platelet ag-
gregation compared with control values was demon-
strated. In the same series of experiments, the authors
carried out morphological analysis of tissues in the area
of injury, where high activity of wound fibrin forma-
tion was revealed [11]. In the above materials, no suffi-
cient attention was paid to assessment of the regulari-
ty of platelet redistribution between venous and wound
blood, which seems necessary for a possible decoding
of the mechanisms of the hemostatic effect of FM in vivo.

THE AIM OF THE STUDY

To conduct a comparative analysis of the cellular com-
position of venous and wound blood, as well as blood

in the wound vessels to assess the contribution of platelets
to the hemostatic effect of exogenously administered fibrin
monomers in dosed liver injury under conditions of phar-
macologically determined thrombocytopathy.

METHODS

The study included 48 healthy mature male Chinchilla
rabbits weighing 3.0-4.5 kg. Animal experiments were car-
ried out in accordance with the European Convention
and Directives for the Protection of Vertebrates Animals
used in the experiment 86/609/EEC, as well as the World
Medical Association Declaration of Helsinki and the "Reg-
ulations for Animal Use in Biomedical Research". The work
was approved by the local Ethics Committee of the Altai
State Medical University (Protocol No. 12 dated Novem-
ber 12, 2015).

To suppress platelet aggregation function, a mixture
of acetylsalicylic acid (Thrombo ACC® Lannacher Heil-
mittel GmbH, Austria) at a dose of 2.0 mg/kg and clopi-
dogrel (Plavix®; Sanofi Winthrop Industry, France) at a dose
of 8.0 mg/kg dissolved in water was administered to all ani-
mals per os. As is known, acetylsalicylic acid causes inhibition
of platelet cyclooxygenase-1 and a subsequent decrease
in the production of A, thromboxane. Clopidogrel is a pro-
drug, which is transformed into its active form through
metabolism in the liver and acts as an antagonist of P2U,,
platelet receptors [12].

Next, all the animals were divided into three groups
using the random number method. In 1 hour after taking
these antiplatelet drug, animals were injected intravenous-
ly (IV) into the marginal vein of the ear with aqueous solu-
tions of the following drugs: group No. 1 (n = 13) - place-
bo solution (3.75 M urea solution corresponding to its con-
centration in FM solution) with a volume of 0.5 ml; group
No. 2 (n = 22) — tranexamic acid solution (Tranexam®; Mos-
cow Endocrine Plant, Russia) at a dose of 15 mg/kg; group
No. 3 (n=13) - FM at a dose of 0.25 mg/kg (Technologiya-
Standart LLC, Russia). All animals underwent standard liver
injury under general anesthesia with Telazol (Zoetis, Russia;
10 mg/kg V) in accordance with available recommenda-
tions: groups No. 1 and No. 3 - 1 hour after administration
of placebo and FM, animals of group No.2 - 30 minutes af-
ter administration [13]. As it was shown earlier, FM showed
its maximum effects when administered 1 hour before in-
jury [6]. According to the manufacturer, with a high risk
of bleeding, tranexamic acid is injected into the systemic
circulation 20-30 minutes before the intervention (Instruc-
tions for use, JICP-001709/07).

To determine the morphology of erythrocytes,
the number and aggregation function of platelets in an-
imals, blood was obtained after incision of the margin-
al vein of the ear (by gravity) twice — before administra-
tion of hemostatic drugs or placebo and before liver inju-
ry. To assess the aggregation function of platelets, blood
was placed in plastic tubes containing 0.11 M (3.8 %) so-
dium citrate solution (blood-stabilizer ratio 9:1). The pro-
duction of platelet-rich blood plasma was carried out ac-
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cording to a generally accepted method. Platelet aggre-
gation in it was evaluated using a Chronolog 490-2D ag-
gregometer (CHRONO-LOG Corporation, USA) when us-
ing adenosine diphosphate (ADP) aggregation agonist
at an initial concentration of 10 um.

