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KneBckuin HaumoHanbHbIW yHMBepcuteT uMeHu Tapaca LLleBuyeHko, Kues, YkpanHa

W3MEHEHWUSA SHEPTETUYECKOIO BANTAHCA NEYEHU U NOMKENYAOYHON XENE3bI KPbIC
NPU rTMNOALIMAHOM COCTOAHUU XXENYOKA U MOUCK NOAXOA0B K EFO BOCCTAHOBIEHUIO

YcmaHoeneHo, Ymo e neyeHu u nodxesryAo4HoU Xxene3e KpbIC npu 0numesibHol XxesydoYyHoU 2unoxsiopaudpuu Hapywaemcsi 3Hep2emuyecKull
6anaHc, o Yem ceudemesibcmeayem rnoHuwxeHue codepxxaHusi AT® Ha ¢poHe noeniweHusi yposHs A® u AM®. Mynsmunpo6uomuk "Cum6umep®" crno-
cobcmeyem eoccmaHoe IeHU0 pagHoeecusi adeHus108bIX Hykieomuadoe 8 uccriedyeMbix op2aHax KpbIC € 2unoayudHbIM COCMOsTHUEM XeJlyodKa.
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CHANGES OF ENERGY BALANCE OF RAT LIVER AND PANCREAS UPON GASTRIC HYPOACIDITY
AND SEARCH OF APPROACHES FOR ITS RECOVERY

It was established that the energy balance was disturbed in liver and pancreas of rats with long-term gastric hypochlorhydria, suggesting a
decreased of ATP content while ATP and AMP levels were increasing. Multiprobiotic "Symbiter®" restored adenine nucleotides balance in the

analyzed organs of rats with gastric hypoacidity state.
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THE APPEARANCE OF MOLECULES OF PROTHROMBIN ORIGIN
IN BLOOD UPON DEVELOPMENT
OF ATHEROTHROMBOTIC AND CARDIOEMBOLIC ISCHEMIC STROKE

Increase of molecules of prothrombin origin in patients with atherothrombotic and cardioembolic stroke subtypes had been
shown. It was found the presence of protein fractions in the range of molecular weights corresponding to both prothrombin

molecules and its degraded forms.
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Introduction. Cerebrovascular diseases are currently
the actual problem of modern medicine since they are one of
the leading cause of disability and the second most common
cause of mortality and morbidity among the working
population aged 40-60 years [5]. A dominant role in the
structure of all cerebrovascular diseases belongs to acute
ischemic cerebrovascular accident — up to 70 % of all
strokes are considered as ischemic (cerebral infarction). In
accordance with the main mechanism of development there
are atherothrombotic and cardioembolic stroke subtypes. In
the first case, the acute cerebral blood flow failure is caused
by blood clots formation and blockage of the lumen of blood
vessels in the place of atherosclerotic plaque localization;
occlusion of the arteries that nourish the brain by cardiac
emboli takes place in the case of cardioembolic stroke [5].
Clinical features that support the diagnosis of these
pathologies include motor, language, visual, coordination
and cognitive impairments. More complete laboratory
screening of patients with ischemic cerebrovascular disease
for currently identified prothrombotic states will probably
increase the percentage of strokes attributed to disorders of
hemostasis. One of the leading pathogenetic factors of
cerebrovascular ischemia is the disruption of homeostasis
that results in intravascular thrombosis, changes in blood
rheology and microcirculation disturbances in ischemic
tissues [12]. Detailed definition of the molecular mechanisms
underlying the development of these diseases is crucial not
only in terms of the creation of new drugs directed action,
guide the most effective care and therapy, but also will
provide great perspectives in the field of clinical diagnostic of
pathological manifestations of hemostasis.

Given that treatment of stroke is limited, the best way to
reduce the negative effects of this pathological condition —
timely primary prevention, individual approach to treatment
and rehabilitation. Study of the causes and mechanisms of
stroke development and search of new biomarkers that can

be used in diagnostics to identify individuals at high risk of
disease development is very relevant for today.

