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Migraine and its comorbid conditions are pathogenetically associated with many factors, including hemorheological dis-
orders. A class of drugs with a 5-HT2A antagonistic mechanism of action, is promising for the prevention and treatment of
migraine attacks and concomitant pathologies.

The aim of the research is to study and compare a hemorheological activity of anti-migraine drugs, antagonists of 5-HT2A
receptors of cyproheptadine, and a new drug that completed preclinical studies of the 1-(2-diethylaminoethyl)-2-(4-me-
thoxyphenyl)-imidazo[1,2-a]lbenzimidazole derivative of the RU- 31 compound.

Materials and methods. The study of the hemorheological activity of the RU-31 compound and cyproheptadine, was carried
out using an experimental model of rabbit blood hyperthermia in vitro. Pentoxifylline was used as a reference drug. In the
course of the work, the parameters of blood viscosity, aggregation and deformability of erythrocytes were recorded.
Results. It has been established that in the concentration of 1 uM, the RU-31 compounds reduce blood viscosity by 17% at
high shear rates, which is comparable with pentoxifylline in the concentration of 100 uM on the activity level. In the concen-
tration of 1 uM, cyproheptadine also causes a general tendency to reduce blood viscosity at high shear rates, being inferior
in activity to the RU-31 compound and pentoxifylline.

In the concentration of 1 uM, the RU-31 compound has a pronounced effect on the aggregation ability of erythrocytes in
autologous plasma, reducing the aggregation rate by 70%, while the level of activity is not inferior to the drug compared to
pentoxifylline in the concentration of 100 pM, and surpasses the drug cyproheptadine. For the RU-31 compound and cypro-
heptadine, no significant effect on the deformability of erythrocytes has been shown.

Conclusion. The capacity of cyproheptadine and the RU-31 compound to influence the rheological properties of blood by
reducing blood viscosity and aggregation of erythrocytes has been revealed.
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MurpeHb 1 ee KOMopbUAHbIE COCTOAHMA NAaTOreHEeTUYECKM AaCCOLLMMPOBAHbI CO MHOTMMW GpaKTopaMu, B TOM YUCIE U C TeMO-
pPeoNorMyeckMmMm HapyLeHUAMM. NepcrnekTUBHbBIM B OTHOLLIEHUM NPOPUNAKTUKM U IEYEHUA MUTPEHO3HbIX aTak U CONYTCTBY-
IOLLLMX NATONOMUIM ABAAETCA KNacc npenaparos ¢ 5-HT,,-aHTaroHNCTUYECKMM MexaH3MOM AeNCTBUA.

Llenb. V3ydeHne 1 cpaBHeHWe reMopeosiorMieckoin akTMBHOCTM NPOTUBOMUIPEHO3HbBIX CPEACTB aHTaroHUCTos 5-HT, -pe-
LLenTopoB LMnporentagmMHa U HOBOrO CPeACTBa, 3aBEPLUMBLLETO AOKJAMHUYECKME UCCIeA0BaHUA MPOU3BOAHOrO 1-(2-amaTu-
NaMUHO3TUN)-2-(4-MmeToKeudeHun)-nmmnaasoll,2-a]6eHsummngasona coeguHeHuns PY-31.

Matepuanbl U meTogbl. V3yyeHne remopeosiorMieckon akTMBHOCTU coeanHenna PY-31 u uunporentafmMHa NpoBOAUAN C
MUCMNO/Ib30BaHWEM SKCMEePUMEHTAZIbHOM MOLENN TMNepTEPMUN KPOBU KPOJIMKOB in Vitro. B KauecTBe npenapaTa cpaBHeHUA
MCMNO/Ib30Ba/ICA NEHTOKCUOUANMH. B xoze paboTbl perMcTpupoBanncb napameTpbl BA3KOCTU KPOBU, arperaumnn n gedopmu-
pPyeMOCTM 3pUTPOLMTOB.

