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Edwjh wpnhwlwunipyniup

dwdwuwlwlhg ubpndwpdwyninghwih  ujwénwiubph  ounphhy  dbs
wnwonupwg £ gpwugybt) ninbnwunpwht hhjwunnieniuubph nbnupwuwlwo
onljdwu nwqdwdwpnigjwl dby (Bindal P. et al., 2023): fatl ninbnwunpwhu
fuwuqupnuitbphg  dwhwgnigniup dhwond - niwh udugbing, uwlwit
wuw2luwwnniwynygniup - pwpniiwymd £ dUw]  wnwowwwpp  pnpnp
hhywunnupniutbiphg gpwugywd wiwsfuwinniiwlnipjwi Yunngwsdpnwd (Pu L.
et al., 2023): Udtihu, munbuwwbu qupgugwd Gpyputipnud ghunwwnbuuhywlwu
Yndniwhjuwghwubph b Uuwnwlug Yeuuwlbpwh uppupwg wéhu  gnigwhbn
(Boehme A.K. et al., 2017, Maasakkers C.M. et al.; 2022;), nmwnbig mwph nhnygnu £
nintnwunpwht  wiunwhwpnuitbph  Gpprnwuwpnugnd, U pobdhy Yupdws
wnwpwd dwpnuug d6d dwup gplynd £ puwlwunt Yuupht Jbpwnwnuwint
Ywpnnniginiuhg (Coleman E.R., et al., 2017; Tong X. et al., 2019): Wu wdbkup
hpduwynpnud £ ninbnwiht - wpwt  opowtiwnngjwt  juwuqupnidubph
nbnwpwiwlwt  hwdniniwt  bywwwlny  Unp'  wpryniwwybin  dhongubiph
twjuwgdiwu U unbnddwu Ywplnpnyeniup, hwunuwwbu  bjwpruwuwonwwi
hwwlynpjwdp odnjwd nbinkph, npntp Yuywuwnbu onlGne b Ywufubnt
nuinbnwunpwiht fuwugwpnubiph hGnbwupubpp' twwunbing Yuuph npwlp
pwpbjuydwup (Paul S. and Candelario-jalil E., 2021):

Ninbnwunpwihy wjunwhwpnudubph dnEYnywp dEfuwuhgdubph
pwgwhwwnwp U wn npnpund swpniiwlwlwu  hGnwgnunygnilbinp
nipugdtight nintinh wpjwu 2powliwnnyejwl fuwltgupdwu Ujwpnuww2nwwu
pEpwwhwih twwwnwyny Yhpwnynn ntnbph hhduwlwu fudptipp, npntp dhndwsd
GU Yuufubiint L anybne hpbdhYy Ywubwnh wwppbp onulubpp (Arnalich-Montiel A
et al., 2024):

Unwudtwlh nownpnygjwt G wpdwlwund  Funngbt dwqdwl
dhwgniniuubipp W npwug Yunnigwdph hhdwu ypw unbndyws nbintipp, pwuh
np hunwl wwwgnigywsd L ninbnuiht hjnwdwsdph dp owpp YELuwpwiuwwu
wywnhy dhwgnipniutbph dwutwhgnyniup ninbnujht wipjwt 2powlwnwnijwi
Ywpgwynpdwu dbe: Wuwbu, gnyg £ wpdud FU4(S-h, gihghuh, uwnuwpepryh,
wpnihuh ninbnuht - wpwtu gpowliwnnipniup jupwunn b ninbinh
Ujnyewihnfuwuwynyeiniup Yupgwynpnn hwwnlnygyniuubpp (Bashuna N.Z., et al.,
2013; Ji X et al., 2024): Wu dhwgnigniuubph hhdwu ypw unbndywd dh swnp
ntintp, win pYmd L Gywpnuwwanwwu wlnphynyejudp odndwd wbuwwhnubp,
wwwgnigh| tu hpbug wpryniuwybwnyeyniup ninbnwihtt wpjwy opowtwnnyejwu
fuwuqupdwu U npwug ywpnwpwiwlwu htnbwupubiph onydwu dbe (Lu Z. et al.,
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2024): "Hwug pyhu Bu wwwlwunw FUNIG-h b upyninhtwpeyh hhdwu ypw
untindJwsd uhyninhunh|-FU4fap, npp hwyinth £ wyhlwdhint wududp, unnubiywnp
(N-pEupwgbtinnh-L-wpnih-gihght), whpwgbinwdp, dbpuhnnip W wyju (Zainullina, L.
F., etal., 2020; Voznyuk |.A. et al., 2023; Mup3zoan P.C. v coasT. 2023):

Uu wdbtup hhdp hwunhuwgwy nwniduwuppbijne funngtt dhwgnegyniuubiph
hhdwu Jpw Opquuwlwu b nbnugnpdwlwu phdhwih ghnwwbfuuninghwywu
Ysunpnunwd  upupbqwd  unp  dhwgnyejwu'  Lhyninhunhp  L-wypnihuh
nintnwunpwjhu wlwhynyejniup:

Ubip puwnpnyeiniup Ywug wnwy Lhynnhunh| L-wypnihtup Jpw, pwup np pE
wpnihup U pE upyninhuwpeeniu odndws Fu Yebuwpwuwlwu whumpyniyzjwi swn
(wju uwblywnpny' Ubpwnw] Gwpnuwywonwwi, hwywopuhnwuwnwiht, unnnpny,
hwywwgpbgwuwnwhtu, hwlwhhwopuhl, Ujwpnwwwownwwu W wju (Romani M. et
al 2019; Gasperi V, et al., 2019; Umumararungu T et al., 2024):

CEnmwgnunnejut tywunwlp b juunhpubpp
Chnwgnunnipywt Uwywwwlu £ nwnduwupplp uhynnpunhp Lwpnihup

nintinwunpwhtu Eptlwubtipp gfuninbnh wnwu opowlwnnieywt unp W ppnuhly

thnpdwpwpwlwu fuwugqupnuiubph wwjdwuubpnid:

Lywunwyh hpwlwuwgdwt hwdwp wnwe Gu pwoyb| hwnlyw| fuunhpubipp.

