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YacToTra pa3BUTHs UIIIEMUYECKOI0 NHCYJIbTa OCTAETCsI BBICOKOYM BO MHOTUX CTpaHaX, HECMOTPSI Ha TeH-
JIeHITNIO CHIYKeHUsI 3a00J1eBaeMOCTH, 00yCI0BJIEHHON HapyIIeHUsIMU MO3roBOro KpoBooOpamienusi. He-
JIOCTaTOYHbIe 3HAHUSI [TaTOreHe3a, TUarHOCTUKY, KJIIMHUKY U JIe4eHHUsI 9TOr0 TPO3HOro 3a00/1eBaHUsl. MOTYT
OBITH BOCIIOJIHEHBI MOJEJNPOBAHUEM HIIEMUUYECKOr0 MHCY/IbTA Ha SKUBOTHBIX, B YaCTHOCTU I'PBI3yHAX
(KpBICHI, MBIIIIH).

Ilesis 0630pa. OO0CHOBaHME BBIOOPA ITEPCIIEKTUBHOM MOEIH NIIIEMUYECKOT0 HHCYJIBTa YeI0BEKa.

13 6os1ee 300 mepBUYHO OTOOPAHHBIX UCTOUHUKOB JIUTEPATypPhl PA3INYHbIX 6a3 faHHBIX (Scopus, Web
of science, PUHII 1 1p.) A/1s1 aHa/m3a BbIOpaiu 84 UCTOYHNKA, U3 HUX — 72 UCTOUYHUKA, OIyOJIMKOBAHHBIX B
TeueHHe ocjaeHux JjieT (2015-2019 rr.). KpureprueM UCK/II0YEeHNUSI ICTOYHUKOB CJIYKUJIN MaJsiasi uHpopma-
TUBHOCTb U yCTapeBIINe JaHHbIE.

B 0630pe paccMmoTrpestn 6 9KCIIepUMeHTaIbHBIX MOZieJiell OCTPhIX HapyLIeHU MO3roBOro KpoBooopa-
IIIeHUs1: OKKJIIO3UsI cCpegHel MO3TOBO apTepuH, MOJIeJsIb 9MOOINYECKOT0 UHCY/IBTa, (hOTOTPOMO03, MOAe I
C UCII0JIb30BaHUEM TPOMOUHA, 9HI0TeINHA-1 U ¢ IpUMeHEeHNEM 3JIeKTPOKOATy/IsIUKU cpegHell MO3roBOt
apTepuu.

[TpuBesiu (haKTOPBHI, BIAUAIOLINE Ha JOCTOBEPHOCTH U BOCIIPOU3BOAUMOCTD Pe3YJIETaTOB UCCIeJOBAHMS,
CBsI3aHHBIE C COOJIIOleHNEM ITPABUJI 10 pa3MelleHUIO U aKKJINMAaTU3alluy JKUBOTHBIX, OpTaHU3aluy ITUTa-
HUSA U YXO/1a, C BBIOOPOM MeTofia aHecTe3UH U 00e300/11MBaHus, COOJII0eHNEM aCelITUKN, MOHUTOPUPOBA-
HUEM OCHOBHBIX (PU3UOJOTMYECKUX [TapaMeTPOB Ha BCeX aTarax IKCIepruMeHTa 110 MOJIeITMPOBAHUIO UIlle-
MHMY€CKOI'0 MHCYJIBTA, C TYMaHHBIM BbIBEIeHUEM >KUBOTHBIX U3 9KCIIEPUMEHTA.

Crestay BBIBOJ, O ITePCIIEKTUBHOCTU MOJEJIN UIIIEMUYeCKOT0 MHCY/IBTa, OCHOBAaHHOM Ha OKKJIIO3UU Cpef-
Hell MO3TOBOM apTepuy, Kak HauboJiee MIPUOIMIKEHHOHN K UIIIEMUYeCKOMY NHCYJ/IBTY Y YeJIOBEKA U IT03BO-
JIIOIIEN MOJIy4aTh BOCIIPOU3BOAUMbIe Pe3y/IbTaThl B 9KCIIEPUMEHTE.

Kntouesvte croea: uniemuueckutl UHCYLbN; MOOIU ULLEeMUYECKO20 UHCYAbMA; OKKI03USL; CPeOHSIst MO3-
208as apmepusi; IMOOIUUECKULL UHCYAbNL; hOmMOompomoo3

The incidence of ischemic stroke remains high in many countries, despite a declining trend in the incidence
of brain circulation disorders. Limited knowledge of the pathogenesis, diagnosis, clinical presentation, and
treatment of this life-threatening disease can be complemented by modelling of ischemic stroke on animals,
particularly, in rodents (rats, mice).

The aim of review: to provide a rationale for choosing an optimal model of human ischemic stroke.

Among more than 300 primary literature sources from various databases (Scopus, Web of science, RSCI,
etc.), 84 sources were selected for evaluation, of which 72 were published in the recent years (2015-2019). The
criteria for exclusion of sources were low relevance and outdated data.

The review examined six experimental models of acute cerebrovascular events including middle cerebral
artery occlusion, embolic stroke model; phototrombosis; models using thrombin, endothelin-1 and electro-
coagulation of the middle cerebral artery.

The review outlines the factors influencing reliability and reproducibility of research results, related to ad-
herence to the rules of animal accommodation and acclimatization, nutrition and care, selection of anesthesia
and pain relief methods, compliance with aseptic techniques, monitoring of basic physiological parameters at
all stages of the ischemic stroke modeling experiment, with humane withdrawal of animals from the experiment.
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It was concluded that the model of ischemic stroke, based on the occlusion of the middle cerebral artery,
is most promising as being the closest to features of human ischemic stroke and enabling to obtain repro-

ducible results in the experiment.

Keywords: ischemic stroke; models of ischemic stroke; occlusion; middle cerebral artery; embolic stroke; pho-

totrombosis
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BBenenue

HecMoTps1 Ha TeHIEHITNIO CHIKEeHUsI 3a00J1e-
BaeMOCTH, 00yCJIOBJIEHHON HapyIIIEHUIMHU MO3TO-
BOTO KPOBOOOpaAIleHus1, YaCTOTa PA3BUTHUS UIIIe-
MHYECKOTO HHCYJBTa OCTaeTcsl BBICOKOU, 4TO
IOATBEPKAAETCA CTAaTUCTUYECKUMU JAHHBIMU
[1-3]. B Betuko6puTaHuu UlIeMUYeCKUN HHCYIBT
perucrpupyercsa exxerongso y 100 Teica4 Yea0BeK.
12% marueHTOB yMUpaloT B TeueHue 30 gHel, a
JB€ TPeTH BBIXKUBIINX ITOCJIE MHCYJIBTA ABJIAIOTCA
nHBanaugamMu. B Kurtae wacrora perucrpanuun
HWHCYyJBTa cocTasisteT 1596 Ha 100000 yesnoBek [4],
a B lpane — 16 ma 100000 Hacenenus [5]. B Mek-
CUKe 3TOT IIoKasaresab paseH 33,47 Ha 100000
skuTesen [6].

YacTtoTa pasBUTUSA U HEOJATONPUSATHBIE
MIOCJIEICTBUS UIIEMUYECKOI0 UHCYJIBTa 00yCI0B-
JIeHbl HEeJOCTAaTOYHBbIMHN 3HAHUSIMU IIaTOreHe3a,
JINATHOCTUKY, KIMHUKU U JIeYeHUsI 3TOr0 TPO3HO-
ro 3aboJsteBanus1. HekoTopbie BOITPOCHI TaToreHe3a
MOTYT OBITH BBISICHEHBI MOJIETTPOBAHNEM UIIIEMU-
4YEeCKOI'0 MHCYJ/bTa Ha KUBOTHBIX, B YaCTHOCTU —
IrpbI3yHax (KPBICHI, MbIIN) [7-9]. B cBA3U C aTNM,
COBEePIIIEeHCTBOBAHNE MOJIeTUPOBAHU S HUIIIEMUYe-
CKOTO WHCYJIbTA, BHITIOJTHEHNE PEKOMEHIAINN 110
COZlep>KaHUIO U YXOAY 3a YKUBOTHBIMU, COBEPILIEH-
CTBOBaHMeE OIIEPAIIMOHHOUN TeXHUKHU, aHECTE3UH,
MUHUMU3AMMsI 0011 OyIyT CIOCOOCTBOBATH MOJTY-
4YeHUI0 00Jiee TOYHBIX Pe3YyIbTaTOB HAYYHOTO
uccaegosanus [10].

O Ba)KHOCTHU pellleHus 3TUX BOIPOCOB CBU-
JIeTeJIbCTBYET U COBelllaHNe 9KCIepTOB, Opra-
HU30BaHHOe HallmoHa/ bHBIM [IeHTpOM Beuko-
OpuTaHUM 110 3aMeHe, YCOBEPIIEHCTBOBAHUIO 1
COKpAalleHNI0 MCHOJIb30BaHUA SKUBOTHBIX B
Hay4YHbIX MCCJIEJOBAHUAX HAa OCHOBE IIpUMEHe-
HUST HOBBIX TeXHOJIOTHY B 2014 roAy /151 OIleHKU
CyILLECTBYIOLIVX METOJ0B MO/JIeJIMPOBaHUs UIlle-
MHYECKOTO MHCYJIBbTA, 00CyRIeHUs npobiewm,
CBS3aHHBIX, C HAJIe)KAIIUM YXO40M 3a KUBOT-
HBIMH U BBIPAOOTKH COOTBETCTBYIOIIUX PEKO-
MeHIallui.