Pe3ynbtatbl. YCTaHOBAEHO, YTO coeanHeHune PY-31 B KOHUeHTpaummn 1 MKM cHMMKaeT BA3KOCTb KPoBM Ha 17% npu BbICOKUX
CKOPOCTAX CABWUIA, YTO MO YPOBHIO aKTUBHOCTU COMOCTaBUMO C NEHTOKCUPUAINHOM B KOHLeHTpauumn 100 MKM. Linnporen-
TafMH B KOHUEHTpaumm 1 mKM TaKKe Bbl3blBaeT 0DOLLYI0 TEHAEHLMIO CHUKEHUA BA3KOCTU KPOBU MPU BbICOKMUX CKOPOCTAX
CABUra, ycTynas no akTUMBHOCTU coeguHeHunto PY-31 u neHTokcuduanuHy. CoegmHeHune PY-31 B KoHUeHTpaumm 1 MKM oKa-
3bIBaET BblpaXKeHHOe AelCTBUE HA arperaLMoHHY0 CnoCcobHOCTb IPUTPOLLUTOB B ayTO/IOFMYHOM N1a3Me, CHUXKaA NoKasaTtesb
arperauum Ha 70%, Npy 3TOM, NO YPOBHIO aKTUBHOCTM, HE YCTymnas npenapaty CPaBHEHUSA NEHTOKCUPUANHY B KOHLEHTPa-
unm 100 MKM 1 npeBocxogA npenapaTt umnporentagui. na coeanHeHma PY-31 n umnporentagnHa He NOKa3aHOo 3HAa4YMMOro
BAUAHUA Ha AedopMUPYEMOCTb SPUTPOLLUTOB.

3aKkntoueHue. BbiaBaeHa cnocobHOCTb LMnporenTaguHa u coeanHeHns PY-31 oKasbiBaTb BAUAHME HA PEO/IOTMYECKME CBOM-

CTBA KPOBM MYTEM CHUNKEHMUSA BAZKOCTM KPOBW U arperawuum sputpoLmToB.
Kniouesble cnosa: MurpeHb; 5-HT,,-aHTaroHUCTbI; reMOPEeosIoria; MMKPOLMPKYNALMA; AedOpMMPYEeMOCTb; arperauyms

INTRODUCTION

Migraine is a common disease that is associated
with an impaired blood supply to the brain. Migraine
often accompanies the development of disabling com-
plications. For this disease, the presence of concomitant
disorders, such as arterial hypertension, ischemic heart
disease, myocardial infarction, stroke, is possible [1, 2].
The associative links between these pathological condi-
tions are confirmed by the data obtained in a number of
epidemiological, clinical, as well as experimental studies
of their pathological physiology. Risk factors (smoking,
the female sex, hormonal contraceptives, a high fre-
quency of migraine attacks and symptoms of aura) sig-
nificantly increase the risk of these comorbid conditions,
including ischemic stroke [3]. It is known that the risk
of ischemic stroke increases significantly the presence of
migraine pathology in patients, especially accompanied
by aura. Neurovascular changes that occur during mi-
graine attacks, are often accompanied by the increased
blood viscosity, which mediates an even greater deteri-
oration of the blood flow in the system of small vessels,
and aggravates pathological processes [4, 5].

Several hypotheses explain the increased risk of
ischemic stroke in the people with migraine. First, during
the development of a migraine attack, there are neuro-
vascular changes that can mediate the onset of a stroke.
Second, these links are based on common pathophysi-
ological aspects. Thus, the stroke can be the caused by
pronounced hemorheological changes associated with
hypercoagulation and increased blood viscosity (with
low hematocrit and increased aggregation of erythro-
cytes), predisposing to the development of thrombosis
in the cerebral arteries and the occurrence of “rheolog-
ical stroke” [6, 7].

It is known that blood is a non-Newtonian fluid (its
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viscosity depends on the shear rate) and exhibits shear
thinning (decreaseing in viscosity is accompanied by in-
creaseing in the rate or shear stress), which determines
the features of its effect on various parts of the vascular
bed. It is customary to distinguish rheological parame-
ters (viscosity of the whole blood, deformability and
aggregation of erythrocytes) that determine the blood
flow in the large vessels with a diameter of more than
200 um, and in the microvasculature (less than 200 um)
[8].

It-has been registered that in small arteries, arteri-
oles and venues, a 75% decrease in blood viscosity is de-
termined by the processes of erythrocyte aggregation,
and a 25% decrease — by cell deformability. At the same
time, in exchange capillaries, the deformability of eryth-
rocytes is an important microrheological parameter that
ensures the efficient passage through the vessels, the
diameter of which is smaller than the size of the cells,
which is ensured by the membrane deformability.

