OpMI’MHOﬂbeIe CTaTbU

DKCMEePMMEHTAbHbIE MOLENH
OCTPOrO NMOYEYHOTO MOBPEXAEHUS

K.C. Komuccapos', B.C. lMunorosny’, M.FO. IOpkeBu4 ',
M.B. Amutpunesa?, M.M. 3ac¢ppaHckas’

'TYO «benopycckas MeanUuMHCKas akageMus rnocsieannioMHoro o6pa3oBaHms»,
220013 MuHck, yn. I1. bBpoekn, a. 3, MuHck, benapycso

2 Y3 «MuHckoe ropoackoe narosioroaHatommyeckoe 610po»,
220116 MuHck, yn. Cemawiko, 4. 8/8, MuHck, benapycso

Experimental models of acute renal injury

K.S. Komissarov', V.S. Pilotovich', M.Yu. Yurkevich', M.V. Dmitrieva?, M.M. Zafranskaya'

! SEE “Belarusian Medical Academy of Postgraduate Education”,
3 P.Brovki Str. 220013, Minsk, Belarus
2 EH “Minsk City Pathology Bureau”, 8/8 Semashko Str. 220116, Minsk, Belarus

Karuesvie crosa: ocmpoe noveuroe nospescoeriue, nabopanopiste susomivie, IKCHEPUMENNL, 2AUYEPUH, 2eHmaMuyur,
yucnAanItH, OUKAOPEHAK, CNCUE, YPaK, HIeMULecKU-penep@ysuorioe nospescierue

Pesrome

AAs B3ydeHNA MATOreHETUYECKUX MEXaHU3MOB 0CTporo noueysoro nospexxaenus (OITII) pazananoii
3THOAOTUU U OLEHKH 3(Pp(PEKTUBHOCTH HE(PPOIPOTEKTHBHBIX MEPOIIPUATHII OBIAO Pa3pabOTaHO 3HAYUU-
TEABHOE KOAMYECTBO IKCIIEPUMEHTAABHBIX PAa0OT HA )KMBOTHBIX, KOTOPBIE BOCCO3AAIOT KAMHHYECKOE
TE€UYEHHE PA3AUYHBIX (POPM IMOYEUHOMH HEAOCTATOUHOCTU. A€TAABPHOE OIMCAHUE UMEIOIIIXCA MOACAEH
OIIII y >KMBOTHBIX IIO3BOAMT ITOHATE CIEIM(HUKY IIPOBEACHHA KOHKPETHOIO 9KCIIEPUMEHTA ¥ IIPABHABHO
MHTEPIIPETUPOBATH IIOAYUEHHBIE PE3yABTATHI. BBeA€HHE rAMIIEpHHA MHAYILIMPYET IOBPEKACHHE ITOYEK,
KOTOpPO€E BO3HUKAET IpH pabaomuosuse. Mcrioab30BaHME B IKCIIEPUMEHTE ACKAPCTBEHHBIX CPEACTB TAKHX,
KaK T€HTAMULIUH, [IUCIAATHH, udocdaMua, AuKaodeHak, crumyaupyer pasputue OITII, koTopoe HabAro-
AAeTcA PU HA3HAYEHUU COOTBETCTBYIOIIETO IIPENapaTa B MEAMIIMHCKOM npakTuke. MoAeAb KOHTpacT-
naAyrposanHoii OITI uMuTHpyeT y )KMBOTHBIX IIOYEUHYIO HEAOCTATOYHOCTH, BOSHUKAOIIIYEO BO BpeMA
aHrHOrpaMYeCKIX NCCAEAOBAHHI C MCIIOAB30BAHUEM PAAMOKOHTPACTHBIX BEIECTB. AAfA CO3AAHUA MO-
Aean OIIII, cBa3aHHOI C ACHCTBHEM BPEAHBIX (PAKTOPOB, PACIIPOCTPAHEHHBIX B OKPY’KAIOIIEH CpeAe,
HCIIOAB3YIOT COAU ypaHa, Xxpoma. IToueunsie AncyHKITIN, BOSHIKAOIINE IIPU BO3AEHCTBUN 3arpA3HEH-
HOM BOABI, CHMyAUPYIOTCA BBEACHHEM HUTpUAOTpuanerara u 1,2-auxaoppunua-L-mucrenna. Hapymenne
(byHKIIMM ITOYEK P reHEePAAN30BAHHON MH(PEKIINY HU3yJaeTCA HA MOAEAN CEIICHC-MHAYIIUPOBAHHOM
OIIII. Pa3an4nble 3KCIIEPIMEHTAABHBIE MOACAY HIleMudecKu-penepdysuonnoro (M/P) OIIIT cumyau-
PYIOT reMOAMHAMIYECKIE HaPYIIIEHNA, IPOUCXOAAIINE IIPY CHIDKEHHE ITI0YE€YHOro KpoBOTOKA. B AaHHOI
paboTe MPeACTABACH ACTAABHBIN IPOTOKOA 9KcrepumenTasbHOM Moaean /P OIIII y kpsic BcaeacTBUE
OMAATEpAABHOTO KAMIIMPOBAHMA ITOYEUHBIX HOKEK C OIIMCAHUEM TEXHHYECKHX BOIIPOCOB, BO3MOYKHBIX
BAPHAHTOB MOAEAU, MX OCOOEHHOCTEH a TAKOKE PEIIeHNE CAOXKHOCTEM, KOTOPBIE MOI'YT BCTPETUTHLCA BO Bpe-
MsA IIPOBEAEHHA IKCIIEPUMEHTA.

Abstract

A variety of experimental animal models which mimic renal failure of different origin have been used
to study the pathogenic mechanisms of acute kidney injury (AKI) and to test nephroprotective strategies.
Detailed description of existing animal models of AKI helps to understand the specific methodology of
each experiment and to interpret the obtained results correctly. Glycerol-induced kidney injury in animals
closely mimics the rhabdomyolysis. Use of such drugs as gentamicin, cisplatin, ifosfamide, diclofenac
stimulates AKI and mimics renal failure due to clinical administration of respective drugs. Animal model
of radiocontrast-induced AKI mimics renal failure caused by radiocontrast media during angiography.
Experimental model of uranium, potassium dichromate-induced AKI simulates the occupational hazard.
Using of S-(1,2-dichlorovinyl)-L-cysteine, ferric nitriloacetate-induced AKI imitates contaminated
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water-induced renal dysfunction. Animal model of sepsis-induced AKI mimics the infection-induced
renal failure. A variety of experimental models ischemia-repetfusion (I/R)-induced AKI simulate the
hemodynamic changes specific to decreasing renal blood flow. A detailed model of I/R AKI by bilateral
clamping of renal pedicles in rats with specification of technical issues, different variants of experiment,

their peculiarities and difficulties is also described.
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ischemia-reperfusion injury
Beeaenue