To count the number of platelets and evaluate the mor-
phology of erythrocytes, smears of blood from the mar-
ginal vein of the ear and blood from the wound sur-
face 3-5 minutes after injury were obtained. The smears
were stained according to Romanovsky-Giemse followed
by oil immersion microscopy on a Nikon Eclipse E-200/F
binocular microscope with a Nikon Digital Sight 1000
camera (Nikon, Japan) at a total optical magnification
of x1000. The number of platelets by Phonio (x 10%/L),
their morphological characteristics (shape, presence
of granules and inclusions), as well as the presence of ag-
gregates of these cells in the smears were assessed. Along
with this, the morphology of erythrocytes (size and shape)
was evaluated.

After spontaneous cessation of post-traumatic bleed-
ing, liver tissue, including its wound part and a fragment
of an intact surface, was taken as part of histological stud-
ies, followed by fixation in a 10 % solution of neutral forma-
lin according to Lilly. Material histologic processing was car-
ried out using isopropyl alcohol using a TISSUE-TEK VI PTM6
carousel-type tissue processor (Sakkura, Japan). Paraffini-
zation was carried out using the TISSUE-TEK TEC 5 embed-
ding console (Sakkura, Japan). Histological sections 4-5 um
were obtained using a semi-automatic rotary microtome Ac-
cu-Cut SRM (Sakkura, Japan), the preparations were stained
with hematoxylin and eosin in a TISSUE-TEK Prisma slide
stainer with film encapsulation in TISSUE-TEK Film ma-
chine (Sakkura, Japan). The count of platelets (the number
in the field of view) was carried out on microslides, includ-
ing large vessels (venous or arterial), in five fields of view
at magnification x 1000, under oil immersion, followed
by calculation of the average number of cells in the fields
of view. Microphotography was performed using Leica DM
750 E200 microscope with Leica EC3 digital video camera
(Leica Microsystems CMS GmbH, Germany). The image anal-
ysis was performed using the "Image Tool 3.0" software.

TABLE 1
INDICATORS OF PLATELET AGGREGATION IN THE EXPERIM

The distribution of features in the samples was eval-
uated according to the Shapiro - Wilk test. Depend-
ing on the distribution of features, the Student’s t-test
and Mann - Whitney U-test or Wilcoxon test were used.
Differences in the mortality rate of animals in the groups
were established using the Fisher’s exact test. The differ-
ences were considered statistically significant at p < 0.05.
The experimental data were processed using the sta-
tistical software MedCalc 17.9.7 (license BU556-P12UT-
BBS55-YAH5M-UBES51). The data obtained are present-
ed in the form of median (Me), 25th and 75th percentiles
(Q): Me [Q ,5+Q /4]

RESULTS

The use of dual antiplatelet therapy in animals led
to an expected decrease in the intensity of ADP-induced
aggregation of venous blood platelets in study groups No.
1, No. 2 and No. 3 by 4.5, 3.0 and 16.6 times, respectively
(Table 1).

At the same time, in the control group (group No. 1),
the number of platelets in the systemic bloodstream af-
ter administration of antiplatelet agents and placebo de-
creased moderately (by 19.8 %) compared with the base-
line value (Table 2).

These cells were usually in an inactive state, their ag-
gregates were absent (Fig. 1a). In rare cases, there were sin-
gle activated platelets (up to 1-3 in the field of view).
The appearance of erythrocytes in the systemic circula-
tion was featureless. The number of platelets in wound
blood was 32.8 % less than in circulating venous blood
before traumatic exposure, and 46.0 % less than the same
indicator before the introduction of antiplatelet agents.
In the wound blood, platelets were visualized in an ac-
tivated, partially aggregated state. The granules
of the blood plates were tightly "condensed" (tightly fit-
ting to each other), which also indicated the activation
of these cells. The number of platelets in the aggregates
varied from 6 to 10 cells (Fig. 1b). During the assess-
ment of the morphology of erythrocytes in wound blood

ENTAL ANIMAL GROUPS, ME [Q25+Q75]

Group No. 1 Group No. 2 Group No. 3
Antiplatelet agents and placebo Antiplatelet agents and TA Antiplatelet agents and FM
Indicators

before after before after before after
administration  administration = administration = administration administration = administration

(1a) (1b) (2a) (2b) (3a) (3b)