Taking into account the involvement of blood
coagulation system in the pathogenesis of ischemic
strokes, the main goal of our work was to investigate the
functional state of prothrombin — a precursor of key
regulatory enzyme thrombin that converts soluble
fibrinogen to fibrin monomers, further polymerization of that
is the basis for the formation of a blood clots.

Materials and methods. Donor's plasma (n=66 for
patients with atherothrombotic ischemic stroke and n=56 for
patients with cardioembolic ischemic stroke) was obtained
by cubital vein puncture using tubes with sodium citrate
solution (38 g/l) in the final ratio of 9:1. Patients' plasma one
day after the ischemic stroke was used in our experimental
work. Determination of prothrombin time was supplied by kits
and reagents of "Renam" company (Belarus). Prothrombin
obtained by sorbing the vitamin K-dependent proteins on
barium sulfate followed by extraction with 0.05 M Tris-HCI
buffer, pH 7.4, containing 0.2 M NaCl and 0.02 M EDTA.
Electrophoresis in polyacrylamide gel in the presence of
sodium dodecyl sulfate was performed according to the
method Laemmli using tris-glycine system.
Immunoenzymatic assay and Western blot method were
carried out in consist of standard protocols for soluble
proteins [8, 11]. Prothrombin and its derivatives identification
was done using rabbit polyclonal antibodies (Shijin
International, Mongolia) to prothrombin. Mathematical and
statistical processing of obtained results was performed
using the computer program Origin 7.0. The difference
between groups was analyzed by standard Student's t-test.
P values less than 0.05 were considered statistically
significant. Present data are typical for series of repeated
experiments (at least five in each series).

Results and discussion. Hemostasis is one of the
most complex physiological self-defense systems which
ensure blood fluidity, the maintenance of the rheological
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properties in the physiological ranges and rapidly induces
hemostatic plug formation in order to stop or limit bleeding
[4, 12]. Haemostatic imbalance in one or another direction,
due to the influence of both internal and external factors
increases the risk of bleeding or thrombosis. The study of
the functional state of prothrombin causes of considerable
interest because of prothrombin involvement not only in the
realization of a number of physiological reactions but also
because of interfering in major physiopathological
processes, in particular, the regulation of vascular tone,
wounds healing, immune response implementation,
development of inflammation, tumors, Alzheimer's disease,
atherogenesis and others [11]. The evolution of our
knowledge of the physiology of hemostasis has numerous
implications for therapy. It is known that changes in
hemostatic system at ischemic stroke are accompanied by
significant activation of blood coagulation system. Defects
associated with the pathways of blood coagulation can be
assessed with specific tests. In order to estimate the
activity of factors of extrinsic pathway of blood coagulation,

we determined prothrombin time (PT) in patients suffering
from atherothrombotic and cardioembolic strokes.
Determination of the prothrombin time was performed at
different time points, in particular on the 1th day after
ischemic stroke as well as on the 7th and 14th day after
stroke development. According to obtained results (Table 1)
prolongation of PT was observed in patients with both sub-
types of stroke but only on the first day after stroke
development. So, prolongation of PT by 1.12 and 1.19
times was established respectively for atherothrombotic
and cardioembolic stroke. As data of anamnesis of patients
allowed excluding hereditary coagulopathy, disorders of the
functional state of the liver, caused by illnesses of different
etiologies, presence of disseminated intravascular
coagulation syndrome, PT prolongation is mainly due to the
application at the period of blood sampling anticoagulation
medications or can indicate the presence of non-
physiological inhibitors of coagulation cascade and
phospholipid-dependent reactions in the bloodstream [7].