ITesib 0630pa — 0OOCHOBaHUE BBIOOPA MEP-
CIIEKTUBHOU MOMEJIN HUIIEeMUYECKOT0 WHCYJIBTa
4eJI0BeKa.

Mopesb, OCHOBaHHAsI HA OKKJIFO3WH
cpeaHel MO3TOBOM apTepuu

[Tpeobaagaroruii BELIOOP CBS3aH C MOIEH-
poBaHueM HapylleHn MO3roBOro KpoBoooOparie-

Introduction

Despite the trend of decreasing morbidity due
to cerebrovascular accidents, the incidence of is-
chemic stroke remains high, as confirmed by sta-
tistical data [1-3]. In the UK, ischemic stroke is re-
ported in 100,000 people annually. 12% of patients
die within the next 30 days, and two-thirds of stroke
survivors are left disabled. In China, the incidence
of stroke is 1596 per 100,000 people [4], while in
Iran it reaches 16 per 100,000 [5]. In Mexico, the fig-
ure is 33.47 per 100,000 [6].

High incidence and the detrimental effects of
ischemic stroke are due to a lack of knowledge of
the pathogenesis, diagnosis, clinic and treatment
of this life-threatening disease. Some issues of
pathogenesis can be clarified by modeling ischemic
stroke in animals, in particular, rodents (rats, mice)
[7-9]. In this respect, improvement of the ischemic
stroke modeling, implementation of animal main-
tenance and care recommendations, optimization
of surgical techniques and anesthesia, and pain
minimization will contribute to obtaining more ac-
curate results of scientific research [10].

The importance of solving of these problems
has been confirmed by the expert meeting organ-
ized by the the National Centre for the Replace-
ment, Refinement and Reduction of Animals in Re-
search (United Kingdom, 2014) to assess existing
methods for ischemic stroke modelling, discuss
proper animal care and develop relevant recom-
mendations.

Aim of the review: to provide a rationale for
choosing a promising model for human ischemic
stroke.

The Middle Cerebral
Artery Occlusion Model

Simulation of cerebrovascular accidents in the
middle cerebral artery territory has been the most
preferred model so far. Variants of this method
allow obtaining a cortical infarct using the occlu-
sion of more distal parts of the middle cerebral ar-
tery [11-14].

When choosing an occluder, its diameter and
flexibility as well as its tip coverage are essential.
The occluder flexibility minimizes the risk of artery
damage (puncture) in the area of the skull base. A
long, larger diameter occluder provides more reli-
able occlusion, but can also block other vessels

coming directly from the circle of Willis to the sub-
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HUsI B OacceiiHe cpefHell MO3TOBOI apTepHU.
BapuaHTh! 9TOTO CIIoco0a MO3BOJISIOT MTOJTYIUTh
KOPTUKAJIbHBIN HH(PAPKT, UCIIOJIb3YsI OKKIIO3UIO
0oJee MUCTATBHBIX OT/IEJIOB CPEJHEN MO3TOBOM
aprepuu [11-14].

ITpu BBIOOpE OKKJTIONEPA KJIIOYEBOE 3HAYE-
HHE UMEIOT ero TruaMeTp U TMOKOCTD, a TAKKe —
MMOKPBITHE HAKOHEYHNKA. [MOKOCTh OKRJIIOZIepa
MHHUMU3UPYET PUCK MOBpPEKAEHUsI (IIPOKO0JIA)
aprepu# B 06J1aCTH OCHOBaHUs Yeperna. [ THHHBII
OKKJIIoJiep OoJIbIllero auaMeTpa obecreuynBaeT
OoJee HaIEKHYIO OKKJTIO3UIO, HO MOSKET OJIOKH-
pOBaTh U Ipyrue COCyabl, OTXOJsIINe HEeIloCpes-
CTBEHHO OT BussimsueBa Kpyra K IOAZKOPKOBBIM
CTpyKTypaMm. BHe nipefiesioB caMoil cpeHel M03-
rOBOY apTepUH, BCJIEACTBUE 3aKYIIOPKUA IPOKCHU-
MaJIbHBIX apTepui, OTXOOAIINX OT CpeHel M03-
roBoll aprepuu (Hampumep nepenHss
XOpUOUAAJIbHASA U TUIIOTA/IaMUYeCKasi apTepyun) B
30He HapyIIeHHOTO KPOBOOOPAIIIeHH MOTYT OKa-
3aTbCsA TAJaMyC, TUIIOTAJIaMyC, U TUMIOKAaMIL. Y
HEKOTOPBIX ;KUBOTHBIX MOSKET OBITh HACJIEICTBEH-
HbII HeNOJIHBIA BUjjin3ueB Kpyr.

UYarie UCIIO0JIb3YIOT OKKJIIOJIePhI MAJIOTO AUa-
MeTpa, KOTOpble OTPAHMYMBAIOT HUILIEeMUYECKOe
MOBPE’KAEHNE TEPPUTOPHEN KPOBOCHAOKEHUS
cpeqHel MO3TOBOU apTEPUU.

Bosiee BapmabeJsibHBIE pPeE3yIBTaThl OTMe-
YalOTCsI Ha MOZEJISIX C BPEMEHHOU OKKJII03uei
cpenHeil MO3rOBOI apTepuu 10 CPaBHEHMUIO C ee
MTOCTOSTHHON OKKJII03HeN. ITO 00yCI0BIJIEHO pas-
BUTHEM peniepy3MOHHBIX IOBPEKIEHUN B CBA3U
C YaCTUYHBIM BOCCTAaHOBJIEHEM KPOBOTOKA. Psn
TaKUX (PAaKTOPOB KakK I10J KUBOTHBIX 1 BO3PacT,
NpeAlIecTBYIOINN CTpecc, OKpysKalolas cpega
MOTYyT OKa3blBaTh 3HAUYMUTEJBHOE BJIMsSIHHE Ha
Ppe3yabTaThl NCCeI0BaHNsI, 0COOEHHO Ha JIETaTh-
HOCTb U CPOKHU BOCCTaHOBJIeHUs [15-17].

IMOOIMYECKHA HHCYJIBT

MHorue BOITpoChI ITaToreHe3a MHCYJIBTOB 9MO0-
JIMYECKON MPUPOIBI OCTAIOTCS MAJIOU3y4EeHHBIMU
[18, 19]. B cBsi3M ¢ 9TM pa3padaThIBAIOTCS METObI
9KCIIEPUMEHTATLHOTO BOCITPOU3BEIeHNsI 9MOO0JTH-
YECKOI'0 MHCYJIBIa, B YaCTHOCTHU METOJ, C MCII0JIb30-
BaHMeM TOHKOM KaHIOJH, COlepsKalleidl CTyCTOK
KpoBU. [laHHAsA MOJIEJTb SIBJISIETCSI HAanbOOoJIee CII0MK-
HOW TEXHUYECKH, a TaK)Ke — B ILIJIaHe IOJIy4eHUsI
BOCIIPOU3BOIUMBIX pe3yJsraroB. [Ipu ee ncnons3o-
BaHWUU PErUCTPUPYETCA BBICOKASA CMEPTHOCTD JKC-
TTepUMEHTATHHBIX YKUBOTHBIX (0oJtee 30%).

doToTpomM0O03

[laHHasa MoJesIb peKOMEeHIyeTCs I UCCle-
JOBaHUSA KJIETOYHBIX U MOJIEKYJIIPHBIX MEXaHU3-
MOB Pa3BUTUA UIIIEMUYECKOr0o UHCyabTa 20, 21].
Mopesib 0OCHOBaHa Ha TPOMOWPOBAHUU KOPTH-
KaJIbHBIX NINAJIbHBIX COCYHOB. [log Hapko3oM npo-

cortical structures. Beyond the middle cerebral ar-
tery, the thalamus, hypothalamus, and hippocam-
pus may be in the area of impaired circulation due
to occlusion of proximal arteries arising from the
middle cerebral artery (e.g. the anterior chorioidal
and hypothalamic arteries). Some animals may
have a congenital incomplete circle of Willis.

Small diameter occluders are used more often,
restricting ischemic lesion to the blood supply area
of the middle cerebral artery.

More variable results are observed on models
with temporal occlusion of the middle cerebral ar-
tery compared to its permanent occlusion. This is
due to the development of reperfusion damage re-
sulting from partial recovery of blood flow. Various
factors such as gender and age of anumals, previ-
ous stress, and environment may have a significant
impact on the study results, especially on mortality
and recovery timeframe([15-17].

Embolic Stroke

Many issues of the pathogenesis of embolic
strokes remain poorly studied [18, 19]. In this re-
gard, methods of experimental embolic stroke re-
production are under development, in particular
the method using a thin cannula containing a
blood clot. This model is the most complicated
technically and also in terms of obtaining repro-
ducible results. The use of this model results in high
mortality of experimental animals (over 30%).

