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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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POSITIVE EFFECT OF BETAINE-ARGININE SUPPLEMENT ON IMPROVED
HYPERHOMOCYSTEINEMIA TREATMENT IN MARRIED COUPLES
WITH REPRODUCTIVE DISORDERS

ZRossokha Z., ?Fishchuk L., >3Sheyko L., ' Medvedieva N., >*Gorovenko N.
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Polymorphic variants of folate exchange and thus conditioned
hyperhomocysteinemia (HHcy), recognized as a hereditary met-
abolic disorder, is a relevant factor of reproductive disorders e

For instance, the United States has shown that the fortifi-
cation has given the possibility to remove genetic testing of the
MTHFR gene variants from the clinical guidelines for the diagnos-
tic of inherited thrombophilia and not to be carried out for patients
with spontaneous abortions due to the folate status change on the
population level. However, identified gene variants and moderate
HHcy, as noted by clinical guidelines, in any cases, require medi-
cal genetic counseling to properly assess their impact on existing
clinical symptoms. Genetic counseling should take into consider-
ation the reason for the referral to a genetic test [12]. Some authors
believe that after fortification the risk of folate-mediated diseases
on the population level decreases considerably and it is impossible
to determine the genetic constituent. But, genetic testing with gene-
factor associations analysis would help find persons, which are at
risk of developing clinical symptoms related to MTHFR gene vari-
ants, in order to conduct them personalized prevention measures
with the consideration of the whole group B vitamins spectrum and
metabolically related compounds [22].

Current precaution against folic acid (FA) “Folic acid fortifi-
cation and supplementation — good for some but not so good for
others” is the name of one of the first publications of Kim Y.I.
about negative clinical effects of folic acid consumption [15],
currently described [10]. Thus, the detection and personalized
treatment of HHcy patients, personalized prescription optimal
dose of FA in combination with other vitamins and nutrients to
improve folate status and achieve stable decrease of homocys-
teine (Hcy) level is a conceptually new — precision medicine
[3]. Timely and efficient HHcy treatment or prevention are espe-
cially necessary for patients of reproductive age to prevent unde-
sired clinical consequences of folate-deficient conditions [4, 13].

Aim of the study was to investigate the main risk factors in the
developing of HHcy in married couples with reproductive dis-
orders and to evaluate the efficiency of short-term application of
betaine-arginine supplement in treatment of identified patients.

Material and methods. The studies were conducted in a total
of 206 couples with reproductive disorders. 33.49% of these had
natural idiopathic sterility and 66.51% had previous reproduc-
tive losses in their family history. The inclusion criteria were de-
termined during the study planning. A couple was not included
into the study if any spouse had karyotype anomalies, obesity,
somatic and oncologic pathology, acute and chronic infectious
diseases. Additional exclusion criteria for men were azoosper-
mia and presence of Y-chromosome deletions. All the patients
gave their informed consent to the participation in the study,
provided the results of clinical, laboratory and instrumental
tests, conducted prior to their being referred to medical-genetic
consultation, and filled in the questionnaire, which covered their
medical data and information about their lifestyle. The approval
of the bioethics committee was obtained for the study. The tests
for all the folate exchange indices were conducted for all the study

22

participants: Hcy in blood plasma, FA and vitamin B12 in blood se-
rum and polymorphism of folate exchange genes MTHFR (C677T,
rs1801133; A1298C, rs1801131), MTRR (A66G, rs1801394),
MTRI (A2756G, rs1805087), RFCI (G80A, rs1051266) using
previously described methods [23, 24]. 116 (out of 118 detected)
patients with HHcy were divided into Group 1 and Group 2. The
patients in both groups were prescribed vitamins, containing 800
pg FA (in combination with 4 pg vitamin B12 average). Group 1
included 58 patients, prescribed a sachet of betaine-arginine dietary
supplement - Betargin® (contains 1 g betaine, 1 g arginine and citrate
ions) twice a day in addition to vitamins preparations. Group 2, also
comprised of 58 patients, was prescribed vitamins preparations and
not prescribed betaine-arginine containing supplement - Betargin®.
Folate exchange indices (Hcy in blood plasma, FA and vitamin B12
in blood serum levels) were defined twice: before treatment and two
weeks after vitamins administration.

