2 HAYYHbIM XXYPHAL e o

" BUOMEOMLIMHA




Konnexru HayuHoro nieHTpa OMOMEIUIIMHCKUX TEXHOJIOTUH
OMBA Poccum cepaeqHo mo3apaBisieT TUPEKTOpa
HIIBMT ®MBA Poccuu, 3aMecTUTeNs ITIaBHOTO PeIaKkTopa
KypHana «bnomenuurHay TOKTOpa MEAULIMHCKUX HAYK,
npodeccopa KAPKUIIEHKO Baaauciaasa HukosiaeBuua
C HarpakJICHUEM MENANBIO OpACHA
«3a 3acnyru nepeg OreuectBom» I creneHu.

OFEYH HAYYHbINA LIEHTP
BUOMEAMLIMHCKMX TEXHONOTUIA
©MBA POCCHM




OIBYH «HayuHbln ueHTp BrUoMe AULMHCKUX TEXHONOM WA
®epepanbHoro Mennko-bronornyeckoro areHTcTea Poccum»

MOMEIULIMHA

HAYYHbIN XXYPHAJT

3paetca c 2005 T.
4 BbINycKa B rof,

2019, Tom 15, N2 2

Scientific Center of Biomedical Technologies
of the Federal Medical and Biological Agency of Russia

URNAL BIOM

SCIENTIFIC JOURNAL

Published since 2005.
Quarterly.

2019, Vol. 15, No.?2




BUOMEJULIMHA

Biomeditsina

Hayunsiii sxypuan «buomenununa» ocHoBan B 2005 romy HayunbsiM nentpoMm Ouomenm-
IIMHCKUX TeXHoJoruil Poccuiickoil akageMuu MEIUIIMHCKAX HayK (B HACTOAIIEE BpeMsl —
OI'BYH «Hayunblii nieHTp OMOMETUIIMHCKUX TeXxHonorui deaepaibHOrO MEIUKO-OHMOIOTH-
YEeCKOro areHTcTBa»). JKypHai M3gaercs Ha pyCCKOM M aHIJIMICKOM s3bIkax. B ypHaine my0-
JIMKYIOTCSl UCCIIEIOBAHMS 110 HOBBIM OMOMEAMIIMHCKUM TEXHOJIOTHSIM, CIIOPTHBHOW ME/IUIIMHE,
HOBBIM DPEryJISTOPHBIM NENTHIAM, CIIOPTUBHOMY IHTAHHUIO, Ja0OPATOPHBIM >KUBOTHBIM, METO-
JaM OWMOMEIUIIMHCKUX HCCIIEOBaHUM, T€HETUKE JIaOOpaTOPHBIX KHUBOTHBIX, (hapMaKOJIOTUH
U KIMHUYECKOH (hapMakoJIOTHH, BOCCTaHOBUTEIBHOW M CHOPTHUBHOW MeIUIMHE, JeueOHON
¢uskynsrype. XKypHai npeHazHa4deH A YUeHbIX, aClIUPaHTOB, perno/iaBaTeseii U CTy/IeHTOB
BY30B, CIIEIIMAIMCTOB, pa0OTaIOIUX B 00JaCTH OUOJIOTUH, BETEPUHAPHUU, MEULIMHBI U OHOMe-
JTUIMHBL. B kypHane omyOnuKoBaHBI CTaThi aBTOPOB U3 119 pa3nuyHbIX opraHu3anui (Memau-
LMHCKUX ¥ Ononorndyeckux By3oB, HUU, eHTpOB MOBBIILICHNS KBATHM(DUKAIIMN CIICIIUAINCTOB),
reorpadus opranusaiuii Bkiarouaet B ce0st Mockay, Cankr-IlerepOypr, Actpaxans, Ypai, Capa-

ToB, Kabapnuno-bankaputo, Tomck, Jansauii Boctokx, Hunepnauas.

B InaBHBIH perakTop

KapkuweHko Hukonan HukonaeBuy, goktop me-
OWUMHCKMX Hayk, npodpeccop, uneH-kopp. PAH,
akageMuk Poccuickon akagemuy pakeTHbIX U ap-
TUNNEPUNCKMX Hayk, akagemuk MexayHapogHou
akagemun actpoHaBTukm (Mapux), Hay4YHbIN PyKOBO-
antens OrBYH «HayuHbIli UeHTp BMoMeanumMHCKMX
TexHornormn denepanbHOro MeaMKo-GMonornyecko-
ro areHtcTBa» (noc. Ceetnble ropbl, KpacHoropckui
paioH, MockoBckasi obnactb, Poccust)

H 3amecTHTENb INIABHOTO peaakTopa

Kapkuuwenko BnapucnaB HukonaeBuu, [oOKTOp
MEAMLMHCKUX Hayk, npodeccop, aupektop ®IrBYH
«Hay4HbIn ueHTp BuomeamumnHckux TexHonorunn de-
AeparnbHOro  mMeanko-61Monornyeckoro areHTCTBa»
(noc. Ceetnible ropbl, KpacHoropckuin panoH, Mo-
ckoBckas obnactb, Poccus)

B OTBeTCTBEHHBIH ceKpeTapb

CraHkoBa Hatanus BnapumwupoBHa, kaHaupar
Buonoruyecknx Hayk, 3aBegylowas nabopaTtopuen
CMOPTMBHON MeAWUMHBI U 3KCTpeMarbHbIX COCTO-
AHUN, OIBYH «Hay4yHbIi UeHTp GuoMeaULMHCKNX
TexHornorun dPenepanbHOro MefAMKo-6G1onornyecko-
ro areHtcTBa» (noc. CeeTnble ropbl, KpacHoropckuii
panoH, MockoBckast obnacte, Poccus)

B PenaknuoHHBIN COBET

AHOXuH KoHcTaHTMH BnagumupoBu4, AOOKTOp
MeaMLIMHCKMX HayK, npodpeccop, yneH-kopp. PAH,
pykoBogutenb oTAaena HenpoHayk HWLL «Kypua-
TOBCKUA MHCTUTYT» (Mocksa, Poccus)

AukacoB EBreHun EBreHbeBuY, [JOKTOp Meau-
LIMHCKMX HayK, Mpodeccop, 3aBenyroLmii kadenpomn
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CMOPTUBHOW MEAULMHBI U MEAULIMHCKOW peabunuta-
uun, ®rAOY BO «[NepBbii MOCKOBCKMIA MeQULIMHCKMIA
rocynapcTBeHHbIN yHuBepeuTeT um. U. M. CeueHoBa»
Mwun3agpaBsa Poccum (Mockea, Poccust)

BapaHoB Buktop Mwuxannosu4, JoKTOp Meau-
LMHCKMX Hayk, npodpeccop, akagemuk PAH, 3ame-
CTUTENb reHeparibHOro anpekTopa — ampektop HAN
KocMuyeckon meanumHbl PHKLL depepanbHoro me-
auko-buonoruyeckoro areHtcTBa (Mocksa, Poccusi)

Bep3nH Uropb AnekcaHApPOBMUY, [OKTOP Meau-
LIMHCKMX HayK, npodheccop, 3acnyXeHHbin Bpady P®,
HayanbHUK YMpaBfeHUs OpraHmn3aumm HayyHbIX WUC-
cnepoBaHuin degepanbHOro Meguko-buonornyecko-
ro areHtcTBa (Mockea, Poccus)

BbikoB AHatonuun TumocdbeeBuY, JOKTOpP Meau-
LUMHCKMX Hayk, npodpeccop, uneH-kopp. PAH, 3a-
cnyxeHHbln Bpady P®, 3aseaywowmi kadegpon
BOCCTaAHOBUTENbHON  MeauuuHbl, uanotepanum,
MaHyanbHon Tepanuu, JI®K u cnopTvBHOM Meau-
umnHbl OMK u MMNC, «KybaHckuin rocyaapCTBEHHbIN
MeauuMHCKMn  yHuBepcuteT» MwuHsgpasa Poccum
(Coun, Poccus)

BnaxoB ButaH, gokTop MeauumHckux Hayk (Bonra-
pus), npodeccop, akageMuk bonrapckor akagemum
HayK M UCKYCCTB, KOHCYIBTaHT Mo KNUHUYecKon dap-
Makonorum n Tepanun, MeauumMHCKUn YHUBEpCuTeT
(Codpusi, Bonrapus)

BoeBoga Mwuxann MWBaHOBMY, [JOKTOp Meau-
LIMHCKMX Hayk, npodpeccop, akagemuk PAH, aupek-
TOp, Hay4yHo-MccnenoBaTenbCKUM MHCTUTYT Tepanum
N NpOodUNaKTU4EeCKONn MeAUUMHbl — dunuan ro-
CyAapCcTBEHHOro BromKeTHOro yypexaeHus «de-
[epanbHbli UccreaoBaTenbCkuin LeHTp WMHCTUTyT
uuTonormm n reHetukm Cmubupckoro otaenexus Poc-
cunckon akagemun Hayk» (Hosocnbupck, Poccus)
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FacaHoB Menuk TodmkoBuY, kaHavpgaT meau-
LIMHCKMX HaykK, AOLEHT, 3aMecTuTeNb AupeKkTopa no
Hay4Hol pabote, ®IBYH «Hay4yHbIn LeHTp Guome-
OVUMHCKMX TexHonoruii denepanbHOro Meamko-6uo-
nornyeckoro areHTcTea» (noc. Ceetnble ropsbl, Kpac-
Horopckuii parioH, MockoBckasi obnacts, Poccusi)

Obiran AnekcaHgp MwxannoBuu, OOKTOp Meau-
LMHCKUX Hayk, npodeccop, akagemuk PAH, 3acny-
KEHHbIN JesATenb Hayku, 3amecTuTenb akagemuka-
ceKpeTapsi — pyKOBOAWTENb CEKLUMU MeaULMHCKMX
Hayk PAH, gupekTop, 3aBefylowmin OTAerNoMm naro-
dusmonorMm n pereHepaTmMBHOM MeauumHbl, Prey
«Hay4Ho-uccnegoBaTenbCkuii - MHCTUTYT — dpapma-
KONMorMm W pereHepaTvBHOW MEAULMHBI  UMEHU
E.0. lonba6epra» (Tomck, Poccus)

3edmpoB AHapen JIbBOBUY, JOKTOP MEOULIMHCKNX
Hayk, npodeccop, uneH-kopp. PAH, 3acnyxeHHbI
nesitenb Haykm Poccuiickon ®epepauum n Pecny6-
nukn TatapcTtaH, 3aBeayowmin kadeapow HopMarb-
HOW dbusmonorun, AekaH nedebHoro dhakynsreTa
BOY BI1O «KasaHckuim rocyaapCTBEHHbI Meau-
LMHCKMI yH1BepcuTeT» Munnaapasa Poccun (KasaHb,
Poccus)

Ky3neH6aeBa Pauca CanmaraH6eToBHa, OOKTOP
MEAMLUMHCKUX Hayk, npodyeccop, akagemuk Hauu-
OHanbHON akagemuun Hayk KasaxcTaHa, 4neH-kopp.
Akagemun MegumumMHCKMX Hayk Pecny6nukm Kasax-
cTaH M AkagemMuu npodunakTU4eckon mMeguuunHbl
Pecny6nukm KasaxctaH, HavanbHUK YynpaBneHusi
dhapmakonormyeckomn akcnepTusbl, «HaunoHanbHbIN
LEHTP 3KCMepTu3bl NEeKapCTBEHHbIX CPeacTB, usge-
NUA  MEQUUMHCKOrO HasHa4YeHUs U MeOULMHCKON
TexHukn MuHsgpasa Pecny6nuku KasaxctaH (Acta-
Ha, KasaxcTaH)

Kykec Bnagumup [puropbeBuY, OOKTOp Meaw-
LIMHCKUX Hayk, npodeccop, akagemuk PAH, 3acny-
XKEHHbIN aesTenb Haykm P®, npodeccop kaden-
pbl KMUHWYECKOW chapMakomnorMm u nponeaeBTUKU
BHYTpeHHux GonesHen, ®rAOY BO «[lepsbii Mo-
CKOBCKUIA MELMULIMHCKUIA FoCYAapCTBEHHbIN YHUBEP-
cuter um. . M. CeyeHoBa» MwuH3gpaBa Poccum
(Mocksa, Poccus)

MaknsikoB Kpun CtenaHoBWUY, JOKTOp Meau-
LMHCKUX HayK, npodbeccop, 3aBeayoLwmnin kadeapon
dapmakonornm u KnuHudeckon gapmakonorum, Po-
CTOBCKWUW rOCYAAPCTBEHHbIN MEAULUMHCKUA YHUBEpP-
cuteT (PoctoB-Ha-[loHy, Poccus)

MatuwoB leHHaguh puropbeBuY, OOKTOP reo-
rpadmnyecknx Hayk, npodpeccop, akagemuk PAH,
uneH [lpesnamyma PAH, HayuyHbIn pykoBOAWTEmMb
lOxHoro HayuHoro ueHTpa PAH, npeacepatens lMpe-
snguyma HOHL, PAH (PoctoB-Ha-[loHy, Poccus)

MupowHukoB AHatonui UBaHOBMY, [OKTOp XU-
MuYeckux Hayk, akagemuk PAH, npeacepatennb
MywwmHeckoro HayyHoro ueHTpa PAH, 3amectutens
avpektopa, OIMBYH «WHCTUTYT GBUMoopraHuyeckon
Xumum uMm. akagemukos M. M. LWemskuna n HO. A. OB-
ynHHuKoBa PAH», npeacepatens, «[yWwUHCKUN Hay4-
HbIn LueHTp PAH» (Mocksa, Poccus)

MypawéB Apkaaun HukonaeBud, goktop 6uono-
rMYyecknx Hayk, npodeccop, 3amecTuTenb AWpek-
Topa, pykoBoguTenb nabopaTtopum Guonornyeckux
ncnbiTanui, cunman ®rbyYH «UHctutyT Broopra-
HU4Yeckon xmmun um. akagemukos M. M. LLiemsaknHa
n 0. A. OBumHHukoBa PAH» (MywwmHo, MockoBckas
obnactb, Poccus)

OxkoButbin Cepren BnagumupoBuy, [OKTOp Me-
OMUMHCKMX Hayk, npodeccop, 3aBeayrolimn kadea-
povi chapmakonorum u KNnMHUYECKon apmakornoruu,
®rBY BO «CaHkT-lNeTepbyprckas xumuko-dap-
MaueBTMYeckasi akagemusi» MwuH3gpaBa Poccum
(CankT-lMeTepbypr, Poccus)

MuenuHueB Cepren KpbeBu4, [JokTOp Meau-
LMHCKMX Hayk, npodpeccop, anpektop, OAO «UHCTU-
TYT MHXEHepHOW UMMyHonorumy» (gep. JltobydaHbl,
YexoBckuin parioH, MockoBckasi obnacts, Poccus)

PameHckas [anuHa BnagucnaBoBHa, [JOKTOP
(hapmMaLeBTUYECKUX Hayk, npocheccop, 3aBedyo-
wasa kadenpon hapmaueBTUYECKOW U TOKCUKOIO-
rmyeckon xummu, PrAOY BO «[llepBbii MockoBckuia
MEOMLMHCKUA TOCYAAPCTBEHHbIA YHUBEPCUTET WM.
M. M. CeyeHoBa» MuHagpasa Poccumn (Mocksa, Poc-
cus)

PeweTtoB Uropb BnagumupoBuy, goktop meau-
LUMHCKMX Hayk, npodeccop, akagemuk PAH, 3aBe-
ayowmnn kadeapon OHKOMNoruu, paguotepanun U
nnactudeckon xupyprum WHctutyta [podpeccumo-
HanbHoro ob6pasoBaHus ®FAOY BO «[lepsbii Mo-
CKOBCKUA MEOULIMHCKUI roCyAapCTBEHHbIV YHUBEpP-
cutet um. N. M. CedveHoBa» MwuH3gpasa Poccuu
(Mocksa, Poccus)

CbiyeB [OMutpunn AnekceeBuUY, [OKTOp Meau-
LMHCKNX Hayk, npodeccop, uneH-kopp. PAH, npo-
peKTop MO pasBWUTUIO U UHHOBaLUMAM, 3aBeayoLwuii
Kadeapon KNMHUYECKOW hapmakonorum u Tepanum,
®reO Y MO «Poccuiickas MeguumuHcKkas akagemns
HenpepbIBHOTO NpodeccuoHansHoro obpasoBaHusa»
(Mocksa, Poccus)

XputnHuH [AOmutpunn denopoBud, [OKTOpP Me-
OVLUMHCKMX Hayk, npodeccop, umneH-kopp. PAH,
npodeccop kadegpbl MCUXMATPUA U HAPKOMOTUn
®rAQY BO «[lepBbii MOCKOBCKUIA MEANLIMHCKUIA rO-
CyAapCTBEHHbIV yHuBepcuteT um. M. M. CeyeHoBa»
Mwun3agpasa Poccun (Mocksa, Poccust)
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UbirankoB Bopuc [OmutpueBud, AOKTOp Meau-
LMHCKUX Hayk, npodpeccop, uneH-kopp. PAH, 3a-
BeAyloLWMn Kadeapon ncuxuaTpum, Hapkomnormm u
ncuxotepanun ONa0O Sre0y BO «MockoBckui
rocyfapCTBEHHbI MEAMKO-CTOMAaTONOrMYECKUIA YHU-
Bepcutetr um. A.V. EBgoknmoBa» MuH3agpasa Poc-
cum (Mockea, Poccust)

Lbice BaneHTuHa MBaHOBHa, JOKTOP CENbCKOXO-
3AACTBEHHbIX Hayk, npodeccop, akagemuk PAEH,
npodeccop kadenpbl 3ootexHun PrbOY BO «Cmo-
rNieHcKasi rocyfapCTBEHHas CenbCKOXO3ANCTBEHHas
akagemusa» (CmoneHck, Poccus)

LUux EBreHus BanepbeBHa, JOKTOP MEAULIMHCKNX
Hayk, npodpeccop, AUPEKTOpP WHCTUTyTa npodec-

cvoHanbHoro obpasoBaHus, 3aBegylowas kaden-
PO KNMHUYECKON (hapMakonornm u nponeaesTukm
BHYTpeHHUx GonesHen, ®rAQOY BO «[Mepsbii Mo-
CKOBCKU/ MeOMLMHCKUIA FoCyAapCTBEHHbIA YHUBEP-
cutet um. L. M. CedveHoBa» MwuH3agpaBa Poccum
(Mocksa, Poccus)

Wyctos EBrennn BopucoBu4, pJoktop meau-
LMHCKMX Hayk, mpodeccop, akagemuk PAEH, npo-
deccop kadeapbl hapMakonorum u KiMHUYECKON
dapmakonornm, ®roy BO «CaHkT-lNeTepbyprckas
XMMUKO-papmaLieBTnyeckas akagemus» MuHagpa-
Ba Poccum, rmaeHbI Hay4yHbI coTpyaHuk, PrEYH
«MHCcTUTYT TOKCMKOMOrMM PepepanbHOro  MEAUKO-
obuonornueckoro areHtctBa»  (CaHkTt-letepbypr,
Poccus)
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methods of biomedical research, genetics laboratory animals, pharmacology and clinical phar-
macology, rehabilitation and sports medicine, physical therapy. The journal is intended for sci-
entists, graduate students, teachers and university students, professionals working in the field of
biology, veterinary medicine and biomedicine. The magazine published articles by authors from
119 different organizations (medical and biological universities, research institutes, centers of
advanced training), geography organizations includes Moscow, St. Petersburg, Astrakhan, Ural,

Saratov, Kabardino-Balkaria, Tomsk, the Far East, the Netherlands.
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BIOLOGICALLY ACTIVE COMPONENTS OF ANTLERS EXTRACTS
(CERVUS NIPPON) AND RED DEER (CERVUS ELAPHUS) PEPTIDE-
PROTEIN NATURE

Vladislav N. Karkischenko, Maxim S. Dulya’, Daniil V. Khvostov, Ruslan A. Ageldinov,
Stanislav L. Lyublinskiy, Nikolay N. Karkischenko

Scientific Center of Biomedical Technologies of the Federal Medical and Biological Agency of Russia
143442, Russian Federation, Moscow region, Krasnogorsk district, Settlement Svetlye Gory, building 1

A complex study of the protein composition of the biologically active components of the extracts of the vel-
vet deer antlers (VDA, include Cervus nippon and Cervus elaphus) using two-dimensional gel electropho-
resis (2D-PAGE), size-exclusion chromatography (SEC), and peptide mapping with high-performance lig-
uid chromatography with mass spectrometric detection (HPLC-MS) with the use of fermentation by trypsin
was done. A molecular-mass distribution characteristic for protein extracts of VDA has been established.
Optimal conditions for extraction, chromatographic separation and relative quantitative determination of
the main components have been determined. The results of the identification of the most significant (major
and minor) protein components in the extracts of the studied objects are described in detail in accordance
with the algorithm of the search program Spectrum Mill MS Proteomics Workbench and the protein data-
base Uniprot. The data of protein profiling are clustered according to molecular and biological functions.
The connections of the identified proteins with possible mechanisms of biological action and targets, which
can be affected by the protein components of the studied objects, are presented. Based on the results of
the study, conclusions about the multicomponent protein composition of extracts of VDA were drawn.
The marker protein components in the studied extracts are suggested and the possible interrelationships of
the detected proteins in the extracts with biological effects are indicated.

Keywords: 2D-PAGE, HPLC-MS, IEF, peptide mapping, SEC, VDA
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B.H. Kapkuwenko, M.C. Oynsa, O.B. XBoctoB, P.A. ArenbaunHos, C.J1. Nllobnuxckuin, H.H. KapkuiieHko
«Buonoruyeckn akTMBHbIE KOMMOHEHTbI SKCTPAKTOB MAHTOB NATHUCTOMO
1 BraropogHoro oneHer NnenTMaHo-6enkoBon NPMpPoabI»

BUOJIOTMYECKU AKTUBHbBIE KOMMNOHEHTbI 9KCTPAKTOB
MAHTOB MATHUCTOIO U BNIAFOPOAHOIO ONIEHEW NENTUAHO-
BENKOBOW NMPUPOAbI

B.H. KapkuweHko, M.C. fiyns’, [.B. XBocToB, P.A. ArenbAVHOB,
C.J1. Mo6nuHckun, H.H. KapkuweHko

®@IBYH «HayyHbil ueHmp 6uomeduyuHCKUX mexHonoaul
®edeparnbHoeo Meduko-6uonoaudecko2o azeHmemea Poccuu»
143442, Poccutickas ®edepayusi, Mockoeckasi 0b1., KpacHoeopckuli p-H, rn. Ceemriblie 2opbl, enadeHue 1

IIpoBeneHs! HccienoBaHUs OEIKOBOTO COCTaBa OMOJIOTMYECKH aKTUBHBIX KOMIIOHEHTOB KCTPAKTOB IaH-
TOB mATHUCTOTO M OnmaropomHoro oneneit (IO m I1BO) mMetomamu AByMEpHOTO Tellb-3NIEKTpodopesa
(2D TMAAT), renb-pa3zMepHOH SKCKIIO3MOHHON xpomatorpaduu (I'PX) u menTuaHBIM KapTHpOBaHUEM
METO/IOM BBICOKOI(()EKTHBHOM KUAKOCTHONH XpoMaTorpaduy ¢ Macc-CIIeKTPOMETPUYECKHUM JIETEKTHPOBa-
HreM (BOXXX-MC) BrICOKOTO pa3penieHus ¢ IpuMeHeHreM (hepMEHTaTHBHOTO PACIICIUICHNS TPUIICHHOM.
YCTaHOBIEHO MOJEKY/IIPHO-MAaCCOBOE pacHpeselieHHe, XapakTepHoe i OenxoBbix skcrpakros IITTO.
Haiinens! onTUManbHbIE yCIOBHSI SKCTPAKILMH, XPOMATOrpadMIecKoro pasielieHus] U OTHOCHTEIBHOTO
KOJINYECTBEHHOT'O OIIPEENICHNS INIaBHBIX KOMIIOHEHTOB. [10pOOHO Ipe/CTaBlIeHbl pe3ynbTaThl HAEHTH-
¢ukann Hanbonee 3HAYMMBIX (MaYKOPHBIX ¥ MHHOPHBIX) OEJIKOBBIX KOMIIOHEHTOB B SKCTPAKTax HM3yda-
€MBIX 00BEKTOB B COOTBETCTBUH C aJTOPUTMOM IMOUCKOBOW mporpammsl Spectrum Mill MS Proteomics
Workbench u 6enxoBoii 6a30if nanHbsix Uniprot. JlaHHBIE 0G€IKOBOTO NPOQHINPOBAHUS KIIACTEPH30BAHbBI
M0 MOJIEKYJISIPHBIM U OHoNIOrndeckuM (QyHKIHIM. OTOOpaskeHBI CBSA3M HACHTU(QUIMPOBAHHBIX OEIKOB
C BO3MOJKHBIMH MEXaHW3MaMH OHOJOTHYECKOTO JISHCTBHS M MHUILIECHSIMH, Ha KOTOPBIE MOTYT OKa3bIBaTh
BO3JIEHCTBYE OETKOBBIC KOMIIOHEHTHI N3y4aeMbIX 00beKTOB. [1o pe3ynsraTtaM MccieoBaHus CeTIaHbl BbI-
BOZIBI O MHOTOKOMITOHEHTHOCTH OesTkoBoro cocrasa skcTpaktoB I1I10, comepixarne nmepcrneKTHBHBIE LIS
OoJiee IETATBHOTO M3YUSHUS] KOMITOHEHTHI. [Ipe/yioxkeHbl MapKepHbIe OeJIKOBbIe KOMIIOHEHTHI B COCTaBe
N3y4aeMBIX SKCTPAKTOB M YKa3aHbl BO3MOJKHbBIE B3aUMOCBSI3M OOHApPY)KCHHBIX OEJIKOB B COCTaBE HKCTPAK-
TOB ¢ Ouonorndeckumu 3 hexkramu.

Kuruessie cioBa: 2D [TAAT, BOXX-MC, I'PX, UD®, nentunHoe kapruposanue, [1110

KoHdauKT HHTepecoB: aBTOPHI 3asBHIN 00 OTCYTCTBHUH KOH(IUKTA HHTEPECOB.

Jas uurupoBanus: Kapkumenko B.H., yns M.C., XBocto /1.B., Arensaunos P.A., JIro6muackmii C.J1.,
Kapkumenko H.H. bronorndecky akTHBHbIE KOMIOHEHTHI SKCTPAKTOB TIAHTOB ISITHHCTOTO W OJIArOPOIHO-
rO OJIeHeH MenTUAHO-0eIKoBOH mpuponsl. buomeouyuna. 2019;15(2):12-23. https://doi.org/10.33647/2074-
5982-15-2-12-23

Iocmynuna 29.04.2019
IIpunsma nocne dopabomru 27.05.2019
Onybnuxosana 10.06.2019

Cnucoxk cokpamenuii: [TTIO — mauTs! nstHEcTOrO 0J1eHs, 2D [TAAT — nByMepHbIii renb-aaekrpodopes,
I'PX — renb-pazmepHast skckiro3uoHHas xpomarorpadus, BOXKX-MC — BeicokodpdheKTuBHAS KHKOCT-
Hasi Xxpomarorpadus ¢ Macc-CIIEKTPOMETPUYECKUM JeTeKTupoBanueM, MO® — uzoanekrpudeckas ¢o-
KycupoBka, PIT — perynstopusie nentuasl, SDS-PAGE — snexrpodopes 6ekoB B HOIHAKPHIAMEIIHOM
rene, PPARGCIA — peuentop MnepoKCHCOM, aKTHBHPYEMBIH MpoiudepaTropoM raMma-KOaKTHBaTOp
l-anbda, Wnt — akporum ot «Wingless/Integrated», CNR1 — penentop kaHHaOuHOMIOB 1-ro TuIA,
PFL — nupysar ¢opmuar nuasa.
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Introduction

VDA is a part of the body, shaped like horns,
but consisting of spongy cartilaginous tissue of
Cervus Nippon. They are penetrated by a large
number of blood vessels and have an inten-
sive blood supply. When antlers reach the size
of normal horns (on the 120-150th day from
the beginning of growth), the process of their
ossification begins. It is believed that during
this period they are most biologically signifi-
cant. Blood taken from a vein of an animal at
the time of cutting also has activity similar to
VDA. The expressed therapeutic properties of
VDA are justified by the fact that during the
growth of the horns of a young deer, his body
actually produces up to 25 kg of bone tissue.
Such growth rates are characteristic only for
this family. This process requires strong sup-
port from all functional systems of the body
and high concentrations of substances of a reg-
ulatory and protective nature, accordingly.

The use of drugs based on VDA and their
blood in traditional medicine has more than two
thousand years’ history and is known in the past
among many nations of the world. However,
it is most widely spread as a branch of tradi-
tional medicine, and as a culture of maintain-
ing a healthy lifestyle in China, the countries
of Southeast Asia, Tibet and, to a lesser extent,
among the peoples of southern Siberia and the
Far North. At the beginning of XII, in China,
for the first time, deer began to be domesticated
in order to obtain VDA and their blood for the
preparation of medicines [3].

It is known that medical preparations con-
taining VDA products in their composition
include a large number of substances of a reg-
ulatory nature: kinins, amino acids, phospho-
lipids, growth factors involved in maintaining
the activity and stability of the processes of an-
abolism and catabolism in the body, regulating
the processes of inflammation, regeneration
and immunity. The main functional difference
between VDA and plant adaptogens is that the
latter increase the body’s resistance, limiting
the harmful effects of external factors, while

the first drugs increase the capacity of the bo-
dy’s own resistance [3].

Structural and functional information about
peptides of plant and animal origin is impor-
tant for system biology. It can also be used in
various application areas: in agriculture, in the
manufacture of dietary products, pharmaceuti-
cals, functional foods [1, 6].

The relevance of research

Modern tools of peptidomics and proteomics
in biomedical research are aimed at analyzing
and developing new active substances, drugs,
searching for indicator peptides or proteins and
their identification, as well as developing algo-
rithms for identifying and subsequently using
effective combinations of various substances
of protein-peptide nature for the diagnosis,
effective therapies and their use as functional
foods [1, 6].

It is paradoxical that, despite the long period
of use of extracts and by-products from the
tissues of deer-like animals, the composition
of their active components remains poorly un-
derstood, components associated with a wide
spectrum of biological activity of the studied
tissues are not reliably identified.

It is known that the composition of extracts
from VDA includes fatty acids, waxes, aro-
matic and steroid compounds, cholesterol es-
ters, as well as micro and macronutrients, free
amino acids, oligo and polysaccharides, deriv-
atives of the uracil series, the xanthine group.

Within the framework of the research cy-
cle, the authors’ special attention is attracted
by the peptide-protein composition of the tis-
sues under the study. Many types of biological
activity of a substance and preparations based
on extracts and by-products of the studied tis-
sues can be associated with the peptide-protein
composition.

The studied objects are multicomponent
protein-peptide complexes. The use of a num-
ber of methods of sequential sample prepara-
tion, separation by 2D electrophoresis, frac-
tionation by chromatography allows obtaining
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data on the nature (composition and relative
amount) of the protein profile with visualiza-
tion of the protein pool of the studied extracts.

The purpose of the study was to decipher
the protein profile and identify the biologically
active compounds of the peptide-protein frac-
tion of antlers from Cervus nippon and Cervus
elaphus. The tasks were to develop methods
for sample preparation of extracts of the tis-
sues under different conditions, selection of
conditions for further protein profiling and
their identification in natural raw materials by
the methods of 2D-PAGE, SEC and HPLC-
MS after enzymatic hydrolysis by trypsin.

Materials and Methods

The samples of extracts from antlers of the
sika deer (VDA) (Cervus nippon) and antlers
of the red deer (ARD) (Cervus elaphus) were
received from the collection of the bioana-
lytical research laboratory (SCBMT FMBA
of Russia), obtained under the technology of
water-alcohol extraction and subsequent lyo-
philization.
Materials

In our research, solvents and reagents of
analytical degree of purity were used. Solu-
tions for sample preparation were prepared
using deionized water. To assess the pres-
ence of compounds of peptide or protein
nature, an optional go spectrophotometer
(Thermo scientific, USA) with 96-well cu-
vettes 10 mm long (“Corning”, USA) used
by spectroscopic method. The degree of
proteolysis was assessed using a diode-ma-
trix detector 1260 PAH UG Max-light cell
connected to a high-performance liquid chro-
matograph 1260 infinity II of the laboratory
of the OGRN pump equipped with a built-in
degasser, equipped with an automatic sample
entry system Multisampler 1260, and a unit
for thermostating the chromatographic col-
umn (“Agilent technologies”, USA).

HPLC-MS/MS HR analysis was performed
using liquid chromatograph model 1290 infin-
ity II “Agilent technologies”, equipped with

pump 2-channel degasser, equipped with au-
tomatic input samples Multisampler 1290 with
mass spectrometric detector QTOF 6545XT
with ESl-ionisation at atmospheric pressure
(“Agilent technologies”, USA), the server sta-
tion computer (“HP”, USA), chromatographic
column columns with different 300SB-C18,
length 250 mm and internal diameter 2.1 mm,
the size of the sorbent is 5.0 um with a pore
size of 300 A and it is optimal for peptide map-
ping with a length of 150 mm and an internal
diameter of 2.1 mm, the size of the sorbent is
2.7 pm (“Agilent”, USA).

2D page electrophoresis was performed
using a ready-made kit ReadyPrep 2-nd
starter kit, strips ReadyStrip IPG strip, 11 cm,
pH 4-7 gels criterion TGX any KD dye bio-
Safe Coomassie stain, the results were de-
tected on the Gel system Doctor EZ system
using the software image Lab bio-rad (“Bio-
rad”, USA).

SEC analysis was performed on a chroma-
tographic system of medium pressure to detect
NGS (“Bio-rad”, USA), equipped with a mul-
ti-wave spectrophotometric detector, a pH
sensor of eluent, a conductometric cell and
a chromatographic column for high-resolution
SEC analysis Enrich SEC-650, as calibration
standards with known molecular masses, gel
filtration was used-standard (“Bio-rad”, USA).

To identify proteins, a database of poly-
peptide sequences was used on the Inter-
net (www.ebi.uniprot.org) and the program
for the collection and processing of spec-
trum data Mill MS proteomics workbench
(“Agilent”, USA).

Methods

Total protein determination was per-
formed by the Bradford protein assay with-
out prior protein precipitation in accordance
with the general pharmacopoeial monograph
(1.2.3.0012.15, “Protein Determination™) of
the RFSP. The lyophilisate of the extract was
pre-dissolved in purified water to a concentra-
tion of 150 mg/ml in a volume of solvent. The
amount of protein was determined by the cal-
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ibration curve for a solution of bovine serum
albumin.

All procedures of two-dimensional separa-
tion by electrophoresis of proteins were per-
formed according to the protocol included in
the kit. The amount of the sample was taken
at the rate of 250 mg of protein per 185 pl
of denaturing solution. In two-dimensional
electrophoresis, the first stage of separation
is isoelectric focusing. Proteins are separated
by electrophoresis based on their pl, the pH
value at which the protein does not carry a net
charge. The second separation stage is SDS-
PAGE, where proteins already separated by
IEF are further separated by their size. Gels
were previously washed with distilled water
and filled with a 200-300 ml paint solution
and left overnight for better staining at room
temperature. The next day, the gels were
washed with distilled water in triplicate and
the results were detected on the Gel Doc EZ
System.

The molecular weight protein distribution of
the product was carried out on a high pressure
liquid isocratic chromatograph with a spectro-
photometric flow detector with a wavelength
of 280 nm.

Table 1. Conditions for mass spectrometric detection

Analysis on an Agilent Technologies 1260
Infinity 1l liquid chromatograph was per-
formed in AutoMSMS mode. AdvanceBio
Peptide Mapping Chromatographic Column,
precursor ZORBAX Extend-C18 Narrow-
Bore Guard Column were used. Elution was
carried out with a mixture consisting of com-
ponents A and B in the gradient mode: up to
0.5 min — 5% B, from 0.5 to 15.0 min in-
creased to 35% B, from 17.0 — to 95% and
held for 13 min, from 30.01 minutes — re-
turns to initial conditions. The column equil-
ibration time for initial conditions is 5 min-
utes. Component A was a 0.1% solution of
formic acid in deionized water, component
B was a 0.1% solution of formic acid and
10% deionized water in acetonitrile. The flow
rate was 400 pl/min, the analysis time was
30 minutes. Conditions of mass spectrometric
detection are shown in Table 1.

Results and discussion

Total protein determination

Percentage of total protein concentration
according to the Bradford method studied ex-
tracts demonstrates that the largest amount of
protein (30%) is in the VDA sample, and the

Tabnuya 1. Ycnosus macc-cnekmpomempuyeckoeo 0emekmuposanus

Mass spectrometry detector
lonization source
Resolution
Type of collisional dissociation cell
lonization energy
Detectable charge state
Scan mode
Detected mass range
Polarity of detected lons
Spray voltage
Fragmenter voltage
Flow rate of desiccant dryer gas
Nebulizer gas pressure

Spray temperature

QTOF 6545XT

Dual Agilent Jet Stream Electrospray lonization (Dual AJS ESI)

60,000
Collisional dissociation cell
(30 £15)%

2-5
AutoMSMS
100-1700
Positive ion detection
3,5kV
175V
13 I/min
35 psig
250°C
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smallest (~20%) in ARD . The coefficient of
variation does not exceed 10%.

2D PAGE
Using the method of 2D PAGE held com-

parative proteome analysis was done on basis
results received of samples VDA and ARD.
Identification by molecular mass and mean-
ing pl was held with using Image Lab Bio-rad
software (Figs 1 and 2).

In the VDA sample, more than 30 marker
plots were counted. By the pl values, 3 groups
of proteins can be distinguished: 1) pI=4.1.

Molecular weight: 12.1, 23.8, 39.5, 50.2 and
66.4 kDa; 2) pI=5.0—6.0. Molecular weights:
18-20 kDa and 70-105 kDa; 3) pI=7.0. This
group shows a large accumulation of proteins
with a mass about of 15 kDa, which may in-
dicate a significant amount of low molecular
weight proteins.

The second sample shows the best separa-
tion with the display of about 90 marker plots.
According to the IEF more groups can be dis-
tinguished than in the first sample, but the mo-
lecular mass distribution remains very similar.
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Fig. 1. 2D PAGE of ARD sample stained with Coomassie.
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Fig. 2. 2D PAGE of VDA sample stained with Coomassie.
Puc. 2. 2D-anexkmpogpopes 1110, okpauiennozo Kymaccu.
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Observed masses in the low area of 11-15, 20
and 25 kDa. In the field of medium weights, this
range is from 50 to 75 kDa. No area with large
molecular masses of proteins were detected.

The large dynamic range of concentrations
of the studied extracts, as well as the wide
variability of the physicochemical proper-
ties of the components in their composition,
necessitates the use of multistage separation
technologies with predominant use of SEC,
2D PAGE, specialized chromatographic chips,
and all their possible combinations with tech-
nological methods (solid phase extraction, pre-
cipitation, exhaustion, etc.).

