(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 No 2 (311) ®eBpausb 2021

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

Mennnunckue HopocT I'py3uun
Logodmggmml Lsdgroobm Losbemgbo



GEORGIAN
MEDICAL
NEWS

No 2 (311) 2021

Published in cooperation with and under the patronage
of the Tbilisi State Medical University

N3naercs B COTpyAHUYECTBE U IO IIaTPOHAKEM
TOnIMCCKOro rocyIapCTBEHHOTO METUIIMHCKOTO YHUBEPCUTETA

35dm0393> mdoaolols Lobgedfogm LsdgwoEobm ¥bogg@lodgdmsb
05653dOMAgmdoms s dobo 3sG®mbogom

EXXEMECSIUHBIN HAYYHBIN KYPHAJI
TBUJIUCH - HbIO-IOPK



GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board and The International Academy of Sciences, Education, Industry and Arts (U.S.A.) since
1994. GMN carries original scientific articles on medicine, biology and pharmacy, which are of
experimental, theoretical and practical character; publishes original research, reviews, commentaries,
editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The
full text content is available through EBSCO databases.

GMN: Meaununckne HOBOCTH I'py3mu - exeMecSuHbI PElEH3UPYEMbIM HAy4dHBIM KypHaT,
n3naércs PenakunonHo Kouteruei u MexayHapoaHo# akajieMueit Hayk, 00pa3oBaHusl, UCKYCCTB U
ecrectBo3HaHus (IASEIA) CIHA ¢ 1994 roga Ha pyCCKOM M aHTIIMCKOM SI3bIKaX B IIEJISIX MOAICPKKH
MEAMIMHCKON HayKH U yIy4IlIeHUs 3ApaBOOXpaHeHHUs. B kypHase myONUKYIOTCS OpUTHHAIBHBIC
Hay4HblE CTaThU B OOJIACTH METUIIMHBI, OMOJOTUU U (apMaluy, CTaTbl OO030pPHOTO Xapakrepa,

Hay4YHbIC COO6H.I€HI/I$I, HOBOCTU MCIWIIMHBI U 3APAaBOOXPAHCHUS.

Kypnan unnexcupyercs B MEDLINE, orpaxén B 6a3e qanubix SCOPUS, PubMed 1 BUHUTU PAH.

[TonHoTekcTOBBIE CTaThU KypHana noctynHsl yepes3 b/l EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeml badgoozobm Losbangbo — s@ols ymggemgoy@o
bodg36096™ LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Fmowsb, Fomdmswagbls
bodgosiom gomagyoobs s 5d3-0l 3936090 gd0l, aobosmengdols, 0beygl@E®ool, byermgbgdols
s 39bgd0LdgBYygzgegdols Log@msdm@olicm s3ogdool gOmmdaog godmgdsl. GMN-Jo @yl
> 0baaolyg® gbgovy J399bwgds  9JL3gM0dgbH o, mgm@oymo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbog®m LEsGogdo dgooi3obols, domamaools ©s @o®dsiool begyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyaos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgerdolsgemdos EBSCO-I dmbsigdms dobgdowsb.



MEJUIIMHCKHUE HOBOCTHU I'PY3UHA

ExxemecsuHblil COBMECTHBIN IPY3HMHO-aMEPUKAHCKUI HAYUHBIN JJIEKTPOHHO-IIEYATHBIA KypHaI
ATeHTCTBa MEAMIIMHCKOW HHpOpManu ACCOIMANNK JIeI0BOI mpecchl [ py3un,
MesxayHapoaHOM akaJieMiH HayK, MHIyCTpHHU, oOpa3oBaHus U uckycctB CLIA.

Wznaercs ¢ 1994 r., pacupoctpansiercs B8 CHI, EC u CILIA

TIVIABHBIA PEJAKTOP

Huxonaii [Tupuxananmsunm

HAYYHBIA PEJAKTOP

Enene I'nopranze

3AMECTHUTEJIb ITTABHOT'O PEJAKTOPA
Huno MukaGepuze

HAYYHO-PEJAKIIMOHHBIA COBET
3ypad Bagaukopua - npeacenareas HayuyHo-peraknmoHHOTO coBeTa
Muxaun baxmyrckuii (CLLIA), Anexcanap I'ennunr (I'epmanns), Amupan ['amkpennnsze (I'pysus),
Koncrantun Kunmanu (I'pysus), [eopruii Kamxamunze (I'py3us),
[Maara Kypranunze (I'py3us), Baxranr Macxynus (I'py3us),
Tenrusz Puznuc (CILA), Pesa3 Cenuamsumm (I py3ust), [asug Dmya (CLLIA)

HAYYHO-PEJAKIHUOHHAS KOJUIET'UA
Koncrantun Kunuanm - npeacenarens HayuHo-penakumoHHON KoJLIeruu
Apxumarnput Axam - Baxtanr Axamanze, Amupan Aurtanse, Hemm AnrenaBa, Tenru3 Acarnanu,