. 45 8.0 1.2
QE f(;:gf“ced 20.1 [0.6+7.0] 24.0 [4.9+10.1] 19.9 [1.0:2.0]
aggregation, % |1847459] P1a1p=0.001; [19.0+46.5] P2a-25 < 0-001; [13.3+20.1] P3a-35=0.001;
A, ., =-4.5times A, ,,=-3.0times A, 5, =-16.6 times

Note. pis the level of statistical significance of the differences in the compared indicators; A s the difference in indicators.
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the presence of echinocytes up to 5-8 pieces (in the field
of view), single schizocytes, stomatocytes and ovalocytes
were noted. Histological analysis of the liver parenchyma
revealed that the count of platelets was about 55 cells
in the field of view in the vessels next to the wound sur-
face.

In the group of animals that received a fibrinolysis inhib-
itor along with antiplatelet agents (group No. 2), the num-
ber of platelets in the systemic bloodstream remained sta-
ble both before and after TA (Table 2). Platelets under mi-

TABLE 2

croscopy were predominantly in an inactive state, without
visible aggregation (Fig. 2a). The appearance of erythrocytes
also corresponded to the physiological norm, although
there were single echinocytes in the field of view. In wound
blood, the number of platelets did not significantly differ
from the count of blood plates in circulating venous blood
taken before the injury. During visualization, activated
platelets were noted in the wound blood, and their gran-
ules were densely "condensed". Along with this, platelet
aggregates (2-20 cells) were detected (Fig. 2b). Chang-

INDICATORS OF PLATELET COUNT IN SYSTEMIC BLOOD, INJURY BLOOD AND IN THE VESSELS

NEAR THE WOUND SURFACE, ME [Q25+Q75]

Platelet count in venous blood (smear)

Groups before after
the administration the administration
of drugs, of drugs,
count/FOV (a) count/FOV (b)
485.0
i:\c;iupl)a,:eol'el agents and 605.0 [436.0+540.0]
b e [571.3+648.5] Py, = 0.028;
p A=-19.8%
597.0
i:t);d?a’::{e‘:’ agents and 274 [451.8+708.5]
platelet ag [531.3+648.5] p, . =0754
tranexamic acid 2a-2b
Py o =0.109
530.0
ixiu?a’;fl.ei agents and >14.0 [470.5+546.0]
P 9 [477.8+560.5] Py, 5 = 0756
fibrin monomer 3a-3
Pyy_ap = 0403

Platelet count
in large vessels near
the wound (morphometry

Platelet count
in wound blood (smear),

count/FOV (c) on the section),
count/FOV (d)
327.0
[273.0+419.5] 55.0
Pyp_qc = 0.008; A=-32.6% (50.8+60.0]
Py qc=0.028; A =-46.0 %
602.0
: 84.0
/[:03 '0i8(f;'955] [82.0+89.5]
2b-2¢ " = A= [
0388 P1g-2 = 0:0003; A= +52.7 %
439.0 150.0

[427.0+443.0]
Pap s =0.021;4=-17.2%
=0.028;A=-13.8%

[113.5201.0]
Pigsq=0.001;A=+172.7%

P34 3c Paq.3q = 0.029; A = +78.5 %

Note. pis the level of statistical significance of the differences in the compared indicators; FOV is the field of view; A is the difference in indicators.

a
FIG. 1.

b

Visualization of rabbit blood from group No. 1 (antiplatelets and placebo): a - systemic blood smear after drug administration (non-lysed
red blood cells and platelets: Plt — non-activated platelets; RBC — normal red blood cells); b - injury blood smear (modified cell morphology:
Agr - platelet aggregate; Plt(a) - activated platelets; RBC(e) - lysed red blood cell (echinocyte)). Hereinafter: Romanovsky — Giemsa staining;

light microscopy, magnification x 100
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a
FIG. 2.

b

Visualization of rabbit blood from group No. 2 (antiplatelets and tranexamic acid): a - systemic blood smear after drug administration
(non-lysed red blood cells and platelets: Plt — non-activated platelets; RBC — normal red blood cells); b - injury blood smear (modified cell
morphology: Agr — platelet aggregate; Plt(a) — activated platelets; RBC(e) - lysed red blood cell (echinocyte))

a
FIG. 3.

b

Visualization of rabbit blood from group No. 3 (antiplatelets and FM): a — systemic blood smear after drug administration (non-lysed red
blood cells and platelets: Pt — non-activated platelets; RBC — normal red blood cells); b - injury blood smear (modified cell morphology:

Agr - platelet aggregate; Plt(a) - activated platelets)..

es in the morphology of erythrocytes concerned the for-
mation of a large number of echinocytes (25-30 cells
in the field of view). Morphometry of liver tissue revealed
that in the vessels next to the wound surface, the count
of platelets was about 84 cells in the field of view.