The methods of single-factor statistical analysis were used to
assess the impact of gene variants and other factors on the de-
velopment of HHcy in the couples. The analysis of basic clini-
cal characteristics and the assessment of quantitative laboratory
indices involved the estimation of the mean value (M)+standard
deviation (SD). The investigated indices were checked for the
normality of distribution using Kolmogorov-Smirnov test. In
case of normal distribution, the probability of differences in
quantitative results for different groups of investigated patients
was determined using Student’s t-test; in case of distribution,
which differed from the normal one, Mann-Whitney U-test was
applied or the normalization of indices was done. Quality crite-
ria, incidence of cases and genotype frequencies were analyzed
using criteria ¥2 and odds ratio (OR) within 95% of the confi-
dence interval (CI). The differences were deemed reliable for
all the types of analysis at the level of significance (p) under
0.05. The risk factors were also analyzed using the multivariate
method — binary logistic regression. The calculations were done
using Microsoft Excel Pro Plus 2016 and SPSS v.27 programs.

Results and discussion. The excessive Hcy level, as was
proven, has unfavorable effect on the pregnancy course and
associated with the birth of children with certain pathologies,
impaired development, smaller weight for the gestational age.
Detected differences in some results shown the presence of
gene-factor interactions, when additional consumption of FA
eliminated the incidence of MTHFR gene related pathologies on
the population level. [4, 5, 12]. Regardless of this fact, the at-
tention of researchers to HHcy has not decreased [22, 24]. 10th
revision of ICD-10 (October, 2017) defined hereditary HHcy
related to folate gene variants as an autosomal recessive inher-
ited metabolic disorder (code E72.1), but it still does not have
clear reference values for the Hey level, while WHO published
reference values for blood serum FA and erythrocytes FA clearly
[30]. Based on existing recommendations and some studies, we
considered the Hcy level in blood plasma, equal and over 12
pumol/l to be excessive in our study [19,26].

The level of Hey in plasma, exceeding 12 umol/l, is deemed
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to be cytotoxic. The increased level of Hey is detected among
healthy population but prevails among patients with cardiovas-
cular diseases and reproductive disorders, especially in the coun-
tries without any fortification of food products. Additional risk
factors (excessive consumption of coffee, meat, unbalanced diet,
smoking, alcohol consumption, etc.) increase the total HHcy
risk additively and synergistically, especially in case of existing
variants in folate exchange genes, thus, must be recommended
plasma Hcy level under 10 umol/l. The studies found that the
levels of Hey correlated with the indices of FA and vitamin B12
in blood serum. The sufficient level of FA in the organism of a
woman prior to the pregnancy and on early stages was proven
to promote the prevention of thrombophilic disorders in women
and normal development of the embryo [4,26,28]. WHO defined
the threshold levels of FA in blood serum: under 3 ng/ml — defi-

ciency; 3-5.9 ng/ml — probable deficiency; 6-20 ng/ml — normal
level. These threshold indices, indicated by WHO, highlight the
need to control the level of folic acid in blood serum, which
is first and foremost necessary for women of reproductive age,
starting with the stage of planning the conception. It is believed
that the optimal level of FA in blood serum prevents HHcy [30].

Our study detected HHey in 118 (28.64%) cases (in 42 women
and 76 men) among the couples with reproductive disorders, exam-
ined by us, when FA and B12 blood serum level among most was
optimal (Table 1). The number of couples with the detected HHcy
was 28.64% from the total number. In 18.93% of the couples, either
the husband or the wife had HHcy, and in 9.71% — both husband
and wife had HHcy which was conditioned by their specific diet
(predominant excessive consumption of meat). Table 1 presents the
results of comparison between the basic clinical and genetic charac-

Table 1. The comparison of the basic clinical and genetic characteristics in investigated groups

