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the drug developed by integrating the antibiotic orga-
nosilicon nanostructure — niosomes having substantial
lipophilicity, thus by not sexposing doxorubicin in nor-
mal tissues, and only by penetration through the tumor
capillaries of the skin defect. The chemical composition
of niosomes provides deep transdermal penetration of
drugs, in a size of less than 100 nanometers niosomes
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ROLE OF GENETIC FACTORS IN THERAPY WITH INDIRECT
ANTICOAGULANTS IN ETHNIC GROUPS OF STAVROPOL REGION

Baturin V. A., Tsarukyan A. A.

Stavropol State Medical University, Stavropol, Russian Federation

3HAYEHUE TEHETUMECKUX PAKTOPOB AASA TEPAMUN HEMPAMbIMU
AHTUKOATYAAHTAMU B STHUHECKUX TPYMMNAX CTABPOMOABCKOIO KPA

B. A. batypuH, A. A. LapyksH

CTABPOMNOALCKUIA FOCYAQPCTBEHHBIN MEAULLUHCKUI YHUBEPCUTET,

CtaBponoab, Poccumnckas Pesepaums

The study focused on specific issues about intake of indirect anticoagulants and the impact of the drug
response genetic characteristics in representatives of the three ethnic groups residing in the Stavropol
Region — Slavs, Armenians, and Karachais. The results showed that reaching the target value of INR in
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Armenians took a lower daily dose of Warfarin — 3.9 mg, while in the Karachais and in the Slavs this dosage
was 5.1 mg and 5.2 mg, respectively. Of the patients who reached the target level of INR Armenians were
prevailing — 57%, while Slavs accounted for 31.7% and Karachais — 33.3%; the number of the patients
with a high level of INR (>3) was highest among Armenians — 25.7% (Slavs — 18.3%, Karachais — 11.1%).
According to the results of genotyping the maximum frequency of the “slow metabolizers” was detected
among the Armenians — 52.6%. Based on the outcomes obtained, identification of CYP2C9 genotypes
is recommended to be introduced into the list of compulsory medical studies to be performed in clinical
practice.
Key words: Warfarin, CYP2C9, ethnic-bound issues, biotransformation, cytochrome P-450

MpoBeneHo n3yyeHme 0COOBEHHOCTEN NOTPEebNeHNs HENPSMbIX aHTUKOArYyNSHTOB U BAUSIHUSA TeHeTU-
4yecknx 0COOEHHOCTEN Ha NEKAPCTBEHHbI OTBET Y NpeACcTaBUTeNeNn Tpex aTHU4Yeckux rpynn CtaBponosb-
CKOro Kpasi: CnaBsHCKOW, apMSAHCKOWM 1 KapavaeBckol. B pesynbraTte OblI0 Noka3aHo: AN JOCTUXEHUS
uenesoro ypoeHsa MHO y apmsaH TpeboBanacb 6onee Hu3kas cyToyHasa no3a sapdapuHa — 3,9 mr, y ka-
payaeBUEB U cnaBsH — 5,1 n 5,2 Mr cooTBeTcTBEHHO. Cpean NauyeHToB, AOCTUTLLNX LLeSIeBOro 3Ha4YeHus
MHO, okasanocb OOCTOBEpPHO OoJiblle npeacTaBuTeneit apMsaH — 57% No cpaBHEHWUIO C rpynron cna-
BAH — 31,7% v kapadaesueB — 33,3%, 1 00N5 NALMEHTOB C BbICOKMM 3Ha4YeHemMm MHO (Bbiwe 3) Hanborb-
Lwag B rpynne apMaHCKoro aTHoca — 25,7% (y cnassiH — 18,3%, y kapadaeBues — 11,1%). o pesynbratam
reHOTMNUPOBAHMSA MakcUMasibHas YacToTa «MedJIEHHbIX» MeTaboNM3aTOPOB BbiSIBJiIEHA cpeau npeacra-
BUTENEN apMAHCKOWM 3THMYecKoW rpynnbl — 52,6%. Ha ocHOBaHMKM NONy4YeHHbIX Pe3yNbTaToB BhiIB/IEHWE
reHoTunoB CYP2C9 pekoMeHO0BaHO BKIOYUTL B NepeyeHb 006s3aTeNbHbIX MeAVLMHCKNX UCCNenoBaHui

anga npuMmeHeHuqa B KJIMHNYECKOMN npakTuke.