T'ust bepanze, Puma bepuamsuiu, Jleo bokepus, Orap I'epamana, Jlnana ['ornamsunu, Homap ['orebamsum,
Huxomaii ['onranse, JIug [IBanan3ze, Tamap JlommamBunu, Manana XKsanawst, Tamap 3epexumnse,
Wpuna Keawamze, Hana Keupksenus, 3ypad Kesanumsumu, I'ypam Kukaanze, Jlumutpuit
Kopnzaua, Tetimypas Jlexara, Hogap Jlomuaze, xxannyumxu Menottu, Mapuna Mamanasg3e,
Kapaman [1araBa, Mamyxka [ luprixamanmsmmm, AnHa Pexsuamsmm, Maka Conorammsum, Pamas Xerypuanm,
Pynomsd Xoxendemrmep, Kaxadbep Yemnnze, Tunarun Ynkosanu, Apumt UxoTya,

Pama3 Illenremms, KereBan D0panmmse

Website:
www.geomednews.org

The International Academy of Sciences, Education, Industry & Arts. P.O.Box 390177,
Mountain View, CA, 94039-0177, USA. Tel/Fax: (650) 967-4733

Bepcusi: neuarnas. Llena: ceoOoaHas.
YeiioBUSI MOANMMCKH: TTONMKCKA IPUHUMAETCS Ha 6 1 12 Mecsies.
ITo Bonmpocam moanucKu o0pamaTses no Tes.: 293 66 78.
Kounrakrubiii agpec: ['py3us, 0177, Tounucu, yn. Acaruanu 7, 1V stax, komHara 408
te.: 995(32) 254 24 91, 5(55) 75 65 99
Fax: +995(32) 253 70 58, e-mail: ninomikaber@geomednews.com; nikopir@geomednews.com

ITo Bonmpocam pa3menieHusi pekjamMbl oopamarbes no reua.: 5(99) 97 95 93
© 2001. Accoumanusi 1ej10Boii npeccol I'py3un
© 2001. The International Academy of Sciences,
Education, Industry & Arts (USA)



GEORGIAN MEDICAL NEWS
Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business

Press; International Academy of Sciences, Education, Industry and Arts (USA).
Published since 1994. Distributed in NIS, EU and USA.

EDITOR IN CHIEF
Nicholas Pirtskhalaishvili

SCIENTIFIC EDITOR
Elene Giorgadze

DEPUTY CHIEF EDITOR
Nino Mikaberidze

SCIENTIFIC EDITORIAL COUNCIL
Zurab Vadachkoria - Head of Editorial council
Michael Bakhmutsky (USA), Alexander Génning (Germany),
Amiran Gamkrelidze (Georgia), David Elua (USA),
Konstantin Kipiani (Georgia), Giorgi Kamkamidze (Georgia), Paata Kurtanidze (Georgia),
Vakhtang Maskhulia (Georgia), Tengiz Riznis (USA), Revaz Sepiashvili (Georgia)

SCIENTIFIC EDITORIAL BOARD
Konstantin Kipiani - Head of Editorial board
Archimandrite Adam - Vakhtang Akhaladze, Amiran Antadze, Nelly Antelava,

Tengiz Asatiani, Gia Beradze, Rima Beriashvili, Leo Bokeria, Kakhaber Chelidze,
Tinatin Chikovani, Archil Chkhotua, Lia Dvaladze, Tamar Doliashvili, Ketevan Ebralidze,
Otar Gerzmava, Liana Gogiashvili, Nodar Gogebashvili, Nicholas Gongadze,

Rudolf Hohenfellner, Zurab Kevanishvili, Ramaz Khetsuriani, Guram Kiknadze,
Dimitri Kordzaia, Irina Kvachadze, Nana Kvirkvelia, Teymuraz Lezhava, Nodar Lomidze, Marina
Mamaladze, Gianluigi Melotti, Kharaman Pagava, Mamuka Pirtskhalaishvili,

Anna Rekhviashvili, Maka Sologhashvili, Ramaz Shengelia, Tamar Zerekidze, Manana Zhvania

CONTACT ADDRESS IN TBILISI
GMN Editorial Board
7 Asatiani Street, 4" Floor
Thilisi, Georgia 0177 Phone: 995 (32) 254-24-91
995 (32) 253-70-58
Fax: 995 (32) 253-70-58

CONTACT ADDRESS IN NEW YORK

NINITEX INTERNATIONAL, INC.

3 PINE DRIVE SOUTH Phone: +1 (917) 327-7732
ROSLYN, NY 11576 U.S.A. WEBSITE

www.geomednews.org



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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ASSESSMENT OF EFFECTS OF NON-FUNCTIONAL OVERREACHING AND OVERTRAINING
ON RESPONSES OF SKELETAL MUSCLE AND CARDIAC BIOMARKERS
FOR MONITORING OF OVERTRAINING SYNDROME IN ATHLETES

Kajaia T., Maskhulia L., Chelidze K., Akhalkatsi V., Kakhabrishvili Z.

