Ars et Scientia, Humanitas et Virtus!

ISSN 2708-6615 (print)

ISSN 2708-6623 (online)

YKPAIHCbKHUH
"KYPHAJI
BIMCHKOBOI MEIUIIUHU

[IJOKBAPTAJIbHUM HAYKOBO-ITPAKTUYHHWH XKYPHAJI
YKPATHCBbKOI BINCbKOBO-MEJWYHOI AKAJIEMIT

TOM 5
4.2024

UKRAINIAN
JOURNAL OF
MILITARY MEDICINE

QUARTERLY SCIENTIFIC AND PRACTICAL JOURNAL OF
UKRAINIAN MILITARY MEDICAL ACADEMY



«UKRAINIAN JOURNAL OF MILITARY MEDICINE»

PEJAKIIIMHA KOJIETIA EDITORIAL BOARD
T'osi0BHMI pegaKToOp Editor in Chief
LIBELb A.B., a.mea.H, npod., YBMA SHVETS A.V., MD DSc, Prof., UMMA
3acTynHUK roJIOBHOTO peJaKTopa Deputy editor-in-chief
JIYPIH LA, n.mepn.H, npod., akagemik HAMH Ykpainuy, Bine- LURIN L.A., MD DSc, academician of NAMS of Ukraine, The
npesugeHT HAMH Ykpainu Vice President of NAMS of Ukraine
YneHH peAakuiitHoil KoJierii Members of the Editorial Board
T'EJIEPAK Ixerox pA.MenH, npo¢., BMI - HanjionabHu# GIELERAK Grzegorz MD DSc, Prof., Military Institute of
HayKOBO-AoCHAiAHUN iHCTUTYT [losb1i Medicine - National Research Institute of Poland
TAJTYIIKA AM.,, A.MeA.H, npod., BinonepkiBcbkuit HALUSHKA A.M., MD DSc, Prof., Bila Tserkva Military
BilCbKOBMIA FOCIIiTA/b Hospital
IBAHBKO O.M,, n.Men.H, npod., YBMA IVANKO O.M., MD DSc, Ass. Prof,, UMMA
KAJIbHUI B.B,, 1.6.H., npod., YBMA KALNYSH V.V, D. Sc.Biol,, Prof,, UMMA
KOPOJIb C.0., a.Men.H, npod., YBMA KHOMENKO I.P., MD DSc, Prof., Corresp.m-er of NAMS of
JIYTOBAT.B,, k.me[.H,, fo1., HanioHanbHU# yHIBEPCUTET Ukraine, Kyiv City Clinical Hospital N28
o6oponu Mauasii: Kyasa Jlymnyp KOROL S.0., MD DS, Prof,, UMMA
MOPO3 I'.3, n.mep.H, npod., YBMA LUGOVA G.V., MD PhD, Ass. Prof,, National Defense
MYTA®YUUCKHU B.M,, n.mMen.H, npod., BilicbkkoBo-MeaniHa University of Malaysia: Kuala Lumpur, MY
akagemis bojirapii, Codis MOROZ G.Z., MD DS, Prof,, UMMA
CABUIIbKHWU B.JL., n.mMen.H, mpod., YBMA MUTAFCHIYSKI V.M., MD DSc, Prof., Military Medical
SEJJOPUY I1.B., a.mMep.H., no1., YBMA Academy, Sofia, Bulgaria
XOMEHKO LI, g.men.H, npod., uien-kop. HAMH YkpaiHy, SAVYTSKYI V.L., MD DS, Prof,, UMMA
KuiBcbka Micbka kJiHiYHa JikapHsa Ne8 FEDORYCH P.V., MD DSc, Associate Professor, UMMA
BIJIOYC M.B,, a.papm.H., fon, YBMA BILOUS M.V,, D. Sc. Pharm.,, Ass. Prof,, UMMA
JAPO3/10BA Al 0. a. c])apM H., ipo¢., HYO3Y im. [1.JI. llynuka DROZDOVA A.0., D. Sc. Pharm., Prof., Shupyk NHUU
COJIOMEHHHM A. M., k. cl)apM H, Ao1., YBMA SOLOMENNYI A.M., PhD Pharm, Ass. Prof,, UMMA
TAPACEHKO B.O., 1. cl)apM H., 011, YBMA TARASENKO V.0, D. Sc. Pharm., Ass. Prof., UMMA
TPOXUMYYK B.B., A.papm.H., npod., HYO3Y im. I1JI. lllynuka  TROKHYMCHUK V.V, D. Sc. Pharm.,, Prof., Shupyk NHUU
IIMATEHKO O.I1., x.dpapm.H., npod., YBMA SHMATENKO O.P,, D. Sc. Pharm., Prof.,, UMMA
PEJAKIIAHA PAJIA EDITORIAL COUNCIL
BAJIIQK M.L, f.MeAH, pod., YBMA BADIUK M.L, MD DSc, Prof,, UMMA
BIJINU B.4., n.men.H, npoc]) YBMA BELIY V.Ya.,, MD DS, Prof.,, UMMA
BIBIK T.A., a.Me[.H, r[po(]) YBMA BIBIK T.A., MD DSc, Prof.,, UMMA
BOMYAK M.l'[., JA.MeJL.H, npo(])., YBMA BOYCHAK M.P., MD DSc, Prof.,, UMMA
BJIACEHKO 0.M,, a.mez.H, npod., HMY imeni 0.0. Boromosibus GOLIK L.A., MD DSc, Prof.,, NMMCC «GVKG»
['OJIUK JLA., n.Men.H, npod., HBMKI] «'BKI'» KAZMIRCHUK A.P., MD DSc, Prof.,, NMMCC «GVKG»
3APYUbKUHU {.J1., n.men.H, npod., YBMA KHYTRIY G.P., MD DSc, Prof.,, UMMA
KA3MIPYYK A.Il, n.Men.H, npod., HBMKII «'BKI'» KHYZHNYAK M.L, MD DSc, Prof.,, UMMA
KOXXOKAPY A.A, a.men.H, npod., YBMA KOTUZA A.S., MD DSc, Prof., CH «Feofania» SDA of Ukraine
KOTY3A A.C. a.mef.H, npod., K/ «Peodanis» YC Ykpainu KOZHOKARU A.A., MD DSc, Prof.,, UMMA
JINXOTA AM., f.men.H, mpod., YBMA LIKHOTA A.M., MD DSc, Prof.,, UMMA
OTrOPO/ZIHINYYK L.B., a.Men.H, o1, YBMA OGORODNIICHUK 1.V., MD DSc, Ass. Prof,, UMMA
OCbOJJIO I'.B,, A.Mea.H, npod., YBMA 0SYODLO G.V., MD DS, Prof.,, UMMA
PYM’HLEB 10.B., n.Mex.H, npod., YBMA RUMYANTSEV Y.V., MD DSc, Prof., UMMA
CEPEJIA LK, k.Meza.H., foueHT, YBMA SEREDA I.K,, MD PhD, Ass. Prof., UMMA
CUJ0OPOBA H.M,, n.Mez.H, foleHT, YBMA SIDOROVA N.M., MD DSc, Ass. Prof.,, UMMA
CUPOTA I1.C,, k.dapm.H, npod., YBMA STEBLYUK V.V., MD DSc, Prof.,, UMMA
CTEBJIIOK B.B,, n.Men.H, npod., YBMA SYROTA P.S., PhD Pharm, Prof.,, UMMA
TPUXJIIB B.L, a.Men.H, npod., YBMA TRIKHLIB V.1, MD DSc, Prof.,, UMMA
TPIHBKA 1.C,, k.Mepn.H., jouieHT, YBMA TRINKA LS., MD PhD, Ass. Prof,, UMMA
YCTIHOBA JL.A,, n.mMea.H, npod., YBMA USTINOVA L.A., MD DSc, Prof.,, UMMA
XWXKHSAK ML, a.mex.H, npod., YBMA VLASENKO 0.M., MD DSc, Prof., Bogomolets national university
XUTPUU I.IL, p.Men.H, npod., YBMA YAROSH 0.0., MD DSc, Prof,, UMMA
APOII 0.0., a.mea.H, npod., YBMA ZARUTSKY Y.L., MD DSc, Prof,, UMMA
CekpeTap BignoBiganbHui Executive Secretary
PYIIAK JI.B, k.6.H., noy., YBMA RUSHCHAK L.V. PhD Biol., Ass. Prof. UMMA
PoszasiHymo ma cxeasneHo BueHoto padoro YkpaiHcukoi gilicbkogo- Considered and approved by the Academic Council of the Ukrainian
MeduyHoi akademii (npomokoa 6id 12.03.2020 pokyNe2 e pedakyii Military Medical Academy (protocol #2, March 12, 2020,
8i0 04.12.2020 poky Ne11, eid 09.02.2022 poky Nel, eid 12.10.2023 revised # 11, December 4, 2020, #1, Fabruary 9, 2022, #5, October
poky Ne5 ') 12,2023)
BUJABELb PUBLISHER
YkpaiHCbKa BiiCbKOBO-Me/INYHa aKa/ieMist Ukrainian Military Medical Academy
CBIZOLTBO PO AePKaBHY PEECTPaLiio: Certificate of state registration of printed mass media:
KB Ne 24365-14205P Biz 24.02.2020 p. KB Ne 24365-14205P 24/02/2020
Ajppeca pegakuii: Mailing Address:
ByJ1. KHa3iB OcTpo3bkux 45/1, kopm. 33, 01015 Kyiv, KnyazivOstrozkykh Str. 45/1, bldg. 33,01015.
Tenedon/dakc 044-280-00-34 Tel/Fax: 044-280-00-34
Email: yymm@ua.fm Email: yymm@ua.fm
Indekcayisa sxcypHaay: Tignucano o apyky 30.12.2024 p. Yci npasa sacmepediceni. llepekaad ma nepedpyk minbKu 3a
Crossref:10.46847 | Tupax 50 npuM, 3aMoBJIeHHs Ne23 3200010 asmopis i pedakyii. lucmu, pykonucu, gﬁom_ozpazﬁu
ELSEVIER ’ BigzpykoBaHo B TMnorpadii ma Ma/awHKU He hosepmarmbucs. BidnosidanavbHicms 3a