In the group of animals that received exogenous fibrin
monomer along with antiplatelet agents (group No. 3),
the number of platelets in the systemic bloodstream re-
mained unchanged regardless of pharmacological effects
(Table 2). They were mostly in an inactive state, and aggre-
gates of blood plates were not observed (Fig. 3a). The ap-
pearance of erythrocytes in the systemic bloodstream prac-
tically did not differ from the physiological norm, although
10-15 echinocytes per the field of vision were found among
erythrocytes. The number of platelets in the systemic cir-
culation was 17.2 % higher than in wound blood. Activat-
ed and aggregated platelets with densely "condensed"
granules were also found there. The number of platelets
in the aggregates varied from 5 to 9 cells (Fig. 3b). Single
echinocytes, ovalocytes and schistocytes (up to 3 in the field
of view) were found among erythrocytes. During microsco-
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py of histological preparations about 150 platelets were not-
ed inside the wound vessels in the field of view.

DISCUSSION

As a result of the study, we reproduced a model of co-
agulopathy caused by oral administration of two antiplate-
let agents with different mechanisms of action. It was con-
firmed by a decrease in ADP-induced platelet aggregation
in animals in all experimental groups.

After the use of antiplatelet agents, the number of plate-
lets in the systemic venous bloodstream in animals treated
with TA or FM did not change. On the contrary, in the control
group (without the use of systemic hemostatics), the num-
ber of blood plates in the systemic circulation decreased
statistically significantly from the initial level, which corre-
sponds to the data obtained in the work of O.D. Ostroumo-
va et al.[14]. Moreover, platelets of the systemic blood flow
in all groups were in an inactive state, the formation of ag-
gregates in the smears was not noted.



An important aspect necessary for studying the
mechanisms of local hemostasis when using FM, in our
opinion, was the study of the cellular composition of wound
blood and wound vessels. It was determined that in the TA
group, the number of platelets in wound blood remained
unchanged, compared with the number of these cells
in the systemic circulation. On the contrary, in the placebo
and FM groups, wound blood contained fewer blood plates
compared to systemic blood flow. Wound blood platelets
in all the observed groups were in an activated state, with
densely "condensed" granules, and formed aggregates,
which is natural for traumatic effects. As is known, the
process of convergence of granules (condensation) of
platelets leads to a change in the shape of platelets,
flattening of their cytoplasm and signals readiness for
thrombus formation [15]. A relatively higher number of cells
in aggregates were observed in the group with TA.

From our point of view, the number of platelets
in the wound vessels during histological examination
of microslides of the wound surface of the liver may reflect
the degree of involvement of cells from the general cir-
culation to the injury area. The smallest number of blood
plates in these vessels was observed in the control group,
while their maximum value was recorded in the FM group -
2.7 times.

On the other hand, a decrease in the number of plate-
lets in wound blood may be explained by their involvement
in the process of local thrombosis. To explain this phenom-
enon, we can refer to the results of our previous studies
[11]. Thus, in the placebo and antiplatelet agents groups,
we observed a low-intensity formation of thrombotic mass-
es in the area of injury, consisting of fibrin strands and un-
changed erythrocytes. On the contrary, the use of TA
and FM against the background of pharmacologically in-
duced thrombocytopathy led to an increase in the thick-
ness of thrombotic wound deposits (with a maximum value
in the group with FM) and fibrin strands in their composition.