Thilisi State Medical University, Georgia

In professional sports, the focus on success in training and
competition creates a driving force for a higher level of fitness,
which requires greater workload from athletes, longer sports sea-
son and greater frequency of competitions. Sports training pro-
gram commonly comprises a component of repetitive overload-
ing to initiate structural and functional changes in an attempt to
achieve favorable adaptation to the workouts and enhance ath-
lete’s sports performance, but with an inadequate recovery time
or an abrupt increase in training load, overloading may produce
undesired effects. If overreaching is extreme and combined with
an additional stressor, non-functional overreaching (NFO), and
then overtraining syndrome (OTS) may result [12,13]. Because
of imbalance between training and recovery, athletes are at risk
of becoming overtrained, subsequently increasing the possibil-
ity of cardiac damage [9,16]. Early detection of NFO is very
important in terms of prevention of overtraining, as well as for
interruption of NFO/OTS progression.

Physiological, biochemical, immunological, psychological
and performance markers of OTS are intensively investigated.
During the last years, growing interest is set on biomarkers
aiming at evaluating health-related aspects which can be mod-
ulated by regular physical activity and sport. The use of spe-
cific biochemical markers for the diagnosis of OTS are still in
discussion. However, serum creatine phosphokinase (CK) has
for years been measured and evaluated in exercise science as
an essential parameter for the determination of muscular stress.
Elevated baseline values of CK may indicate trauma or over-
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training, also, its concentration can be used to monitor activity
of athletes with a muscle injury [15].

Numerous studies have suggested that prolonged exercise
may induce a transient appearance of cardiac-specific troponins
(such as c¢Tnl or ¢TnT), normally indicative of myocyte necrosis
[14,17-20]. The troponin level post-exercise corresponds to re-
lease from the cytosolic compartment of cardiomyocytes. There
are many causes of increased membrane permeability of cardio-
myocytes and, among them, production of reactive oxygen spe-
cies and imbalance between oxidative and antioxidant status is
of growing interest. Other causes of permeability growth might
be alterations in calcium, pH, glucose/fat metabolism or in com-
munication between integrins, as well as various mechanisms
can be suggested, among them increased cardiovascular stress,
inflammation, vasculitis, dehydration, or expression of cardiac
troponin in skeletal muscle [3,21]. However, “the presence of
measurable troponin amounts in the blood should not be inter-
preted as cardiac damage in the absence of clinical symptoms or
instrumental findings of myocardial disease” [1], such as altera-
tions of echocardiographic parameters of systolic, diastolic or
right-sided heart dysfunction. Results of previous studies about
continuous ultraendurance activities were inconclusive in terms
of appearance of cardiac-specific troponins in the blood. On the
other hand, some studies on exercises like marathon and triath-
lon showed no increase in these markers [10]. Recent studies
showed that cardiac troponin I and T were strongly correlated
following exercise [7,8]. Therefore, with respect to abovemen-
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tioned uncertainty regarding increase of the troponins after high
and ultra endurance activities, it is critical to investigate chang-
es in the biomarkers in high intensity and strengths oriented
(sprinting, jumping, weight lifting, training with resistance, etc.)
as well as in team sports (basketball, football, water-polo, etc.)
owing that little detailed information is available on the level
and pre-season/in-season dynamics of these biomarkers. On the
other hand, it is very important to study chronic effects of exer-
cises via responses of biomarkers for understanding of muscle
fatigue and cardiac damage to identify athletes who are at risk of
poor adaptation to training and development of OTS.

The aim was to study the effects of non-functional overreach-
ing and overtraining on responses of biomarkers of the skeletal
muscle cell (CK-NAC) and cardiomyocyte injury (cTnl and
CK-MB) and their use in monitoring OTS.

Material and methods. Initial stages of the study were con-
ducted in the Clinical Center of Sports Medicine and Rehabili-
tation of Thilisi State Medical University during 2015-2018.
Physical condition and health status of 348 high level male
athletes (aged 22+4,7 y.o.) were examined and among them 43
subjects with NFO/OTS were revealed. Diagnosis of OTS was
based on the checklist provided by the consensus statement of
the European College of Sports Science (ECSS) and the American
College of Sports Medicine (ACSM) [12], and other clinical condi-
tions were ruled out as explanation for decreased performance. Out
of 43 subjects with NFO/OTS, 37(10,6%) athletes met criteria for
non-functional overreaching and 6 (1,7%) athletes fell under crite-
ria of OTS of different severity and duration [4,5].