; ;  CIIJ «YamuuHcbka H.B.» gipHicmb daHux, yumam, gopmy/, 003 npenapamie mowo
,&Lﬂ_ SCOPUS t()(;g#e 01015, Kyiv, Tel/Fax: 044-407-61-97  Hecymb aemopu cmamell. Pedakyis saauwae 3a co6oro
daxoee Haykoee eudanHsa YBMA 3a  npaeo pedazyeamu mamepiaau. Ilybaikayis mamepianie y

gpng[pf L%‘é‘“ﬂs cneyiaibHocmsamu 222 MeduyuHa, YbOMy JypHAAl He 03HAYAE, Wo pedakyis 6e3yM08HO
JOURNALS 226 dapmayisi, npomucaosa noodiise dyMku ma no2Aa0u asmopie cmametl.
dapmayis (Haka3 Minicmepcmea . https://ujmm.org.ua/index.php/journal
INDEX (" COPERNICUS oceimu I Hayku YkpaiHu gid 19 Budaemuvcsaa 3miuwlaHumu Mosamu
RW AT 0N & keimHs 2021 poky Ne420) © Ukrainian Military Medical Academy



https://ujmm.org.ua/index.php/journal
https://journals.indexcopernicus.com/search/details?id=67043

3MICT CONTENTS
IMPOBJIEMHA CTATTA PROBLEM ARTICLE
KJ/ITHIKO-ENIAEMIOJIOITMHA XAPAKTEPHUCTHKA CLINICAL AND EPIDEMIOLOGICAL