Size-exclusion chromatography

VDA sample demonstrated similar profile
at low molecular weight areas as well as ARD
sample. Also the meanings received from 2D
PAGE result are confirmed by SEC at more
high areas of molecular mass distribution.
Received chromatograms are presented in pic-
tures 3 and 4 and relevant values of molecular
masses are demonstrated in the Table 2.

200 -

©
i

160 -
120~

80~

A 4 (280 nm) (mAU)

40 -

HPLC-MS

Peptide mass spectrometry is currently rap-
idly improving as the methodological basis of
proteomics, both in terms of qualitative and
quantitative analysis [2]. Unlike proteomics,
based on controlled protein cleavage into pep-
tides with “predictable” terminal amino acids,
peptide — mass spectrometry is aimed at ana-
lyzing native peptides.

According to the results of previous ana-
lyzes, indicating a closely related component
protein composition of the extracts and based
on the most pronounced results for subsequent
analysis, VDA extracts were used in this step.
The result of the decoding of the protein pro-
file of the fraction from the VDA and their
classification became the annotated groups
of proteins presented below (Figs 5 and 6).
HPLC-MS analysis after enzymatic hydrolysis
with trypsin demonstrated the identification of
a large number of protein components in both
fractions. For a more convenient perception,
the obtained data was analyzed in the UniProt
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Fig. 3. SEC water solution of the ARD extract.
Puc. 3. 'PX 00Ho2o pacmeopa sxcmpakma I1BO.
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Fig. 4. SEC water solution of the VDA extract.
Puc. 4. I'PX s00nozo pacmeopa sxcmpakxma II10.

18 BUOME/MLIMHA | JOURNAL BIOMED | 2019 | Tom 15 | Ne 2 | 12-23



B.H. Kapkuwenko, M.C. Oynsa, O.B. XBoctoB, P.A. ArenbaunHos, C.J1. Nllobnuxckuin, H.H. KapkuiieHko
«Buonoruyeckn akTMBHbIE KOMMOHEHTbI SKCTPAKTOB MAHTOB NATHUCTOMO
1 BraropogHoro oneHer NnenTMaHo-6enkoBon NPMpPoabI»

Table 2. The results of SEC from VDA and ARD extracts*

Taonuya 2. Pezynomamut I'PX no sxempaxmam I150 u III10*

1 13.14 23.56 8
2 14.33 23.56 8
3 15.69 23.56 8
4 18.02 23.56 8
5 20.07 23.56 8
6 23.09 23.56 8
1 9.82 23.56 8
2 13.2 23.56 8
3 14.37 23.56 8
4 15.69 23.56 8
5 18.03 23.56 8
6 201 23.56 8
7 231 23.56 8

0.33 166725 20.02
0.41 75638 12.27
0.49 30651 33.41
0.64 6522 7.91

0.78 1671 7.57
0.97 225 4.32
0.12 1512382 7.87
0.33 160211 20.44
0.41 73655 12.5
0.49 30651 41.82
0.64 6478 9.7

0.78 1638 3.26
0.97 223 2.04

Note: * — In these calculations, when building a calibration curve, the coefficient of determination is 0.99.
Ilpumeuanue: * — B O0anHbIX pacyemax npu nOCMpoeHUuU KaiubposoyHOU Kpueol Kod(pduyuenm oemepmuHayuu

pasen 0,99.

database, which reflected the enormous num-
ber of functions and biological roles of pro-
tein components from the studied fractions. In
total, 435 protein components were found in
extracts from VDA, including 75, which were
also not experimentally established in the deer
antlers. The diagrams demonstrate general
directions of functions and processes involv-
ing the identified proteins. Table 3 shows the
brightest representatives of the studied profiles
with the highest index of similarity.

In the classification according to molecu-
lar functions of protein components from the
VDA fraction, four directions predominate:
transferases, hydrolases, DNA/RNA-binding.
Proteins that realize transport functions domi-
nate involvement in biological processes.

The results given in Table 3 constitute
a representatively selected part of the ana-
lyzed protein components of the tissues under
study; however, they are among the known

and significant among all. Particular attention
is caused identified in the extracts from the
VDA: PPARGI1A, Wnt protein, CB1, PFL.

Peroxisome proliferative activated recep-
tor, gamma, coactivator 1 (PPARGCI1A) is
a coactivator of nuclear receptors and other
transcription factors that regulate metabolic
processes, including biogenesis and respira-
tion of mitochondria, hepatic gluconeogen-
esis and switching between types of muscle
fiber [7].

Wnt proteins are a large number of secreted
molecules involved in cell-to-cell signaling.
The influence of the Wnt protein controls
many cellular processes in many different
organisms. Signal transmission based on the
interaction with this molecule is largely as-
sociated with tumor genesis, early embryonic
mesodermal pattern, brain and kidney mor-
phogenesis, regulation of breast proliferation
and Alzheimer’s disease [5, 8].
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MonekynapHbie GyHKLUMU
1% 2% 2%

1%

M Actin-binding ® Chaperone H Developmental protein
 DNA-binding M Elongation factor B G-protein coupled receptor
W GTPase activation M Guanine-nucleotide releasing factor ® Hydrolase

M Hypotensive agent M lon channel M [somerase

M Ligase M Lyase H Myosin

= Neuropeptide m Oxidoreductase m Receptor

W Repressor ® Ribosomal protein = RNA-binding

m Transferase W Vasoactive

Fig. 5. Groups of proteins from VDA extracts, distributed by molecular functions.
Puc. 5. Ipynnot 6enkog uz sxcmpaxmos II10, pacnpedenentvle RO MOLEKVIAPHLIM DYHKYUSIM.

5%
M Carbohydrate metabolism H Cell division M DNA replication
m Glycolysis W Stress response m Lipid metabolism
B mRNA processing H Nucleotide biosynthesis W Nucleotide metabolism
M Peptidoglycan synthesis B Protein biosynthesis B Ribosome biogenesis
m rRNA processing ® Transcription m Translation regulation
u Transport W tRNA processing B Ubl conjugation pathway
m Whnt signaling pathway m Two-component regulatory system  m Cell wall biogenesis/degradation

Fig. 6. Protein groups from VDA extracts, distributed by biological processes.
Puc. 6. I'pynnvl benxos u3 sKcmpaxkmos, pacnpeoenenivle no GUOT0UHECKUM NPOYECCAM.
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Table 3. Molecular mass characteristics of some typical annotated proteins in the composition of the VDA extract
Taonuuya 3. Monexynspno-maccogvie Xapakmepucmuku HeKOMopbIX MUNUYHbIX AHHOMUPOBAHHBIX DENKO8 6 cocmase
akcmpaxkma IT10

Protein MS/MS Amino acid  Total spectral

number Score coverage, % intensity LG AL

1 55.61 6.8 1.54E+06 66149 Serum albumin (Fragment)

2 48.51 4.9 1.49E+06 69080 ALB

3 43.71 12.3 3.09E+06 42765 HBA

4 42.4 30.3 5.21E+06 15953 Adult beta-globin

5 33.18 23.4 3.26E+06 15824 Hemoglobin subunit beta-3

6 21.95 10.3 2.12E+05 19244 HBB

7 21.47 14.2 3.43E+06 15952 Beta-globin subunit

8 12.44 6.1 1.86E+05 16522 HBG-T2

9 12.60 4.1 3.13E+05 30235 APOA1

10 12.31 25 3.90E+04 39576 FETUB (Fragment)

11 10.65 2.8 6.47E+04 32307 Vps23 core domain protein

12 10.36 4.9 6.50E+04 26317 HSD11B1L

13 10.27 2.8 9.22E+04 46667 GABRD

14 10.25 3.8 2.16E+05 34418 MDH1B (Fragment)

15 9.98 25 1.04E+05 34364 MRPL2

16 9.68 2.8 4.49E+05 23404 Glycerol-3-phosphate acyltransferase
17 9.22 3.4 2.77E+05 60607 DNA topoisomerase

18 8.95 29 1 53E+05 34361 Iron ABC transps:;t)?;;ubstrate-binding
19 8.93 5.9 8.06E+04 26292 GntR family transcriptional regulator
20 8.06 7.5 2.91E+05 16021 BUB3
21 7.80 4.7 9.29E+04 23302 WRN
22 7.47 2.2 9.41E+04 55725 Phosphoglucomutase
23 7.44 5.0 1.46E+05 19653 Histone H4
24 7.40 8.7 7 39E+04 23879 Arginine/seri(n;;;c:]gnf)plicing factor
25 7.23 6.1 6.51E+04 10838 Rhodanese-like domain-containing protein
26 7.20 2.3 1.17E+05 38297 Methionine import ATP-binding protein MetN
27 7.7 3.9 5.85E+05 27897 HAD family hydrolase
28 7.08 3.7 7.83E+04 15634 HTH-type transcriptional regulator LrpC
29 6.72 2.6 8.52E+04 41870 Beta sliding clamp

30 6.45 3.9 1.44E+05 20987 PPEF2 (Fragment)

31 6.19 5.0 1.07E+05 35138.7 Protein Wnt

32 4.02 1.3 3.03E+04 83831 Formate C-acetyltransferase

33 3.82 3.6 3.93E+03 37282.6 Cannabinoid receptor 1 (Fragment)
34 3.0 4.2 4.86E+05 25684.1 PPARGC1A
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http://desktop-lvu7voh/millbin/msdigest.cgi?missed_cleavages=2&msparams_dir=msparams_mill/&hide_protein_sequence=2&database=SwissProtdeer.fasta&seqdb_dir=D:\SeqDB\&enzyme=Lys-C/Trypsin&access_method=Accession+Number&accession_num=A0A212D620&coverage_map=0+120+7+49
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The cannabinoid receptor type 1 (CB1) is
a cannabinoid G-protein coupled receptor. The
CBI1 receptor is expressed predominantly in
the peripheral and central nervous systems and
is activated by: endocannabinoids, a group of
retrograde neurotransmitters; plant phytocann-
abinoids, such as tetrahydrocannabinol and its
synthetic analogues [4].

Pyruvate formate-lyase (PFL) or formate
C-acetyltransferase is an enzyme in the trans-
ferase family that helps regulate anaerobic
glucose metabolism. It catalyzes the reversible
conversion of pyruvate and coenzyme-A to
formate and acetyl-coenzyme A. This enzyme
is involved in the metabolic pathways of pyru-
vate, propionate and butyrate [9].

Conclusions

Using two-dimensional gel electrophoresis
and size-exclision chromatography, protein
profiling and molecular-mass distribution data
were obtained from proteins in VDA extracts
under denaturing conditions.

Using the Bradford method, the content of
total water-soluble proteins in the extracts was
evaluated. The effect of detergent additives
and extraction conditions on the total protein
level in lyophilisates was revealed.

The HPLC-MS assay of extract samples
identified extensive and representative groups
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MMNYJIIbCHOE MATHUTHOE MNOJIE KAK CPEACTBO
NMOBbILEHUA 3®PEKTUBHOCTU TPEHUPOBOYHOM
HOPMOBAPUYECKOWU MHTEPBANbHOMN M’IMOKCUU Y KPbIC

0.M. lNNabbiHueBa, O.A. 3axapoBa’, l0.E. AHaHbeBa, E.I. PoxmuctpoBa, E.I. llo6kaeBa
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B pabote npuBeneHs! pe3yabTaThl HCCIEA0BAaHNH BIMSIHIA KOMOMHUPOBAHHOTO BO3ACHCTBUS Kypca yMepeH-
Hoit HopmoOapryeckoit rumokcnu (HI'T) u ummynscHOro Marautroro nosnst (MMII) Ha Hecnermguieckyro
PE3UCTEHTHOCTD U yCTOWYMBOCTH OPraHN3Ma KPBIC K OCTPOI TMITOKCHH. YCTaHOBJIEHO, YTO COBMECTHOE IIPH-
MeHeHue Kypca ymepennod HI'T u IMII conpoBoxanocs 3¢dexramn agquTHBHOCTH M XapaKTepU30Ba-
JIOCH TIOBBIIICHNEM HecHelu(pIIecKoi pe3nCTEHTHOCTH KPBIC K OCTPOH THITOKCHYECKOM THITOKCHHL.

KuioueBsble cj10Ba: yMepeHHas HOpMoOGapruieckasi THIIOKCHS, UMITYJIbCHOE MarHUTHOE I10JIe, OCTpasi TU-
MOKCHYECKas THIIOKCHsI, Heclielu(HIecKast pe3UCTEHTHOCTb, lTapaMeTPhbl KPOBH
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PULSED MAGNETIC FIELD AS A MEANS OF INCREASING
THE EFFICIENCY OF NORMOBARIC INTERVAL HYPOXIA
TRAINING IN RATS

Olga M. Labyntseva, Olga A. Zakharova’, Juliya E. Ananieva, Elena G. Rokhmistrova,
Yevgeniya P. Lobkayeva

Russian Federal Nuclear Center — All-Russian Research Institute of Experimental Physics
607190, Russian Federation, Nizhny Novgorod region, Sarov, Pushkina str., 3

This paper presents the results of investigations aimed at studying the combined effect of the course of
moderate normobaric hypoxia (MNH) and pulsed magnetic field (PMF) on nonspecific resistance to acute
hypoxia in rats. It is established that the combined application of MNH and PMF is followed by the effects
of additivity, thus increasing the nonspecific resistance of rats to acute hypoxic hypoxia.
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BeseneHue

YCToHUMBOCTh OpraHu3Ma K TUIIOKCHH SIB-
JsIeTCS. OHUM M3 (PyHAaMEHTaIBHBIX MpeN-
METOB HCCICJOBaHHsl KaK MpPUKIATHOH (u-
3MOJIOTUH, TaK U aBUALIMOHHOW U CIIOPTUBHOM
MeIuIMHBL. B Hacrosimiee Bpemsi paszpaboTtaH
Lenbld apceHan CpelcTB M METOJO0B, MOJIU-
(GULIUPYIOIIMX ~ YCTOWYMBOCTH ~ OpraHM3Ma
K THIOKCUH, OCHOBHBIMH U3 KOTOPBIX SIBIISAIOT-
Csl TPEHHPOBKA HCIBITYEMBIX U CIHELHAJIbHbIC
(dapmakosiornueckue cpeactea [1, 19, 21, 23].
B xiuHHMYeckol TpakTuke omHMM U3 3ddek-
THBHBIX W HAy4yHO OOOCHOBAaHHBIX METOJIOB
MOBBIIICHUSI YCTOMUMBOCTH K OCTPOMY TH-
MOKCHYECKOMY COCTOSTHHIO SIBIISICTCS METOJ
HOPMOOAPHUCCKOW  MHTCPBAJIBHOW  THITOK-
cun (HUI'). HdauHblii MeTOA, OTHOCSIIMKACS
K €CTECTBEHHBIM CTpecc-(hakTopam, criocodeH
aKTUBU3UPOBaTh  KOMIIEHCATOPHO-IIPHCIIOCO-
OuTENbHBIC MEXaHM3MBlI OPraHU3Ma K BO3/ICH-
CTBUIO LIEJIOTO Psi/Ia OKCTPEMAIBHBIX (JaKTOPOB
BHeIHe# cpensl [7, 14, 19, 20, 27]. U3BecTHO,
YTO MPU KOMIUIEKCHOM HCIOJIB30BaHHHU C ApY-
TMMH METOJIaMH Crelu(UUecKOl U Heclelu-
¢uueckoit Tperuposkun HUI obnanaer norex-
UANBHOH BO3MOXKHOCTBIO WHTEHCH(UKAIMN
a/IaliTUBHOI TepecTpoKkK B opranusme [5, 6,
16, 18]. B ¢dusmorepaneBTHYECKOil MpaKTHKE
HIMPOKO MPUMEHSETCS] METOI MaTHUTOTEpaIuH,
B OCHOBE 3(P()EKTHBHOCTH KOTOPOTO JICKHUT
Ouonoruyeckoe  JIEWCTBUE,  HalpaBICHHOE
Ha TMOBBIIICHNE Hecne()UUeCKON Pe3UCTEHT-
HOCTH OpraHu3Ma 0e3 CTpeccoBoro u cyocrpec-
COBOTO HaNpsDKEHHsl €ro (hH3MOJIOTHYECKUX
¢ynkumii [22]. B HacTosleM HCCIEOBAHUN
B Ka4€CTBE O/IHOTO U3 METO/IOB MOBBIIICHUS (-
¢dexruBnoctn HUI' npeyioxkeHo nmpuMeHeHue
UMITYJIbCHOTO MarHUTHOro moins. Panee Hamu
OBLTO MOKa3aHO [12], 4TO HU3KOYACTOTHOE M-
MyJIBCHOE MarHUTHOE TOJIE C 33JaHHBIMU ITapa-
METpaMu, FTEHEpUPYEMOE YCTaHOBKOM «byTOHY,
NPUBOAUT K PA3BUTHIO aAaNTHUBHBIX PEaKIHH
B OTBET Ha THIIOKCHYECKOE BO3/ICHCTBHE.

Llenb paGoTbl cocrosna B HCCIEAOBAHUU
BIMSHUS KOMOWHHPOBAHHOIO BO3JCHCTBHS
Kypca YMEpPEHHOH HOPMOOAapHYECKOW THITOK-
CHH ¥ UMITYJIbCHOT'O MarHUTHOTO T0JI Ha He-
cnenu(pUYEcKy0 pe3UCTEHTHOCTh OpraHn3Ma
U YCTOMYUBOCTb KPBIC K OCTPOM THIIOKCHUHU.

MaTtepuansl u meToAbl UccrieaoBaHUA

VccnenoBanue MpoBOAUIIOCH HA TTOJIOBO3pE-
JBIX OenbIX OECIOPOAHBIX KpbICaX-caMIax
maccoit 180-220 r B komuuectBe 160 ocobeit,
KOTOpbIe OBLIM NMPUOOPETEHBI B NMUTOMHHKE
«Anpapeeska» ®I'BYH «Hayunslit nentp 6no-
MeauiuHckux TexHoioruit ®MBA Poccum»
(MockoBckast 00nacTh). JKuBoTHBIC comepxa-
JIUCh B YCJIOBHUAX BUBAapus Ha CTaHJApPTHOM
MUIIEBOM PAIlMOHE NPH €CTECTBEHHOI cMeHe
JTHS U HOYH.

JKuBoTHble ObLIM pa3neneHbl Ha 4 Tpyn-
nel o 40 ocobeit: 1 Tpymnmna — KOHTPOJIb,
2 rpynma mnoABeprajach HOpPMOOapHYecKOM
runokcuyeckoit runokcun (HIT), 3 rpyn-
1a — BO3ICHCTBUIO UMIYJIBCHOTO MarHUTHO-
ro nosst (MMII) u 4 rpynna — coueTaHHOMY
neiicteuto HIT u UMIT (tabn. 1). Kaxnas
13 TPYII JIeNujach Ha JBe paBHBIC MOATPYI-
Ibl. Y KUBOTHBIX IIEPBOM NMOArPYIIBI IIPOBO-
JIUIIOCh U3Y4YEeHHE M3MEHEHHs yCTOMYMBOCTH
K OCTPOM F'MIIOKCUYECKOU THIIOKCUU B YCIIOBU-
SIX MOZAEIMPYEMOT0 OCTPOT0 THIIOKCHYECKOr0
COCTOSIHUS. Y JKUBOTHBIX BTOPOM NOAIPYIIIIBI
[0 M3MEHEHHUIO COCTOSHHUS CHCTEMBI KpPOBH
OLIEHUBAIU OOIIYIO HeCcTIelM(DUIECKYIO pe3u-
CTEeHTHOCTb OpPTaHU3Ma.

HopmoOapuueckasi TUIIOKCHYECKasi TPEHU-
POBKa MpeNCTaBIIsIa cO00i Kype, COCTOSIINI
n3 14-Tu ceaHCOB ABIXaHHUS TMIIOKCHYECKOM
razoBoii cMecbto (I'T'C), mpoBOIUMBIX exe-
JTHEBHO. [IpogomKUTEIbHOCTh ceaHca THIIOK-
CHU B TIEPBBIN JIeHb COCTaBsuia 15 MUH He-
npepsiBHOTO Bapixanug ['T'C. B nanpHeimem
JUIUTEIBHOCTh CEAHCOB €XKEAHEBHO YBEINYH-
BaJM Ha 5 MUH, K 4-My JHIO OHa JOCTUTaja
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Tabnuya 1. Pacnpedenenue #cugomHwix no epynnam
Table 1. Distribution of animals by groups

20 MB
KoHTponb
20 MB
20 +
HI™
20 +
20 MB
Mn
20 MB
20 +
HI+MM
20 +

MB + -
MB - +
- + -
- - +
+ + -
+ - +
+ + -
+ - +

Hpumeuanue: * — gosoeiicmeue MII ocywecmenanocs nenocpedcmeenno nocie nocieonezo ceanca HI'T.
Note: * — exposure to magnetic field was carried out immediately after the last session of NHH (normobaric hypoxic

hypoxia).

30 MHH U ocTaBajach HEU3MEHHOU 10 14-ro
nas. Conepxkanue kucnopoga B [TC co-
CTaBIsUI0 5% Ha TPOTSHKCHUH BCEro Kypca.
I[.TIS{ CTaHAapTHU3alu1 SKCIICPUMEHTOB 110/laBa-
€MBIH B 60KC C ) KUBOTHBIM IIOTOK Ia3a 6BIJ'I BbI-
Opan B nuanazone 10+0,05 n/mun. OOpaboTKy
KpbIC NPOBOAWIN B TMIIOKCHKATOPE TI'PYIIIO-
BBIM MeTozIoM 10 10 ocobeii.

B03ﬂeﬁCTBHe HUMITYJIbCHBIM MAar"auTHBIM
MOJIEM OCYIIECTBISUIOCh C HCIOJIb30BaHUEM
MarHuToreHeparopa «byTon» (CBUICTEIBCTBO
Ha ToBapHbI 3HaK Ne 386501 ot 03.12.2007)
CO 3HAYEHHWEM MOAYJII MarHUTHOM HHAYK-
UMM B LEHTpe paboueil 30HBI WHIYKTOpA
o 3,5£0,2 mTn, ¢popmoit curaana Buma 3a-
Tyxatomei cunycounst U(t)=U -e™ -Sin ot,
npu U =150-300 B, wacroroii =~ 100 I'u, va-
cToToi cnenoBanust umiyascos 1,0+0,1 I,

Jlyist 00pabOTKK MarHUTHBIM TIOJIEM JKHUBOT-
HBIX TTOMEIIAJIM B KOHTEHHEP C MPO3PaYHbIMU
CTCHKaMH 663 OrpaHUYCHUA JIBHUKCHUS, KOTO-
pBIN pa3Meniany B paboueil 30He YCTaHOBKH.
Bo3geiicTBue MarHUTHBIM IOJIEM OCYIIIE-
CTBJISUIM TOTaJIbHO B TeueHue 30 MHUH, CO CMe-
HOM MaKCHMaJIbHOTO 3Ha4YeHUS MOAYJid Mar-
HUTHOM MHIYKIMH Kaxkaple 10 MUH 1o cxeme
1,5-3,2—-1,5 mTn. TectupoBaHue mapameTpoB
MArdHuTHOIoO I0JI1 HOPOBOAWIMA OJHOKOMIIO-
HEHTHBIM TeciamerpoM TI12-2V.

OnpezneneHue yCTOWYMBOCTH OpraHH3Ma
K Pa3BUTHIO TMAaTO(PHU3HOJOTUYECKUX MHPOLEC-
COB TI0 BpPEMEHHM Da3BHUTHs CTaguii BO30Y-
JKAEHUS, CYIOpPOT ¥ KOMBI NPOBOIIIN MyTEM
MOJICTTUPOBAHUS OCTPOT0 THIIOKCHYECKOT0 CO-
ctosiaug (OI'C) ¢ mOMOIIBIO THITOKCHYECKOH
razoBoii cmecu (I'TC), conepxameit 1% kuc-
nopoga u 99% aszora, COycTs CyTKH TOCIE
OKOHYAHMSI MTOCIICTHETO BO3ACHCTBHUSL.

3a00p KpOBH OCYIIECCTBIISLTH MyTEM JIeKaIu-
TaIUH CIIYCTS CYTKH IIOCJIE€ OKOHYAaHUS TIOCHEe-
Hero BozneicTBUs. KinnmHHKO-OHMoXuMudeckue
HCCIIEIOBaHUS KPOBU IIPOBOJVIIN CTaHIAPTHBI-
MU KJIMHUYECKUMHU MeTofamu [15].

IIpoBepka Ha HOPMaNbHOCTH pacIpesesne-
HUS TIPOBEJCHA C HCMONb30BaHHEeM W-TecTa
[Manmupo — VYunka [8, 13]. Ouenka craTucTu-
YECKOM 3HAUMMOCTH PA3IMYUi CPEIHUX 3HA-
YEeHUH MoKa3aTeneil AByX He3aBUCUMBIX TPYIIIT
MpOBE/IeHa C HCIONb30BaHUEM t-KPUTEPHS
CrerofieHTa (MpU HOPMAJBLHOM pacIpesene-
HUM JaHHBIX) U U-kputepus ManHa — YUTHH
(mpu pacnpeneneHuN OTIIMYHOM OT HOpMalb-
HOTO) ¢ BeposTHOCTHIO p<0,05.

Pesynbrathl n ux obecyxaeHune

IIaHHbIe, TOJIYUYCHHBIC B XOJIC OKCIICPUMCH-
TAJILHOTO MCCIIEIOBAHMS, PEICTABIICHBI B Ta-
Oomunax 2-5. AHanu3 pe3yiapTaToB MOKasal,
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YTO ajjanTaiys KpbIC K YMEPEHHONW THIIOKCUHU
IpUBeNa K CTaTUCTHYECKH 3HAaUUMOMY YBEIH-
YEHHIO BPEMEHM HACTYIUICHUS CTaJuil oCcTpo-
T'O THUITOKCUYECKOTO COCTOSIHUSA Y KPBIC TPYIIITHI
HIT npu cpaBHEHUM C UCXOJHBIMU 3HAYCHHU-
amu nokasareneit OI'C. Bpems HacTyrieHus
CTaJIuH CyAOPOT U CTAAUH KOMBI YBEIHMYHIOCH
B 1,3 paza (p<0,001) u B 1,5 paza (p=<0,001)
COOTBETCTBEHHO. B cpemHeM KpbICH Tpyn-
nel HI'T mocne Bo3nelicTBUs OCTpON T'MIOK-
CHM B KOMe TpeObiBaiu B 5,5 paza (p<0,001)
JIOJBIIIE MCXOAHOTO CPEIHEro 3HaueHWs AaH-
HOTO TOKasaTelns 3THUX Kpbic. Bpems HacTyn-
JICHUsI CTAJUM aroHHM CMEIIAJoCh B CTOPO-
Hy yBEJIMYEHHUS M cocTaBisuio 66,80+3,84 c,
410 B 2,7 pasa (p<0,001) 6onbliie B cpaBHECHUU
C MCXOIHBIM ypOBHEM (Tabu. 2).

IIpu cpaBHEHHM JaHHBIX BTOPHUYHOIO BO3-
JIEHCTBUSL OCTPOM THMIIOKCMM Ha KpBIC TPYII
HIT u MB mnomydeHbl aHalOrM4HbIE pe-
3yabTarbl cpaBHeHMs Kpbic rpynnsl HIT co
CBOMM HCXOAHBIM YPOBHEM: CTAaTHCTUYECKU
3HaYMMOE€ YBEJIMYEHHE HACTYIUIEHHS BCeX
cranuit OI'C.

B pesymbrare uccienoBaHUS IOITYYEHO
yBEJIMYEHHE BPEMEHM HACTYIUICHHS CTaauit
OCTPOTO THUIIOKCHUYECKOTO COCTOSIHHS Y KpBIC
rpynnsl HIT npu cpaBHEHMM C KOHTPOJIEM.
Tak, BpeMs HaCTyIUIEHHS CTaJud CyIOpOT
yBenmuumiochk B 1,3 paza (p<0,001), a cranguu
koMbl — B 1,5 paza (p<0,001). Bpems nactyn-
JICHUsI CTAQJMM aroHHM CMEIIAJoCh B CTOPO-

Hy yBeIMUYEHHUS U cocTaBisuio 66,80+3,84 c,
q1o B 2,7 pa3a (p<0,001) 6osnbliie B cpaBHEHUH
C YpOBHEM KOHTpoJs. J[aHHBIE H3MEHEHUS
CBUJICTENIBCTBYIOT O PAa3BUTHUH aJalTUBHBIX
MPOLIECCOB K YMEPEHHOW TMIIOKCUYECKON TH-
MOKCHH.

B xone KIMHUKO-OMOXUMHYECKOTO UCCIIE10-
BaHUs KpoBH (Tall. 3) MOJIy4EHO yBeInYEHHE
KOHIIEHTpaluu rytatnona Ha 8% (p<0,05)
IPU HEIOCTOBEPHOM POCTE KOHIIEHTPAIUH
M/IA, yBennueHue (aronuTapHONH aKTHBHO-
ctu (PA) Ha 37% (p<0,001) u darorurapHOro
gucna (OY) Ha 63% (p<0,001), a Takxke yBe-
JUYEeHUEe 4Yucna (GopMa3aH-TMOI0KUTEIbHBIX
HelTpoduios B 1,48 paza (p<0,001) B HCTcn-
TeCTe NpPU HEU3MEHHOM UX KOJIUYECTBE
B HCTuHI-TECTE OTHOCHUTENIBHO KOHTPOJIS
(tabn. 5). IloBblieHNe aKTUBHOCTH aHTHOK-
CHJIQaHTHOM CHUCTEMBI M H3MEHEHHE MeTaboIH-
YEeCKOM aKTHBHOCTH HEHTPO(MWIIOB yKa3bIBa-
10T Ha (hopMUpOBaHUE aJanTUBHOTO 3 dekTa
U MOBBIIIEHHE aKTUBHOCTH KJIETOYHOTO 3BEHA
Hecrel(UIeckoil Pe3UCTEHTHOCTH opra-
HU3Ma K HOPMOOApUYECKOil THUIOKCHHU. YBe-
JUYEHHOE KOJMYECTBO JEeHKoIuToB (Ha 21%,
p=<0,05) yxa3biBaeT Ha GOpPMHPOBAHHE CTPYK-
TYpHOTO clefla ajanTallluid K YMEPeHHOH Iu-
MOKCHYECKOH TUTIOKCHH B TEUCHHE 3aJJaHHOTO
poMexyTKka BpeMeHH (14 nHeit).

Bo3zneticteue UMII He oka3biBaio BAUSHUS
Ha pa3BUTHE NAaTO(U3HOIOINYECKHUX IPOLEC-
coB. Bpems HacTymieHus CTaguM KJIOHHKO-

Tabnuya 2. CpasnumenvHuiili aHaiu3 BpeMeHU HAYALd CMAOUIL OCMPO2O SUNOKCUYECKO2O COCMOSHUSA Y HCUBOMHBIX
Mmedxncdy sxkenepumernmanvuvimu epynnamu HI'T, MIT u (HI'T+MII)
Table 2. Comparative analysis of the time of the onset of acute hypoxic state stages in the animals between experimental

groups of NHH, MF and (NHH+MF)

KoHTponb 11,45+0,37
HIT 14,85+0,47***
Mn 11,15+0,39

HIT+MM 13,70£0,67***

17,10£0,34 25,30£0,73
24,55+0,51*** 66,80+3,84**
17,40£0,55 24,75+0,99

28,05+0,80* AN 73,90+4,23***

Ilpumeuanue: *** — docmogeproe omauyue om kowmpons, kpumeputi Cmoiooenma, p<0,001; ~ — docmoseproe

omauuue om HI'T, kpumepuii Cmorodenma, p<0,001.

Note: *** — significant difference from the control, Student’ test, p<0.001; "~ — significant difference from NHH,

Student s test, p<0.001.
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Tabnuya 3. Pe3ynomamul 2emamono2uyeckux uccie008anuLl

Table 3. Results of hematological studies

lNMokasaTtenu KpoBM

MB (koHTponb)

Tun Bo3gencTeusA

Mn

HIT

HIr+MnN

KonuuecTtBo aputpouunTos, 10'%/n 7,43+0,11 7,2310,22 7,4610,13 7,59+0,19
Hb, r/n 127,34+2,51 134,72+2,98 130,67+2,27 138,68+2,79**A
Ht, % 39,58+0,48 41,3040,47* 40,2110,41 40,7410,34
MCH, nr 17,19+0,39 19,07+0,88* 17,58+0,38 18,40+0,61*
MCHC, r/an 32,21+0,61 32,74+0,71 32,4110,58 34,01+0,64*
MCV, cn 53,46+0,98 58,35+2,47 54,02+1,03 54,18+1,26
KonwuyectBo peTukynoumntos, %o 15,93+1,56 20,86+1,39* 15,45+1,50 19,61+1,427
KonuuecTso neiikouutos, 10°/n 11,2940,69 10,19+0,69 13,69+0,94* 12,05+0,87
JTiumcboumTel, % 80,30+1,57 81,20+1,36 84,35+1,09* 84,53+1,75*
ManouykosiaepHble HenTpodunbl, % 0,2040,12 0,07+0,02* 0,40£0,12 0,37+0,14
CermeHTosaepHble HeNTpodunbl, % 15,90+1,58 11,90+£1,03 11,45+1,10* 12,58+1,52
3o3uHounbl, % 3,45+0,49 2,60+0,56 2,70+0,39 2,21+0,46*
MoHouuTsl, % 0,15+0,08 0,55+0,16* 0,90+0,21** 0,26+0,13

Ilpumeuanue: * — oocmosepnoe omauyue om koumpons, kpumepuii Cmoiooenma, p<0,05; ** — docmosepnoe omnuuue
om xonmpons, kpumepuii Cmuviooenma, p<0,01; ~— docmoseproe omauuue om HI'T, kpumepuii Cmvrodenma, p<0,05.
Note: * — significant difference from the control, Students test, p<0.05; ** — significant difference from the control,
Student s test, p<0.01; ™ — significant difference from NHH, Students test, p<0.05.

Taonuya 4. Cocmosinue cucmemvl NepeKUCHO20 OKUCTEHUs TUNUOOE U AHMUOKCUOAHMHOU 3AUUmMbl
Table 4. The state of the system of lipid peroxidation and antioxidant protection

Twun Bo3gencTBUA
Moka3saTenu kpoBUu

MB (KoHTponb) mn HIT Hrr+Mn
MIA, MKMOnb/MI 1,8340,05 1,8610,05 2,01+0,07 1,82+0,05*

Katana3sa, monb/(MuHx1) 6,41+0,10 5,99+0,12* 6,19+0,14 6,30+0,08
BoccTaHOBMEHHbIN MYTaTUOH, MKMOMb/MIT 3p. B3BECU 2,34+0,05 2,53+0,04* 2,52+0,06* 2,47+0,04*

IIpumeuanue: * — docmogeproe omauuue om koumpois, kpumepuii Cmorooenma, p<0,05; ~ — docmogeproe omaudue
om HI'T, kpumepuii Cmorooenma, p<0,05.

Note: * — significant difference from the control, Student s test, p<0.05,; ™ — significant difference from NHH, Student’s
test, p<0.05.

Tabnuya 5. Qazoyumapnas u memaboruyeckas aKMUSHOCMb HeUMpPOPUIO8
Table 5. Phagocytic and metabolic activity of neutrophils

Twn Bo3pencTeuA
MB (koHTponb) Mmn HIT

lNMokasaTtenu KpoBu

HIr+Mn

darouuTapHas akTMBHOCTb, % 50,55+1,39 59,25+2,06*** 69,40+1,09*** 59,75+1,58*** A
daroumTapHoe 4ncno, Yactuua 10,09+0,27 16,00+0,66*** 16,51+0,36*** 11,76£0,44***AAA
% HCTcn 13,37+0,50 13,53+1,28 19,83+1,01*** 35,3242,15***AA0
% HCTuHp, 27,64+1,28 24,75+1,89 29,55+1,45 40,25+2,39* AN

Ilpumeuanue: *** — docmoseproe omauuue om kowmpons, kpumepuii Cmoiooenma, p<0,001; " — docmogeproe
omauuue om HI'T, kpumepuii Cmorodenma, p<0,001.
Note: *** — significant difference from the control, Students test, p<0.001; " — significant difference from the NHH

group, Student s test, p<0.001.
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TOHMYECKHX CYJOpOT, KOMBI U aroHHH HE OT-
JIMYAJIOCh OT COOTBETCTBYIOIINX KOHTPOJIBHBIX
nokasareselt. I1pu ananuse nokasareneii KpoBu
OTMEUeHO (hOpMHUpOBaHUE 3aALIUTHO-KOMIICH-
CaTOPHBIX PEaKklIWi B OTBET Ha IPEAbSIBICH-
Hoe BosnelicTBue. OO0 3TOM CBHIETEIBCTBYET
pOCT KolnMdecTBa PeTUKyIonuToB B 1,31 paza
(p<0,05), yBenmuueHue YpPOBHS T'E€MaTOKPH-
ta Ha 4% (p<0,05) m cpemHell KOHIIEHTpa-
muu  remoniobmHa B sputpouute (MCH)
Ha 10,9% (p<0,05). IMIyneCHOE MarHUTHOE
HoJie TPAaKTHYEeCKH HE OKa3bIBAJO BIIHSHUS
Ha TPOLECChl NEPEKUCHOTO OKUCIICHUS JIUIHU-
JIOB, O YEeM CBHUJIETEIbCTBYET HEJOCTOBEPHOE
U3MEHEeHHe B TIpenenax (U3HOJIOTHYECKUX
3HaueHuit yposHa MJIA. OnHako nmesna MecTo
peaxuys co CTOPOHBI aHTHOKCUIAHTHOM cHcTe-
MBI: YPOBEHb BOCCTAQHOBJIEHHOTO IJIyTaTHOHA
noBbItazcs Ha 8% (p<0,05). OTmeueHo yBemu-
YEeHHE TONIOTUTENBHON CIOCOOHOCTH HEHTPO-
¢unoB: @A mnossicunack Ha 17% (p<0,001),
@Y Ha 58% (p<0,001). ITpu sTOM mpHMeHsIe-
MBI (pU3HYecKuid (akTop He OKa3bIBaj BIIUS-
HHSI Ha KUCJIOPOJI3aBUCUMBIE TIPOLIECCHI B HEH-
TPO(UIIBHBIX JIEHKOLUTAX.

KoMmOunupoBanHOoe BO3IEHCTBUE  Kypca
YMEPEeHHOW  HOpMOOapUUecKoil  T'HUIOKCHUU
u UMII co creruanbHO MOX0OpaHHBIMU Xa-
pPaKTepUCTHKaMH MPUBOAMIO K JOCTOBEp-
HOMY YBEJIHUYCHHIO PE3EPBHOTO BpPEMEHU
Hayana cyznopor B 1,24 pasza (p<0,001), Bpe-
MEHU HaCTyTUIeHUs! KOMBI B 2,4 pa3a (p<0,001)
u 1,6 paza (p<0,001) cooTBeTCTBEHHO, a BpE-
Msl Hayana aroHun — B 2,9 pasa (p<0,001).
[Ipu 3TOM BpeMs HACTYIUICHHSI CTAJMU KOMBI
6b110 Oonbine Ha 14% (p<0,001), yem npu Tpe-
HUPOBKE HOpMOOapuyeckoil rumokcuu. JlaH-
Hble M3MEHEHUS yKa3bIBalOT Ha BBIPAKEHHOE
NPEKOHIUIIMOHUPYIOIIee JeiCTBUE KOMOMHA-
nuu ¢axropoB (HI'T u MMII), cymecTBeHHO
yBEJIMYMBAIOIIEe YCTOWYMBOCTh OpraHH3Ma
K OCTPOM TMIOKCUYECKOW THITOKCUU.