On the initial stage of this study, in abovementioned 348 elite
male athletes a pre-season measurement of the serum creatine
kinase (CK-NAC and CK-MB) took place. Therefore, in the
following, prospective in-season evaluation of the dynamic of
CK (CK-NAC and CK-MB) changes, along with in-season/
peak-season measurement and interpretation of cardiac troponin
with sensitive ¢Tnl were performed. For this reason, along with 43
athletes with NFO/OTS, 40 age matched athletes of the same sport-
ing disciplines but without NFO/OTS — control athletes (CA) were
involved. Data were collected over a two-year period because of the
rare nature of overtraining syndrome. Assessment of biomarkers in
the blood serum were performed with analytical microprocessor-
controlled photometer systems HUMALYZER 2000 for CK-NAC
and CK-MB, and HUMAREADER Single Plus for ¢Tnl Elisa test
based on the principle a solid enzym linked imunosorbent assay
(HUMAN, Gesellschaft fiir Biochemica und Diagnostica mbH,
Germany). Normal range for CK-NAC levels is considered 24-
190 U/I in men and 24-170 U/l in women, and for CK-MB levels
<25U/L. Reference range for cardiac troponin I levels is considered
<0,1 ng/ml. According to the most current approach [15], CK lev-
els in the blood serum respond to the exercise duration and inten-
sity, and there is smaller rise of CK concentration in athletes than
in sedentary, showing adaptation due to training. Nevertheless, in
athletes, interpretation of the baseline CK level in the blood serum
has to be following: 200 U/I —training adaptation, 200-250U/1 — el-
evated training levels, >300U/I — possible overtraining and muscle
damage [15].

Experimental procedures included measurement of the CK
and cTnl levels 24 hours before the strenuous exercise appropri-
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ate to the sport-specific peak-season intensity, immediately after
completion of the work-load, after 6 hours, 48 hours, and again
after 72 hours post-exercise.

Baseline (24 hours before exercise) and post-exercise clini-
cal assessment and echocardiography was performed within 6
hours, and then 48 hours after the strenuous session to evaluate
cardiac symptoms and measure ventricular function, volumes,
and wall motion. Echocardiography (M-mode, 2D, Doppler,
Tissue Doppler Imaging-TDI) was performed in accordance
with recommendations from the American Society of Echo-
cardiography (2015) [11]. The presence of significant valvular
disease or intracardiac shunts was excluded by means of color
Doppler. Left ventricular end-diastolic volume (LVEDV) and
end-systolic volume (LVESV), as well as biplane LV ejec-
tion fraction (EF), were calculated from four-chamber and two
chamber images, by modified Simpson rule. Mitral inflow mea-
surements were obtained from the four-chamber view, and early
filling LV velocity (E) and atrial filling velocity (A) waves, E/A
ratio as well as E wave deceleration time (DT) were measured.
TDI measurements were assessed in the apical four-chamber,
and diastolic myocardial velocities - peak early myocardial tis-
sue velocity (E"), peak late (or atrial) myocardial tissue velocity
(A’"), and E'/A’ ration were recorded, as well as and E/ E” ratio
was calculated. Right ventricular (RV) measurements and tricus-
pid annular plane systolic excursion (TAPSE) performed.

Above mentioned specific time point was chosen based on the
assumption, that 6 hours would allow sufficient time to develop and
detect inflammation, corresponding to the time when cTnl is typi-
cally detectable in ischemic models [1]. On the other hand, 48 hours
is sufficient recovery time due to high-level athletes’ physiological
adaptation to intensive physical training, among them in terms of
stabilization and recovery of CK concentrations in blood serum.

SPSS 26 software was used for statistical analysis. Obtained
data were processed according Student’s t-criterion, and data are
presented as mean + SD. The level of statistical significance was
set as p value <0,05.

Results and discussion. Retrospective analyzes of baseline
data obtained during off-season, after at least 1 week resting
period, showed no significant difference of CK levels between
athletes with NFO/OTS and control group, and the values didn’t
exceed reference range, p>0.05 (Table 1).

Pre-exercise clinical assessment of study groups did not re-
veal subjective or objective cardiac symptoms, whereas in total
5 athletes mentioned mild injury of lower extremities during
training and small pain associated to those injuries.

During the season pre-exercise measurements of CK in all ath-
letes — athletes with NFO, athletes with OTS and control athletes
exceeded off-season values, but were less than 300U/, and fell
within the “elevated training level” range (Table 2). Similar rising
trend of CK-NAC and CK-MB values was observed immediately
after exercise, reaching peak values after 6 hours in all athletes -
with NFO/OTS and control group, however, the peak values in
NFO athletes and OTS athletes were significantly greater than in
controls. The CK-NAC and CK-MB values after 48 hours of re-
covery were significantly higher than entry values in athletes with
NFO and athletes with OTS, but in controls it remained elevated
solely for CK-MB parameter. As for inter-group comparison, in re-

Table 1. Off-season measurement of the serum creatine kinase (CK) in studied groups