BOMOBOI TPABMU KMBOTA VY IIOPAHEHHX B
YMOBAX IIIMPOKOMACIITABHOI'O 3BEPOMHOI0

CHARACTERISTICS OF COMBAT ABDOMINAL
TRAUMA AMONG WOUNDED IN THE LARGE-SCALE

KOH®JIIKTY <5> ARMED CONFLICT

L B. Co6ko, A. B. Bep6a, C. A. AcaaHsiH, LV. Sobko, A.V. Verba, S.A. Aslanyan,

10. M. OniiiHuk, O. I. 2KoemoHo#cKo, Yu.M. Oliinyk, O.1. Zhovtonozhko,

A. B. Okoseyb, M.M. /lagudiok A.V. Okolets, M.M. Davidyuk

OPTrAHI3AIIA BIMCBKOBOI OXOPOHU ORGANIZATION OF MILITARY
310POB’A HEALTH CARE

MEJIMYHA EBAKYALISA HA TI0JII BOIO: POJIb TA MEDICAL EVACUATION ON THE BATTLEFIELD: THE

BUITIOBIJAJIBHICT ~ KOMAHJWPIB  3A I <16> ROLE AND RESPONSIBILITY OF COMMANDERS FOR

OPT'AHI3ALIIO TA ITPOBEJIEHHS ITS ORGANIZATION AND CONDUCT

B.O. XKaxoscukuii, B.I'. /lieiHcbKuii V.0. Zhahovskiy, V.G. Livinskiy

YJIOCKOHAJIEHHA OPT'AHI3ALI HAJZIAHHSA IMPROVING THE ORGANIZATION OF PROVIDING

MEJINYHOI JIOTIOMOT'H BIMCbKOBOCJIY K- MEDICAL CARE TO SERVICEMEN WITH

BOBLAM I3 [MIEJIOHE®PUTOM <27> PYELONEPHRITIS

A.Il. Ka3mipuyk, O.C. KoaicHuk, T.A. Bi6ik, A.P. Kazmirchuk, 0.S. Kolisnyk, T.A. Bibik,

0.4. AHmoHIK 0.Ya. Antonyuk

MDKHAPOJHUUN AO0CBIJ B ®OPMYBAHHI T'PYII INTERNATIONAL EXPERIENCE IN FORMING RAPID

IBUJIKOT'O PEATYBAHHA y COEPI RESPONSE TEAMS IN PUBLIC HEALTH

'POMA/ICBKOI'O 3/10POB’A <36> FRAMEWORK

L B. Ky3iH, A. M. I'pun3oecekutl, C. I. Kaarawvenko L V. Kuzin, A. M. Hrynzovskyi, S. 1. Kalashchenko

BINCBKOBO-ITPO®IJIAKTUYHA MILITARY PREVENTIVE
MEJIUIIMHA MEDICINE

CYYACHI ACIIEKTU HYTPUTUBHOI MATPUMKA THE MODERN ASPECTS OF  PATIENTS

[MTALIIEHTIB HA ETAITAX PEABIJIITALIII NUTRITIONAL SUPPORT DURING
<48>  REHABILITATION

A.B. lllgeyyw, O.M. IeaHbko, IO.M. /lenymam, A.V. Shvets, 0.M. Ivanko, Yu.M. Deputat,

O.B. I'opiwna, O.B. Puuka 0.V. Horishna, 0.V. Rychka

OLIHIOBAHHA CUMyJIALll,  IHOEKHIMHHKX ASSESSING INFECTIOUS DISEASE SIMULATION

3AXBOPIOBAHb Y 30HAX BOMOBUX AN YEPE3 IN COMBAT ZONES THROUGH CAPACITY,

KOMIUVIEKC  XAPAKTEPUCTUK  3JATHOCTI, <57> VULNERABILITY, AND RISK FRAMEWORK

BPA3JIMBOCTI TA CTPYKTYPU PUSUKY

T.0. Yymauenko, /1.1 YymaueHko T.0. Chumachenko, D.I. Chumachenko

®IBUYHE BUXOBAHHA TA CIIOPT CEPEJ PHYSICAL TRAINING AND SPORTS AMONG

3/10BYBAYIB BI/II_LlOI ME[[I/I‘{HOI OCBITI/I AK APPLICANTS FOR HIGHER MEDICAL EDUCATION AS

OYHJIAMEHTAJIbHA CKJIAJIOBA IX MAMBYTHbBOI A FUNDAMENTAL COMPONENT OF THEIR FUTURE

BIMCBKOBOI CJIY?KBU: CXU/IBHICTb CTY/JIEHTIB- <65>  MILITARY SERVICE: THE PREDISPOSITION OF

MEJHWKIB 0 3J0POBOI'0O CITOCOBY X KUTTA MEDICAL STUDENTS TO A HEALTHY LIFESTYLE

O.M. BaaceHko, H./l. Ko3ak, LB. Illlep6uHa, O.M. Vlasenko, N.D.Kozak, LV. Shcherbyna,

/1.0. Ko3zak, O.B. /lema D.0. Kozak, 0.V. Dema

OIITUMI3ALIA OCOBOBOIo0 CKJAALY CUJI OPTIMIZATION OF THE DEFENSE FORCES

OBOPOHHU B YMOBAX [MTPOBEJIEHHA MOBI]IIBALUI PERSONNEL UNDER MOBILIZATION CONDITIONS:

POJIb [TIPODECIMHOIO BIZIBOPY AK <72> THE ROLE OF OCCUPATIONAL SELECTION AS A

PO3IIOI/TOBAYA KA/IPIB PERSONNEL ALLOCATOR

B.B. KasvHuw, A.B. lllgeyw V.V. Kalnysh, A.V. Shvets

[MPOBJIEMHI [TMTAHHA 3AXUCTY PROBLEMS OF FORCE HEALTH PROTECTION AT

BIMCbKOBOCJTY?KEOBIIB B YMOBAX THE CONDITIONS OF CHEMICAL AMMUNITION

3ACTOCYBAHHA XIMIYHHMX BOEIPHUIIACIB I/ USE DURING RUSSIAN AGGRESSION ON

YAC 3BPOMHOI POCIMCbKOI AlPECII HA <84> UKRAINIAN TERRITORY. SOLVING WAYS

TEPUTOPII YKPAIHU. LLIJIAXU BUPIILIEHHA

B.JI. Casuybkuii, /LA. Ycminoea, B./I. BozaeHko, V.L. Savytskiy, L.A. Ustinova, V.L. Bohaienko,

€B. Taspuako, B.I Cazno, B.M.IlIMuzoss, E.V. Havrylko, V.I. Saglo, V.M. Shmygol,

0.A. Eemoduves 0.A. Yevtodiev

POJIb HALIIOHAJIBHUX LIEHTPIB TOKCHUKOJIOT'TI THE ROLE OF NATIONAL TOXICOLOGY CENTERS

Y BHUPIIIEHHI T[IMTAHb TIIPO®IJIAKTHUKH, IN ADDRESSING ISSUES OF PREVENTION,

JIATHOCTMKM TA JIIKYBAHHA  OTPYEHD, <94> DIAGNOSIS AND TREATMENT OF POISONING,

TOKCHUKOJIOTTYHOI'O HATJIAAY TA XIMIYHOI TOXICOVIGILANCE AND CHEMICAL SAFETY

BE3IEKU

M.I. I[Ipodanuyk, A.B. bacaHeyb M.G. Prodanchuk, A.V. Basanets

BUPOBEHHUYNUU TPABMATHU3M CEPE[] INDUSTRIAL INJURIES AMONG UKRAINIAN

HPALl}O}O‘{I/IXBYKPAIHI [TPY BUKOHAHHI POBIT WORKERS DURING PERFORMANCE OF WORK

B YMOBAX BOMOBUX Z[II/I TA LUJISIXA HMOro <108> AT THE CONDITIONS OF HOSTILITIES AND

[TPOPIJIAKTUKH
A.M. HazopHa, B.B. KanrvHuuw, I.B. [lemueHko,
M.O0. PadioHos, 0.A. Komnatieyb