Blood realizes its functions in the body through its
fluidity property; its violation is manifested in an in-
crease in blood viscosity, which is formed as a result of
unidirectional shears in rheological parameters, includ-
ing an increase in plasma viscosity, an increase in eryth-
rocyte aggregation and a decrease in the deformability
of their membranes. A “high blood viscosity syndrome”
develops; it triggers a number of adverse hemodynamic
consequences, such as slowing down a blood flow, in-
creasing a total peripheral vascular resistance, increas-
ing blood pressure and blood deposition in the venous
bed. These processes lead to a violation of microcircu-
lation and decreasing in the oxygen delivery to tissues
and organs — and ischemia is developing. The develop-
ment of a “high blood viscosity syndrome” and a serious
impairment of rheological properties associated with it,
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are observed in many diseases, including the develop-
ment of ischemic stroke in transient migraine disorders.
Based on this, the problem of the migraine treatment,
as well as the prevention of its comorbid conditions, re-
mains relevant [9].

A subclass of anti-migraine drugs with a 5-HT,-block-
ing mechanism of action is promising for the prevention
of concomitant disorders in migraine attacks [10, 11]. In
earlier preclinical studies (Project No.14.N08.11.0159),
a new derivative of 2-methoxyphenyl-imidazobenzim-
idazole — 5-HT,, antagonist — RU-31 was identified; it
demonstrates anti-migraine properties and is positioned
not only for migraine headaches treatment, but also for
the attacks prevention [12, 13]. Activation of type 2 se-
rotonin receptors causes constriction of cranial vessels,
increases capillary permeability and alters platelet ag-
gregation. It is believed that blockers of this receptor
subtype, are capable of affecting cerebral microcircula-
tion [14], and are also capable of inhibiting platelet and
erythrocyte aggregation, thereby exerting a positive ef-
fect on the rheological properties of blood, improving
microcirculation [15-17].

Thus, it is important to study 5-HT,, antagonists as
biologically active compounds capable of not only pro-
viding an anti-migraine effect, but also influencing the
rheological characteristics of blood.

THE AIM of the research is to study and compare a
hemorheological activity of anti-migraine drugs, antago-
nists of 5-HT2A receptors of cyproheptadine, and RU-31.

MATERIALS AND METHODS

Experimental animals

The experiments were performed on the blood
samples taken from sexually mature male Chinchilla
rabbits, in the amount of 6 animals (Breeding nursery
of laboratory animals “Krolinfo” Ltd, Moscow region),
weighing 4.0-4.4 kg. Before the start of the study, all the
rabbits were adapted for 14 days, kept single in cages
in the vivarium of the Department of Pharmacology and
Bioinformatics, Volgograd State Medical University, the
Ministry of Health of Russia. The clinical condition of the
animals was monitored daily by visual inspection. The
animals with abnormalities found out during the exam-
ination, were not included in the experimental studies.

The animals were kept in standard conditions in ac-
cordance with the Decree of 29 August, 2014 No.51 “On
the approval of SP 2.2.1.3218-14” Sanitary and epide-
miological requirements for the design, equipment and
maintenance of experimental biological clinics (vivaria)”,
as well as in accordance with the directive of the Euro-
pean Parliament and the Council of the European Union
2010/63/EC dated 22 September, 2010 “On the protec-
tion of animals used for scientific purposes”.

The animals were kept in controlled environmental
conditions with the air temperature in the range of 20—
22°C and the relative humidity of 30—-70%. In the rooms
for the animals, a twelve-hour lighting cycle was main-
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tained, with a combined type of lighting — natural and
fluorescent — during the daylight hours. The rabbits were
kept in standard laboratory cages for large rodents with
sawdust bedding and an access to drinking bowls and
feeders ad libitum.

The study was complied with the ethical standards
of the responsible committee of human experimenta-
tion (institutional and national) and the Declaration of
Helsinki. The Regional Research Ethics Committee of the
Volgograd Region (registration number IRB 00005839
IORG 0004900 (OHRP)) approved of the conduct of this
experimental study — protocol No. 2032-2017 dated 26
June, 2017.

Investigated substances

The chemical substance RU-31 (1-(2-diethylamino-
ethyl)-2-(4-methoxyphenyl)imidazo[1,2-a]lbenzimidaz-
ole) [18], was synthesized at the Scientific Research Insti-
tute of Physical and Organic Chemistry of the Southern
Federal University (Rostov-on-Don).

RU-31 was investigated in the concentration of 1
UM (an equimolar concentration to cyproheptadine
with a serotonin-blocking effect [19, 20]). Testing was
performed on each blood sample from every rabbit. The
compounds were directly incubated in vitro.