IIpu uccnenoBaHMM TOKa3aTeled CHUCTEMBI
KPOBH ITOJTyYCHO YBEINYEHUE YPOBHA IEMOITIO-
6una Ha 9% (p<0,01) OTHOCHUTEIHLHO KOHTPOJIS
u Ha 6% (p<0,05) ot rpynnst HI'T. YBenuun-

JIOCh COZIEPIKAHUE TEMOINIOOMHA B 3PUTPOLINTE
(MCH) na 7% (p<0,05) u cpenHss KOHIICH-
Tpamus remornobuna B sputporure (MCHC)
Ha 6% (p<0,05) MO CpaBHEHUIO C KOHTPOJb-
HBIM YypOBHEM 0€3 M3MEHEHHs KOJHYecTBa
SPUTPOLIUTOB, YTO CBUJETEIBCTBYET O CTUMY-
JSIIMY Ta30TPAHCIIOPTHOM (DYHKIHUU KPOBH.
IToBbImIeHNE KONUYECTBA PETUKYIOLUTOB yKa-
3bIBaET HA CTUMYJIMpYIOLee AeHCTBUE KOMOU-
Hauuu (pakTopoB Ha IpUTPON033. Poct ypoBHs
rnytatuona Ha 5% (p<0,05) oTHOcHUTENBHO
KOHTpPOJISL TaK)Ke yKa3blBaeT Ha IOBBIIICHHUE
YCTOMYMBOCTH JKHUBOTHBIX K THIIOKCHYECKO-
My Bo3zaelcTBHIO [3]. YpOBEHb BTOPHUYHOTO
MPOIYKTa MEPEeKUCHOTO OKUCIICHUS JIUIHIOB
(MIA) cauzuicst Ha 10% (p<0,05) otHOCH-
TEJILHO TPYMIBI )KUBOTHBIX, MOJIBEPTaBIIUXCS
BO3/ICHCTBHIO YMEpPEHHON HOpMOOapHUdecKoil
THUIOKCHH.

CoueTaHHOE BO3/I€IICTBHE MarHUTHOT'O OIS
n ymepeHHoil HIT npuBeno x MOBBILIEHUIO
MOTJIOTUTEIBHON CIIOCOOHOCTH M METaboITHye-
CKOHM aKTMBHOCTH HEHTPO(QHIOB OTHOCHUTEIb-
HO KOHTPOJBHOTO YpoBHA. llpu cpaBHeHUH
JlaHHbIX noka3zateneit ¢ rpynnoit HI'T momy-
YEHO JOCTOBEPHOE CHIDKEHHE (aronuTapHoit
aKTHBHOCTH HeWTpodminoB Ha 16% (p<0,001)
u (QarorurapHoro yuciaa Ha 40% (p<0,001).
C apyroii cTOpOHBI, IPU IPOBEACHUH CIIOHTaH-
Horo HCT-Tecta monyuymwinu yBeTu4eHUE MPO-
HeHta (OopMa3aH-TIOJIOKUTEIBHBIX — KJIETOK
Ha 78% (p<0,001). B unaynupoBaHHOM TecTe
yuciio HCT-nonoxuTenpHbIX HEUTPOGUIOB
JocToBepHO OobIire Ha 36% (p<0,001).

O6cyxaeHue pe3ynbLTaToB

0060011IeHIE MATEPUATIOB 110 UCCIICAOBAHHIO
KOMOMHHPOBAHHOTO BO3JEHCTBHUS DKCIIEPH-
MEHTAJIBHBIX (DAaKTOPOB IOKA3ajo, YTO OJHO-
kpatHoe mnpuMmeHeHue VIMII BwI3bIBasIO psif
peaKuuii, HaIpaBJICHHBIX, C OJHONH CTOPOHBHI,
Ha KOMIICHCALIUIO JBYXHEIEIbHOIO IEUCTBUS
ymeperHoit HI'T, a ¢ npyroii cropoHsl, Ha ele
Oosnpliiee TOBBIICHUE PE3EPBHBIX MOITHOCTEH
OpraHu3Ma U yCTOM4YHMBOCTU K DKCTPEMAJIbHO-
My (akTopy — octpoii rumokcun. VMzBecTHo,
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YTO NMPH KOMOMHAIIMY JBYX (haKTOPOB, UMEIO-
LIMX BIUSHUE Ha OIMHAKOBBIE CUCTEMBI, OHO-
sorudeckuit 3 ekt OyaeT BhIpaXkeH CUIIbHEE,
YeM NpU KOMOMHAIMHU (haKTOPOB, BIHMSIOLIMX
Ha pasHele cuctemsl [9, 24]. Ilo crtemnenu
YYBCTBUTEIBHOCTH PA3JIMYHBIX CHCTEM Opra-
HU3Ma K JACUCTBUIO MAarHUTHOTO IOJIS MEPBOE
MEeCTO 3aHUMAaeT HepBHas cuctema [3, 17, 26],
CTUMYJISILIUA KOTOpOH 00ycIaBIuBaeT ajarnTa-
LUUOHHBIA dddexT 1 Kk HopMoOapHyecKkor TH-
mokeuu [2, 11].

buosddexr, nomyyeHHbII B X0ze HCCeno-
BaHUSl KOMOWHHPOBAaHHOTO BO3JIEHCTBHS yMe-
peHHOH HOPMOOApPUYECKOH TUIIOKCHYECKON
THIOKCUM U MMITYJICHOTO MarHUTHOTO IO,
BBIp@Xajcsd B MX AHTUTHIIOKCHYECKOM IIpe-
KOHJMLIMOHUPYIOIEM JeicTBun. B pesynbra-
T€ Yero CyIIEeCTBEHHO YBEIWYHBAJIACh yCTON-
YHBOCTh OpPTraHU3Ma K BO3/EHCTBHIO OCTPOI
THIOKCHH: OTCPOYMBAJIOCH BpeMsl IO HACTYTI-
neHust muopenakcanud Ha 14% (p<0,001)
OTHOCHUTEJIBHO ~ aHAJOTHYHOIO  ITOKa3aTes
IIPY MOHOBO3/ICHCTBUU YMEPEHHOU TUIIOKCHH.
CoBMecTHOE PUMEHEHHE (haKTOPOB COMPOBO-
KJIAIOCh TPEUMYIIECTBEHHO d(pdeKkramu aj-
JUTUBM3MA U XapaKTepU30BaIOCh Ooliee BbI-
PaXEHHON yCTOMUMBOCTHIO KUBOTHBIX kK OI'C
110 CPAaBHEHHUIO C UX HM30JUPOBAHHBIM BO3ACH-
cTBUEM. BricoKkast yCTOMUUBOCTB K OCTPOU T'H-
MOKCUH 00eCIIeurBaIach pa3BUTHEM a/1alITHB-
HBIX T€MUYECKHX CIBHIOB (PETUKYJIOIUTO3,
MOBBIIIICHUE KOHLIEHTPALMK TeMOIIOOHHA)
W yBeIMYCHHEM Heclenn(pUuecKoil pesu-
CTEHTHOCTH OpraHM3Ma, MOBbIIast 3PPEeKTHB-
HOCTh HeCHeUM(PHYECKHX KIIETOYHBIX MeXa-
HU3MOB €CTECTBCHHOM 3ainuThl. [loBbIIEHNE
COZIepXKaHUs TeMOTIIOOMHA B KPOBH TIPHBOJIUT

CMNMUCOK JINTEPATYPbI | REFERENCES

K YBEIMUYEHHIO CKOPOCTH TPaHCIOPTa KHC-
JopoJa apTepHaibHOW KpOBBIO, YTO obecrie-
YHBAeT yIy4lIeHHE CHAOXEHUS KUCIOPOJOM
rosioBHOro mo3ra [1]. Ha agantuBHOE pa3Bu-
THE (QYHKIMOHAIBHOW aKTHBHOCTH aHTHOKCH-
JAHTHOM CHCTEMBI yKa3bIBaJIO U JJOCTOBEPHOE
YBEJIMYEHUE B JPUTPOLUTAX KOHIIEHTPALUU
BOCCTAHOBJICHHOTO IyTarvoHa. Ilo anammzy
pe3ylbTaToB H3MEHEHHS COCTOSHHUS CHCTe-
MbI [1OJI MOXXHO TOBOPHUTH, YTO MMITYIBCHOE
MarHUTHOE MO0Jie HUBEIHPOBaiIo 3ddekT mo-
BBIIIICHUS MTEPOKCUIAIIMY B CBIBOPOTKE KPOBH,
BbI3bIBaeMbIi ierictBuemM HI'T.
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B HacTosimee BpeMst I peAaKTUPOBAHUS KJIETOYHOTO FE€HOMA HCHONIB3YIOT TEXHOJIOTHH, OCHOBAHHBIE Ha
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in vitro, HO 3HAUMTEIBHO CAEPKUBAIOIINX PETAKTUPOBAHUE TeHOMa yenoBeka. Ha JaHHbBI MOMEHT HaKOII-
JIeH 3HAYUTENbHBIA ONBIT IPUMEHEHNS TCHOPENAKTHPYIOMINX TEXHOIOTUH JUIS JICYEHUsI ¥ MPODHIaKTHKH
TeHETHUYECKNX 3a00NeBaHNi, TPAHCMUCCUBHBIX U BHUPYCHBIX MH(EKIHH, OfHAKO JaibHEHIIee pa3BUTHE
CIEPKUBAIOT KaK TEXHUIECKHUE, TAK M STUYECKHE MPoOneMbl. 3a/1ada 3KCIEPTHOTO cOO0IEeCTBa U TOCyaap-
CTBa — 00ECHEYNTH IIABHYIO HHTETPAIMIO0 METOI0B TEHOMHOTO PEAAKTHPOBAHHS B )KN3Hb OOIECTBA, HE
JIOMYCTUB 3HAYUTETBHBIX CONNAIBHBIX MOTPSICEHUI.

KuroueBbie ciioBa: penakrupoBanue reanoma, CRISPR-Cas, 61ostuka, reHHbIH JpaiiB
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Genome editing technologies are currently based on the use of one from the three classes of nucleases, i.e.
a zinc finger, TAL or CRISPR-Cas. Drawbacks inherent in each of these approaches, though not being
critical for animal or in vitro experiments, significantly limit their application in human genome editing.
Considerable experience has so far been accumulated in the field of using gene-editing technologies for the
treatment and prevention of genetic diseases, transmissible and viral infections. However, further progress
is hampered by various technical and ethical problems. It is the task of expert communities and the state
that genomic editing methods be smoothly integrated into everyday practices without significant social
upheavals.
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BeseneHue

B ocHOBE BBICOKOI(()EKTUBHOTO pEIAKTHPO-
BaHUS T€HOMA JISKUT BO3MOXHOCTH peasinza-
LMY TOYHO HAIIPaBJICHHOTO JIBYXIIETIOYEYHOTO
paspeiBa JIHK B mHTEpecyromiei XpoMocoM-
HOW MOCIIeI0BaTeIbHOCTH. MHOTOUNCIIEHHBIE
Hecrenuduyeckue paspbiBbl JIBOWHOMN IIenH
JHK mpoucxomar B Xoie €CTECTBEHHOTO
npouecca Mmeio3a [1] wiu Moryr ObITh HC-
KYCCTBEHHO BBI3BaHBI MOHU3HUPYIOIIUM H3ITY-
yenueMm [2]. JlanpHel1me mpoiecchl penapa-
LU MOTYT MPOHCXOIUTH C HCIOIb30BAHUEM
OJTHOTO M3 JBYX OCHOBHBIX MEXaHHM3MOB: He-
romonorngHoro coeauHeHus kosios (HCK)
win romonoruueckoii pexomoOuHanuu (I'P)
[3-6]. B xome HCK mnpoucxoaut iauruposa-
nue koHuoB /IHK ¢ muHuMansHO# depment-
HOW 00pab0TKO#1 B caiiTe COeTUHCHHUS KOHIIOB,
B TO BpeMmsl Kak nipu ['P B kadecTBe penapanu-
OHHOM MaTpHIIB], KaK MPaBMIIO, UCIOIb3YETCS
HEIOBPEXXJCHHAs TOMOJIOTHYHAS IOCJeI0Ba-
TEJIBHOCTh CECTPUHCKOM XpOMaTHIBI.

B MonenpHBIX 3KCHEpUMEHTaX C BBICOKO-
crnieduIeckuMK HyKJiea3aMu Oblia ToKa3a-
Ha crumynsiiust kak HCK, tak u I'P B kier-
Kax JApOXOKEH M MIIEKONMUTAIONUX M, TaKUM
00pa3om, ObUI MOJYYeH MyTh K IPOrpaMMHU-
pyeMoMy peaakTUpoBaHHIO reHoma [7—11].
Wnorna B xome pemaparu merogqom HCK

MPOUCXOMAT OIMIMOKH, YTO IMPUBOAWUT K He-
OOJIBIIUM JIOKIBHBIM WHCEPLHUSAM M JeJeLu-
sM. JlaHHBIE MyTalMy MOTYT BBI3bIBATH HHAK-
TUBALIUIO PEIAKTUPYEMOTO TeHa.

B Hacrosiee Bpemst B MOJIEKYJISIpHOI OHO-
JIOTUU WCIONB3YIOT TPH MOIIHBIX Kiacca
HyKJIea3, KOTOpbIeé MOI'YT OBITh 3amporpam-
MHPOBaHbI Ha NIOJyYeHUE IBOWHBIX Pa3phHIBOB
MO CYIIECTBY B JIIOOOH »KeIaeMOH MHIICHH:
HYKJI€a3bl [IMHKOBOTO MaJiblia, TPAHCKPHIILH-
OHHBIE aKTHBaTOP-NOJ00HBIE 3P PEKTOPHBIE
Hykieassl (TAL nykieasst) u CRISPR-Cas ny-
kneassl [12, 13]. B Hacrosiee BpemMsi UMEHHO
CRISPR-Cas noMHHHpYET B HCCIeI0BaTelNb-
CKHX J1a00paTopusiX M0 BCEMY MUPY, IIOCKOJIb-
Ky OCTajJbHbIe METOIbl MeHee S(P(EKTUBHBI,
Oonee 3arparHel U TpynoeMmku [14]. OgHako
BCE BBIIICONUCAHHBIE CIIOCOOBI ObLIM OOHa-
PY’XEHBI B XOJI¢ UCCIICIOBAHUI €CTECTBEHHBIX
OMOJIOrMYeCKUX TMPOLECCOB, a HE B TpoLEcce
MOMCKAa WHCTPYMEHTOB JUIS PEIaKTUPOBAHHS
reHOMa, YTO B OUYEpEeIHOM pa3 IOKa3bIBACT,
KaK CHJIBHO BiIHseT (DaKTOp CIy4ailHOCTH
Ha pa3BUTHE COBPEMEHHOMN HAyKHU.

OrpaHn4yeHusi COBpeMEHHbIX METOAoB

penakTupoBaHUsl reHoma
IIpumeuaTenbHO, 4YTO BCE TEHOM-pElak-

TUPYIOHIUE HYKJI€a3bl MO CYTH BCCro JHIIb
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MIPOU3BOMAT JABYXLETIOYEUHbIH pa3pbiB  Xpo-
mocomuoi JTIHK. I'maBHbli kputepuii a¢dex-
TUBHOCTU — CIICIM(PUIHOCTE TIAT(HOPMBI pe-
JAKTUPOBAHUS K YE€TKO 0003HAaUCHHOMY Y4aCTKy
TeHOMa U OTCYTCTBHE pa3phlBOB B OCTAJIBHBIX
nokycax. OmHaKo BCe, 4TO MPOUCXOTUT IOCHe
paspsbiBa, ONpeneNnseTcd MeXaHH3MOM pernapa-
uuu knerouHor JIHK, nBa Bapmanrta kotopoit
OBbLIM ONHCaHbI paHee. BONBIIMHCTBO coMaTH-
YEeCKHX KJIETOK Y BBICIIHX SYKapUOT 3aITyCKaloT
nporiecc HCK ¢ comyTcTBYIOmUM BO3HUKHO-
BEHUEM UHCEpPLMH U JENEelUN dalie, 4eM KO-
MUPYIOT MOCIEA0BATEIBHOCTH OT IPEIOCTaB-
nenHont nonopuoit JIHK. Drto mpuemmemo,
€CIIM LIeNIb peaKTUPOBAHUS — HOKayT IeHa
WK KOMITJIEKCA T€HOB, HO 3HAYUTEIBHO OTpa-
HUYHMBACT BO3MOXKHOCTH BBEJICHHSI COOCTBEH-
HBIX HYKJICOTHJHBIX IOCJIeJOBAaTEIIEHOCTEH.
B wuccnenoBanusix [15, 16] Obul JOCTUTHYT
OTpaHMYEHHBIN yCHeX B MOAYIMPOBAHUH CO-
OTHOLICHHS MEXIy LEJCBHIM M MYyTaHTHBIM
MIPOIYKTOM, HO [TOKa YHUBEPCAJIBHOE PEIICHNE
HEe HaWIeHO, U AJIS1 HEKOTOPBIX THIIOB KJIETOK
HCK ocraercs Hanboliee yacto pean3yeMbIiM
criocoboM pemnapaiy. Heckoibko HemaBHHX
COOOLIEHUH IIOKA3bIBAIOT, YTO HH3KOMOJIEKY-
JISIPHBIE WHIMOUTOPBI KIIOUEBBIX (HEPMEHTOB
npouecca HCK moryr ObITh 3¢phexTuBHBIMU
[17-19], HO HEOOXOAMUMBI OMOJTHUTEIBHBIC
WCCIIE/IOBAHUS JUIsl CO3/IaHusI OoJiee HaJIeKHBIX
peareHToB. [IpyruM ciocoOOM BIMSHHS Ha (-
(DeKTUBHOCTH BCTAaBKH IICJIEBOTO T€Ha SIBJISIET-
cst Mopudukanus noHopHO# Mmonekyasl JTHK
[20], cBsi3b JOHOPHOW MOCIEAOBATEIBHOCTH
¢ Hanpasistonied PHK [21] u ucnons3oBanue
€CTECTBEHHBIX MEXaHM3MOB /IS BCTABKU HYXK-
HBIX (parMeHToB [22, 23].

C 1pyroii CTOPOHBI, BCe IUIAT(OPMBI
JTHK-penaktipoBanusi 00Jaal0T BBICOKOH,
HO OrpaHUYCHHOW crenupuuHOCThI0. B of1-
HOM M3 TOCIETHUX HCCIIeJOBAaHMUI IOKa3aHa
BO3MO)KHOCTh  YBEJIMUEHUS CHEHUPUIHOCTH
CRISP-Cas myrem wmonymsiuuu Oenka Cas9
n Hanpapisiromedt PHK. Hackonpko BakHa
aOcooTHasE CrIeNUPUIHOCTD CUCTEMBI pellaK-
TUPOBaHMSA, a TAKXKE OTCYTCTBHE MYTareHHOTO

MOTEHIIMAJA, 3aBUCUT OT c(epbl IPUMEHEHUSL.
Bo MHOrHMX MOJENBHBIX OpraHM3Max Cylie-
CTBYIOT CIIOCOOBI MpENOTBpAIIEHHs 3KCIIpec-
CHM MYTaHTHOTO T€Ha, HalpHMep, IyTeM €ro
HOKayTa 1 3aMeHbI TeHOM Jukoro Tumna. Ha gan-
HBIE MEXaHU3MBI MOKHO TOJIOXKHUTHCS MPU pe-
JIAKTUPOBAHUY '€HOMA PaCTHTENIbHBIX MK OaK-
TepUANIbHBIX KJIETOK, a TaKKe NPH CO3IaHHUU
TYMaHU3UPOBAaHHBIX ~ MOJENed  JKUBOTHBIX
JUtsi (hapMaKoJIOTHYECKUX MCCIeNoBaHui [24].
Jlaxxe B HEKOTOPBIX MEAMUIIMHCKUX NpHMEHe-
HUSIX HeleJIeBble MyTallud MOT'YT OBITh JOIy-
CTUMBIMH, €CJIM OHHU HE NPUBOASAT K BOSHUKHO-
BCHHUIO 3a00JI€BaHUi, OJJHAKO JAHHBIA aCIEKT
SIBJISICTCSI HAMOOJIEE AITUYCCKHU YSI3BUMBIM [25].

Pa3spaboTka HOBbIX nnaTtdopm peaak-
TUpPOBaHMA reHomMa

MOJXHO ¢ yBEpEHHOCTBIO CKa3aTh, YTO pelaK-
THPOBaHHE TeHOMa OyAeT OCTaBaThCs IIMPOKO
HCTIOJIB3YEMbBIM MHCTPYMEHTOM KaK B HAYYHBIX
HCCIIEZIOBAaHUAX, TaK U B KOMMEPUECKON U Me-
JMLIHCKOH cdepe. Bo3HuKaeT Borpoc: sBsieT-
cst mu CRISPR-Cas nocneaHuM ci10BOM B Ipo-
rpaMMHUPYEMBIX HYyKJI€a3aX, WK, BO3MOXHO,
Ha TOPU30HTE €CTh YTo-To Jyulte? Ha gaHHbIf
MOMCHT TPYAHO IPEACTAaBUTh CUCTEMY, KOTOpast
CYIIIECTBEHHO MPOIIe, YeM Paco3HaBaHHE r'eHa
KOMITJIEMEHTapHOW MaTpullell M paclieruie-
HUEe OJHUM OeakoM. Bo3MOKHO, OETOK MOKET
OBITh MEHBIIIE 1 o6na;:[aT1) JOINOJTHUTCJIBHBIMU
MOJIC3HBIMH CBOﬁCTBaMH, HO BCC OTO Bapuvalyu
Ha OJIHY U Ty € TeMY, a He HEYTO COBEPILIEHHO
HOBOE. Bo3mMorkHa pa3paboTka XUMHUECKOM CH-
CTCMBbI, OCHOBaHHOM Ha HU3KOMOJICKYJISIPHBIX
CHUHTCTHYCCKHUX COCIHMHCHUAX, COUCTAKOIIUX
pacnosnaBanue JIHK c ee pacmerenuem. Hc-
CIIeIOBaHMs, HAlpaBlIeHHBIE Ha TOCTHXKCHHUE
3TOM 11eJM, IPOIOJIKAIOTCS ECATUICTUIMU —
OT TPHIUIEKC-00Pa3yIOIINX OJIUTOHYKIEOTHIOB
[26] no menTUAHBIX HYKJIEHHOBBIX KUCIIOT [27]
U TONUUMHUHOB [28], — HO 70 CO37aHus Iar-
(dopmbl ¢ anekBaTHO# A(P(EKTUBHOCTBIO pac-
IICTUICHNS U TUANla30HOM PACIO3HABAaHHS elle
04eHb Jainexo. IToxoxke, 4To HOBbIE METOIBI pe-
JIAKTUPOBAHMS TEHOMA, €CJIM M OyIyT CO3JaHbl,
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OoOHapy’kaTcs B XO/I€ UCCIIE/IOBaHUH €CTEeCTBEH-
HBIX IIPOILIECCOB, a HE B MpOIecce YayUIIeHUS]
texHukn CRISPR. Bapuantom paspbiB-uHIY-
LUPOBAHHOTO PEAKTUPOBAHUS F'€HOMA SBIISAET-
cst CRISPR-onocpenoBanHOE pelakTHPOBaHUE
a30THCTBIX OcHOBaHMH [29-32]. B nanHO# Tex-
HOJIOTUH HUCNONB3yI0T HuKazy Cas9, koTtopas
penaktTupyer Juiib oaHy HUTh neneBoi JTHK,
IIPY TOM MONY4YarOT HE pa3pe3aHHylo, a Haj-
pesannyo JIHK. IlpeobOpa3zoBanue MUTH3MHA
B YpalliiI B IIpeieax HECKOJIBKHX Map OCHOBA-
HUM, OMKaliliuxX K caTy CBSI3BIBAHUS, OIIpe-
nemsiemoMy PHK, npuBoanT K M3MEHEHHSAM
9KCIPECCUH B ATOW O4YeHb y3Koi obnactu. by-
Jyliee WCIOB30BaHUE 3TOTO IOAXO0A MOXKET
BKJIIOYaTh B T. Y. MOAW(HKAIMUIO OTACIBHBIX
ayiesnel TeHOB YerIoBeKa.

MpumeHeHMe TeXHOMNOrUM pepakTUpPo-
BaHUA reHoma B MeguLMHe

Ha na"HbIil MOMEHT Onucano OOJIbIIOE YKUC-
JIO TIONBITOK HCIIONB30BaHUS T€HHOTO pPEelaK-
TUPOBaHUSA B KIMHHYECKOM mpaktuke. FDA
O0OPWIIO psii KIMHUYECKUX HCCIEAOBaHUM,
BKJTIOUAIOIIMX PEAaKTHPOBaHHE FEHOMa COMa-
THYECKHUX KJIETOK Ui KIMHUYECKHX HCIIBITa-
HUii ¢pa3bl . B caMbIX paHHUX HCCIIEIOBAaHUAX
HCIONB30BAIM HYKJI€a3bl IIMHKOBOIO MaJiblia
Jutst HokayTa reHa peuentopa CCRS B T-nmum-
¢omutax BUY-mon0KHUTEIBHBIX MAI[HCHTOB
[33], nannas Mmomudukanus aenaet T-KiIeTku
YCTOHYMBBIMU K BUpYCY. B nanbHelmem ruia-
HUpYETCS peJaKTHPOBATh T€HOM KIICTOK-TIpe/i-
LIECTBEHHUII JIUM(OLIUTOB, YTO MOXKET TOBBI-
cuTh 3 HEKTUBHOCTD TEPAITUH.

TAL-Hyknea3sl  OBITM  HCIIOJIB30BAHBI
JUIsl TIOBBILEHUST 3()(EKTUBHOCTH Teparuu
CAR-T xnerkamu [34], kpoMme TOTO, AT ITOU
LIeJTU OBbLIH O/I0OPEHBI J1Ba UCCIIEI0BAHUS C HC-
nons3oBanueM CRISPR-Cas9 [35, 36]. Otu
IIpUMEepbl OCHOBaHBI Ha PeaKTHPOBAHUH Te-
HOMa KIJIETOK, IPEABAPUTENHHO BBLACICHHBIX
13 OpraHM3Ma C IOCIEAYIONIMM BBEICHHEM
TOMY >K€ MaIlMeHTY, y KOTOPOro OBLT MPOu3Be-
JieH 3a00p (ayToNOTHYHbIE OMOMEIUITMHCKUE
KJICTOUHBIE TIPOYKTHI).

Taxue mpoueaypsl ex vivo obecrneyuBaroT
JIETKYI0 JIOCTAaBKY PpENaKTUPYIOIUX CHCTEM
B KJIETKH, a TaKk)Ke BO3MOXXHOCTb M Tpe/Ba-
PUTENBHYIO XapaKTEPUCTHKY OTPEIaKTHUPO-
BaHHBIX KieTok. [To Mepe pa3BuTHS METOIOB
KJIETOYHOW Tepanuyu pelakTHPOBaHUE T'eHO-
Ma OyleT CTaHOBUTHCS HEOTHEMIIEMBIM HX
JIOTIOJIHEHWEM. B 4acTHOCTH, M3 MOMYJISIIUH
COMAaTHYECKHX KIETOK HWHAWBUAYyyMa MOTYT
OBITH BBIICICHBI CTBOJIOBBIE KJIETKH, MyTEM
peNaKkTUpOBaHUSA Te€HOMa KOTOPBIX ex Vivo
U TIOCIIETYIOLIEr0 BBEACHUSI MOXET OBbITh M3-
MeHeH (DEHOTHI BCEro OpraHa Wik TKaHH.

Bo MHOrux ciyuyasix KJe€TOYHas Tepanus
HEBO3MOXKHA (HAarpuMep, HEBO3MOXKHO BbIJIE-
JIUTh BC€ WJIM XOTA OBl OOJBIIYI0 YacTh Iie-
JIeBBIX KJIETOK). B HacTosee Bpems BeayTCs
KJIMHAYECKHE WCIBITAHUSI CPEJICTB IS Jie-
YeHHs1 TeMO(UINK M JTM30COMHBIX OOJe3Hei
HaKOIJICHUsI, OCHOBaHHBIE Ha JOCTaBKE HY-
KJI€a3 [IUHKOBOIO Majiabla in Vivo BUPYCHBIMU
BeKTOpaMu. TakuM 00pa3oM OCYyLIECTBISIOT
peAaKTUpOBaHHE T€HOMA IremaToluTOB, KOTO-
pBI€ OTHOCAT K THITy KIJIETOK, JIETKO JOCTYII-
HBIX Ui BHeApeHus. JlocTaBka B KJIETKH
JPYTUX OPTaHOB in vivo MOTpedyeT CO3aHusl
HOBBIX BEKTOPHBIX H HEBEKTOPHBIX ITOJIX0/I0B
Y, BO3MOXKHO, CO3JIaHHs CTIEU(PHYECKUX JTH-
HUH TEHHOMOAM(UIIMPOBAHHBIX CTBOJIOBBIX
KJIETOK. AKTHBHBIE HCCJIEZIOBAaHUS HaIpaBJe-
HBI Ha JICYCHUE U APYTHX TEHETHYECKUX 3200-
JIeBaHUM, BKIIOYas CEPIOBUAHOKICTOUHYIO
aHemuto u muomuctpoduro. Kak u ans jro-
OBIX CPEACTB MEIUIIMHCKOTO NPHUMEHEHHUS,
JUIS CHCTEM TEHOMHOTO pPEJaKTHPOBaHUS
JNOJDKHA OBITH  JI0Ka3zaHa dS((GEKTHBHOCTD
U 0€30IaCHOCTb.

Eme omHUM npuMeHEeHHEeM reHOM-PEIaKTH-
PYIOIINX TEXHOJIOTHH, KOCBEHHO CBSI3aHHBIM
C MENIUIIMHOM, SIBISETCS CO3JJaHHe TPAHCTEH-
HBIX JKUBOTHBIX-MOZIEJEeH, WMHTHPYIOIINX
TO WIM HWHOE THAaTOJIOTMYECKOe COCTOSHHE,
C IIEeTbI0 MCIIOJB30BAHUS B JOKIMHHYECKHX
UCIIBITAHHUSAX JIEKAPCTBEHHBIX —IIPENapaToB.
B wuccnenoBanusix [37-41] Obul IOCTUTHYT
3HAYUTENIBHBIA Mporpecc B CO3JaHUM T'€HHO-
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MOTU(DHUIIMPOBAHHBIX MBIIICH ¢ BBEACHHBIMU
yenoBeueckuMu renamMu NAT1 u NAT2.

PepaktupoBaHue
yesfioBekKa

Ilo npuunHe JErkoCcTH PENAKTUPOBAHUS Ie-
HOMa ¢ ucnosb3oBanueM mardopmel CRISPR
U, COOTBETCTBEHHO, LIMPOKHUX BO3MOKHOCTEH
37I0yNOTPEOICHNSI TEXHOJOTUEH CYyIEeCTBYET
3HAYUTENIbHBI MHTEpEC K NEpPCIEeKTUBAM pe-
JIAKTHPOBaHHUsI TeHOMa SMOpHOHA 4YeJOoBeKa.
OCHOBHOIl MeTOJI MPUMEHEHUs] — JOCTaBKa
PENaKkTUPYIOIINX areHTOB B KJIETKU dYMOPHOHA,
CO3IaHHOTO IIyTEM OIUIOAOTBOPEHUS in Vitro.
B Oynymem moxeT okazarbcsi Oolnee 1ieneco-
O6p33HLIM " OTUYCCKU TPUEMIICMBIM PEIaKTU-
poBaTb TaMCTOICHHBIC KIICTKHU-TNIPEANICCTBCH-
HUKH y Oynynmx pomureneil. I[Ipeumymectso
3apOJIbIILIEBOM  KOPPEKLUMH ajulefiedl TeHOB,
COOTBECTCTBYIOIINX TMATOJIOTUYCCKHUM COCTOsA-
HUAM, 3aKJIIO4acTCA B TOM, YTO OHH HaBCCraa
MCYE3HYT U3 TeHoMa. OTHAKO CYILECTBYET PUCK
TOr'0, YTO MOIBITKA HCIIPABUTH reHETHYECKUI
KOJI HEpOJMBILIErocs peOeHKa MOXKET IMpUHe-
cTH Oorblle Bpena, yeM noib3bl. CoBpeMeHHast
TEXHOJIOTHS PEAaKTUPOBaHUs TeHOMa He 00Ia-
JIaeT A0CTaTOuHOM 3()(HEKTUBHOCTHIO U CIICIIH-
(UYHOCTBIO, YTOOBI TMOJHOCTBIO TapaHTHPO-
BaTh 0€30MacHOCTh. MyTaliK, BO3HHUKAIOIIHE
B HELEJIEBBIX JIOKyCaX XPOMOCOM BCIIC/ICTBHE
BBCICHUS  PENAKTUPYIOIIUX  KOHCTPYKIIMM,
MOT'YT BJIMATH Ha OpraHm3M peOcHKa M Tepe-
JaBaTbCA U3 IMOKOJICHUA B ITIOKOJICHHUC, a UX 3(1)-
(ekThI He Beera OyayT J0OpOKaueCTBCHHBIMH,
NpeIcKa3yeMbIMH T OOPaTHUMBIMU.

IIponomxkatomiecs HCCIEAOBaHUS clerna-
10T pelaKTHpOBaHUe TeHoMa SMOpHoHa Oolee
Oe3omacHbIM U Ooiee 3 (HEKTUBHBIM, U KaXKeT-
ciA HeI/I36e)KHI)IM, YTO OHO B KOHCYHOM HTOIC
OyZeT IIMPOKO UCIIONb30BaThCsl. B To e Bpe-
M BaXKHO MIPOBOAWTH o6cy>1<,ueHHe OTUYCCKUX
BOITPOCOB, CBA3aHHBLIX C TAKUMH TCXHOJIOTH-
amu [42]. Dkcnepramu B 061acTu OMOITHKU
OBbUT NIpe/ICTaBIIEeH NOAPOOHBIN 0030p MPaKTH-
YECKHUX TPYAHOCTEH pEAAKTHUPOBAHMS T'€HOMA
3sMOpHoHa yenoBeka [43].

reHoma 3MOpuoOHa

MpumeHeHMe TeXHOMOrMM peaAaKkTu-
poBaHuA reHoma AnsA NpodUNakTUKu
TPaHCMUCCUBHBLIX MHEKLUN

Jpyroe mpumMeHeHHE peJaKTUPOBaHMS Te-
HOMa, KOTOpO€ CTalo IpPUBJIEKaTh BHUMaHHE
B IIOCJIEHIE HECKONBKO JIET, — HCII0JIb30Ba-
HHUE ero B TeHeTHYECKOM IpoIiecce, Ha3bIBa-
€MOM TI'eHHBIM JpaiiBoM. B ocHOBe panHOro
mporecca — 3aKOHBl TE€HETHKH, COITIACHO
KOTOPBIM HCKYCCTBEHHO BBEJICHHBIN OTHOMY
WM HECKOJNBKUM MPEICTaBUTEIAM IeH MOXKET
JIOBOJILHO OBICTPO PacIpOCTPAHUTHCS M H3Me-
HUTHh T€HOM BCEH MOMYNIALUHU, IPUYEM Jaxe
B TOM Cllydae, €CJIM MPU3HAKH, KOTUPyEeMbIe
9THM TEHOM, YMEPEHHO IMaryOHble sl Op-
raHuzMa. EcTecTBEHHBIE OpaiiBbl T'€HOB YK€
ObutM OOHApy)KEHBI, HO TEKYLIMH HHTEpec
COCpPEOTOUeH Ha TeX, KOTOphIe OIMOCpeno-
BaHbl CRISPR-Cas9 [44]. Cunrernueckuii
TeHHBIN IpaiiB ObLT MpEqIOKEH JUIsl YHHUTO-
JKEHHsI KOMapoB, TIEPEHOCSIIUX TPOIUYECKUE
6one3HH (IIpekae BCETO, MAIPHIO U JKEJITYIO
nuxopanky). K npumepy, uCKyCCTBEHHO BBO-
JIWITH T€HBI CTEPIIIBHOCTH caMoK [45] 1 reHsl,
KOZIUpYIOLe (aKToOpbl, 3aMEIISIFOINE POCT
napasuta — MajspuifHoro maasmonus [46].
JlaHHBIE TOIXOIBI MOTYT 3HAUYUTEIBHO COKpa-
TUTh paclpocTpaHeHHe OOJNE3HH B paiioHax,
TJIe ee JIeueHHe BeChMa TPYIHO OPTaHU30BaTh.
3HayuTenbHAs TSDKECTh M PACIPOCTPaHEH-
HOCTh 3a00JIeBaHHM, IEpEefaloIuXCs KoMa-
pamu, 0COOCHHO B Pa3BMBAIOLIMXCS CTpaHaX,
MOJATAJIKUBAIOT HCCIIeoBaTeNe Kk peanausa-
1MUY BBINIEOTMCAaHHBIX unel. C Ipyroi cTopo-
HBI, IEpCIEKTHBAa HAMEPEHHOTO MU J1aXe He-
IpeTHAMEPEHHOTO BIMSIHUS Ha TeHETUYECKHI
npoduiIb LEN0ro BHIA KHMBBIX OPraHU3MOB
BBI3BIBAET 032004Y€HHOCTH B oOmiectBe [47,
48]. OueHb TpyaHO TIPEICKa3aTh MOCIEICTBUS
yIOaJIeHUus] OJHOTO M3 3BEHBEB JKOCHCTEMBI.
Ecnu kxakasg-To momynAnus KOMapoB HCYeE3-
HET, KaKoBO OyJeT BO3/ICHCTBHE HA BUJIbI, B3a-
HUMOJICHCTBYIONIUE C HEll, — PacTeHus, PHIObI,
nTunel? Jlpyrue BUIBI CKOPO 3aloJIHAT CBO-
06oxHYyI0 HuIy, HO OyIyT JIU OHH OKa3bIBaTh
TaKoe *e BIMSHHUE Ha UX oKpyxeHue? CraHer
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T IpaiiB HedPEeKTUBHBIM M3-3a €CTECTBEH-
HBIX MeXaHM3MOoB ananrtanuu? Takxke paspa-
OarbIBaeTCsl OOpaTUMBIN TeHHBIN apaiiB [45],
HO ero 3()QEeKTUBHOCTH MIOKA HE OLIEHUBAIACH.
K coxanenuro, manomacuirabHbie J1abopa-
TOPHBIE TECTHl HE CIIOCOOHBI IpEICcKa3aTh
pe3ynbTaThl MPUMEHEHHUs] TEHHOTo JpailBa
B €CTECTBEHHOM cpeie, M03TOMY JI0 TeX MOop,
[OKa TaKKe TEXHOJIOTHUH He OyJIyT pean3oBa-
HBI, COOTHOLICHHUE TOJIb3bI M Bpena Al HUX
OyZIeT HEU3BECTHBIM.

