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MOXYTb OCNabuTy CTiHKY, @ TaKOX ICTOTHUI rpajieHT TUCKY KPOBi B NonepeyHnx nepepisax B MicLsx neperu-
HY cyaunHu. 'pagieHT TUCKY MOXe BNMBaTK Ha CKNafdaHHA CyAUHU — nepexig KyTa 3BUBUCTOCTI Bif Tynoro Ao
roCTPOro — eBOsoLii 3BMBUCTOCTI. BenuumHa rpagieHTy TUCKY TaKoX iCTOTHO 36iNnbLUYETbCH i3 3MEHLLEHHAM
KyTa nepernny. Omxe, NnpoBeAeHe OOCNIMKEHHS CBIAYMTb NPO MOXIMBY €BOJHOLiT 3BUBUCTOCTI.

Summary
BIOMECHANICAL MODELING OF DIFFERENT TYPES OF PATHOLOGICAL KINKING OF INTERNAL CAROTIDS
Kuzyk Yu.l., lvanov D.V., Dol A.V.
Key words: kinking of carotids, the finite element method, biomechanics of pathological tortuosity.

Pathological tortuosity of internal carotid artery (PT ICA) is one of common causes of stroke. Etiology,
pathogenesis and prediction of PT ICA remain little known. We studied effective and circumferential stress,
distribution of hemodynamic forces in different types of PT ICA, as well as mathematical forecasting of the
behavior of different types of tortuosity. We used the finite element method ANSYS. Reducing the angle of
inflection, and its moving to more acute leads to the fact that kinking becomes hemodynamically significant,
and the blood flow volume can be reduced by 40% or more. There are areas of high concentration of
circumferential stresses that can weaken the wall, as well as a significant blood pressure gradient in the
cross sections of the vessel in areas of inflection. The pressure gradient can affect the folding of the vessel -
the transition from the obtuse angle to acute one — so called tortuosity evolution. The magnitude of the
pressure gradient also substantially increases with decreasing angle of bend. Thus, this study suggests the
possible tortuosity evolution.
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EFFECT OF "CEREBRAL” ON HUMAN BLOOD CELLS

Hrihoriy Skovoroda State Pedagogical University of Pereyaslav-Khmelnitskiy

The effect of trophinotropin “Cerebral”, endogenous therapeutic factor, on the properties and shape of hu-
man blood cells was studied. Whole blood and plasma were incubated with “Cerebral”. Incubation with “Cer-
ebral” considerably increased concentration the “Cerebral” increased the concentration of white and red
blood cells, but didn’t have significant difference in vesiculability of cells compared with the control sample.

Cerebral preserved the discocytic shape of erythrocytes comparable to the control.

Introduction

The group of endogenous therapeutic factors,
which are actively secreted by cells of the organism
being in the state of restoration after pathological
process modeling or under recovery/remission have
got the name of trophinotropin (TT) or neurotro-
phinotropic growth factors (NGF) and recently they
are widely involved in pharmacological researches.

Cerebral is the agent, which separated from
nerve cells of the cerebral cortex of pigs, experi-
enced bihemispheric autohemorrhagic stroke. It
contains the complex of low-molecular pharmaco-
logically active peptides (less than 1200 Da) [1].

The study of the properties of biological mem-
branes is necessary in assessment of the effect of
various added substances on cells, tissues, and or-
ganisms.

Extracellular vesicles (EVs) are membrane-
enclosed cell fragments which are shed by cells of
all types into extracellular solution [2,3]. EVs which
are obtained from tissues and body fluids could be
used as a basis of new materials and technologies
in medicine. But the mechanisms of EV'’s formation,
properties, and effects aren’t studied well.

Erythrocytes are a convenient system for study
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of mechanisms and interactions relevant for cell
membrane, because they don’t have cytoskeleton
(aside from the membrane skeleton) so that these
mechanisms and interactions affect the cell shape,
which can be directly observed by optical micro-
scope.

The aim of this work is to sudy in vitro effects of
a “Cerebral” on blood cell membrane nanovesicula-
tion and erythrocyte shape change.