Reference drugs

5-HT, antagonist — cyproheptadine hydrochloride
(Merck, USA) and a microcirculation corrector — pentoxi-
fylline (Merck, USA) were used as reference drugs.

For pentoxifylline, an effect on the rheological prop-
erties of blood have been justified in different in vitro
studies. Pentoxifylline decreases blood viscosity, chang-
es the microrheology of erythrocytes by decreasing their
aggregation, and improves the deformability of their
membranes. These characteristics make pentoxifylline
possible to be used as the drug to confirm the validity of
the selected test system [21].

Cyproheptadine hydrochloride was investigated in 1
UM. The reference drug pentoxifylline was used in the
concentration of 100 uM (the concentration that affects
the rheological properties of blood [22]).

For in vitro studies, weighed portions of the studied
compound or reference drugs were dissolved in distilled
water immediately before the experiment. The prepared
solutions were instilled into the cuvette by laboratory
dispensers for the in vitro incubation, and then the stud-
ies were carried out according to the design.

Study design

At the first stage, blood samples were collected from
the marginal ear veins of the rabbits by the method of
free-falling-mass. The blood was stabilized using an
aqueous citrate solution (3.8%, pH 6.0) in the ratio of
9:1. To mix the blood with citrate, after filling, the closed
tube was immediately gently inverted to the required
volume. In this case, the formation of foam should be
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prevented from.

At the second stage, the hemorheological activity
of RU-31 and the reference drugs were studied, using
an experimental model of rabbit blood hyperthermia in
vitro [23].

For this, the following groups from the obtained
samples of blood were formed: an intact control group
(6 samples, and each was based on a blood sample of
one rabbit); a control group (6 samples: warmed blood
samples at 42°C, 1 hour,); there were also three exper-
imental groups: pentoxifylline, RU-31 and cyprohepta-
dine in the studied concentrations were introduced into
the blood (6 samples in each group).

The experimental groups, as well as the control
group, were subjected to hyperthermia (t=42°C, expo-
sure — 1 hour), and the parameters of their blood viscos-
ity, aggregation and deformability of erythrocytes were
recorded for each sample.

To study the apparent viscosity, the required vol-
ume (2 ml) of blood samples were taken. Then the blood
was centrifuged at 3000 rpm for 20 minutes to obtain
platelet-poor plasma and erythrocyte mass, which were
mixed to obtain blood with a standardized hematocrit of
45%. The hematocrit value was determined as the ratio
of the length of the erythrocyte column to the plasma
column during centrifugation of capillaries with blood
samples (Elmi, Latvia) at 8000 rpm for 3 minutes.

The determination of the apparent viscosity of
blood was carried out on a rotary blood analyzer (AKR-2,
Russia) at shear rates from 300 s to 10 s* (rotations per
second). Based on the obtained data, the erythrocyte
aggregation index (EAI, c.u.) was calculated as the ratio
of blood viscosity at a shear rate of 10 s? (the change
mainly depends on erythrocyte aggregation) to blood
viscosity at 100 s? (the change of viscosity mainly de-
pends on the deformability of erythrocytes) [24].

The degree of erythrocytes aggregation was deter-
mined using the method of optical microscopy (micro-
scope “Biolam Lomo” (Russia). For this, erythrocytes
were separated from plasma by centrifugation at 3000
rom for 20 minutes. Erythrocytes were washed three
times in saline and then suspended in autologous plas-
ma. After video recording (digital camera for DCM500
microscope), the number of aggregated and non-aggre-
gated erythrocytes was estimated, and the aggregation
index (Al, c.u.) was calculated as the ratio of the num-
ber of aggregates to the number of non-aggregated cells
[25].

Method for determining the deformability

of erythrocytes

The deformability of erythrocytes was assessed by
a viscometric method and by visualization in a flow-
through microchamber.

The deformability of erythrocytes by a viscometric
method, was assessed at a standardized hematocrit of
45%. The viscosity of erythrocyte suspension was mea-
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sured on a rotary viscometer at shear rates of 300, 30,
35t

The elongation of erythrocytes was visualized in the
flow-through microchamber which was filled with a sus-
pension of erythrocytes in an isotonic sodium chloride
solution containing 0.1% albumin. The pressure applyed
to the microchamber, thereby created a certain value of
the shear stress (t) in it, which was calculated according
to the formula:

6nQ
= ——
Wh2

where n is the viscosity of the suspension (approxi-
mately 1.0 mPa s at 20°C), Q is the volumetric velocity in
the microchamber, W is the width of the flow channel of
the microchamber, h is the height of the channel equal
to the thickness of the gasket.