WAYS OF ITS PREVENTION
A.M. Nagorna, V.V. Kalnysh, L.V. Petchenko,
M.O0. Radionov, 0.A. Companiiets

«UKRAINIAN JOURNAL OF MILITARY MEDICINE» (4. 2024, Vol. 5) $¥+¥+ttfttttsbttstittt bttty 3



AKTYAJIBHI ACIIEKTH AIATHOCTHKH 1

CURRENT ASPECTS OF DIAGNOSIS AND

JIIKYBAHHA TREATMENT
TEMATOJIOI'TYHI OCOBJIMBOCTI MIHHO- HEMATOLOGICAL FEATURES OF MINE-BLAST
BUBYXOBOI TPABMH, IO CYITPOBOIKYETLHCA TRAUMA, ACCOMPANIED BY

AKYBAPOTPABMOIO, Y BIMCbKOBOC/IYKBOBLIIB-

ACUBAROTRAUMA, AMONG SERVICEMEN -

YYACHUKIB BOMOBUX JIn BUCOKOI PARTICIPANTS IN HIGH-INTENSITY COMBAT
IHTEHCHUBHOCTI <118> OPERATIONS
CA. Iycesa, I'.B. Ocvo00.10, ALI1 I'oHuapos, S.A. Husieva, G.V. Osyodlo, L.P. Goncharov,
0.4. AumoHnioK, 10.10. Komuk, A.B. I'yces, 0.Ya. Antonyuk, Yu.Ya.Kotyk, A.V. Husiev, M.E. Krol,
M.E. Kposw, LB. Maauw, A.M. KaumeHko, LV.Malysh, Ya. M. Klymenko, S.V. Tkachenko
C.B. TkaueHKko
KOMOPEIIHI  TPMBOXXHI TA  JEINPECHBHI UP-TO-DATE COMORBID ANXIETY AND
CUHJAPOMH ¥ BIMCbKOBOCJIY>KEOBIIIB- DEPRESSIVE SYNDROMES AMONG SERVICEMEN
YYACHHUKIB BOMOBUX I HA CYYACHOMY ETAIII <128> PARTICIPATING IN COMBAT OPERATIONS
O.M. Tkasaenko, .M. Tkauyk, A.K. COKoI0K, O.M. Tkalenko, .M. Tkachuk, A.K. Sokoliuk,
M.B. OaiiiHuk, C.B. /lamuuieHKo M.V. Oliinyk, S.V. Latyshenko
AHAJII3 TA TIEPCIIEKTHMBH PECYC_TI/ITAHIT 3 THE ANALYSIS AND PROSPECTS OF
3ACTOCYBAHHAM CBDKOI LLJIbHOI KPOBI B RESUSTITATION USING FRESH WHOLE BLOOD
CYYACHIU MEJULIMHI <137> IN MODERN MEDICINE
B.B. llempywenko, B.B. YopHa, B.B. Kos1omieyy, V. V. Petrushenko, V.V. Chorna, V.V. Kolomiyets,
B.M. /lunkauv, M.B. Pu6incuwkuii, B.M. Ilodoa4H, V.M. Lipkan, M.V. Rybinsky, A.V. Tomashevsky,
A.B. Tomawescwkuii, M.I. Cupoma V.M. Podolian, M.G. Syrota
BIFICbKOBA ®APMAIIIA MILITARY PHARMACY
TEPMOMEXAHIYHUHW AHAJII3 ®APMALIEBTUYHOI THERMOMECHANICAL ANALYSIS OF A
KOMIIO3ULIT Y ®OPMI TYBOK <148> PHARMACEUTICAL COMPOSITION IN THE FORM OF
SPONGES

C.I1. CHixrcuHCbKU S.P. Snizhynskyi
POCJIMHHI JIIKAPCBKI 3ACOBM {K BE3IIEYHA HERBAL MEDICINES AS A SAFE ALTERNATIVE TO
AJIbTEPHATHUBA CUHTETUYHUM SYNTHETIC ANXIOLYTICS IN THE TREATMENT OF
AHKCIOJIITUKAM B JIIKYBAHHI CTPECY TA <152> STRESS AND ANXIETY AMONG SERVICEMEN
TPUBOT'U Y BIMCbKOBOCJ/IY>KEOBIIIB
0.0. Jlo6posoavHuii, /1./I. laegmsiH, 0.0. Dobrovolnyi, L.L. Davtian,
A.M. Conomentuti, 0.0. /lasudeHko A.M. Solomennyi, 0.0. Davydenko
JOCJIIKEHHA OAPMAKOKIHETHUYHHUX THE RESEARCH OF PHARMACOKINETIC
[TAPAMETPIB TA METABOJII3MY HATPIIO 2-((4- PARAMETERS AND METABOLISM OF SODIUM 2-((4-
AMIHO-5-(TIO®EH-2-UVIMETW/T)-4H-1,2,4- AMINO-5-(THIOPHEN-2-YLMETHYL)-4H-1,2,4-
TPIA30J1-3-T)TIO)ALIETATY [I/11 3BACTOCYBAHHA TRIAZOL-3-YL)THIO)ACETATE FOR USE IN
Y BIMCBKOBIU TA IMBIJIbHIA MEJIULIAHI <159> MILITARY AND CIVILIAN MEDICINE
/L Ycenko, B.0. BapuHcbKkuii, D.L. Usenko, B.O. Varynskyi,
A.T. Kanaayuwenko, A.A. CaghoHos, A.G. Kaplaushenko, A.A. Safonov,
0.1 llanacenko, JLII. Mopo3oaa, 0.1 Panasenko, L.P. Morozova,
O.11. Illmamenko, A.M, Cos10MeHHUTI 0.P. Shmatenko, A.M. Solomennyi
AHAJII3 HACJ/IAKIB MAHJIEMII COVID-19 TA THE ANALYSIS OF COVID-19 PANDEMIC
PUHKY MPOTUBIPYCHUX 3ACOGIB B YMOBAX CONSEQUENCES AND ANTIVIRAL DRUG MARKETS
BOEHHOI'O CTAHY B YKPAIHI <168> UNDER MARTIAL LAW IN UKRAINE
A.M. Kpuukoscvka, K /I. [lapawuH, M.C. Kypka, A.M. Krychkovska, Zh.D. Parashchyn, M.S. Kurka,
H.M. BenzpuH, B.I. /Iy6eneys, A.M. Cos10MeHHUL, N.M. Vengrin, V.I. Lubenets, A.M. Solomennyi,
LB. Ilpowenko LV. Yaroshenko