Photothrombosis

This model is recommended for studying cel-
lular and molecular mechanisms of ischemic stroke
[20, 21]. The model is based on thrombosis of cor-
tical pial blood vessels. Under anesthesia, the skin
is cut along the midline above the skull. In some
laboratories, the bones of the skull are rarefied with
a drill. The photosensitive dye Bengal pink is in-
jected intraperitoneally or intravenously. The light
source is placed perpendicularly above the skull, in
the presumed infarct modelling area. The main re-
quirement is to avoid heating of the skull and brain
under lighting. In addition, a green filter is used to
exclude infrared and ultraviolet waves, but to allow
the light with a wavelength stimulating Bengali
pink (the peak is at 560 nm).

Thrombin Injection Model

Stroke may also be caused by thrombin injec-
tion into the lumen of the distal branch of the mid-
dle cerebral artery [22, 23]. The possibility of spon-
taneous thrombolysis, affecting the variability of
the results, should be taken into account. This
model can be used to study thrombolytic drugs, for
example, rtPA. The size of brain infarcts with this
model is small, thus, neurological signs are mini-
mal or absent.
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U3BOJIUTCS pa3pe3d KOYKU 110 CpeTHel JIMHUU HaJ
JepernoM. B HEKOTOPBIX JabopaTOPUSAX C ITOMO-
IILI0O CBeEpJia MPOBOIUTCS paspe’keHre KOCTel
yepena. ®OTOUYBCTBUTEIBHBIA KpACUTEJh OeH-
TraJIbCKUU PO30BBIN BBOAUTCSA BHYTPHUOPIOIIMHHO
IV BHYTPUBEHHO. VICTOUHHK CBETAa pa3MeIiaeTcs
MepIeHANKYASIPHO Haj 4YeperoM, B 30He, TJe
MpeJoJjaraeTcsi MojeJupoBaHue UWH@apKTa.
OcHOBHOe TpeOOBaHWE — WCKJIOYUTHL HArpeB
Yepera 1 MO3Ta IPU OCBeIeHn . [[0TT0JTHUTETHHO
HUCTOJIB3YIOT 3eJI€HBIA (DUIBTP ST UCKITIOYeHU S
WH(QpPaAKPACHBIX U YIBTPa(pUOIETOBBIX BOJH, HO
TIPOITYCKAIOITN CBET C IUTMHOM BOJIHBI, CTUMYJIH -
pyoteli 6eHrasbCKUA PO30BBIN (MUK — 560 HM).

MoaeJsb, OCHOBaAaHHAsA
Ha BBeJeHHUH TPOMOHUHA

WHCYnBT MOSKET OBITH TaKKE BHI3BAH BBEJE-
HHEM TPOMOWHA B IPOCBET AWCTAJbHON BETBHU
cpeqiHell Mo3roBoi aptrepuu [22, 23]. [Ipu sTom
cJleflyeT yYUThIBATbh BO3MOKHOCTb CIIOHTaHHOT'O
TpoMOOJI3¥Cca, BIUSIONIET0 Ha BapruabeTbHOCTh
Ppe3yJIBTaTOB. ITa MOJIEJIb MOYKET OBITh UCIIOTH30-
BaHa IMPY U3y4YE€HUHU TPOMOOJIMTHYECKUX TIperna-
paroB, Hampumep, rtPA. Pa3mepbl mH}apKTOB
MO3ra IIpU HCHOJb30BAHWM JAaHHOU MoOJesu
HeOO0JIbIIINE, T03TOMY HEBPOJIOTHYECKHE TPU3HA-
KA MUHUMAaJIbHBI WJIN OTCYTCTBYIOT.

Mogaesan HHCYJIBTa
C MCITIOJIb30BAHHUEM HI0TEJINHA- 1

JHJoTenuH-1  siBjasiercs 9¢hPeKTUBHBIM
BA30KOHCTPUKTOPOM IIPOJIOJIKUTETBHOTO Jel-
CTBUS W MPUBOOUT K TOSIBJIEHUIO HEOOJIBIITUX
(pOKyCOB HllIeMUYECKOI0 MOBpesKIeHus. cnos-
3ys CTEpPEeOTaKCUYECKYI0 PAMKY, OCYILeCTBJIAIOT
MUKPOUHBEKIINU 9HJ0TeIMHA-1 B UHTEpeCcyeMbIi
Y4aCTOK MO3Ta, I[le 1 UHAYIUAPYIOTCS UIlleMuYe-
CKUe II0BpesKaeHus (24, 25].

JIEeKTPOKOAryJIAUA
cpeaHel MO3roBoii apTepun

B HEKOTOPBIX CIy4Yasax NOCTOSHHYIO OKKJIIO-
3WI0 OCHOBHOTO CTBOJIA CPeIHEN MO3TOBOM apTepuu
OCYILECTBJIAIOT II0CPEICTBOM 3JIEKTPOKOAryJIALMN
[26, 27]. IIpon3BOAUTCA KPAaHUOTOMUSA Y BCKPbIBA-
eTcs1 TBepasi MO3roBast 000j109Ka. Uepes apTepuio
C TIOMOII[HI0 TOHKUX JUATePMUAYECKUX IITATIIOB IPO-
IIyCKaeTCsl TOK. JTO INPUBOLUT K CBEPTBbIBAHUIO
KPOBH, MOBPEKIEHUIO CTEHKU apTepPUH, UIIEeMUN
MO3ra JUCTajJbHee MeCcTa 3JICKTPOKOAryJIAn.

Hapsany ¢ aTuM, IOABJIAIOTCA HOBbIE MOJHU-
duraym MogeJupoBaHUsA OCTPBIX HapylLIeHUN
MO3TOBOTO KPOBOOOpAIIeHNs, IT03BOJISIOIINE
JeTaJu3upoBaTh UX IIaTOT€He3 U OCYILLeCTBJIATh
JOKJIMHUYECKYI0 anmpo0aryio HOBBIX METOIOB
JIe4eHUA UILIEMUYECKOro UHCYJIbTA [28, 29].

Endothelin-1 Model of Stroke

Endothelin-1 is an effective long-acting vaso-
constrictor causing small areas of ischemic injury.
Using a stereotactic frame, endothelin-1 is micro-
injected into the target area of the brain, where is-
chemic injury is induced [24, 25].

Middle Cerebral
Artery Electrocoagulation

In some cases, permanent occlusion of the
main trunk of the middle cerebral artery is per-
formed by electrocoagulation [26, 27]. Craniotomy
is performed and the brain dura mater is dissected.
Electric current is delivered through the artery by
means of thin diathermic pincers. This leads to
blood coagulation, arterial wall damage, cerebral
ischemia distal to the electrocoagulation site.

At the same time, there are new modifications
of acute cerebrovascular accident modeling, allow-
ing for a detailed elaboration of their pathogenesis
and preclinical testing of new methods of ischemic
stroke treatment [28, 29].

Animal Maintenance
Before and After Stroke

The rules for handling the experimental ani-
mals are specified by the European Parliament [30].
The duration of animal acclimatization should be
at least 7 days before the experiment. Animals
should be inspected daily to assess their appear-
ance and control their body weight.

Irregular internal animal transportation may
affect their physiological parameters causing sleep
disturbances, increased plasma corticosterone, low
immunity, and reduced body weight [31]. It takes
from 2 to 4 days for these parameters to return to
normal levels. Normalization of food consumption
and sexual behavior after transportation requires
more than 4 days. Transcontinental transportation
of animals leads to longer circadian rhythm disor-
ders, and their resynchronization takes more than
2 weeks.

When preparing the animals for the experi-
ment, it is important to ensure the stability of daily
exposures in order to maximally avoid side effects.
Animals live in hierarchies where there is domina-
tion and subordination. Relocation of animals to
other groups provokes stressful situations, disrupts
social relations and causes aggression [32].

The same researcher should also work with
animals during acclimatization.

One of the essential moments of animal main-
tenance is the environmental enrichment, which is
the main requirement for improving their general
condition [33]. The European requirements for the
level of animal environmental enrichment are
specified in the EU Directive 2010/6327, which pro-
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Co,uepmaHne JKAUBOTHBIX
A0 U IT0CJI€ HHCYJ/JIbTA

[TpaBusia paboOTHI C 9KCIEPUMEHTATbHBIMU
SKUBOTHBIMU OTIpefiesieHsl EBponetickum [TapJia-
MeHTOM [30]. ITpomo/IKUTEIbHOCTD AaKKINMATA3a-
[[U¥ >KUBOTHBIX JOJDKHA COCTABJISITH HE MeHee 7
OHe 1o Havajga JKcrepuMeHTa. ;KUBOTHBIE
JOJIKHBI €KeTHEBHO OCMaTPUBATHCS JJIs1 OLIEHKH
BHEIITHETO BHJIa, KOHTPOJISI MacChI TeJa.