The image of erythrocytes stretched by a flow of
liquid, attached by a single point with the help of hu-
man albumin to the bottom of the microchamber, was
transmitted from the microscope via a USB port to a
computer using a digital eye-piece. After recording the
image, it was analyzed in the Adobe Photoshop pro-
gram (a trial version), where the length and width of
the elongated erythrocytes were determined, and the
elongation index (El, c.u.) calculated as an indicator of
deformation:

L-W
L+ W

where L is the length of the deformed cell, W is its

width [26].

El =

Statistical analysis methods

Statistical data processing was carried out using
GraphPad Prism v.8.0 software and Microsoft Office Ex-
cel 16. The data are presented as Mtm, where M is the
mean values for the group, m is the standard error of
the mean. The analysis of the intergroup differences was
carried out using nonparametric Mann-Whitney U-test.
The differences were determined at the 0.05 signifi-
cance level.

RESULTS OF THE STUDY

Effect on the viscosity blood characteristics

Heating the control sample of the blood for an hour,
led to a significant increase in the blood viscosity (Fig. 1).

Thus, a statistically significant increase in the vis-
cosity of the heated blood samples was revealed in the
entire range of the studied shear rates: at the shear rate
of 300 s, the blood viscosity increased by 10%; at 200
s'—by 12%, at 100 s* — by 20%, at 50 s — by 19%, at 20
s'—by 22%, at 10 s — by 27%.

When pentoxifylline in the concentration of 100
UM, RU-31 and cyproheptadine in the concentration of
1 uM were added to the blood samples and exposed to
heat, the general tendency to decrease the blood viscos-
ity was found out (Table 1).

Thus. when pentoxifylline in the concentration of
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100 uM was added to the treated blood samples. the
general tendency for decreaseing in blood viscosity at
high and low shear rates. was observed. At high shear
rates from 300 s to 100 s. the decrease in blood vis-
cosity in comparison with the control samples was 17%
(p<0.05). In a lower range of shear rates. the decrease
in blood viscosity was also observed. however. no sig-
nificant differences in relation to control measurements
were found when modeling pathology.

Effected by the action of RU-31 in the concentration
of 1 uM. the blood viscosity indices were significantly
lower in relation to the control sample at shear rates
from 300 s to 100 s*. In average. the decrease was 17%
(p<0.05).

In the concentration of 1 uM. cyproheptadine also
caused a general tendency for blood viscosity decrease
at high shear rates.

Thus. it was revealed that pentoxifylline. the com-
pound of RU-31 and cyproheptadine-demonstrate the
ability to reduce the viscosity characteristics of blood
over the entire range of shear rates. with the most sig-
nificant differences in the range of shear rates from 300
s1to 100 s. At the same time. in terms of the provided
effect. RU-31 is not inferior to pentoxifylline and slightly
exceeds the effect of cyproheptadine.

Effect on the parameters

of erythrocyte aggregation

Modeling of hyperviscosity led to statistically signifi-
cant increase in the indices of erythrocyte aggregation in
autologous plasma by 54% compared to the intact sam-
ples (Fig. 2).

Pentoxifylline. RU-31 and cyproheptadinationse in
the studied concentrations and exposed to heat. added
to the blood samples. provide a general tendency to re-
duce the aggregation of erythrocytes.

Thus. pentoxifylline in the concentration of 100 uM.
added to the blood samples subjected to hyperviscosity
modeling. statistically significantly decreased in erythro-
cyte aggregation by 73%.

For the RU-31 compound in the concentration of 1
UM. a statistically significant decrease in this indicator by
70% was registered.

When cyproheptadine was added to the blood sam-
ples in the concentration of 1 uM. a significant decrease
in erythrocyte aggregation by 65% was observed.

Thus. in the concentration of 1 uM. RU-31 has a
pronounced effect on the aggregation ability of eryth-
rocytes in autologous plasma. The level of RU-31 activ-
ity is not inferior to pentoxifylline in the concentration
of 100 uM and surpasses the reference drug cyprohep-
tadine.

Effect on erythrocyte deformability

The assessment of the studied compounds effect
on the deformability of erythrocytes. was carried out by
measuring the viscosity of washed erythrocytes suspen-
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sion as well as by measuring the degree of erythrocytes
deformation in a flow-through microchamber.