. nwnwuwuhpb ninkinh wbnwjhu wpniiwhnuph wnbnwwnpdtipp upynunhunhg
L-wpnjhup  wanbgnyejwdp’ punhwunip pwjht quplpwyh Guwnwng
dwlwdws unip, b owpdnnuiywt  wlynhynipjut  uwhdwtwdwlynwing
wuwjdwuwynpqws' ppnupy habdhwih wwydwuubpnu

o nhwwpyty hwdwywpquihu qupybpwyuwhtu updwu W upnp YSYdwu
hwéwfuwlwunyzjwu thnthnfunyapniuubipp’  uhynunhunhp  L-ypnihup
wantignipjwdp

e  qUwhwuwb] qunintinh  Ybnuh dwquunpwihu gwugnd  gpwugynn
thnihntuneynittpp nininuiht - wpwu  2powtiwnnyejwu  fuwtgwnpdwu
wuwjdwuubpnd' uhynunhunpy L-ypnihtuh wgnbgnugjwdp

. ytiphwub| upyninhunp L-wypnihtup nininwunpwiht wgnbgniegjwu huwpwynp
dfuwuhqdubpp® dEynwwgdwsd wunph Ydynnuljwunyewu Jpw upw pnnwsd
wqnbignipjwdp

. htimwgnnbk]  uhynnhunhp  L-wypnhup  htwpwynp  hwlwhhuopuhly
wgnbignieniuubnp’ pRrYywduwpuwngh twnpkip dnnbjuGpnud:

Chunwgnuinipjui ghunwlwu unpnypp

. Pwgwhwjnyt| t uhynwhunh) L-wypnihuh ninGnwunpuwhu wynhynyegniup,
husp hpduwydnpynd £ npw Ynndhg  ninbnp fuwhwiodwsd  wpjwt
opowtwnnyzniup Ybpwlwuqubnt, nintinh Yenlh dhypnopswuwnnt hniup



pwpbjwytint, huswybu twb dynwwgywd wunpubph wnunwp hebgubint

niuwlynijwdp:

. Muwpqupwuybp £, np Uhynnhunh) L-ypnihup odinjwd £ hwljwhhwop-
uwuwnwihtu wgnbignigjwdp, hush Jwuhu § YYwjnw npw Ynndhg Yunwupubtiph
wwpbhnpywt  gniguithgubiph  pupbpuynip’  hokidhly  hhwopuhwyh
wwdwuubpnud:

Uluwwnmwuph ghnwgnpsuwlui tywuwynyejniup
Lhynwhunh; L-wpnihuph pwgwhwjndwsd ninbnwunpwiht  wywnhynyeniup

hGnwulwpubp £ pwgnd npuw hGtwgw twiuwyhuplwywu nwnwduwuppnientu-

ubiph hwdwp, npwbu ninbnwihu wpjwt opewuwnniewy’ huswyb'u unip, wjuwb'u b

ppnupl fuwuqupnudubipp Ywpgwynpnn dhengh:

Lhynwnhunhy L-wpnihup wwnqupwuywsd hwlwhhwopuwluwnwjhu
wanbgnuyejwi hhdwt Jpw Yuipnn 5u Jowldby unp hwlwhhwopuwuwnubp' ninknh
wwnpbp wjunwhwpndubph pnddwu tywnwyny:

Uwnbuwfununipjwt twutwYwy hnpdwputinyeniu
Unbuwlununypwtu  wndjuiubpp  gbiymgyty Bu «Hantph uwnbinddwu

wnwgplpwgp Uwhiwgodnuwihg dhusl uywnnud», 2019 U 2022pp, <wjwunwup b

huwhwih ninwgbwnubph hwdwwnbn Yuwjwgwd dhewgquiht Ynudbpwuutubpnud

2024pp.: Upluwwwuph wpryniuptubpp putwpyyl] bBu «wy nbnupwuubps
ghunwlwt wunghwghwyh thuwnw: Unwynp Ubsthwuwnyegjwt Snpdwljwnygjwu

Ynnuhg htnwgnunwywt wofuwnwupp wpwnuwghp £ unwgh): Unbuwiununyejut

thnpdwpuuneniup Yujwglp £ U. <bpwgnt wudwu BMPLh «Skuwlwu

pdoynnt» - thnpdwghwnwlwt  hwudtwdnnnyh  Uhunht b hwunwndb) |
ghunwynnpnhtwghnu funphpnny (wpdwuwgpnginit phy 1, 03.06.2025p.):