B nacrosiiiee Bpems, HecMOTps Ha Bee yerexu papma-
KOAOTHYCCKOH ITPOMEIIIIACHHOCTH U COBEPILICHCTBOBA-
HHE METOAOB IIOYEYHO-3aMeCTHTeABHOH Teparmu (I137T),
CMEPTHOCTb OT OCTPOIO IOYEUHOTO IOBPEKACHUA
(OI1IT) ocraercs Boicokol u koaedaercst ot 25 A0 70%,
YTO ITO3BOASIET CIUTATD €0 OAHHM U3 BaKHBIX KU3HEY-
IPOKAIOIIIX OCAOMKHCHIH, HAOAIOAACMBIX B PECAHIIMAIIH-
OHHBIX OTAGACHUSAX, Y IAI[HEHTOB C TPABMOII, CEIICHCOM
U ITOCAE KPYITHEIX XHPYPIHYECKUX BMEITATEABCTB [12,
35]. AekapcTBeHHBIE IIPEIAPATHL U3 IPYIIIEL AHTHOHO-
THKOB — TeHTaMuIuH, amdoTepura B, mpotusooryxo-
AEBBIX IIPENAPATOB — UCHAATHH 1 Hocdamua, MHOTTIE
PAAHOKOHTPACTHBIE BEIIIECTBA, HECTEPOUAHBIE IIPOTUBO-
Bocnaanteabnsie cpeactsa (HIIBC), boanesas kucaora
ABAAIOTCA IIPUYUHAMY PA3BUTUSA IIOYCTHON HEAOCTATOY-
HOCTH B IIOBCEAHEBHON MEAHMIIMHCKON IpakTuke [36].
B macrosiiee Bpema BEIACACH PAA IIPEAPACIIOAATAFOIITIX
daxropos OIIII, x aum MoryT OBITH OTHECEHDI: TEMOAU-
HAMIYECKAA HECTAOMABHOCTD, OIIEPAIINU Ha KPYIIHBIX
COCYAAX, THIIOBOAEMUS, ATEPOCKACPO3, HCIIOAB30BAHIIC
AHUYPETHKOB, 3ACTOMHAS CEPACUHAL HEAOCTATOYHOCTD,
HIEPUTOHUT, KHIIEYHAA HEIIPOXOAUMOCTD, OIIEPAIUA
HA XKEAYEBBIBOAAINUX IIyTAX, CAXAPHBIN AUA0ET, THIIOK-
CHA, HITIEMITIECKOE ITOBPEKACHUE C IIOCAEAYIOIIEH pe-
nepdysueit oprana (M/P), mpeskaamircus, cercuc, Ti-
’KEeAOH CTEIIEHU OTEKH U ITaHKpeaTut [32].

C meAbro moHnManuA TaT0(U3NOAOTUH HAUaAd Pa3-
sutua OIIIL, ero TedeHns B pa3AMYHBIX KAHHITIECKHX
cutyanuax u oreHkn sddekruBHOCTH HAPMAKOAOTU-
YCCKUX CPEACTB, HAIIPABACHHBIX HA BOCCTAHOBACHUE I10-
4eqHON (DYHKIIUH, OBIAN Pa3pabOTaHBI PASAMIHBIC K-
BOTHEIC MOAEAH OCTPOM IOYEIHOM HEAOCTATOYHOCTH.
B crarpe OyAeT IpeACTABACHO ACTAABHOE OIIHCAHIIC
HMEIOIINXCA KCIIEPUMEHTAABHBIX PadOT, IMUTHPYIO-
IIUX 94CTO BeTpedaroruecs B mpaktuxe (popmsr OITIT
(e TaOAmIy 1).

[Tpyr MaccHBHOM pa3pyIIEHHN ITOIIEPEIHOIIOAOCA-
TOI MYCKYAQTYPBI PA3BUBACTCA PAOAOMHOAN3, KOTOPBIN
y 10 —40% marmenTos Beaet k OIIT, Ha A0ATO KOTOpOTO
rpuxoanrtcsa ot 2 Ao 15% Bcex caydaeB HagaAa OCTPOro
Arasnsa [36]. boabnioe KOAUYIECTBO ATOAOIHIECKUX
COCTOSIHMI, C KOTOPBIMH HMEET AEAO MEAMIIMHA KaTa-
crpod, Takue Kak, CHHAPOM AAHUTCABHOIO CAABACHUS,
IIOAUTPABMa, Ype3MepHas (DU3IYecKas HArpy3Ka, METa-
OOAIYECKIE HAPYIIIEHNS, THIIOKCHA, TOKCHHBI, O7KOTOBAS
00Ae3HD U HH(EKINOHHBIE ATCHTHI, 4 TAK/KE IIPHEM He-
KOTOPBIX ACKAPCTBEHHBIX CPEACTB — BEAYT K PA3BUTHIO
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padbaomuoansa [59]. OcnoBubM natodusHOAOrIIE-
CKHM MEXAHH3MOM 9TOIO CHHAPOMA ABASETCSH MACCHB-
HOE PaspyIIeHHe ITOIEPEIHOIOAOCATON MYCKYAQTYPEI
C BEICBOOOIKACHHEM B MEKKACTOYHOE IIPOCTPAHCTBO
U KPOBOTOK MHOTAOOMHA, KOTOPBIH, (DHABTPYACH Ue-
€3 TAOMEPYAAPHYIO DA3AABHYEO MEMOPAHY, OKA3BIBACTCS
B IIOYCYHBIX KAHAABLAX, ITO BEACT K (DOPMHUPOBAHIIO
OOTYPHUPYIOIIUX IIUAXHAPOB U Pa3BUTHIO PEHAABHOI
ITOYCYIHON HEAOCTATOUHOCTH [36]. 7ZKHUBOTHON MOACABIO
3TOrO BHAAQ IIOYEYHOIO ITOBPEKACHHA CAYKUT BHYTPU-
MBILIIEYHOE (B/M) OAHOKpATHOE BBeAeHHE Kpbicam 50%
pacrBopa raunepuna B Aose 8-10 ma/xkr, 4ro compo-
BOKAAETCA MHOTAOOYAHMHYPHEH, BA3OKOHCTPUKIHEH
B KOPKOBOM BCIIICCTBE ITOUCUHON TKAHI, YBEAHICHICM
KOHIICHTPALINH IIEPEKUCH BOAOPOAA U PA3BUTUEM TYOY-
ASIPHOTO Hekpo3a (cm. Tabaniry 1) [56].

KAnmugeckoe HCIOAB30BAHIE TEHTAMUIIIHA AASL AC-
YCHUSA TAKEABIX IPAMOTPHIIATEAPHBIX HHMEKIIHI I10-
Ka3aA0, YTO BEICOKHE AO3BI (2,5 Mr/kr 2 pasa B ACHbB
B/M B TeueHue 7 AHEI) OOAAAAIOT ITOTEHITMAABHOMN
TOKCHYHOCTBIO K ITO4edHOH TKaHu [46]. ['erramniimzo-
Basfd He(DPOTOKCHHOCTD ABASETCH OAHOIN M3 CAMBIX 4a-
cThIX (POPM ACKAPCTBEHHOH TOKCUYHOCTH, HA €€ AOAIO
npuxoAuTca 0KOAO 30% BcexX cAydaeB AEKAPCTBEHHO
nupynuposanuoi OINIT [41]. Ocobenno BeICOKMI
PHUCK IOpaKeHUA IPU UCIHOAB30BAHUU I'€HTAMUIIH-
HA IMCIOT IIOXKUABIC AIOAH, ¥ KOTOPHEIX IIPCBBIIIICHIIC
KOHIICHTPAIINN 3TOr0 aHTUOHMOTHKA B KPOBH BBIIIIE
2,5 MKI/MA BBI3BIBACT PA3BHTUE KAHAABLIIEBOIO HEKPO-
32 [52]. OCHOBHBEIM MEXaHU3MOM IIOPAKCHIS IIOYEK IIPU
HCIIOAB30BAHNH TEHTAMUIINHA ABASCTCA H30HPATEABHOE
B3aHMOACHCTBHE IIPEIIAPATa C KACTKAMU IIPOKCHMAAB-
HBIX H3BHUTBIX KAHAABIIEB, BHYTPUKAETOYHOE €rO HAKO-
ITACHHE M CBA3BIBAHNE C ITIOAMAHHNOHHBIMI M€M6pﬂ.Ha—
MU OPTaHEAA, YTO BEACT K HAPYILICHUIO CHHTE3a OCAKa,
camkaeT HocOAUITAZHYIO AKTUBHOCTD 1 IIPOAYKIIIO
pochHOAUITHAHBIX IIPOAYKTOB, OAOKHPYET MHTOXO-
APHAABPHOE ABIXAHHE U 3aKAHIHBACTCH TMOCABIO KACT-
ki [30]. CyrmrecTByeT MHOTO IIPOTOKOAOB BOCCO3AQHMISA
AMIHOTAHKO3HAHOI He(DPOTOKCUIHOCTH § AaDOPATOP-
HBIX KUBOTHBIX, HO HANDOAEE YaCTON M TOYHO HMUTUPY-
IOIIEH THCTOAOTIICCKICE N3MCHCHIS ABASCTCA MCTOANKA
BHYTPHIICPUTOHEAABHOTO (B/I1) HA3HAYCHMUS ICHTAMU-
nuHa cyabdara B Aoze 100 mMr/kr B cyrku B TeueHue
5-8 ameit (cm. Tabaumy 1) [19].