3aknioyeHue

[MapannenbHO ¢ pelieHueM MEeTOO0JIOoTHYe-
CKHX 3aJ1ad, CBSI3aHHBIX C TEXHOJOTHSMH pe-
JaKTUPOBaHHs T'€HOMa, Ba)KHO PacCMOTPETh
U coLMalIbHBIC TIPOOJIEMBI, CBSI3aHHBIE, IPEXK-
JIe BCEro, C MEAUIMHCKUM MPUMEHEHHEM Ta-
kux riardopm. Kro nomkeH pemars, Kakue
MIPOAYKTHI MJIM METOJbI JICYCHUS] MOTYT OBITh
pa3paboTaHbl, a KaKhe TO/DKHBI OBITH 3armpe-
nieHsl? Bo3aMokHO Jn TOOpOBOJNIBHOE COTvIa-
CHe€ Ha y4acTHE B UCCJICJOBAHUSIX C BHICOKUM
puckoM ans xu3Hu? Kakue cocTosHUS MOTYT
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BricokouacToTHAs dNeKTpHYecKas akTHBHOCTE B nuana3one 30—100 ['m, m3BecTHast Kak TaMMa-pUTMEIL, Ha-
OroaeTcss BO MHOTHX OOAacTSIX MO3Ta, T7Ie OHA 00eCIIeunBaeT CHHXPOHU3ANNIO aKTHBHOCTH HEUPOHHBIX
ceTel, KOTopble 00padaThIBAIOT, MEPENAIOT, XPAHAT U IMOMYYalOT WHPOpPMAIHIO. ['aMMa-pUTMBI UTPAIOT
KITFOYEBYIO POJIb B IPOIECcCaX BBICIICH HEPBHOH AEATENHHOCTH, TAKUX KaK BHHMaHHE, CEHCOPHOE BOC-
MpUsATHE U GOPMUPOBAHUE MAMSITH, a UX HAPYIICHUE SBISETCSA OOIIUM CHUMIITOMOM 3a00JICBaHUI, CBSI3aH-
HBIX C HAPYIICHUSIMH KOTHUTUBHOHN ()YHKIWH, B T. 4. 00€3HN AJbIreiiMepa, SMUICNICHU U IU30(QpeHUH.
HccnenoBanus mMoCIeqHUX JIET MOKA3ald, 4To ocoOas momymsiius uarudupyromux [AMKeprudeckux
HEHPOHOB, 2 UMEHHO MapBaIb0yMUH-TIONOKUTEIBHEIX (PV+) HHTEpHEHPOHOB, SBISIETCS HCTOYHHKOM BHI-
COKOYACTOTHBIX ocHmuiinuid. [logmepxaHne raMMa-puTMOB SIBIISIETCSI YPE3BBIYAHO SHEPro3aTpaTHBIM
MPOIIECCOM, KOTOPBII OMIPAETCs Ha BRICOKYIO CKOPOCTh OKUCIUTENBHOTO (POCHOPHINPOBAHHS B MUTOXOH-
NIpUSX HEHMPOHOB W JIMMUTHPYETCS HAJMYUEM TIIFOKO3bl. MHCYIWH, BO3MOXKHO, YyUacTBYeT B METa0OIuIe-
CKOM KOHTPOJI€ TaMMa-OCIIUIILHM, T. K. PV+ HHTepHEHPOHBI CENEKTUBHO SKCIPECCUPYIOT HHCYINH-3aBU-
CUMBI TpaHcnopTep moko3sl GLUT4, KoTopslit MOXKET 00€CeYnTh JOMONMHUTEIBHBINA MPUTOK TITFOKO3HI
B YCIIOBHSX (DYHKIIMOHUPOBAHUS, ONU3KHUX K MPEAETbHBIM, KaK 3TO MPOMCXOAWT B IEPHOIBI BBHICOKOYA-
CTOTHBIX TaMMa-ocumwuLIIuit. Hactosmuit 0030p cyMMUpyeT UMEOLIHecs B HAy9HOH TUTEpaType TaHHBIC
0 CBsI3M MeTabOoM3Ma U BEICOKOYACTOTHOM 3IEKTPUIECKON aKTHBHOCTH MO3Ta, C YIOPOM Ha BO3MOXKHBIH
BKJIQJI IIEHTPATbHON HHCYTMHOBOH PE3UCTEHTHOCTH B HAPYIICHUS TaMMa-pPUTMOB MO3Ta.
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A high-frequency electrical activity across the range of 30-100 Hz, known as gamma rhythms, is observed
in many regions of the brain. This phenomenon serves to synchronize the activity of various neural net-
works intended to process, transmit, store and receive information. Gamma rhythms play a key role in such
processes of higher nervous activity as attention, sensory perception and memory formation. Impairment
of gamma rhythms is a common symptom of diseases associated with cognitive impairment, including
Alzheimer’s disease, epilepsy and schizophrenia. Recent studies have shown that a particular population
of GABAergic-inhibiting neurons, i.e. parvalbumin-positive (PV+) interneurons, is the source of high-fre-
quency oscillations. Maintenance of gamma rhythms is an extremely energy-intensive process that relies
on a high rate of oxidative phosphorylation in the mitochondria of neurons and is limited by the presence of
glucose. Insulin may be involved in the metabolic control of gamma oscillations, since PV+ interneurons
selectively express the insulin-dependent glucose transporter GLUT4, which can provide an additional
glucose influx under near-limit functioning conditions as in the case of high-frequency gamma oscillations.
This review generalized available literature data on the relationship between metabolism and a high-fre-
quency electrical brain activity, with an emphasis on the possible contribution of central insulin resistance
to disturbances of gamma rhythms in the brain.

Keywords: gamma oscillations, gamma rhythm, hippocampus, glucose metabolism, insulin, mitochondria,
Alzheimer’s disease
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BeseneHue

BricokodacToTHasg 3MeKTpHuYecKas aKTHB-
HOCTh Mo3ra B quana3one 30—100 I, u3Bect-
Hasl KaKk raMMa-0CIAJUIAINH, WK TaMMa-pUTM,
HaOmoaeTcsi BO MHOTHMX 0O0JacTsX Mo3ra,
BKJTIOUasl rummokamn [1, 2], Heokoprekc [3],
SHTOPUHAIBHYIO Kopy [4], MuHmamuusl [5],
cTpuatyM [2, 5], Moxkedok [6] u Tanamyc [7].
BpicokoyacToTHBIE OCHMILIAIMN 00ecreYrnBa-
0T CHUHXPOHHU3AINI0 aKTHBHOCTH JIOKaNbHBIX
HEHPOHHBIX CeTei, KOTOpble 00pabaThIBALOT,
MepeNlatoT, XPaHsIT U TOJy4aloT UH(HOpMAIHIO
B THIMIIOKaMIle U Kope ronoBHoro mosra. Co-
OTBETCTBEHHO, CYIIIECTBYET CBSA3b raMMa-puUT-
MOB U IIPOLIECCOB BBICIIEH HEPBHOU JEATEIIb-
HOCTH, TaKMX Kak BHUMaHHe [8], ceHcopHOe
Bocrpusitie [3, 6, 9] u ¢dopmupoBanue mna-
Mt [10-12]. KiroueByio ponib B reHepanuu
raMMa-oCHWIIISIMNA, Kak I0JIaraloT, HrpaeT
LHUKINYECKOe TOPMOXKEHHE, OIOCPeayeMoe
pernientopaMu  Y-aMHUHOMACJSHOH  KHCIIO-
Tl (FAMK-A) [13]. C yueToM BpeMEHHBIX

koHcTaHT [AMK-A penentopo, MexHEH-
pOHHasl CeTh, COCTOsIIAsT U3 BO30YKIAFOLINX
NUpaMUJaIbHBIX HEHPOHOB M OBICTpOACH-
cTBytomMX HHruoOupyromux ['AMKepruue-
CKUX HHTEPHEHPOHOB, MOXXET INPOU3BOIUTH
puTMUUecKUe  (IyKTyalud MeMOpaHHOTO
notennuaia 5-10 mB [14-17]. B aTo#t Moze-
M ObICTpOE BO30YXK/IEHHE U MHTMOMPOBAaHUE
YyepeayrTcs, MOoAAepKUBas [IUKINYECKOe O-
BE/ICHUE B BUJI€ TaMMa-OCUMUIAIUH, C TOYHO
CHHXPOHHM3MPOBAaHHOW YacTOTOM BO30YXkIaro-
IIUX U MHTHOMPYIOIUX MOCTCHHANTHYECKHUX
TokoB [13]. Ilocne BBOMA ceHcopHOI HHDOP-
Mallud TaMMa-pUTM BO3HHKAeT Ha BPEMEHax
nopsiaka 100 mc [1, 18] u MoxeT UIUTHCS
MuHyTH [19, 20]. Ilonaep:kaHue BbICOKOUa-
CTOTHBIX OCLMJUISILIVN ABJIETCS YPE3BBIYAIHO
SHEepro3arpaTHeIM IPONECCOM, KOTOPBIM OmMHU-
paeTcs Ha BBICOKYIO CKOPOCTb OKHCIHTEIb-
HOro (ochopunupoBaHuss B MHUTOXOHIPUIX
Y MOXKET JIMMHUTHUPOBATHCSl HAJTYHEM cyOcTpa-
TOB, NPEUMYIIECTBEHHO INIOKO3bl [21, 22].
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OTKpBITHE META0OIMYECKOTO KOHTPOJISI TaM-
Ma-OCHWULILIMM ~ I0-HOBOMY  PacKphIBaeT
CBsI3b DHEPreTHYecKoro merabojimu3Ma M BbI-
COKOYAaCTOTHOM 3JIEKTPUYECKOM aKTUBHOCTU
MO3ra MU OTKpBIBAE€T MEPCHEKTHBY MeTabo-
JIMYECKOW Tepamnuu 3a0o0jeBaHUN LEHTpPalb-
Hoil HepBHOH cuctemsl (IIHC), mist xoTophix
HapylIeHHe TaMMa-puTMa SBJSeTCS OOIUM
cumnToMoM. HemonHel# CIUCOK Takux 3a60-
JICBAaHUW BKJIFOYacT OOJE3Hb AJIbIIreiMepa,
snmiencuio u  mu3odppeHuto. Hacrosmuii
0030p CYMMHpYET HMEIOIIUeCs B Hay4YHOU
JUTepaType ITaHHbIE O CBS3M MeTabonn3Ma
U BBICOKOYACTOTHOM 3JIEKTPUUECKOM aKTUB-
HOCTHY MO3ra ¢ yIIOPOM Ha BO3MOXHBIN BKJIaJ
LIEHTPAJIbHOW HMHCYJIMHOBOW PE3UCTEHTHOCTHU
B HapyllIeHUs raMMa-pUTMOB MO3ra.

MapBanbLOyMUH-NONOXUTENbHbIE  WUH-
TEPHEMPOHbI M reHepauuss ramma-
OCLMNNALUUIA

Opna Ttpeth Bcex cunarncoB B I[THC co-
enunserca udepe3 I'AMKepruueckue uHTEp-
HelipoHbl, 10 40% KOTOPBIX COCTaBISAIOT
napBajgb0yMUH-IoJI0XUTENbHBIE (PV+) nHTEp-
Heiiponst [23]. [NapBansOymun (PV) npen-
CTaBIsET cO00I Kasbluil-cBA3bIBaONINIl Oe-
JIOK, dKcrpeccus koroporo B IIHC orpanuye-
Ha mpeumyniecTBeHHO [AMKepruyeckumu
uHTepHelponamu [24, 25]. KonuenTparus
PV B atux kietkax gocturaet 150 MxM [26].
PV+ nHTEpHEHpOHBI XapaKTEPU3YHOTCS HU3-
KO BXOJHOM PE3UCTEHTHOCTBIO U BBICOKOAM-
IUTUTYAHOM OBICTPOM CIIETOBON TMIIEPIIONAPHU-
3alMell, 4To IMO3BOJISIET 3alycKaTh OBICTPHIE
MIOCJIEI0BATEIEHOCTH TOTEHIIMAJIOB e CTBUS,
B OTJIMYHE OT TIIyTaMaTepruuecKux MUpaMu-
JAIIBHBIX HEHPOHOB THIINIOKAaMIa, TE€HEepHU-
PpYIOLMX MOTEHIMANbl IEUCTBUS C 4YacTOTOM
He Boeime 3 ' [27, 28]. U3-3a atux ¢yHKuu-
OHAJIBHBIX 0COOCHHOCTEW MMeHHO PV+ wmH-
TEpHEHPOHBI UMEIOT KIIFOUEBOE 3HAYCHNUE B T'e-
Hepaluy raMMa-oCUMUIAINNA IPU aKTHBALUU
IIyTaMaTepPruyeckux M XOJHMHEPTUYECKHUX
penentopoB B runmokamne [29-31]. Muru-
OoupoBanue PV+ MHTEpHEHpOHOB MOnIaBIsET,

a Bo30Oyxxaenue PV+ nHrepHeiipoHOB, Harpo-
THB, BBI3BIBACT IaMMa-OCHUJIJIALIMHM B MO3IC
[30]. Mopdomoruuecku PV+ wuHTEpHEipO-
HBI TIOZIpa3eisAOT Ha kop3uHuaThie (“basket
cells”) u mocTpoodpasubie PV+ unrepueiipo-
uel (“chandelier cells”). TlepBbie CBsI3bIBaIOT-
csl C COMOM U JACHApUTaMHU, a BTOPbIC — C Ha-
YaJIbHbBIMU CCIMCHTAMH AaKCOHOB IIOYTH BCEX
Onmu3nexanyx MUpaMUAaIbHBIX HEHPOHOB,
YTO0 00ecre4yrnBacT BO3MOXXHOCTh KaK MpsSMO-
r0 TOPMOXKCHUS BO30YXJIAIOIMX HEHPOHOB
(feedforward inhibition), Tak ¥ MHrHOMpOBa-
HUS BO30YKTAOIIMX HEHPOHOB [0 MEXaHU3MY
obparHoi cBs3u (feedback inhibition) [23, 32,
33]. Kak momararot, nmapBajibOyMHH BHOCHUT
BKJIaJ] B KOHTPOJIb BBICOKOYACTOTHOH OCIIHJI-
JIITOPHOW AaKTUBHOCTH, JICHCTBYsS Kak Oy-
(dep xoneOaHU BHYTPUKICTOYHOTO KaJIbITHSI
¢ 0co0OM 3aMeJIeHHOW KWHETHKOW CBSI3bIBa-
aust Ca?t 1 OMAKCITOHEHIIMATBHON KHHETHKOM
BeICBOOOKIeHHs Ca?t [34].

M'noTte3a aHeproobecnevyeHHocTu PV+
MHTEepPHEeMNpPOHOB

VYuureiBas LEHTpalbHYX0 poib PV+ uH-
TEePHEHPOHOB B T'CHEpalMyd TaMMa-OCIMIUIA-
I, CHHXPOHU3UPYIOUIMX 00paboTKy, nepe-
Jlavy, XpaHeHHe W ToJlydyeHue HH(pOpMalny,
KanH u coaBT. CQOPMYTHpPOBAIN THUIIOTE3Y
0 TOM, YTO OTpaHHMYEHHE SHeproodecredyeH-
HOCTM PV+ HMHTEpHEMpPOHOB MOXKET HMEThb
pelaromiee 3HaueHHe U1 CHIDKCHHMS KOTHH-
TUBHBIX CIIOCOOHOCTEH (“interneuron energy
hypothesis™) [21]. Drta rumore3a yka3biBa-
€T Ha BO3MOXXHOCTh OOHapyXEHHsS HOBBIX
TepaneBTUYECKUX MUIICHEH B JIeUeHHH 3a00-
nesanuit [THC, a7t KOTOPBIX HapyIICHUS TaM-
Ma-puUTMOB SBJIAIOTCH O6IHHM CUMIITOMOM,
BKJIIOUasi HMHCYNBT, COCYIHCTYIO JEMEHIIHIO,
SMUIICTICHIO, MHU30(peHUI0 1 00JIC3Hb AJbBII-
reiimepa [28].

CBA3b raMmMa-ocLUUINALUN U 3HepreTu-

YyecKoro metabonuama B HeMpoHax
CBsI3b MEX/y SHEPreTH4EeCKUM MeTabO0IIH3-

MOM H BBICOKOYAaCTOTHBIMH TI'aMMa-OCLHJLIA-
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siMU OblJTa IOKa3aHa B OCHOBHOM B padoTax
KanHa u coaBT., KOTOpbIE YCTAHOBIJIU B OIBI-
Tax in vitro, 4TO T€HEpalns raMma-OCLWILIA-
LU B Cpe3ax FUIINOKaMIIa — 3TO YpPE3BblYaii-
HO 3HEPro3aTpaTHBIM IMpolecc, TPeOyroIunit
MIPOM3BOJUTENBEHON  pabOThl  MUTOXOHIPUI
B pexuMax, ONMM3KHX K MpenenbHeM [35].
BrICOKOYACTOTHBIE OCHIUISIMU  HCKIIIOYH-
TEJIbHO YYBCTBUTEIBHBI K META00IHYECKOMY
CTpeccCy, BBI3BIBAEMOMY CHIKEHHEM JOCTyIa
K KHCJIOPOAY M JHEpPreTH4eckuM cyOcTparam
(rroko3a), a Takke K CHIDKCHUIO (DYHKIHMH
pecnuparopHOH LeMHd MHUTOXOHApHH [36,
37]. loromenue kucaopoaa odmacteio CA3
THIIIOKaMIia BO BpeMsl TaMMa-OCIWUIALNI
YBEJIMYMBACTCS TI0 CPABHEHUIO C TEPHOAaMHU
CIIOHTaHHOM aKTMBHOCTH U IOKOS B /1Ba U IISITh
pa3 cootBercTBeHHO [38]. Kommmekc I muro-
XOHApUH, TPUHUMAIOUIUII BOCCTaHOBUTEIIb-
HbIe 3KBUBAJEHTHI OT HUKOTHHAMM[-aICHUH-
muaykieotnaa (NADH) u oOecrieunBarommii
10 90% obmero moTpeOsicHHsT KHUCIOpoaa
MUTOXOHAPHUSAMHU ITPU HOpMOKcHH [39], yuact-
ByeT B MOJAEP)KaHUM TaMMa-OCIWIUIALUII,
a MHT'MOMPOBAaHUE WIHM CHHKEHHE IKCIIPECCHU
KOMIUIEKca [ BesleT K oaBIeHUI0 TaMMa-pUT-
Ma [35]. Kak cnenctBue, hakTopsl, BIUSIOIIUE
Ha TNPOU3BOIUTEIBHOCT MUTOXOHAPHUIL, MO-
TYT MOAABIATH BBICOKOYACTOTHBIE OCIMILIISA-
LMY UJIM CHIDKATh UX aMIUINTYLy B MO3Te.

Ponb rnoko3bl U cyb6cTpaTtoB uUuMKna
TPUKapObOHOBLIX KMCMOT B noaaepxa-
HUW raMmMa-oCcLUMNNALUNA

I'moko3a B WHTepBase (HU3MOIOTMYECKUX
koHLeHTparmit  5-10 MM mnoanepxuBaer
BBICOKOAMILIUTYAHbIC ramMMa-0CLHMIISIIUA
B 00pa3iax TUINOKaMIa in Vitro B TCUCHHUE
qatensHoro BpeMeHu [22, 40]. CHuxeHue
YPOBHSI TNIIOKO3BI 10 2,5 MM (TUIIOTTIMKEMHs)
Be/IeT K 3HAYUTEIHHOMY YMEHBIICHUIO aMILTH-
Tyl ocrunsinuit [22]. [Ipu nomHOM 0TCYT-
CTBHH INTIOKO3BI PACIIEIUICHNE IIIMKOTeHa 1103~
BOJISIET TOAJEPKHUBATh BBICOKOAMILIUTYIHBIH
raMMa-puT™M B TeueHHe mpumepHo 30 MuH,
YTO yKa3bIBAaeT Ha TNIMKOT€H KaK Ha pe3epBHBIIN

MCTOYHUK TIIFOKO3BI ISl TTOJ/IEPKAHUS BBICO-
KOYaCTOTHBIX OCHMIUIALUA B TEPUOABI TH-
nornukeMud. Cleayer OTMETHTh, YTO OCHOB-
HBIM CalTOM TPOM3BOJCTBA W XpaHEHHs
IJIMKOTEHA B MO3Te SIBISIOTCS acTPOLMTHI [41,
42], a HepoHBI B HOPME COJIEpPKAT MIIUKOTEeH
TOJILKO B ManbIX KonuuecTBax [43]. mrokoza
obecrieunBaeT CUHTE3 ajeHo3uHTpHpoCchaTa
(AT®) kak B mpolecce MUKOIN3a, TPUBO/IS-
IeM K 00pa3oBaHMIO MUPYyBaTa, Tak U B IPO-
Hecce OKHCIUTENbHOrO (ochopuiimpoBaHus
B MHTOXOHJPHSX TOCIE BXO/a IMOJY4YEHHOTO
nUpyBara B LUK TPUKAPOOHOBBIX KHCIIOT
(TCA) (puc. 1). YTunuzanus nupysara B pe-
akiusax TCA Bezxet x BoccTaHoBineHHI0 NAD”®
u obpazoanno NADH, cyOcTpara komriek-
ca I, u obpa3oBanuio cykiuHara, cyocrpara
komiuiekca II. OkucieHue 3TUX CyOCTparoB
B pecnuparopHoil nenu muroxoHapuit (ETC)
compshKeHo ¢ nonydenueM mynaa AT®, ocHOB-
HOTO JHEPreTH4YecKoro cyOcTparta IS MOA-
JIeprKaHHsl TaMMa-O CLIMIUISIIIAH.

Ponp nakrarta u mupyBara He CTOJb 3Ha-
YHTeIbHA, KaK poib INIOKO3bl [22]. Huskue
KOHIICHTpallu{ JIaKTaTa U mupysata 2,5 MM
camu 1o ce0e He CHOCOOHBI TOJICPIKHBATH
raMMa-puT™, NpH 3TOM JoOaBieHHe 2 MM
JIaKTaTa B JOINOJHEHHE K INIIOKO3€ CIBUTAET
MUK oCIUUIIIKi Ha ~4 ['11 B OoJiee BEICOKOUa-
CTOTHYI0 007acTh [40]. Beicokue KOHIIEHTpA-
UK JlakTata u nupysara (20 MM) criocoOHBI
MO/ZICP)KUBATh TOJBKO HU3KOAMIUIUTY/HbIC
raMma-ocumuisimu. TakuM o0pa3oM, Jiak-
TaT M MUPyBaT WIPAOT BCIIOMOTATEIbHYIO
pOJb, TOTA KaK IIIIOKO3a SIBISIETCS IVIaBHBIM
cyOcTparoM B MEpPUOABI BBICOKOYACTOTHBIX
OCHMIUIALMA. DTH JTAHHBIE SBIAIOTCS A0 He-
KOTOPOU CTEeNeHH HEOXHJAHHBIMH, YUUTHIBAS
COBpPEMEHHBIC TIPEJICTABICHHUS O BEAyILIeH
ponH Jakrara, a He IJIIOKO3bI, B OAJICPIKAaHUN
HEeWpOHAJIBHOW aKTMBHOCTH U ()OPMUPOBAHHH
JoiroBpeMeHHoW mamsaTtu [44, 42]. Kpowme
TOTO, 3TU JIaHHBIE NPOTHBOpEYAT 3asBJICHHOI
KJIIFOUCBOW POJIM  OKUCIUTEIBHOrO (pocdo-
pUIMpOBaHMS B TEHEpaluH TraMMa-puTMa,
€CJIM y4YHMThIBaTh, YTO MUPYBAT Kak CyOCTpar
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noKosa
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v
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AueTtun-CoA
Ll,MTpaT\
Okcanoauetar M3ouuTpar
Komnnekc | NAD+
ATd <— NADH Komnsekc |
ETC NAD+ NADH ——————> AT®
ETC
Manar TCA a-Ketornyrtapar
NAD+ " '
NADH omnnere ATO
®dymapat CykumHun-CoA ETC

/

CyKumHat

l Komnnekc Il / ETC
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Puc. 1. Memabonusm 2noxo3el, npusodsiumuii k oopazosaruto ATD, 0OCHOBHO20 BbICOKOIHEP2EMUUECKO20 cybocmpama Os
noooeporcanus camma-ocyunnsayuid. TCA — yuxn mpuxapbonogeix kuciom; ETC — pecnupamopHas yenb MumoxoHopuil.
Fig. 1. Glucose metabolism leading to the formation of ATP, the main high-energy substrate for maintaining gamma
oscillations. TCA — tricarboxylic acid cycle; ETC — mitochondrial respiratory chain.

oOecrieyrBaeT HaAWBBICUIME 3HAYEHHST CKO-
POCTH [bIXaHHSI W JIBIXaTEJIBHOTO KOHTPOJIS
(>11) B MUTOXOHAPHIX CHHAICOB Mo3ra [45].
OTH NPOTUBOPEYHUS, BO3MOXKHO, CHUMAIOT-
Csl TMPH CPaBHEHUU IPEJEIbHBIX CKOPOCTEH
TpaHcnopTa cyocTparoB. TpaHcHopTep TIIFOKO-
361 B Heliponax GLUT3 ob6namaet HauBbICIICH
apPUHHOCTBIO Cpelu BCEX TPAHCIOPTEPOB
roKo3bl [46]. Kunetuka TpaHcmopra 2-1e3-
okcurmoko3bl yepe3 GLUT3, skcmpeccupo-
BaHHBIA B oorutax u3 Xenopus laevis, onu-
ceiBaeTcs 3HaueHUAMHA Km = 1,4 MM 1 Vmax
npuMepHo 500 mMxwmun'xknmetka!  [47].
Kunernka TpaHcmopra jakTara yepe3 HeEH-
POHAIIBHBI  MOHOKapOOKCHIIAT-TPaHCIOPTEP
MCT2, oKcmpeccHpoBaHHBIM B OOIUTax
u3 Xenopus laevis, OMUCHIBACTCS 3HAYCHUAMU
Km = 0,7 MM u Vmax = 20 ntM*xMuH"' XKj1eT-
ka' [48]. CpaBHeHHE BBINICYKA3aHHBIX KH-
HETUYECKUX XapaKTEPHUCTHK, JaXKe C Y4EeTOM

BO3MOXKHOTO pa3nuuus B 3kcripeccun GLUT3
1 MCT2 B oonurax, moka3bIBaeT, 4YTO MaKCH-
MaJIbHble 3HAYCHUS CKOPOCTH TOIVIOIIEHUS
TTFOKO3BI MOTYT Ha MOPSAAOK MPEBbIIATh MaK-
CHUMAJIbHBIC 3HAYEHHs CKOPOCTH MOINIOIIEHUS
nakrara. [loaromy nmpu norpednenun cyocrpa-
TOB B peXHMax, OJM3KHX K MpelesbHbIM, 00-
Jiee BBICOKAsg CKOPOCTh TPAHCIOPTA IIIIOKO3bBI
MOXET JeJlaTh €€ INPEeANOYTUTENIBHBIM Cy0-
CTpaToOM Ui MOJAEP’KaHHUs TraMMa-OCLUILIISA-
U, TOrNa KaKk B PeXUMax MOKOS U CIIOHTaH-
HOM aKTUBHOCTM MeHbIIME 3HaueHuss Km
(MCT?2) ansa nakrata U nUpyBaTa, HaNpOTHB,
JIETIAl0T MX MPEANOYTHTENBHBIMHE CyOcTpara-
MH Ui TOAAepKaHusi (YHKIHUH HEHPOHOB.
Eme onHO BO3MOXKHOE OOBSICHEHHE COCTOUT
B TOM, 4TO, Hapsiny ¢ GLUT3, PV+ untep-
HEHPOHBI HKCIPECCUPYIOT JIOTIOTHUTEIHHBIH
Tpancnoprep mmoko3sl GLUT4, xotopsiid
MOXET 00eCHeuUTh JOMONHUTEIBHBIN MOTOK
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TJIFOKO3hbI B HeﬁpOH B YCJIOBUAX MOBBIHNICHHOTO
9HEPronoTpeOIeHHsI.

Ponb uHcynuH-3aBUCMMOro metabo-
JIM3Ma MMKo3bl B noagepXaHun ram-
Ma-oCLMNNALUNA

GLUT4 sapnsieTcsi OCHOBHBIM HHCYJIMH-3a-
BUCHMBIM TPaHCHOPTEPOM IJIFOKO3Bl B IEpU-
(epryecKuX TKaHSIX C KHHETHYECKUMH Xa-
pakrepuctukamu Km = 4,3 MM u Vmax =
700 nMxmuH'XKIeTKa!, TOMyYCHHBIMH TpH
HCCIIeIOBaHUM TpaHcnopTa 3-O-MeTHINIIOKO-
3bI B oouuTax u3 Xenopus laevis, skcripeccupy-
tormmx GLUT4 [49]. GLUT4 0b11 o0HapyxeH
B MO3T€, B PETHOHAX, I7Ie JIOKAINU3YyeTCsI TOBbI-
IIEHHAas! IVIOTHOCTh WHCYJAMHOBBIX PEIETITOPOB
[50]. DToT TpaHCmOpTEp IKCIPECCUPYETCS UC-
KIIIOUUTENbHO HelpoHamu [51]. B runmoxam-
ne GLUT4 anaroMu4ecky JOKalIW30BaH B IH-
pamunansHoM cioe CA1-CA3 obnactu [51],
TaM, TAE paclojaraloTcs NUPaMHIAIbHBIE
HEUpOHBI U PV+ HHTEpHENPOHBI U IPOUCXOAUT
rerepamus ramma-ociwuinui [35]. GLUT4
SKCIIPECCUPYIOT HE BCE HEHPOHBI, a TOJIBKO He-
KOTOpBIE NOMYJISILIMA, B T. 4. CEJIEKTUBHO PV+
WHTEPHEUPOHBI B KOPE, TUIIIOKaMIIE 1 MO3KeU-
Ke, a TAKOKE XOJMHEeprudeckre HelpoHbl 0a3anb-
Horo nepeanero mosra [51]. Yuactue GLUT4
B MHCYIMH-3aBUCUMOI YTHJIM3alUU TIIOKO3BI
MO3roM OBIJIO TIOKa3aHO COBCEM HeNIaBHO [52,
53]. Bbu10 yCTaHOBJIEHO, YTO WHCYJIUH MOXET
CTUMYJIMPOBATh MONIOLICHHE INIOKO3BI B Iie-
pUOIBI BBICOKOM HEHPOHAIBHOM AKTHBHOCTH,
CBSI3aHHOW C THIIOKaMII-3aBUCHMBIM 00yue-
HueM [53], npuuemM HHCYNHH-UHAYIUPOBaHHAS
Tpancnokaiust GLUT4 B kieTouHyto mia3sma-
THYECKYI0O MEMOpaHy SIBIISIETCSI MEXaHH3MOM,
IIOCPEICTBOM KOTOPOTO HEHPOHBI THIIIOKaMIIa
MOTYT OBICTPO YBEIMYHTH IOTpEOIeHHE TITIO-
K03bI [52, 53]. XoTs B nuUTEepaTrype OTCYTCTBY-
0T IIPSIMBIE JIOKa3aTeNbCTBa (PyHKIIMOHAIBHOM
ponu urcyanaa 1 GLUT4 B moBBIIIIEHHOM T10-
TpeOneHnu Tmoko3sl PV+ mHTEpHelpoHamu,
Hannuue GLUT4 B PV+ untepneiiponax, no-
KaJM30BaHHBIX B MHUpamuiaasHoM cnoe CA3
005acTH, yKa3plBaeT Ha BO3MOXKHOCTH JIOTIOJI-

HHUTENBHOTO MOTPEOJICHUS INIOKO3BI HMEHHO
STHUMHU KJIETKaMH B YCJIOBHSAX HOBBIIIEHHOIO
pacxofa PHEPruM NpH TeHepalud raMma-oc-
uwuisuuid. VHTepecHo, 4YTO WHCYJIMH-3aBU-
CUMbIN TpaHcnopTep mmoko3sl GLUT4 takske
SKCIIPECCUPYETCS] XOIMHEPTUUEeCKUMH Heipo-
HaMH 0a3aJIbHOTO TIEPEeTHEr0 Mo3ra. AIETHII-
XOJIMH SIBIISICTCA OFHUM U3 M3BECTHBIX MHIYK-
TOpoB Tamma-ocmuunsinuii [35]. bazanbHbIi
MepeTHIi MO3T SBJSIETCS OCHOBHBIM MECTOM
MIPOU3BOJICTBA AIIETUIIXOJIMHA, KOTOPBII 3aTeM
pactipenensieTcs o aKCOHAIbHBIM MPOCSKIHAM
B pa3Hble 00JIaCTH KOPBI TOJIOBHOTO MO3Ta, I7Ie
MOKET BHOCUTD BKJIaJ] B FeHEpaIUIO raMMa-0cC-
MWUISIAA yepe3 akTuBanuio M 1-myckapuHo-
BBIX perienTopoB [54]. B menom 3tu naHHBIE
YKa3bIBalOT Ha BO3MOXKHYIO POJIb HHCYIHHA
KaK CEJICKTHBHOTO AaKTHUBAaTopa MeTa0oJu3-
Ma DIIOKO3bI B TIpyINax HEHpPOHOB, KOTOPHIE
YYacTBYIOT B TE€HEpaldd BBICOKOYACTOTHBIX
OCLIWJUIALIUK.

B nureparype uMerorcs BecbMa Orpa-
HUYEHHBIC JaHHbIE O BIMSHUM MHCYJIHNHA
Ha raMMa-oCLMULILMY B Mo3re. Bee oHu 1o-
JIy4eHbI B OIBITaX in vitro. VIHCYTUH BBI3BIBAI
TeHepaluio OCIWUIAIMN Ha vactore 64 I
(ramma-puTM) B /10303aBHCHMOW MaHepe,
XOTS WHTHOMPOBAJN CHOHTAHHBIE OCIHJILIS-
uu Ha yactote 20 [’y B cpes3ax rummokamia
[55]. WncynuH mnpemoTBpaiiaid BBI3BaHHYIO
6eTa-aMHUIOMIOM JIerpajlalliio TaMMa-OCIIHII-
JUUI B NHPaMUJAIBHBIX HeHWpoHax u PV+
UHTepHeHpoHax [56]. OTu JaHHBIE, HECMOTPS
Ha OTPaHHYEHHOCTh, TEM HE MEHee, yKa3bIBa-
10T Ha BO3MO)KHOE y4acTHe MHCYJIUHA B MOJ-
JIepKaHUU BBICOKOYACTOTHOM 3JIEKTpUUYECKON
AKTUBHOCTH MO3ra, a TaKKe Ha BO3MOXKHYIO
pOJIb MHCYIMHOBOW PE3UCTEHTHOCTH B Hapy-
IICHUSX BBICOKOYACTOTHBIX TaMMa-OCLMILISA-
1ui npu 60e3Hu Anblreimepa.

HapyweHue ramma-putma mo3ra npwu
6one3Hu Anburenmepa

CreyeT OTMETUTbh, YTO MPAKTUYECKU BCE
JAaHHBIE O CBS3M MeTabOIM3Ma M TaMMa-OC-
UWUISINMMA  TIOJydYeHbl B OMNbBITax in  vitro,
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B OCHOBHOM, Ha cpe3ax T'HIIIOKaMIia, U Hy-
JTAI0TCS B MOATBEP)KICHUN B HCCIICAOBAHUAX
in vivo. KiaccuueckuM COCTOSHUEM, NPH KO-
TOPOM HapylleH LepeOpaibHbIi METabOIU3M
IJIIOKO3BI, SIBISIeTCSl Oone3Hb AublreliMepa
(BA). HaxoruieHre OJUTOMEpOB OceTa-aMu-
Jouaa, Kak IOoJaraioT, SBISeTCS OCHOBHOU
XapaKTepHON MaTOreHeTHYECKOH OCOOEeHHO-
cTblO 9TOM Oonesnu. [Ipu aTom BA xapakre-
pHU3yeTcsl 3HAYUTENLHBIM CHIDKEHUEM YTHIIH-
3allMM TIIOKO3Bl 32 CYET MAcCHBHOI HOTepH
tpaHcnoptepoB Tmoko3sl GLUT1 u GLUT3
B THUIIIOKaMIIe ¥ KOpe TOJOBHOTO Mo3ra [57],
a TaKXe M3-332 HAPYUIEHUH B TpaHCIOKALMHU
HHCYIUH-3aBUCcHUMOro TpaHcnoprepa GLUT4,
BBI3BAHHBIX TOKCHUYCCKUMH 3(D(deKTamMu OJu-
romepoB Oera-ammionnaa [58, 59]. BA compo-
BOJKJACTCsl BBIPAXKCHHOH LICHTPAJIbHOU UHCY-
JIUHOBOM PE3UCTEHTHOCTHIO. BBIIO MoKa3aHo,
YTO aKTUBAllUi MHCYJIMHOBOTO peLenTopa
u ero cyocrpara (IRS-1) B mosre marnwuen-
TOB ¢ BA B OTBEeT Ha OHY U Ty K€ KOHIICH-
TpaluIo WHCYIUHa MeHbIe Ha 29-34 u 90%
COOTBETCTBEHHO 10 CPABHEHHIO C KOHTPOJIEM
[60]. BMecTe »TH NaHHBIE CBUIETENHLCTBYIOT
0 HapylleHHM KaK MHCYIHWH-HE3aBHCHUMOTO,
TaKk W WHCYJIMH-3aBUCHMOr0 MeTabonn3Ma
IJTIOKO3BI B MO3re Y 00JbHBIX BA.

CHMXXeHHe aMIUTUTYbl TaMMa-0CIIUIAIIHA
HaOJII0IAJIOCh Y TPAHCT€HHBIX YXMBOTHBIX, ITPO-
JQYUUPYIOIIUX YEeJIOBEUCCKHIA OeJI0K — Tpes-
mecrBeHHUK amuiionzia (hAPP) [61]. Hapyue-
HUsI FTaMMa-pUTMOB Y TTallMeHTOB ¢ BA umeroT
Oosniee CIOXKHBIN XapakTep, 4TO, KakK Iojiara-
0T, CBSI3aHO ¢ OOJbLICH CIOKHOCTHIO MO3ra
yenoBeka [62]. «['aMMa-OTBETOM» Ha3bIBAIOT
raMMa-oCHWUIALIH, BbI3bIBAEMbIE BHEITHUMH
CEHCOPHBIMHU MJIM KOTHUTHBHBIMUA CTUMYJIAMH
[63, 64]. bb10 yCTaHOBIEHO, YTO Y MAIUEHTOB
¢ BA KOrHUTHBHBII TaMMa-0TBET MPOUCXOTUT
¢ 3anepxkoii (Oonee uem Ha 100 Mc) o cpas-
HEHHIO C 30POBBIMHU BOJIOHTEPAMH, YTO OTpa-
JKaeT 3a/Iep>KKy Iepeiaul HeHpPOHHBIX CUTHA-
JIOB B KOTHUTHBHBIX HEHPOHHBIX ceTsx. Kpome
TOro, MalueHThl ¢ BA uMeNIn CHIKEHHBIN
CEHCOPHBI raMMa-0TBET Ha BU3YyaJIbHbBIN CTH-

Mya [65]. DTy AaHHBIE TOANEPKUBAIOT UJIEIO
0 BO3MOXXHOCTH METa0OJINYECKOr0 KOHTPOJIS
raMMa-oCUWUISIUUNA B MO3I€, €CIIH YYECTb,
YTO HalMeHTH! ¢ BA MMe0T BhIpakKeHHBIN TH-
NOMeTa0O0JIM3M TIIFOKO3bI B MO3TE.