Spwywpwlynudubp
hpwlwiwgws nwniwdbwuppnypywt wprynipubpp wpnwgnusd Bu 5

hpwuwpwlwsd  ghuwlwt  wrluwnwtptbpnud® wnbnwlwt b onwpbpypjw

ghunwpd2yulwu wwppbpwywuubpnw, ghtnwdnnnyubph ujnyebipnud:

Uwmbuwfununipjwu junrnigwdépp b swyjwip
UWinGuwununipiniup owpwnpyuws b hwitptuny, 125 b dwywiny U punlugwd

E hbwnlyw) hpduwlwu pwdhuubiphg' ubpwdnyeynu, gpulwunyejwu wluwnpl,

hGwnwgnwnieywu niep b dbpnnubnp, hfnwgnnnyewt wpryniuptubpp L npwg

putwpynudp, wdihnihnud, bGgpwlwgniyeynmutbp, ogunwgnpdywsd gpulwunyejwu
gwul (210 hnnuwl): <bnwgnunipjwt wpryniupubpp b Jbpinddwd  ndjuubpp
ubplwjwgyws bu 31 tlwpny U 3 wnynwwyny:



<ESURNSNRE3UL L3NkEL 4 UbFNILEre

$npdbpu hpwlywuwgdl BU Yppwnbind  ninbnh wput opowtiwnnugjwi

thnpdwpwpwlwi fuwuqupnuiubph Gpyne dnnby’

o unin’ Jwlwdywd dwhu punhwunip puwhu qupytpwyh (QACL2) Ywwnuwinyg (Cao
D. etal, 2018)

« ppnuply’ Wwdwuwynpwd swpdnnuljwt wynhynyeywt uwhdwuwhwynwng

Loyws dnnbijubpnud hiitnwgnunynn nhwbwnhnh nnwpwiwlywu wynmhynieniup

glfunintnh wnbnwjhu wpniuwhnuph ypw quwhwnydby §

o Jwgbp-nnuwbp hnupwswihnigiwt dbpnnny’ pun ninbinh wbnwiht wppwu
onowtwnnywu thnhnfunyeyniuutiph (Sutherland, B.A., et al., 2014)

o «tail cuffs pbuwnny' pun wnubwnubph wnswiht quplbpwynd gputgynn
hwidwlwpguwiht qupytpwlwiht dugdwu gnigwuhoubiph thnthnfunieyniuubinh
downwinhinwpydwu (Feng, M., et al., 2008),

o qfunintinh YbnUh  dphypnopowliwnnt hniuh nwnwtwuppnd® Yugghnwd
wnunghubindnudwinwihu dtpnnny (Chilingaryan A. et al., 2006)

o dbynwwgdwd  wunph  YSYnnwywu  wlwpynpgwt  nwunuiuwuppnggna’
dtlnuwgywsd opgquittiph hbnwgnunnyejwi dbennny (Barnden 1.M. and Colson
R., 1980),

o hwlwhhyopuwuwnwiht  whwphdnpuyu  quwhwund'  pREYwduwpwngh
wuppYwdlwhtu, htdhly b ppswwnnpuhl dnnbijutipnw (Kaprmrwenko H.H., 2017):

Pnpabipnd oquwgnpdyty bu pUny 165 ng gbinwywu uwhwwl wpne
wnubiwnubp' 170-250 gpwd b 100 uwyhwnwl ns ginulwu dyubp’ 15-20 gpwd
Yonny: Pnpdwpwpwywu  YEunwuhtubph putwdpp b Yuwuwpdwsd pnpnp
dhowdwneniuubpp ppwywuwgytp 5u pun YGunwupubph hbwn Jupdbint
dhowqquiht unwunwpwnubph (“Guide for the Care and Use of Laboratory
Animals”, 8th edn, 2012) L BMPL Lphlwh hwuduwdnnyh hwunwunws
wwhwugubipht hwdwawu:

Lhnwgnunniwu nyjwiubiph yhdwlwgpuw dowydwt hwdwp Yhpwnyby Gu

IBM SPSS Statistics 22 L Microsoft Excel 2010 dpwagpbpp:
®npsdbph wpryniupubpp quwhwwnbnt hwdwp hwodwplyyb) Bu jnipwpwgng

fudph Jhoht wpdbipubipp' hpbug unwunwpun stinnuubipny (M£SD): tudpbipnud

pw2tujudnypjw unnigiwu hwdwp Yhpwnyb) £ Yndwgnpnd Udhpunyh phuwmp:

Unwusht fudpbiphg unwgdws ndjuiubph pwotujwdnipiniup unnigbipnig hbunn

Yhpwnyb Bu hwdwwwwnwupiwy wwpwdbnphy pbunbp’ Unninkunh wuljwiu

puwmpwupubph  hwdwp  Bpyynndwup  t-pbunp  wwppbpwyp, huy  YpYuwyh

swihnuiubiph nbwpnd' Unjninbunh gnyg fudpbiph t-pbunp:
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Wuwbu, nwnwiuwuhpynn nhwbwwhnh 10dg/Yg ubpnpnywjuwihu ubipwp-
Ynuwihg 40 pnwt wug gpwugyt| b ninbinh Yenlwhu wpniiwhnuph wéh daluwny,
npp 70 pnwb wug hwubp b opp wnwybjugnyu  wpdbipht'  gbpuquiughing
Gluybwnwihtu gnigwthop dnin 41%-ny:

Unwgywd ngjuubpp dwntwuynd Gu, np dpnwnhnwpldwt wuqud 90-pn
pnwbhu ninBnwiht wpniuwhnupp Wwhwwudb £ buybunwhtu wpdbphg pwnén
(ulwn 3):

Npwgpwy £ wju thwuwp, np Lhynnhtunhp L-wpnihuh  ninbnwunpwihu
Eptywubpp  sbu ninbygymd  hwdwlwpquiht qupybpwywipu  dupdwu
thnthnfunigniuutinny: Wuwbu, «tail cuff» phuwnnd wywnndwwnwgyws b YpYuynn
donwnhunwnpydwt  wwpdwuubpnd  unwgywd  wduubpp Jyugnd - Bu, np
Lhynuwhunhy L-wpnihup 10dg/Yyg nbnwswihng' u/n tbipdmdnidhg  hbwnn  sbu
wpdwbwgpynuwd  phE' uhunnpl, pE nhwunnply b REE upwph  Yoydwu
hwbwhuwlwunygjwu thnthnthniyeyniuutin: Unwgywd ndjwijubpp dwwntwugnid Gu,
np  Lhynwhunhy L-wypnhuh  gnigupbpwd ninbnwunpwiht  ESGYunubpp
wwpwiwynpdwsd 65U npw Ynndhg qupybpwlwiht Gupdwt Jpw  niubigwd
wgnbgnypwdp U hwunhuwund U ninbnwiht - wunpubph Jpw  niubigwd
punpnnuwu wgnbgniewu wpnniup:

Uhymphtinhy  L-wypnihuh wqnbgmpymiip qiuninbinh - Gnlp
dhypnppowtiunm  hnitp  dpwi: - puninbnh  Yenup  dhypnopowiunnt  hniup
thnihntuniegniuubpp wnjw swpswiwnnejwl fuwuqupnuiubph wwjdwuubpnud, L
npwug  ownynwp  Uhynwpunhp  L-wypnjhund  nwnwduwuppdl B gpwiogbing
dwqwunpubph  dhoht  wpwdwagsh, puswbu  twlb  npwug  pwuwlyh
thnihntuniyniuubipp:

htuswbu Jyuynd Gu Yuwnwpdwd thnpdbiph wpryniupubipp, dwiu punhwunig
puwjht qupybpwyh Yuwwndp ninblgynud £ pninp whwh dwquunputiph dhoht
wnpwdwgdh tjwqiwdp hwdwwwwnwutuwtwpwp 45%-nd b 41%-ny dwiu b we
Upuwgunbpnd' unnighs fudph hwdbdwn: Lhynwnhunh) L-wpnihup 10 dg/yg
ntnwswihng  ubpnpnjwjuwiht - ubpwpynwhg  htnn phndnd £ pobidhwip
wpryniupnud gpwugywd gnigwuphpubph pwpbjugnd, htush dwupht £ Jyugnid
glfuninbnh Ytinuh dwqwunpubph dhoht wpwdwswiph dGswgnudp 53,84%-ny L
43,8%-ny dwlu b we Yhuwqunbpnud' hwdwwwwnwufuwtwpwp, hwdbdwn hobdhy
gmguithoh (uluwn 4):
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Cun npnud, bpb 1x10°M funngyudp updwé nhwbwwhnh mdnyep Yd4dwsd
wunph wnnunwp pnywgunud £ dnin 85%-ny (Uwn 7 w), www uhlynunhunhp FU4IS-
h funnyegniup dhtusl 1x10-M dbdwgubihu’ gpwugynud £ wunph pnywgnd gpbpb
wdpnnontpjwdp (Uwnp 7 p):

Pwuwnnpbt Uhyninhunh) L-wpnihup ninbnwiht wpjw opowlwnnipjwt Yypw hp
niutigwd wagnbgnigjwdp glipwqwugnud £ uhynwhunh; SUNfe-h wgnbgniejwin,
uwluiju ghonud Jbpohuhu' wunph pw niubgwd hp wudhowlwt wgnbgniejwdp,
husp  hwjwtuwpwp  wuwpdwuwynpJwd £ uhynnhunhp FUY-h  hwdbdwin
uhynwhunhi L-wpnihuh wybih pupdp (hwynbhinyejwdp, nph wpryndipnd £ wybih
wpnwhwynywsd £ uhynwhunp) L-wypnihup YEunpnuwywu wgnbignyeiniup, hul
uphyninptunh) FUUIG-h dnin' wphdbiphYy wgnbgnygyniup:

Uhynpptinhy - L-ypnihup  hwlwhpwopuwinpughti  wqnbgniput
quuwhunpnudp ppYwdtwpungh puppbp dnnbjulpnud: Lhynunhunp L-wypnjhup’
hwywhpwopuwtuwnmwiht  wgnbgniyewt quwhwwndwu Gwywwnwynd Yuunwpdwsd
hGunwgnuinenitbpp Jywind Bu, np nwnwiuwuppdnn dhwgnyeyndup® 10dg/4yg
nnuswihny, Yhpwnjws prywsduwpwngh dnnbjutinhg’ htdhly, peowwnpuply L
Unpdnpwphly (Kapkuwenko H.H., 2017; Jlykbanosa JI.[. 2003), wwpbijhnyzjwu
gnigwuhubipp pwpbjwynud  hdhy hhwyopuhwjh wwjdwtubipnid: huswbu yywynud
GU wnjnwwly 1-nud pbipdwé wdywubipp, thnpnwpnwhnh u/n 20dg/Yyg ubipwpynwihg
htinn  dyubiph  wwpbjpnigjwt  gnigwuhop  Yugdnd £ 19,4£2,4p: Lnyu
wwpdwutbpnd, tpp Yeunwuhubpht bwwnphnuh thipnwpnwhnh ubpwpynwhg
70 pnub wnwye ubpnpnywiht ubpwplyb) £ 10dg/yg nbnwswiing uhynwpunhy L-
wpnipt' gpwugdt] b owwpbihnpiwu  gnigwuhoh dwugnd 22,6%-nd,  huy
unpdnpwphYy hhwopuhwih wwjdwutbpnuw upyninhtunhp L-wypnihu ubpwpynwip
unyt nbnwswihnd W unyt  wwjdwuubpnwd  sh ninbygynd - wwpbhnye wu
dwdwuwyh fwlwu hnhnfunigniuubpny: Uhwiuguidwju wyjp ywwnlbp £ nhngnod
htdhYy hhwopuhw)h wwydwuubpnu' dwlwdws twwnphnwh uhnphwnny: Ujuwbu,
upynwpunh; L-ywpnihu 10 dg/lg nbinwswihng U/n ubpwpynwip uwwnphnwh
Uhwphwh 300 dg/lyg u/n ubpdndndhg 70 pnwyt wnwye ninblgynwd £ dyubpp
wwpbhniejwu gnigwuhoh 28.53%-ny dbdwgdwdp (wnnwwy 1):

Lhynwhunh L-ypnihuh gnigupbipwd hwwhhwopuwlwnwiht wgnbgnignip'
twwphnwh upwphunnd dwiwdyws prywduwpwngh dnnbinw, hwjwuwpwn
wwpdwuwynpdws £ upynnhunhp L-wpnihup  Ynndhg dbehbdngnphubidhwu
puldbint muwlnyeywdp' hhdp punniubing wyu thwuwnp, np (Mudan A, et al., 2020)
uhynwhtwepdh duwgnpn wywpniiwynn dhwgnyeniuubpp niwly Bu thntubint
dbphbidngnpht ntnniyuwgh wywhynieniup, nph Yndbipdbunt £ hwunhuwunw
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NADPH-

(Cruz M. D., etal., 2018, Gasperi V., et al., 2019):

( =60, V1 0)
/
( )
0,9% 15,8+1,1
Ne 10 / 15,6+0,7
300 375+2,7
/
Ne 10 / +
300 48,2*+8,6
/
19,4+24
20 /
Nel10 / +
e 15,0%%+2,4
20 /
*. <0.05
** <0.05
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GRrULYUSNRE3NRLLEN

Pwgwhwjindwd t Lhynwhunhy L-wypnjhuh ninbnwunpwiht wlwhynieniup,
10dg/yg nbnwswihny fupwubint ninbnwiht wnjwu opewlwnnienup huswb'u
punhwunp puwht qupybpuwlh Yuwynwng dwywddwsd unp, wjuyb'u b
awpdnnwlywu wynhynigjwu vwhdiwuwhwldwdp wwjdwuwynpgwd ppnuhly
hotidhwih wwjdwuubpnud:

. Mupqupwudwd L, np puwht  qupybpwyh  dhwynndwih  Yuwdwu
wwjdwuubpnd  Lhynwnpunhp L-ypnihup pwpbjudndd £ gifuninbinh  Ybnuh
dhypnopowtiwnniginiup’ dedwgubing  Jwqwunpubph  Jhoht  wipwdwghdp,
wytjwgubiiny gnpdnn U tjwgbiguting ubnddwd W dhwjt wwqdwih hwdwnp
wugwubih dwqwunpubph ehyp:

. Nwnutwuhpdwd £ Uhynnhunhp L-wpnihuh  wudhowlwt  wanbgnuyeniup
dbynuwgywsd wunpubiph winunwh Ypw b gnyg £ nipdws, np wju odndws k
wunph unpunpbuwhtwihtu Ydynwp enywgubint hwnlnejwdp:

. <pduwynpqwd &, np LhYnwhunh| L-wypnihuh ninbnwunpwhu wgnbigniyeniup
sh ninkygynud hwdwlwpgwihu dupnwip punypwgpnn gnigwuhoubph bwlwu
thnithntunigyniupny:

. Ppwywuwgyt] £ UhYynnpunph; L-wypnihup  wgnbgnyejwt  hwdbdwwnwlwu
Jtpinwniejniup Lhynwhunhp FU4S-h htwn, hush wpryniupnu wwpgyb £, np
nintnwiht wpwu  2pewlwnniejwt  Ypw nwbgwd wgnbgnyeniup  wybih
wpunwhwyndws £ uhynihunhy L-wypnihuh, huly deynwuwgyws wunph tinunwp
ujwgbigubnt hwunlnyginiap® uhyninhtnh ¥U4IS-h dnw:

. Uwwgnigqws k£, np Lhynunhunh| L-wypnihup odindwsd | hwlwhhwopuwtnwiht
wanbignupjudp, hugh dwuht £ Jyuynud npw Ynndhg dyubph wwpbibniejw
gnigwthop pwpbjuybine hwwnynyegniup' uwwnphnwh thnphung dwlwdws
htdhly hhwopuhwih wwjdwutbpnu:

. LoJwd wpryniupubpp hhdp Gu hwunhuwund swpniwybint Lhynwhunpy L-
wpnihup junpwgdwsd  vwluwyhuhlwlwu  nwnwdbwuppnyegniuubpp, npnup
Uwluwnpuiubp Junbndtt wnwewpybint wju’ npwbu ninbinh fuwhwodwsd
wpyniuwhnupp 2nlnn hinwulwpwjhu dhengh:
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Aramanan Uckyn lNamnetosHa

LLETPEBPOBACKYJIAPHbLIE 3dbPEKTbI HUKOTUHOUN L-NMPOJIUHA MPU
OCTPbLIX U XPOHUYECKUX SKCINMEPUMEHTAJNIbHbIX HAPYLUEHUAX
KPOBOCHABMEHNA

Pe3tome

Cpeon  cpepcts  hapMaKoNOrM4ECKON  KOPPEKLMW  HapyLUeHWd  MO3roBoro
KpoBoobpallleHna 0ocobblii  MHTepeC NpPencTaBaAlOT MOCTPOEHHbIE Ha OCHOBE
3HAOrEHHbIX COEAWHEHUI KOPOTKWE MenTuAbl, B CBA3W C Yem Obinn U3yuyeHbl
uepebpoBackynapHble 3eKTbl CUHTE3UpOBaHHOrO B Hay4yHo-TexHonormyeckom
LeHTpe opraHuueckoir n dapmauestuyeckoid xummun HAH Pecnybnukn Apmenua
Hosoro awnentuga — Hukotmnoun L-nponuna (HLIM). C ykasanHol uenbto 6biio
uccnegosaHo  BavAaHume  HLIT  Ha  nokanbHBIA  MO3roBOW  KPOBOTOK W
MUKPOLMPKYNATOPHOE  PYCIO  KOPbl  FOMIOBHOTO  MO3ra, Ha COKpPaTUTENbHYIO
CMocoBHOCTb N30NMMPOBAHHbIX COCYAOB, a Takie Oblla U3y4eHa ero aHTUrMnoKcaHTHaA
akTusHocTb. Mccneposarune BnnaHma HLIM Ha KpoBocHabmeHne Mo3ra KpbiC METOAOM
nasepHoid fONNNepoBCKO (HIOYMETPUM NO3BOMIO BbIABUTL €ro LiepebpoackynapHyto
aKTUBHOCTb. TaK, B YCNOBUAX OCTPOI ULLIEMUM, BbI3BAHHOW OKKIKO3MEl NeBOI COHHOWM
aptepun (OJICA), Korpa oTMEYaeTCcA CHUMEHWE KOPKOBOro Kposotoka Ha 34,5% no
CPaBHEHUIO C UCXOAHBIM YPOBHEM, BHYTPUOpIoLIMHHOE (B/0) BBEAeHVe AunenTuia B
fose 10 Mr/Kr conpoBoMAaeTcA yBenmyeHuem KpoBocHabmeHuAa mosra Ha 45% no
CpaBHEHUIO C uwemnyeckum nokasatenem. CnocobHocts HLIT ctumynnposarb
MO3roBoe kposoobpalleHue bblna 3aperncTpupoBaHa TaKkKe U B MOLENN XPOHUYECKOI
WLIEMMUW, BbI3BaHHOW 15-AHEBHbIM OrpaHUYeHWEM [BUraTeNbHON aKTUBHOCTU KPbIC.
CornacHo jaHHbIM gonnneporpacpun seepeHne uccnegyemoro gunentupa (s/6), 10
MI/KI) B yKa3aHHbIX YCIOBMAX CMOCOBCTBYET NOBbLILLEHUIO NIOKAIbHOrO KPOBOTOKA KOPbI
ronosHoro mosra Ha 41%. [llpu 3Tom peructpaums napamMeTpoB CHUCTEMHOrO
apTepuanbHOro [aBneHus HewHBasuBHbIM MeTofom «Tail-cuff» nokasano, uTO
uepebposackynapHble achchekTbl HLI He conpoBoxaatoTcA CyLeCTBEHHbIMU CABUramMm
CO CTOPOHbI CUCTONMYECKOrO WM [JAMAcTONMYECKOro JAaBieHWil, a TakiKe 4acToTbl
CepAeYHbIX COKpaLLEHNIA HUBOTHBIX.