Thus, the use of modern antiplatelet agents was not ac-
companied by the attraction of platelets to the wound sur-
face and their inclusion in the process of local thrombus
formation. A similar conclusion can be drawn for the TA
group. As is known, TA is used for increased bleeding asso-
ciated with thrombocytopathy/thrombocytopenia [16, 17].
It is also known that the hemostatic effect of TA is mediat-
ed by a change in the hemostatic balance towards thrombo-
sis due to a disruption of the plasminogen activation in plas-
min [18]. Consequently, against the background of the use
of TA, the role of platelets in local thrombosis (taking into ac-
count the suppression of their function by antiplatelet agents)
is insignificant. This is also evidenced by their stable content
in wound blood (in comparison with systemic blood flow)
and a moderate increase in their number in the wound vessels.

A new result obtained in the course of this study
is the fact of platelet redistribution in the case of FM appli-
cation. Probably, a decrease in the number of these cells
in wound blood with an increase in their number
in the wound vessels indicates their targeted attraction
to the site of injury when exogenous FM is introduced
into the bloodstream.
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The assumption of the inclusion of platelets in wound
fibrin formation with the introduction of FM is support-
ed by studies that demonstrate the independent abili-
ty of this fibrinogen derivative to enhance the aggrega-
tion activity of platelets [19-23] and erythrocytes [24].
As is known, FM is a derivative of fibrinogen with a sim-
ilar molecular structure, differing only in the absence
of four fibrinopeptides (2A and 2B), as a result of the action
of thrombin. Fibrinogen is able to bind to GP lIb/llla plate-
let receptors to form molecular bonds between cells dur-
ing their aggregation. The binding centers with these re-
ceptors are present in the FM molecule and are localized
at the C-end of y-chain (conservative sequence of Liz-GIn-
Ala-Gli-Asp-Val at position 400-411) [25, 26] and a-chain
(tripeptide Arg-Gli-Asp at position 572-574) [27, 28]. Conse-
quently, FM, like fibrinogen, has the ability to bind to plate-
lets through GP lIb/llla receptors and form fibrin-like bridg-
es between cells to stimulate their aggregation function.
In addition, itis known that platelets in the presence of col-
lagen of damaged vessels and thrombin are able to pro-
duce microvesicles enriched with a large number of recep-
tors, including lIb/llla, necessary for interaction with fibrin,
fibrinogen and fibronectin [29, 30].

Thus, we suggest that in animals with pharmacolog-
ically determined thrombocytopathy, the use of exoge-
nous FM may be accompanied by receptor-mediated in-
volvement of blood plates in the mechanisms of local
thrombosis.

Another important aspect of this study was the as-
sessment of the morphology of erythrocytes to deter-
mine the contribution of these cells to the hemocoagu-
lation process. The appearance of erythrocytes in the sys-
temic circulation in the observation groups correspond-
ed to the physiological norm. In cases involving the use
of TA and FM, the presence of single echinocytes was not-
ed, which may be represented by artifacts formed during
the preparation of blood smears [31].

There were erythrocytes with altered formsin the wound
blood of animals — echinocytes, schistocytes, stomatocytes
and ovalocytes. After passing the formed elements through
the damaged vessels of the wound surface, a disruption
of the structure of their cell membrane is noted. Previous
studies have shown that thrombotic formations in the pla-
cebo group included unchanged erythrocytes, forming
mixed-type thrombi (fibrin-erythrocyte) [11]. On the contra-
ry, thrombotic masses in the wound when using TA and FM
consisted of a large number of predominantly hemolysed
erythrocytes. In general, it can be assumed that damage
to the cell membranes of erythrocytes, up to hemolysis,
creates an additional condition for the activation of blood
coagulation, including against the background of the use
of TA and FM.

CONCLUSION

The results obtained on the model of pharmaco-
logically conditioned thrombocytopathy demonstrated
the effect of platelet redistribution between the systemic



bloodstream, wound vessels and wound blood when ex-
ogenous FMis injected into the bloodstream. It is assumed
that the targeted attraction of injected FM to the in-
jury site has a receptor-mediated mechanism for local
thrombosis, despite the action of antiplatelet agents.
The study also showed a positive contribution of eryth-
rocytes to the formation of wound thrombotic masses.
The detailed mechanisms of exogenous FM vector accu-
mulation on the wound surface will have to be clarified
in subsequent studies.
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