Table 1. Prothrombin time (sec) in patients with atherothrombotic and cardioembolic stroke (M+SEM, n=6)

Control Atherothrombotic stroke Cardioembolic stroke
1 day after ischemic stroke 19,26 + 0,69* 20,5 +0,58*
7 day after ischemic stroke 17,1 £ 0,38 17,9 £ 0,25
14 day after ischemic stroke 17,1£0,22 17,45+ 0,22 17,7+ 0,32

*_p<0,05

So, one of the recently discovered and insufficiently
studied risk factors for ischemic stroke development is a
production of antibodies directed toward a phospholipid-
binding protein, in particular to prothrombin. The ability of
these antibodies reduce the functional activity of the target
proteins promotes disturbance of pro-and anticoagulant
balance.To clarify the characteristics of blood coagulation
system, we measured the total pool of molecules of
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prothrombin origin. Using of polyclonal antibodies allowed
us to estimate the content not only directly prothrombin, but
also molecules containing epitopes of prothrombin origin, in
particulr, intermediates of prothrombin activation, thrombin
molecules and their complexes. As seen in the results
presented in Figure 1, the increase of pool of prothrombin
derivates occurs at both types of stroke.
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Figure 1. Level of prothrombin molecules pool:
1 — control; 2 — patients with atherothrombotic stroke; 3 — patients with cardioembolic stroke; * — p < 0,05

Level of prothrombin pool at atherothrombotic stroke
exceeded control value by 10%, while the development of
cardioembolic stroke was accompanied by an increase in
the content of prothrombin by 25% compared to the same
reference group. As more expressed changes in
prothrombin derivates content were observed in the case of

cardioembolic stroke we attempted to detail the
composition of prothrombin molecules origin pool exactly
under this pathology. Typical blotograma of plasma
proteins separation of individuals that suffer from
cardioembolic stroke is shown in Figure 2 (track 2, 3).
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Figure 2. Blotogram of blood plasma of patients with cardioembolic stroke:
1 — molecular weight markers (250, 130, 100, 70, 55, 35, 25, 15 kDa); 2, 3 — prothrombin molecules pool

Analysis of Western blot results using specific
polyclonal antibodies to prothrombin showed the presence
of protein fractions in the range of molecular weights
corresponding to both prothrombin and its degraded forms.
Thus, the data presented in blotogram provide evidence
that protein fractions with molecular weight about 72 and
37 kDa (track 2, 3) are formed, respectively, by
prothrombin and thrombin molecules [4]. It should be note
that generation of thrombin can be confirm by accumulation
in plasma N- terminal part of prothrombin molecule —
fragment Fq+2 [9], the molecular weight of that is about
40 kDa. Physiological activation of prothrombin, except
formation of thrombin, can be accompanied by
accumulation of a number of intermediates, some of that
possess enzymatic activity (meizothrombin, meizothrombin 1)
and other one belongs to the functionally inactive
derivatives (prethrombin 1, 2, fragments 1, 2, 1+2). Protein
fractions with molecular weight about 50 and 37 kDa (track
2, 3) may consist of prethrombin 1 and 2, which is agreed
with literature, according to that their appearance in the
bloodstream serves as an early marker of intravascular
coagulation [4]. Meizothrombin (mol. weight about 70 kDa)
is one of the transient intermediates that are produced
during the conversion of prothrombin to thrombin in
systems composed of purified factor Xa and factor Va that
are quantitatively assembled on an anionic phospholipid
surface. An undisputed and potentially important role for
meizothrombin is as a mediator of vascular constriction.
Meizothrombin  has potent vasoconstrictive activity,
approximately  fivefold greater than  a-thrombin.
Meizothrombin participation in the mechanisms of
thrombogenesis is related to its ability to influence on
platelet hemostasis. Causing a secondary irreversible
platelet aggregation meizothrombin helping to attract new
platelets in formation of blood clots [3]. The insensitivity of
meizothrombin to the action of the main physiological
thrombin inhibitors acquires special importance during
anticoagulation therapy. An additional factor that result in
increase of procoagulant potential of hemostasis under
conditions of meizothrombin accumulation is the ability of
meizothrombin to activate factors V, VIII, Xlll of blood
coagulation [2, 3], and to catalyze the conversion of
fibrinogen into insoluble fibrin, that promotes the formation
and stabilization of fibrin clots.