LlepebpoBackynapHaa aktusHocTb HLI 6bina noaTeepmaeHa npu  n3ydeHun
MUKPOLMPKYNATOPHOrO ~ pyciia  KOpbl  FOMOBHOTC  MO3ra  KpbIC  KaibLUid-
afeHo3NHTpUdpochaTHbIM METOAOM. Tak, B ycnoBuax octpoil uwemmu nocne OJICA
OTMEUAETCA yMEHbLUEHWe CPeJHEro AnameTpa KanwilApoB KOpbl rONOBHOrO Mo3ra B
nccnenyeMbix MONMAX Kak B NeBOM, Tak M B npasom nonywapuax Ha 45% un 41%
COOTBETCTBEHHO. OaHoBpemeHHo, perucTpupyetcs yMeHbLUeHWe  uucna
(PYHKLMOHMPYIOLLIMX W YBENMYEHWE 4YMCNa CYMEHHbIX KamuiAaApoB, a KONMMYeCTBO
MPOHMLAEMbIX TONbKO AJA Mnasmbl KanunnApoe Bo3pactaet noutn B 10 pas. [pu
seefeHun HLIM (8/6, B pose 10 mr/kr) Ha choHe ulleMmMn OTMevaeTcA yBenmueHue
CpefHero auameTpa kanunnapos, kotopoe Yepes 60 MMHYT nocne BBEAeHNA NpenapaTa
cocTaBnAeT 54% un 44% no CPaBHEHUIO C WLLEMMYECKUMM 3HAYEHWAMU B JIEBOM U
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MpaBoM MONyLUApUAX COOTBETCTBEHHO. [Ipy 3TOM OTMeYaeTCA YBenuueHue uucna
PYHKLMOHMPYIOLLIMX KanuanAapos OT 2-x 40 3-X pa3 B 3aBUCMMOCTU OT [MameTpa
KanunIApOB, CHIXEHUE KONUYECTBA CYMEHHbIX Kanunnapos B cpefHem Ha 33%, u
YMeHbLLEHWEe YMUCMa NPOHULLAEMbIX TOMBbKO [OJA MiasMbl KanuianApos Ha 75% mno
CpaBHEHUIO C ULLEMUYECKUMM MOKa3aTenaMm.

BasoakTtusHocTb HLI 6bina noaTsepaeHa B UCCNEAOBAHNAX iN Vitro npu n3yveHnn
BAVAHUA JMMNENTWAA Ha COKPATUTENIbHYIO CMOCOBHOCTE WM30AMPOBAHHBIX JIOCKYTOB
cocynob. PesynbTaTbl faHHbIX ¢hapMakonormyeckoro aHanusa nokasanu, 4to HLI
obnapiaet cnocobHOCTLIO OcnabnATb HOpPafPEHAIMHOBYHO KOHTPaKTypy COCYAoB. Tak,
BBEEHNE B MHKYOALMOHHYIO Cpefy ¢ (PUKCUPOBAHHBIM U301V POBAHHBIM COCYANCTbLIM
nockytom 1x10® M pacteopa HopagpeHanuHa CONPOBOMLAETCA BblPaKEHHbIM
COKpaLLeHWeM cocya, Mocie Yero perucTpupyeTcs CrnoHTaHHoe paccnabnerue cnasma
Ha 30% uepes 60 muHyT nocne peiictBuAa aHanusatopa. [lpu jpobasneHnun B
nHkybaunoHHyto cpesy pactsopa HLIT B 3KBMBANEHTHOW KOHUEHTpaUMM Ha MUKE
HOpaApeHaIMHOBOTO CrasMa OTMeYaeTcA paccnabnenue cokpawleHuid Ha 45%. [Mpu
NOBbILLEHUN KOHUEeHTpauun aunentuga go 2X10° M u 2x10° M B Tex e ycnosuax
yMeHbLUeHe HopagpeHannHosoro cnasma coctaenaet 60% n 70% cooteetcTeHHo.
CpaBHutenbHbIil aHann3 uepebposackynapHoit aktusHoctu HLIT ¢ adpcbertamm ero
CTPYKTYpHOro aHanora Hu«kotuHoun MAMK-a ([ukamunona), nokasan, 4To No BAMAHULO
Ha MO3rOBOWM KPOBOTOK in Vivo NMpeBasupyeT AelicTBUE MPONMHOBOIO MPOU3BOLHOMO
HUKOTUHOBOW KUCNOTbI, B TO BPEMA Kak MO AeliCTBIIO Ha COKPaTUTENbHYIO CMOCOBHOCTD
M30MPOBaHHbIX COCYAoB in vitro npesocxoaut [AMK npoussogHoe HUKOTWHOBOM
KWNCNoTbI.

HanHble oTHocuTenbHO LUepebposackynapHoii aktmsHoct  HLIT  nocnysmunm
OCHOBO JJIA  WM3Y4EHWA €ro aHTUIMMOKCAHTHOro jpeiicTeuA. MccneposaHua ¢
MPUMEHEHEM TpexX pasiuyHbIX MOAENel SKCMepUMEHTANIbHON TUMOKCUM Y MblLleit
(HopMobapuyecKkoil, remMyecKoid U LUTOTOKCMYECKO) MO3BONWMAWM  BbIABUTH
aHTurunokcantHoe geucrene HLI B mogenn remMmyeckod rUNOKCUKM, BbI3BAHHOW
BBELEHWEM HUTpUTa HaTpua (B/6 B fo3e 300 wmr/kr). BeeaeHue HukoTuHomn L-nponuHa
B yKasaHHoii mojenn 3a 70 MWHYT 0O BBELEHUA HUTPUTA HATPUA COMPOBOMKAAIOCH
yBeNMYeHeM BbIKMBAEMOCTb MUBOTHbIX Ha 28,53%.