Hucraatun ABAAETCS IIPOTHBOOIYXOAEBBIM IIpe-
11aPATOM, KOTOPBIH MCIOAB3YETCA AASl ACICHUSA PakKa
AUNYHUKOB, MOYEBOIO IIy3BIPA, OIYXOAECH IOAOBEL
n men. HedpoTokCHYIHOCTD NUCIAATHHA ABAACTCA
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Tatbauya 1
BapuaHTeI 3KCIIEpHIMEHTAABHBIX MOAEACH OCTPOIO IOYEYHOI'O IOBPEXKACHHA PA3ANYHOIO reHe3a
Ne Moaean OIIIT HauGoaee gacTo, HCIIOAB3yeMasd METOAUKA IIPOBEACHIA MOACAH Hcrounux
1 | Pabaomuoans I'Aurepun OAHOKpPAaTHO B/M B A0O3€e 8 MI/Kr 56
2 | FemTamMummirHOBAs TenTamunuH B TegeHne 5 AHEH B/11 B Ao3e 100 mr/kr 19
3 | ucnaaruaoBas Llucraaruaa oAHOKpaTHO B/11 B A03¢ 100 Mr/kr 44
4 | KonTpacT-HHAYIIHPOBAHHAS Harpus anarpusoar oanokpatao B/B B A03e 7-10 MA/kr 64
HMorexkcoa OAHOKpPaTHO B/11 B Ao3e 1,5-3 1 37
5 | HIIBC-unayrmposasHas AneraMuHO(EH OAHOKPATHO BHYTPD B A03e 750 MI/Kr HA OAHOKPATHO 42
B/11 B A03e 600 Mr/Kr
Auxrodenax Harpus B TedeHue 3 AHEH B/11 B Aose 15 mr/kr 15
6 | Ocmornaeckuit Heppos Pacrsop 4 — 27% caxaposa OAHOKPATHO B/I1 25
7 | Udochammanas Hocdamup 0AHOKpaTHO B/11 B A03e 550 Mr/Kr 66
8 | Dorar-HHAYIIpPOBAHHASL DoAneBas KICAOTA OAHOKPATHO B/B B A03e 250 mMr/kr 60
9 | Ypanosas Hurrpar yparnaa oanokparso B/B B A03¢ 15 Mr/kr 17
10 | Pryrmas XAOpHUA PTYTH OAHOKPATHO B/I1 B A03¢ G Mr/Kr uman 11/k B A03e 10 mr/kr 20
11 | Coam xpoma AMXpoMaT KaAms OAHOKPATHO 11/K B A03¢ 15 Mr/kr 34
12 | Coan HUTPUAOTPHALIETATA HurpuaoTpuameTar #eAe3a OAHOKPATHO BHYTPD B A03e 12 MTI/KT UAH B/TT 24,58
B A03e 15 mr/kr
13 | 1,2-AuxaopsunuA-L- nucrens | 1,2-AMXAOPBHHHA-L-IINCTEHH OAHOKPATHO B/I1 B A03¢ 25 Mr/Kr 14
14 | TepOmrmabr ITapaxBatT ANOPOMEA OAHOKPATHO BHYTPS B A03¢ 108-680 MTI'/ KT HAT 39
AUKBAT AUOPOMHA OAHOKPATHO BHYTPB B A03€ 7,5-680 MKMOAB/ KT
15 | Cencnc-nuAynmpoBaHHasn AWTHpPOBAHME ¥ IYHKIIAA CACIION KHIIIKH 63
bBakrepuaspHbIe AUIIOIIOANCAXAPUAB OAHOKPATHO B/11 B A03e 15 mr/Kr 33
16 |11/P nospemacune 45-MHHYTHAS UIIEMHA ITOUEIHOH TKAHU C ITOCACAYIOIICH 24-4acoBOM 27
perepdysneit

OCHOBHBIM AHMHTHPVIOIIIM (DaKTOPOM €rO IIIIPOKOIO
HCITOAB30BAHHA B OHKOAOTHH; TaK, KAMHHYECKUE Ha-
OAFOACHUS [TOKA3AAU YTO, HASHAYCHUE B TeYCHUE 5 AHEI
9TOrO AAKHAHUPYIOIIEro mpemapara B cosze 20 Mr/ M2
B CYTKH BEACT K IIOBBIIIICHUIO YPOBHA CHIBOPOTOYHOTO
kpeatnnuna u carmkennio CK®, a Takxe K yBeANICHHIO
B 2,4 paza koHneHTpanuy B Move depmenta N-areTna-
3-D-raroko3amMnAa3el, OAHOTO U3 HHAUKATOPOB ITOPAZKe-
HUfA IOYeYHbIX KaHaAbles [02]. TyOyaspryro Tokcud-
HOCTb IIUCITAATHHA OOBACHAIOT AITOIITO30M H HEKPO3OM
BCACACTBUC YBCAHYCHUS KOHIICHTPALINKI CBOOOAHEIX
PAAUKAAOB KICAOPOAQ, IIEPEIPY3KOH BHYTPHKACTOU-
HBIM KaABITHEM, aKTUBaruei pocdoAnIIas, CHIKEHIEM
VPOBHSA BOCCTAHOBACHHOIO TAYTATHOHA, OAOKHPOBAHIIEM
epmenToB KAeTOIHOTO ABIXaHUA [2]. AAs Bocmipons-
BeAeHHA skcnepuMenTaabHON Moaean OIIII, koropoe
HACTYIIACT B IIEPBBIE 72 9aca OT MOMEHTA BBEACHHA IIpe-
apara, HAMOOAEE YACTO UCIIOAB3YETCA OAHOKPATHOE B/ 11
BBeAeHUe nucrAatuaa B Aose 30 mr/kr [44].