CK-NAC, U1 CK-MB, U/l
Athletes with NFO/OTS 1714£25.6 3.87+0.61
Control athletes 164+31.4 3.29+0.45
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covery phase, after 48 hours, CK-NAC and CK-MB values were
significantly higher in athletes with NFO and OTS athletes than in
controls, showing greater retention of biomarkers in blood serum
and slower/prolonged recovery, and CK-NAC levels falling within
the “possible overtraining and muscle damage” levels in OTS ath-
letes, even after 72 hours of recovery (Table 2). Concentrations of
cTnl increased markedly from baseline, reaching peak values after

6 hours in all athletes - with NFO/OTS and control group, however,
the peak values in athletes with NFO and athletes with OTS were
significantly greater than in controls, and at the same time, slightly
exceeded reference range. Cardiac Tnl levels were declining after
48 hours, but remaining significantly higher than entry values in ath-
letes with NFO and athletes with OTS. In these athletes pre-exercise
levels of cTnl values were reached after 72 hours of recovery (Table 3).

Table 2. Levels of CK-NAC (U/I) and CK-MB (U/I) in studied groups pre- and post-exercise (Mean+SD)

Pre-exercise Immedlate.ly after After 6 hours After 48 hours After 72 hours
exercise
O m O m O m o m O m
> | > = | Z Z > 5 > 5
e S S| ¥ S 3 o S S
Athletes 269+ 5.2+ 9.8+ 937+ 18.2+ 547+ 13.4+ 6.2+
withNFO | 346 | 059 | 302 | 061 | 626r | 43+ 7460 | 36en | O8I o
Athletes 276+ 5.4+ 493445.6 10.+ 955+ 19.1+ 601+ 152+ | 325+42.6 11.6+
with OTS 24,7 0.36 ? 0.42 81,3* 5.4% 56,25 A 3.9 AN 3.
Control 257+ 4.7+ 9,3+ 807+ 15.6+ 324.7+ 9.3+ 4.2
+ > +
athletes 56,8 0.81 461+74.4 0.45 54,1 2.7 57.3 2.5" 2434274 +3.7
*»<0,05 - CK-NAC and CK-MB data after 6 hours, compared between NFO/OTS athletes and CA;
= p<0,05 - CK-NAC and CK-MB data after 48 hours, compared between NFO/OTS athletes and CA;
A p<0,05 - CK-NAC and CK-MB data pre-exercise and after 48 hours;
M p<0,05 - CK-NAC and CK-MB data pre-exercise and after 72 hours
Table 3. Level of cTnl (ng/ml) in studied groups (Mean+SD)
Post-exercise
Pre-exercise i
Immedlate.ly after After 6 hours After 48 hours After 72 hours
exercise
Athletes with NFO | 0.021+0.026 0.052+0.078 0.128+0.092* 0.041+0.046= 0.024+0.035
Athletes with OTS | 0.031+0.017 0.070+0.043 0.137+0.061* 0.053+0.075= " 0.035+0.012
Control athletes 0.023+0.034 0.061+0.012 0.081+0.046 0.028+0.008 0.019+0.017
*0<0,05 - cTnl data after 6 hours, compared between NFO/OTS athletes and CA;
= p<0,05 - cTnl data after 48 hours, compared between NFO/OTS athletes and CA;
A p<0,05 - cTnl data pre-exercise and after 48 hours
Table 4. Echocardiographic variables of NFO/OTS athletes baseline (pre-exercise)
and after strenuous exercise: within 6 hours and after 48 hours, (Mean+SD)
Post-exercise
Variable Pre-exercise
Within 6 hours After 48 hours
LV EDV, ml 116422 103+£25% 115+£24
LV EDS, ml 41£17 38+21 40+26
LV EF, % 61+4 62+6 61+7
LA indexed volume, mL/m? 26+2 26+3 27+3
RV fractional area change, % 48+4 45+5 47£5
TAPSE, mm 2242 24+3 2342
E, m/s 0.78+0.11 0.69+0.17* 0.75+0.12
A, m/s 0.53+0.12 0.65+0.16* 0.59+0.11
E/A ratio 1.47+0.25 1.06+0.14* 1.40£0.09
DT, ms 209.14+29.78 214.35+24.01 210.23+£30.15
E’, cm/s 13.56+1.1 11.2341.8% 13.15+2.6
A’, cm/s 9.25+1.5 9.96+1.3% 9.46+1.7
E'/A’ 1.45+0.8 1.13+1,5% 1.38+1.6
E/ E’ ratio 5.67+1.1 6.15+1.7 5.70+1.5
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*0<0.05 post- versus pre-exercise
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When compared to pre-exercise echocardiography data, we
detected small, but significant decrease (p<0.05) of post-exer-
cise left ventricular end-diastolic volume, E/A ratio (due to a
decrease of the E wave and an increase of the A wave), and E’/
A’ ratio (due to a decrease of the E” wave and an increase of the
A’ wave), but all still within the conventional reference ranges
[11]. However, after 48 hours of recovery all mentioned changes
were normalized. Other measurements post-exercise were not
different from values observed pre-exercise. Thus, our study
demonstrated that after strenuous workload LV systolic function
as well as RV systolic parameters are preserved and there are
only small decrease of LV diastolic volumes and minor signs of
diastolic impairment detectable, even though transient, due to
slight modifications of the LV filling patterns, but without ad-
ditional signs of diastolic dysfunction (Table 4).