KJ/ITHIYHE CIIOCTEPEKEHHA CLINICAL NOTICE
OCOBJIMBOCTI KOMIIJIEKCHOT'O XIPYPI'TYHOI'O FEATURES OF COMPLEX SURGICAL TREATMENT OF
JIKYBAHHA BOTHEINAJIbHUX TTIOPAHEHb TTPH GUNSHOT WOUNDS OF MAJOR VESSELS’ COMBAT
BOUWOBIN TPABMI MATICTPAJIbHUX CYIUH <180> TRAUMA
C.0. Koposv, B.M. Pozoecvkuiil, M.C. Bosk, S.0. Korol, V.M. Rohovskyy, M.S. Vovk,
M.B. lllenemos, B.C. l'onuapyk, I0.10. Cieauw, M.V. Schepetov, V.S. Honcharuk, Yu.Yu. Syvash,
B.B. Kpouak V.V. Crochak
BITAMIHOTEPAIIA B JIIKYBAHHI JIETKOI VITAMIN THERAPY IN THE TREATMENT OF
3AKPUTOI ‘{EPEHHO-MQ3KOBOT TPABMMU: HOBI <187> MILD TRAUMATIC BRAIN INJURY: NEW
FOPU30HTHU KJITHIYHOI TPAKTUKHU HORIZONS OF CLINICAL PRACTICE
A.B. llleeys, K.B. Cagiuan, .M. KaumeHko A. V. Shvets, K.V.Savichan, Y.M. Klymenko

IHOOPMAIIIMHUU PO3 1 INFORMATIVE SECTION

BIIZCbKOBO-MEL[H'-IHOMY KJITHIYHOMY 150 YEARS OF THE MILITARY MEDICAL
LEHTPY INIIBHIYHOI'O PET'IOHY 150 POKIB <198> CLINICAL CENTER OF THE NORTHERN REGION

M.II. Boiiyak

M.P. Boychak

4 itfpibbtabt bttt a4t KPAIHCHKME XXYPHAJ BIHCbKOBOI MEJMI[MHH» (4. 2024, T.5)



MILITARY PHARMACY
UDK 547.792'233'732:615.31.015.4:577.31 DOI:10.46847/ujmm.2024.4(5)-159

THE RESEARCH OF PHARMACOKINETIC PARAMETERS AND METABOLISM OF SODIUM 2-((4-
AMINO-5-(THIOPHEN-2-YLMETHYL)-4H-1,2,4-TRIAZOL-3-YL)THIO)ACETATE FOR USE IN
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Introduction. Chromatographic methods are often used in the study of pharmacokinetic parameters. Thus,
the aim of the study was to investigate the pharmacokinetic parameters and metabolism of sodium 2-((4-amino-5-
(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate (ASP) as a potential active pharmaceutical ingredient with
high rates of proven acto- and stress-protective effects, which can be recommended for use in military and civilian
medicine.

The aim of the study is to investigate the pharmacokinetic parameters and metabolism of sodium 2-((4-
amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate (ASP) in the blood serum of rats by intragastric
administration.

Materials and methods. Blood sampling of experimental animals was carried out within 24 hours with intervals
0f0.25,0.75,2.5, 7.5, 13.5 and 24 hours. Approval of the ethics committee N2 6 of 08.06.2021. The obtained plasma was
used to determine the concentration of ASP (chromatographically) and identify possible metabolites (mass
spectrometrically). To evaluate the pharmacokinetic properties of ASP, the following data were calculated: area under
the pharmacokinetic curve "concentration-time" (AUC), total clearance (cl), the constant elimination (Kel), volume (Vd),
period elimination half-life (T1/2).

Results. The analysis of the main pharmacokinetic parameters of sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-
4H-1,2,4-triazol-3-yl)thio)acetate (ASP) by intragastric introduction to rats was held. For oral use AUC is 3.7088 ugh/ml.
The half-life (T12) is 6.06 hours. The following possible metabolic products were predicted for phase Il
biotransformation. This is a reaction of O-glucuronation of an aliphatic acid, formation of a thioester through S-
methylation, and possible formation of a glycine conjugate. And also carnitine conjugation (based on a collection of
enzymes). Analysis of the pseudomolecular ion peak shows the possible formation of a glycine conjugate corresponding
to the structure predicted in BioTransformer. The presence of O-glucuronide as a metabolite was confirmed by PLS DA
VIP score and t-test analysis.

Conclusions. As a result, the main pharmacokinetic parameters (AUC, cl, Kel, Vd, T1/2) and metabolism
(formation of thioether, formation of conjugate of glycine and O-glucuronide) of sodium 2-((4-amino-5-(thiophene)-2-

ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate (ASP) in the blood serum of rats was studied.

Keywords: 1,2,4-triazole, HPLC-MS, metabolism, biotransformation prediction.