B mocaeanme roasr, 0cOOEHHO B KAPAMOAOTHH H XH-
PYPIHI, PAAHOKOHTPACTHEIE BEIIIECTBA CTAHOBSATCH OAHOM
n3 raapaex npuans OINI], gacrora koToporo moxker
aocturats 30-50% cAydaes y manmueHTOB ¢ XpOHHYE-
CKOM cepaedHOI HeaocTaTouHOCTEIO (XCH), caxaprbiv
anaberom (CA) U ¢ IIPeACYIECTBYIOIIEH XPOHUIECKOI
6oaesnpro ovek (XBIT) [3]. ITaTorenes konTpacT-nHAY-
nuposaraoro OIIT myaprudaxropHeli u 00bACHACT-
Al U30BITOYHBIM OOPa30BAHNEM CBOOOAHBIX PAAIKAAOB,

HAKOIIACHHEM MECAUATOPOB BOCIIAACHUS, H3MCHECHUIEM
CHCTEMBI AHTHOKCUAAHTHOM 3aIUTHI U PA3BHTHEM YCKO-
PEHHOTO aIlOITO3a KAETOK ITOYEYHBIX KaHAABIIEB [64].
Anast Bociponsseaenus y xuoTHEIX OINIT, kKoTOpOE
HMOTEHITMAABHO MOZKET BO3HHUKHYTD V ITAIIECHTOB IIPH
CEAEKTUBHOM KOPOHAPOAHTHOrpadpuH, HAMOOAEE YaCTO
HCIIOAB30BAACH HATPHA AHATPH30AT — 5TO BOAOPACTBO-
PHMBII HOACOAEP/KAIINIL, OPTAHIIECKIE KOHTPACTHBIHT
IIPEIAPAT, C BBICOKOH OCMOASPHOCTBIO — B AO3€ 7 MA/KT,
KOTOPBII BBOAUACS B/B OAHOKPATHO B TCYCHHE 5 MUHYT
[64]. CaeAyIOIINM IITHPOKO HCIIOAB3YEMEIM BEILIECTBOM
OBIA HOI€KCOA — HEHOHHBIH ITPEIApAaT, KOTOPBIH BBOAHA-
€ MBIIIIAM B/II B AO3€ 9KBUBAAEHTHOI 1,5-3 T cBoGOAHO-
rO HOAQ Ha KI' MACCBHI KUBOTHOTO [37].

B MeANITHHCKON ITPaKTHKE OAHUM H3 HAHOOAEE ITTH-
POKO HCIIOAB3YEMBIM HECTCPOUAHBIM IIPOTHBOBOCIIA-
anreapHBIM cpeactBoM (HITBC) sBagercsa aukaodenak,
HO, K COKAAEHHIO, OAHIM U3 €r0 II000YHBIX 3 deKTOB
apasercs Hepporokcuarocts [31]. B xannmgeckom Ha-
OAFOACHUE OBIAO ITOKA3AHO, YTO C/KEAHEBHBIN B TEYCHUE
6 MecAIeB IpUeM 75 MI AUKAO(DEHAKA BEACT K THKCAOH
roueqHoH Heaocrarognoctd [31]. OcHoBHOE HOBpEKA-
rorriee AetictBue HITBC sakarouaercsa B OAOKupoBaHmm
CHHTE32 IIPOCTATAAHAMHOB, YTO HAPYINACT IIOYCIHYIO Ie-
MOAMHAMUKY, BEACT K NIIIEMUH TKAHU U 3aKAHIHBACTCSA
OCTPBIM HHTEPCTHIIMAABHBIM HE(PUTOM, UTO OBIAO I10-
Ka3aHO B 9KCIICPUMEHTE, IIPU B/II BBEACHUH AMKAO(DE-
Haka B Ao3e 15 mr/kr B Teuenne 3 aneit [18].
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ApyruM IHIPOKO HCIIOAB3YEMBIM AHAABICTHKOM U 7Ka-
POIIOHIKAFOIIUM ACKAPCTBEHHBIM CPEACTBOM ABAAETCH
areTaMuHO(CH; TaK, B KAUHUYCCKOH IIPAKTUKE K 9KC-
IIEPUMEHTE OBIAO TIOKA3aHO, YTO IIPEBBIIICHIE MAKCH-
MAABHON AO3BI MOKET BBI3BATH IIEUEHOUYHBIN HEKPO3
u passurue OINIT [26]. [Tepeaosuposxa ameraMmurOdE-
Ha BEAET K Pa3BUTHIO OKCUAATHBHOIO CTPECCa, KOTOPHIA
BECACT K YBEAHYCHHOMY OOPAa30BAHIIO CBOOOAHBIX KHC-
AOPOAHBIX PAAHKAAOB, IIEPEKICHOMY OKHCACHUEO AUIIH-
AOB U Pa3BUTHIO TYOyAAPHOTO Hekposa [20, 48]. Aas mo-
Aeanposanus areramunodenosoii OINIT y kpsic, mpu
KOTOPOM THCTOAOTMIECKUE U3MEHEHHA IIOAHOCTBIO CO-
OTBETCTBOBAAU ITATOAOTHYCCKON KAPTHHE OTPABACHUA
LIAPANIETAMOAOM Y AFOAEH, HCIIOAB30BAAOCH OAHOKPAT-
HOe HasHadeHue BHYTPb 750 Mr/kr mpemapara [48].

C 1IeABIO CHIDKCHHS IIOBBIIIICHHOIO BHYTPUYEPEITHO-
IO AABACHHSA B OTACACHHAX PEAHNMAITUH U HHTEHCHBHOM
TEPAIIHH HEPEAKO HCIOAB3YIOTCS OCMOTHYCCKH AKTHB-
HBIE ITPEHAPATEL, TAKUAE KAK TUIEPTOHIIECCKUI PACTBOP
€aXapOo3bl, THAPOKCHITHAKPAXMAA, ACKCTPAHBI M KOH-
TPACTHEIC ATCHTHL B HEKOTOPBIX CAyYafX IPHU IIPOBEAC-
HUH OCMOTHYECKOIO AHYPE3a PasBHBACTCA OCMOTHYE-
cxuit HepO3, KOTOPBIH THCTOAOTHYCCKI IIPOABAACTCSA
BaKyaAM3anueil u HaOyXaHHEM SIIUTEAHA IIPOKCUMAAD-
HBIX KAaHAABIIEB, € ocAeAyrormym passuraem O [40].
AAS CHMYASILTHE ¥ ’KUBOTHBIX 9TOIO BHAA IIOYEUHOIO
HOBPEKACHHUA KpoAnKaMm B/ 11 BBoAnAn 20% pactBop
CAXapPO3bI, ITO B TEUEHHUE YaCa IIPHBOAUAO K PA3BUTHIO
OIIIT [25].

HNdochamma ABAAETCA CHHTETUYECKIM aHAAOTOM
nukaodocdamMuaa, KOTOPBIH ITHPOKO UCIOAB3YETCA
B OHKOAOTHH AAf ACUEHUSA PA3AHYHBIX THIIOB CAPKOM
n paxa amdek [11]. B mpocnekrusHOM mccAeAOBaHNN
y MALUEHTOB C OCTEOCAPKOMOI OBIAO IIOKA3aHO, YTO
KYMYASTHBHASA AO32 3TOTO aHTUMETAOOAHUTA, IIPEBHI-
maroras 73,5 r/M%, BEACT K PAa3BUTUIO [IOYEYHON He-
Aocrarogroctn [21]. Mexannsm HepOTOKCHIHOCTH
ndocdaMusa CBA3AH C PaspyIIEHHEM ITOIEPETHBIX
cBAsell AesokcupuOOHyKAenHOBOH kucaoTe (AHK),
YTO, B KOHEYHOM HTOTE, BEACT K YCKOPEHHOMY KAETOY-
HOMY aIIOIITO3y X HEKPO3Y KACTOK IIOUCYHBIX KAHAABLICB
[66]. AAst BOCIIPOH3BEACHNUA JKUBOTHOM MOACAH HCIIOAB-
30BaAaCh B/ BBeAcHHE Kpbicam udocdaMuaa B A03€
550 mr/xr [66].