A, mitral A wave filling velocity; A’, peak late (or atrial) myo-
cardial tissue velocity; DT, mitral deceleration time; E, mitral E
wave filling velocity; E’, peak early myocardial tissue veloc-
ity; LVEDYV, left ventricular end-diastolic volume; EF, ejection
fraction; LVESYV, left ventricular end-systolic volume; HR, heart
rate; LA, left atrium; LV, left ventricular; RV, right ventricle;
TAPSE, tricuspid annular plane systolic excursion

Post-exercise clinical assessment of the studied athletes didn’t
reveal any significant cardiac symptoms, whereas most of the
athletes noted continuous trauma during game/combat con-
tact events (football, basketball, rugby, boxing) and associated
muscular pain of various severity, though, quite rapid recovery
in vast majority of cases. Herewith, 2-year follow-up and ret-
rospective analyze demonstrate that most of the OTS athletes
showed no signs of full recovery. Three athletes (football player
and two wrestlers) struggled from muscular pain, mostly lower
limbs, and cramps in lower limbs. After 6 month of follow up,
these athletes were not able to train regularly because of slow re-
covery from training and the presence of muscle pain and gener-
al fatigue, contributing to a detraining. Other OTS athletes were
able to train regularly with some cautious planning, but their
training volume had not returned to normal and they required
more time for recovery from a training session than usual.

In our study prevalence of NFO and OTS was seen in team
sports (football, water-polo, rugby, basketball) and in sporting
disciplines with mixed high and high-to-moderate intensity
workload (boxing, wrestling), among them 27(62,8%) NFO and
4 (9,3%) OTS cases, particularly, majority of NFO/OTS were
revealed in wrestling: NFO- 19(44,2%) and OTS- 4(9,3%) [4].
Most of these sports can be considered as “tackle plays” (foot-
ball, rugby) or “combats” (boxing, wrestling) causing muscular
injury. Muscle damage and disruption of skeletal muscle mem-
brane may cause plasma CK leakage. Higher pre-exercise values
of CK compared to off-season, can be associated with various
severity (mostly mild) of muscular trauma which may occur
during training or competition, though, their persistence can
be a signal of overtraining. However, in athletes, persistently
elevated CK levels, and at the same time, reduced exercise
tolerance can be suggestive of OTS. With regards of markers
of myocardial injury, increased CK-MB levels post-exercise,
though, never exceeding upper cut-off value, and c¢Tnl slight-
ly exceeding conventional reference range after 6 hours of
strenuous exercise, may represent reversible involvement of
cardiomyocyte membrane, benign by nature, caused by ex-
cessive cardiac workload. These changes were not associated
with any sustained alterations of echo-parameters of LV and
RV systolic and diastolic functions, and do not reflect clini-
cally threatening myocardial damage. Minor diastolic chang-
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es can be attributed to the isolated modification of the trans-
mitral inflow pattern due to adaptation to the post-exercise
haemodynamic changes rather than intrinsic alterations in LV
relaxation or compliance properties [2].

Detection of elevated values of cardiac markers after strenu-
ous exercise can be linked to increased cellular permeability and
cardiac troponin leakage. On the other hand, oxidative stress
existent in OTS athletes [6] may significantly contribute to in-
crease of cardiomyocyte membrane permeability, owing higher
values of ¢Tnl in this group compared to controls and athletes
with NFO. The release of troponins from the cardyomyocites
was transient and recovered quite rapidly, without irreversible
pathophysiological and clinical consequences. Bearing in mind
that after 48 hours of recovery in athletes with NFO and athletes
with OTS the CK levels were still high, the training regimen
comprised of proper set of intensive-to-less intensive exercise
sessions and corresponding duration of recovery phases should
be suggested. Such strategy could prevent overtraining, as well
as could interrupt NFO to OTS progression.

Conclusions. In our study sport-specific intensive exercise
could cause mild injury to skeletal muscle and transient increase
of the CK-MB and cardiac Tnl, without irreversible pathophysi-
ological and clinical consequences, and any sustained alterations
of echocardiographic parameters of systolic and diastolic func-
tions, suggesting mostly benign cardiac involvement, though
amplified by existent oxidative stress in athletes with OTS.
Monitoring responses via alterations of biochemical parameters
can be helpful to guide athletic training, reveal incomplete re-
covery and suggest trauma or overtraining, and prevent OTS or
interrupt NFO to OTS progression.
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SUMMARY

ASSESSMENT OF EFFECTS OF NON-FUNCTIONAL
OVERREACHING AND OVERTRAINING ON RE-
SPONSES OF SKELETAL MUSCLE AND CARDIAC BI-
OMARKERS FOR MONITORING OF OVERTRAINING
SYNDROME IN ATHLETES

Kajaia T., Maskhulia L., Chelidze K., Akhalkatsi V.,
Kakhabrishvili Z.