Taking into account the fact that meizothrombin has
both pro- and anticoagulant properties, that are depend on
the degree of saturation of the molecule by sodium ions, it
should be emphasized that hypersodiumia (characteristic
feature of thrombotic states) causes realization mainly
procoagulatic activity of meizothrombin [2, 6]. Presence in
blotogram fractions with molecular weights about 100, 130,
250 kDa may be result of formation of prothrombin and its
derivatives complexes with proteins at the term of
cardioembolic stroke progression. So, for example, the
appearance in the bloodstream of thrombin-antithrombin I
complexes (molecular weight of 100 kDa) is regarded as one
of the diagnostic criteria for thrombosis development [4].

Conclusion. Disruption of the delicate balance
between the components of the hemostatic system in the
direction of activation of blood coagulation provides
conditions for further progression of procoagulant state.
Accumulation in the bloodstreame of patients with ischemic
stroke molecules of prothrombin origin and their complexes
with proteins allows considering these molecules as one of
additional marker indicating the development trombonemii
— state which greatly complicates the pathogenesis of the
underlying disease. On the other hand, monitoring of
prothrombin derivatives will improve the effectiveness of
anticoagulant therapy and can also be used to better
understand the mechanisms that regulate hemostasis.
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H. Pakuwa, kaHAa. 6ion. Hayk, M. BypnoBa-BacunbeBa, acn., E. Toprano, kaHa. 6ion. Hayk, O. CaBuykK, A-p 6ion. Hayk
KuviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LlleBuyeHka, Kuis

NOSABA B KPOBI MOJIEKYJ1 MPOTPOMBIHOBOIO MOXOMXEHHA
3A YMOB PO3BUTKY ATEPOTPOMBOTUYHOIO TA KAPOIOEMBONIYHOI O ILLEMIYHOI O IHCYNbTY

IMoka3aHo 3pocmaHHs1 eMicmy MoJsieKys1 MPompom6iHO8020 MOX00XKeHHs y nayieHmie 3 amepompoM6omu4YHUM ma kapdioem6osi4HUM nidmu-
namu iHcynbmy. BusieneHo npucymudicmb y nna3mi xeopux 6inkosux ¢ppakyill y diana3oHi MoneKynsipHUx mac, wo eidnogidalromeb MosieKynam
npompom6iHy ma npodykmam (io2o akmueauyii.

Knro4oei cnosa: npompom6iHosull 4ac, MosieKynu npompom6iHo8o20 MoxodxeHHsl, amepompomMbomuy4Huli ma kapdioemboniyHull niomunu
iHCcynbmy.

H. Pakwa, kaHa. 6uon. Hayk, M. BypnoBa-BacunseBa, acn., E. Toprano, kaHa. 6uon. Hayk, A.CaBuyk, A-p 6uon. Hayk
KneBckui HaumoHanbHbIW yHMBepcuteT uMeHu Tapaca LLeBueHko, Kues, YkpanHa

NOABIEHUE B KPOBU MOJIEKYJ1 MIPOTPOMBUHOBOI'O NPOUCXOXOEHUA
NMPU PA3BUTUN ATEPOTPOMBOTUYECKOIO U KAPAUMOISMBOJIMYECKOIO MLLEMUYECKOIO UHCYIIBbTA

lMokasaHo yeenuyeHue codep)xaHusi MOJIeKYs1 MPOMPOMOUHO8020 MPOUCXOXOEHUs y NayueHmoe ¢ amepompomMb6omuYyeckUM U Kapouoam6o-
nuyeckum noomunamu uHcynbma. O6HapyXeHo npucymcmeue 8 nna3me 60sbHbIX 6es1Kko8bix hpakyuli 8 duarna3oHe MOJIEKYISIPHbIX Macc, Komo-
pbie coomeemcmeyrom MosieKysniam npompom6uHa u npodykmam e2o akmueayuu.