Doamesas KHCAOTA — BOAOPACTBOPHMBIA BUTAMHH,
HECMOTPS Ha CBOU CBOMCTBA BAUATH HA POCT U PA3BUTHE
KPOBEHOCHOH M NMMYHHOMI CHCTEMBI, IIOAYIHA ITHPO-
KOE IIPIMEHEHHE B SKCIIEPHIMEHTAABHON MEAUIIIHE AAS
BocupousseacHud y xkuBoTHBIX OIIIT. Mexanuam Tokcn-
YECKOTO ACHCTBIA POAATOB AO KOHIIA HETIOHATEH, IIPEA-
IIOAATAETCH, YTO KPUCTAAABI COACH (DOANEBOIT KHCAOTHI
OOTYyPUPYIOT ITPOCBET IIOYCYHBIX KAHAABLICB C PA3BHTHCM
OOINMPHOTrO HEKPO3a M ITOCAEAYIOIIIM 0OPa3OBAHUEM
044roB KOPTHKAABHOIO cKAaeposa [45]. MoaekyadpHbI-
MU MEXAHU3MAMH ITOYEIHOTO ITOBPEKACHHUA MOTYT OBITH
CHIKEHHE KOHIIEHTPAIINN aHTHAITOIITHYECKOTO DeAKa,
cunTesupyeMoro B-anmdonuramu, a TakiKe HIOBBIIIIE-
HIE KOHIIEHTPAIINH B KpOBU (PAKTOPA HEKPO3a OITYXOACH
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aapda (PHOw) [60]. ZKuBOTHON MOAEABIO 9TOIO THIIA
HOYEYHOH HEAOCTATOUHOCTI MOKET CAYVKHTH OAHOKPAT-
HOC B/ B BBEACHHE MBIIIIAM PACTBOPA (DOANEBOIT KHCAOTEI
B A03€ 250 MI/KI ¢ pasBHTHEM SPKAX KAMHIIECKHIX IIPO-
ABAeHHH yepe3 48 gacos [60)].

[To mexoTOpEIM AQHHBIM, B Mupe OoAce 10 Muaano-
HOB YEAOBEK HMEIOT IIOCTOSIHHBINA KOHTAKT C BEIIECTBA-
MU, OOAAAAIOIIIME BEIPAKEHHON HePPOTOKCUYHOCTBIO,
IIPH 9TOM CAEAYET OTMETUTH, YTO HIATOAOTHA IIOYEK
BO3HHUKAET BCACACTBHE XPOHHYECKOTO BO3ACHCTBHUA
9KOIIOAIOTAHTOB, IIPOU3BOACTBEHHBIX BPEAHOCTEH (Tf-
JKEABIX METAAAOB, OPTAHUYECKIX PACTBOPUTEACH 1 Ap.)
3HAYUTEABHO YAaIlle, YEM IIPUHATO CUnTaTh [1].

OanuM 13 HeDPOTOKCUIHBIX METAAAOB SABAACTCA
ypaH, ero TOKCHYECKOE ACHCTBUE HA OPIaHU3M IEAOBE-
Ka OBIAO H3Y4YECHO Ha INAXTEPax, AOOBIBAIOIIHUX YPAHO-
BYIO PyAy. Bo MHOTrHX paboTax OBIAQ TTOKA3aHA BHICOKAS
TPOIHOCTD 3TOTO METAAAA K IIPOKCHMAABHBIM KAHAAD-
I1aM, ITO9TOMY B HACTOSAIIEE BPEMs YPaH-HHAYIIIPOBAH-
Had MoAeAb OINIT Bocmpon3BOAUTCA HCKAFOUHTEABHO
AASL IIOAYICHES 9TOIO THIIA PEHAABHOIO IIOBPEIKACHHS,
KOTOPOE XapaKTePU3yeTCsA HAPYIIEHNEM peabcopOrium
amuHOKHCAOT (AK), HU3KOMOAEKYASPHBIX OEAKOB, CHU-
’KEHHEM KOHIICHTPAI[HOHHON (DYHKIIUI II0YCK 1 3aKaH-
grBaeTcA TyOyAApHBIM HekposoMm [8, 9]. Aas Bocipo-
U3BEACHHSA YPAHOBOH HE(DPOTOKCHIHOCTH YAIIE BCETO
HCIIOAB30BAACA YPAHUA HHTPAT U YPAHUAQ ALIETAT, IIPH
9TOM 230THOKHCABLI YPAHUA BBOAHTCA B/ B OAHOKPATHO
B A0o3e 15-25 mr/Kr, TOTAA Kak VKCYCHOKHCABII YPaHUA
OAKOKHO (11/K) B A03e 5 mr/kr [17].

XOpOIIIO H3BECTHB TOKCUYECKUE CBONCTBA PTYTH
Ha OPTaHU3M Y€AOBEKA, OAHOKPATHOE BBEACHHUE ABYXAO-
PHCTOI PTYTH BEAET K PAHHEMY HACTYIIACHHIO HEKPO3a
TYOYAAPHOrO anuTeAus. [ ncroaormdaeckas kapTHHA IpU
CBETOBOM MHKPOCKOIINU ITPEACTABACHA (PPATMEHTAMMI
KACTOYHBIX MEMOPAH Ha IIPOTAKCHII BCEIO IIOYCIHOTO
KAHAABIIA, A IIPH 9ACKTPOHHON MUKPOCKOIIHI OTMEYACT-
Al HAOYXAHNE MUTOXOAPHUIT C HOBPEKACHHEM KACTOIHBIX
AACP U LIHTOIIAA3MATHYCCKIX OPIAHEAA, YTO CBUACTCAD-
CTBYET O Pa3BUTHH YCUACHHOIO OKCHAATHBHOTO CTPecca
pu 3ToM BuAe uHTOKCHKaun [57]. OAHOKpaTHOE B/ 11
BBEACHIE ABYXAOPHCTOM PTYTU MBIIIIAM BOCCO3AACT TH-
IIHYHYIO KAMHIKO-TICTOAOTHYECKYIO KAPTHHY IT0Y€Y-
HOTO IIOBPEKACHUSA IIPH OTPABACHHE COAIME 3TOIO Me-
TaaAa [20].

CACAYIOIIHM IITHPOKO PACIPOCTPAHCHHBIM B IIPH-
poAe HePOTOKCUIHBIM IACMEHTOM ABASCTCA XPOM,
K OCHOBHBIM MCTOYHHKAM KOTOPOTO OTHOCHAT BYAKAHU-
YECKUE IIOPOABL IPYHTA, CEABCKOXO3AHCTBEHHBIC KYABTY-
PBI PACTEHMIA, BBIPAIIICHHBIE HA 3ATPA3HEHHBIX II0YBAX,
AOMAIITHUH CKOT, IPOMKUBAIOIINH HA 3aIPA3HCHHEIX
teppuropuax. CoOAH XpoMa TaKKe IIHPOKO HCIIOAb-
3yercA B KOKEBEHHON H AECpEBOIIEpepaOaThIBAIOIIEH
IIPOMBIIIIACHHOCTH, B TUIOIPadpusax, B KPacKe AAL BO-
AOC. DTOT METAAA IIOTEHI[HAABHO TOKCHYCH HE TOAb-
KO AAfl IIOYCYHON TKAHU, HO TAKXKC HMEET BBICOKYIO
TPOITHOCTD K ACTKHM, ITEUEHH, CEAE3CHKE B CEPATIY [4].
Aas mvurrarn O BcaeacTBHE OTpaBACHHA XPOMOM
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HCIIOAB3YETCSl OAHOKPATHOE I1/K BBEACHHE AUXPOMATA
kaAms B Ao3e 15 mr/kr [34].