Thilisi State Medical University, Georgia
The aim was to study the effects of non-functional overreach-
ing and overtraining on responses of biomarkers of the skeletal

muscle cell (CK-NAC) and cardiomyocyte injury (¢Tnl and

© GMN

CK-MB) and their use in monitoring OTS. In 43 athletes with
non-functional overreaching (NFO)/overtraining syndrome
(OTS) and 40 athletes without NFO/OTS —control athletes (CA)
off-season measurements of creatine kinaze (CK-NAC and CK-
MB) were performed, followed by peak-season evaluation of
the dynamic of CK-NAC, CK-MB and cardiac troponin I (cTnI)
changes. CK and c¢Tnl levels were obtained 24 hrs before the
strenuous exercise appropriate to the sport-specific peak-season
intensity, immediately after completion of the work-load, after
6, 48, and 72hrs. Baseline and post-exercise clinical assessment
and echocardiography were performed in 6 and 48 hrs after
strenuous session.

Similar rising trend of CK-NAC, CK-MB, and cTnl levels
was observed immediately after exercise, reaching peak val-
ues after 6 hours in all athletes, though, significantly greater in
NFO/OTS athletes than in controls. After 48 hours of recovery
in athletes with NFO/OTS CK-NAC, CK-MB, and ¢Tnl values
were significantly higher than on entry, showing slower recov-
ery. CK-NAC fell within the “possible overtraining and muscle
damage” levels in OTS athletes, even after 72 hours of recov-
ery. Most of the athletes noted continuous trauma during game/
combat contact events, though, mostly recovered after 48 or 72
hours. Two year follow-up showed no signs of full recovery
in the OTS athletes. Echocardiography didn’t reveal any sus-
tained alterations of systolic and diastolic functions, or clinically
threatening myocardial damage, only minor diastolic changes
due to adaptation to the post-exercise haemodynamic. Elevated
values of cardiac markers after strenuous exercise can be linked
to increased cellular permeability and cardiac troponin leakage,
amplified by oxidative stress existent in OTS athletes.

In our study sport-specific intensive exercise caused mild
injury to skeletal muscle and transient increase of the CK-MB
and cTnl, without irreversible pathophysiological and clinical
consequences, suggesting mostly benign cardiac involvement,
though amplified by existent oxidative stress in athletes with
OTS. Monitoring responses via alterations of biochemical pa-
rameters can be helpful to guide athletic training, and prevent
OTS or interrupt NFO to OTS progression.

Keywords: Non-functional overreaching, overtraining syn-
drome, biomarker, skeletal muscle damage, cardiomyocyte
damage.

PE3IOME

OIEHKA D2®®PEKTOB HE®YHKIUWOHAJBHOI'O
INEPEHAIIPS’)KEHUSA U IIEPETPEHUPOBKUN HA PE-
AKIUIO CKEJIETHBIX MbIIII U CEPAEYHBIX BUO-
MAPKEPOB, C HEJBIO MOHUTOPUHTA CHHIPO-
MA INEPETPEHUPOBKHU CIIOPTCMEHOB

Kamxkaus T.3., Macxysius JI.M., Yeaunze K.JIL.,
Axankanu B.U., Kaxadpumsuiau 3.1

Tounucckuil 20Cy0apCmeeHHblll MeOUYUHCKULL YHUBEPCUMEN,
I pysus

Lensto nccnenoBanys SBUIIOCH ONPE/IeNIEHNE OTBETHOMN peak-
1y 6uomapkepos nospeskaeHus ckeneTHeIX Mpln (CK-NAC)
1 MuokapuonuTos (cTnl u CK-MB), BbI3BaHHO# HedyHKIHO-
HaJIbHBIM II€PEHANPSDKCHUEM U IIEPETPEHUPOBKOM, 11 MOHUTO-
pHUHIa CHHIPOMA [1EPETPEHUPOBKU CIIOPTCMEHOB.