Patients Patients without
. with HHey (>12 HHcy . .
Characteristics wmol/l ), (less 12 pmol/l), Statistical differences
n=118 n=294
Age, years 33.97+5.01 33.2545.13 p>0.05
BMI 24.59+5.00 23.5743.35 p>0.05
76 (64.41%)/ 130 (44.22%)/
0, = _ 2— =
male/female, n (%) 42 (35.59%) 164 (55.78%) OR=2.28 (1.47-3.55), y>=13.73, p=0.0002
Homocysteine, umol/l 16.95+11.96 8.88+1.81 p<0.05
Folic acid, ng/ml 7.98+5.20 11.60£5.74 p<0.05
Vitamin B12, pg/ml 294.11£107.40 476.58+139.16 p<0.05
66AA 29 (24.6%) 51 (17.3%) OR=1.55 (0.93-2.60), y>=2.81, p=0.09
MTRR A66G 66AG 49 (41.5%) 148 (50.3%) OR=0.70 (0.45-1.08), y>=2.62, p=0.11
gene variants 66GG 40 (33.9%) 95 (32.3%) OR=1.07 (0.68-1.69), ¥*=0.1, p=0.76
n (%) 66A 0.45 0.43
OR=0.89 (0.66-1.21), y>=0.55 p=0.46
66G 0.55 0.57
677CC 19 (16.1%) 161 (54.8%) OR=0.16 (0.09-0.27), y>=51.16, p<0.0001
MTHFR C677T. 677CT 63 (53.4%) 121 (41.2%) OR=1.64 (1.07-2.52), ¥>=5.10, p=0.0239
gene variants 677TT 36 (30.5%) 12 (4.1%) OR=10.32 (5.13-20.74), y*=57.13, p<0.0001
n (%) 677C 0.43 0.75
OR=4.08 (2.97-5.62), y*=79.5, p<0.0001
677T 0.57 0.25
1298AA 76 (64.4%) 122 (41.5%) OR=2.55 (1.64-3.97), y>=17.71, p<0.0001
MTHFR A1298C 1298AC 38 (32.2%) 136(46.3%) OR=0.55 (0.35-0.86), y>=6.82, p=0.009
gene variants 1298CC 4 (3.4%) 36 (12.2%) OR=0.25 (0.09-0.72), ¥>=7.53, p=0.006
n (%) 1298A 0.81 0.65
OR=0.44 (0.31-0.64), ¥>=19.92, p<0.0001
1298C 0.19 0.35
2756AA 43 (36.4%) 194 (66.0%) OR=0.3 (0.19-0.46), ¥*=30.08, p<0.0001
MTR1 A2756G, 2756AG 64 (54.2%) 83 (28.2%) OR=3.01 (1.94-4.69), ¥*=24.81, p<0,0001
genfl‘(’f/“)ams 2756GG 11 (9.3%) 17 (5.8%) OR=1.68 (0.76-3.69), y’=1.67, p=0.20
0
2756A 0.64 0.80
OR=2.31 (1.65-3.22), y>=24.82, p<0.0001
2756G 0.36 0.20
80GG 20 (16.9%) 95 (32.3%) OR=0.43 (0.25-0.73), ¥>=9.88, p=0.0017
RECI GROA 80GA 62 (52.5%) 132 (44.9%) OR=1.36 (0.89-2.09), y>=1.97, p=0.09
gene variants 80AA 36 (30.5%) 67 (22.8%) OR=1.49 (0.92-2.40), y>=2.68, p=0.10
n (%) 80G 0.43 0.55
OR=1.59 (1.17-2.15), y>=8.98., p=0.0027
80A 0.57 0.45
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teristics of the examined couples depending on the detected HHcy
using the methods of single-factor analysis.

Significant genetic determinant of HHcy was variants of
MTHFR, MTRI1, RFCI gene. The protective impact on HHcy
development was determined for RFCI gene variant (80GG),
but other MTHFR, MTRI gene variants increased the risk. HHey
was found significant frequently among men from the couples
with reproductive disorders compared to women. Other signifi-
cant factors of HHcy risk were the level of FA and B12 in serum
blood at the beginning of the study, but their mean value in both
groups (Table 1) located within known described threshold lev-
els [2,6,30]. FA serum blood level was reliably lower among male
patients (not shown in the Table 1) with HHcy (6.94+3.67 ng/ml)
compared to females with HHcy (9.87+6.86 ng/ml).