HurpuaorpuykcycHas KHCAOTA HAM HUTPHAOTPH-
areTaT UMEeT MHOTOYHCACHHBIE KOMMEPYCECKHE IIPU-
AOKEHUS B KAYECTBE XEAATOPA METAAAHMYECKIX HOHOB,
B YACTHOCTH IIPH OYHCTKE BOABI, B TEKCTHABHOM IIPO-
MBIIITACHHOCTH, B IIPOU3BOACTBE OyMAaru, B 9AEKTPO-
XHMHYECKOH ITPOMBIIIIACHHOCTH, B KOKEBEHHOM IIPO-
H3BOACTBE, KocMeTHKe. Takum oOpa3omM, OCHOBHBEIM
HCTOYHUKOM 3aTPA3HEHNA OKPYKAFOINEH CPEABI C BO3-
MOZHBIM ITOITAAAHHEM COACH B ITHTHEBYIO BOAY OYAYT AB-
ASITBCSL CTOYHBIE BOABI KPYITHBIX IIPOMBIIITACHHBIX ITPEA-
IPUATHI HAM HEITOCPEACTBEHHBIH KOHTAKT C BEIIIECTBOM.
Haunboaee BerpaxeHHON HEPPOTOKCUIHOCTBIO U3 COACH
HHTPUAOTPHYKCYCHOMN KHCAOTE OOAGAAET HUTPHAOTPH-
areTaT AKeAe3a, KOTopas HHAYIIHPYET 0Opa3sOBaHUSA CBO-
OOAHBIX PAAUKAAOB, BKAIOUAIOIIHX CYIIEPOKCHA AHHOH
U THAPOKCHA-PAAHKAABL, OIIPEACATFOIITIX HEPPOTOKCHY-
HOCTB BemecTsa [24]. YacTo mcmoAb3yemoil skcrrepu-
MEHTAABHOH MOAEABIO AAHHOTO BHAA ITOYEYHOIO I10-
BPEKACHNUA ABAACTCA HA3HAYCHHE KPBICAM OAHOKPATHO
BHYTPb HUTPUAOTPUALICTAT JKEAE3a B AO3€ 12 Mr/Kr mAK
B/11 BBeacHme B A03e 15 mr/kr [24, 58].

Arenrcrso Coeannennsix [1ITatos o perucrparmm
TOKCHYECKHX BEIIECTB U 3a00AEBAHHI OIPEACAHAO
1,2-puxropBuHHEA-L-11uCcTENH K HaHOOACE OIIACHBIM
XHMHYECKHM BEIIECTBAM C IOTEHIHAABHON Hedpo-
TOKCHYIHOCTBIO 110 OTHOIIEHUIO K IIPOKCHMAABHBIM
kaHaAbIaM [16]. DKCIIepUMEHT II0 BOCIIPOHU3BEACHHIO
Aannoro Buaa OINIT mpearroaaraerT OAHOKpaTHOE B/11
HasHadeHne 1,2-ANXAOPBUHHA-L-IIUCTENH MBIIIAM
B Ao3e 25 mr/kr [14].

Vcrioab3oBanue repOUIIIAOB CETOAHA CTAAO HEOTD-
EMAEMOH YACTHIO TEXHOAOTHH IPOU3BOACTBA CEABCKOXO-
3ANCTBEHHBIX KYABTYP, OAHAKO B COCTAB IITIPOKO PACIIPO-
CTPAaHEHHBIX B MHUPE I'ePOUIINAOB BXOAAT AHOPOMHABI
[IAPAKBATA I AUKBATA, OOAAAAIOIIIIE IIPH HEITOCPEACTBEH-
HOM KOHTAKTE C KACTKOHM MOIIHBIMH OKCHAATHBHBIMH
CBOMCTBAMH, UTO U OOBACHAET X HEPPOTOKCHIHOCTE.
B pabore E. Lock u J. Ishmael 6s1a0 moxasano, 4ro
OAHOKPATHOE BBEACHHE ITAPaKBaTa AHOPOMHUAA BHYTPb
KpbIcaM B A03¢ 680 MI/KI BEACT K KAHAABLIEBOI AUCYHK-
LUK yiKe gepe3 6 9acoB OT MOMEHTA BBEACHUA, B CBOFO
OYepeAb, OAHOKPATHOE UCIIOAB30BAHIE BHYTPb AMKBATA
AIOpoMEAQ B AO3€ 680 MKMOAB/KI' IIPHBEAO K PA3BUTHIO
dgepes 6 9aCcOB IPOTEHHYPHH U TATOKO3ypun [39].

B mocaeaHne roAB 4acToTa BO3HUKHOBEHUSA CEII-
CHICA YBEAHMYIHAACDH, YTO OKA3BIBAET CYIIECTBEHHOE
BAUSHIE Ha XapaKTEp TEUYEHHA OCHOBHOTO 3a00ACBa-
uus. AokasanusM dakTropom prcka passurus OINI1
ABAAETCA CEIICHUC, TAKEAOE TEIEHHE KOTOPOTO HADAIO-
aaerca y 11-27% manumeHTOB, HAXOAAIIMXCA B OTAE-
ACHHAX MHTEHCUBHOH Tepanuy ¥ peaHuMaruu [28].
[Toutn B TOAOBHHE CAYYAEB Y IAIIMEHTOB C CEITHYC-
CKHM IITOKOM OTMEYAETCA CHIKEHIE ITOUYeUHON (DYHK-
IIUH, CMEPTHOCTD IIPH 9TOM COCTABAAET IIPUMEPHO
18-55% [5]. CymectByer 3 BapHaHTa CO3AAHUSA HKH-
BOTHOH MOAEAH ITOBPEKACHHUS ITOYEK ITPU CEIICHCE.

OpMI’MHOﬂbeIe CTaTbU

Xupyprugeckas MOACAD BKAIOYAET B CeOSA AUTHPOBAHIE
CACIIO KHIIIKU AUCTAABHEE HACOIIEKAABHOTO YTAQ C IO~
CAEAYIOIIHM BBIITOAHEHHEM TPeX IepdOpaIuil 3Toro
V9ACTKA KUIIIEIHIKA UTAOH AmameTpoM B 16 G m ape-
HHPOBAHUEM 3THX OTBEPCTHI AATEKCHBIMI APEHAKAMH
mupusoi 3 MM (2 orBeperus) u 5 mm (1 orBepcrue).
[Tocae xupyprugeckoro srara IPOBOANTCA HHMY3NOH-
Haf TepPAIug H30TOHUIECKUM PACTBOPOM HATPHSA XAO-
puAa B Ao3e 40 MA/Kr 1 yixe gepes 24 gaca OT MOMEHTA
3KCIIEPUMEHTA y IPHI3YHOB IPOABAAETCA KAMHIYECKAS
KAaPTHHA IIOANMHIKPOOHOTIO Cerrcuca (Amapes, 3aTopMo-
’KEHHOCTD, TAXHITHOE, COKPAIT[EHUE MBIIIII, ITOAHIMA-
FOINUX IIIEPCTH) U ITOBHIIIAETCA YPOBEHD KPEATHHIHA
KpoBH, cBHAcTeAbCTBYIOIIHE O passuruu OIIIT [63].
Bropoit MOAEABIO MOKHO CUHTATH BBEACHHE B ACBYIO
demopaabHyIO BeHY KphICH B Teuerne 30 MHHYT Mu-
KpoOHOTO AnnonoancaxapuAa B Aose 10 mr/kr [51].
HanbGoaee uacro ucrioAb3yemMot METOANKOI BOCCO3AA-
must OTTIT mpu cercrce ABAACTCA B/ IT BBEACHHE AHIIO-
HOANCAXAPUAR, TIOAYIeHHOT0 13 Escherichia coli (trramm
055:B5), B Ao3e 15 mr/kr [33]. Boamoxuoit aabrepraTn-
BOI ITPEABIAYITICH METOAHKI MOKET OBITH KOMOMHEPO-
BAHUE [IEPEBA3KH [T0YCUHOI APTEPUH C 11/ K BBEACHUEM
4-HEeACABPHBIM KpEICAM B3Becu Escherichia coli [47].