Takum obpasom, nouck 3sdpcpexTuBHOrO cpepcTea AnA  PapMaKONOrMHecKoi
KOPPEKLMW HapylleHWd MO3roBoro KposoobpalleHUA Cpefu KOpPOTKMX MenTWAOB,
CUHTE3NPOBaHHbIX HA OCHOBE SHAOMEHHbIX COEAUHEHUI, MPUBEN K BbIABNEHMIO HOBOTO
COEIMHEHNA - HUKOTMHOMN L-nponuHa, obnaparolero crnocobHOCTbIO CTUMYNUPOBATL
noKarbHOe KposooDpalleHue W yiyyllaTb MUKPOLMPKYNATOPHOE pYycno  Kopbl
FONOBHOIO MO3ra B YCIOBUAX ULLEMUYECKUX HapyLLEHU, paccnabnaTe 3oaupoBaHHble
COCyAbl, a TaKKe OKa3blBaTb aHTUMMMOKCAHTHOE AelicTBue.
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Aghamalyan Iskuhi Hamlet

CEREBROVYASCULAR EFFECTS OF NICOTINOIL L-PROLINE IN ACUTE AND
CHRONIC EXPERIMENTAL DISORDERS OF CEREBRAL CIRCULATION

Summary

Among the pharmacological agents used for the correction of impaired cerebral
circulation, great interest is drawn to short peptides designed on the basis of
endogenous compounds. In view of this, the cerebrovascular effects of a new
dipeptide, Nicotinoyl L-proline (NLP), synthesized by the Scientific and Technological
Center for Organic and Pharmaceutical Chemistry of the NASRA, were studied. For
this purpose, the effects of NLP on local cerebral blood flow, the microcirculatory
network of the cerebral cortex, the contractility of isolated vessels, and its antihypoxic
activity were investigated.

The study of NLP's influence on brain blood supply in rats using laser Doppler
flowmetry revealed its cerebrovascular activity. Thus, in acute ischemia induced by
occlusion of the left carotid artery (LCAO), when cortical blood flow was decreased by
34.5% compared to baseline, intraperitoneal (i.p.) administration of the investigated
dipeptide at a dose of 10 mg/kg was accompanied by an increase of brain blood flow
of 45% compared to the ischemic value.

NLP's ability to stimulate cerebral circulation was also observed in a model of
chronic ischemia induced by 15-day restriction of locomotor activity in experimental
animals. According to the obtained data, administration of the tested dipeptide (i.p.,
10 mg/kg) under the mentioned condition led to an increase of local blood flow in the
cerebral cortex by 41% compared with the initial level.

It is notable that NLP's cerebrovascular effects are not accompanied by any
statistically significant changes in systolic and diastolic blood pressures, as well as heart
rate, which was demonstrated by monitoring of systemic arterial pressure in the non-
invasive "tail-cuff” test.

The cerebrovascular activity of NLP was confirmed by investigation of the brain
cortical microcirculatory bed in rats using the calcium-adenosinephosphate method. It
was demonstrated that under acute ischemia following LCAO, the average diameter of
cortical capillaries in the studied brain areas of both left and right hemispheres was
decreased by 45% and 41%, respectively, compared with the control value.
Simultaneously a decrease in the number of functioning capillaries, an increase in the
number of constricted capillaries, and an increase in the number of only plasma-
permeable capillaries were registered. NLP administration (i.p., 10 mg/kg) in acute
ischemia was accompanied by an increase in capillary average diameter after 60
minutes of injection by 54% and 44% in the left and right hemispheres, respectively,
compared with the ischemic level. At the same time, the number of functioning
capillaries was increased by 2-3 times (up to capillary diameter), the number of
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constricted capillaries was decreased by 33%, and the number of only plasma-
permeable capillaries was dropped by 75% compared to ischemic values in both
ipsilateral and contralateral hemispheres.

The vasoactive properties of NLP were confirmed by in vitro studies ofthe peptide’s
effect on the contractility of isolated vascular segments. Pharmacological analysis
demonstrated that NLP leads to relaxation of norepinephrine-induced vascular
contraction. Thus, when a 1x10"6 M solution of norepinephrine was added to the
incubation medium with a fixed isolated vessel segment, a pronounced contraction was
observed, followed by a spontaneous relaxation of isolated vessel segments by 30%
after 60 minutes. Immediately after NLP infusion to the incubated environment at the
peak of the norepinephrine-induced contraction in a norepinephrine equivalent
concentration, relaxation of the vessel segment for 45% was registered. Further
increasing NLP concentrations to 2x10"6 M and 2x10"5 M under the same conditions
leads to reduction of norepinephrine-induced constriction by 60% and 709%,
respectively.

A comparative analysis of the cerebrovascular activity of NLP with its structural
analog nicotinoyl-GABA (Picamilon) revealed that in terms of in vivo effects on cerebral
blood flow, the proline derivative of nicotinic acid (NLP) was more effective. In
contrast, the GABA derivative exhibited greater effects in vitro on the contractility of
isolated vessels.

Obtained findings regarding the NLP’s cerebrovascular activity served as a basis
for investigating its antihypoxic effects. Using three different models of experimental
hypoxia in mice (normobaric, hemic, and cytotoxic), NLP’s antihypoxic activity was
demonstrated in a model of hemic hypoxia induced by sodium nitrite (i.p., 300 mg/kg).
Administration of Nicotinoyl L-proline 70 minutes before sodium nitrite injection led
to an increase in the animal’s survival time of 28.53% compared with untreated mice.

Summarizing the results of the presented investigation dedicated to searching for
an effective agent for pharmacological correction of cerebrovascular disorders led to
the discovery of a new compound, Nicotinoyl L-proline, possessing the ability to
stimulate local blood circulation and improve the microcirculatory bed of the cerebral
cortex under ischemic conditions and relax isolated blood vessels, as well as exert an
antihypoxicactivity.
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