Material and methods

Cerebral and control sample were dissolved in
2 ml of bidistilled water. Blood sampling was per-
formed according to the Helsinki declaration con-
sidering research on humans, the Oviedo conven-
tion on human rights and biomedicine. Blood was
collected from five volunteers with no record of dis-
ease (female, mean age 21 years). Volunteers
fasted at least 12 hours before blood sampling. For
isolation of EVs and for blood cell count, blood was
withdrawn from the medial cubital vein with 21
gauge needle (MULTI Sample Needle, Nipro Cor-
poration, Tokyo, Japan) using 2.7 mL vacutubes
which contained 270 pL of sodium citrate at a con-
centration 0.109 mol/L (Becton Dickinson, New Jer-
sey, USA). We took 2 epruvettes of blood from
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each subject (one for the test substance and one
for the control). Variation in the acquired volumes of
blood did not exceed 15%. During the processing,
the tubes and blood samples were kept in thermo-
blocks at 37 °C. For analysis of the effect of sub-
stances on the blood cell membranes, a drop of
blood was inserted into an Eppendorf tube previ-
ously filled with 1 mL of bidistilled water or citrated
phosphate-buffered saline (PBS). The sample was
further diluted to obtain a required density of blood
cells for observation. The required density rendered
a monolayer of relatively closely packed cells in an
observation frame under the microscope [4].

Within each sampling session, processing of
blood started within 20 minutes from the sampling
of the first sample. 2 ml of blood blood was centri-
fuged at 1550 g and 37°C for 20 minutes in a Cen-
tric 200/R centrifuge (Domel d.o.o0., Zelezniki, Slo-
venia). Upper 250 pL of plasma was slowly re-
moved and placed in a 1.8 mL Eppendorf micro-
tube. The samples were then centrifuged at 17570
g for 5 minutes in a Centric 200/R centrifuge (Do-
mel d.o.o., Zelezniki, Slovenia), so that EVs were
gathered on the bottom of the microtube. The upper
210 pL of plasma was discarded and the remaining
40 uL of pellet was vortexed at 1200 g and resus-
pended in 210 pL of PBS (pH = 7.4). The samples
were centrifuged again at 17570 g for 5 minutes.
210 pL of the supernatant was discarded and 40 pL
of pellet resuspended in 60 yL of citrated phos-
phate-buffered saline (pH = 7.4) [4].

Concentration of EVs in isolates was determined
by MACSQuant Analyzer (Miltenyi Biotec GmbH,
Bergisch-Gladbach, Germany) flow cytometer with
405 nm, 488 nm and 640 nm air cooled lasers. The
MACSQuantifyTM  (Miltenyi Biotec  GmbH,
Bergisch-Gladbach, Germany) software version
2.4. was used for data acquisition and analysis of
the results. 25 L of sample was measured. The
presence of residual cells and EVs was determined
by forward and side scatter parameters. Typically,
the region of events corresponding to EVs (marked
by the red rectangle) extends over wide intervals of
FSC/SSC that reflect the detected particle sizes
and surface properties. The region contained more
than 90 % of events in all density plots [4].

To observe the effect of “Cerebral” on erythro-
cytes, a drop of blood was dissolved in 1 ml of
bidistilled water or phosphate buffer saline. 60 pl of
dissolved blood was placed into the observation
chamber (1.5 x 1 cm?) formed on the glass by the
silicon grease. 20 ul of test substance (or water for
control) was added into the chamber and closed by

the cover glass. The sample was observed imme-
diately under the Leitz Aristoplan (Leitz, Wetzlar,
Germany) optical microscope equipped by the
Watec (Model: 902DM3S), Watec Inc., New York,
USA, camera and Pinnacle Studio HD, Version
15.0.0.7593 framegraber and software, Avid Tech-
nology Inc., USA. Care was taken not to leave
voids in the grease boundary in order to prevent
evaporation of liquid from the observation chamber.
For quantitative analysis of the effect of the sub-
stance Cerebral and its control on erythrocytes we
randomly imaged at least 50 frames over the sam-
ple. We avoided regions close to the silicon grease.
For other substances we imaged 20 frames over
the sample.

For each sample we created an ensemble of
pictures from which we omitted pictures of invalid
quality. We counted the number of discocytes,
echinocytes and stomatocytes in each picture. It
was assumed that each picture was representative
for the sample and that the number of cells of each
type fluctuated around the corresponding average
value. The average values of the percent of disco-
cytes, echinocytes and stomatocytes were calculat-
ed for each sample. Altogether, more than cells
were included in the analysis of each observer [4].

450 microliters of fresh blood was incubated
with 50 microliters of the “Cerebral’ (or water for
control) for 2 hours. Then, blood cells were counted
by a flow cytometer that is used for standard blood
test (at the commercial laboratory Adrialab).

To determine the difference between the popu-
lations or samples, the two tailed paired t-test was
used. The statistical significance of the t-test was
given by the probability p. For calculation, we used
Microsoft Excel software (Microsoft® Office Excel®
2007 SP3.