[Ipn aHaAmse pa3AMYHBIX 9KCIEPUMEHTAABHBIX HC-
CAEAOBAHUH, IMUTHPYIOIIHIX NIIEMIYECKH-penepdysn-
ounoe (V1/P) noBpexacHUE ITOYEK ¥ AADOPATOPHBIX K-
BOTHBIX, MO/KHO BBIAGAHTH 2 OCHOBHBIX ITOAXOAQ:

1) aByxcToponusaa nodeqnas k1 /P MOACAD U

2) oanocroponssst VI/P moaeas [54]. B cBoro ouepean
OAHOCTOPOHHSA MOAEAD SKCIIEPHMEHTA IIOAPASACAACTCH
Ha 2 IOATHIIA: C YAAACHUEM 1 Oe3 yAaACHHA KOHTPaAa-
TEPAABHOH IOYKH. VI3HAUaABHO TaKue SKCIIEPUMEHTHI
IIPOBOAMANCH HA KUBOTHEIX OTHOCHTEABHO KPYITHBIX
Pa3MepoB, TAKUX KaK COOAKH M KPOAHKH, 3aTEM HAHOO-
A€€ HOIYASIPHBIM CTAAO MCIIOAB30BAHHUE KPBIC H MBIITICH.
C 1960 roaa omnyoankosaro okoAo 1300 HayIHBIX IIy-
GAnkarwil, mocsaeHasx Y/ P HoBpeKACHNIO TTOUeK,
IIPY 9TOM B TIOAOBHHE CAYYAEB KPBICHI HCIIOAB3OBAAMICH
KakK OOBeKT HaOATOACHHSA [01].

Crerrenp mopazeHus odevHoi tkaru upu M/P mo-
Aean OI1IT saBucuT OT BpeMeHU UIIeMUH, O0YCAOBACH-
HOI OOCTpyKIMEl IOYEUHOM apTepPUH, IIPU STOM HMe-
eTcsl OIIPEACACHHAA 3aBHCHMOCTD — YEM AOABIIIE BPEMH
HIIIEMHUH, TeM OOABIIIE ITAOIIAAD ITOPAKEHHA C BOBAC-
YEHHEM DOABIIErO YHCAd HEPPOHOB M 3HAUHTEALHBIM
CHIKCHIEM BBIKHBAEMOCTH KMBOTHBIX [53]. CymmecTsy-
0T pasangnbie BapuaHTh MoaeAn OITIT B saBucumocTn
OT AAUTEABHOCTH ITEPHOAA UIIEMHH U PErtepdy3uu 1o-
YEK C IOCACAYIOIIHM BBIBEACHHEM KIBOTHBIX H3 9KC-
nepuMenTa (TabAmIa 2).

Kak BUAHO U3 IPEACTABACHHBIX HCTOYHUKOB, HAH-
DoAee YaCTO HCIIOAB3YEMON U YAOODHO BOCIIPOH3BO-
AMMOM MOAEABIO, HAITOMHHAIOIIEH IeMOAMHAMUYE-
CKHE HAPYIIEHUS § YE€AOBEKA, ABAACTCA ABYXCTOPOHHEE
IIepeKATUE TIOYEIHBIX COCYAUCTBIX HOKeK. [Ipm arom
B HICCACAOBAHIAX BpeMs UIIEMUH KOoAeOar0ch oT 20 Mu-
HYT AO 75 MUHYT, a 00A€e KOPOTKHUIH ITEPHUOA HITIEMHUH
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Tabauya 2
BapuanTe! >xuBoTHBIX Moacaer 1 /P TIOBPEKACHUA ITOYEK
Bapuant Moaean MCTOYHUK
[Mepesxarume obenx mogeunsix aprepuii Ha 60 mus (M) n 24 gacosoii epuoa perepdysuu (P) 7
Iepesxarme AeBoii moueunort apreprun Ha 45 mus (1) n 24 gaca (P) 15
Iepexarue npasoit moueanoit aprepun 1 Bensl Ha 60 Mun (1) m 60 mum (P) 22
Iepexarue AeBoii moueynoi aprepun u Bensl Ha 45 munyT (1) n 2 neaean (P) 38
Iepexarme a0pTeI HIAKE OTXOKACHHA ToUeuHBIX apTepnit Ha 150 mum (M) u 180 mum (P) 6
ITepewxarue aesoii moueuno Hoxkn Ha 40 mun (M) u 24 gaca (P) 42

Tpumevanue: (V1) — npodosswcumensmocns unemun u (P) — npodosncumenviocme penepgysuu

XapaKTEPU3OBAACA HE3HAYHTEABHOH CTEIIEHBIO TIOBPEK-
ACHHS IIOYEUHON TKAHU H €I0 IPOTAKEHHOCTDIO [50].

[ToA BAMAHIEM HITIEMHUN U ITAPAAACABHO YBEAUYIH-
BAIOIIEHCA KOHIIEHTPANH HEPPOTOKCHHOB BOSHUKAET
ocrperit TyoyAapHsiit Hexkpos (OTH), koTopsrit xapak-
TEPHU3YETCA CTAAUKHBAHIEM SITHTEAUS KAHAABIIEB, TY-
OyAAPHON AHAATAITHEH M OOPA3OBAHUEM LILAIHAPOB.
HeobOxoAnMO yauTBIBATH, ITO B TAKUX YCAOBHAX IIOMU-
MO HOBPEHKACHNA KAHAABIIEB MOKET IIPOMCXOAUTD M3~
MEHEHIE TAOMEPYAAPHOI IeMOAUHAMUKH, YTO B CBOIO
OYEPEAD YCYIYOASET IIPOIIECCHI PEIAPAIINI B MO3IOBOM
caoe rouek. Hecmorps Ha TO, 9TO B HacTOsAIIEE BPEMS
AO KOHITA HE U3yICHBI KACTOUHBIEC I MOACKYAAPHEIE Me-
XaHHU3MBI IIOBPEKACHUA U IOCACAYIOIIEH peIrapariim
KAHAABIICBOIO SIIUTEAHA, IMCIOIIIIEC AAHHBIC II03BOA-
FOT ITPCAITOAOKUTD, 9YTO OCHOBHOH IPHYIHHOMN PA3BHTHUA
OITIT mipu V1/P moBpesAcHMs ABASETCS HEKPO3 U AIIOII-
TO3 SIUTEANA KAHAABIIEB, IIPHYEM OCHOBHOM AOKAAH-
3armeil MaTOAOTHYECKOIO ITPOIECCa ABASETCA YIaCTOK
IIOYEYHON TKAHU Ha IPAHHIIE MEKAY KOPOH H MO3TOBEIM
BerectBom [13, 27].

HeoOx0ANMO TOAYEPKHYTH BAKHOCTD IIOAODOPA JKH-
BOTHBIX AASl 9KCIIEPHMEHTA. TaKk OBIAO ITOKAa3aHO, YTO
6oaee 3peabie KpricH (BospacT 60-65 HeaeAn) Hoaee
YYBCTBHUTEABHBI K HIIEMHYECKOMY IIOBPEKACHHIO,
geM MOAOABIE (Bo3pacT 6-7 Heaeab) [35]. Obpammaerca
BHIMAHICE U Ha ITOA IIOAOIIBITHBIX KUBOTHBIX, IOCKOABKY
y I'PBI3YHOB OCOOM ?KEHCKOTO II0AQ DOAEE PE3UCTEHTHEI
K HIIIEMUH, TOTAA KAK MYKCKOI IIOA OTAHYAETCS OOAD-
el 9yBCTBHTEABHOCTBIO K ACDUIIUTY KICAOPOAQ, UTO
OOBACHACTCA BAUAHIEM TECTOCTEPOHA, B CBA3U C 9THUM
PEKOMEHAYETCSH B MICCACAOBAHUSA BKAFOUATH OCODEH Myk-
ckoro 1oAa [49].