VY 43 cnopTcMeHOB ¢ He(YHKIMOHAIBHBIM IepeHarnpsiKe-
uueM (H®IT)/cunapomom neperpenupoBku (CII) m crop-
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tcMeHoB 6e3 HOTI/CII (koutponbhas rpynmna - KI') mepen Ha-
4aJIoM CIOPTHBHOIO CE30HA OLIEHUBAJICS YPOBEHb KpEaTHH-
kunHa3bl - CK (CK-NAC u CK-MB), 3arem, Ha nuke ce3oHa,
uccienoBanach JuHaMuka usmeHenuil B yposHsax CK-NAC,
CK-MB u kapauansnoro tpomnonuna I (cTnl). M3mepenus
koHueHtpauud CK u ¢Tnl npoBenens! 3a 24 yaca nepej uH-
TEHCHBHOMH, COPT-CHenn(PUIESCKOH, COOTBETCTBYIOIIEH MUKY
CE30Ha Harpy3Koii, 3aTeM cpa3y [0 OKOHYaHUH, cIycTs 6, 48,
u 72 yaca nocne Harpy3ku. [IpoBeneHs! HauanbHas U nocie-
HarpysouHas (crycTs 6 u 48 4acoB) KIMHMYECKasl OLCHKA U
IXOKapaHorpadus.

OpunakoBas tenaeHuus pocra yposHeit CK-NAC, CK-MB
u cTnl oTMeueHa y Bcex CIIOPTCMEHOB cpasy 110 OKOHYaHUH Ha-
IPy3KH, KOTOpast AOCTUTaJla TUKOBBIX 3HAYECHUH CIIyCTs 6 4acoB
u 6b11a toctoBepHo Bbiie y HOTI/CIL, yem y cniopremenos KT
Cryctst 48 wacoB BoccraHoBieHus y criopremeno ¢ HOIT/CIT
ypoBHu CK-NAC, CK-MB u cTnl 6bu1n 10CTOBEpHO BbILIE,
4yeM Nepesl Harpy3Koil, 4To CBUIETENbCTBYET O MEAJICHHOM BOC-
cra"oBieHuu. Y crnoprecMmeHoB ¢ CII xonuentpauus CK-NAC
COOTBETCTBOBAJIA YPOBHIO “‘BO3MOKHAs NEPETPEHUPOBKA U IO-
BPEXICHUE MBIIII Ja)ke Iocie 72 4acoB BOCCTAHOBJICHMUSL.

BonpmmHCTBO CIIOPTCMCHOB OTMEHAJIM YacTyrO TpaBMy BO
BPEMsI UTPOBBIX/00EBBIX KOHTAKTHBIX COOBITHIA, OHAKO, B OC-

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

HOBHOM, crycTs 48 mnn 72 yaca BoccTaHaBiIMBach. J[Ba roma
HaOJIIO/ICHHs HE BBISIBUIIM [IPH3HAKOB MOJIHOTO BOCCTAHOBJICHHS
y criopremeHoB ¢ CIT. Dxokapauorpadus Kakux-1mdo ycTonuu-
BBIX M3MCHEHUI CHUCTOINYECKOW M JAMACTONMYECKON (YyHKLHUIA
cepALa WIK KIMHUYECKH YIPOXKAIOLIEr0 TOBPEKACHUS MHOKap-
Jla HE BBIABHJIA, OTMEYAIMCh TOJBKO HE3HAYMTEJIbHBIC TUACTO-
JIMYECKUE U3MEHEHUS BBUAY aJanTaliy K TeéMOANHAMUYECKUM
U3MEHEHHUsAM mocie Harpy3ku. OOHapyKeHHe MNOBBIILICHHBIX
3HAUCHUH CEePJCYHBIX MapKEPOB I1OCJIC HHTEHCUBHBIX HArpy30K,
I10 BCEH BEPOSTHOCTH, CBSI3aHO C MOBBILIEHHOM KJIETOYHON Mpo-
HHMI[AEMOCThI0 U yTeukol cTnl, ycuneHHOH okcnaalMoOHHBIM
CTPECCOM, CYILECTBYIOLMM y crioprecMeHos ¢ CII.

CriopT-crienuduyeckue HHTEHCHUBHbBIE HATPY3KHU MOTYT BbI-
3BaTh JIETKOC MOBPEXKJIECHUE CKEJIETHBIX MBI U BPEMEHHOE
yBeauuenne CK-MB u cepaeunoro Tnl, 6e3 HeoOpaTUMBIX
naroGHU3HOIIOTHYECKUX M KIMHUYECKHX ITOCIEJACTBHU, YTO
IpelIoaaraeT B OCHOBHOM JJ0OOpOKayeCTBEHHbIE U3MEHEHMUS,
YCHWJIMBAIOIUECS CYIECTBYIOIIMM OKCHUAALMOHHBIM CTpec-
com y crioprecmenoB ¢ CII. Mcnonp3oBanue uameHeHuit 6uo-
XMMHUYECKHX [apaMeTPOB C eJIbI0 MOHUTOPHHTA 00ECIIeUHT
BO3MOYXHOCTb YIPAaBJICHUS CIOPTHUBHBIMU TPEHUPOBKAMH,
npenorspauienuss CII unu npepblBaHUsS MPOrpPecCUpPOBAHUS
H®II B CII.
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