KnoveBbie cnoa: BappapuH, CYP2C9, aTHu4Yeckne ocobeHHOCTn, buoTpaHcpopmMaLums, LUMTOXPOM

P-450

known to possess individual features both

in terms of differences in efficacy and in
safety of pharmacotherapy. The reasons behind
this may be due to the impact that various fac-
tors have on drug metabolism, while these fac-
tors can be either modifiable or non-modifiable
(the patient’s age, gender, body features as
well as genetically determined characteristics
of pharmacokinetics and pharmacodynamics).
The genetic features passed from generation to
generation are so-called single nucleotide poly-
morphisms of genes, which encode proteins
participating in the pharmacokinetics or phar-
macodynamics of the drug. It is known current-
ly that the most important clinical significance
lies within polymorphism of the genes that are
responsible for the synthesis and activity of en-
zymes of a medicinal agent (MA) metabolism,
as well as transport proteins that are involved in
the major stages of pharmacokinetics [9]. The
vast majority of MAs are metabolized in the liver
microsomes by the oxygenase system, which is
dependent on the activity of cytochrome P-450.
The most polymorphic isoenzymes playing a
leading role in the processes of metabolism for
a number of MAs include CYP2C9, CYP2D6, and
CYP2C19 [5]. There are more than 200 allelic
variants of cytochromes involved in drug bio-
transformation [3]. One of the most important
and well-studied cytochrome P450 isoform is
CYP2C9, which metabolizes nearly 16% of MAs
including indirect anticoagulants, nonsteroidal
anti-inflammatory drugs (NSAIDs), angiotensin
receptor blockers, and oral hypoglycemic MAs.
One of the substrates for CYP2C9 is the group

of vitamin K antagonists, or indirect anticoagulants

Pharmacological response has been long

(IDAC), which lead as the agents of choice when it
comes to prevention of thromboembolic compli-
cations in cardiovascular diseases. Due to a signif-
icant body of evidence, IDAC are widely used in cli-
nical practice; however, despite well-developed drug
safety control there is still high risk of developing
bleeding during treatment with MAs belonging to this
group [10]. The frequencies of polymorphic variants
in CYP2C9*2 and CYP2C9*3 are known to reveal sig-
nificant interethnic differences. This feature lays the
basis for the well-known phenomenon of different
frequencies of adverse effects of certain MAs in dif-
ferent races and ethnic groups [6]. Therefore, identi-
fication of CYP2C9 genotypes is important in view of
effective results of drug therapy, predicting and pre-
venting the development of unwanted side reactions.
The Stavropol Region, if viewed from the stance of
ethnopharmacology, is of special interest as the lo-
cal ethnosphere has historically been developing as
polyethnic and multicultural. Mention to be made also
that there was earlier research done aiming at detec-
ting specific issues in the effect that various MAs have
on residents of the Caucasus Mineral Waters Region,
which showed ethnic differences in the effects of an-
tihypertensive and antianginal drugs matching people
belonging to the Russian ethnic group and Armenians
[1, 12]. Besides there was some difference revealed
in the frequencies of the «slow» allelic variants of the
CYP2D6 gene in Slavs, Armenians, and Karachais re-
siding in the Stavropol Region [2].

The purpose of this study was to analyze the
specific issues about Warfarin intake in people of
the following three ethnic groups of the Stavropol
Region: Slavs (ethnic Russians and Ukrainians), Ar-
menians, and Karachais, and to evaluate the role of
genetic peculiarities of these ethnic groups in the
development of drug response.
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Material and Methods. The study involved
22 patients with persistent atrial fibrillation taking
Warfarin. Out of this body of patients Slavs were
60, Armenians — 35, Karachais — 27. The examined
groups were matched by age and gender. The mean
age of the patients was 58.5+9 yrs. Comorbidities
were coronary artery disease, hypertension (stag-
es 1 and 2), chronic heart failure (functional class-
es | and Il). The patients enrolled in the study took
Warfarin in various doses (0.625 mg to 12.5 mg) to
achieve the target INR (2-3).