MeTtabonuyeckui
OCLMNNALUNA
CxeMma, IOKa3aHHas Ha pUC. 2, CyMMHpY-
€T UMEIOIIHecs B JIUTEPaType JTaHHBIE O POJIH
1epeOpaIbHOr0 METabOIN3Ma [IFOKO3bI B TOI-
Jiep>KaHUH BBICOKOYACTOTHBIX F'AMMa-OCLIMIIISA-
U, C y4EeTOM MX HEMOJHOTHI U TOro 00CTOs-
TENbCTBA, YTO STH JIAHHBIE OBUIH TIOIYYEHBI
MPEUMYILECTBEHHO B OIIBITaX in vitro. O61acTh
CA3, kak ObIJIO TIOKA3aHO, SIBISETCS OCHOBHBIM
HCTOYHHUKOM TaMMa-OCHWULIIMA B THIIIO-
kamne. HelipoHHBIE CUTHABI OT HTOPUHAIb-
Holt xopel (EC) u, manee, rpaHyssIpHBIX KIle-
Tok 3yOuaroit m3BmwimHbI (GNC) runmnokammna
npuxoait B CA3 001acTh, e TCHEPHPYIOT
MOTEHIMAJBI ASHCTBUS B BO3OY)KHAIOMIUX IH-
pamunansHeIX HedpoHax (PN) u PV+ untep-
HelipoHax (PV+). MHayKIus MHIHOUTOPHBIX
NOTEeHIMANOB AeucTBUsl PV+ uHTepHeiiponaMu
B IHMpaMUAAIbHBIX HEHpoHaX MO MeXaHU3MaM
npsimoii (feedforward, FF) nnu oGparnoii cesizu
(feedback, FB) BbI3bIBaeT reHeparfio BHICOKO-
YACTOTHBIX TaMMa-OCIWULIIUN B JMana3oHe
30-100 I'u. ITocnenyromiee MOCTyIUIEHUE HEH-
POHHBIX curHajoB B obnacte CAl rummokam-
na u, fanee, B kopy rojgosHoro mosra (CRTX)
o0ecrieunBaeT CHHXPOHHYIO aKTHBALUIO JIO-
KaJIbHBIX HEWPOHHBIX CeTeil, HeoOXOmMMYIo
JUISL TIPOLIECCOB MOJIy4YeHH s, 00pabOTKU U Xpa-
HeHus wuH(opmaimu. [eHepaist BbICOKOYA-
CTOTHBIX ocuuurinuil PV+ unrepHeiiponamu
SBJSIETCSL  UPE3BBIUAMHO  3HEPro3arpaTHbBIM
MPOLIECCOM U 3aBHCUT OT HAJUYUS IITIOKO3BI.
CHmKeHre YPOBHS INIOKO3bI (TMIOIIMKEMUS)
WIN HapylIeHHe MPOLEeCCOB YTHIM3AINU TITIO-
KO3bI (TIOTeps TpaHcopTepoB rroko3sl GLUT3
u GLUT4) orpunarensHO BIMSIOT Ha TaM-
Ma-puTMbl Mo3ra. CeneKTHBHas IKCIPECCHs
PV+ wuHTepHelipoHaMU HHCYIMH-3aBUCUMBIX
TpaHcnopTepoB mioko3sl GLUT4 ykassiBaer

KOHTpPOJIb ramMma-
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Ha BO3MOXHYIO (D)YHKIIMOHAJBHYIO POJb HHCY-
JIMHA B PETYJSALUN BBICOKOYACTOTHBIX OCIIHJI-
JISIIAA B MO3T€, a TaK)KEe Ha BO3MOXKHBIN BKJIa]T
CEJIEKTUBHOM HWHCYIMHOBON PE3UCTEHTHOCTH
PV+ unrepHeiipoHOB B iporpecc 3a00eBaHuit
HHC, compoBoxaaroNMXcs KOTHUTHBHBIMU
HapyIICHUSIMH.

MepcnekTuBbl

UccnenoBanne BBICOKOUACTOTHBIX OCLIMILISA-
LMHA B MO3Te UMEET BaKHOE 3HAYEHHUE, T. K. UX
HapYIICHUE COMPOBOXKIACT psii 3a00JeBaHUI
IHC, HenonHbIi CIUCOK KOTOPBIX BKIIOYAET
BA, cocynucTyto aeMeHIINI0, SIIIETCHIO, K-
30(penuto u aenpeccuro. OTKphITas HEIABHO
CBS3b MEXKIY raMMa-OCHWUISLMSAMH U MeETa-
0O0JTH3MOM TIIFOKO3BI B MO3Te (METa0OTIUIECKHUit
KOHTpPOIIb), a Tak)Ke BBIABICHHAs KIIIOYeBas
poisib PV+ HHTEpHENPOHOB B 3TUX B3aUMOOTHO-

HICHUSIX OTKPBIBAIOT BO3MOXHOCTD Pa3pabOTKH
HOBBIX ITO/IXO/IOB K JICYEHHIO 3THX 3a00IeBaHMIL.
Crenyer OTMETUTb, YTO UMEIOIUECS B JINTEpa-
Type IaHHBIE I1OJIyYEHbl B OCHOBHOM B OIIBITaX
in vitro 1 TpeOYyIOT MOJTBEPKICHUS B UCCIIC-
JIOBaHUAX in vivo. Bo3MOXKHast polib MHCYIIMHA
B MOAEPKAHUM TaMMa-OCLWIISILIUN BBITISAUT
0COOCHHO MHTPHTYIOIIEeH, HO TpeOyeT MpsIMBIX
NOATBEPKACHUM B ONBITAX in vivo. B nemom
UMEIOIIUECS B JINTEPATYpe NaHHBIC YKA3bIBAIOT
Ha TO, YTO HapyllEHHUE BBHICIIEH HEPBHOU Jesl-
TEJIBHOCTH, OIIOCPEYEMOE BbICOKOYACTOTHBIMHU
OCWUTALMAMH aHcamOieil HeHpOHOB M HeW-
POHHBIX CeTeH, SIBIeTCsl 0TYacTH crenuduye-
CKUM MeTa00IN4YeCKUM PacCTPONCTBOM, OHUM
U3 MOJIXOJIOB K JICYSHUIO KOTOPOTO MOXKET OBITh
BOCCT@HOBJICHUE UYBCTBUTEIBHOCTU K HUHCY-
JIMHY B MApBabOyMUH-TIONOXUTENBHBIX [AM-
Kepruueckux nHTepHEHpOHaXx.

noKo3a
|

EC/GNC

GLUT3
GLUT4/unHcynuH

CA1/CRTX

o
famma-ocumnnaumm 30-100 Iy

Puc. 2. Memabonuueckuii konmpono camma-ocyunnsayuii ¢ CA3 oonacmu eunnoxkamna. EC/GNC — sumopuHanvhas kopa
u epanyraprvie kremxu 3youamout uzeununvl;, CA1/CRTX — obnacme eunnoxamna CAI u kopa zonosnozo mosea; PV+ —
napeanbOyMuH-nonodxicumenvrvle uHeuoumopruie I AMKepauueckue unmephetipotnvi; PN — 6030yacoarowue nupamudais-
Hule Heliporwl;, FF — npamas ompuyamenvhas cessw (feedforward); FB — obpamuas ompuyamenvras cesisw (feedback),
GLUT3 — ocHosHoll HetipoHanbHblll mparcnopmep 2iokosvl;, GLUT4 — uHCYIuH-3a8UcUMbLil MPAHCROPMED 2HOKO3b.

Fig. 2. Metabolic control of gamma oscillations in the CA3 region of the hippocampus. EC/GNC — entorhinal cortex
and granular neuron cells of the dentate gyrus; CA1/CRTX — CAI hippocampal region and cerebral cortex; PV+ —
parvalbumin-positive inhibitory GABAergic interneurons; PN — excitatory pyramidal neurons; FF — direct negative
relationship (feedforward); FB — negative feedback (feedback); GLUT3 — the main neuronal glucose transporter;

GLUT4 — an insulin-dependent glucose transporter.
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LMTOKUHOBBIA NPO®UIb JIABOPATOPHbIX MHBPEOQHbIX
WU TPAHCTEHHbIX MbILLEW B OLIEHKE MMMYHOJTOITMYECKOIO
CTATYCA N MOUCKE HOBbIX ®PAPMAKOJTOIMMYECKUX
PErYnATorPOB

M.C. Oynsa’, B.H. KapkuweHko, 1. B. XBocToB, P.A. ArenbauHoB, H.H. KapkuwieHko

@OIBYH «HayyHbil yeHmp 6uomeduUUHCKUX mexHonoaull
®edeparnbHoeo MeduKo-buonoeudecko20 azeHmemea Poccuu»
143442, Pocculickas ®edepayusi, Mockoeckasi 0br., KpacHozopckuli p-H, rn. Ceemribie 2opbl, enadeHue 1

B crarbe npuBeaeHE! pe3ysIbTaThl HCCIIENOBAaHUN IMTOKMHOBOTO IPO(G IS 7a00paTOPHBIX MBIIIEH, BKITIOYAs
BIEPBbIE YCTAHOBJICHHbIE JAHHBIE UTOKMHOBOIO craryca TpaHcreHHbIX Mbinieit NAT1hom u NAT2hom.
Hcnonp30BaHa METOIONIOTHSI aHAJIM3A IIUTOKWHOB B CHIBOPOTKE KPOBH JTaOOPATOPHBIX KUBOTHBIX METOIOM
MYJIBTUIDIEKCHOTO XMAP-aHanmM3a Ha MarHWUTHBIX 4acTunax. Jlius mbimeit nHOpenupix smauit C57BL/6
u Balb/c npencrasieHs! 1aHHbIE 110 H3MEHEHHIO KOJIMYECTBEHHOTO CONIEpKaHMs UTOKHHOB B IIa3Me KPOBU
MBIIIIEH 1ocie OJHOKPATHOIO BBEICHUS IIPENapaToB MOIMMYpaMUI U Takponumyc. M3ydeHo BiusHHE Ha
LIUTOKMHOBBIH MPO(HIb IMMYHOCYIIPeccopa — TaKPOJIMMYca K IMMYHOMOIYJISITOPa — MOJUMYpPaMHUIIa.

Ocoboe BHIMaHHE YJeJIeHO ANHAMHKE KOHIeHTpamuu (akropa Hekposa omyxonn (TNF-o) kak omHOMY
U3 BaXHEHIINX KPUTEPUEB OHMOJOTHMYECKOTO AEHCTBHS MMMYHOMOIYIATOpOB. OmpeneneHa MpOXyKIHs
TNF-0 B ycioBusX 3KCIIEpUMEHTAJIBHONW MMMYHOCYHNPECCHH, IOATBEPXKICHbI MMMYHOMOAYIUPYIOIINE
CBOICTBa IOJIMMYpaMuUJla B YCJIOBUSAX OCTPOrO BOCIAJIEHUS Ha MOJENU Ipulna y Melmel. [Ipemioxeno
HCIIONB30BaTh TPAHCI€HHBIX T'yMaHU3MPOBaHHBIX Mblmed auHud NAT1hom m NAT2hom B mMmyHoO0-
THYECKUX HCCIIEOBAHUAX U ITOUCKE HOBBIX (papMaKOIOIMYECKUX MOJIEKYN-PETYISITOPOB, MeTabOIN3UpY-
IOLIMXCS C yYacTHEM CHCTEM alleTUIMpOBaHUA opraHusMa. IlonyueHHble 1aHHBIE COIIOCTaBIICHBI C BIIHS-
HUEM Ha IIUTOKWHOBBIN CTaTyc MHTHHATa — 3 PeKkTuBHOr0 HHruouTopa N-anetunrpanchepassl (NAT2),
HMEIOILETO BEIpaKEHHOE MIMMYHOMOIY/IHpYoliee neiictue npu npoxykuun MOH-ramma u ®HO-ansda.

KuroueBble c10Ba: MUTOKHHOBEIA Npodminb, WHruHAT, MarHuTHbIe 9acTuibsl, NATlhom, NAT2hom —
TpaHCT€HHbIE T'YMAaHH3HPOBAHHBIC JIMHUH MBIIIEH, IMMYHOJIOTHYECKHH CTaTyC, IMMyHOCYNIPECCHS, Ta-
KPOJIMMYC, UMMYHOMOYJISITOPBI, TIOJIMMYPaMHIT

KoH}uKT HHTepecoB: aBTOPHI 3asBHIA 00 OTCYTCTBUH KOH(MIIMKTAa HHTEPECOB.

Jas uutupoBanus: [yns M.C., Kapkumenko B.H., XBoctos JI.B., Arenpaunos P.A., Kapkumenxo H.H.
ITuroxnHOBBIA mpoduIs Ta00PaTOPHEIX WHOPEAHBIX M TPAHCTEHHBIX MBIMIEH B OIEHKE MMMYHOJIOTHYE-
CKOTO CTaTyca M TOHCKE HOBBIX (PapMaKOJIOTHUECKUX PETYyIsATOpoB. buomeouyuna. 2019;15(2):54-62.
https://doi.org/10.33647/2074-5982-15-2-54-62
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CYTOKINE PROFILE OF LABORATORY INBRED AND TRANSGENIC
MICE IN THE EVALUATION OF THE IMMUNOLOGICAL STATUS
AND SEARCH FOR NEW PHARMACOLOGICAL REGULATORS

Maxim S. Dulya’, Vladislav N. Karkischenko, Daniil V. Khvostov, Ruslan A. Ageldinov,
Nikolay N. Karkischenko
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This article presents the results of studies aimed at investigating the cytokine profile of laboratory mice,
including novel data on the cytokine status of transgenic mice NATlhom and NAT2hom. The investig-
ation of cytokines in the blood serum of laboratory animals was carried out using multiplex xXMAP-ana-
lysis on magnetic particles. For mice of inbred lines C57BL/6 and Balb/c, data is presented with respect
to changes in the quantitative content of cytokines in the blood plasma after a single injection of the
Polymuramyl and Tacrolimus drugs. Effects of the Tacrolimus immunosuppressant and the Polymuramyl
immunomodulator on the mouse cytokine profile were estimated.

A particular attention was paid to the dynamics of the concentration of the tumour necrosis factor (TNF-a)
as one of the most important criteria of the biological action of immunomodulators. The production of
TNF-o in experimental immunosuppression was determined. The immunomodulating properties of Poly-
muramyl were confirmed under the conditions of acute inflammation by simulating influenza in mice. It
is established that transgenic humanized mice of NAT1hom and NAT2hom lines can be successfully used
in immunological studies and search for new pharmacological regulatory molecules metabolized with the
participation of body acetylation systems. The obtained data are compared with the effect of inginate —
an effective inhibitor of N-acetyltransferase (NAT2) — on the cytokine status. This drug is characterized by
a pronounced immunomodulating effect on the production of IFN-gamma and TNF-alpha.

Keywords: cytokine profile, inginat, magnetic particles, NAT1hom, NAT2hom, transgenic humanized
mice, immunological status, immunosuppressive therapy, tacrolimus, immunomodulators, polymuramyl .
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BBepneHue JleficTBue ITUTOKMHOB TECHO CBS3aHO

LIMTOKMHBI IPEACTABISIOT COOOW MPOIYIIH-
pyeMble KJIeTKaMH OelIKOBO-TIeNTHIHbIE (ak-
TOPBI, OCYLIECTBIISIOIINE KOPOTKOAUCTAHTHYIO
PETYIISIHIIO MEXKKIIETOYHBIX U MEKCHUCTEMHBIX
B3auMozeiicTBuid. L{UTOKMHBI oOmnpeaensoT
BBDKHBAEMOCTb KJIETOK, CTUMYJISLIUIO WIIA MH-
ruOupoBanue ux pocrta, AupGEpeHITUPOBKY,
(YHKIIMOHAIBHYIO aKTHBAIMIO 1 arloITO3 Kile-
TOoK. CIOCOOHOCTh PETYAUPOBATH IEPEUNCIICH-
Hble (pyHKIUM OOYCIIOBJIEHA TEM, YTO IOCIE
B3aUMOJICICTBUSI IIUTOKWHOB C KOMILIEMEH-
TapHBIMH PELENITOPAMHU Ha IOBEPXHOCTH KIle-
TOK [6] curHanm yepes 31€MEHTHl BHYTPHKIIE-
TOYHOW TPaHCAYKIHMH MEepeiacTcs B AP0, TIe
AKTUBUPYIOTCS COOTBETCTBYIOIINE TeHHI [ 7, 8].
Benku, mpomyKThl aKTUBUPOBAHHBIX ITUTOKHU-
HaMH{ T'€HOB, MPOIYLUPYIOTCS KIETKaMH U pe-
T'YJIUPYIOT EPEYHCIICHHBIC BBIIIE IPOLIECCHI.

¢ (U3MONOTHYECKMMH U TaTo(U3UONIOru-
YEeCKUMH peakuusMu opraHmiMma. Ilpu stom
MPOMCXOIUT MOIYIALUS KaK JOKAIbHBIX, TaK
U CHUCTEMHBIX MEXaHH3MOB 3aIuThl. OmHOM
U3 BOXHEHIIMX (QYHKIUH CHCTEMbI LHUTOKH-
HOB SIBJISETCSI 00ECIEYEeHHE COIIaCOBAHHOTO
JIeHCTBUSL UIMMYHHOM, 3HIOKPUHHON U HEPB-
HOH CHCTEMBI B OTBET Ha CTpecc. YCHIICHHUE
MPOIYKIIMU OMpPEAETICHHbIX IUTOKHHOB BOC-
najgeHuss Wi (akTopoB, CTUMYJIUPYIOMINX
poct TUMQOLUTOB, MOXKET JIeXKaTh B OCHO-
BE HEKOTOPHIX 3a0ojeBaHuil. B To ke Bpems
CHIDKCHHE YPOBHS psAJa LUTOKHHOB TaKXkKe
CIOCOOHO MPOBOIUPOBAThH 3a00cBanue. Tak,
KosoHnecTumynupytomuii  ¢akrop  (CSF)
UrpaeT BEIyIIyI0 pOlb B HOPMAaJIbHOM IeMo-
1033€, U YMEHBIIIEHHE ero MPOAYKIMH Hapy-
IIaeT MEXaHU3MBbI 3aIIUTHI MPOTUB WH(EKLHUI.
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OcoOeHHO OOJBLIYIO POJIb IUTOKUHBI HTPAIOT
B (OpMHpOBaHMHU IaTOreHE3a OITyXOJIEBBIX
3a00JieBaHNil IMMYHHO# cUCTeMBI. DTH 3a00-
JIEBaHMS Pa3BUBAIOTCA U3 KJIETOK OCHOBHBIX
NPOAYIIEHTOB W/WIM TMOTpeOuTeael IUTOKH-
HOB. ['€HBI ITUTOKMHOB COMNPSYKEHHO AaKTHUBU-
PYIOTCS C OHKOT€HaMH IIPH XPOMOCOMHBIX
abeppanysx W MpU PETPOBUPYCHBIX HH(EK-
usx. BeaencTsue 3Toro omyxoseBble KIETKH
NPOAYLUUPYIOT LHUTOKHHBI, CTHUMYJIHPYIOIIHE
nposudepaiio HEOIUIACTHYCCKUX HMMYHO-
KOMIIETEHTHBIX KJIETOK.

ITockonmbKy ITUTOKHHBI SIBISIOTCSA JIOKAJIb-
HBIMH MeJnuaropamu, Ooliee Iesnecoo0pa3Ho
U3MEpATh MX YPOBHH B COOTBETCTBYIOIIHX
TKaHSIX IOCNE 3KCTPAKIMH TKAaHEBBIX IPO-
TEMHOB WU B €CTECTBEHHBIX >KUIKOCTIX —
HalpuMep, B cje3e, CMbIBaX M3 IMOJOCTEl,
MoOdYe, CIIMHHOMO3TOBOH J>KHAKOCTH H T.I.
VYpOBHH LHUTOKMHOB B CBIBOPOTKE WIH Jp.
OMOJIOTMYECKUX JKUIIKOCTIX OTPaKAIOT TEKY-
IIee COCTOSIHUE PadOThl IMMYHHOM CHCTEMBI,
T.€. CHHTE3 IIUTOKMHOB KJIETKaMH OpraHH3Ma
in vivo. OnpeneneHue ypoBHEH MPOAYKIUU
IUTOKMHOB MOHOHYKJIeapaMy Tepudeprye-
ckoit kpoBu (MIIK) in vitro mokasbiBaet QpyHK-
[IIOHAJIBHOE COCTOsIHUE KieToK. CIIOHTaHHas
npoxykuus nutokuHoB MIIK B kymsType
CBUJIETEIIBCTBYET, UTO KJIETKH yXKe MHAKTHBU-
poBaHBl in vivo. UHAyIHpOBaHHBIN (pa3iny-
HBIMH CTUMYJIATOPaMH, MHUTOTEHAMH) CHH-
T€3 IUTOKMHOB OTPaXKaeT MOTEHIMAJIbHYIO,
PE3epBHYIO CIIOCOOHOCTH KIIETOK OTBEYaTh
Ha aHTUT'CHHBINA CTUMYII (B YACTHOCTH, Ha JIeH-
CTBHE JIEKapCTBEHHBIX IpenapaToB). CHIKEH-
Hasl MHAYIUPOBAaHHAs MPOAYKIUS IUTOKUHOB
in Vitro MOXET CIY)XUTb OJHUM W3 IIPU3HAKOB
UMMYHOJIC(PUIIUTHOTO COCTOSTHHSI.

Panee HaMM MOJy4YeHBI IKCIEPUMEHTAIIb-
HbBI€ JlaHHBIE O OHOJOTHMYECKOM JIEHCTBHU
npenaparoB — MPOU3BOAHBIX (ryopeHa: TH-
JIOpOHA U MHTUHaTa. IIpenapaTsl BBICTYNAIOT
Kak 3¢ ¢eKTHBHbIe MHTUOMTOPHI N-aneTwi-
tpancgepassl (NAT) n oka3pIBalOT UMMYHO-
MOJyNIupyloliee AeHcTBUE NpU HPOTYKIHH
utoknHoB MPH-ramma u ®HO-aneda [1].

JlanHbie HaOMONEHHS IPUMEHUMBI JIIS TIOMCKa
MPOM3BOJHBIX (MIIyopeHa Kak MepCHeKTUBHBIX
CPE/ICTB B MOJICIIMPOBAHUU IPOTUBOBHPYC-
HBIX MOJIEKYJI-KaHTUIaTOB U UMMYHOCTHMY-
asitopoB. Ha oOcHOBe MOJy4eHHBIX JaHHBIX
in vitro 3KcriepuMeHTa 1o (epMeHTaTHBHON
AKTUBHOCTH YCTaHOBJCHO 3()()EeKTUBHOE WH-
rubupyomiee JeHCTBHE NPOU3BOAHBIX (iIy-
opeHa (TWJIOpPOHA M WHTWHATA) MO (EepMEHTY
NAT2 genoexka.

[Tpu oneHke ypoBHEH IIMTOKHHOB HEOOXO-
JIIMO TIOMHHTB, YTO OHH SIBJISIFOTCSI aHTHICH-
Hecrierpuueckumu  aktopamu. IloaTomy
crenuduyeckas JUArHOCTHKAa WH(EKIOH-
HBIX, ayTOMMMYHHBIX W QJUIEPTHUECKHX 3a-
0OJICBaHUI C MOMOIIBIO ONPEEICHUS YPOBHS
TeX WJIM WHBIX [[UTOKMHOB HEBO3MOXKHA. Tem
He MEHee, U3yUeHHe YPOBHEH IIUTOKWHOB 103~
BOJISIET MOJYYUTh MHGPOPMAIKIO O (DYHKIHO-
HaJIbHOM aKTUBHOCTH Pa3JIMUHBIX THUIIOB HUM-
MYHOKOMIIETCHTHBIX KJIETOK [8, 9]; 0 TsKecTH
BOCIIAJIUTEIBHOTO IIpoOIlecca, €ro IMepexose
Ha CUCTEMHBIH ypOBEHb U IPOTHO3€; O COOT-
HOIIIGHUH TIPOLIECCOB aKTHBAIMK T-xenmnepoB
1 1 2 TUTIOB, YTO OYCHB BaXKHO mpu nuddepeH-
UaJbHOW JMarHOCTUKE Psiia MH(PEKIIMOHHBIX
Y MIMMYHOIIATOJIOTHYECKHX TIPOLIECCOB; O CTa-
MM Pa3BUTHS pila ajlIepruvyeckux U ayTo-
UMMYHHBIX 3a0oseBanuii. Kpome toro, ompe-
JIeTIeHNEe YPOBHEW LIUTOKMHOB HCIIOJIB3YETCsI
NPY IPUMEHEHUH HOBBIX UMMYHOMOY/IHPYIO-
IMX MPETapaToB Ha OCHOBE PEKOMOMHAHTHBIX
[UTOKMHOB U UX aHTArOHUCTOB JJISl U3Y4EHHS
(hapMaKOKMHETUKH THX IPENapaTroB, a TAKKe
UX CHOCOOHOCTH MHIYLHPOBAaTh CHHTE3 JPY-
THX IUTOKHHOB.

Oco0BIii HHTEpEC MPECTaBIAET HIMMYHOJIO-
TMYECKUH CTaTyC TPaHCT€HHBIX I'yMaHH3HPO-
BaHHBIX MBIIIEH, MCIIOIB3YEMBIX B KayeCTBE
OuoMozernell MaToreHe30B M INPHUMEHIEMBIX
B HAIllPaBJIEHHOM ITOHCKE HOBBIX (hapMaKoIo-
THYECKHUX PETYJISITOPOB.

OCHOBHBIM TyTeéM MeTaboyn3Ma MIHUPOKO-
ro psfa JEeKapCTBEHHBIX CPEACTB M KCEHO-
OMOTHKOB, BKIIIOYas KaHIIEPOTCHBI, SIBISETCS
N-aneTuaupoBaHue, KOTOPOE IPOHCXOAUT
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npu yuactuu ¢pepmeHToB N-aneruntpancde-
pa3 (NAT1 u NAT2). Panee HaMu MOJTy4eHBI
TeHEeTHYeCKHe KOHCTPYKLUHU C T€HaMM 4YeJo-
Beka NAT1 u NAT2 u ychnemHo BBIBEICHBI
MTOKOJICHUSI YCTOMUYMBBIX TPAHCTEHHBIX JH-
nuii mpimer (NAT1hom, NAT2hom), Hecy-
X 3Ty redsl [1-3]. MertogamMu Monekyssip-
Ho-rerernueckoro (ITLP, BecrepH-0n0TTHHT)
u 6uoanamutryeckoro aHanuza (BOXX-MC,
CIEKTPO(QOTOMETPHSI) YCTAHOBICHO HAJIHYHE
TPAHCTEHOB U OIpEeeNIeHbl 3KCIpeccus, ak-
tuBHOCTh OenikoB NAT1 m NAT2 wyenoseka
B TKaHAX TyMaHHU3HPOBAHHBIX MbImel [4].
Pa3paboranbl HOBbIE METOABI OLIEHKH 3 peK-
TUBHOCTH M 0€30MIaCHOCTH NPUMEHEHMS Mep-
CIEKTHBHBIX (DapMaKOJOTHYECKUX CpEICTB
C HCHOJNB30BAaHHEM TPAHCTEHHBIX 3SKCIEpH-
MEHTAJIBHBIX JKUBOTHBIX, HECYIIUX TCHBI
NAT1 u NAT?2 yenoBeka, a TakXKe ITOAXOJIbI
110 CKPUHHMHTY MOJIEKYJI-KaHIU/1aTOB Ha OCHO-
BE COEIMHEHNH — WHrHOUTOpPOB (hepMEHTOB
N-aneruntpancdepas uenoseka [5].

L{uTokMHOBBIA NpOdWIIL TPAHCTEHHBIX TY-
MaHHU3UPOBAHHBIX MBIIICH paHee B JUTEpaTy-
pe He OIKCaH U MpeCTaBsieT GpyHIaMeHTab-
HBII U IPUKIJIAIHOM HHTEPEC.

Llenb paboTbl — uccienoBarh UTOKUHO-
BB TIPOQWIIb JIMHUN J1TaOOPaTOPHBIX MBbIIIEH
C57BL/6, Balb/c u TpaHCreHHBIX T'yMaHU3M-
poBanHbix NATlhom, NAT2hom wmetomom
XMAP-My/IbTUIUIEKCHOTO aHaj3a Ha Mar-
HUTHBIX YacTunax. Ha mpumepe BbIOpaHHBIX
JIEKAPCTBEHHBIX CPEACTB (MMMYHOCYIIPECCo-
pa — TakpoJuMyca ¥ HMMYHOMOIYJISATOpa —
MOJIMMYPaMUIIa) OLIEHUTH MATTEPH U3MEHEHUH
LUTOKHHOBOTO TPOGWMIIS JUIS JIMHUHA MBIIIEH
C57BL/6 u Balb/c, dpapmakonuHaMuKy U Xa-
paKkTep MMMYHOJOTMYECKOTO JEHCTBHS BbI-
OpaHHBIX MOJICNIFHBIX TIPENapaToB.

MaTtepuanbl u meToAabl

LIMTOKMHOBBIA TNPOGMIL IUIa3Mbl  KPOBH
BCEX HCIBITYEMBIX J>XUBOTHBIX OIpPEEIIAIN
C IIOMOIBIO MYJIBTUIUIEKCHOTO aHAJIN3a Ha CH-
creme «Bio-Plex Magpix» (Bio-Rad, CIIIA).

JlaHHBIN MeTON MpeACTaBiseT cOO0H MYJIbTH-
IUIEKCHYI0O UMMYHHYIO PEakIuio, MpOTeKaro-
I[ylI0 Ha MarHUTHBIX MHUKpPOYACTHIAX, C HX
MOCJIEAYIONMM MPOTOYHBIM  (PIyOpECIeHT-
HBIM aHAJIM30M U OJJHOBPEMEHHBIM OIlpe/erie-
HHUEM CofiepKaHus IUTOKUHOB. [Tonp30Banuch
CTaHAAPTHOW KOMMEPYECKU JOCTYIIHOM IaHe-
abto Ha 23 nutokuHa (Bio-Plex Pro™ Mouse
Cytokine 23-plex Assay, #M60009RDPD).
[Tnazmy kpoBH, crabmiuzupoBaHHyo ID[TA,
BHOCWIM B JIyHKHM IuUlaHuiera. JlanpHeime
OTIepalliy BBITOJIHIN B COOTBETCTBHH C IIPO-
TOKOJIOM IPOU3BOIUTEIS.

NMMyHONOrn4eckoe JeiUCTBUE JIEKapCTBEH-
HBIX CPEJCTB — TaKpOJUMyca U HOIUMYypa-
MHJIa — Ha IUTOKWHOBBIA NPOQUIL Ompe-
IEJsUIM Ha MBIIax-caMuax JauHud Balb/c
u C57Bl/6 maccoii 20+2 r. TlepBoHauanbHO
BBoAMIU 0,3 MJI BOJAHO-CIIMPTOBOTO p-pa MM-
MyHOCyIIpeccopa — TakKpoluMmyca B JI03€
0,5 mr/mprmb. JlanbHeiiniee BBEJCHUAE MO~
Mypamuia BBITOTHIN crycTs 3040 muH
B 103¢ 10 1 50 MKI/MbIlIb BHYTPUMBIIIEYHO.
I'pynme KOHTPONBHBIX >KUBOTHBIX BBOIMIIN
¢wus. p-p u p-p nonmumypamria (10 MKr/MbIIIb)
6e3 npeBapUTEIEHOTO BBEICHUS TAKPOIHMY-
ca. OOpasipl MIa3Mbl KpOBU IS OIpeJee-
HUS YPOBHSI IUTOKMHOB OTOMpany uepes 1,5 1
OT Havajia 3KCIIepUMEHTA.

Jns onpenenieHUs UMMYHOMOIYIUPYIOILIEH
AKTUBHOCTH MOJMMYpPaMHUIIa 10 €r0 BIUSHUIO
Ha nponykiuio ®HO-ameda (TNF-a) u ap.
IIUTOKMHOB HCIIOJIb30BaHA MOJENb TpHUIINa
Ha MbImax JuHun Balb/c maccoit 16-18 T
(MBIIIMHAs MOJENb OCTPOTO BOCIHAJECHHUSA).
ITpumensics mramm Bupyca rpumnma HSN2,
aJaTUPOBAHHBIM K MBIIIAM U BBI3BIBAIOIINI
IIPY MHTPAHA3aJIbHOM 3apaKeHUHU JIETAIBHYIO
JIBYXCTOpPOHHIOIO IHeBMOHMIO. [lommmypa-
MUJI BBOJAUJICSL €XKEHEBHO BHYTPUMBIIIEYHO
B 00beme 0,5 mit. JITUTENbHOCTh BBEACHHUSI —
5 nHe#, HauMHasg CO BTOPOTO JAHS MOCHE 3a-
paxeHus (uepe3 16—18 u mociue 3apaxxeHus).
Ha mnoxaroroBuTensHOM 3Tane MPOBOAMIH
ompesesneHne 103bl BHpyca rpunma HSN2
JUIL  MHTPaHa3aJbHOTO 3apakeHHs: Oblia
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mojo0paHa 1103a, BbI3biBaromias rudens 80%
MBIIIEH B KOHTPOJILHOI Tpyrne (06e3 BBeJCHUS
npenapara). JleiictBue nonumypamiia nzyda-
mm B Tpex po3ax: 50, 10 u 2 Mxr/mbiusb (= 900,
180 u 36 mkr/kr). 3a00p MmIa3Mbl KPOBH TIPO-
BOJW/IM Y BBDKHBIIMX XMBOTHBIX HA 5-€ CYT
rocje Havaia SKCIEePUMEHTa B aHAJIOTHYHBIX
MIEpBOY YaCTH UCCIIEJOBAHHUS YCIOBUSX.

Pe3ynbraThl uccneaoBaHum

[Tony4yeH MaccuB MEPBUYHBIX TaHHBIX, 103~
BOJISIFOIIMIA OIICHUTh IIMTOKHMHOBBIA CTaTyc
TPAHCTCHHBIX TYMaHH3HPOBAHHBIX  MBIIICH
NAT1lhom, NAT2hom, a Takxke Xapakrep
U JUHAMHKY HMMYHOOHOJIOTHYECKOTO BO3-
JICHCTBUS JICKAPCTBECHHBIX CPEICTB — Ha MPH-
Mepe MpenaparoB HMMMYHOCYIIPECCHBHOTO
JeHCTBUSA (TAKPOIMMYC) U HMMYHOMOIYITUPY-
forero (ToMMypamMui) ISHCTBUS — IO H3-
MCHCHHIO COZCPIKAaHUS 23 IIUTOKUHOB U XEMO-
KHHOB BO BPEMCHH.

CormocTaB/ieHHE MMOJYYCHHOTO HAMH ITUTO-
KHHOBOTO MPOGHIIS MIa3Mbl KPOBH TPAHCTCH-
HbIX Mbleit NATThom, NAT2hom ¢ oTkpsI-
ThIMH 0a3aMH JTAaHHBIX ITATOKHHOBOTO CTaTyca
(puc. 1) HOpPEMHBIX JTUHUN MBIIICH U YCIIOBE-
ka (CytReg u np.) orpaxaeT HUMMYyHOJIOTHYE-
CKyH0 OJHM30CTh TI'CHETHYCCKU-MOAUDUIIUPO-
BaHHBIX JUHUHA K [UTOKUHOBOMY MPOQHITIO
YeIoBeKa.

AHanu3 JUHAMHYCCKUX W3MEHEHHH Mpo-
GWwis [MTOKMHOB i1 WHOPENHBIX JIMHUHN
C57B1/6 u Balb/c noka3bIBaeT, uTo mpu BBE/IC-
HUH KHUBOTHBIM MOJMMYpPaMuiia pOpMUPYETCs
OTYCTIIMBBIN ITUTOKUHOBEIA OTBeT. [Ipu 3TOM
HauOoJIee BhIPAXKCHHAS PEAKIUs KacaeTcs Ta-
KHX IIUTOKUHOB ¥ XeMOKHHOB, Kak IL-1b, IL-5,
MCP-1, IL-6, TNF-a, G-CSF, RANTES, MIP-
1b u IFN-y.

Tunuunas nuHamuka coxpepxkanus TNF-o
B IJIa3ME KpPOBH HCIBITYEMbIX JKHBOTHBIX
Mpe/CTaBICHa Ha puc. 2.

Fl

]
NATlhom

Mo R-1a (53)
(Mo k15 (19)
L Mon2(3)
Mo 13 (18)
Mo 14 (39)

e R
Mo 1.6 (38)

Mo 19 (33)
Mo 110 (56)
Mo L-12(p40) (76)

Mo MiP-16 (75)
Mo RANTES (55)
Mo THF-a (21)

o IFN-g (34)

Mo KC (57)
Mo MCP-1 (51)
o MiP-12 (7T)

Puc. 1. Cpasnumenvhas cucmozpamma yumokuHO8020 NPOGUIA Niasmsl 1a60PAMOPHBIX MPAHCZEHHBIX HCUBONIHBIX

NAT1hom, NAT2hom u C57Bl/6.

Fig. 1. Comparative histogram of the plasma cytokine profile of laboratory transgenic animals NAT1hom, NAT2hom

and C57Bl/6.
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TNF-a (Mbiwwu C57Bl/6, Monumypamun, 50 MKr/MblLLb)
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Puc. 2. JJunamura xonyenmpayuu @HO-anvpa (TNF-a) 6 naazme kposu mouueti C57Bl/6 uepesz 5—10—15-30—45 mun,
1-1,5-2—-3-8-24 u nocie 00HOKpamuo2o 86edeHUst NOAUMYPAMULA 6 003¢ 50 MKS/Mblillb.

Fig. 2. Dynamics of the concentration of TNF-alpha (TNF-0) in the blood plasma of C57Bl/6 mice after 5—10—15-30—
45 min, 1-1.5-2—-3-8-24 h after a single injection of Polymuramil at a dose of 50 ug per mouse.