Hapymenus BHyTpeHHeH TpaHCIIOPTUPOB-
KH )KMBOTHBIX MOKET BJIUATH HA UX q)HSI/IOJ'IOFI/I-
4YeCKHUe apaMeTphl: HapyIlIaTh COH, IPUBOAUTD K
MOBBIIIEHHUIO COEPIKAHUSI KOPTUKOCTEPOHA B
IJjia3Me, CHHIKEHUIO HMMYHHOﬁ AKTHUBHOCTHU,
YMeHBIIIeHNIO Macchl Teqaa [31]. Hopmanusanusa
9THUX IIOKa3aTeJIed 3aHuMaeT OT 2 10 4 nHei. Jlas
HOpPMaJIM3aluy MoTpedJIeHUs MUIILH, CEKCyaslb-
HOT'0 ITIOBEJJeHHsI IOCJIe TPAHCIIOPTUPOBKU Tpe-
Oyetcst 6oJiee 4 nHeil. TpaHCKOHTUHEHTATbHAS
TPaHCIIOPTHUPOBKA >KUBOTHBIX BeJeT K OoJiee
AJIUTEJBHBIM HaAPDYIIEHUAM NUPKAAHbIX PUTMOB
U 17151 UX PECUHXPOHU3AINN HeoOxonmuMo HoJiee
2 HeeJlb.

[Ipy ToArOTOBKE SKUBOTHBIX K AKCIIEPUMEHTY
BayKHA CTaOMJIbHOCTD IIOBCEIHEBHBIX BO3IEHCTBUI
C I[EJIBI0 MAKCUMAIBLHOTO UCKITIOYEHH ST TOOOYHBIX
a(pdexToB. JKUBOTHBIE SKUBYT B MEPAPXUAX, Te
CyIIeCTByeT OJOMHHHPOBAHUWE W IIOAYMWHEHHE.
Ilepecesienue YJKUBOTHBIX B IPyTrUe IPYIIILI IIPUBO-
IUT K CTPECCOBOM CUTYAINH, HAPYIIIaeT COLNATb-
Hbl€ OTHOIIIEHY s, BbI3bIBAET arpeccuto [32].

KenarenbHO Takske, 4yTOOBI B IpoIecce
AKKJIMMAaTU3AaNH C SKUBOTHBIMH pad0TaJI OGUH U
TOT K€ 9KCIIEpUMEHTATOP.

OnHUM U3 CyIIeCTBEHHBIX MOMEHTOB COfep-
SKaHUsI JKUBOTHBIX SIBJISIETCSI «00OTaIlleHne» OKpy-
SKAIOIEN CpeJibl, YTO SIBJISIETCSI OCHOBHBIM TPebo-
BaHUEM JJIs1 YAYYIIEHUS UX OOIIETO COCTOSIHHUS
[33]. TpebGoBaHMA K YpPOBHIO «0O0OTaIleHU»
cpeJbl, B KOTOPOH HaXoAATCsA KUBOTHEIE, B EBpo-
e ycraHoBjeHbl [upektuBoii EC 2010/6327,
IIpeJycMaTpuBalolileil BblfeseHne «IIpOCTPaHCTBa
JIOCTAaTOYHOM CJIOMKHOCTH, II03BOJIAIOIIEEe 00ec-
nmeymBarTb HOPpMaJIbHOE€ MOBEOEHUE B IMINPOKOM
nuanasoHe». CyIiecTByeT «CBepXo0oraleHHbI»
VPOBEHBH COZIEPKaHUS KUBOTHBIX: MCIOJIb30Ba-
HYe OOJIBIITNX MHOTOYPOBHEBBIX KJIETOK, TOCTYI K
HOBBIM Pa3HO0Opa3HBIM UTPyIIKaM, 000pyI0Ba-
HUE NJIsA CTUMYJIUPOBAHUA )IBHFaTeJIBHOfI AKTUB-
HOCTHU, HUCIIOJb30OBaHUE MY3bIKH, 3dI1daXOB, YTO
oOecrneunBaeT 0oJiee CJIOKHYIO MYJBTHUCEHCOP-
HYIO CTUMYJISIIIUIO U 60JIe€ ITOJTHOE BOCCTAHOBJIE-
HUe€ [T0CJIe MOJIeJIMPOBaHUsI MHCYIIBTa. Ecii Moze-
JIMPYIOTCS MHCYJBTBI C pas3BUTUEeM HH(papKTa
KOPBI TOJIOBHOTO MO3Ta (4TO 3HAYUTETHHO BIIUSIET
Ha IOBeJeHHE >KUBOTHBIX), UX B OJIMIKalIIeM
IocJIeoNepalioHHOM IIepuofie IiejaecoodpasHo
pasMernarb UHIUBUAYAIbHO.

vides for «a space of sufficient complexity to allow
the expression of a wide range of normal behav-
iour». There is a «<super-enrichment» level of animal
maintenance which is the use of large multi-level
cages, access to new and diverse toys, equipment
to stimulate motor activity, the use of music and
odours for more sophisticated multi-sensory stim-
ulation and more complete recovery after stroke
modeling. If strokes with cortical infarcts are simu-
lated (which significantly affects animal behavior),
it is advisable to accommodate the animals sepa-
rately in the immediate postoperative period.

Consumption of Food and Liquids

A balanced diet and fluid intake are essential
for the successful recovery of animals in the post-
operative period. During adaptation to post-stroke
nutrition, one should consider that rodents are
neophobic to food. To overcome neophobia, nutri-
tional supplements should be introduced into the
diet before surgery.

During preoperative adaptation, animals
should eat the food that they will need after the
stroke [34, 35]. The behavior of rodents is deter-
mined by the daily cycle, they eat food in the dark
time of day. It is important to put the food into the
cage before the active phase of animal nutrition.

An overnight fast before the operation could
have negative consequences. Even a 6-hour starv-
ing period associates with weight loss and glycogen
depletion in the liver.

The animal's access to water should also not
be restricted due to the fact that the body weight re-
duction is primarily due to fluid loss. Signs such as
sunken eyes, changes in skin turgor (skin does not
straighten after pinching) indicate significant fluid
loss. If swallowing is impaired, subcutaneous fluid
injection is used. Moisturized mashed food should
be delivered to animals at the end of the daylight,
providing a more effective and natural model of ro-
dent nutrition.

Stroke causes a change in the composition of
the intestinal microbiota, which is partly due to
changes in intestinal permeability and intestinal
motility. The change in microbiota, in turn, affects
the functioning of the CNS. In this regard it is nec-
essary to avoid uncontrolled effects on animal mi-
crobiota during the experiment [36-39].

Improved methods for stroke modeling have
been suggested [40]. The age of animals, associated
diseases (hypertension, diabetes, obesity, infections,
tumors, etc.) determine the pattern of stroke [41, 42].
Higher mortality rates and more severe neurological
disorders are observed in older animals.

Anesthesia and Analgesia

The physiological status of the animal, the na-
ture of the experiment, and the duration of the op-
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IMoTpediieHHne MUIITH U SKUTKOCTH

ParmmonasnbHOe TUTAHNE U cOATAHCUPOBAHHOE
noTpedJieHNe SKUAKOCTH SBJIAIOTCS yCJIOBUEM
VCIIENTHOTO BOCCTAHOBJIEHUSI ;KUBOTHBIX B TIOCJIE-
omeparioHHOM Ilepuoje. B mporiecce akkIuMaTu-
3aIMM K IOCTUHCY/JIBTHOMY ITUTAHUIO CEeIyeT YIu-
TBIBaTh, YTO I'PHI3YHBI MOTYT 00J1a71aTh HeohoOHMEH
B OTHOIIIEHUY NUIIH. J[JIs1 TPEOIOIEHHS TUIEBOM
HeooOUM TUIIEBBIE T0OABKU HEOOXOIUMO BBO-
IUTH B PAIlOH TUTAHUS JI0 OTIEPAIIHL.

[Tpy aKKIMMATH3AIUH KUBOTHEIX B JOOIIE-
palOHHOM ITEPUOJIe OHH TOJKHBI TIOTPEDJIATE TY
OUILy, KOoTopass UM OymeT HeoOXomamMa IOCJse
MoJe/upoBaHuA UHCyAbra [34, 35]. IloBenenue
I'PBI3YHOB OIPEJENSETCS CYTOYHBIM IIFKJIOM, OHH
MIOTPEeOJIAIOT IUIIY B TEMHOE BpeMsI CyTOK. BaskHo,
4TOOBI THITA OBLJIa TTIOMeEIeHa B KJIETKY mepes
aKTUBHOU (pa30ii MUTAHUA )KUBOTHBIX.

HouHoe roJsiogaHuie HakKaHyHe OIepanuu
MOKET NIMEeTh HeraTUBHBIE MTOCJIeACTBHS. Jlaske
6-TH 4aCOBOU MHTEPBAJI B IpHEME TUIIH COIPO-
BOSKJaeTcs oTepeii Beca U MCTOIeHNeM IJINKO-
reHa B IeYeHH.

JlOCTYTI 5KMBOTHOTO K BOJIE TaK:)Ke He TOJIKeH
OBITH O'PAHIYEH B CBSI3H C TEM, UTO IIOTEPSI MACCHI
Tesia 00yCJIOBJIEHA, TTPEsKIE BCETO, TIOTEPEN KU -
kocTu. Takue NMpU3HAKM KaK 3allaBlIne IJIas3a,
M3MeHeHUe Typropa KoKu (KOoka He pachpas-
JIsIeTcs IocJIe IIUITKA) YKa3bIBAIOT Ha CyIIleCTBEeH-
HYIO IIOTEPIO KUIKOCTU. [Ipy HapymeHuu riora-
HUA UCHOJb3yeTCs IOJKOYKHOE BBejeHUe
SKUJIKOCTH. YBJIQKHEHHYIO MHINY B BHjE IIOpe
addeKTuBHEE TPENOCTABJATh SKUBOTHBIM B
KOHIIe CBETOBOI'0 1HA, obecrieynBast eCTeCTBEH-
HYIO MOJIeJIb TIUTaHUS TPHI3YHOB.