When the syndrome of increased viscosity was
modeled. a significant increase in the viscosity of a
washed erythrocytes suspension was revealed in the en-
tire range of shear rates. So. at the rate of 300 s this
indicator increased by 10%. at the rate of 30 s*— by 11%.
at the rate of 3 s* — by 14% (p <0.05) (Table 2).

The addition of pentoxifylline in the concentration
of 100 uM to the heated rabbits’ blood samples. re-
vealed a significant decrease in viscosity at shear rates
of 300 s*and 3 s by 10% and 14%. respectively. The RU-
31 compound in the concentration of 1 uM mediated a
statistically insignificant decrease in the viscosity param-
eters of the heated blood samples. For cyproheptadine
in the concentration of 1 uM. a statistically significant
decrease in viscosity was observed at shear rates of 300
stand 3 st

When determining the elongation index of erythro-
cytes in a flow-through microchamber. it was found out
that with the experimental syndrome of the increased
blood viscosity. the elongation index of erythrocytes sig-
nificantly decreased by 32%. The erythrocyte elongation
index for pentoxifylline was 0.26+0.010. i.e. 37% high-
er than for the control group (modeling of hyperther-
mia). The compound RU-31 and cyproheptadine did not
change the properties of erythrocytes membranes; no
statistically significant change for elongation index was
found out.

Thus. for RU-31. no statistically significant effects on
the viscosity characteristics of the erythrocyte suspen-
sion and the structural and functional properties of their
membranes was found out.

DISCUSSION

It is known that the rheological status of blood is de-
termining by many factors. including the viscosity of the
whole blood. deformability and aggregation of erythro-
cytes. The thermal action on the blood samples. led to a
distinct change in these rheological parameters. As Fig. 1
shows. heating led to a statistically significant increase in
the viscosity of the blood samples over the entire range
of the studied shear rates. which is presumably associ-
ated with a decrease in the deformability of erythrocyte
membranes and an increase in their aggregation in the
vascular bed [27]. It was found out that the tempera-
ture effect on the blood samples contributed to the in-
crease in the aggregation ability of rabbits’ erythrocytes
by more than twice. as well as to the decrease in the
deformability of their membranes by almost 1.5 times.
which indicates the decrease in the viscoelastic proper-
ties of the erythrocyte membrane.

The revealed changes in the rheological parame-
ters of the blood during modeling the syndrome of in-
creased viscosity. reflect the pathology that develops
in the large-diameter vessels and the microvasculature
bed [28].
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Figure 1 — Simulation of “high viscosity syndrome” (temperature — 42°C, incubation period — 1 hour)

Notes: s*—reciprocal seconds. The data are presented as M + m (mean * standard error), n = 6. * — the data are reliable in relation to intact blood,
with a nonparametric distribution, Mann-Whitney test (p <0.05)
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Figure 2 — Effect of pentoxifylline. compound RU-31 and cyproheptadine on aggregation
of rabbit erythrocytes after heat exposure

Notes: the aggregation indicator is the ratio of the number of aggregates to the number of erythrocytes. Data are presented as M + m (mean *
standard error). n = 6. * — the data are reliable in relation to intact blood. with a nonparametric distribution. Mann-Whitney test (p <0.05). ® —
differences are significant relative to control measurements (hyperviscosity modeling). with nonparametric distribution. Mann-Whitney U-test
(p <0.05)

Table 1 - Effect of pentoxifylline, RU-31 and cyproheptadine, on the blood viscosity of the rabbits exposed to
heat, in order to simulate a “high viscosity syndrome” (temperature — 42°C, incubation period — 1 hour) in vitro

mPa*s
Group
300 st 200 s? 100 s 505 20st 10s?
Control 4.840.11 5.0+£0.12 6.1+0.26 7.5%0.32 9.9+0.46 13.1+0.58
Pentoxifylline 4.0+0.21* 4.1+0.21%* 5.1+0.30* 6.5+0.51 8.6+0.47 11.2+0.87
RU-31 4.1+0.23* 4.2+0.23* 4.9+0.35* 6.310.52 8.610.75 11.3+1.43
Cyproheptadine 4.2+0.13%* 4.3+0.15%* 5.240.17% 6.810.32 9.210.41 11.6+0.70