Historically, the deficiency of vitamin B12 was determined
and studied in clinical conditions, when the symptoms, caused
by malignant anemia, malabsorption or severe vegan diet, were
studied [1]. However, it has been determined that vitamin B12
deficiency is widely common among many groups of population
and is considered to be the healthcare system problem. Accord-
ing to the data of different studies, the incidence of vitamin B12
deficiency is about 40 % [11]. The total concentration of vitamin
B12 in blood serum or plasma is used as a biomarker of the first
line of deficiency. According to WHO recommendations, the
threshold value is 203 pg/ml [6]. But, there are other threshold
values in the scientific literature — from 100 to 350 pg/ml, and
the researchers indicate that vitamin B12 deficiency may occur
even in case of its normal concentrations [2]. Our analysis found
that the mean index of vitamin B12 in blood serum was within
the threshold values in both investigated groups but consider-
ably lower in patients with HHcy compared without (Table 1).

Some authors proved that the increase within the threshold
values of folate status indices, namely, the levels of FA and vi-
tamin B12 in blood serum, in the couples during IVF planning
increased the live birth rate. These studies were conducted by
A.J. Gaskins et al. for the population of women, residing in the
country with fortification practice [8]. A similar effect was noted
for men in the work of J. Hoek et al., who demonstrated the
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relevance of the folate status of men, and determined that both
low and high pre-conception levels of folates in erythrocytes of
men were associated with the delayed embryonic growth in spon-
taneous pregnancy [13]. The paternal status of folic acid is an im-
pact factor for embryo programming and endometrium sensitivity
[17]. The study of J. Hoek et al. demonstrated that the increased
levels of FA were as harmful as the decreased ones, and consider-
ing possible epigenetic events, they may be a relevant unpredict-
able risk factor for the health of the progeny. In this study, such
risk effect was determined only for spontaneous pregnancy, not the
ones via [VF [13]. Therefore, it is an urgent task to search for the
balanced personalized approach to improving folate status indices
and HHcy prevention with the consideration of genetic specificities
of patients. It also requires the population-wise specificities of FA
consumption and current welfare of people of reproductive age. As
seen from the results of our study, HHcy in the patients under our
investigation was conditioned by variants of folate exchange genes
and was more remarkable for men from the couples with idiopathic
sterility or spontaneous abortions. It is also known that the HHcy
level is usually higher in men than women, which increases on the
level of population with age [4,26].

The method of binary logistic regression was used to as-
sess the impact of variants of the investigated genes of folate
exchange on the risk of HHcy development in our patients. A
reliable genetic model of risk was built with the consideration of
variants C677T of MTHFR gene and A2756G of MTR1 gene and
had the highest predictive value — 77.2 % (Table 2).

The next analysis included gene variants, basic clinical indi-
ces, diet specificities, personal consumption of folic acid and
other vitamins, determined the highest predictive value — 85.7% for
the significant model of risk (Table 3), which covered variants of
genes, gender, level of vitamin B12 in serum blood and additional
consumption of vitamin B12 before beginning this study. Signifi-
cant determinants of HHcy development were male gender, MTH-
FR, MTRI gene variants, low vitamin B12 level and its consump-
tion. Therefore, it is important for the patients in our investigation to
have optimal intake of vitamin B12 and its increasing level in blood
serum during and after HHey treatment.

Table 2. Genetic model of HHcy risk

Genes variants Regres§ ion p Exp (OR)

coefficient (95% CI for exp (OR))
MTHFR C677T (TT) 3,319 0,0001 27,627 (11,902-64,128)
MTHFR C677T (CT) 1,943 0,0001 6,980 (3,267-14,914)
MTR1 A2756G (AG) 0,926 0,053 2,525 (0,989-6,451)
MTR1 A2756G (GG) -0,383 0,422 0,682 (0,268-1,735)

Constant -1,535 0,005 0,215
Table 3. HHcy risk model (including clinical and genetics characteristics)