Results and Discussion

Results involving blood of 5 healthy subjects
show that the concentration of white blood cells
(WBC) was somewhat increased in sample incu-
bated with Cerebral compared to control sample in
all subjects, the concentration of red blood cells
(RBC) was slightly increased in the test sample in 4
out of 5 subjects and the concentration of platelets
(PLT) was slightly decreased compared to control
sample in 4 out of 5 subjects. There was no trend in
the mean volume of platelet (MVP). The differences
between the test and the control samples were
within the range of variation of the respective pa-
rameters in population of healthy subjects (Fig.1).

166



AKTyaAbHi IpOGAEMH Cy4aCHOI MEAHIHHH

180

=
w
o

PLT x10"9celic/L
[#.2]
o

o WBCx1083celig/mL o,

1 2 3 4 5

un

RBC x10712celic/L
Pt s .

=
L

[

10

MVP fL
B
|

1 2 3 4 5

Fig.1. Effect of substance Cerebral on blood cell count. Left (darker) columns represent the control (blood samples incubated with
water) and right (lighter) columns represent the test samples. Numbers 1-5 pertain to 5 blood donors.

In isolate from the sample incubated with
Cerebral, the concentration of extracellular vesicles
was 667/ul and in control sample of the same blood
was incubated with the respective volume of
bidistilled water the concentration of extracellular
vesicles was 534/ul. The region corresponding to
extracellular vesicles contained 81% of all events in
the test sample and 72% in the control sample.

Although the concentration of extracellular vesicles
was somewhat higher in the sample incubated with
“Cerebral”, the difference with respect to the control
sample was relatively small comparing to the
variance of the concentration of extracellular
vesicles in control samples. The concentrations of
extracellular vesicles were in the interval from
527/ul to

Fig.2. Effect of the “Cerebral” on the erythrocyte shape after 1 hour of incubation. Sample with triglycerides is for the comparing.
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Fig.3. Effect of the “Cerebral” on the erythrocyte shape after 1 week of incubation.

We analyzed the effect of the “Cerebral” on the
erythrocyte shape. We compared the number of
cells and the percent of discocytes (“D”),
stomatocytes (“S”) and echinocytes (“E”) with the
control (cell solution and bidistilled water)
immediately after the samples were placed into the
observation chamber, after one hour, after three
hours and after 24 hours.

Initially, echinocytes prevailed in the control

sample over the discocytes while in the test
sample, most cells were discocytic. After 3 hours,
the test and the control sample were similar with
majority of discocytes. After 24 hours, discocytes
were still present in both samples, but the majority
of cells were echinocytic. We observed a small
amount of stomatocytes in the control sample after
24 hours.
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Conclusions

We conclude that the “Cerebral” increased the
concentration of white and red blood cells, but
didn’t have significant difference in vesiculability of
cells compared with the control sample.

Cerebral preserved the discocytic shape of
erythrocytes comparable to the control. All
differences between samples except for the
difference between the test and the control sample
after 3 hours were statistically significant, due to a
huge number of cells analyzed (more than 13000
altogether).

15 3 Control 24h TS 24h
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Pedhepar

BIMNAHUE «LIEPEBPAJIA» HA KITETKU KPOBW YENTOBEKA
MakapeHko A.H.

KntoueBble cnoga: Ll,epe6pan, KpacCHble KPOBAHbIE KINETKN, Genble KPOBSAHbIE KINEeTKH, Tp0M6OLlI/ITbI, BE3UKYNAPHOCTb.

N3yyeHo BnusiHne TpodomHoTponuHa "Llepebpana”, aHgoreHHoro neyebHoro chaktopa, Ha CBOWCTBA U
opMbl KNETOK KpoBM YenoBeka. LlenbHas kpoBb 1 nna3ma uHkybuposanacs ¢ "Liepebpanom”. MHkybaums c
"Llepebpanom" 3HauMTENbHO yBENMYMBaNa KOHLEHTpaLMIo 6enbiX 1 KpacHbIX KNETOK KPOBU, HO HE OKa3blBa-
na cTaTUCTUYECKN JOCTOBEPHONO BIMSIHUA HA BE3UKYNSIPHOCTL KINETOK MO CPaBHEHMIO C KOHTPOJIbHBLIM 0bpa-
3uom. «Llepebpan» coxpaHsan AMCKOTUYECKYO (hOPMY 3PUTPOLIMTOB B CPABHEHUN C KOHTPOMEM.
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Pedhepar
BMIINB «L|EPEBPANY» HA KIITUHW KPOBI MIOAUHN
MakapeHko O.M.
Kntouosi cnoBa: LiepeGpan, YepBoHi KpOB'siHi KMiTUHK, Gini KPOB'siHI KNiTUHW, TPOMBOLMTY, BE3UKYNSIPHICTb.