JOCIIAKEHHA PAPMAKOKIHETUYHUX TAPAMETPIB TA METABOJII3MY HATPIIO 2-((4-
AMIHO-5-(TIO®EH-2-UIMETWI)-4H-1,2,4-TPIA30/1-3-LI) TIO)ALLETATY JI/11 3BACTOCYBAHHA Y
BIMCbKOBIN TA DUBIVIBHIM MEAUIIUHI

AJ1. Ycenko?, B.0. BapuHncbkuiil, A.I'. Kaniaymenkol, A.A. Ca¢onog?, 0.1. [lanaceHkol,
JLII. Mopo3ogaz?, 0.11. liImaTtenko3, A.M. Co/ioMeHHUA3

13anopisvkull deprcasHuli meduko-gapmayesmuqHull yHigepcumem, M. 3anopixcics, Ykpaina
2BiHHUYbKUll HAYioHa1bHULl azpapHull yHieepcumem, YkpaiHa
3YkpaiHcoka gilicbkogo-meduuHa akademisi, Ykpaina

Beryn. Ilpu docaidsceHHi papMakoKiHemu4HUX napamempie Yacmo euKopucmosyrwms XpomamozpagiuHi
Memodu. Takum yuHoM, Memor pobomu 6ya0 J0CAIONHCEHHS HAPMAKOKIHEMUYHUX napamempie ma mema6oaizmy
Hampito  2-((4-amino-5-(miogpen-2-iamemun)-4H-1,2,4-mpiazon-3-in)mio)ayemamy (ASP), sk nomeHYyitiHo20
aKmueHozo hapMayesmuuHo20 iHzpedieHmy 3 BUCOKUMU NOKA3HUKAMU do8edeHoi akmo- ma cmpecnpomeKmopHoi 0ii
Wo Modice 6ymu peKomMeHO08AHUM 0151 3aCMOCYBAHHA Y 8IlICbKO8Il ma YusinbHIll MeOUuyuHi.

MeTo10 docaidxceHHs € sUBHEeHHS papMaKoKiHemu4HUX napamempie i mema6oaizmy Hampiro 2-((4-amino-5-
(miogpen-2-inmemun)-4H-1,2,4-mpiazon-3-in)mio)ayemamy  (ASP) y cuposamyi Kposi wypis  W/ASIXOM
IHmpazacmpa/ibHo20 86€0eHHS.

MaTepiasu i MeToauU. 3a6ip kposi niddocaidHUX meapuH npo8odu.au hpomsizom 24 200uH 3 iHmepeaasiamu 0,25,
0,75, 2,5, 7,5, 13,5 i 24 eodunu. OmpumaHy n/aa3my eukopucmosyeaau 0/s5 6U3HAYeHHs KOoHYeHmpayii ASP
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(xpomamozpagiuno) ma idenmudpikayii Moxcaueux memabosimie (Mac-cnekmpomempuuHo). /Jas  OYiHKU
dapmakokiHemuuHux eaacmugocmetl ASP 6yau po3paxoeaHi maki daHi: naowa nio papMaxKoKiHemu4How Kpueor
«KoHYyeHmpayis-yacy» (AUC), 3azanvHull kaipeHc (cl), nocmitiHa eaiminayis (Kel), 06’em (Vd), nepiod nieeueedeHHs
(T12).

Pesyabratun. [IposedeHo  aHani3  OCHOBHUX  papmakokiHemuuHux  napamempie  (ASP)  npu
BHYMPIWHbOWTYHKOBOMY 88edeHHI wypam. PiwenHsa komicii 3 6ioemukxu Ne 6 eid 08.06.2021. /las nepopaibHo20
3acmocysarus AUC cmaHosums 3,7088 mke/ma. Ilepiod HanigsusedenHs (T12) cmanosums 6,06 zodunu. HacmynHi
MoxcAu8i MemaboaiuHi npodykmu 6yau nepedéaueni 045 gpazu Il 6iomparcgopmayii. Lle peakyis O-2110KypOHY8aAHHS
anighamuuHoi Kucs1omu, ymeopeHHsi mioeipy yepe3 S-mMemu08aHHS MA MOHCAUBE YMBOPEHHS KOH 102amy 2AiyuHy.

A makosic KoH 'tozayist kapHimuHy (Ha ocHo8i Habopy gepmeHmig).

BuCHOBKWU. B pe3ys1bmami po6omu 6y10 docaidxceHo ocHogHi papmakokiHemuyri napamempu (AUC, cl, Kel,
Vd, T1/2) ma memab6oaism (ymeopeHnHs mioeghipy, ymeopeHHs kKoH toeamy aaiyuHy ma O-earokyporidy) Hampiro 2-((4-
amiHo-5-(miogen-2-inmemun)-4H-1,2,4-mpiazon-3-in)mio)ayemamy (ASP) y cuposamyi kposi wypis.

KnrouoBi cioBa: 1,2,4-mpuaszos, BEPX-MC, mema60o.1i3M, npo2Ho3 6iompaHcgdopmayii,

Introduction. The creation of new drug
includes the study of its properties, such as
pharmacokinetics, pharmacodynamics, toxicity, etc.
The analysis of pharmacokinetic parameters is a very
important aspect and helps to correctly formulate the
drug dose and number of doses. Also, the study of
pharmacokinetics allows scientists to orient oneself
in the possible metabolites of the substance [1].

Today, 1,2,4-triazole derivatives are of wide
interest. Scientists all over the world [2-4] and
Ukrainian scientists [5-9] are engaged in the
synthesis and research of 1,2,4-triazole compounds.
But among the huge number of obtained substances,
only units are sold on the pharmaceutical market.
This is due to the complexity of introducing the
substance into the pharmaceutical industry and the
necessity of conducting many studies. Such study is
pharmacokinetic parameters research.
Chromatographic methods are often used in the study
of pharmacokinetic parameters [10], in particular the
HPLC-MS method [11, 12]. There are already data on
the pharmacokinetic study of 1,2,4-triazole
derivatives. Scientists have determined the main
pharmacokinetic properties and predicted possible
metabolites. It is well known that each substance is
individual. Therefore, it has special pharmacokinetic
properties and metabolites unique to it.

The studied substance has actoprotective and
stress-protective effects [13]. Compounds with
actoprotective and stress-protective actions are
extremely relevant for the Ukrainian military, as they
help maintain high performance, endurance, and
psychological resilience in the challenging conditions
of combat. Actoprotectors support physical activity
and reduce fatigue, while stress protectors help
counter stress factors associated with life-threatening
risks and heavy workloads. Such agents can
significantly enhance the overall resilience of military
personnel, improving their physical and mental well-
being in wartime conditions.

The aim of study is a research pharmacokinetic
parameters and metabolism of sodium 2-((4-amino-
5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-
yl)thio)acetate (ASP) in rats serum by intragastric
introduction.