VYcraHoBneHo, 4ro  (apMakoAWHAMHUKA
MOJMMYypaMuila, OICHUBaeMas [0 YPOBHIO
®HO-anbda, uMeeT HECKOIBKO MaKCHMYMOB:
nepBbId mociie B/M BBeaeHHs (50 MKI/MBIILb)
no ®HO-anedpa Habnrogaercs npu 10 muH,
cnenyromumii — npu 45—-60 MUH 1 MaKCUMaJTb-
HBIA — Ha 24 4 (puc. 2). IlonoOHbIH BOIHOO0O-
pa3Hblil xapakrep npoaykuuu TNF-o u psga
np. uutokuHoB (IL-6, IL-10) sBngercs ot-
JIUYUTEIILHOU OCOOCHHOCTBIO (hapMaKOKHUHE-
TUKH ¥ (apMakoIUHAMHKH MMMYHOMOJYJIH-
pytowiero neiictBusi npenapara. [IpuunHamu
TaKUX 3aKOHOMEPHOCTEl MOTyT OBITh MOJH-
KOMIIOHEHTHOCTh ~COCTaBa IOJIMMYpaMuIa,
OTJIMYAOLIAst €r0 OT WHIUBHYAIbHBIX COEHU-
HeHni Mypammnnentunos (M/II, rirokoza-
MuaII-MII u 1p.).

Hamu ycraHOBJEHO, YTO MNOJIMMYpaMuII
B YCIOBHSX HMMYHOCYIPECCHMBHOM MOJIEIH
OKa3bIBAE€T BOCCTAHABIMBAIOIIEE JICHCTBHE
Ha ypoBeHb ImpKyaupyromero ®HO-asbda,
YBEJIMYMBAs B PaMKax JKCIIEPUMEHTa IPOIyK-
nuio 1urokuHa B 10-30 pa3 mo cpaBHEHHIO
C TPYNIOW >KUBOTHBIX, IMONYYHBIINX TOJBKO
HUMMYHOCYIPECCOP — TaKpOIUMYC. 3aMeUeHO,
YTO aHHbIE Y(Q(EKTHI PA3BHUBAIOTCS B KOPOTKHUE
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MPOMEXYTKH BPEMEHH (0 2 4) U CONpPSDKEHBI
C BBDKHBAEMOCTBIO KUBOTHBIX (pHC. 3).

B kauecTBe MOJENM OCTPOro BOCHAJICHUS
UCTIOJIB30BAJIaCh  MOJICNIb  3KCIIEPUMEHTAIb-
HOTO TpuINla Ha Mblmax. beuto mokxasaHo,
YTO Y JKHUBOTHBIX C 3KCIEPUMEHTAIBHBIM
TPUIIIOM BHYTPHUMBIIIEYHOE BBEICHUE IONH-
Mypamuia B g03¢ 10 MKI/MBIIB HOAABISET
npoaykuuo TNF-o, npubnmkas ero 3HaueHue
K ypoBHIO npoxykuuu TNF-o HHTaKTHBIX 5KH-
BOTHBIX.

BbiBoabl

BriepBbie mosydeHbl TaHHBIC [IMTOKUHOBOTO
npoHIs TPAHCTCHHBIX TyMaHH3HPOBAHHBIX
Mmbimeii  NAT1hom, NAT2hom. Beisgerena
HMMYHOJIOTHYECKAs COMMOCTABUMOCTb JTaHHBIX
IIUTOKUHOBOTO CTaTyca TPAHCTCHHBIX JIMHUM
C OTKPBITBIMH 0a3aMU JTaHHBIX MO I[UTOKHHO-
BOMY CTaTyCy YeJIOBEKa.

BrepBbie mMOJgy4eHBI JSKCICPUMEHTAb-
HbIC JaHHbIC (papMaKOJUHAMHKA HMMYHO-
JIOTHYECKOTO JICKAPCTBEHHOIO CPEACTBA —
MOJIMMypaMHuIa.

Pesynerarel  uccienoBanus  (papMaKkoqUHA-
MHKH TTOJIIMYypPaMUIIa 10 U3MCHCHHIO YPOBHEH
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Moaenb UMMYHOCYNNPECUBHOTO BO3AeNCTBUA TaKponumyca
(0,5 mr/mbiLb)
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1400 { 124849
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MM 8/m nocne MM 8/mnocne  Kowtponb (¢u3. p-p) Takponumyc per os Koutpons (MM 6e3
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Puc. 3. Yposeno @®HO-anvgha 6 o6pasyax niazmoi Kposu muluteti nocie 6éedenus nonumypamuna (IIM), 50 u 10 mxe/moiiun,
€ npeosapumenbHo UHOYYUPOBAHHOU UMMYHOCYNpeccuell 66edeHuemM makpoiumycad.

Fig. 3. Levels of TNF-alpha in mouse plasma samples after administration of Polymuramil (PM), 50 and 10 ug per
mouse, with pre-induced immunosuppression with Tacrolimus.
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Puc. 4. Yposenv TNF-o 6 niasme xposu muiweti Balb/c (IIM, é/m, 10 mxe/mbiuus — yposenv TNF-a. ¢ nnasme kpogu
Mbludell nocne 3apadcenus ZPUNNOM U 5 elceOHesHbIX 68e0eHUll NPpenapama noIUMypamuil 6HYMpPUMbIUEYHO 8 003€
10 mxe/morun. Konmpons — yposenv TNF-a. 6 niazme kposu mvluiell nocie 3apaicenus epunnov. Hopma — ypogenn
TNF-a. 6 nnazme Kpogu 300p08bIX Mbluell).

Fig. 4. Levels of TNF-a in Balb/c mouse plasma (PM, IM, 10 ug per mouse — the level of TNF-o. in the mouse blood
plasma after infecting with influenza viruses and 5 daily Polyrammyl injections intramuscularly at a dose of 10 ug per
mouse. Control — the level of TNF-o. in the mouse blood plasma after infecting with influenza viruses. Norm — the level
of TNF-a. in the blood plasma of healthy mice).

psina nuToKMHOB U XeMokuHOB (PHO-anmbda,
IL-6, IL-10) B mia3mMe KpOBU TOATBEPKIAIOT
HMMYHOMOJYJIMpYIOIllee NeHCTBHUE Tpenapara.
Hannuue HECKONbKMX MaKCUMYMOB KOHIIEH-
Tpauu OOJBITHHCTBA M3YyUYCHHBIX ITUTOKHHOB
B IJJa3M€ KPOBH IOCIIE BBEACHUS MOIMMYpa-
MHJIa MOXET OTpa)kaTb HaJlMuMe B COCTaBe
9TOr0 UMMYHOMOJYJISITOpPA TPEX NEHCTBYIONINX

KOMITOHEHTOB U OOBSICHATHCS (pa3HBIM BKIIIO-
YEHHEM B BBICBOOOXKICHHE/TIPOMYKIHMIO LIUTO-
KHHOB pa3HBIX IO JIOKAJIH3ALUN B OpraHU3Me
KJIETOK-IIPOAYIIEHTOB. [1epBbIii MUK, BEPOSITHO,
CBsI3aH C BBIOPOCOM LIMTOKWHOB B 30HE TIEPBUY-
HOTO BBE/ICHMS TpernapaTa M KJIeTKaMH KPOBH,
BTOPOI1 IIMK — C BEICBOOOXK/ICHUEM LIUTOKUHOB
B TKaHSX B pe3y/bTaTe TKAHEBOTO pacipeseie-
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TPAKTOBATh KaK AKTUBALUIO0 CHHTE3a 3TUX MO-
JICKYI de novo.
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morphine derivatives. The specificity of the obtained antibodies was investigated using enzyme immunoas-
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BBeneHue

Pa3paboTka BakUUHBI JJIS JIEUECHHUS OIMHAT-
HOM 3aBHCHMOCTH HMMEET BaKHOE MpaKTHUe-
CKOE€ 3Ha4eHHe, IMOCKONbKY MpeaynpexieHue
JATbHEHIINX PElMIUBOB y OOJNBHBIX, IMPO-
HIEANIMX KypC JICUSHHs], SIBISIETCS HamOolee
a¢dexTrBHON Mepoil. B kauecTBe omHOTO
U3 TEPCHECKTUBHBIX HANpPaBJICHUA MOXET
paccMaTpuBaThCs MCIIOIB30BAHUE IS BaKI[H-
HallMM MMMYHOOHOJIOTHYECKHX IIPEnaparoB,
MOJYYSHHBIX Ha OCHOBE AHTHUHIUOTHITHYE-
CKUX (BTOPHYHBIX) AHTHUTEN, SBIISIOLINXCS
0E€KOBBIMH MMHUTATOPaMU MCXO/IHBIX aHTHUIe-
HOB [2, 4]. i momyuyeHUs aHTHUIAUOTHUIIH-
YECKHX aHTHUTEN K JBYM MPOM3BOJHBIM MOp-
(uHa HaMU OBUIM MCIIOJNB30BAaHBI TIEPBUYHBIC
MOHOKJIOHaJbHbIe aHTUTeNa (MAb1) K 3-Kap-
6okcumermibHOMYy (KMM) 1 6-remucykiu-
HuibHOMYy (I'CM) mpousBoaHbIM MopduHa,
a UIMEHHO — TMPOU3BOHBIM O THAPOKCHIIb-
HBIM OCTaTKaM IpH aToMax yriaepoia B 3-M
U 6-M NOJNOXKEHUsX (HEHaHTPEHOBOTO KOJIbIIA
MOJIEKyYIbI MOpduHa.

Llenb paboTbl — mojyueHHe, XapakTepu-
CTHKa, TPOBEPKAa UMMYHOTCHHBIX M MOpP(U-
HOMNO/OOHBIX CBOWCTB aHTHUAMOTHUIINYECKUX
MOHOKJIOHaJIbHBIX aHTHTeNl (Ab2) K IByM
NPOU3BOJHBIM MOp(hUHA.

MaTtepuanbl u meToAabl

Mpimeit nuaun Balb/c uMMyHH3UpOBaIH
panee mosyuyeHHbIMH MADb1 k AByM mpous-
BoAHbIM Mopduna (kimonel 3K11 u 6Gl,

pacro3HalIue pa3Hble YYacTKH MOJIEKY-
asl MopduHa) [1]. AHTUTENna, KOHBIOTHPO-
BaHHBIE C T€MOLMAHMHOM, BBOJMIIU B JI03€
10 MKI/MBIIIb B CMECH C TOJHBIM a/1bIOBaH-
toM Dpeitaaa (IIAD). Ha 30-it neHs *uBOT-
HBIM BBOJMJIM BHYTpHBEHHO 5 Mkr MADbI
B Qu3. p-pe, nocine 4yero (Ha 4-i ACHDB) KU-
BOTHBIX YMEPIIBIISIH ¥ U3 TIAXOBBIX U OpIOLI-
HBIX JUM(OY3JI0B BBIACISUIA CIJICHOMTHI
U TUMQOUMTHL. 3aTeM KJIETKH CMENIMBaJH
C KJIETKaMU MHEJIOMBI MbIlu JuHuu SP 2/0
B COOTHOWICHHUHU 2:]1 W MPOBOAMIM TrMOpHIH-
3aiuio mo Merony Munbiiteitna — Kenepa.
Jns Beigenenus ad@GUHHBIX AHTUUAWOTH-
nuueckux (AU, Ab2) aHTuTen U3 aCUUTHBIX
JKUJIKOCTEH OBUIM TNPHUTOTOBJICHB MMMYHO-
copbentsl 3K11-cedaposza u 6Gl-cedapo3a.
Crnenu(UYHOCTh  MOHOKJIOHANBHBIX ~ Ab2
aHTUTEN ompenaeasuii ¢ mnomouipio MDA
B PEaKIIMU C MEPOKCHIa3HBIMU KOHBIOTaTaMH
MAb1 — 3K11 u 6G1. Ab3 uMMyHHBIH OT-
BET M3yYaJId Ha KPOJHMKAX IMOPOJIbI COBETCKAS
muHImwUia. CxeMa IMMYHH3alUU TIPEJICTaB-
nena B Ta0m. 1.

Tutp Ab3 anTuTENn B CHIBOPOTKaX KPOBH
OINPEACISTIA C TOMOIIBI0 HENpPsSMOTr0 MeETo-
na VDA, ucrnone3ys B KadecTBE aHTUIEHA
Ha TBepaoi (haze KOHBIOTaT (HEHMUITA30MPOH3-
BOJIHOrO Mop(duHa Mo 2-My aroMy yriepoaa
¢ mu3ouuMoM (PAM-nu3).

Jns onenku Ab2 aHTHUTEN MO CIOCOOHO-
CTH TPOSBIATH MOP(GHUHOIOJOOHBIE CBO¥-
CTBa in vitro ObUIa HCIOJB30BaHA KyJIBTypa
mrobnacToMsl yenoseka TUHUKA T98G ¢ spko
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Taonuya 1. Cxema ummyHU3ayuy KPOIUKog ois nonyyenus Ab3 anmumenvrnozo omeema
Table 1. A scheme describing immunization of rabbits for obtaining the antibody Ab3 response

0,2 Mr aHTWUreHa B 2 TOYKM BHYTPUMbILLEYHO

cMNA®, 1:1
AU-K11B

AU-G1 3-9 Hbekumsa — 30-11 geHb

0,2 Mr aHTUreHa B 4 TOYKM NOAKOXHO

BAonb xpebta ¢ HA® (1:1)

BBIPQKCHHON HKCIPECCUEH ONUOUJHBIX pe-
uentopoB. buonornueckuit apdexkr Ab2 an-
TUTEN B LIMPOKOM auamnasoHe 103 (ot 0,39
710 25 MKT Ha | MJT TOJTHOM MUTATENBHOMN Cpe-
np1 — [1I1C) npoBepsiin MO UX CIIOCOOHOCTH
BuATh Ha cuHTe3 /IHK B KymbsType KieTok
B CpPaBHEHHH C JIeHCTBHEM MOP(hHHA 1 HAJIOK-
COHa, 00JaJaloNINX arOHUCTHYECKUM M aHTa-
TOHHCTUYECKUM JEHCTBHEM IO OTHOIIECHHUIO
K W-OTHOMJTHBIM pELENTOpaM COOTBETCTBEH-
Ho. KynbsTHBHpOBaHHE KIETOK M MOCTAHOBKY
SKCMEPUMEHTOB TPOBOAWIM B 96-TyHOUHBIX
IUIOCKOJIOHHBIX IIJIaHIIETaX, Kak ObUIO yKa-
3aHO panee [3]. HTEHCHBHOCTH OHMOIIOTHYE-
ckoro 3¢ dekra antuten u [1AB orenuBamu
no aktuBHOCTH cuHTe3a JIHK B kieTouHbIX
KyJIBTypax, KOTOPYIO M3MEpsUId 10 CKOPOCTH
BKJIIOYEHHS MeTHNI-"H -TUMHIMHA BO BHOBb
cuntesupyemyo JJHK u Bepaxkanu B UMITYJIb-
cax B MUH (MMII/MUH).

Puc. 1. Kackao anmumen (Ab), obpasyowuxcs npu um-
MYHU3AYUU.

Fig. 1. The cascade of the antibodies (Ab) formed during
immunization.

0,2 Mr aHTUreHa B 4 TOYKM NOAKOXHO BAOMb Xpeo-
Ta C HenosHblM agbloBaHToM PpeiiHga (HAD), 1:1

4-9 nHbekuma — 45-i geHb

0,2 Mr aHTUreHa B 2 Mn 3. p-pa BHyTPUBEHHO

Pesynbrathl n ux obecyxaeHune

B pesynbrare mpojenaHHON paOOThI OBLIH
MOJNy4YeHbl 3 KJIOHa-IpoayueHTa Ab2, u3 Ko-
TopbIx 1Ba (Ab2-K11A u Ab2-K11B), no nan-
HBIM KOHKypeHTHoro M®A, nmpoxyrupoaiu
aHtuTena, cneuuduynsie Kk MAb1-3K11, To-
raa kak kiaoH Ab2-G1 sBuicst mpogyleHToM
Ab2, pacnosnaronmx MAb1-6G1. U3BecTHo,
YTO B pe3ysibTaTe UMMYHH3AIMU MEPBUYHBIM
AHTHICHOM, coriacHo Teopuu Epae, o0pa-
3yeTcsl LeNIbIA KackajJ HWIMOTHIIOB aHTUTEN
(puc. 1), npuuem Ab3 antuTena oGmamarot
Abl-nonoOHBIMU cBOMiCTBaMU (pHC. 2).

VMMyHH3a1MsT  KPOJHMKOB  IOJyYEHHBIMH
Ab2 aHTHTENaMM WHIYLUpPOBaNa MPOAYK-
o Ab3 aHTUTENn y JKUBOTHBIX. [IpoBepka
crenuUIHOCTH BbIIEICHHBIX Ab3 aHTHTEN
MeTtonoM M®A ¢ JIM30IMMHBIMH KOHBIOTa-
TaMH TpeX MPOHU3BOIHBIX MopduHa (Tabi. 2)
MOKa3ayia, YT0 OHU OONaJal0T CHOCOOHOCTHIO

>

Ab2B
Ab3 P

=

Puc. 2. Cneyughuunocmo Abl, Ab2 u Ab3 anmumen nep-
BUYHBIM anmuzeHom (Ag).

Fig. 2. The specificity of the Abl, Ab2 and Ab3 antibodies
to the primary antigen (Ag).
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CBSI3BIBATHCSI C TEMH ITPOU3BOJHBIMHE, KOTOPbIE
OBUTM MCIIONB30BaHbI 115 ojdy4eHust Abl au-
tuten (KMM, I'CM), a taxke ¢ PAM-nus3.

IlonmyyeHHbIe pe3yabTaThl  CBUICTEIBCTBY-
0T TaKKe O MpPUHAMICKHOCTH Ab3 aHTHTEN
K B2-THmy.

W3ydyenne nuHAMHKKM HakoruieHus Ab3
AQHTUTEJI B CHIBOPOTKE KPOJHKOB, HUMMYHH-
3MPOBAaHHBIX MOHOKJIOHAIBHBIMU Ab2 aHTH-
TeJaMu, TI0Ka3ajo, YTO MUK mpomykimu Ab3
aHTUTEJ IpuxoauTcs Ha 31-e cyT oT mocien-
Hell uMMyHH3anuu (Tabmn. 3), Ipu TOM KOH-
HEHTpalus aHTUTEeN fAocturana 31692 ur/mi,
YTO0 OBUIO CYLISCTBEHHO BHINIE paHee IMOJy-
YEHHBIX PEe3yJbTaToOB, KOTAA Ui UMMYHH3a-
UM KUBOTHBIX HCIONB30BAINCEH IOJHKIO-
HanbHble Ab2 anTuTena (200 Hr/mMiT) K TEM ke
aHTUTCHaM.

IIpoBepka 6Guonoruyeckoi akTHBHOCTH aHTH-
UINOTUIYCCKUX aHTUTeN (Ab2) Ha KyIsType
HIepEeBUBAEMOI1 JINHUH [NTNOOIACTOMBI UEJIOBEKA
TI98G, k11eTKH KOTOPOi HECyT Ha CBOEH MOBepX-
HOCTH OIMOMIHBIE K- U U-PEIeNTOpPhI, TOKa3a-
na, yto anturena Ab2-K11B u Ab2-Gl, wuc-
nosb3yeMbie B auamazone 103 0,39—10 Mxr/mi,
AKTHBUPYIOT mog00HO Mopduny cuHte3 JTHK
B KynbType Kietok T98G (puc. 3). Ilpuuem
MaKCHMaJlbHasi MHTCHCUBHOCTh cuHTe3a JJHK
B KkieTkax juHud T98G y aHTHHIUOTHIH-
yeckux aHturen AM-K11B, mnomyueHHBIX
Ha ocHoBe Ab1-K11B, nocturanace npu koH-
HEHTpAIUK 6,25 MKI/MJI, aHAJOTUYHO MOP(hHH-
HY, Toraa kak y AU-G1, noiy4eHHBIX Ha OCHO-
Be Ab1-G1 antuTen, 3T0T 3¢ deKT ObUT Ooee
BBIP2)KEH B CPaBHEHUH KaKk ¢ MOP(UHOM, TaK
u ¢ AW-K11B aHTHTEnaMHu, U JTOCTUTA]T MaK-
cUMyMa MpW KOHUEHTpauuu 3,125 MKr/mi.
Jlanee MBI TIOIBITATUCH BBISICHUTH, SBISICTCS
JIM MEXaHU3M JercTBUS Ab2 aHTUHUIMOTHUIIN-
YECKHX aHTHUTEN B KyNbType KJICTOYHOH M-
v T98G aHaNOTMYHBIM JEHCTBHIO MOpP(hU-
Ha, KOTOPBIA AKTUBUPYET KICTKH, [JIABHBIM
o0pa3oM, dYepe3 W-OMHOHIHBIC PELENTOPHI.
B kieTouHbIe KYIBTypBl OTHOBPEMEHHO C MOP-
¢uHOM Mm Ab2 aHTUHIMOTUIIMYECKHUMH aH-
THTENIaMU OBbUI BBEJICH HAJIOKCOH, BHECEHHUE

Taonuya 2. Hmmynonoeuueckas cneyugpuunocms Ab3
anmumen
Table 2. The immunological specificity of Ab3 antibodies

Ab1 K11 + + -
Ab1 G1 - - +
Ab3 AV-K11B + + +
Ab3 AN-G1 + + +

Tabnuya 3. Junamura oopaszosanusi Ab3 anmumen
Table 3. The dynamics of formation of Ab3 antibodies

16 4804 9964

28 12 636 19 158
31 24 756 31692
37 33 531 28 634
50 30 864 19 646

KOTOPOTO B KYyJIBTUBHPYEMbIE JTUM(OLUTHI
YeJoBeKa, KaKk MbI MOKa3alu paHee, HeWTpa-
auzyeT 3¢¢ekT MophUHA, CTUMYIUPYIOMINT
cunre3 JJHK B atux kynerypax [3]. Pe3ynsra-
ThI OLICHKH HeHTpamusyromero s¢dekra Ha-
JIOKCOHA MPEJICTaBIICHBI Ha PHC. 3, 3 KOTOPOTO
BHUJIHO, YTO HAJOKCOH IOJHOCTBIO OJIOKUpYET
HE TOJIBKO CTUMYJAHpYRoUMid 3deKT cuHTe3a
JHK B xynsrypax T98G, BbI3BaHHBIH MOpdU-
HOM, HO TaKXe MMOJTHOCTBIO ycTpaHseT 3hheKT
CTUMYJISIIIUY, BbI3BaHHBIH AW aHTHTENnamu,
NPU BCEX MCIBITAHHBIX KOHIIEHTPAIHUSX Mpe-
1apaToB.

3aknioyeHue

Takum o00pa3oM, MOJMy4YEeHHBIE HAMH MO-
HOKJIOHAJIbHbIE ~aHTHHAMOTUIINYEecKue Ab2
aHTUTEJa K JIByM IIPOU3BOAHBIM MopduHa
MO CBOEi CIOCOOHOCTH WHIYLIMPOBaTh WM-
MyHHBbIH Abl-monoOHeii Ab3 oTBeT MOryT
paccmarpuBarbCsi B JalibHEHIIEM Kak Oeln-
KOBBIH HMMHTATOp IPOM3BOIHBIX MOpduHa.
Crnenn(UYHOCTh BBIJEICHHBIX U3 KPOJIHYbEH
CBIBOPOTKHM KpOBU Ab3 aHTUTEN WIMpe, YeM
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Puc. 3. Oyenra buonoeuueckoii akmugnocmu mopguna (4) u Ab2 (b) ¢ kynemype xremox T98G.
Fig. 3. The assessment of the biological activity of morphine (4) and Ab2 (b) in a T98G cell culture.

Yy MCXOIHBIX MOHOKJIOHAJIbHBIX Abl aHTUTEeN. dae MOp(dHHA, a y MOTyYeHHBIX Ha ocHOBe G1
[Mux npomykimu Ab3 aHTHTEN MPUXOAWUTCS  AHTUTEN — MPH KOHLEHTpauuu 3,125 MKr/mir.
Ha 30-35 nHu mocne mocneaHedt UMMyHH3a- TakuMm oOpa3om, MBI yCTaHOBWIH, 4To Al-
uuu. Y Ab2 anturen, moiaydeHHbix Ha ocHO- KI11B u AU-GI1, kak u MOp(hHH, OKa3hIBAIOT
Be Abl-K11B anruten, MakcumanbHas WH- CTUMYIUPYIOIIEE BIMSHUE HA MPONUQepaTuB-
TEHCUBHOCTh MHAYKIIMU NpOIH(EepaTHBHOTO  HbIE MPOLECCH EPEBUBAEMO KIIETOYHOM JIN-
orBera B kietkax nuHUM T98G mocturaercss Huu T98G, UTO CBUAETENHCTBYET 00 UX MOP-
IIpU KOHIEHTpaMu 6,25 MKI/MiI, Kak B cly- (DUHOIOIOOHBIX CBOMCTBAX.
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METHODS FOR ESTIMATING NEUROLOGICAL DISTURBANCES
IN EXPERIMENTAL CEREBRAL ISCHEMIA
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Investigation of the brain pathology in experimental ischemia requires adequate methods for assessing the
neurological deficit that occurs in laboratory animals, including sensory-based and behavioural disorders.
In this research, we aimed to compare motor and behavioural disorders in rats with partial and subtotal
experimental cerebral ischemia. The rats modelled with cerebral ischemia are found to exhibit a decrease in
muscle strength, resistance to hypoxia, motor and emotional activity. The animals with incomplete cerebral
ischemia demonstrated more pronounced sensory-based motor and behavioural disorders compared both
with those modelled with partial cerebral ischemia and, in particular, with the control group.
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METO[bl OLLEHKU HEBPONOI'MYECKUX HAPYLLEHUIA
NMPU 3KCNEPUMEHTAJIbHOWN LLEPEGEPANbHOWU ULLEMUU

E.WN. BoHb', H.E. MakcumoBu4

YO «IpoBHeHcKull 2ocydapcmeeHHbIl MeOUUUHCKUU yHUBEPCUMem»
230009, Pecniybnuka benapycs, [podHo, yn. lopbkoeo, 0. 80

W3ydeHne maTooruy TOJTOBHOTO MO3Ta IPU SKCIEPUMEHTATLHON HIIEMUH 00yCIIOBINBAET HOTPEOHOCTH B
a/IeKBATHBIX CTIOCO0aX OICHKH BO3HUKAIOIIETO Y Ta00paTOPHBIX JKHBOTHBIX HEBPOJIIOTHIECKOTO AedumuTa,
BKJTIOYAIOIIETO CEHCOMOTOPHBIE U MOBEJCHUECKHEe HapymmeHus. Llenbio paboTsl SIBUIOCH CPaBHUTEIHHOE
M3y4eHNe JBHUTATENbHBIX M TOBEAEHUYSCKUX HAPYIICHHH Y KPBIC ¢ YACTHYHOUH M CyOTOTaILHON 3KCIEpH-
MEHTaJIBHOW LepeOpabHOI HIIeMuei. YCTaHOBIICHO, YTO KPBICHI ITOCIE IKCIIEPUMEHTAIBHOHI iepebpab-
HOU WIIeMHH O0Jaali MEHBIIEH MBIIICYHOH CHIION, OB MEHEe YCTOHYMBBI K THITOKCHH, TPOSBISIIH
MEHBIIYIO JBUTATENBHYIO U SMOIHOHANBHYIO aKTUBHOCTh. Y JKHBOTHBIX € CyOTOTanbHOH mepedpaabHOi
umeMuel Habmogamucy 6oee BBIPaKEHHBIC CEHCOMOTOPHBIE M TOBEIECHUSCKHE HAPYIICHHS 110 CpaBHe-
HHIO C KPhICAMH, KOTOPHIM MOJEIHPOBAIN YaCTHIHYIO epeOpaNbHyI0 HIIEMHIO U, 0COOCHHO, IO CpaBHe-
HHIO C KOHTPOJIBHBIMH )KUBOTHBIMH.

BEMOMEOVLMHA | JOURNAL BIOMED | 2019 | Tom 15 | Ne 2 | 69-74 69



METOAbI BMOMEOULIMIHCKUX UCCNEOOBAHUI | BIOMEDICAL METHODS

KuioueBble ciioBa: 1iepedpanbHas UIIEMHUs, CCHCOMOTOPHBIE U TTOBEJACHUYECKHE HAPYIIEHHS, KPBICHI
KoH(IHKT MHTEpPECOB: aBTOPHI 3aIBUJIH 00 OTCYTCTBHH KOH(IMKTA HHTEPECOB.
dunancupoBanue: Pabora BeinonHeHa npu noaaepxke bPOOU (mpoext M18M-036).

Jusi muTHpoOBaHMS:
OIEHUH TpU  IKCIIEPUMEHTATbHON
https://doi.org/10.33647/2074-5982-15-2-69-74

Ilocmynuna 08.10.2018
Ipunama nocne oopabomku 25.02.2019
Onybnuxosana 10.06.2019

Introduction

The expediency of studying the pathology of
the brain in experimental ischemia necessitates
adequate methods for assessing the neurological
deficit that occurs in laboratory animals, includ-
ing various sensory and behavioural disorders.
A number of methods can be used to study the
degree of sensory-based motor and behavioural
disorders in animals, such as the forced swim-
ming, muscle strength, open field tests, as well
as those for evaluating the modified indicators
of the depth of a neurological deficit [3]. Among
other popular methods are the Bederson, gas ex-
posure, angular, paw- pulling tests.

This article sets out to generalize the avail-
able literature data on contemporary ap-
proaches to assessing sensory-based motor
reflexes, learning and memory abilities in
experimental animals at different ages. In the
early postnatal period, reflexes are assessed
using such methods as the slip on the surface,
negative geotaxis, avoidance of falling, reac-
tion to acoustic stimuli, olfactory reaction and
muscle strength tests.

Sensory-based motor and behavioural dis-
orders have been extensively studied using
various models of cerebral ischemia (CI) [7—
10]; however, the data obtained in these works
has not thus far been properly generalized.

Research works devoted to the investiga-
tion of CI effects have identified a number of
sensory-based motor disorders, including a de-
crease in motor activity when an animal is sus-
pended by the tail, walking along a circle on a
horizontal surface, dis-coordination of move-
ments during walking along the bar, a decrease
in the expression of unconditioned reflexes,

bous E.M., MakcumoBnu H.E. Mertonsl
nepedpanbHOi

OLICHKHU HEBPOJIOTUYECKUX Hapy-

uuiemun.  buomeouyuna.  2019;15(2):69-74.

animals’ inability to navigate through space.
Local ischemic damage to the anterior parts
of the frontal cortex of the rat brain leads to
disruption in the production, preservation and
reproduction of conditioned reflexes, while
damage to the posterior parts of the frontal
cortex is accompanied by a loss of the ability
to navigate in T-shaped labyrinths [8—10].

The purpose of this research was a compar-
ative study of motor and behavioural disorders
in rats with partial and subtotal experimental
cerebral ischemia.

Tests for studying the maturation of the
nervous system in newborns

In new-born rat pups, methods for assess-
ing the development of sensory-based motor
reflexes comprise the slip on the surface, neg-
ative geotaxis, avoidance of falling, reaction to
acoustic stimuli, olfactory reaction and muscle
strength tests. These measurements can be car-
ried out both multiple times to trace dynamic
changes and on a single occasion, e.g. on the
supposed day of maturation of the studied re-
flex in intact animals [1, 26-28].

Tests for studying sensory-based
motor disorders in adult animals

The degree of sensory-based motor disorders
in adult rats is identified using a diversity of
methods, including the Bederson, Garcia, angu-
lar, pulling-the-paw, open-field tests, as well as
that for assessing the modified depth indices of a
neurological deficit [3, 5-7, 11, 14, 15, 17-25].

Materials and methods
The experiments were performed on
30 female non-native white rats weighing
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230420 g. All the requirements of the 2010/63/
EU Directive of the European Parliament and
the Council of 22.09.2010 on the protection
of animals used for scientific purposes were
observed during the experiments [16]. The
animals were kept in an air-conditioned room
(22°C) with mixed lighting under standard
vivarium conditions implying free access to
feed and water. One vivarium cage housed no
more than 5 animals. The choice of experi-
mental animals was determined by the simil-
arity between rats and humans in terms of the
brain angioarchitectonics. Before the research,
all the necessary conditions were met. Thus,
60 minutes before testing, the animals were
kept in a quiet, poorly lit place, without any
regrouping and changes in feeding and other
conditions [4]. Subtotal cerebral ischemia
(SCI) was modelled by a stepwise ligation of
a carotid artery, which manipulation promoted
the survival of animals compared to those
with simultaneous bandaging. Partial cerebral
ischemia (PCI) was modelled by ligation of
one common carotid artery (CCA) under intra-
venous thiopental anaesthesia (40-50 mg/kg).

Fig. Muscle strength evaluation.
Puc. Oyenxa moluieuHoul Cubl.

The second group consisted of rats, which
were simulated with SCI 7 days following PCI
by ligation of the second (right) CCA [4]. The
control group (control) comprised false-oper-
ated animals. The tests were performed 5 days
following the surgery.

The ischemic damage to the brain was es-
timated by assessing the animals’ emotional
state, behaviour and motor activity. To this
end, the open field, muscle strength and forced
swimming tests were applied.

Muscular strength was assessed by placing a
rat on a metal mesh with a length of 60 cm and
a centimetre scale, and determining the time
when the animal falls off after lifting the mesh
to a horizontal position (by 90°).

In the forced swimming test, the animals
were placed in a glass tank filled with water
(21°C) for determining the time during which
the animal can maintain swimming and float-
ing behaviour.

Statistical processing of the obtained data
was carried out using the Statistica 10.0 pro-
gram for Windows (StatSoft, Inc., USA).
The values obtained were analysed by non-
parametric statistics. The quantitative data
were presented as Me (LQ; UQ), where
Me was the median, LQ — the value of the
lower quartile; UQ — the value of the up-
per quartile. Differences between the control
and experimental groups were considered
significant at p<0.05 (the Kruskal — Wallis
and Mann — Whitney tests with the Bonfer-
oni correction) [1].

Results

A significant decrease in muscle strength
was observed in both groups of the animals
with CI compared to the control group. Thus,
this indicator decreased by 75% (p<0.05) and
95% (p<0.05) in the PCI and SCI groups, re-
spectively. Muscular strength in rats with PCI
was 5 times more pronounced than in those
with SCI (Table).

In addition, the rats with PCI showed
a greater resistance to the load-induced hyp-
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Table. Indicators of sensory-based motor and behavioural tests. The quantitative data are presented in the form of

Me (LO; UQ)

Taﬁﬂuua. Toxazamenu CEHCOMOMOPHbBIX U nogedenueckux mecmos. Konuuecmeennvie 0anHuvle npedcmaaflenbl 6 6ude

MeOuana (HUNCHUL K8apmMuib, 6epXHULL KEAPMUIb)

Control | 20 (15;24) | 21 (18; 23) 67 (64; 72)
PCl | 5(4.7;5.9) | 12(15;12.3) 54 (52; 59)°
SCl | 1(05;12)%| 545,57 % | 24 (22;28)*

6(5.1;7.2) 9(8;9.4) 5 (4.6; 6.5)
4(3.5;4.3) 6 (5.8; 6.4) 3(2.5;3.6)
2(1.6;24)*% | 3(2.6;3.2)* 2(1.2;2.3)*

Note: * — p<0.05 compared to the control, #— p<0.05 compared to the PCI.
Ilpumeuanue: *— p<0,05 no cpasuenuto c konmponem, #— p<0,05 no cpagrenuro ¢ YacmuuHoU yepeoparbHoU uuieMuel.

oxia in the forced swimming test. The time of
their floating on the surface exceeded that in
the animals with SCI by 58% (p<0.05). Com-
pared to the control group, the floating time
was by 57% (p<0.05) and 76% (p<0.05) lower
in the PCI and SCI groups, respectively.

The assessment of motor activity by the open
field test also revealed the presence of motor
deficiency in rats with CI. In comparison with
the control group, the rats with PCI and SCI
demonstrated a decrease in crossed squares by
20% (p<0.05) and 64% (p<0.05), respectively.
The motor activity in the horizontal plane test
was higher in rats with PCI by 44% (p<0.05)
than in the SCI group. In comparison with the
control group, the number of short washings in
the rats with PCI and SCI was 33% (p<0.05)
and 67% (p<0.05) lower, respectively. The rats
with PCI performed 50% (p<0.05) more wash-
ings compared to the SCI group.

Compared to the control group, the weight
loss in the rats with PCI and SCI was 33%
(p<0.05) and 67% (p<0.05) lower. The rats
with PCI made 50% more racks in comparison
with the SCI group (p<0.05).

The rats with PCI and SCI demonstrated a
40% (p<0.05) and 60% (p<0.05) decrease in
the number of defecation and urination acts

compared to the control. In terms of this indic-
ator, the rats with PCI differed from animals
with SCI by 33% (p<0.05).

Long-term washings and rearing posts were
observed only in intact animals.

Conclusions

The rats after experimental CI have demon-
strated a decrease in muscle strength, resist-
ance to hypoxia, motor and emotional activ-
ity. In animals with SCI, more pronounced
sensorimotor and behavioural disorders have
been observed compared to those modelled
with PCI. The morphological basis of the re-
vealed disorders is found to be damage to the
neurons of the brain, leading both to the de-
struction of physiological functional connec-
tions and physiological systems, as well as to
the emergence of pathogens. The latter causes
the destabilization of nervous processes (co-
ordinated activity of excitation and inhibition),
which subsequently results in the disruption of
brain cognitive functions. Another reason for
these disorders is an imbalance between the
levels of biogenic amines and neuromediators
in brain structures, which act as endogenous
pathogenic factors and determine the nature
and severity of ischemic damage [2, 12, 13].
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«CpaBHeHne BblpaX€HHOCTU BOCMAneHus y KpbiC C NEPBUYHON peakuuen
1 BTOPUYHOM UMMYHOMOMMYECKON peakuuen Ha MHbEKLMI0 NOMHOro aabioBaHTa PperiHaa»
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CPABHEHUE BbIPAXEHHOCTWU BOCTAJEHUA
Y KPbIC C NEPBUYHOW PEAKLIMEA N BTOPUYHOW
WMMYHONOIMMYECKON PEAKLUMEN HA MHBEKLUIO MONMHOIo
AOBIOBAHTA ®PENHOA

A.WU. MaTiowkuH', E.A. UBaHoBa, C.B. AnekceeBa, K.C. Kauanos, T.A. BopoHuHa

®@rbHY «Hay4Ho-uccnedosamenbckull uHcmumym chapmakonoauu um. B.B. 3akycoea»
125315, Poccutickasi ®edepayusi, Mockea, yn. banmutckas, 0. 8

Mopenb XpOHHYECKOr0 IMMYHHOI'O BOCIIAJIEHHs], BEI3BAHHOIO BBEIEHUEM IIOJHOTO aabloBaHTa OpeitHaa
(ITA®D) B 3aHIOFO JAITy KPBIC, PACCMAaTPHUBAIOT B KAY€CTBE MOJIEIN PEBMATOMJHOTO apTPHUTa, IIPU KOTOPOI
pa3BUBAETCs IOBPEXKICHUE CYCTABOB APYTUX KOHEUHOCTEH, TOMUMO TOii, B KoTopyto BBOIAT [TAD. Ilens
HCCIIEJOBaHUS — CPaBHUTh BBIPAXKEHHOCTH I1aTOJIOTMUYECKOTO MPOoLEecca Y KPhIC ¢ IepBUYHON peakuuei
(oTex neBoW 3aHEH Jambl) M BTOPUYHON MMMYHOJIOTHYECKOH BOCHAIMTEIBHON peakiueil (0TeK mpaBoi
3a/Hel nanbl) Ha uHbeKLuio [TIAD B nieByto 3aHIOIO JaIy.