BuBueHo BnnuB TpocpiHoTponiHy "Llepebpan”, eHaoreHHOro nikyBanbHOro ¢akTopy, Ha BRacTUBOCTI i
dopmMm KNiTUH KpoBi ntoguHu. LlinicHy kpoB i nnasmy iHkyOyBanu 3 "Llepebpanom”. IHkyGauia 3 " Llepebpa-
nom" 3Ha4Ho 36inblUyBana KoHLEHTpaLito Binux i YepBOHMX KMITUH KPOBI, ane He Mana cTaTUCTUYHO OCTO-
BiPHOIO BMIIMBY Ha BE3MKYISIPHICTb KMITUH B MOPIBHSAHHI 3 KOHTPONbHUM 3pa3koM. «Llepebpan» 36epiraB gu-
CKOTUYHY (POPMY €PUTPOLLMTIB B MOPIBHSAHHI 3 KOHTPONEM.

YK 616.831-005.1/.7-092.9
MakapeHko A.H., KoemyH A.H., lempoes ®.U.

W3MEHEHMSA B ITMAJIbHOMU CUCTEME III U V CJ104 LLEPEBPOKOPTEKCA
BEJ1bIX KPbIC NMPU 3KCINEPUMEHTAJIbHOM BOCIPOU3BEAEHUN OCTPOM
LLEPEBPOBACKYJIAPHOM NATOJIOI'MN

KneBckuin HaunoHanbHbI YHBepcuTeT nm. Tapaca LLeB4veHko, r. Knes

BY3 «lepescnas - XMenbHULKWI rOCYyAapCTBEHHbIN Negarormyeckuii yuusepcuteT nmenu IMpuropusa Ckoso-
poabl», r. NMepescnaB-XmenbHULKNIA

MHCTUTYT NpoaoBonbCTBEHHbIX pecypcoB HAAH YkpauHsbl, r. Kues

Paboma rnoceswieHa usydeHuU0 QUHaMUKU e/uo-anuarnbHbIX 83auMoomHoweHud, npoucxodsawux e Il u V
CJ/1051X CEHCOMOMOPHOU 30HbI UepebpoKkopmekca 8 yCriogusix MoOeiupo8aHusi 0CmMpo20o HapyWweHUs1 MO320-
8020 kpoesoobpauweHus (OHMK). N3yueHbl pasnudusi cmpykmypHO20 U KOJIUYeCMBEHHO20 peasupo8aHusi
efuanbHbIX KIemoK Mo32a U UX 83auM03asuCcUMOCMU 8 yCrI08USIX 80CNPOU38edeHUsT SKCrepuMeHmarnbHOU
uepebpoesackynspHoul namosioauu, Yyepes 7 OHeli u 7 Mecsues rnocsie amoeo. Bzaumocesiab mexdy Krnemouy-
HbIMU 351eMeHmamu ornpedesisnu C MOMOWbI asmopCKux MemoduK uccrie0o8aHuUsl KIiemoYyHbix obpa3osa-
Hul mo32a — enuansHol ¢opmynel (F®) u anuanbHo2o0 uHdekca KonudecmeeHHo20 (MMK). MNpodemoHcmpu-
poeaHbl ocobeHHocmU U OUHaMUKa KOJIU4eCMBEHHO-Ka4eCmMBEeHHbIX HapyweHuUl anuanibHo20 eoMeocmasa
mo3za 8 ycnosusix OHMK.

KntoueBble croBa: rnuarnbHas cuctema, LiepeBbpoKkopTeKe, MNo-TnuarbHble B3aMOOTHOLLEHUS, OCTpasi LiepebGpoBackynsipHasi naTonorus.