The investigation of the prevalence of allelic vari-
ants of the CYP2C9 gene included volunteers (to-
tal number - 136) from among Stavropolities: 63
Slavs, 38 Armenians, and 35 Karachais. The allel-
ic variants of the gene were detected by PCR us-
ing diagnostic kits to detect polymorphisms in the
human genome SNP — EXPRESS (Research Com-
pany Lytech, Moscow, Russia). The analysis was
performed on human genomic DNA isolated from
whole blood leukocytes with the reagent DNA-Ex-
press-Blood (Research Company Lytech). Each
sample of isolated DNA was subject to two ampli-
fication reactions — with two pairs of allele-specific
primers. The work was done employing the amplifi-
er Tertsik (DNA-Technology, Russia). The focus was
on detecting the frequency of the first two most sig-
nificant allelic variants of the CYP2C9 gene typical
of European race: CYP2C9*2 and CYP2C9*3 [11].
During that, the activity of CYP2C9 in CYP2C9*2 al-
lelic variant carriers is 18% of the norm while in the
carriers of the CYP2C9*3 allelic variant itis 5% only
[8]. Genotyping was performed by electrophoretic
detection. The ethnic belonging was verified based
on the data provided by the participants implying
absence of interethnic marriages down to the third
generation.

The obtained data were processed using the
statistical software package SPSS 21.0 for Win-
dows employing the methods of parametric and
non-parametric statistics. The work included a de-
scriptive analysis of all the patients enrolled. The
qualitative variables were described as absolute
and relative (%) frequencies; for the quantitative
variables the mean, standard deviation, and stan-
dard error of the mean were calculated. The t-test
for independent samples was used to compare the
two groups with normal data distribution while for
the non-normal distributions the ¥? test was re-
quired. The significance of the differences in allele
frequencies between the studied groups was as-
sessed through the Kruskal-Wallis test and ANOVA.
For all the types of the analysis the differences were
considered statistically significant at p <0.05.

Results and Discussion. Among the patients
whose INR reached the target value (2-3) Arme-
nians accounted for a significantly higher number
(p0.05) — 20 persons (57%) compared to Slavs -
19 patients (31.7%) and Karachais — 9 persons
(33.3%). A significant group of the patients who were
taking Warfarin did not reach the therapeutic values
of INR. The group of Armenians had significantly
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fewer of such patients (p<0.05) — 6 persons (17.3%)
in comparison to Slavs and Karachais — 30 (50%)
and 15 persons (55.6%), respectively (Table 1).

Table
Distribution of the patients by ethnic groups depending
on their INR levels

Ethnic INR

group <2 2-3 >3
Slavs 30 (50%)* 19 (31.7%)** 11 (18.3%)
Arme- |6 (17.3%)**) | 20 (57%)*(**) | 9 (25.7%)**
nians

Kara- 15 (55.6%)** 9 (33.3%)** 3 (11.1%)**
chais

* — p<0.05 at comparing INR in Armenians and Slavs (2 test).
** — p<0.05 at comparing INR in Armenians and Karachais
(x? test).

The mean INR in the Armenians was 2.3%0.7,
while in the Slavs and in Karachais the INR showed
no difference and was 2.0 in the two groups (Slavs —
2.0%0.9; Karachais — 2.0+0.64) (Figure).

2.4+

2,27

2,0

T T T
Slavs Armenians Karachais

Fig. Mean values of INR in the patients studied

Risk assessment for the complications associa-
ted with Warfarin treatment showed that of the 60
patients in the Slavs group 11 persons (18.3%) had
episodic increase in their INR above 3. Among the
Karachai group similar episodes were registered in
3 patients (11.1%). 9 (25.7%) patients in the group
of 35 ethnic Armenians were detected to have epi-
sodes of INR increase above 3; given that, such epi-
sodes of INR above 3 were significantly more fre-
quent (p<0.05) compared to the Karachai patients
(Table 1).

To characterize the effectiveness of Warfarin
it was deemed important to calculate for the stu-
died groups the average doses of anticoagulant,
ensuring target values of INR (2-3). For this pur-
pose only the patients were selected whose INR lay
within the target values: 19 (31.7%) of the Slavs,
20 (57%) Armenians, and 9 (33.3%) Karachais.
It was shown that to reach the target level of INR in
the Armenians it took a lower daily dose of Warfa-
rin — 3.8+1.5 mg, while for the Karachais and the
Slavs it was 5.1=1.5 mg and 5.2+2.0 mg, respec-
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tively. At the same time, the Armenians (matched
against the Slavs and the Karachais) had their War-
farin dosage of less than 5 mg/day administered to
them appropriately in a higher number of cases (the
difference being statistically meaningful) (Table 2).