WHCynbT BBIBBIBAET H3MEHEHHE COCTaBa
MUKPOOMOTBHI ~ KHIIIEYHUKA, YTO YaCTHYHO
00yCJIOBJIEHO W3MEHEHHEM IPOHUIIAEMOCTU U
MOTOPHKH KUIIEYHUKA. VI3MeHeHne MUKPOOHO-
THI, B CBOIO OYEPEb, BIUsIET HA (DYHKIIMOHUPOBA-
une [THC. B aToii cBsA3u HEOOXOIUMO B IIPOIIECCE
9KCIEpUMeHTa u30eraTb HEKOHTPOJUPYEMBIX
BO3JIeICTBUI HAa MUKPOOHOTY SKMBOTHBIX [36-39].

[TpensioskeHsb! yaydIIeHHbIE CIIOCOOBI MOJIe-
JUpoBaHUs UHCyabTa [40]. Bo3pacT »KUBOTHBIX,
COITyTCTBYIOIIE 3a00/IeBaHUS (TUIIEPTOHMS, TAa-
OeT, oykupeHre, MH(MEKITNY, OITyX0JIH U JIp.) oIIpe-
JIeJISTIOT 0COOEHHOCTH Pa3BUTHA NHCYIBTA [41, 42].
VY HOKUJIBIX 3KUBOTHBIX OTMEYAOTCsI 60J1€€ BBICO-
KUe IoKa3areJsu JeTaJabHOCTH, 6oJsee TAKeJble
HEBPOJIOTMYECKHE HAPYIIEHUS.

AHecTe3us M aHAJIre3usl

Jly1s1 BBIOOpa MeTo/1a aHeCTe3NH NMEIOT 3Hade-
Hue (U3NOJIOTHTIECKUH CTaTyC YKUBOTHOI'O, XapakK-
Tep 3KCIEPUMEHTA, NJIUTEJIbHOCTD Olepanuu (43,
44]. Eciu y SKUBOTHBIX MMEIOTCA IPOOJIEMBI,
00ycJI0BJIEHHBIE 3a00/IEBAHNSIMU TTIEYEHU U [TOYEK,

eration are important for the choice of anesthesia
method [43, 44]. If animals have liver or kidney con-
ditions, the recovery process after the operation
may be longer and complications can develop. In
such cases the inhaled anesthetic isoflurane, 99%
of which is excreted by lungs with exhaled air,
should be used [45, 46].

The methods increasing the efficiency of anes-
thesia have been proposed [47], and the genotoxi-
city of the preparations used for anesthesia has
been studied [48]. Animals of the control group
should undergo exactly the same anesthesia as an-
imals of the experimental group. Besides general
anesthesia, local anesthesia is used in some cases
[49-52]. There is evidence of the immunomodula-
tory effect of local anesthetics, and stroke-induced
immunosuppression may cause infectious compli-
cations, which are among major adverse conse-
quences of stroke [53].

Analgesia prevents or significantly reduces pain,
which considerably distorts the results of the experi-
ment. Animals in pain do not eat, drink or sleep.

Pain assessment in stroke models is made on
the basis of non-specific signs that are important
for determining the general condition of animals.
Such signs include narrowing of eyes (orbital tight-
ening), changes in the shape and position of ears
and whiskers.

Aseptic Considerations

Infectious complications as a result of poor
asepsis are manifested as inflammation, pain, slow
recovery, which jeopardizes the results of the exper-
iment. Rodents in the stroke modeling often de-
velop spontaneous bacterial pneumonia. The
mechanisms of such pneumonia are unclear. They
may be related to immune suppression. In such
cases, pneumonia is caused not by external expo-
sure, but rather by increased intestinal permeability
and bacterial translocation. Aspiration is also a
plausible cause of pneumonia. In these situations,
prophylactic antibiotic administration is ineffec-
tive. On the contrary, the use of antibiotics, due to
changes in microbiotic composition, may affect the
results of the experiment. If antibiotics are used,
they should be administered in both experimental
and control groups of animals.

Control of Physiological Functions

General anesthesia leads to a lack of blink, so
the eyes must be protected with a gel or liquid, which
prevents the corneal drying during anesthesia.

Body temperature must be monitored as hypo-
or hyperthermia may develop. Brain cooling (thera-
peutic hypothermia) has effective neuroprotective
properties in modeling ischemic stroke [54]. When
anesthetics are used, hypothermia develops due to

their influence on thermoregulation mechanisms,
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MPOIEeCC BOCCTAHOBJIEHUS MTOCJIE OTTePAIIA MOSKET
OBITH O0JIee ATUTEIHHBIM U ITPOTEKATh C Pa3BUTHU-
€M OCJIO;KHEHUH. B TIOI00HBIX CTy9asix IPeIITouTH -
TeJIbHO MCII0JIb30BaHNEe NHTAJISAIMOHHOIO aHeCTe-
TuKa uszodJiypaHa, 99% KOTOPOro BBIBOIUTCS
JIETKUMH C BBIJbIXaeMbIM BO3IyXOM (45, 46].
IIpensioskeHbI CIOCOOBI, TIOBBIIIAIOIINE
3¢ (PeKTUBHOCTh aHecTe3uu [47], uU3ydarorcs
BOIIPOCHI TEHOTOKCUYHOCTH IIPEIapaToB, UCIOJIb-
3yeMbIX 11 aHecre3uu [48]. JKuBOTHBIE KOHT-
POJIBHOU I'PYIIIBI JOJIKHBI IIOABEPTaThCS TOUHO
TAKOH ’Ke aHeCTe3NH, KaK U KMBOTHbBIE OITBITHON
rpynnbl. KpoMe o6111eii, B psijie ciydaen, UCIOJTb-
3yeTrca MecTHas aHecresusd [49-52]. ImeroTcsa naH-
Hble 0 UIMMYHOMOAY/IUPYIOIIEM TeHCTBUU MECT-
HBIX aHECTETUKOB, 4 WHCYJIbT-UHAYIMPOBaHHAsA
MMMYHOCYIIPECCUSI MOSKeT OBITh MPUYNHOHN
UHQMEKITMOHHBIX OCJ0KHEHUU, SBJISIONIUXCSA
OCHOBHBIM Cpey OCJIOKHEHUEM UHCYJIBTA [53].
AHaJIresus npefoTBpalaeT Uik CyIeCTBeH-
HO YMeHBbITIaeT 60J1b, KOTOpasi 3HAYUTETHHO MCKa-
JKaeT pesy/abrarbl JKcnepuMmeHTa. KHUBOTHBIE,
HCIIBITHIBAOIINE 00JIb, HE €[IAT, He IBIOT 1 He CIIAT.
Ouenka 6011 B MOJIEJISIX MHCY/IBTA IPOM3BO-
JIATCS TI0 HecTelTu(UIHBIM TPU3HAKaM, UMEIOITIM
Ba)KHOE 3HAYeHWe U MJIsI OompenesieHusl 00IIero
COCTOSTHUSA 5KUBOTHBIX. K TaKUM ITpr3HaKaM OTHO-
CATCA Cy)KeHue T71a3 (opbuTanbHOe 3aTArUBaHue),
rn3MeHeHue (pOpPMBI U IOJIOKEHUsI YIIIeH 1 yCOB.

AcenTtuka

I/IHq)eKL[I/IOHHbIe OCJIOKHEHU A, KaK pe3yJbrar
HeKa4eCTBEHHON ACEIITUKH, IPOABJIAIOTCA pa3BU-
THEeM BOCIIaJIEHUAA, 6OJ'II/I, 3aMelJIECHHbIM BBbI310-
POBJIEHUEM, YTO CTABUT II0J YyIPO3Yy PE3YJIbTAThI
IKCIIEpHUMEHTA. % I'PBI3YHOB IIPpU MOAEJINPOBAHNN
HWHCYJIbTA 9aCTO Pa3BUBAETCA CIIOHTAHHAA bakre-
puaj/sibHasAg ITHEBMOHUA. MexaHU3MbI pa3BUTUA
TaKOU ITHEBMOHUM HE sICHBI. BoamoskHO, OHU CBSI-
3aHbl C I10JaBJIECHUEM MMMYHUTETA. B HO,HO6HBIX
CJIydasax HpPI‘IPIHOfI Pa3BUTHA ITIHEBMOHUU ABJIAET-
CAd HE 3arpA3HEHNE M3 BHEIITHUX NCTOYHUKOB, 4,
BEPOATHO, MMOBBIINIEHHAA IPOHUIIAEMOCTDb KHUIII€Y-
HUKa 1 6aKTepI/IaJIbHaH TpaHCJIOKRAIUA. Boamosk-
HOU HpH‘IHHOﬁ IITHEBMOHHHN MOKET ABUTHCA U
aClipanus. B arux CJjrydgasx HpO(i)I/IJ'IaKTI/I‘IeCKOQ
BBEJIEHUE AHTUOWOTHKOB SIBJISIETCS HeE)q)(beKTI/IB-
HBIM. HaHpOTI/IB, INIpUMEHEHNE aHTI/I6I/IOTI/IKOB, B
CBA3WM C HW3MEHEHHEeM COoCTaBa MI/IKp061/IOTbI,
MOKET BJIUATH Ha PE3YJ/IbTaTbl IKCIIEPUMEHTA. B
CJIy4da€ NCI10JIb30OBAHUA AHTUOMOTUKOB OHU JOJIK-
HBI IDUMEHATHCA KAK B OHI)ITHOfI, TaK X1 KOHTPOJIb-
HOH rpyumiax JKuBOTHBIX.