BBeneHune

HepocTaTouHOCTL MO3roBOro KpoBoobpalleHus
— OfHa U3 caMbIX pacnpoCTPaHEeHHbIX MaToNormmn
COBpeMeHHOCTH, Tpebywollaa BHeapeHua ©Gonee
adhheKkTMBHbLIX POpPM TepanuuM nauMeHTOB Ha paH-
HUX cTagusx nederus [11]. JleueHne naumeHTOB C
OHMK, HecMmoTpsi Ha CyLLECTBEHHbIE OOCTUXEHUSI
MEeOMLIMHCKON HayKW, OCTaeTCs akTyanbHOW npo-
6nemon. HepocTaTo4yHOCTb MO3roBOro KpoBOOG-
palleHns COMPOBOXOAETCA TSKENOW HeWpoHasnb-
HOW naTonornen, B TO BpPeMs KaK pofb FnanbHbIX
3NeMeHTOB MO3ra B 3TOM MpoLiecce u3yyeHa Heao-
ctatovHo. HopmanbHoe dyHkunonnpoBaHusa LIHC
N BblXMBaHWE HEMPOHOB BO MHOMOM 3aBUCUT OT CO-
XpPaHeHUsa CrOXHOW ramMmmbl B3aMMOCBSA3EN MeXay
HevpoHamu 1 rnuouutamu. B HelpoHayke cdop-
MUpOBAanock YCTOMYMBOE NPEeACTaBlieHMe O HepB-
HOW TKaHW MMEHHO KaK O HempornuanbHOW cucTe-
Me, B pamKax KOTOpPOW MOCTynuMpyeTcs BO3MOX-
HOCTb OCYLLECTBMEHUA HEeNpoHanbHbIX YHKLMIA
TONMbKO C YyyacTMeM [fnuanbHOW COCTaBMsoLLEN
[10]. OgHako coBpemeHHasi Tepanusa uepebpoBac-
KynspHbIX natonorun 6asmpyeTcs Ha HEMPONpoTeK-
TOPHOM MoAxode, B CBA3M C 4YeM, HEeMpoTponHas
napagurma paccmatpusaeTr npobnemy 3awuTbl
LIHC TOMnbko B MMIOCKOCTU HEMPOHOMPOTEKLUUU, HE
YYUTbIBaAs rMUONPOTEKTOPHBLIA acnekT npobnemsi.
[daHHas mapagurma HanpasereHa rnaeBHbiM obpa-
30M Ha 3awwuty HeunpoHoB LIHC, B To Bpems kak
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peakuuto rmMoLMTOB ONMUCHIBAKOT OOLLMM TEPMUHOM
(rmno3) 6e3 peTanu3auum U KOHKPEeTMU3aLmMm OcCOo-
OeHHOCTEN peaKkuMn pasfnUyHbIX TUMOB rNnasnbHbIX
KNeToKk Ha AencTBue natonorndecknx daxkropos
OHMK. B T0 e Bpems, Npu pa3sButun Hempogere-
HepaTUBHbIX NMPOLECCOB B FOMIOBHOM MO3re Mpu WH-
CynbTe BO3HWKAET CUCTEMHas peakuus BCeEX Krie-
TOYHbIX 3NIEMEHTOB HEPBHOW TKaHW. 3aMeHa gOoMU-
HUPYIOLLEr0 Ha COBPEMEHHOM 3JTane pasBUTUSA
TEOpPEeTNYECKOro HEerlpoNpPOTEKTOPHOro nogxoga Ha
CUCTEMHOKMNETOYHbIM aHanus3 TpebyeT paspaboTtaTb
HOBYIO napagurmy neveHus 3aboneBaHun LIHC,
yYnThIBask PyHKLMOHANBLHOE COCTOSIHUE Pa3fINYHbIX
TMMOB KIETOYHbIX 0Opa30BaHWiA FOMOBHOIO Mo3ra u
nomoraet OOBLEKTUBHO MOHATbL MPOLECCHl, NpoTe-
KalLe B HEPBHOW TKaHWU (M KINETOYHbIX 0bpa3o-
BaHWSX Mo3ra) B ycriosuax natonorum [4,11].

Llenb nccnepoBaHus

N3yyeHne AMHaAMUKN COCTOSIHUS MManbHOW Cu-
CTeMbI U MMUNO-rNanbHUX B3ammooTHoLwleHnn B Il n
V' Ccnosix CeHCOMOTOPHOWM 30HbI LepebpokopTekca
fonblWKX nonywapun rofoBHOMO MoO3ra KpbiC B
YCIOBUSAX SKCMEPUMEHTANBbHOIO BOCMPOU3BEOEHUS
OCTPOro HapylleHuUsi MO3roBOro KpoBoobpalueHus,
yepes 7 gHen n 7 MecsaueB nocre MoaenmpoBaHus.

O61BLeKT n MmeToabl UccriegoBaHUNA

PaboTta 6bina BeinonHeHa Ha 20 6enbiX Kpbicax-
camuax nuHuu Buctap, cpegHun BeC >XMBOTHbIX
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