Table 2
Distribution of the patients by ethnic groups depending
on Warfarin dosage

Warfarin Slavs Armenians Karachais

dosage n=60 n=35 n=27

< 5mg 13 19 (54.3%)*Ck*) | 7 (25.9%)**
(21.7%)*

> 5mg 47 16 (45.7%)*0C:%) | 20 (74.1%)**
(78.3%)*

* — p<0.05 at comparing Warfarin dosages in Armenians and
Slavs (¥ test).

** - p<0.05 at comparing Warfarin dosages in Armenians
and Karachais (2 test).

This suggests a higher efficiency rate of Warfarin
in the Armenian ethnic group. The results obtained
offer every reason to use individualized approach to
the choice of the starting dose of Warfarin depend-
ing on the ethnic affiliation of the patient.

According to the results of genotyping, the maxi-
mum total rate of «slow metabolizers» was detected
among the patients of the Armenian group — 20 per-
sons, which made up 52.6%. The same mutation
in the Slavs and the Karachais was observed in
24 (38.1%) and 9 (25.7%) cases, respectively. The
frequency of clinically important CYP2C9*3 allele
was significantly different in the Slavs (6.3%) and
the Armenians (14.5%), the Slavs and the Kara-
chais (10%), and was prevalent among the Arme-
nians and the Karachais (Table 3).

Table 3
Frequencies of the CYP2C9*3 allele and significance
of the differences in the studied populations

Total
Popula- num- | CYP2C9*3 Slavs Arme- | Kara-
tion ber of | frequency nians chais
alleles
Slavs 126 | 6.3 (8 all.) - p<0.05 | p<0.05
Arme- 76 14.5 p<0.05 - p>0.05
nians (11 all.)
Karachais 70 10 (7 all.) | p<0.05 | p>0.05 -

The total frequency of CYP2C9*2 in the diffe-
rent populations varies from 8 to 18%, the fre-
quency of CYP2C9*3 is 4-10% [8, 11]. The fre-
quencies of alleles detected in the Slavs group
are comparable with those in population of Rus-
sians and other Europeans. Besides, the Karachais
showed the minimum CYP2C9*2 allele frequency,
while the Armenians had CYP2C9*3 at maximum
compared to the Slavs. Research [7] shows that
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Karachais, if compared to Circassians, possess
a genetically determined sensitivity to MA sub-
strates of CYP2C9 (oral anticoagulants, NSAIDs,
oral hypoglycemic agents), and, consequently, are
predisposed to unwanted side reactions in case
of using such substances [7]. When studying the
CYP2C9 gene polymorphism in the aboriginal peo-
ples of North Siberia a certain proportion of «slow
metabolizers» was detected in the North Siberian
aborigines and Russians — 13 % in Nenetses of Tun-
dra, 25 % - in Selkups, and 40 % — in the population
of ethnic Russians residing in Siberia [4].

Most of the clinical research shows that the ad-
ministration of indirect anticoagulants in the carriers
of CYP2C9*2 and CYP2C9*3 «slow» allelic variants
the risk of bleeding goes up 2-3 times, while the risk
of excessive hypocoagulation (INR>4) increases
3-4 times. At the same time, of the two «slow» allelic
variants only CYP2C9*3 has an impact on the ma-
nifestation of hemorrhagic syndrome [5]. Given the
fact that carriers of CYP2C9*3 allelic variant had a
higher decrease in the activity of CYP2C9, it was in-
teresting to look at the distribution of the gene within
the study groups. It was found out that the largest
number of CYP2C9*3 «slow» alleles’ carriers were
among the Armenians (29.0%) and the Karachais
(20.0%). Among the Slavs such allelic variant was
found only in 12.7% of the cases (8 patients). In as-
sessing the carriage of CYP2C9*2 prevailing were
the Slavs — 25.4%, while the Armenians accounted
for 23.7%, and Karachais — only for 5.7%.