KoHTpoJb (pu3u0a0ruuecKkux
pyHKIIMH

O6H_laﬂ dHeCTe3nd IMIPpUBOAUT K OTCYTCTBUIO
MOpraHusd, II09TOMY IVIa3da JOJIXKHbI OBITH 3aliu-

due to metabolism suppression and dilatation of pe-
ripheral vessels. After induction of general anesthe-
sia, body temperature decreases by 1-20°C. Main-
taining body temperature is an essential component
of the anesthesia management to avoid hypother-
mia. Special attention should be paid to obese ani-
mals, as excessive subcutaneous fat causes a de-
crease in perfusion and heat conductivity of tissues.

As all types of anesthesia have a negative effect
on the respiratory system, it is necessary to ensure
adequate oxygenation of organs. Endotracheal in-
tubation and mechanical ventilation help control
the effects of gas exchange, particularly through
oxygen enrichment of the inhaled gas mixture. The
use of tracheal intubation and artificial lung venti-
lation in stroke modeling reduces the mortality of
operated animals as compared to spontaneous res-
piration. Lung ventilation in stroke modeling asso-
ciates with a reduction in brain infarct size.

Blood oxygenation can be controlled inva-
sively by performing arterial blood gas analysis
(using PaO,, mmHg) or non-invasively by pulse
oximetry (SpO,, %). The impact of anesthetics on
respiratory and circulatory functions depends on
the dose, therefore the use of lower doses of anes-
thetics is important.

Monitoring of the basic physiological param-
eters during anesthesia is necessary to ensure its
stability, increase the study reproducibility, reduce
mortality and complications in the postoperative
period. Non-invasive monitoring methods should
also be used to assure physiological stability. In par-
ticular, pulse oximetry allows assessing cardiores-
piratory functions. Capnography is recommended
to standardize respiratory function assessment in
stroke modeling and in fMRI studies, where PaCO,
stability is crucial. To compensate for fluid loss, a
saline or Hartmann solution should be adminis-
tered. Solutions should be given every 1-2 hours
during anesthesia.

Postoperative Period

Modeling of brain ischemia in the postopera-
tive period leads to a number of changes accompa-
nied by clinical signs. The choice of a rational stroke
modeling protocol is a crucial condition for suc-
cessful outcome of the experiment [55, 56]. To pre-
vent hypothermia of animals it is necessary to con-
trol the temperature in the room where the animals
are kept after the operation. Local heat sources are
used for this purpose. Physiological parameters are
monitored at least four times a day at regular inter-
vals during the first 48 hours. Body weight, food and
fluid intake, animal interaction, cognitive func-
tions, post-stroke depression are assessed [57-60].
Breathing control is also mandatory. Weight loss
after stroke modeling is mainly explained by dehy-
dration, eating disorders, reduced motor activity.
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IeHbl C IIOMOIINbIO TeJisl UJIU SKUIKOCTH, UYTO
npefoTBpallaeT BhICBIXaHNE POTOBUIILI BO BpeMs
aHeCcTe3UMH.

Heo0xoquM KOHTPOJIb TeMITepaTyphbl TeJsa,
TaK KaKk BO3MOKHO Pa3BUTHE TUII0— WJIU TUIIEP-
Tepmun. OxJiaskieHre Mo3ra (TepaneBThu4yecKasi
runoTepmus) obaamaeT apHeKTUBHBIMU HEHPO-
MIPOTEKTOPHBIMYU CBOMCTBAMU MPU MOJIeTUPOBA-
HUU UIIEMAYECKOr0 UHCYJILTA [54]. ITpu nucmoJin-
30BAaHUM AHECTETUKOB PAa3BUBAETCA TMIOTEPMHUSI
13-3a UX BO3JIeUCTBUSI HA MEXaHU3MbI TEpDMOpPEry-
JISITIAA, B CBSI3W C YTHETEHWEM MeTaboJim3Ma U
auaaranueil nepudepudeckux cocymgon. [locie
WHAYKOUY O0IIel aHeCTe3NH TeMIlepaTypa TeJsa
camykaerca Ha 1-2°C. [loggepskanue Temiepary-
pBI Tejla — 4YacTh yIpaBJeHUsl aHecTe3ueu IJisg
mpemoTBpaleHuss Iepeoxnaskiaenus. Ocoboe
BHUMaHVE HEOOXOAMMO yIeJIATh TYyYHBIM SKMUBOT-
HBIM, TaK Kak HU30BITOK ITOOKOKHOTO >KHpa
00yCJaBIUBaET CHIPKeHVE Nepdy3un U TEmsIo-
ITPOBOJIMMOCTHU TKaHEMN.

ITockoabKY JM00bIe BUIBI aHECTE3WN OKa-
3bIBAIOT OTpPHUIlATEJbHOE BJIMSIHWE Ha JbIXa-
TeJBHYIO CHCTEMY, HeoOXoquMo obecredeHne
aJleKBaTHOU OKCUTEeHAIluX OPraHoB. JHJOTpa-
xXeaJbHass MHTYOANMs U MeXaHW4YeCKasl BEHTHU-
JISAIMSA TOMOTAIT KOHTPOJUPOBATH 3P EeKThI
razoo0OMeHa, B TOM YHCJIe 3a cueT o0oraiieHus
KHCJIOPOAOM BbIxaeMol ra3doBou cmecu. I1pu-
MeHeHWe UHTYOAaIlNy TPaxeu M UCKYCCTBEHHON
BEHTUJAINUA JIETKUX IIPU MOJeJUPOBAHUU
WHCYJbTa BeAyT K CHUKEHUIO CMEPTHOCTH OIle-
PUPYEMBIX 3KUBOTHBIX I10 CPABHEHUIO C UCIIOJIb-
30BaHWEM CIIOHTAHHOIO JbIXxaHusA. Mckyc-
CTBeHHAas BEHTUJIANUSA JEeTKuX npu
MOJeJUPOBAHUMU HHCYJAbTa COIPOBOMKIAECTCA
yMeHbIIIeHueM pa3MepoB UH(apKTa MO3Ta.

OkcureHanuio KPOBU MOKHO KOHTPOJUPO-
BaTh NHBA3WBHO, IPOBO/ISI aHAJIN3 F'a30B apTepH-
aJbHOM KPOBM (HampsikeHue Kucaopoga — Pa0,
B MM pT. CT.) WJIM HEWHBA3UBHO — METOIOM
nynscorcumerpuu (SpO, B %). CTeneHs BIUAHUA
AHECTETUKOB Ha (DYHKIINU JBIXaHUS U KPOBOOO-
palleHus 3aBUCUT OT IO3bI, I09TOMY HUCIIOJb30-
BaHME MEHBIINX 103 aHECTETUKOB UMEET BaK-
HOe 3HaYeHHe.

MOHUTOPUHT OCHOBHBIX (PU3NOJIOTUUYECKUX
ImapaMeTpOB BO BpeMs aHeCTe3UH HeOOXOIUM IS
obecneueHus ee CTAOMUIBHOCTH, YIy4IIIEHUS BOC-
NPOU3BONMMOCTH HCCJEeNOBaHUsI, CHUYKEHUS
JIeTaJIbHOCTH, OCJIOKHEHUH B ITOCJIEOTIEPAIIMOH-
HOM Ttepuoje. /[yis1 obecrieuenns puanogoruye-
CKOM CTaOM/IbHOCTH HEOOXOIHMMO HCI0/Ib30BaTh
TaKKe HEMHBa3WBHBIE METOIbI MOHUTOPHUHTA. B
YaCTHOCTH, IYJIbCOKCUMETPUS I03BOJISAET OLICHNU-
BaTh KapauopecnuparopHble (yHknuu. lasa
CTaHJApTU3allMU [bIXaTeJbHOU (YHKIMU NpHU
BOCIIDOU3BENCHUY WHCY/IbTAa U IIPXA UCCJeN0Ba-
Hun GMPT, rme odeHb BajKHA CTAOUJIBHOCTH

Neuroprotectors

In recent years, emphasis has been placed on
the study of drugs and methods that possess neu-
roprotective properties in the experiment in ani-
mals and in patients with ischemic stroke [61, 62].
In particular, these properties exist in the vascular
endothelial growth factor [63], cerebral miRNA [64],
electroacupuncture [65], adropin [66], glia [67],
nicotinamidadeninucleotide phosphate [68], di-
methylfumarate [69], hypothermia [70], and steroid
hormones [71].

Neuroprotectors enhance resistance of central
nervous system structures to oxygen starvation
[72-74]. Anesthetics also have these properties, and
their use has led to significant success in develop-
ing experimental models of human stroke.