Anst cospanms /P MOA€AH HCITOAB3YIOTCS ABA CIIO-
€o0a XUPYPIrHYECKOrO AOCTYIIA K IIOUKAM (depes Opro1m-
HYIO IIOAOCTDb U Yepe3 OOKOBBIE Paspe3bl CO CTOPOHEI
CIIMHBI) C TIOCAEAYIOIIUM IIEPEHKATHEM COCYAHCTOH HOX-
KH MATKHMH COCYAHCTHIME 3a:kuMamu. OrtpaboTaHHAA
XI/IpypI‘I/I‘ICCKaﬂ TEXHHNKA U paCC"II/ITaHHbIﬁ BpeMCHHbIe
HHTEPBAABI 9TAIIOB OLIEPAIINH IIO3BOAAIOT MUHIMU3HIPO-
BATh PA3AIYHA MEKAY IPOAOAKUTEABHOCTBIO M TEXHH-
YECKIMH OCOOEHHOCTAMHU ITOCAEAOBATEABHBIX 3KCIIEPH-
MeHTOB. [To AmTEpATypHBIM AAHHEIM, PA3AHYHI MEKAY
3THMH ABYMA XHPYPIHYECKUMHI IPOTOKOAAMH AOCTYIIA
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K [IOYCYHBIM HOKKAM B CTEIICHU TIKECTH ITHUCTOAOTYC-
ckux npossaennsa OINI, BerpaxeHHOCTH U IIPOAOAKH-
TEABHOCTH IIEPHOAA OAUTOAHYPUH, 4 TAKKE CMEPTHOCTIH,
ITOAy4eHO He Obra0 [27, 54].

KorTpoAb 2 heKTHBHOCTH HACTYIIACHUS HITIEMUHI
B IIPOBOAMMOM IKCITEPUMEHTE OIIEHHBACTCA HA TPEX
ypoBusx. [lepBslif — cyOBEKTUBHBIN, CPa3y IIOCAC HAAO-
JKEHHA COCYAHCTBIX KAHIIC B CAY4ae AOCTATOYHOTO IIepe-
JKATHS IIOYCYHOIO KPOBOTOKA IIPOHCXOAUT H3MCHCHHC
I[BETA ITOYKH C KPACHOTO HA TEMHO-IIYPIIYPHEIH, 3aTEM
ITOCAE CHATHS KAUIIC — IIBET ITOYKH [TOAHOCTHEO MEHAETCS
00OPATHO K KPACHOMY, 9TO CBHACTEABCTBYET O AOCTATOU-
HOIl (moAHOIIEHHOH) pertepdysun. [Ipu aTom Her Hu-
KAKOH HEOOXOAUMOCTH HCIIOAB30BATD AHTHKOATYASHTEL
C LEeABIO IPOUAAKTHKA TPpoMOO3a. Bropeim sTarrom
KOHTpoAA crerrenn passurud nimemnu u OIIT asaserca
OIIPEACACHUE YPOBHS CHIDKCHHA ITOYCIHON (DYHKIINM,
KOTOPOE IIPOABAACTCA ITOBBIIICHIEM KOHIICHTPAIIHH
CBIBOPOTOYHOTO KpeaTHHuHA 1 MoueBHHEL Ha 3akaro-
YHTEABHOM 9TAIIE IIPOBOAUTCSH ITUCTOAOIITICCKAS OLICHKA
OYEeIHON TKAaHU. AAA XAPAKTEPUCTHKH HITEMIIECKIX
HI3MCHCHHH B IOYCYHON TKAHU HCIIOAB3YIOTCA CACAY-
TOIIIHE ITAPAMETPH U3MECHEHUI TYOYAAPHOTO SIIHTEAHS:
paspyIeHne mMeTOYHON KaliMbl, HaOyXaHUe SIIUTEANS,
KOHACHCALIUS SACP U Kapuopekcuc [43].

BazkHbIM 9TAITOM ABAAETCSA ITOCACOIIEPAIIOHHBIH IT€-
PHOA, TPeOYIOIIHIT PO eCCHOHAABHOM PabOTHI I1EpCo-
HAAd BUBAPHA II0 YXOAY 32 IIPOOIICPUPOBAHHBIME K-
BOTHBIMU AASI OOECIICYCHUS UM CBOOOAHOTO M ACIKOTO
Aoctyma k mmie u BoAe. [loasepixanue HOpMaAbHOI
1 CTAOMABHOI TEMITEPATYPHI BO3AYXA ABAAETCA HEOOXO-
AUMBIM (DaKTOPOM YCIICIIHO IIPOBEACHHOIO SKCIICPH-
MEHTA, 9TO IOTCHIIHAABHO MOKET OIIPEACAATD CTCIICHb
mkectu OINIT. Tak, ObIAO ITOKA3aHO, YTO ITOHUKEHUE
TEMIIEPATYPHL BEACT K YMEHBIIICHHIO CTCIICHH II0YCIHO-
IO ITOBPE/KACHNA, 4 IIOBBIIIICHUE, COOTBETCTBEHHO, K €I0
VBEAHYEHHUIO [65].

B 3akarouenme HEOOXOAMMO OTMETUTH, YTO B HA-
CTOAINEE BPEMA TEPAIIEBTHYIECKIE ITOAXOABI K BOCCTA-
nosAenuro dyukunu nodex mpu OINIT, B OoabrrmmcTse
cAygaeB, MaA0d(hDEKTHBHEL H, DOAEE TOTO, OITACHBL AO-
ITOAHUTCABHBIM TOKCHYCCKIM ITOBPEKACHHEM [TOYCIHON
TKaH" [55]. B mocaeaHme roast O0ABIION HHTEpPEC CTAAN
IIOAYYATH KACTOYHBIE TEXHOAOTUH, KOTOPBIE OTKPBIAH



3KcnepwmeHmanb|e MOJENN OCTPOro NOYEYHOro NOBPEXAEHNS

IPHHIIUIIHAABHO HOBBIE IIOAXOABI B ACYCHHH II0YCY-
Hott natoaorun, B Tom aucae u OINI. Pesyaprarsr mo-
CAGAHHUX 9KCIEPHUMEHTAABHBIX HCCACAOBAHMI ITPOAE-
MOHCTPUPOBAAU YCIIEIITHOE BOCCTAHOBACHUE (DYHKIINN
IIOYEK IIPU IIPOBEACHHH TPAHCIIAAHTAIINN PA3AMYHBIX
THIIOB CTBOAOBBIX KAeTOK [10, 29]. B cBasu ¢ atum, mo-
HHMAHIE METOAOAOTHH H IIPABHABHBIN BBIOOP TOM HAH
MHOH 9KCIIEPHIMEHTAABHON MOACAH ITO3BOANT ITOAYYHUTH
OOBEKTUBHBIC AAHHBIE O Oe30IacHOCTH U 3 eKTHB-
HOCTH HCIIOAB30BAHNA KACTOYHOM TEPAIINU HA KUBOT-
HBIX IIPEKAC, YEM OHA OYAET IIPUMEHEHA Y ITAIINEHTOB
C OCTPBIM ITOYETHBIM ITOBPEHKACHHIEM.

Huxmo us agmopos ne umeem xongruxmos unme-
pecos.
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