Conclusions

1. Higher values of INR against Warfarin intake
in the Armenians (compared to the Slavs and the
Karachais) coupled with low doses of the drug
serve a predictor of a higher risk of bleeding among
the Armenians in case of taking Warfarin.

2. High frequency of CYP2C9*3 allelic variant in
Armenians can be a predictor of increased risk of
bleeding.

3. The results yielded allow making forecasts, in
the populations in question, concerning individual
and population-wide risk of adverse response to
IDAC. Moreover, there are reasons to expect that
Armenians may reveal the maximum level of risk.

4. Since genetic factors determine as much
as a half of the adverse effects of medicines,
then taking the patient’s ethnic affiliation while
selecting the appropriate dosage might optimize
pharmacotherapy with indirect anticoagulants.
Therefore, selection of individual doses of
medicinal agents, just like identification of CYP2C9
genotypes, should be introduced into the list of
compulsory medical studies to be performed in
clinical practice.
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GELATINASE B AND MAGNESIUM IN THE DEVELOPMENT
OF EXPERIMENTAL GASTRIC ULCER

Rogova L. N., Shesternina N. V.
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POAb XXEAATUHA3bI B U MATHUA B $OPMUPOBAHUU
OKCMNEPUMEHTAABHOMU 713Bbl XKEAYAKA

A. H. PoroBa, H. B. LLlecTepHKHa

BOArorpaAckmi rocyAQpCTBEHHbIN MEAULLUHCKUIA YHUBEPCUTET,
BoArorpaa, Poccumnckas Peapepaums

Purpose of study was to determine the specific number and expression activity of gelatinase B-po-
sitive cells in the ulcerous defect, and the magnesium levels in the concentrated red cells obtained
from various locations in rats with experimental acetate gastric ulcer. The experiment was performed
on 18 white Wistar rats. The study of the specific number and gelatinase B expression activity was
done through immunohistochemistry (Novocastra, NCL-MMP9, for the paraffin blocks, working dilu-
tion 1:40); the content of magnesium in red blood cells through the reaction with titan yellow. The study
allows concluding that in the site of experimental ulcerous defect there is an increase in the number
and the expression activity of gelatinase B-positive cells in the surface epithelium, with even a higher
degree of increase in the gastric LPS (cellular component) against lowered magnesium levels in the
concentrated red cells.

Key words: experimental acetate gastric ulcer, gelatinase B, magnesium

Llenb nccnepoBaHnsa cocToana B U3y4eHUM yOeNbHOro Ymcna v akTMBHOCTU 3KCMNPECCUn XenaTtnHassbl
B-noO3nTMBHbLIX KNETOK B TKAHSAX A3BEHHOI0 AedeKTa 1 YPOBHSA MarHus B 3pUTPOLMTapPHOM Macce KpoBU 13
pPa3HbIX PEMMOHOB Y KPbIC C 9KCMEPUMEHTANIbHOWM aueTaTHOW 93BOI XeNyaka. AKCNepUMEHTbI BbIMOJIHEHbI
Ha 18 6enbIx Kpbicax NMHUM Buctap. iccnegoBaHue yoenbHOro Ymcna u MUHTEHCUBHOCTM XenaTuHasbl B
OblI0 NPOBEAEHO MMMYHOIMCTOXUMUYECKUM MeToaoMm («Novocastra», NCL-MMP9, ona napaduHoOBbIX
6nokoB, pabouyee passeneHune 1:40); cogepxxaHme MarHus B 9puTpoumMTax — No peakumm ¢ TMTAHOBbIM
XenTbiM. [poBefneHHOe nccnegoBaHve NO3BONSET cAeNaTh 3ak/lO4YEHMe, YTO B 30HE 9KCNEPUMEHTAJIbHO-
ro 13BEHHOro gedekra yBenm4nsBaeTCy YAC0 U UHTEHCUBHOCTb 3KCMPECCUU XenaTtnHasbl B-no3nTUBHbIX
KNeToK B MOKPOBHOM anuTtenun u eule B 6onbluei ctenedn B CMCO (kNeTouHbIi KOMNOHEHT) Ha doHe
CHUXEHUNS COAEPXKAHUSA MarHns B 3pUTPOLUTApPHOM Macce.
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