Medical gas xenon has a neuroprotective ef-
fect [75]. Exceptional properties of xenon make it
different from other neuroprotective agents, so it
plays a special therapeutic role in stroke, both in-
dependently and in combination with other treat-
ments. The neuroprotective effect of xenon can be
mediated by N-methyl-d-aspartate receptor inhi-
bition [76].

Neuroprotective effects of xenon delivered by
xenon-containing echogenic liposomes through
controlled ultrasound release in early brain damage
after subarachnoid hemorrhage have been evalu-
ated. Ultrasound imaging and electron microscopy
have shown that liposomes containing xenon have
aunique structure that allows its two-stage release.
The use of xenon effectively inhibited bleeding, im-
proved overall neurological function and reduced
damage to motor function along with apoptotic
neuronal death, as well as decreased mortality [77].
Neuroprotective effects were already shown in the
blood xenon level of less than 20% of the estimated
neuroprotective concentration [78].

Binding to the active center of several serine
proteases is one of the unique properties of xenon.
Since the active site of serine proteases is struc-
turally conservative, xenon’s ability to alter the cat-
alytic activity of a serine protease plasminogen tis-
sue activator (tPA) has been investigated. Molecular
modelling and in vitro and in vivo studies have
shown that: 1) xenon is a tPA inhibitor; 2) xenon in-
hibits tPA-induced thrombolysis; 3) in the post is-
chemic period, xenon inhibits ischemic brain dam-
age, tPA-induced brain haemorrhage, and
blood-brain barrier damage [79].

At the same time, stroke outcomes may be af-
fected by the pharmacological effects of anesthetics
on nervous function, their species-specific, medical
and dose-specific effects on cerebral blood flow
and metabolism, autoregulation, ischemic depolar-
ization, excitotoxicity.

Anesthetics also modulate systemic blood

pressure, respiratory function and thermoregula-
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PaCO,, pekomenayeTcsa UCII0/IBb30BaTh KallHOIPa-
dwuto. [I7s1 KOMIIEHCAllMU TOTePD SKUAKOCTH CJle-
JIyeT BBOJUTH (PU3UOJOTUYECKUI PACTBOP UJIU
pactBop XapTMmaHa. BBeleHre pacTBOPOB HpH
NIPOBEIEHUY aHECTE3UHN JOJIKHO OCYILECTBJIATh-
cs1 Kaskaple 1-2 yaca.

IlocsieonepalMOHHBIN NTEPHO],

BocrnipousBenenue uireMum Mo3ra B IocJie-
OnepanroHHOM MMepUofe MPUBOIUT K PA3BUTHUIO
psja U3MeHEeHUH, COMPOBOKIAIOIIINXCSA TTOSIBJIE-
HUEeM KJIMHUYECKHUX MPU3HAKOB. Be1Oop parmuo-
HaJIbHOTO IPOTOKOJIa MOJEeJIUPOBAHUA UHCYJIBTa
ABJIAETCA PpellalIluM YCJOBUEM YCIEIIHOTO
HUcxoma sKcrepumenTa [55, 56]. lia npegorspa-
IIIeHUsI TTePeoxIaskIeHUs YKUBOTHBIX HEOOXOIH-
MO KOHTPOJIMPOBAaTh TeMIlepaTypy B IIOMelle-
HUW, TJe COolepsKabCs SKUBOTHbIE MOCJE
onepanuu. s aTUX 1eJiel NCI0Ib3YIOT MeCT-
Hble UCTOYHUKM Tersia. KoHTpoJib pusmosoru-
4YeCKUX IIapaMeTPOB OCYIECTBJIAETCS He MeHee
4JeTbIpex pa3 B IeHb C peryJIApHbIMA NHTepBaJja-
MU B TedeHHue nepBbix 48 yacoB. KoHTpoJupy-
eTCs Macca TeJsia, OlleHUBaeTCs MUIIEBOU peskuM
U moTpebJieHre SKUIKOCTH, B3aMMOIENCTBUE
SKUBOTHBIX, KOTHUTUBHBIE (PYHKIIMU, ITOCTHH-
cynbTHas nenpeccus [57-60]. Obs13aTesieH TakKe
KOHTPOJBb AbIxaHUs. [loTeps Beca mocje Moje-
JIMPOBAHUs WHCYJIBTA 0OBSACHAETCS, NIABHBIM
06pa3oM, 00e3BOKUBAHMEM, HAPYIIIEHUEM TTATa-
HUSI, CHUKEHNEM JIBUTaTeIbHON aKTUBHOCTH.

HeiiponipoTeKTOpBI

B mocnepHue ropel ynesisercsa BHUMaHUE
M3y4YEeHUIO IIperapaToB U METOAOB BO3IEUCTBUS,
00/1a1AI0ITNX HEHPOIIPOTEKTOPHBIMHU CBOHCTBaMU
B 9KCIIEpUMEHTE Ha SKABOTHBIX U Y [TAIIMEHTOB IIpU
HUIIEeMUYEeCKOM UHCyabTe [61, 62]. B yacTHOCTH,
TaKUMU CBOMCTBaMHU oOJIamaloT ¢pakTopa pocTa
9H/IOTE NS COCYIOB [63], iepeGpabHast miRNA [64],
3JIEKTPOAKYIIYHKTYpa [65], TponuH [66], rud [67],
HUKOTMHaMUJaleHuHIuHyKIeotuagocdar [68],
nuMetuiapymapar [69], runnorepmus [70], crepous-
HbIe TOPMOHBI [71].

HeliponrpoTeKTOphI 00€CIIeYnBaIOT ITOBBIIIIE-
HUe yCTOMYMBOCTHU CTPYKTYP LIEHTPAJIbHOU HEPB-
HOM CHUCTEMBI K KUCJOPOJHOMY TOJIOIAHUIO
[72-74]. TakMU CBOMCTBAMHU 00J1aJal0T AHECTETH -
KH. VX HCI0JIb30BaHME MO3BOJIMJIO JOOUTHLCH
3HAYUTEJLHBIX YCIIEXOB B pa3pabOTKe 9KCIepu-
MEeHTA/IbHBIX MOZleJiell HHCYJIBTA YeJIOBEKA.

K momoOHBIM ITpenaparaM OTHOCUTCS MeIu-
[IIMHCKUH ra3 KCeHOH, 00J1aIafoIui HEHPOIIPpOTeK-
TOpHBIM 3(pdekToM [75]. YHUKAIbHBIE CBOMCTBA
KCEHOHA OTIMYAIOT €ro OT APYTUX HEHpPOIPOTeK-
TOPHBIX ar€HTOB, IT03TOMY OH UTPAET 0COOYIO Tepa-
IIEBTUYECKYI0 POJIb IIPU MHCYJIBTE, KaK CaMOCTOsI-
TeJIbHO, TAaK U B COYETAHUU C JPYTUMU MEeTOJaMuU

tion, which may affect both the development of is-
chemic stroke and the effectiveness of therapeutic
interventions [80].

Sevoflurane is another anesthetic with neuro-
protective properties [81]. The influence of sevoflu-
rane on the ATPase activity of hippocampus neu-
rons in rats with cerebral ischemia-reperfusion
injury (IRI) through the signaling pathway of cyclic
adenosine phosphate (cCAMP) and proteinkinase A
(PCA) has been studied. Sevoflurane was found to
enhance ATPase activity in rat hippocampus neu-
rons with IRI in the brain by activating the signaling
pathway cAMP-PCA [82].

Neuroprotective effects of pre-conditioning
with estrogen and post-conditioning with sevoflu-
rane have been identified in experimental animals
on the stroke model in middle cerebral artery oc-
clusion [83]. Sevoflurane pre-conditioning pro-
tected the brain from damage induced by is-
chemia-reperfusion by inhibiting miR-181a [84].

Conclusion

Thus, there are several experimental ischemic
stroke models. The most adequate stroke model is
the one using the blood flow occlusion in the mid-
dle cerebral artery territory. Two variants of this
method allow obtaining massive brain infarcts
(blood flow occlusion with subsequent reperfu-
sion) and small infarcts (without blood flow
restoration). This corresponds to different variants
of ischemic stroke in humans.

When conducting experiments to model is-
chemic stroke at all stages of the experiment (in the
pre-, peri-, and postoperative periods), it is neces-
sary to observe the requirements for the accom-
modation and acclimatization of animals, the or-
ganization of nutrition and care, the choice of
anesthesia and pain relief, the compliance with
asepsis, monitoring of basic physiological param-
eters, humane withdrawal of animals from the ex-
periment. It is important to train researchers, tech-
nicians, specialists in animal handling, who
provide a high-quality performance of experi-
ments, which is the main condition for obtaining
reliable scientific data.