Characteristics l:ﬁff:fﬁfiﬁ? P 5% glx ?ogl:; (OR))
MTHFR C677T (TT) 3,015 0,0001 20,382 (7,3109-56,8437)
MTHFR C677T (CT) 1,667 0,0001 5,297 (2,075-13,518)
MTRI1 A2756G (AG) 0,83 0,145 2,293 (0,751-6,998)
MTRI1 A2756G (GG) -0,425 0,457 0,654 (0,213-2,004)

Gender (male) 1,042 0,001 2,834 (1,498-5,365)

Vitamin B12 level 0,010 0,0001 1,010 (1,007-1,013)
Vitamin B12 ingestion 2,213 0,038 9,144 (1,128-74,092)
Constant -5,573 0,0001 0,004
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Remethylation of Hcy and its disposal occur via methyl
groups, formed during metabolic transformation involving be-
taine or S-methyltetrahydrofolate [20, 27]. Betaine, a choline
derivative, was proved to be extremely useful in the treatment
of mild HHcy. It is especially true for patients with variants of
MTHFR gene with low functionality when the occurring defi-
ciency of remethylation via decreasing the activity of the en-
zyme produces the increase in Hcy level and the decrease in
the level of methionine, whose transformations are required for
the synthesis of nucleotides, proteins, neurotransmitters, etc.
In some clinical cases of HHcy, related to variants of MTHFR
gene, betaine was found to be the only supplement, able to im-
prove the Hcy level of patients; as for our patients, the leading
factor of HHey development were variants 677TT and 677CT of
MTHFR gene [16]. It was determined for healthy people that the
level of Hey decreased reliably better in case of FA administra-
tion compared to betaine, but the stabilizing effect on Hcy level
was found for betaine [27].

There have long been hypotheses that betaine-dependent remeth-
ylation is a leading way to decrease the excessive Hcy level regard-
less of the reason of its occurrence [14]. Some studies proved that
regardless of the genetic basis and the factor of HHcy development,
there is an observed decrease in betaine level in blood plasma and
tissues (liver, brain, heart, etc., but not in kidneys). It was demon-
strated while examining the patients and conducting experimental
work with animals. The decrease in betaine was rather consider-
able, on average 60% below the normal value. The decrease in be-
taine concentration in patients with remethylation deficiencies (for
instance, variants of MTHFR gene, deficiency of MTR]) is hardly
a surprise as for these patients BHMT remains the only enzyme,
capable of remethylating homocysteine to methionine. Moreover,
for all the reasons of HHcy occurrence there may be observed in-
creased consumption of betaine via accumulation of Hey — sub-
strate for enzyme BHMT. While monitoring patients with acquired
HHcy, treated without betaine, it was found that the concentrations
of Hey and betaine changed towards normalization, starting with
the 6" day of treatment with vitamin B12. Therefore, the applica-
tion of betaine will decrease the load on Hcy remethylation via the
reaction with methionine synthase, whose activity is controlled by
MTRI gene, which in our investigation is a component of genetic
and clinical-genetic models of risk and requires vitamin B12 as a
reaction cofactor [27].

Considering the described interaction between remethylation
pathways and the decrease in betaine concentration in blood and
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Fig. 1. Hey (umol/l) in patients: before (Hcy) and after treat-
ment (Hey 14)
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tissues in case of long-term HHcy, it is relevant to consider its
efficiency in treating this condition with reproductive disorders.
Previous studies, using animal models, proved that deficient
MTHEFR was accompanied with the decrease in betaine concen-
tration in liver, thus, its application in our patients with HHcy is
completely justified as the variant of MTHFR gene was a leading
genetic risk factor for them, and both folic acid and vitamin B12
are deposited in the liver [25]. The attraction of betaine-argi-
nine supplement for patients with HHcy and reproductive dis-
orders is additionally enhanced due to the determined correla-
tion between the level of betaine and homocysteine, which was
observed during pregnancy and reported in the study of Silvia
Ferna'ndez-Roig et al. [7]. According to this investigation, a low
folate status enhanced the decrease in betaine and its correlative
relationship with Hcy level during pregnancy. In addition to a
similar correlative effect, another study determined long-term
stabilization of Hcy level when betaine was taken, in cases of
low folate status and the action of provocative factors [27].