Knroyeenie crnosa: npompom6uHosoe e8peMsi, MOJIEeKYsbl NMPOMPOMO6UHOB020 MPOUCXO0XOeHUsi, amepompombomuyeckuli u Kapouoambo-
nudeckul nodmuns! UHCYIbMa.
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A. MapkeBuy, acn., J1. BoryH, kaHa. 6ion. Hayk, O. XapuyeHko, kaHA. 6ion. Hayk
KniBcbkui HauioHanbHUM yHiBepcuteT iMeHi Tapaca LlleBuyeHka, Kuis,
K. KyapsiBueB, kaHA. XiM. HaykK
MockoBcbkui aepxxaBHui yHiBepcuteT iMm. M. B. llomoHocoBa, MockBa, P®

BMJIMB HU3bKOMONEKYNAPHOI OPrAHIMHOI CMONYKU
2-(2-rifPOKCUO®EHOKCHU)ALIETUN)-L-NPONIHAT HATPIIO
HA CTUMYJIbOBAHY KAPBAXOJIIHOM LWNMYHKOBY CEKPELLIIO Y LLYPIB

lNokazaHo eghekmu HU3BLKOMOJIEKYNsIPHOI op2aHiyHoi cnonyku (HMOC) Ha winyHkosy cekpeuito 2idpoxsopudHoi kuciiomu i
nencuHy ma Ha akmueHicmeb H',K'-AT®asu, 3a ymoe cmumynsauii kap6axoniHom. Ha 20 6inux na6opamopHux uypax 0ocidxy-
easiu cmumynboeaHy KapbaxosliHoOM cekpeyiro 2i0poxsiopudHoi kucsiomu memodom nepgpysii i3onbLoeaHo20 wilyHKa, de6im ne-
ncuHy Kosiopumempuy4HumM memodom 3a TiHom ynpodoex 120 xeunun ma akmueHicme H',K'-AT®a3u ouyiHroeanu cnekmpogho-
momempu4HoO 3a pieHeM HeopaaHi4Ho20 ¢pocghamy. BeedeHHss HMOC npu3eodusio 00 3MeHWeHHs1 CmuMyJsibogaHo20 Kapbaxo-
niHom de6imy 2idpoxnopudHoi Kuciomu ma nencuHy, a makox 0o 3HuXeHHs1 akmusHocmi H',K'-AT®a3zu. Jocnidxyroyu HMOC,
6yr10 susienieHo i aHmMuceKkpemMopHy enacmuegicmb, sika € 0OHUM 3 MexaHi3mie aHmueupa3koeoi Jii.

Kmo4oei cnoea: HU3BbKOMOJIeKYIIsipHa OpeaHi'-lHa CrnoJiyKka, cmumMyJsibogaHa Cereuiﬂ, aidpoxnopudHa Kucsioma, nericuH,

H',K*-AT®a3a.

BcTtyn. KucnotosanexHumy nNpuAHSATO BBaXaTu 3axBo-
PIOBaHHS, Y BUHUKHEHHI SIKMX 3HAYHY pOSib rpaloTb NaTono-
riYHi eheKTn riapOXNOPUAHOI KUCIOTU LUNTYHKOBOIO COKY. Y
cyyacHi KniHili Hanbinblw YacTto 3ycTpivalTbCs Taki 3a-
XBOPIOBaHHS, Sk racTpoe3odareanbHa pedritokcHa XBOpo-
6a (FCEPX), epo3nBHO-BUPAa3KOBi ypaxeHHs1 ractpoayose-
HanbHOI 30HW, racTponarii, NOB'A3aHi 3 BXMBAHHSAM HecTe-
poigHMX npoTu3ananbHUX npenapaTiB, rOCTpi CTPEeCcoBi
BMpasku, eTaHOmMOoBI BMPa3ku, yHKUioHanbHa gucnencis. B
X niKyBaHHi BUKOPUCTOBYIOTLCS 3acO0M, WO MPUTHIYYOTb
BUAINEHHs rigpoxnopuaHoi knucnotu [1].