Notes: s*—reciprocal seconds. The data are presented as M + m (mean * standard error). n = 6. * —the data are reliable in relation to intact blood.
with a nonparametric distribution. Mann-Whitney test (p <0.05)
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Table 2 — Influence of RU-31 and reference preparations on the viscosity
of washed erythrocytes suspension of rabbits

Group mPa*s
300 s? 30s? 3st
Intact control 2.7£0.06 4.1+0.05 7.210.26
Control 3.0+0.02* 4.640.15* 8.4+0.18*
Pentoxifylline 2.7+0.10° 4.2+0.24 7.240.24°
RU-31 2.9+0.11 4.4+0.29 7.9+0.36
Cyproheptadine 2.8+0.05° 4.5+0.13 7.840.11°

Notes: s-* — reciprocal seconds. The data are presented as M = m (mean + standard error). n = 6. * — the data are reliable in relation to intact
blood. with a nonparametric distribution. Mann-Whitney U-test (p <0.05). e — differences are significant relative to control measurements (in
hyperviscosity modeling). with nonparametric distribution. Mann-Whitney U-test (p <0.05)

The experiment revealed that in the concentration
of 100 uM. pentoxifylline reduced the blood viscosity
in the entire range of the studied shear rates. The most
pronounced changes were observed at high shear rates.
which is characterized by changes in the components of
microrheology.

This was confirmed by the significant decrease in
the erythrocyte elongation index. as well as a signifi-
cant decrease in the rate of their aggregation. The data
obtained for the reference drug pentoxifylline. made
it possible to confirm the performance of the selected
test systems for studying the hemorheological activity of
5-HT -antagonists.

During the further work. the data on the effect of
RU-31 in the concentration of 1 uM on the whole blood
viscosity as well as the erythrocytes aggregation and
deformation were obtained. Thus. RU-31 promoted
the decrease in blood viscosity over the entire range of
the studied shear rates. The most pronounced changes
were observed at high shear rates. In addition. the pro-
nounced decrease in the aggregation ability of erythro-
cytes was notified. The revealed changes in rheological
parameters (viscosity of whole blood and erythrocyte
aggregation) at high shear rates as well as the decrease
in blood viscosity at low shear rates. indicate the ability
of RU-31 to improve rheological properties in large-cali-
ber vessels and microvasculature.

In terms of the activity level. RU-31 exceeded the
reference drug cyproheptadine and was not significantly
inferior to pentoxifylline.

As for the reference drug cyproheptadine in the
concentration of 1 uM. it was also characterized by the
ability to improve blood viscosity. The most significant
changes were recorded at high shear rates. In addition.
cyproheptadine slightly improved the aggregation char-
acteristics of erythrocytes.

The ability of type 2A serotonin receptor antagonists
to reduce blood viscosity is probably associated with a

Tom 8, Beinyck 5, 2020

possible effect on the plasma component. This was con-
firmed by the fact that cyproheptadine and RU-31 did
not have a pronounced effect on the viscosity of the
washed erythrocyte suspension and their deformabili-
ty. but significantly reduced the aggregation of washed
erythrocytes in autologous plasma.

The revealed hemorheological activity of RU-31.
comparable to the reference drug pentoxifylline. sug-
gests that this compound is promising for the correction
of rheological disorders that provoke a deterioration in
cerebral blood flow. which can mediate a decrease in
the risk of ischemic stroke in the persons with migraine
pathology and stop the aggravation of the pathological
processes.

CONCLUSION

Taking into account the data on the participation
of 5-HT, receptors in the migraine pathogenesis as well
as their involvement in the formation of comorbid con-
ditions. it was reasonable to study the effect of type 2
blockers of serotonin receptors. on the viscosity charac-
teristics of blood. aggregation of erythrocytes. as well as
their membranes deformability.

The comparative study showed that 5-HT, ,,-antag-
onists cyproheptadine and RU-31. are able of influencing
the rheological properties of the animals’ blood with the
syndrome of increased blood viscosity in vitro.

It was also revealed that the RU-31 compound re-
duces blood viscosity with the experimental syndrome
of increased blood viscosity in vitro. and it is practically
not inferior to the reference drug pentoxifylline and sur-
passing the 5-HT, blocker cyproheptadine.

Thus. the data obtained in this research. indicate the
presence of the ability of 5-HT, ,, antagonists cyprohep-
tadine and RU-31. to influence the rheological proper-
ties of blood by reducing viscosity and erythrocytes ag-
gregation. which can expand the range of application of
the drugs of this group.
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