L-arginine, presented in the composition of Betargin®, is a
source of nitrogen oxide, regulating NO-synthetase via the feed-
back mechanism [21]. The physiological function of nitrogen
oxide lies in relaxing smooth muscles of blood vessel walls, in-
hibiting the aggregation of platelets and their adhesion and regu-
lating cardiovascular and genitourinary system as well as the
main components of cell immunity. The formation of nitrogen
oxide by immunocompetent cells ensures the protection of the
organism from bacterial infections and oncologic diseases due
to the participation in the regulation of apoptotic processes [18].
Nitrogen oxide impacts the activity of many enzymes and pro-
teins, including the one of antioxidant protection, especially in
conditions of disease and stress due to excessive burden, during
adaptation processes and correction of metabolic shifts. First of
all, the deficiency of nitrogen oxide promotes the development
of endothelial dysfunction, which accompanies the development
of cardiovascular diseases and reproductive disorders, thus,
when L-arginine is used, the state of the vascular wall improves
and the vasodilation and fibrinolytic effects develop. Similar
clinical effects of L-arginine are required to decrease the toxic
effect of increased Hcy on the vascular wall [29].

Group 1 and Group 2 patients with HHcy were treated for 2
weeks. Group 1 patients received betaine-arginine supplement
in addition to folic acid and vitamin B12. We found no differ-
ences in homocysteine, folic acid, vitamin B12 levels of patients
Group 1 and Group 2 before treatment (Fig. 1-3).
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Fig. 2. FA (ng/ml) in patients: before (FA) and after treatment
(FA_14)
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Hcy mean values among patients Group 1 and Group 2 were
15.34+6.62 pmol/l and 15.93+5.73 umol/l respectively, before
treatment (Fig. 1), significantly decreased after treatment in both
groups: 11.2843.00 umol/l and 13.52+3.82 umol/l, respectively.
Hcy mean values was significantly lower after treatment among
patients of Group 1 compared to patients of Group 2 (Fig. 1).

FA mean values among patients of Group 1 (8.07+5.59 ng/
ml) and patients of Group 2 (7.86+4.75 ng/ml) did not dif-
fer significantly at the beginning of treatment and increased
significantly after the ingestion of vitamins (Fig. 2) in both
groups. But patients of Group 1 (15.43+5.35 ng/ml) had sig-
nificantly higher level then in Group 2 (12.214+4.82 ng/ml)
after treatment.

Our analysis of B12 vitamin mean values identified the
same significant rise as for FA mean values after 2 weeks
of vitamins admission (Fig. 3). B12 vitamin mean values
significantly increased after treatment in comparison be-
fore treatment. Also no reliable difference was in B12 vi-
tamin mean values before vitamins consumption: Group 1
(300.95+125.69 pg/ml) and Group 2 (288.37+87.34 pg/ml)
(Fig. 3), then a significantly increased indices was observed
in Group 1 (542.40+137.84 pg/ml) compared to Group 2
(432.31+£85.31 pg/ml) after treatment.

The patients of Group 1 with betaine-arginine supplementa-
tion had significantly lower Hcy mean values compared to pa-
tients of Group 2. The number of patients with Hey level over 12
umol/l significantly decreased in 47 patients from 58 (81,03%)
in Group 1 against 29 patients from 58 (50%) in Group 2
(*>=12.36, p=0.0004).
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Fig. 3. Vitamin B12 (pg/ml) in patients: before (B12) and after
treatment (B12 _14)
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Thus, the most efficient treatment was in patients group where
prescribed betaine-arginine supplement in addition to FA and
vitamin B12. The mentioned clinical effect indicated that the
application of a betaine-arginine supplement improved the fo-
late status of patients with reproductive disorders considerably,
which is relevant in increasing the live birth rate in the family
in the future.