Mpwn nikyBaHHI rinepcekpedii rigpoXnopuaHoi KUCroTm
BMKOPMCTOBYIOTb aHTauuaHi abo aHT1CeKpeTopHi Npenapa-
TN. HanemeKTUBHILLMMM aHTUCEKPETOPHMMW NpenapaTamu
BBaXkaloTb iHriGiTopu npoToHHoi nomnu (IMMM), ski go3so-
NSATb Ha AOBIMUA Yac MpUrHidyBaTW NPOAYKLUitO0 riapoxrno-
puaHoi kucnoTtu. Mpote IMMN MatoTb pag nobivHnx edexTis,
a TakoX PpsA NauieHTIB € He 4yTnueMMKM A0 Grokartopis
H' K*-ATdasu [1].

I MOXYTb NPU3BECTM OO0 3HWXKEHHS B KPOBI PiBHA aH-
TUBIPYCHUX Ta MNPOTUNYXNMHHUX NikiB, abcopbuisa sakux y
KPOB € KWUCMOTO3aNEeXHOI. 3HMXKEHHS LUMYHKOBOI KMCMOTK
CMPVYMHIOE MOPYLUEHHS BCMOKTYBaHHsi BiTaMiHy B12,
Kanblis, 3anisa Ta MarHia [2]. Y nogen, siki npuiMaloTb

INM  cnoctepiratoteca  peumameu  iHdekuii  Clostridium
difficile, nepenomu, 0GyMOBIEHI OCTEONOPO30OM, IHTEPCTU-
UianbHWin HedbpuT | peunanem nHeBmoHii [3, 4]. e ogHum
HeraTueHuMm edoekTom IMIM € KomneHcaTopHa peakuia op-
raHiamy i MOCWUMEHHSA ceKkpeuil rigpoxmnopuaHoi KUCnoTu
nicns NPUNUHEHHs Npuromy umx nikie [4]. [JosroTpusane
BukopuctaHHs MM Moxe Takox Npu3BeCTVM A0 neTanbHUX
BMNazkiB, ocobnvBo y nogen noxunoro Biky, siki cTpaxaa-
I0Tb Ha YUCINEHHI XPOHiYHi 3axBoptoBaHHA [5]. € AaHi, wo
cBig4aTb MPO MMOBIPHICTb peunamnBy iHpapKTy npu ogHo-
YacHoMy nikyBaHHi kronigorpenem i MM [6].

HaBepeHi aaHi ceigyatb Npo HEOOXIAQHICTb MOLLYKY HOBUX
nikiB B NiKyBaHHi KNCNOTO3aneXHUX 3aXBOpOBaHb, Lob 3Be-
CTV NoBivHi edheKkTn HasiBHNX NpenapartiB 40 MiHIMyMy.

B nonepegHix poboTtax Hamu Byna BCTaHOBMNEHa aH-
TUBMpPAa3KoBa i HU3bKOMOSMEKYNAPHOI OpraHivyHoi cnony-
kn (HMOC) (2-(2-rigpokcudeHokcn)auetun)-L-nponiHaT
HaTpito) [7, 8, 9], ane mexaHi3mu ii aii He Bigomi. Ockinbku
MOCUIEHHA KUCMOTO-NENTUYHOro PakTopy € OfHie 3
naHoK BMPa3KoBOro npoueca, MeTol pobotu 6yno gocni-
outn Bnnue HMOC  (2-(2-rigppokcudpeHoken)aueTmn)-L-
nponiHaT HaTpilo) Ha CTMMyNbOBaHy KapOaxomiHOM cek-
peLilo riapoxnopuaHoi kucnoTu, aebit nencury Ta H' K-
AT®a3Hy aKTUBHICTb.
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