Materials and Methods. A potential active
pharmaceutical ingredient (API) of stress- and
actoprotective  activity sodium  2-((4-amino-5-
(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-
yl)thio)acetate (ASP) ata dose of 100 mg/kg [13] was
used for pharmacokinetic research parameters and
possible metabolites in rats serum. It was
administered orally in the form of an 1% isotonic
aqueous solution using a rigid probe. 7 groups of
animals were used, 6 were injected with AP], 1 group
of animals was a control group. The number of rats in
each group was 4, in accordance with bioethical
standards [14]. All stages of the study were conducted
in agreement with the Directive of the European
Parliament and of the Council 2010/63 / EU of 22
September 2010 " On the protection of animals used
for scientific purposes” (Approval of the ethics
committee N2 6 of 08.06.2021) [15]. Blood sampling
from experimental animals was carried out within 24
hours at intervals of 0.25, 0.75, 2.5, 7.5, 13.5 and 24 h.
Preliminary time of API determination calculated
from the logarithm of 24 to the base 10 with an
interval of 0.5. Blood was collected from animals of
control group once. Blood samples were centrifuged
at 3000 rpm, the resulting plasma was used for
determination concentration ASP
(chromatographically) and identification of possible
metabolites (mass spectrometrically).

Chromatographic conditions. An Agilent
1260 Infinity HPLC system (Agilent Technologies,
Germany) was used. The Open LAB CDS program was
used to collect the received data. Column ZORBAX SB-
C18 (30x4.6, 1.8 pm). The column temperature is
400C. Mobile phase - 75% acetonitrile (0.1% HCOOH):
25% H»0 (0.1% HCOOH). The flow rate of the mobile
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phase is 0.400 ml/min. For pharmacokinetics study,
the injected volume was 2 pl.

Mass spectrometry conditions. An Agilent
6120 single-quadrupole electrospray ionization (ESI)
mass spectrometer was used for mass spectrometry
analysis. To identify metabolites, scans were
performed in the range of m/z 100-1000. The SIM
mode for the pharmacokinetic study was used at m/z
271. The voltage on the fragmentor was 10V. The gas
temperature of the dryer is 300°C. Spray pressure 40
psi. The gas flow rate is 10 I/min.

To evaluate the pharmacokinetic properties of
ASP, the following data were calculated: area under the
pharmacokinetic curve "concentration-time" (AUC),
total clearance (cl), (reflects the rate of release from the
drug per unit volume of biofluid, as the ratio of dose (D)
to AUC), the constant elimination (Kel) (characterizes
the decrease in drug concentration at the end of the
pharmacokinetic curve), volume (total volume of
distribution (Vd)), when distributed, the drug would
have the same concentration as in blood plasma),
period elimination half-life (Ty.) (the time during
which the concentration of the test substance in the
blood is halved) (table 2). A normal distribution of the

sample was obtained, therefore statistical data were
calculated using the Kruskal Wallis Test method [16].

Biotransformation prediction was performed
to search metabolites ASP using the BioTransformer
3.0 online service. As part of the prediction, a
chemometric  search  for  significant m/z
corresponding to the predicted metabolites in the
mass spectrometric data was carried out. First, the
mass spectrometric data of the pharmacokinetic
samples were compared with the calibration samples,
which were prepared on blood plasma, in which there
are no ASP metabolites, based on Partial Least Square
Discriminant Analysis (PLS DA).

Results and Discussion. An important
assessment of pharmacokinetic parameters is the
analysis substance concentration data in blood
plasma. In the course of the study, the arithmetic
mean values of ASP concentration were determined.
[t was established that the maximum concentration of
the injected substance was reached in the blood
serum in 15 minutes after administration. The
average value of the concentration after 15 minutes
was at the level of 0.469 pg/ml (table 1). It is quite
natural that the concentration of ASP in the blood
plasma of rats decreases over time.

Table 1
Concentration of ASP in blood, pg /ml
Time in hours Ig 10 (h) C, pg/ml, Meant$S
24 1.38 0.0371%0-00359
13.50 1.13 (0.077%0.00294
7.5 0.88 (0.225%0.0025
2,5 0.38 (0.3(7%0.00258
0.75 -0.12 0.416%0-00419
0.25 -0.62 0.469+0.00288

From the data given in the table. 1 and fig. 1,
it can be seen that the average arithmetic value of
the concentration during 24 hours decreases by
approximately 15 times. The concentration
decreases monoexponentially, which indicates

that distribution and elimination occur at the
06
% 0'5 (\ ALO

0,416
0,307

=
N

0,3
0,2
0,1

0

0,225

Concentration,

same rate. The lowest ASP concentration was
recorded after 24 hours. Further studies are
irrelevant based on the fact that the concentration
of APl in plasma is more than 10 times lower than
the previously established effective concentration.

0,077
0,031

01234567 89101112131415161718192021222324
Time, hours

- a certain level of concentration
——————— - average concentration value

Fig. 1. Meaning concentration ASP in blood depending on time
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The main pharmacokinetic parameters were
calculated using standard formulas (table 2). The
area under the pharmacokinetic curve (AUC) is
usually calculated to determine the bioavailability
of a medicinal product (the amount of a medicinal
substance that reaches the site of its activity in the
body). In our study, the substance was
administered to animals orally. This indicator can
be used to calculate the ratio between AUC (oral

administration) and AUC (intravenous
administration) and calculate the difference in
bioavailability. For oral use AUC=3.7088 pg-h / ml

The elimination constant (Kel = 0.1143 h-1)
(the rate of elimination of the substance from the
body) is an important indicator for determining the
elimination half-life (T1/2). T12 = 6.06 h, which is
not a high value on average.

Table 2
Pharmacokinetic parameters when using ASP
Indicator Formula Value
AUC AUC = 25 Aty + 222 5 Aty + 22 5 Aty +AUCigee, 3.7088 pg-h /ml
AUC 1 AUC pose =8¢ 0.2711
In (Cmax /Clast) In (Cmax /Clast) 2.7166
Cmax
— Clast -1
Kel = Tiast=Tmax (h )'
Kel C maxand T maxis the_ maxir.num d.ef.ir.led concentration and 01143 h 1
time of its definition;
Ciast and Tiast - the last one’s appointment concentration
and research time.
In2
T = 6.0624 hours
1/2 Tiy, Kel (h)
cl l= b (ml/h) 26.9629 ml/h
“Tauc™ '
l
vd Vd =~ (ml) 235.8223 1/kg
Kel

Chromatographic studies. A significant
aspect in the subsequent registration of the
original medicinal product is the determination of
active substance metabolism. This will help
determine the mechanisms of pharmacological
activity and predict side effects.

In order to establish possible metabolites of
ASP, a chromatographic study was carried out
using the method of liquid chromatography of
rat’s plasma.