Conclusions. The highest predictive value of hyperhomo-
cysteinemia development in patients with reproductive disor-
der was identified for the risk model included MTHFR, MTR1
gene variants, male gender, low level of vitamin B12 in blood
serum and its low additional consumption. The prescription
for hyperhomocysteinemia treatment in patients with repro-
ductive disorder folic acid, vitamin B12 and betargin during
two weeks significantly improved all indices (homocysteine
in plasma blood, folic acid and vitamin B12 in blood serum)
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compared to patients without betargin consumption. Betaine-
arginine supplementation provided significantly the best
reduction of homocysteine level (less than 12 pmol/l in pa-
tient). The application of betaine-arginine supplement in the
couples with reproductive disorders is a promising way of
restoring all folate status indices quickly if variants of MTH-
FR, MTRI genes in patients are present. Further studies are
required to determine the duration of betaine-arginine intake
to achieve the target homocysteine level and to estimate the
durability of the achieved effect.
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SUMMARY

POSITIVE EFFECT OF BETAINE-ARGININE SUPPLE-
MENT ON IMPROVED HYPERHOMOCYSTEINEMIA
TREATMENT IN MARRIED COUPLES WITH REPRO-
DUCTIVE DISORDERS

2ZRossokha Z., "*Fishchuk L., >*Sheyko L., '"Medvedieva N.,
23Gorovenko N.

!State Institution Reference-centre for Molecular Diagnostic of
Public Health Ministry of Ukraine, Kyiv, *State Institute of Ge-
netic and Regenerative Medicine National Academy of Medical
Sciences of Ukraine, Kyiv; *Shupyk National Medical Academy
of Postgraduate Education, Kyiv, Ukraine

Treatment of hereditary hyperhomocysteinemia and the
achievement of optimal folate status is necessary for persons of
reproductive age in order to increase live birth rate. Patients are
usually advised to take folic acid, a key nutrient in homocyste-
ine remethylation. The results of study showed risk factors for
hyperhomocysteinemia development in investigated married
couples: male gender, MTHFR, MTRI genes variants, lower vi-
tamin B12 blood serum and no additional intake of vitamin B12.
Since MTHFR, MTRI genes variants affect to decrease the effi-
ciency of homocysteine metabolic transformations, to contribute
also to endothelial dysfunction in one of patients group we used
betargine combined with folic acids and vitamin B12 adminis-
tration. Patients group with combined administration including
betargine within 2 weeks, in comparison with the group without
its supplement, had significantly decreased level of homocyste-
ine in plasma, less than 12 pmol/l (81.03% and 50% of cases,
respectively). Folic acid and vitamin B12 mean values in blood
serum was significantly increased in patients after two week
vitamins administration including betargin. Further research is
needed to establish the duration of betaine-arginine intake until
the target homocysteine level will be reached, as well as to esti-
mate the durability of clinical effect achieved after consumption.

Keywords: married couples, hyperhomocysteinemia, repro-
ductive disorder, treatment, betargin.

PE3IOME

IOPEKTUBHOCTb BETAUH-APTMHUH COJEPXKA-
IMEA JOBABKHA B JIEYEHUM I'MIIEPTOMOLIMCTE-
MHEMHWHU B CYIPY KECKHUX IMAPAX C PEINPOAYK-
TUBHbBIMU HAPYIIEHUAMM

12Poccoxa 3.1U., " ®umyk JLE., Z*Ileiiko JLIIL.,
'Mensenesa H.JL., >*Toposenko H.T.

'Tocyoapemeennoe yupesicoenue Peghepenc-yenmp monexynsp-
Hou OuaeHocmuku Munucmepcemea 30pagooxpanenus Ykpau-
not; *Tocyoapemeennviti uncmumym [ enemuueckoti u Pezene-
pamuerou meouyurvl Hayuonanvhotl akademuu MeOUuyuHCKUX
nayk Yrpaunut; > Hayuonanbhas Meouyunckas akademus nocie-
ouniomHnozo obpazoeanus um. I1J1. Ilynuka, Kues, Ykpauna