Bocnanenne mozpenuposanu BeenenueM 0,1 mi [TA®D B neByro 3aaHION0 Jamy ayTOpenHbix kpsic. Oteu-
HOCTP 3aJ{HHX JIall B 00JIaCTH IUTIOCHBI M TOJICHOCTOIIHOTO CyCTaBa, TeMIepaTypy KOXH Jal U Maccy K-
BOTHBIX perucrpupoBanu Ha 7, 14, 21, 28 cyTku onbita. [Topor 001eBOi 4yBCTBUTEIBHOCTH OLCHUBAIN
Ha 15 cyTKM; reMaTonoru4eckue rnoxkasareay — Ha 14 u 28 cyTku.

Ha 7 cytku nocne Beeaenus [IA® y 11 u3 20 XuBOTHBIX pa3BUiIACh IEPBUYHAS PEaKLUs U BTOpUUYHAS
MMMYHOJIOTHYECKas peakIysl, Y OCTAJIbHBIX KPBIC HaOIIONANOCh BOCIIAIEHHE TOJIBKO JICBOH 3a/IHEH JIallbl;
TeMIleparypa KoXKH 3aJHUX JIal KPbIC C BOCHaJIeHHeM OblIa BhIIIe, YeM B KOHTpOJIbHOH rpyme. Ha 14 nens
OIIBITAa Y KPBIC C MOJEJBI0 BOCIAIEHHs OBLT 3apeTHCTPUPOBAH MAaKCHMAJIBHBIN OTEK JIall; HOBBILICH P
reMaToJIOTNYECKHUX MOoKa3aTresel, IpudeM Oosiee BBIPAXKEHHO — Y KPBIC C TeHepaIn3alnel BOCIaleHHsI.
B rpynnax »KHMBOTHBIX ¢ IEPBUYHON peakluell U ¢ reHepanu3anyeil BoCIalIuTeIbHOIO IpoLecca CHIDKaI-
cs1 6oneBoit mopor. Ha 28 neHb y 3THX KpbIC HAOMIONANIOCh YMEHBIIIEHHE OTEYHOCTH JIall ¥ HOPMAaJTH3aIus
reMaToJ0rn4ecKUX MoKa3aTeseH.

Taxum o6pa3om, k 14 cytkam nocie BBeaeHus: [IAD y )KUBOTHBIX C HEPBUYHON peakIiei U ¢ TeHepann3a-
Hell BOCIAIMTENBHOTO Mpoliecca HaOIIoaaeTcsl MaKCUMalbHasl BRIPAXKEHHOCTH MaTOJIOTHYECKOTO IPOoIiec-
ca, KOoTopasi CHIKaeTcs K 28 cyTkaM. JTo HeOOXOAMMO YUUTHIBATh IIPH ITAHUPOBAHUH SKCIIEPUMEHTOB I10
olieHKe (hapMaKoJIOTMYECKOH aKTUBHOCTH COSIMHEHNI Ha JaHHOW MOJIEIIH.

KioueBble cj10Ba: peBMAaTOUIHBIN apTPUT, TOJHBIN aIbloBaHT PpeiitHaa, XpOHHUYEeCKOe HMMYHHOE BOCIa-
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COMPARISON OF THE SEVERITY OF INFLAMMATION
IN RATS WITH A PRIMARY REACTION AND SECONDARY
IMMUNOLOGICAL REACTION TO AN INJECTION OF FREUND’S
COMPLETE ADJUVANT

Alexander |. Matyushkin’, Elena A. Ivanova, Svetlana V. Alekseeva, Kirill S. Kachalov,
Tatyana A. Voronina

Research Zakusov Institute of Pharmacology
125315, Russian Federation, Moscow, Baltiyskaya str., 8

The model of chronic immune inflammation caused by the administration of Freund’s complete adjuvant
(CFA) into a hind paw of rats is used as a model of rheumatoid arthritis. Under this condition, the joints of
other limbs, along with those subject to the action of CFA, are damaged. The aim of this study was to com-
pare the severity of the inflammatory process in rats with a primary reaction (edema of the left hind paw)
and a secondary immunological inflammatory response (edema of the right hind paw) towards a sub-plantar
injection of CFA in the left hind paw of the experimental animals.

Inflammation was induced by the sub-plantar administration of 0.1 ml of CFA into the left hind paw of
outbred rats. Such indicators as the edema of the metatarsus and the ankle joints of the hind paws, the
weight of the animals and the skin temperature of the paws were recorded on the 7th, 14th, 21st and 28th
day of the experiment. The pain threshold was recorded using a plantar test on the 15th day. Hematological
parameters were assessed on the 14th and 28th day.

Both a primary reaction and a secondary immunological reaction was developed on the 7th day of the
experiment in 11 out of 20 animals having received CFA, while the rest of the rats demonstrated inflam-
mation exclusively in the left hind paw. On the 7th day of the experiment, the animals with inflammation
showed a higher skin temperature in the hind paws compared to the control group. The maximum edema
in the rats with a primary reaction and secondary immunological inflammatory response was recorded on
the 14th day of the experiment. On the 14th day, the rats with induced inflammation showed an increase
in a number of hematological parameters, with the elevation being more pronounced in the animals with
generalized inflammation. As a result of inflammation, pain sensitivity increased in both groups of animals
with induced inflammation. In these groups, both a decrease in the edema of the paws and the normalization
of hematological parameters were observed on the 28th day of the experiment. It is concluded that the most
pronounced inflammatory reaction has developed by the 14th day following CFA administration, with its
intensity having reduced by the 28th day. These results might be useful when assessing the pharmacological
activity of various compounds using this model.

Keywords: rheumatoid arthritis, Freund’s complete adjuvant, chronic immune inflammation, plantar test,
rats
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BeeneHue

ITo 3aboneBaemoct Ha 100 ThIC. Hacene-
HUsL OOJIE3HHM KOCTHO-MBIIIEYHOH CHCTEMBI
(XIII xkmacc MKB-10) HaxonsTcs Ha TpeTheM
MecTe Tmociie OoJie3Hel OpraHOB JIBIXaHUs
U cucTeMbl kpoBooOpamenus [1]. CormacHo
JaHHBIM MMHHUCTEPCTBA  3/IPaBOOXPAHEHUS
P®, B mepuog ¢ 2006 o 2017 rr. pacnpocTpa-
HEHHOCTh 3a00JICBaHUN KOCTHO-MBIIICYHOMN
CHUCTEMBI cpeau HaceseHus PO yBenuumnach
Ha 35% u poctura 19 260 000 yen. [3]. Pes-
MarouHbIi apTput (PA) 3aHMMaer BeayIee
MECTO CpeIH BOCHAIUTENBHBIX 3a00JeBaHUI
omnopHo-aBurarensHoro ammapara [1]. Co-
IIACHO KJIMHUYECKUM PEKOMEHAAIIUSAM OCHOB-
HBIE CPEJCTBAa MEAUKaMEHTO3HOH! Tepanuu PA
BKJIIOYAIOT HECTEPOHMJHBIE IPOTHBOBOCIIA-
JUTETbHBIE Tpernaparhl, IMIOKOKOPTHKOMIBL,
0a3ucHbIE NPOTHBOBOCHAINTEIbHBIC Ipera-
patel [4]. Beibop mpenaparos mpu PA 3aua-
CTYI0 OTpPaHHYEH pa3BUTHEM Y TMAI[EHTOB
HEe)KeJaTeNbHBIX Peakui Ha JIEKapCTBEHHYIO
Tepanuio, TIOX0M MepeHOCUMOCTBIO U HEIO-
CTaTOYHOM 3(PPEKTUBHOCTHIO JICKAPCTBEHHBIX
cpeacts [4]. [ToaTomy pa3paboTKa HOBBIX Ipe-
raparoB M CXeM KOMOWHHMPOBAHHOM Teparuu
PA Ha ceropHsmHUN AE€Hb SBISETCS OIHON
U3 aKTyallbHBIX 33184 MEANKO-OHOJIOTHYECKUX
HayK. CoracHO AEHCTBYIOIIEMY PYKOBOJICTBY
10 TPOBEICHUIO JOKIMHUYECKUX HCCIEN0-
BaHUH JIEKapCTBEHHBIX CPEACTB BIIUSHHE
COCIMHEHUM-KaHAUIATOB Ha XPOHHUYECKOE
MMMYHHOE BOCIaJICHHE H3Y4aloT Ha MOJEIH
aJBIOBAaHTHOTO apTPHUTa y KPBIC, BEI3BAHHOTO
CyOIUIaHTapHBIM BBEJICHUEM IOJHOTO a/IbIO-
BaHta Ppeiinna (ITAD) B 3anHIoN0 namy [6].
Ota Monenbs pa3pabarbiBajlaCh C CEpPEIUHBI
nporwioro cronerus [11, 15] u saBnsercs mu-
POKO M3BECTHOHM M UCHONb3yeMOU Kak B Poc-
CHM, TaK M 3a pyOexoM 1o cedl neHb [5, 13,
19]. Ha sT0li Momenu y KpbiC HaONIOMAIOTCS
Kak BHELIHWE NpH3HaKu aptputa (aedopma-
LUl KOHEYHOCTEH, UX OTEYHOCTh U 3PUTEMA),
TaK M TNaTOMOP(OIOTHYECKHE H3MEHEHUs
MIOpaXEHUM CyCTaBOB, XapakTepHble i PA
B KIMHHKe [8]; CHIDKaeTcs mopor OoneBoit

peaKIy NOBPEKICHHON KOHEYHOCTH B TeCTE
MEXaHMYECKOTO DPA3Ipa)KCHUS JaIbl, OJHAKO
He HaOmrofaeTcs MOBBIIMICHUS 00NeBOi UyB-
CTBHUTEIBHOCTH B TECTE OT/EPTHUBAHUSA XBOCTA
OT TEIUIOBOTO H3JIyYeHHs M B TECTe MEXaHU-
4yeckoro pasapaxenust xBocra [14]. Xapak-
TEpPHOH OCOOEGHHOCTBIO MOJENH  SIBISETCS
TO, YTO MPH CyOIuTaHTapHOM BBeneHuu [TAD
MOJUAPTPUT Pa3BUBACTCS TOJBKO Y KpbIC, TO-
IBITKA MOJICTIMPOBAHMS TOJHApTpUTa BBee-
HueM [TAD npyrum n1abopaTopHbIM KHUBOTHBIM
notepnenu Heynady [12]. OgHaxko BTOpHUYHAs
UMMYHOJIOTHYECKasl peakius (MOBpekaeHUe
3a/lHEll KOHEYHOCTH, KOHTPaIarepaabHOU TOM,
B KOTOpY10 BBOZAT [TAD) y KphIC ¢ abIOBAHT-
HBIM apTpUTOM (OPMHPYETCSI HE Y BCEX OCO-
oeit. Tak, B padore E.B. IllekyHoBo#i 1 cOaBT.
[8] ommcano pa3BuTHE TeHepanM3aluu MaTo-
JIOTHYECKOIO Ipoliecca TOW WIM MHOU BbIpa-
JKEHHOCTH NMPUMEPHO Y 41% KUBOTHBIX C 3TOH
MOJIENBIO: Y 25% KpBIC OHA 3aTparuBaeT cycTa-
Bbl KOHTpAJIaTepaJIbHOM 3aJHEl KOHEYHOCTH,
CYCTaBBI INEPEAHUX KOHEYHOCTEH M CYCTaBBI
xBocTa; Yy 16% KpbIc OHa MpOSIBIsETCS MOpa-
JKEHHEM CYCTaBOB KOHTpaJlaTepanbHON 1O OT-
HOUICHHUIO K cTOpoHe MHBEeKIMU [TAD 3anHei
nanbl. Psjiom uccnenoBarenei cyOmianTapHast
unbekiys [IAD B 3a7HIOI0 Jamy KpbBIC HC-
MOJB3yeTCsl KaK MOZENb apTpuTa, IPH KOTOPOit
y )KHMBOTHBIX PETHCTPUPYIOT OTEIHOCTD TOJIBKO
TOM Jamsl, B KoTopyto BBOAAT I[TAD [2, 7]. Ta-
KUM 00pa3oM, Ha MOJIEITH BOCIIAJICHHUS! Y KPBIC,
BBI3BAHHOTO CyOmIaHTapHO! nHbekuueil [IAD
B 3aTHIOIO JIaIly, MO)KHO PETUCTPHPOBATH OTEK
JIanel, B KOTOPYIO BBOJAST MHAYKTOpP BOcCMaie-
Hus (mepBuyHas peakuus Ha ITAD), u otex
KOHTpanaTepaJbHON Jambl (BTOpUYHAS HM-
MyHoJorudeckas peakuus Ha I[TA®D), umes
B BHJY, YTO BTOpHYHAs HMMYHOJOTHYECKAs
peaxIys pa3BUBACTCA IPUMEPHO Y TOJIOBHUHBI
oco0eili TpymIbl.

Llenb nccnegoBaHUsi — CpaBHUTH BbIpa-
JKEHHOCTb I1aTOJIOTHYECKOIO IPOLECCa y KHU-
BOTHBIX C IIEPBUYHOM peakuuedl U BTOPUYHOU
MMMYHOJIOTMYECKON BOCHAIMTEIBHOW peak-
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Uel Ha CyOIUIaHTapHyH WHBEKIHI0 [TAD
B 3a/IHIOIO JIaITy.

MaTtepuanbl u meToabl

HccnenoBaHue BBITIOIHEHO Ha caMIlax IMojIo-
BO3PEJNBIX ayTOPEIHBIX OENBIX KPbIC IIEpPBOHA-
yaneHoi Maccor 260-300 r. JKUBOTHBIX moiy-
YaJM U3 MUTOMHHUKA JJA0OPATOPHBIX KMBOTHBIX
«Cronbosasiy ®I'BYH HIIBMT ®MFBA Poc-
cun (MockoBckast oOnacte). ComepxaHue
JKHBOTHBIX OCYIIECTBISIIOCH B COOTBETCTBHUHU
¢ HopMmaTuBHEIM JokymeHtom CIT 2.2.1.3218-
14 «CaHuTapHO-3NHIEMHOJIOTHYeCKHe TpeOOo-
BaHUsI K YCTPOWCTBY, 00OPYOBaHHIO M CONEP-
KAHUIO  DKCIEPUMEHTAJIbHO-OHMOIOrHUECKHX
KJIMHUK (BUBapueB)» oT 29 aBrycta 2014 . Ne
51. Opranuzaiys ¥ NpoBeACHHE PadOThI BbI-
HOJNHSUIUCh B COOTBETCTBHU C MEXKAYHApOJI-
HBIMHM U POCCHIICKMMH HOPMAaTHBHO-TIPABOBHI-
Mmu JokymeHramu: Ilpukasom Munsnpasa PO
Neo 1991 ot 1 anpenst 2016 . «O0 yTBepxkaeHUN
NpaBWJl HaJyIeKalield J1abopaTopHON MpaKTH-
ku» U upexrusoii 2010/63/EU Epporneiickoro
napnameHTa U CoBera EBpomeiickoro corosa
ot 22 cenrsi6ps 2010 1. Mo 0XpaHe KHUBOTHBIX,
UCTIONb3YEMBIX B Hay4HBIX Ieisix. [IpoBenenue
9KcIepuMeHTOB 000peno Komuccueii o ouo-
meaunuHckoi atuke ®I'BHY «HUU dapmako-
norun umeHn B.B. 3akycoBay.

BocnanutensHblil npouecc y kpbic (n=20)
MOJICJIMPOBAJIM MyTeM CyOIUIaHTApPHOTO BBE-
JIeHud B JieBylo 3agHioo ctomy 0,1 mu ITAD
(B3Bech BIXK B BaszenuHoBoMm macie, Sigma-
Aldrich, ClHIA)[6]. KOHTpOIbHBIMHU )KHBOTHBI-
MH CITy>KWJIA KPBICHI 0€3 3KCIIEpUMEHTAIbHOM
narojoruu (n=15). BeipaxkxeHHOCTH BOCHase-
HUS OILICHMBAJM B JWHAMMKE MO HapacTaHMIO
CHMIITOMOB IIEpBUYHOM peakuul (OTEeK JIeBOH
3aHel Janbl) U BTOPHYHOW MMMYHOJIOTHYE-
CKOM peakiuu (OTeK NpaBod 3aJHEH Jarbl)
Ha uabeknuto [TA®. PeructpupoBanu yBenu-
YeHUE AMaMETpa CTOIl B IUTIOCHEBOH 00NacTH
U JMaMeTpa TOJICHOCTOIHBIX CYCTaBOB >KH-
BOTHBIX Ha 7, 14, 21 u 28 cyT 3kcnepuMeHTa
10 CPaBHEHUIO ¢ (POHOBBHIMH 3HAUCHHUSIMH (J10
BBeeHus [TA®). [luamerp cTOI B IUTFOCHEBOU

o0JlacTd M JUaMeTp TOJEHOCTOIHBIX CycTa-
BOB 33JJHUX KOHEYHOCTEH M3Mepsu ¢ MOMO-
IIbI0 MHXXEHEPHOTO ITaHreHIupkyas. Kpeic
C BOCHAJICHUEM, BbI3BaHHBIM CYOIUIaHTAPHBIM
BBesieHueM [TAD, nenunu Ha 1BE TPYIIIHI B 3a-
BUCHMOCTH OT HJIM4Hsl Y HUX BTOPHYHOM UM-
MYHOJIOTMYECKOM peakluuu Ha 7 JEeHb OIbITa
U TPOBOAMIM CPaBHUTENBHOE HCCIEOBAaHHUE
BBIPQ)XKEHHOCTH MAaTOJIOTHYECKOr0 TIpolecca
B OTHUX IpyIIax.

Ha 7, 14, 21 u 28 cyT nocne Beenenust [IAD
PETUCTPUPOBAIN TEMIEPATypy KOXKH 3aTHHX
KOHEUHOCTeW KpbIc. Temmeparypy KOXH H3-
MepsuTd  MH(PAKPacHBIM 3JIEKTPOHHBIM Tep-
momerpom (Mozmenb DT-633, A&D medical,
Snonus). Kpome Toro, B 3TH ke JHH OIBITA
PETrUCTPUPOBAIN MaccCy Tella KPbIC U paccyu-
THIBAJIM W3MEHEHHE MAacChl Tella >KMBOTHBIX
OTHOCHUTENBEHO (POHOBBIX 3HAYCHUII.

BoneByto 4yBCTBUTEIBHOCTh KpPBIC C 3KC-
MEePUMEHTAJIBHON MOJIENIbIO BOCTIAJICHHS Olie-
HUBaJM Ha 15 CyT B MOMOIIBEHHOM TecTe [6]
Ha mnpubope “Hargreaves Apparatus” (Ugo
Basile, Utanus), peructpupys JaTeHTHBIH Te-
pHUOA OTAEeprUBaHus Jan (CEeKyHAbI) Ioce Mo-
Jla4y MH(PPAKPaCHOTO TEIIOBOTO BO3/ICHCTBUS
Ha TOJIOIIBY XHMBOTHBIX MPU UHTEHCUBHOCTH
W3IyuyeHUsi, paBHOH 66, UYTO COOTBETCTBY-
€T TOBBIIICHUIO TEMIIEPaTyphl BO3ACHCTBHS
ot 45 o 55°C B Teuenue 10 c.

O HapylmieHHH (QYHKIUH CyCTaBOB KpbIC
C MOJENBI0 BOCHAJCHHUA CYAWIH, OILCHHU-
Bas KOODAMHALMIO JBMXXEHHH IKMBOTHBIX
Ha 21 neHp skcrepuMeHTa B TecTe «Bpamia-
tomierocs crepxHs», Rota Rod (Ugo Basile,
Uranus). YcraHoBKa npezcrasisier coboit Oa-
paban 3 cMm B quameTpe, pasielieHHbId 6 quc-
KaMH (25 cM B AMaMeTpe) Ha 5 OIMHAKOBBIX
yacTeil. bapabaH MokeT BpamaTbcs B pa3HBIX
CKOPOCTHBIX peXHMax, 3aJlaBacéMbIX B 3aBU-
CHUMOCTH OT 3a/lad MCCIEAOBaHUS M TSDKECTH
COCTOSTHUSI )KUBOTHBIX. 3a 15 MUH 710 TeCTHPO-
BaHMS JKUBOTHBIX aJalTHPOBAIM K yCIOBHUSIM
METOJIMKH, OCYIIECTBIIAA MO 3 mOCIIe[0BaTeNb-
HBIX TIOCaJKu Ha Oapaban «Bpariaromerocs
CTEPXKHS» CO CKOPOCThIO 5 00./muH. Tectu-
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POBAaHMUE MOTOPHOI'O0 HaBbIKa OCYHICCTBIIAINU
IIpU peXMMe BpalleHus 6apabdaHa co CKOpo-
cThio oT 10 10 30 00./MHH (YCKOPEHHE COCTaB-
nso0 1 06. 3a 10 ¢), peructpupys JaTeHTHOE
BpeMsl TIEPBOTO MajJCHHsI U CKOPOCTh Bpallle-
HUSI CTEPIKHSI JI0 TIEPBOTO TaJICHUSL.

Ha 14 u 28 cyt nocne BBenenus [T1AD y xu-
BOTHBIX OpajM KpOBb, aMIyTHPOBAB KOHYHK
xBocTa. [ mpenoTBpalieHus 3arps3HEeHUs
Y BO3MOXKHOH OIIUOKH TPU U3MEPECHUH Tep-
BbIC KalUIM yAJsuMCh W3 npoObl. Ha rema-
TOJIOTMYECKOM aHanu3atope “Abacus Junior
VET” (Diatron, ABCTpHs) perMCTpPHUPOBAIH
ClIelyIOlIMe TeMaToJIOTMYeCKHe —TIoKas3are-
JM: aOCONIIOTHOE COZAEpIKaHWE JICHKOLUTOB
(WBC); abcomroTHOE coaepxkanue JTUMQOITHU-
ToB (LYM); aGcomoTHOE coiep:KaHuEe cMe-
CH MOHOIIMTOB, 0a30()MIIOB M S03MHO(IIOB
(MID); aGcomtoTHOE conep kaHue rPaHyIOoIH-
toB (GRA); otHOCuTensHOE (%) conepikanue
mumdorutoB (LY%); comepkanue cpemHHX
KJIETOK Ha jaoinio jedkountoB (MI%); oTHO-
cutenbHoe (%) copepxkaHHe TPaHYJIOIUTOB
(GR%); aOcomtoTHOE COACpIKAHUE DPUTPO-
muroB (RBC); koHuIEHTpauuioo reMorioonHa
B nepudepuyeckori kpou (HGB); remaro-
kput (HCT); cpenamit o6vem spuTpouuTa
(MCV); cpenHee copepaHue reMornoOuHa
B OTACJIbBHOM 3pUTPOLUTE B a0COIOTHBIX cau-
Hunax (MCH); cpeaHor0 KOHIIEHTpPALUIO Te-
Momrtoouna B spurporure (MCHC); mmpuny
pacnpenenenus: spurpouutoB (RDWc); a6-
COJIIOTHOE cozepkaHue TpombouutoB (PLT);
tpombokput (PCT); cpennuii o6beM TpoMOo-
nutoB (MPV); mupuny pacnpeaeneHus TpoM-
6oruroB (PDWe).

CrarucTuueckyro  00pabOTKy —MPOBOIMIN
Ha s3bIKe MporpammupoBanus R Bepcun 3.5.1.
HopmanbHocTh  pacmpenesnieHuss — IpoBepsi-
Ju ¢ nomoupro kputepus Hlanupo — Yunka
C MOCJEIYOIIe OLIEHKON MEXIPYIOBOTO pa-
BEHCTBa JIUCIIEPCUil 10 Kputepuio bapmierra.
B cityuae, xorja He Bo Bcex rpyrmnax ObLIo HOp-
MAaJIbHOC pacupeCICHUC JaHHBIX U MCKIPYII-
II0Basgs T'OMOI'€CHHOCTb )mcnepcylﬁ OTCYTCTBO-
BaJia, JJIsI OLIEHKH Pa3Inuuii MEX/Iy TpynIamu

HCTIONIB30BAJIM  JIBYXBBHIOOPOYHOE CpaBHEHHUE
C IIOMOILBIO KpuTepust ManHa — YUTHU U pe-
3yJbTaThl B TabIMLaX MPEJICTAaBIIM Meaua-
Hoii (1 xBapTwib; 3 kBapTWib). Jlns olleHKH
pasuuus MeXIy TpynmaMd 10 MpU3HaKy
«M3MeHeHnsT Macchl KpBIC B JAMHAMHUKE)» HC-
MONB30BAJIM  JIBYXBBIOOPOUHOE  CpaBHEHHUE
no t-xputeputo CTbIOAEHTA, pe3ysbTaThl B Ta-
OmMIle MPEeACTaBIUIN KaK CpefHee 3HaYeHHe +
CTaHJapTHas OIIMOKa CpeqHero (CTaHaapTHOE
OTKJIOHEHHE). Pa3nmiums Mex 1y rpyninamu cuu-
Tanu nqoctoBepHbIME mipu p<0,05.

Pesynbrathl n ux obecyxaeHune

U3 20 Kkpwic, KOTOpHIM cyOIUIaHTap-
HO B JIEBYIO 3aJHIOI0 Jjamy BBoauian I[TAD,
uepes 7 AHEH MOCIe ero BBEJACHUS BTOPUYHAs
HNMMYHOJIOTUYCCKas pCaKkuus, MpOosABJIArOLIas-
Csl MOBPEKICHUEM IPaBOM 3aJHEH KOHEUHO-
CTH (KOHEYHOCTH, KOHTpalaTepanbHOM TOMH,
B KOTOPYIO OCYIIECTBIISUIM HMHBEKIUIO), pa3-
BUIack y 11 KMBOTHBIX (IpymIia «BTOpUYHAS
MMMYHOJIOTHYECKasl Peaklusa»), YT0 COCTaBHU-
710 55% KpBIC C MOZIENBIO BOCTIAJICHUSA. Y 3THX
JKUBOTHBIX TIPU3HAKHU BOCHAJICHUA npaBoﬁ
3a£[HeI7[ Jlanbl TPOABUIIUCH 3HAYUMBIM YBEJIU-
YCHUCM KaK JuaMeTpa CTOIIbI B ILUTFOCHEBOM
obnactTi, Tak M JUaMeTpa TOJEHOCTOIHOTO
CycTaBa 3a/lHell KOHEYHOCTH Ha MPOTSHKEHUH
BCETO OJKCIIEpUMEHTa. Y OCTaBIIUXCS 9 Ku-
BOTHBIX C JKCIEPUMEHTAJIbHOW IaTOJIOTHEH
(Tpynma «mepBUYHas peaxiys») pPa3BHIOCH
BBIp@)KEHHOE TIOBPEXKACHHUE TOJBKO JIEBOM
3aJHeil Jambl: y HUX He HaOmomaioch 10-
CTOBEPHOIO YBEIUYEHHUs JAHaMeTpa IpaBoOu
3aJ{HeH JIambl [0 MapaMeTpy «JIUaMeTp CTOIBI
B IUTFOCHEBOHM 00JIacTW» HU B OAMH U3 JHEH
peructpaiui. OgHako Ha 14 neHs HaOMrOIC-
HUS Y 9THX KpbIC ObLIa 3a()MKCHpOBaHa OTeY-
HOCTBh TOJIGHOCTOITHOTO CyCTaBa NpaBoi 3aj-
HeH Jiarnbl, 10 CTeTNeHH! B 2,2 pasa yCTynaromas
COOTBETCTBYIOIIEMY NapaMeTpy B MOATPYIIIE
KPBIC C BBIPaKCHHON BTOPUYHON MMMYHOJIO-
ruueckoi peakiuei. OTeK TOJCHOCTOITHOTO
CycTaBa IIPaBOW 3aJHEH JIalbl KPbIC IPYIIbI
«TIepBUYHAs PEAKIMA» YMEHBIIAJCS Ha Ipo-
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TSOKSHUH TOCTENYIONINX JIBYX HEAENb OIbITa
BILJIOTH JIO MPAKTHYECKH MOJIHOTO MCUYE3HOBE-
HUs K 28 AHIO dKcriepuMenTa (Tabm. 1).
YBenuueHue quaMeTpa CTOIbI B ITFOCHEBOU
00JIacTH U IMaMeTpa roJICHOCTOITHOTO CyCTa-
Ba KpPBIC C PA3BUBILIEICS BTOPUYHOH HUMMY-
HOJIOTUYECKON peakiued OblIo cTaOUIBHBIM
Ha TMPOTSHKEHUU TEPBBIX JIByX HEJENb JKC-
NepUMEeHTa: MeluaHa HM3MEHEHUs JuaMeTpa
CTOIIbI MPaBOM 3aJHEW KOHEUYHOCTU B ILIIOC-
HEBOI oONacTH Ha 7 JGHb OMNbITAa COCTAaBIIsLIA
0,9 mm, Ha 14 nenp — 1,1 MM; MenuaHa H3-
MEHEHHUS TuaMeTpa IMpaBoro rojJeHOCTOMHOTO
cycraBa Ha 7 JieHb SKCIIEpUMEHTa Oblla paBHA
1,2 mm, Ha 14 gear — 1,1 mm. Ha mpotsike-
HUU TIOCJIEYIOMUX ABYX Heleldh OTEYHOCTh
MPaBOM JIambl TUX KPBIC CHUXKATACh, JTIOCTHUT-
HYB MO OOOMM TapaMeTpaM perucTpaluu
3HAUCHMUSI MEIMaHbl, cocTaBuBiiero 0,4 mw.
IIpu >TOM B TeUeHHE BCETO MECSIUHOTO DKCIIE-
pUMEHTa HaMeTp CTOIBI B ITFOCHEBO 00ia-
CTH Y TOJIEHOCTOITHOTO CyCTaBa MpaBoy 3aAHeH
Janbl KpPhIC C BTOPUYHOH HMMYHOJIOTHUYE-
CKOHM peaknueit ObLT TOCTOBEPHO BHINIE, YeM
B KOHTPOJILHOM TPyTIe )KUBOTHBIX U B TPYIIE
KpBIC, Y KOTOPBIX pa3BHJIaCh MPEUMYIIIECTBEH-
HO TepBHYHAas peakuus Ha BeeneHue ITAD
(tabm. 1). Kpome Toro, y >KHBOTHBIX C HaOJIFO-
Jlarouieiicss TreHepanu3alueid  Maroyioruye-
CKOTO Tiporiecca (rpynmna «BTOPUYHASI UMMY-
HOJIOTHYECKasl peakuus») Ha 7 JIeHb OIbITa
OTMeuYeHa W JOCTOBepHO B 2,4 paza Ooiee
BBIpaXXCHHAsl OTEYHOCTH JIEBOTO TOJIEHOCTOI-
HOTO CyCTaBa M0 CPAaBHEHHIO C TPYIIIOHN KPBIC
C MOJICNIBIO BOCMAJICHHUs, Y KOTOPBIX ObLia
MOBpeXJIeHa JieBas 3aaHsis yama (Tabm. 1).
Bo Bce nHM perucTpanuu ypoBHSI OTeKa Jiall
yBEIUYEHUE TUaMeTpa CTOMbI B TIIOCHEBON
00nacTH M TOJIGHOCTOITHOTO CyCTaBa JIEBOU
3aJHEH Jlambl B O0OCHMX TPYIIax »HBOTHBIX
C OJKCIIEPUMEHTAJILHOW INAaTOJIOTMEN pa3HOU
CTCTICHH TSHKECTH OBLIO 3HAYMMBIM IO CpaB-
HEHHIO C COOTBETCTBYIOIIMMHU IIOKa3aress-
MU B KOHTpoJIbHOH rpymnmne. OgHako Ha 14,
21 u 28 nHU OmMBITa JOCTOBEPHBIX Pa3IUuni
MEXIy TpyHnaMu «IepBUYHAS pPEaKIUsD»

U «BTOpHUYHASI MMMYHOJIOTHYECKasl peaKIus»
3a(pUKCUPOBAHO He ObLUTO (Tabi. 1).

VYV XKMBOTHBIX C U3y4aeMOW MOJEIBI0 BOC-
NaJleHus] HaOJIONaIUCh ApUTEMa U TOBBIIIe-
HHUE TeMIepaTypbl KOXH CTOI 3aJHUX KOHeY-
HocTell. Ha 7 nensp mocne BBemeHus ITAD
B 00€uX Ipymnmax KpbIC ¢ SKCIIEPUMEHTAIbHOM
MaToJoruel TeMmeparypa KOXH CTOH 3aj-
HUX Jiall ObUIa JIOCTOBEPHO IMOBBINIEHA OTHO-
CUTETPHO COOTBETCTBYIOIIUX IOKazaTelei
KOHTPOJIBHOW rpymnnbl. Tak, y >KMBOTHBIX
TPYMIIBl «IIEPBUYHAS PEaKIMA» TeMIeparypa
KOXKH CTOIIBI JIEBOH 3a/IHEH KOHEYHOCTH OblIa
Ha 14,6% BbIIIIe, YeM B KOHTPOJIBHOU TPYIITIE;
TeMIIepaTypa KOKU CTOIbI IIPAaBOM 3aJlHEN KO-
HEYHOCTH yBenuuuiack Ha 5,7%. Temnepa-
Typa KOXXH CTOIN 3aJHUX KOHEYHOCTEH KPBIC
TPyNIbl  «BTOPHYHAs  HMMMYHOJOTHYECKas
peaxius» IMOBBIIIANACh Oonee 3HAYUTENBHO,
YyeM B IpyIIe «IEPBUYHAS PEaKIUs», OTHAKO
3HAYMMBIX OTIMYUI MEXAY 3TUMH TpyHIaMu
3aukcupoBaHo He ObuT0. TemmepaTypa KoxH
CTOIIBI JIEBOM 3a/IHEN KOHEYHOCTH Y KUBOTHBIX
¢ HaOIIOaroIIeiics TeHepaInu3aluei marono-
TMYECKOTO Ipollecca Obula BBINIE 3HAYCHUI
KOHTpPOJIEHOHU rpymnmsl Ha 19,6%, Temneparypa
KOXKU CTOIIbI IPAaBOH 3aJHEY KOHEUHOCTH YBe-
muuunack Ha 11,0% (tabm. 2).

Ha 14 nenp omelTa TemiiepaTrypa KOXH Jiall
JKUBOTHBIX C MOJIENBIO BOCHAJICHUSA MpPaKTH-
YecKH HEe OTIMYajiach OT COOTBETCTBYIOLIUX
3HAYEHUH B KOHTPOJILHOU I'PYIIIIE, 3a UCKIIIOYE-
HHEM TeMIIepaTypbl KOJKU CTOIHI JIEBOH 3a1HEH
JIarbl KphIC B TPYIIE «BTOPHUYHAsE HMMYHOJIO-
THYeckas peakiys», KOTopas OcCTaBanach JI0-
CTOBepHO ToBbIeHHON. Ha 21 u 28 nHu omnbl-
Ta TeMIeparypa KOKH CTOI 3aJHHX JIall KPBIC
C JKCIEpUMEHTAIbHON TaToIOTHEl 3HAauuMO
HE OTIMYaNach OT TEMIIEPaTypbl KOXKH CTOM
3aJTHUX JIAll KOHTPOJILHBIX JKUBOTHBIX (Ta0M. 2).

Ha 15 neHp y KpbIC ¢ BTOPHYHON UMMYHO-
JIOTHYECKON peakiueil 0oneBoi mopor o0enx
3aJIHMX Jlan ObUT 3HAYMMO CHIDKEH 0 CpaB-
HEHUIO C KOHTPOJBHBIMH XHMBOTHBIMH. Tak,
9TO CHIDKGHHE MJIsI JIEBOW JIalbl COCTAaBMIIO
25%, mna npasoit manel — 40% 1o cpaBHe-
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Taénuya 1. Omeunocmuv 3a0HUX KOHEUHOCMEU KPbIC 8 OUHAMUKE
Table 1. Edema of the hind paws in dynamics

W3meHeHne gnameTpa CTON U rofIeHOCTOMNHbIX CyCTaBOB 3aAHUX KOHEYHOCTEN
KPbIC (MM) OTHOCUTENBLHO COOTBETCTBYIOWMX (hOHOBLIX 3HA4YE€HUN Nocne BBe-

[eHus NosHoro agbloBaHTa PpenHaa Ha:

7 cyTkun 14 cyTKn 21 cyTkun 28 cyTkun

1.1. 'ameHeHne guameTpa CTomMbl NEBON 3aAHEN KOHEYHOCTM B NIOCHEBOW obnactu

KoHTponb, n=15 0,1(-0,2;0,2) 0,1(-0,5; 0,4) 0(-0,2; 0,3) 0(-0,2; 0,4)
MepBuyHas peakumsi, n=9 2,3(1,8;3,7) 3,3(3,0; 3,5)* 2,5(2,0; 3,1)* 2,5 (2,0; 3,0)*
BropuuHas ummyHonoru-eckas 2,6 (2,1; 3,0)* 2,5 (2,5; 3,2)* 2(2,0;2,8) 1,9 (1,0; 2,0*
peakuusi, n=11
1.2. lameHeHue gnameTpa NeBoro rorieHOCTONHOro cyctaBa
KoHTpornb -0,1(-0,3; 0,4) -0,2 (-0,3; 0,0) 0,0 (-0,4; 0,3) 0,0 (-0,1; 0,2)
MepBuyHas peakuus, n=9 0,5(0,4; 1,0)* 1,0 (0,5; 1,8)* 0,8 (0,6; 1,3)* 0,4 (0,1; 0,5)*
BropuyHas MMMy"'oj_-'c>rl""'ec'(a;| 1,2 (1,1; 1,5)** 1,3 (1,1, 1,6)* 0,9(0,8; 1,1)* 0,4 (0,2;0,7)*
peakuusi, n=11
1.3. IameHeHve AnameTpa cTomMbl NPaBoW 3a4Hel KOHEYHOCTU B NIOCHEBOI obnacTtu
KoHTponb 0,0 (-0,4; 0,5) 0,1(-0,2; 0,5) 0(-0,3;0,2) 0,0 (-0,2; 0,4)
MepBuyHas peakumsi, n=9 0,0(-0,1;0,5) 0,3(0,2;0,5) 0,3(0,1;0,4) 0,0(-0,1;0,2)
BropuyHas MMMyHOJ_10FM‘-IeCKaﬂ 0,9 (0,7; 1,0)* 1,1(0,9; 1,3)* 0,8 (0,6; 0,9)** 0,4 (0,2; 0,7)**
peakuus, n=11
1.4. Vl3MeHeH1e anameTpa nNpaBoro rofieHoCTOMNHOro cycTaBa
KoHTponb 0,1(0,0;0,4) 0(-0,2;0,1) 0(-0,1; 0,05) 0(-0,2;0,2)
MepBuyHas peakumsi, n=9 0,4 (0,0; 0,5) 0,5 (0,5; 0,6)* 0,2 (0,2; 0,4) 0,1(-0,1;0,2)
BropuHas uMMyHOMOM|eCkan | 5 (¢ g. 4 gy 1,1(1,0; 1,4)* 0,9 (0,6; 1,1)* 0,4 (0,4; 0,6)*
peakuus, n=11

Ilpumeuanue: * — p<0,05 no cpasuenuio ¢ konmponvnoi epynnot, #— p<0,05 no cpasnenuio ¢ epynnoii «llepsuunas
peakyusiy.
Note: * — p<0.05 compared to the control group, #— p<0.05 compared to the group “Primary reaction”.