JedeHus. HeliponpoTeKTUBHBIN 3(p(PeKT kceHoHa
MOKeT OBITh OIIOCPEJOBAaH HWHTUOMPOBAHUEM
penienitopa N-metus-d-acmaprara [76].
ITpon3BeeHa oreHKa HEHPOIPOTEKTOPHBIX
3d(PerToB KCEHOHA, JOCTABJSIEMOr0 KCEHOH-
CoIepsyKRaIIMU 3XOT€HHBIMU JIMIIOCOMaMU ITIOCPEeI -
CTBOM KOHTPOJIMPYEMOTO YIBTPA3BYKOM BBICBO-
OOSKIIEeHNS TPU pAaHHEM TTOBPESKIEHUHN T'OJIOBHOTO
Mo3ra mocJje cybapaxHouaaabHOTO KPOBOUIJIHS-
HUA. YJIBTPa3BYKOBasi BU3yaIN3aInsI ¥ 9JIEKTPOH-
Hasg MUKPOCKONHS IIOKa3asjd, YTO JIUIIOCOMBL,
cofiepsKaIye KCeHOH, UMEIOT YHUKAJIBHYIO CTPYK-
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TYPY, KOTOPasi I03BOJISAET OCYIECTBJIATD €r0 IBYX-
aTaITHOe BBICBOOO K IeHre. [I[puMeHeHre KCEHOHA
a(perTrBHO GIOKMPOBAIO KPOBOTEUEHNUE, VITyU-
[1aj0 OOIIYI0 HEBPOJIOTHYECKYI0 (PYHKIHUIO U
YMEHBIIAJIO NTOBPEsKAeHe MOTOPHOH (PYHKITUU B
COYeTaHUM CO CHUYKEHWEM BBIPIPKEHHOCTH aTlon-
TOTHYECKOU rnbesi HEHPOHOB, a TaKKe CHIKATIO
JeTaabHOCTh [77]. [loka3aHo, YTO HEUPOIPOTEK-
TOpHBIE 3 (EKTHI MOTYT OBITH MOJYYEHBI TPHU
HUCIOJb30BAHUM KOHIIEHTPAIIMA KCEHOHA B KPOBH,
cocraBJsiolei meHee 20% OT pacueTHOU HeUpo-
MIPOTEKTOPHOM [78].

HeonienuMbiM (hU3UKO-XUMUYECKUM CBOWU-
CTBOM KCEHOHa SIBJISIETCSI TO, YTO 9TOT ra3 CBSI3bI-
BAeTCA C aKTUBHBIM LIEHTPOM psijla CEpUHOBBIX
nporeas. [I0CKOJIbKY aKTUBHBIN CAUT CEPUHOBBIX
IIpOTeas ABJIAETCA CTPYKTYPHO KOHCEPBATUBHBIM,
MPOBEJIN UCCJIeJOBAHNE, MOSKET JIU KCEHOH U3Me-
HATh KaTAJIUTUYECKYI0 aKTUBHOCTb TKAaHEBOI'O
aKTMBaTOpa MjaasaMuHorena (tPA), cepuHoBOM 1po-
Teas3bl. MeTogoM MOJICKY/ISPHOIO MOAEJIUPOBa-
HUS U UCCJIEOOBAHUAMU in Vitro U in vivo ObLIO
IOKA3aHOo, 4TO: 1) KCEHOH SIBJISETCS MHTUONTOPOM
tPA; 2) kceHOH MHTHOMpYyeT tPA-MHAYIIMPOBaHHBIN
TPOMOOJIN3WUC; 3) B HOCTUIIIEMUYECKOM TIEPHOJIE
KCEHOH II0JIaBJIsAeT UIIIeMUYEeCKOe ITOBPeKIeHNE
TOJIOBHOTO Mo3ra u tPA-uHIynnpoBaHHbBIE KPO-
BOM3JIUSIHUS B MO3T, HOBPEsKIeHNEe TeMaTOHIIe-
danudeckoro 6aprepa [79].

B TO ke BpeMs, Ha MCXOObI MHCYJIBTA MOYKET
BJIMATH (papMakroJOruyeckoe Bo3elCcTBrE aHe-
CTeTHUKOB Ha HEPBHYIO (PYHKIWIO, X BUJOCIIEI-
¢duueckoe, JeKapCTBEHHOE W Jo030crenuduye-
CKOe BO3JlefiCTBUE Ha MO3TOBOM KPOBOTOK U
00MEeH BEIEeCTB, Ay TOPETYISAINIO, HIIIEMUYECKYIO
JIETIOISIPU3AIUI0, 9KCUTOTOKCUYHOCTb.

AHECTeTHUKH TaKyKe MOIYJIUPYIOT CACTEM-
HOe apTepUajJbHOE aBJjieHne, (PyHKIINIO BHEI -
HETO ObIXaHUs U TePMOpPEryIsalHIo, U3MEHEeHNe
KOTOPBIX MO’KET OKa3bIBaTh BO3JIeMCTBUE KAK
Ha TpOIlecChl PAa3BUTHUA HIIEMUYECKOTO
WHCYJIBTA, TaK 1 3((PeKTUBHOCTH TeparneBTHYe-
CKUX BMelIaTeJbCTB [80].

JpyruM aHecTeTHMKOM, 00J1afalouM Hel-
POINPOTEKTOPHBIMU  CBOUCTBAMHU, SABJISAETCS
ceBoduypas [81]. MccienoBano BaussHue ceBod-
JiopaHa Ha AT®a3Hyl0 aKTUBHOCTb HEUPOHOB
TUMITIIOKaMIIa y KPBIC C IlepedpasbHOH NIlleMue -
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Int ] Stroke. 2018; 13 (1): 96-106. DOI: 10.1177/1747493017730741.

penepdy3uOHHBIM IIOBpEKIEHUEM uepe3 CHUT-
HaJIbHBIN NIyTh IIUKJINYECKOr0 aIeHO3UHMOHO-
docdara (IAMP) u nporenHknHasbl A (ITKA).
YcTaHOBJIEHO, UYTO CeBO(QJIypaH yCUJIUBaeT
AT®a3HyI0 aKTUBHOCTB B HEpDOHAX T'MIIIIOKaMIIa
KpbICc ¢ IPU B roJIOBHOM MO3re IIOCpenCcTBOM
aKTHUBalYK CUTHAJIbHOIO myTu TAM®-ITKA [82].

Ha Mopesn nHCy/IbTa IIPY OKKJIIO3UU Cpej-
Hel MO3rOBOH apTepuU Yy dKCIIEpUMeHTaIbHbIX
SKUBOTHBIX BBISIBJIEHbI HeHpONpPOTEKTOPHbIE
3 peKThI NpegBapUTeIbHOI0 KOHIUIIMOHUPOBA-
HYA C IOMOUIBIO 3CTPOreHa U MOCTKOHAUIIMOHN-
pOBaHUs IPU UCII0JIb30BaHUU ceBodIypaHa [83].
[IpenBapuTe/ibHOE KOHIUIIMOHNPOBAHME CeBOd-
JYPAaHOM 3alHIajJi0 MO3I OT IIOBPEKIEHUs,
WHIYIIUPYEMOTO ullleMueii-penepdysneil myrem
nHrnbupoBanus miR-181a [84].

3akJrouenue

Takum 06pasom, CyIIIeCTBYeT PSJT IKCIIEPHU-
MEHTaJIbHbBIX MO/IeJIel BOCITPOM3BeIeHUSI UITIEMU-
4yecKoro nHcysbra. HauboJsiee ajiekBaTHOM Mojie-
JIBIO WHCYJIBTA SIBJISIETCSI METOJ], OCHOBAHHBIN Ha
OJIOKMPOBAHUM KPOBOTOKA B OacceliHe cpeqHen
MO3TOBO¥ apTepuu. /[Ba BapuaHTa JaHHOTO CIT0-
co0a MO3BOJISIOT IMOJIyYUTh MaCCUBHbIE MH(PAPK-
ThI MO3Tra (6JI0KaJja KPOBOTOKA C MOCJIEAYIONIEN
penepdysneii) 1 UHPAPKTHI HEOOJIBIITNX pa3Me-
poB (6e3 BocCTaHOBJIEHUsI KDOBOTOKA). ITO COOT-
BETCTBYET pa3jIMYHBIM BapHaHTaM HIIIEMUYECKO-
r'0 MHCYJIBTa y YeJIOBEKaA.

IIpu MpoBeeHNHN IKCIIEPUMEHTOB 10 MOJIE-
JIMPOBAHUIO HUIIEMUYECKOTO WHCYJIBTa Ha BCEX
aramax JKcmepuMeHTa (B J0OIEePaIMOHHOM
Iepuojie, BO BpeMsl Olepaluu U B MOCToIlepa-
[IMOHHOM ITePUojie) HE0OXOUMO COOJIIOaTh Tpe-
OoBaHUs, TPETbSIBJsSIEMbIE K pPa3MEIIeHUI0 U
AKKJIMMATU3allud  KUBOTHBIX, OpPraHU3aIuu
MUTAHUS U YXO[Ia, BELIOOPY METOJa aHECTEe3NHU U
00e300JyiMBaHusl, K COOJIIOOEHUIO AaCENTHKH,
MOHUTOPHUPOBAHUIO OCHOBHBIX (DU3HOJIOTHYE-
CKUX I[apaMeTpPOB, TYMaHHOMY BbIBEJIEHUIO
SKUBOTHBIX M3 9KCIIEpUMEHTa. BaskHa MOAroToBKa
HnccaenoBaresael, TeXHUKOB, CIIEIMaJINCTOB II0
pabore C }KUBOTHBIMH, 00€CITeUNBAIOIIINMHU Kave-
CTBEHHOE BBIIIOJIHEHNE 3KCIIEPUMEHTOB, YTO
SIBJISIETCSI OCHOBHBIM yCJIOBHEM IIOJTYYEHUs
JIOCTOBEPHBIX HAYYHBIX IAHHBIX.
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