The native compound (ASP) is a sodium salt of
a carboxylic acid containing an amino group. Upon
entering the body, ASP dissociates into sodium cation
and 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-
triazol-3-yl)thio)acetic acid anion. Then, the synthetic
amino acid can undergo both standard processes of
amino acid metabolism (deamination and
decarboxylation) and characteristic processes of
metabolism of nitrogen-containing compounds
(reduction or oxidation and acylation or methylation)
[17, 18]. The assessment of the presence of
metabolites was carried out in parallel with the
determination of pharmacokinetic parameters for all
groups of experimental animals. The obtained results
of the chromatographic-mass-spectrometric

determination were compared with the data obtained
from the control group (which was not administered
API).

No results were obtained for the first phase
of biotransformation. According to phase II of
biotransformation, the following possible products
of metabolism were predicted. The figures show
the monoisotopic mass of non-protonated
compounds. The first reaction is O-glucuronation of
aliphatic acid (Fig. 2). Thioester formation through
S-methylation (Fig. 3). Glycine conjugate formation
is possible (Fig. 4). Carnitine conjugation is then
formed based on a collection of enzymes (Fig. 5).

R
S
HoN— \;\1
=N
S
HO o—<_
0
HO 0
HO OH
o

Monoisotopic Mass: 446.056604 Da

Fig. 2. O-glucuronide
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Fig. 3. Methylation product

Fig. 4. Glycine conjugate

Fig. 5. Carnitine conjugation

In contrast to the control group, the presence
of a compound with a peak at 0.752 min (328.0
m/z) was recorded during the chromatographic
study of the blood plasma of rats administered API
(Fig. 6). Analysis of the pseudomolecular ion peak
with a mass of 328.0 m/z, which is fixed at 0.752
min. shows the possible formation of a glycine
conjugate corresponding to the structure predicted
in BioTransformer (Fig. 4).

MSD2 TIC, MS File (DOCHEMS2_DIDATADOZS_01_21SAFONOV ASP-32 PHKYN V2 2023-0D1-21

13- 12-SDD01-0101.D) ES-APL Pos,
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Fig. 6. Chromatogram and mass spectrum of animal plasma during ASP administration (retention
time 0.752 min)

The next step involved a chemometric
search for significant mass-to-charge ratios
corresponding to the predicted metabolites based
on the "Metabolism Prediction” data from the
BioTransformer 3.0 service. The deconvolution of
the m/z values obtained during pharmacokinetic
analysis was performed using MZmine 3.0
software. The summarized and processed mass
spectrometry data from the pharmacokinetic
samples were compared with calibration samples,
which were prepared using blood plasma without

ASP metabolites, based on Partial Least Square
Discriminant Analysis (PLS-DA) using conclusions
from the online metabolomics data analysis
service, MetaboAnalyst 6.0.

Analysis Fig. 7 shows a significant difference
between pharmacokinetic and calibration plasma
samples, due to the presence of metabolites of the
original substance, as well as the change in
metabolism in the body of rats under the influence
of the test substance.
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Fig. 7. 7a. PLS DA pharmacokinetic and calibration data groups.
7b. PLS DA model quality assessment.
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164 i1+ttt WKPAIHCBKHMH JKYPHAJI BIICbKOBOI ME/IMIIHHNU» (4. 2024, T.5)



MILITARY PHARMACY

class class

24227364 [ , BB CAL

179.16/0.91 PHK
1

415.22/3.07

258.27/0.11

415.22/0.33

81.58/1.65 0

415.27/1.64

258.31/1.27

415.23/12.22 2

157.1/1.06 1
"I |8955/0.9

81.61/0.75

127.05/2.41

140.12/0.72

415.25/1.8
166.18/0.85

| 188.13/0.89
| | 247.06/0.84

205.21/0.89
257.23/0.78
83.2/0.82

132.21/0.81
61.22/0.95
140.21/0.76
257.25/2.76
114.1/0.74

199.19/3.35
149.12/0.85

373.05/0.87
184.08/0.75

176.17/0.78
91.1/0.7

135.11/0.86
242.95/0.73

113.06/0.87
367.19/0.77
446.84/0.72

o

8
p

Fig. 8. 8a. Heatmap based on PLS DA VIP score, 8b. Heatmap based on t-test

The heatmap analysis from the MetaboAnalyst
6.0 conclusions shows in both cases (PLS DA VIP score
and t-test analysis) an important peak (m/z 446.84
with a retention time of 0.72). Within the error of the
mass spectrometer (0.2 m/z), this corresponds to 447
(M+H+). Thus, it confirms the presence of O-
glucuronide as a metabolite. The presence of a
difference in other m/z may be due to metabolic
changes in the body of rats.

As a result of the conducted research, the
main pharmacokinetic parameters were obtained,
and the presence of metabolites in the ASP
compound was predicted and confirmed. In the
future, these results will help to more accurately
determine the dosing regimen of the active
pharmaceutical ingredient, identify the main active
components, and facilitate further analysis of this
compound in biological material. Additionally, this
will expand the database of metabolites of new
1,2,4-triazole derivatives and assist scientists in
analyzing newly synthesized compounds.

Conclusion:

1. The analysis of the main
pharmacokinetic parameters of sodium 2-((4-

amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-
3-yl)thio)acetate (ASP) by intragastric introduction
to rats was held. For oral use AUC is 3.7088 ugh/ml.
The half-life (T1/2) is 6.06 hours, which is not a high
value on average.

2. The following possible metabolic
products were predicted for phase Il
biotransformation. This is a reaction of O-
glucuronation of an aliphatic acid, formation of a
thioester through S-methylation, and possible
formation of a glycine conjugate. And also carnitine
conjugation (based on a collection of enzymes).

3. Analysis of the pseudomolecular ion
peak with a mass of 328.0 m/z, which is fixed at
0.752 min. shows the possible formation of a
glycine conjugate corresponding to the structure
predicted in BioTransformer.

4, The presence of O-glucuronide as a
metabolite was confirmed (PLS DA VIP score and t-
test analysis, m/z 446.84 with a retention time of
0.72).

Prospects for Further Research. The
obtained research data is one of the stages on the
way to creating an original domestic
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actoprotective ~ drug  with  stress-reducing
properties that can be used by the military during
combat operations and by civilians, and will be
useful for overcoming physical and psychological
stress, including relieving the effects of post-
traumatic stress disorder.
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