Jleuenne HacIeICTBEHHON THIEPTOMOIUCTEHHEMHUH 1 TOCTH-
JKEHHE ONTHMAIBHOTO (DOTATHOTO CTaTyca HEOOXOAMMO JIHIAM
PETPOMYKTUBHOTO BO3PACTa C IETBI0 YBEIMYCHUS POXKIAEMO-
ctu. [lannenTaM 0OBIYHO PEKOMEHTYIOT IPUHUMATE (DONUEBYIO
KHCIIOTY - KITIOUeBOH HYTPUEHT ISl PEMETHINPOBAHHS TOMOIIH-
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cTerHa. Pe3ynbraThl McciieoBaHUs BBIABUIM (AKTOPHI PUCKA
Pa3BUTHsS TUIEPTOMOLUCTEMHEMHH B O0OCIIEIOBaHHBIX Cy-
IPYKECKUX Mapax: MY>KCKOH 1o, BapuaHTsl reHoB MTHFR,
MTRI, noHMXeHHOE colepkaHue BuUTamuHa B12 B chIBO-
pPOTKE KPOBHM M OTCYTCTBHE IOMOIHHUTENBHOTO yHoTpebie-
Hus ButamuHa B12. Ilockonbky Bapuantel renos MTHFR,
MTRI BnusitoT Ha CHIXKEHHE dPPEKTHUBHOCTH MeTabonnye-
CKHX MpeoOpa3oBaHuil TOMOIUCTENHA U HA SHAOTEIHAIBHYIO
IUCcYHKIHMIO, B OAHOW M3 TPYII HALMEHTOB HCIIOIb30BAIH
OeTapruH B COUETaHUM C (OIMEBOI KUCIOTOH M BUTAMHHOM
B12. B rpyniie nannueHToB ¢ JICYEHUEM, BKJIIOUABIINM OeTapruH

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

B TCUCHHE 2 HEIeNb, ObUT 3HAYMTEILHO CHIDKCH YpPOBCHB
TOMOIIMCTEHHA B IIa3Me KpoBH, MeHee 12 mxmoms/n (81,03%
cllydaeB) B CpaBHeHWM ¢ rpymmnoii 6e3 Hero (50% ciydaes).
YpoBHu (QOTMCBOM KUCIOTH U BUTaMHHA B12 B CBIBOpOTKE
KPOBH OBUIM 3HAYUTEIbHO IOBBILICHBI y MAlMEHTOB IOCIE
JIByXHEICIBHOTO TpPHUEMa BUTAMHHOB, BKJIOYas OCTaprHUH.
HeobOxonuMbl nanpHEHIINE UCCACAOBAHUS I OMPEACICHUS
MPOJOJDKUTEIBHOCTH TIpUeMa OeTanH-apTUHUH COIEPIKAIICH
00aBKH 10 JOCTHXKEHUS LEJIEBOr0 YPOBHS FOMOLIUCTEHHA, a
TaK)Xe IS OICHKU MPOMAOKUTEITBHOCTH KIMHUYICCKOTO 3~
(ekTa, TOCTUraeMoTo Mocie mprueMa.
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MODERN METHODS IN OTORHINOLARYNGOLOGY: POWERED-SHAVER ADENOIDECTOMY

Beridze B., Gogniashvili G.

New Hospitals Ltd, Department of Otorhinolaryngology Tbilisi, Georgia

Adenoids are nasopharynx lymphoid tissues, which partici-
pate in the formation of Waldeyer’s ring and they were described
by Meier for the first time in 1868 [8]. Nowadays, adenoidec-
tomy represents the most common procedure in childhood years,
which is performed by resection of adenoids only, or in line with
tonsillectomy and/or insertion of ventilation tubes in tympanic
membranes [2]. Widespread conventional adenoidectomy was
described the first time in 1885 [7]. While precise resection of
adenoids along with maximum protection of the adjacent tissues
of nasopharynx, complications are avoided, such as: bleeding,
incomplete resection of adenoids, stenosis of Eustachian tube
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and in very rare cases, stenosis of nasopharynx. Incompleteness
of conventional method with regard to complete and safe resec-
tion of adenoids leads to development of alternative methods,
among them, adenoidectomy with shaver [3,6]. This become
possible via development of endoscopic surgical instruments
[1]. In our study, description of adenoidectomy with shaver is
provided in line with its advantages and disadvantages.
Material and methods. 50 patients were enrolled in the
prospective study, all of them underwent adenoidectomy with
shaver within the period from January 2019 to June 2020 inclu-
sive. Age range was 2-26 years old (average age-14 years old),