Taénuya 2. Temnepamypa Koxcu 3a0HUX KOHEUHOCME KPbIC 8 OUHAMUKE
Table 2. Skin temperature of the hind paws of the rats in dynamics

Mpynna

7 cyTkun

14 cyTkn

21 cyTkm

Temnepatypa KOXwu CTOrMbl NeBOW 3aAHEN KOHEYHOCTU KPbIC

28 cyTkm

KoHTtponb, n=15

28,10 (26,60; 29,85)

32 (30,65; 33)

29,20 (28,15; 30)

28,70 (27,55; 30,60)

MepBunyHas peakuusi, n=9

32,20 (29,80; 33,65)"

30,80 (29,65; 32,15)

31,10 (28,95; 31,80)

29,00 (27,85; 30,00)

BTopuyHas ummyHonoru-

yeckasi peakuums, n=11

33,60 (31,50; 35,80)"

32,60 (32,10; 33,70)*

29,7 (28,3; 32,4)

29,00 (28,30; 31,70)

Temnepatypa KoXu CTOMbl NPaBoW 3aAHeN KOHEYHOCTH KPbIC

KoHTponb, n=15

28,10 (26,70; 29,70)

32,00 (30,35; 33,10)

29,30 (28,25; 29,95)

28,70 (27,55; 30,35)

MepBuyHas peakuus, n=9

29,70 (28,80; 33,10)*

31,40 (28,60; 32,30)

30,40 (28,95; 31,60)

28,40 (27,55: 29,85)

BropuiHas MMyHonoru-

yeckasi peakums, n=11

31,2 (30,9; 32,5)*

30,30 (29,50; 31,90)

28,30 (28,00; 29,70)

28,50 (27,70; 29,80)

Ipumeuanue: *— p<0,05 no cpagnenuro ¢ KOHMPOLLHOU 2PYNNOIL.

Note: * — p<0.05 compared to the control group.
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HHUIO C KOHTPOJBHOM Ipymnmoil kpsic. OmHaKo
U B TPYIIIE )KUBOTHBIX, Y KOTOPBIX ObLIa 3aperu-
CTPHPOBaHA OTEYHOCThH MIPEUMYILECTBEHHO JIe-
BOM 3ajJHel Jambl, O0seBas UyBCTBUTEIBHOCTD
o0eux 3aJHKUX Jan OblIa TaKKe JIOCTOBEPHO
TMIOBBIIIIEHA 110 CPABHEHMIO C TPYMIIOH KpbIC
0e3 IKCIICPUMCHTAILHON MaTOJIOrHU: OOJICBOM
HIOpOT JIEBOH JIallbl KPbBIC STOW TIPyHIbI ObUI
cHkeH Ha 17%, npaBoii — Ha 36% 1o cpaB-
HEHUIO C COOTBETCTBYIOIIMMM IOKAa3aTeNIIMU
KOHTPOJIbHBIX )KUBOTHBIX (Ta0II. 3).

B Tecre «Bpamaromerocs CTepxKHsI», oLe-
HHUBAIOIIETO KOOPAMHALMIO JBIDKCHUS JKU-
BOTHBIX, Ha 21 neHp mocie BBencHus [TAD
3HAQUMMBIX HM3MEHEHUH CHOCOOHOCTH KPBIC
C H3ydyaeMOH MOJENbI0 BOCIHANEHUS yaep-
JKUBAThCS HA  BpamaromeMmcs Oapabane
[0 CPAaBHEHUIO C KOHTPOJIBHOM IpyNIION 3a-
peructpupoBaHo He Oblto. OnmHAKO y XKH-
BOTHBIX C 3KCIEPUMEHTAJIBHON IaTONIOTHEH
OTMEUCHO CHIDKEHHE MEIMaHbl JIAaTEHTHOTO
nepuoza najgeHus ¢ ycranoBku Ha 20,1-33,4%
U, COOTBETCTBEHHO, CpeJHEH CKOpOCTH Bpa-
meHus OapabaHa yCTaHOBKM B MOMEHT Ia-
nenust kppic Ha 20,0-30,0% (HEmocToBEepHO)
(tabn. 4). BepositHO, HapyuieHne (YHKIMH

CYCTaBOB KpBIC C H3y4aeMOH MOJeNbI0 BOC-
naJicHud, IPpUBOJAANICEC K CHUIKCHUIO UX KOOP-
JUHALUU JBWKCHHS, MOXHO 3a()UKCHUPOBATH
B OoJiee paHHue Cpoku nocie nabeKuu [TAD,
4TO TpeOyeT AajbHEeHIIero HeclieI0BaHHUS.

Pa3BuTHe matonoruyeckoro nporecca B ooe-
UX TpyMIax KPbIC ¢ MOJEIBIO BOCTIAIEHHS CO-
MPOBOXKAATIOCH TOCTOBEPHO CHU)KEHHBIM IpU-
POCTOM MACCHI T€JIa J)KUBOTHBIX IO CPAaBHCHUIO
C KOHTPOJIbHOH I'PYMIION Ha IPOTSXKEHUU BCETO
omeita (Tabin. 5). Haubonee sipko 3ta pasuuiia
MPOSIBIISIach Ha 7 CyT mocie uabekuu [TAD.
Tak, y >KMBOTHBIX C IIPEUMYLICCTBEHHBIM OTE-
KOM JIEBOW 3a/{HE! JIambl MPUPOCT MAcChl Tea
obut B 2,1 pa3sa HUKe, a y KPbIC ¢ HaOmona-
IOIIEHCs TeHepalu3alel IMaToJI0ru4ecKoro
nporecca — B 5,2 paza HIDKe, 4YeM B TpyIIe
Kpbic 6e3 maronoruu (Tadm. 5). [Ipu perucrpa-
I[UM TIPUPOCTa Macchl Tena Ha 14, 21 u 28 cyt
SKCTIEPUMEHTa pas3HMIla J3TOr0 IapaMeTpa
B I'pynrax XUBOTHBIX C MOACJIBIO BOCIIAJICHUSA
M0 CPaBHEHMIO C KOHTPOJIBHOM Tpymnmoii Oblia
He CTONb JpaMaTM4YHOM u cocrtamisna 30,5—
41,6% (tabm. 5).

V KpbIC ¢ U3yuyaemMoil MOJIENbIO BOCTIAIEHUS
PE3KUX W3MEHEHHMH TIeMaTOJIOTHYECKUX TIO0-

Taénuya 3. [lopoe 60n€601 4y8CMEUMENLHOCIU KPbIC 8 NOOOUIBEHHOM mecme

Table 3. The pain threshold of rats in a plantar test

KoHTponb, n=15
MepBuyHasa peakuus, n=9

BTopuuHas nmmyHonorudeckas peakumsi, n=11

13,4 (12,35; 14,97)
11,15 (10,15; 12,53)*
10,1 (9,2; 11,75)

14,15 (12,78; 15,12)
9,1 (7,0; 11,95)*
9,1 (7,0; 11,95)*

Ipumeuanue: * — p<0,05 no cpagnenuio ¢ KOHMPOILHOU SPYRNOLL.

Note: ¥ — p<0.05 compared to the control group.

Tabnuya 4. Koopounayus ogudicenus scueomnvix Ha 21 cym sxcnepumenma 6 mecme «Bpawarowe2ocs cmepoicusny
npu pesicume ckopocmu spawjenus bapabana 10 0o 30 06./mun

Table 4. Coordination of animals in a rotarod test under acceleration of the drum from 10 to 30 rpm on the 21th day of
the experiment

KoHTponb, n=15 67,0 (41,0; 84,3)
44,6 (23,0; 80,0)

53,0 (34,0; 70,0)

20,0 (14,0; 21,5)
14,0 (10,0; 21,0)
16,0 (12,5; 19,0)

MepBuyHas peakumsi, n=9

BropuyHasi ummyHonorudeckas peakuusi, n=11
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Tabnuya 5. Hzmenenue maccol mena Kpblc @ OUHAMUKE
Table 5. Change in body weight of rats in dynamics

N3meHeHne Macchl Tena KpbIc (r) OTHOCUTENbHO (hOHOBLIX 3Ha4YEHMI nocne

Mpynna

BBeZleHUs NONIHOro agbloBaHTa PpenHaa Ha:

21 cyTkun 28 cyTkun

7 cyTkun

KoHTponb, n=15 28,4+1,6 (6,2)

51,5¢3,2 (12,3)

14 cyTku

71,843,7 (14,4) 87,3+4,4 (17,0)

MepBuyHas peakuus, n=9 13,8%1,7 (5,2)*

30,1+3,8 (11,3)*

41,2435 (10,5)* 57,7+2,4 (7,3)*

BTopuyHaa nmmyHonornyeckas

peakuus, n=11 5,5£1,3 (4,2)

32,442,3 (9,8)*

49,9£37 (12,3) | 59,3t3,1 (10,2)*

IIpumeuanue: * — p<0,05 no cpasuenuio ¢ KOHMPONLHOU SPYNNOIL.

Note: * — p<0.05 compared to the control group.

Ka3zarejed OTHOCHTEIBHO COOTBETCTBYIOIIMX
3HAYCHUN KOHTPOJBHOW TPYIIbl 3adukcu-
poBaHo He ObwIO (Tabia. 6), YTO CBUACTEIB-
CTBYET B TOJIB3Y MOJOOHUS Pa3BHBAIOIIETOCS
Yy OKHBOTHBIX MaTOJOIMYECKOrO MpoIecca
knuHI4eckoil kaptuHe PA y mromeit. IloBwI-
[ICHHUE Psijla TEMATOIOTHYCCKUX MMOKa3aTeei
Yy KPBIC C 3KCIICPUMEHTAIBHOHN MaTonoruen
3aperucTPUpPOBaHO Ha 14 cyT mocie BBe-
nenus ITA®. Y XMBOTHBIX € TpeuMylle-
CTBEHHBIM TIOBPEKJCHUEM JIEBOW 3aJHeil
JIaTibl OTHOCHUTEJIBHO TMOKa3aTeied KOHTPOJIb-
HOW TpyNmbl JOCTOBEPHO OBUIM TOBBIIIE-
HBbI: a0COJIFOTHOE COJCpKaHWE TPAHYJIOLHU-
TOB — Ha 67,6%, a0CONIOTHOE COJCpKAHKE
TpomMOounToB — Ha 20,6% U TPOMOOKPHUT —
Ha 27,3%. V3MeHeHHMsT Te€MaTOJIOTHYECKHX
MoKa3aTeiaeii y KpbIC TPYIIbI «BTOPHYHAS
HMMYHOJIOTHYECKAs. peakiusy» Obuin OoJiee
BBIPQKCHHBIMH W TPOSIBIISINCH YBEIUYCHU-

Tabnuya 6. I'emamonocuyeckue nokazamenu Kpbic
Table 6. Hematological parameters of the rats

eM abCOJIIOTHOTO COJIEPIKaHUsS JICHKOIIMTOB
Ha 58,5%, abCOJIOTHOTO COJCPXKAHUS JIHMM-
¢dormror — Ha 59,2%, abCoMOTHOTO cofep-
JKaHMsI TPaHyJIOIUTOB — Ha 56,8%, abcomoT-
HOTO coniepaHusi TpoMmoonnToB — Ha 12,4%
u Tpombokputa — Ha 9,1% (Tadn. 6). Onna-
KO, HECMOTPSI Ha TO, YTO 3HAYCHUS YKA3aHHBIX
reMaToJIOrMYeCcKHX MoKasaresel ObuIn J0CTo-
BEPHO BBIIIIE COOTBETCTBYIOIINX MOKa3areyeit
KOHTPOJILHOH I'PYIIIBI JKHBOTHBIX, YTO MOYKHO
paccMarpuBaTh B KadecTBe Hecrenuduie-
CKOIl peakluy Ha BOCHAINTEIbHBIH IpolLecc,
OHU HE BBIXOJMIIU 32 MpeJeibl peepeHCHBIX
3Ha4eHui. V3BecTHO, 4TO U y marueHToB ¢ PA
pu 000CTPEHUY 3a00ICBAHUS PETUCTPUPYIOT
YMEpEeHHOEe YBEIMUYeHHE YPOBHS TPOMOOLH-
ToB [10, 16]. Ha 28 cyt B 00eux rpymnmnax u-
BOTHBIX C HM3y4aeMOil MOJEIbIO BOCHAJICHUS
HaOo/1a1achk HOpMallU3alysl TeMaTooruye-
CKHUX MoKa3ateneit (tadm. 6).

CyTKM nocrne BBeAeHUA NOMIHOro agboBaHTa Opeﬁu.qa

Moka3sa- 14 28
Tenb
KoHTpornb Meps.. BTop. uMmyH. T Meps. BTOp. MMMYH.
peakumsa peakumsa peakuus peakuus
WBC 12,3 (10,7 17,6 (14,0; 19,5 (15,9; 16,9 (14,3; 15,7 (12,9; 17,3 (16,5;
16,4) 18,6) 21,4)* 18,9) 18,4) 20,3)
LYM 7.1(5,7; . . . . . 12,7 (11.2;
1(57;92) | 7,6(57;10,2) | 11,3(8,1;14,4) | 11,4(9,1;12,3) | 10,0 (7,7; 12,3) 13.3)
MID 1,1(0,5; 1,6) 1,1(02;15) | 14(0917) | 14(0,1;21) 1,6 (0,1; 2,1) 1,3(0,1;1,7)
GRA 37(32;46) | 62(4,8103)* | 58(51,6,6) | 43(38;52) | 41(3,1;,49) | 4,1(3755)
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IIpooonacenue mabauyvl 6

Y% 62,7 (54.5; 49,5 (36,9; 57,6 (51,4; 66,4 (58,4; 68,6 (56,9; 65,6 (61,6;
° 65,4) 72,7) 67,2) 69,3) 72,4) 69,5)
MI% 10,5 (3,0; 12,4) | 7,4(0,6;9,2) | 8,9(6,0;10,4) | 10,2(0,6;12,4) | 9,8(0,6;122) | 7,3(0,7; 11,0)
28,5 (27.3; 41,3 (26,7; 32,2 (24,8; ) 27,1 (24,2; 25,2 (22,1;
0,
GR% 36,6) 49,8) 38,5) 29.8(22,7;32) 30,4) 29,7)
RBC 8,0(7,7;8,7) 8,3(7,7; 8,5) 8,7 (8,3;9,1) 9,1(8,2; 9,3) 8,8(8,1;9,4) | 94(838;10,0)
HGB 134,0 (123,0; | 131,0(128,0; | 137,5(134,8; | 137,0(133,0; | 138,0(130,0; 138,0 (134;
140,0) 133,0) 139,8) 141,5) 144,0) 143,5)
HeT 43,0 (41,7; 43,4 (42,1; 44,3 (43,9; 45,5 (40,9; 44,3 (43,6; 47,4 (46,3;
47,1) 44.2) 46,6) 47,5) 47,7) 49,6)
54,0 (53,0; 53,0 (51,0; 53,0 (51,5; . 51,0 (49,0; 51,0 (48,8;
MCV 55,0) 55,0) 55,5) 51(48,5,53,0) 53,0) 54,0)
MCH 15,9 (15,6; 15,8 (15,6; 15,85 (15,7; 15,2 (14,9; 16,0 (15,2; 15,6 (15,0;
16,4) 16,8) 17,1) 16,7) 16,0) 16,5)
MCHG 297,0 (291,0; | 301,0(296,0; | 301,5(299,5; 307 (296,5; 304,0 (301,0; | 304,0 (302,0;
301,5) 309,0) 304,0) 315,5) 314,0) 311,5)
RDWe 16,4 (16,0; 17,1 (16,7; 15,9 (15,5; 15,7 (15,7; 16,5 (16,0; 16,4 (15,9;
16,7) 17,4) 17,0) 16,8) 16,9) 17,1)
LT 428,0(389,5; | 516,0 (507,0; | 481,0 (457,8; 434,0 (399; 463,0 (380,0; | 412,0 (387,5;
464,0) 541,0)* 552,8)* 451) 477,0) 441,2)
poT 0,22 (0,20; 0,28 (0,26; 0,24 (0,24; 0,23 (0,20; 0,24 (0,19; 0,21 (0,20;
0,25) 0,29)* 0,28)* 0,24) 0,27) 0,22)
MPV 5,1 (5,1; 5,2) 5,1(5,0; 5,2) 5,1 (4,9; 5,2) 5,2 (5,0; 5,3) 53 (5,1; 5,4) 5,0 (4,8; 5,3)
PDWe 31,9 (31,0; 32,7 (31.4; 31,4 (30,3; 31,7 (31,4; 32,2 (31,7; 31,8 (31,2;
32,6) 33,0) 31,8) 32,3) 32,3) 32,2)

Ilpumeunanue: «Ileps. peaxyusy — epynna «nepeudHas peakyusy, «Bmop. ummyn. peakyusy — epynna «8mopuunas
ummynonozuveckas peaxyusiy;, WBC — abconomuoe cooepoicanue netikoyumos; LYM — abconomnoe codepoicanue
aumpoyumos; MID — abconmomuoe cooepiicaniie cmecu MOHOYUmMos, 6azodunos u s03unopunos; GRA — abcorromnoe
cooepaicanue epanynoyumos; LY% — omuocumenvroe (%) cooepocanue aumpoyumos;, MI% — codepocanue cpeo-
HUX K1emok na oomo aetikoyumos;, GR% — ommnocumenvroe (%) cooepowcanue epamnyroyumos; RBC — abconomuoe
codepocanue spumpoyumos; HGB — xonyenmpayus eemoznobuna é nepugepuyecxoil kposu; HCT — zemamoxpum,
MCV — cpeonuii 06wvem spumpoyuma, MCH — cpednee cooepiicanue 2emo2ioouna 8 omoeibHoM spumpoyume 8 ao-
conommuvix eounuyax, MCHC — cpedussa konyenmpayus cemoznobuna 6 spumpoyume;, RDWe — wupuna pacnpedene-
Hus spumpoyumos, PLT — abconromnoe codepoicarnue mpomboyumos;, PCT — mpombokpum; MPV — cpednuii obvem
mpomboyumos;, PDWc — wupuna pacnpedenenus mpomboyumos; * — p<0,05 no cpasnenuio ¢ KOHMpOabHOU 2pynnoil.

Note: “Ileps. peaxyus” — primary reaction group; “Bmop. ummyn. peakyus” — secondary immunological reaction
group; WBC — absolute leukocyte count; LYM — absolute lymphocyte count; MID — absolute count of the mixture
of monocytes, basophils and eosinophils;, GRA — absolute granulocyte count; LY% — relative (%) lymphocyte count;
MI1% — count of “medium” cells per leukocytes;, GR% — relative (%) granulocyte count; RBC — absolute erythrocyte
count; HGB — peripheral blood haemoglobin concentration; HCT — hematocrit; MCV — average volume of erythro-
cytes; MCH — average amount of haemoglobin in an erythrocyte, in absolute units; MCHC — average concentration
of haemoglobin in an erythrocyte; RDWc — red blood cell distribution width; PLT — absolute platelet count; PCT —
thrombokrit; MPV — mean platelet volume; PDWc — platelet distribution width; * — p <0.05 compared with the
control group.
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3aknioyeHue

Taxum 00pazoMm, B NPOBEJCHHOM CpPaBHU-
TEJIbHOM HCCIENOBAHUU BOCHAIUTENBHOIO
rpolecca y KpbIC C IEPBUYHOM peakuuen
U BTOPUYHONM MMMYHOJIOTMYECKOH peakuuen
Ha cyOmnaHTapHyo uHbeKHo0 [TAD B 3a1-
HIOIO JIAITy dKUBOTHBIX YCTaHOBJIEHO, YTO MaK-
CHUMaJlbHasl OTEYHOCTHh 3aJHUX KOHEYHOCTEH
HabmomaeTcs Ha 14 cyT ombITa Kak B TpyIIe
JKUBOTHBIX C TEHepajHu3aliei mnaTrojoruye-
CKOTO Tpoiiecca (C OTEKOM JIeBOW U MpaBoi
3aIHUX KOHEYHOCTEH), TaK M y KPBIC C pas-
BUBAIOIIMMCA IOBPEXKJICHHEM MpeuMyIle-
CTBEHHO 3aJHEH Jalbl, B KOTOPYIO BBOAWIH
I[TA® (c orexoM J1eBOIl 3aHEN KOHEUHOCTH).
IIpu 3TOM OTEYHOCTH TOJICHOCTOIHOIO CY-
CTaBa 3aJ{Hell Jambl, B KOTOPYIO ObliIa caena-
Ha MHBEKIUS MHIYKTOpa BOCHajJeHHd, OblIa
JIOCTOBEpHO OoJiee BhIpaXkeHa B TPYIIE KPBIC
C BTOPUYHOH HMMMYHOJIOTMYECKON peakuuen
110 CPAaBHEHMIO C T'PYMIOH KUBOTHBIX C Iep-
BUYHON peakuueid Ha 7 CyT IOCJE BBEICHUS
[TA®. Ha 14 cyr nmocne unbekuuu ITAD
y JKUBOTHBIX 3a()MKCHPOBAHO IIOBBILICHUE
psAza reMaToNOrMYecKuX IoKa3areseil, 6omnee
BBIPQ)KEHHOE B IPYIIE XUBOTHBIX C BTOPHUY-
HOM HMMMYyHOJIOTHYECKOH peaknuei. Kpome
TOTO, Y KpPBIC C MU3y4aeMOil SIKCIIepUMEHTAIIb-
HOM MOJENBIO 3aperucTPUPOBAHBI TaKUE TH-
MMMYHbIE TPU3HAKYU BOCTIAJICHUS, KaK 3pUTEeMa

U TUneprepMusi obnactu BocnaieHus (Ha 7
cyT B obeux rpynnax). Ha ¢one pa3susieii-
Csl MaTOJIOTUH B 00E€MX IpymInax KpbIC ¢ MO-
JIEJIbI0 BOCTIAJICHUS CHU3UIICS O0JIEBO MOPOT,
KOTOPBIH PErucTpUpPOBAIM II0 JIATCHTHOMY
MEPUOIy OTAEPTHUBAHUS 3aJHUX JIall B OTBET
Ha TEIUIOBOE BO3/ACHCTBHE B MOJONIBEHHOM
Tecte Ha 15 cyr ombita. Ha mporsxeHun
BCEro HKCIEPUMEHTa MHPUPOCT MACChl Teja
KpPBIC C BOCHAJIUTEIBHBIM IPOLECCOM OBLT
JIOCTOBEPHO HHUXKE, YeM Y KMBOTHBIX 0e€3 Ia-
tonoruu. K 28 cyT ombITa OT€YHOCTH JIall JKH-
BOTHBIX C M3y4aeMOH JKCIEPUMEHTAIbHOU
MOJIEIIBIO KaK B TPyIIE KPHIC C TeHepaTn3ali-
ell maToJIOrMYeCcKOro MpoIecca, TaK U y KpPbIC
C Pa3BUBAIOIIMMCS HOBPEXKJICHHEM INPEUMY-
IIECTBEHHO 3aJ{HEHl Janbl, B KOTOPYIO BBOJU-
nu [TA®D, 3HauUTEeTHbHO CHUXKANIACh MO CPaB-
HEHHIO ¢ 14 cyT, Temmeparypa KOXH 3aJHUX
KOHEYHOCTeH M TeMaTolIOTHYecKue IoKa3a-
TeIM HE OTINYAIUCh OT COOTBETCTBYIOIIMX
MapaMeTpoB B TPyIIEe KOHTPOJBHBIX XKHBOT-
HBIX. BbIsBIEHHbIE OCOOCHHOCTH pa3BUTHS
BOCHAJIUTENIBHOTO  TPOIECcCca, BBI3BAHHOTO
cyOrutanTapHoi nuabekiuen [TAD B 3aaHI00
Jany KpbIC, MOTYT UMETh CyIIECTBEHHOE 3Ha-
YeHHEe MPU IUIAHUPOBAHUU OIIBITOB TI0 OLIEHKE
(hapMaKoJOrHYecKO aKTUBHOCTH COEAMHE-
HUU Ha JAaHHOW MOJEIU W UHTEpIpeTaluu
pe3yabpTaToB.
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BHMAHWIO ABTOPOB

Kypuan «bruomenuunHay npuHAMAET 1S My 0-
JIUKAIMA PYKOIHCH OpPUTHMHAIBHBIX HAayYHBIX
pabot 0030pHOTO, IKCIIEPUMEHTAIBHOTO U y4eo-
HO-METOMUYECKOr0 IIaHa, He Ty OIMKOBaBIIUECs
paHee B IpyTuX U3IaHUsX.

IIpuopureTHble 00TACTH W 3a1a4d HAyYHBIX
HCCIIEI0OBAHUI:

* pa3paboTKa W BHEIPCHUE HOBBIX OMOMENH-
IIMHCKUX TEXHOJIOTHIA;

+ Ouonoruueckoe, MaTeMaTHUECKOe U pelle-
BaHTHOE MOJICJTUPOBAHUE KHUBBIX CHCTEM;

* TeHeTHYeCKasi, MHUKPOOHMOJIOTHYECKAs, JKO-
JIOTHYeCKasl CTAaHTApTU3alMs  J1a0OpaTOPHBIX
KMBOTHBIX B COOTBETCTBHH C PEKOMEHIALUSIMHU
GLP u poccuiickuMu HOpMaTUBaMU;

* JOKJIMHUYECKHE, KIMHUYECKUE HUCIIBITAHUS
U 9KCIEPTH3Aa JIEKAPCTBEHHBIX U HMMYHOOHOJIO-
THYECKUX CPEINCTB;

* co3manne JIHK-koHCTpyKIuii 1 HOBBIX Me-
TOIOB TEHETHYECKOH MOAMGUKAIMK C IEIbI0
IOJIYYCHH TPAHCICHHBIX, HOKaYTHBIX U T'YMaHU-
3UPOBAHHBIX BUJIOB XMBOTHBIX-MOJIEIICH;

* 1po0IeMBbl PENPE3CHTaTUBHOCTHU, BOCIIPOU3-
BOJMMOCTH M SKCTPAIOJSIIAN Ha YeJOBEKa JaH-
HBIX, IOJTYYEHHBIX B OMOMEIUIIMHCKHX YKCIICPH-
MEHTax.

C mapra 2010 roga xypnan «buomenuuuHa
BKJIIOUEH B IIEpEUYeHb BEAYIIUX pELEH3UpYye-
MBIX HayYHBIX JKYPHAJIOB U U3JaHUIl, B KOTOPBIX
JOJDKHBI OBITH OIyOJMKOBAaHBI OCHOBHBIE Hayd-
HBIE DPE3yNbTaThl IHMCCEPTAllMii Ha COWCKaHHE
YYEHOH CTeneHn JOKTOpa HayK W YYEeHOU cTere-
HU KaHauaata Hayk (Ilepedens BAK mpu Mun-
obpnayku Poccun).

B cootBercTBuH ¢ pemenueM BAK ot 15 utons
2017 roga Ne 1-un/1 (Ilpmnoxkenue 2) mpenro-
YTEeHHE TpU IMyONWKalMd B JKypHaje HMEIOT
Hay4HbIE TPYZbI, BBIIOIHEHHBIE IO CIIELUATBHO-
CTSM MeOuKo-buonocudeckue Hayku, Qusuono-
eus, gapmayesmuyeckue Hayku, emepunapusl
U 300MexHuUsl.

PyOpukanust xypHaiia, akTyajlbHbBIE Pa3aesbl,
TpeOOBaHHUsI K O(OPMIICHHIO TPEACTABIISICMbIX
PYKOIHCEH, TOPSAAOK PEIEH3UPOBAHUSI M CPOKH
onyOnuKoBaHUs paboT oTpaxkeHbl B IIpaBmiax
HalpaBJICHUs, PELEH3UPOBAHUS U OIyOJIUKO-
BaHUs PyKONMCEH Hay4HBIX paboT B JKypHaie
«buomenuuna.

Bo wucnonHeHue BBINIEYKa3aHHOTO pEIICHUS
BAK npu MunoOpHayku Poccum yupeaurens

Hay4qHOTO XypHaia «bnomenumuuaa»y — GI'BYH
HIIBMT ®MBA Poccun obecrieunBaeT mpo-
BEpKY MpPEICTaBISIEMBIX K  OIyOIMKOBAaHHIO
pYKOIIUCEH Ha HalM4yhe HENPaBOMEPHBIX 3aUM-
CTBOBaHMH IyTeM IOJYy4EHHs OT aBTOPOB U Op-
TaHU3aNUH, HANPABISIONMX PYKOIUCH HAyYHOH
paboThl B pelakiinio, HHPOpMAIIUK B COMPOBO-
JUTENBHBIX JOKYMEHTAX O HIDKECIIECAYIOIEeM:

* MOATBEPXKAAIOT, 4YTO paboTa HHUTAE pa-
Hee He OblIa OIyOIMKOBaHA, HE HampaBisulach
1 He OyAeT HalpaBJIATHCS Ui ONMYOJHMKOBAHUS
B IpyTHe Hay9IHbIC H3IAHVS,

* TapaHTUPYIOT COONIONEHNE aBTOPCKHX TIPaB;

* HECyT OTBETCTBEHHOCTH 3a HENPABOMEPHOE
UCITIOJIb30BAHUE B HAyYHOH CTarbe OOBEKTOB
UHTEIUIEKTYyaJbHOH COOCTBEHHOCTH, OOBEKTOB
aBTOPCKOT'O IpaBa B ITOJHOM 00bEeME B COOTBET-
CTBHH C JICHCTBYIOIIUM 3aKOHOJATENbCTBOM PD;

* TepenaloT Ha HEOTpaHMYECHHBIH CPOK yupe-
OUTENI0 JKypHaJla HEHCKIIOUMTENbHBIE MpaBa
Ha HCIIOJIb30BAaHUC Haquoﬁ CTaTbu IIYTEM pas-
MEIIEHHUsS TOJHOTEKCTOBBIX CETEBBIX BEpCUH
HOMEpOB Ha caiire >XypHaja B WH(pOpMAaIH-
OHHO-TEJICKOMMYHHKAIIHOHHOH ceTn MHTepHeT;

* TapaHTUPYIOT BO3MOXKHOCTH OITyOJIMKOBa-
HUS PE3yJIETaTOB PAOOTHI B OTKPHITON I1eYary;

* BBIpaXKaloT Oe3yCIOBHOE COINIacHe C MpaBU-
JIAMHU TIOJITOTOBKH PYKOIIUCH K M3JAHHUIO, YTBEP-
JKICHHBIMH  pefakiueil sxypHana «buomenu-
[OUHA», OIyONMKOBaHHBIMH W Pa3MEIeHHBIMH
Ha OQUIIMANIBHOM CcaifTe XKypHaua.

B cny4yae oOHapyeHUsI HapyUICHUI JaHHBIX
rapaHTuil U 0053aTeNLCTB HACTYMAET IOJHOE
NpeKpalleHue JAajbHEHIIEro COTPYJHHYECTBA,
a TaK)Ke MHAsi OTBETCTBEHHOCTD, IPELyCMOTPEH-
Has 3akoHamu PO.

Pykommcn, He oOTBevaromye MNepedrCICHHBIM
TpeOOBaHMAM, HE PACCMATPUBAIOTCS U HE BO3BpA-
maroTcst. Penakimst octasisier 3a codoii mpaBo npu-
HHUMaTb PELICHUE O ITyOIUKAIMU PYKOIIUCH, TIPOH3-
BOJIUTH PEAAKIIMOHHBIE N3MEHEHUS U COKPAILICHUS,
CTIJIMCTHYECKYIO MIPaBKY, & TAKXKE IIEPEHOCUTh CTa-
TBIO B IPYTOH pa3/iell WM HOMep KypHaJa.

3a myOaMKaluio crareil Iiata He B3MMAaeTcs
Y TOHOpap He BhlIaunBaetcs. [locie omy0Onuko-
BaHMS CTAaThbH aBTOPAM BBICBUIAETCS OECIUIaTHO
OJIMH DK3EMILISIP JKypHaIa.

[Monnast uaGOpMAIHS 1O KypHATY MPEACTaB-
neHa Ha caite http:/www.scbmt.ru (pazgen
«Kypnan “buomenuiaa’).
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JTabopaTopkopm

Bonee decamu nem xonnexmue Hauel opaa-
Hu3auuu obecneuueaem e6uvlCOKOKAUECMEEH-
HoM KOMOUKOpPMOM ONsl nabopamopHsulLX
HUBOMHBLLX HAYUHbLE MEeOUUUHCKUe U yueb-
Hble yupesxcoeHust Poccuu.

Peanusyem:

v O0opyaoBaHHE OASI BHBapHEB ("
(kAeTKH-CcTEAAAKH H AOP.); @

v IIoACTHAOYHBIH MaTepHaa
H3 APEBECHOH CTPYXKKH;

v/ 3epHO: NMIIEHHIIA, OBEC, AIYMEHB,
v IIpeMHKCBI.

HAIITA KOPMA
IMOJIHOPAIIOHHBIE,
cOasTaHCUpPOBaHHbIE 110
AMHUHOKHCJIOTHOMY COCTaBY,

MHUHEpa/JiaM 1 BUTAMHMHaM z

Haw apgpec: MockBa, 2-n BasoBckuu npoesna, a. 16, ctp. 10
00O «JlabopaTopkopm»
TenecdoHbl: (495) 972-99-72, 972-16-87, 220-01-23
www.laboratorkorm.ru

Ha npaBax peKkrambl




21-22 wmas 2019 roma B Hayunom meHtpe Omomemunuackux TtexHoiormii ®MBA Poccum mpoxomm-
nma XV exeroxHas Hay9HO-TIPAKTHIECKasi MEXPErnoHaJIbHasi KOHQEPEHINS C MEKTyHAPOAHBIM YIaCTHEM
«bromenuiHa 1 GMOMozeIMpoBaHUe». B 5TOM romy pacmmpmiacsk reorpadus MIpoBeIeHUs] KOH(EPESHINN.
B Hayunom nenrpe onomenuuackux TexHonoruii ®MBA Poccun ObUI0 MPOBEAEHO IUICHAPHOE U 3aKIIIO-
YHUTEIbHOE 3acefaHus (mpencenarens: HaydHbli pykoBogutenb HIIBMT ®MBA Poccun ui.-kopp. PAH
H.H. Kapxumenxo), cummnosuyms! «bromonenupoBaHie 1 1adopaTopHbIe )KUBOTHBIE) (IPEICENaTeN: 1iL.-
xopp. PAH, n.m.H., mpod. H.H. Kapkumenko, k.M.H., nor. M.T. 'acanoB) n «HoBble OHOMETUIIMHCKHE TEX-
Hoorumy (Ipencenareny: A.M.H., npod. B.H. Kapkumenko, n.m.H., mpod. E.b. IllycToB), «xpymisiii cTom»
«IlepcrieKTUBBI Pa3BUTHUS TaOOPATOPHOTO JKMBOTHOBOACTBa» (Moxmeparopsl: M.T. 'acanos, K.B. Adonus,
W.J. Yymepun, A 1O. Koxesunkos, E.JI. MarBeeHko).

TpaguuonHo cuMmnosuyM «[IpukiagHble OHOMEIUIIMHCKIE HCCIENOBAaHHUS B TOKCHKOJIOTHH, (hapMako-
noruu U papmanum» npoxogua B Cankr-IlerepOypre Ha kadenpe dapmaxonorun «CaHkr-IleTepOyprckoro
XMMHKO-(hapMaIieBTHYECKOro yHuBepcuTeTa MuHucTepeTBa 3apaBooxpaneHust POy (mpexcenarenu: 1.M.H.,
mpod. C.B. OxoBuThIii, 1.M.H., mpod. E.B. [llycToB).

B Mockse B koH}pepenn-3aie [Iepporo MITMY um. .M. CeuenoBa Munsnpasa Poccun (CedueHOBCKUIA
YHHABEPCUTET) OBUI OPraHU30BaH «KPYIIBIH CTOM» «AKTyalbHBIE BOIPOCH! KIMHUYECKOH (hapMaKOIOTHI»
(mpencenmarenu: A.M.H., npod. E.B. Illux, n.papm.H., mpod. I'.B. Pamenckas).

HoBoti muromaakoi MexpernoHaIbHON KOH(pEepEeHINH cTana kadeapa GpapMakoIIoruy U KITHHAIECKOH dap-
MakoJIoruy PocToBCcKOro rocy1apcTBEHHOTO MEAUIIMHCKOTO YHIBEpcUTeTa MUHHCTEPCTBA 3APAaBOOXPAHEHHS
P® (PocroB-Ha-JloHy). Tam ObIT OpraHN30BaH CHMIIO3UYM «AKTYyaJIbHBIC BOIIPOCH! KIMHUYECKOH U (yHMa-
MEHTAIILHON (hapMakoorumy (mpexcenarens: I.M.H., mpod. }0.C. MakiskoB).

Bcero 65110 3acimynano 48 nokmanos. Joxmaganky npuexanu u3 Caparosa, Cankr-IlerepOypra, PoctoBa-
Ha-JloHy, MockBbl, MockoBckol ooiactu, Camapebl.

Oco0blii HHTEpEC BBI3BAIH AOKIagb! «I[I0ArOTOBKA COBPEMEHHBIX KaJpoB B 00JACTH pa3pabOTKHU JeKap-
CTBEHHBIX CPE/CTB: Kak yacTH peanusanun crparerun @apma-2030» (I'.B. Pamenckas, DI'OAY BO Ilepssrit
MI'MY um. .M. CeuenoBa Munsapasa Poccun (CeuenoBckuii yauBepcurer), Poccust, Mocksa), «AHeB-
pH3Ma aopTHI: SKCIEPUMEHTAIBHBIC MOJIEIH 1 HOBEIE acnekTsl (hapmakorepanum» (E. Kashina, Yausepcuter
[Mapure, ®PT, bepnun) n «/3y4eHne aHTHMYTareHHOTO W aHTUIIMTOTOKCHYIECKOTO NEHCTBHUS OHMopara mpu
WHAYKIAN MyTanun nectuiraaMmy (AT [Tupuxenany, P.A. Taxokumze, H.A. [Tupuxenanu, H.B. Mamanan-
3e, TOmmMcckuii rocynapcTBeHHbIN yHUBepeuTeT uM. M. JxkaBaxumBuian, TOMINCCKUH TOCYNapCTBEHHBII
MeIUIUHCKUN yauBepcntet, [py3ust, Tonmucn).

B muckyccmsix n obcyxnernu npussim ydactae 6omee 300 denoBek, BKIIOYAsl CTYAECHTOB, aCIIMPAHTOB,
ACCHUCTCHTOB, KIIMHUYECKUX OPANHATOPOB IIEPBOTO M BTOPOTO Tozia 00ydeHNsI.

OT reHOMMKH K

NepcoHanu3MpoBaHHON
MeauuuHe

(10 pesynorarau cobcraenix
wccneaosaii)






