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M CIOJTHUJIOCH

HukoJiaro
- Hukos1aeBU4y
KAPKHUIIIEHKO

HayuyHoMy pykoBogutesto ®I'BYH HUBMT ®MEBA Poccuu,
rJJaBHOMY peZlaKTopy Hay4yHOro KypHaJa «bruomeaunnuHa»,
JIOKTOpPY MeIMIIMHCKUX HayK, Ipodeccopy,
yjeHy-KoppecnonaeHTy PAMH (2000 r.) u PAH (2014 r.),
akaJeMuKy Poccuiickoil akajeMUu paKeTHbIX U apTUJITIEPUNACKUX HayK
U MexyHapoJHOV akaZieMuu acTpoHaBTUKH ([Tapux).

NMPABUTEJIbCTBEHHAA

TENETPAMMA

Hayunomy pykoeooumento PI'bBYH «Hayunuiii yenmp
buomeouyurckux mexronoauii PMbA Poccuuy H.H. Kapkuujerko

Veaowcaemviii Huxonaii Huxonaesu!

Om umenu DedepanbHoco MeOUKO-OUONOLUYECKO20 G2CHMCMGA cepoedro no3opaesnsl Bac
¢ 80-nemuem! Tananmauevil yuéHwlll U OpeaHusamop 30pagooxpaHeHus, Bel nocesmunu c6ow
JACU3Hb NPEOAHHOMY CYIHCEHUIO MeOUYUHCKOI Hayke. [Ipumume cnoea 2ny60Koil NPUSHAMENbHOCU
3a Baw mHoeonemuuti 0o6pocosecmmbiii mpyo 6 cucmeme PedepansHoo MeouKo-o1on02u1eckoeo
azenmemea, 6GeciyeHHblil 6KIA0 6 pazeumie OmeYecneeHHOl KIUHUYECKOl (apmakonoeuu
U GuroMedUILHbL, BOCHUMAHUE 1enoil NiesObl GblCOKOKGANUPUYUPOBAHHBIX YUEHBIX U CHEYUATUCINOB.
Om eceit Oyuiu scenaro Bam kpenkoeo 300p06bsl, HEUCCAKAeMOll SHepull U O0NUX Jlem aKmuGHol
MGOPUECKoil JHcu3HU HA 61azo HayKu U 30pasooxparnenus: Poccuu!

Pyrosooumens @MbA Poccuu B.H. Creopyosa

Cpon noszpasienns ¢ jo6mneem Huxonaio Hakonaesnuy npuciaim:

I'maBa pecny6mxu KOMMU, npodeccop B.B. Vii6a, I'y6eprarop PocroBekoit o6nacta B.IO. I'omyGes;

I'maBHbIi yueHEIH cekpeTaph npesuauyma PAH axam. M.B. Jlyouna; akaJeMHUKH-CeKpPeTapH OTASICHUNA M CeKIHH,
a TakKe JeHCTBHTENIbHbIE wWieHbl U coBeTHUKH PAH. Poccuiicko#l akajeMHH pakeTHBIX M apPTHINICPHUCKUX HaykK
(PAPAH) n MexayHapoHOH akageMun acTpoHaBTHKH ([Tapmk):

Dejiepanus KOCMOHABTHKY — IPE3UICHT, qBax il I'epoit CoBerckoro Corosa A.Il. AnekcaHIpoB;

Hayunsre obmecTBa (hapMakonoros, (pH3HOIOTOB, TOKCHKOIOTOB, IICHXAATPOB;

PMAHIIO — pekrop, akagemuk PAH J[.A. CpruéB; xomtexraB u pektopar PoctT MY — mpodeccopa B.I. 3anka,
10.C. MaxusixoB, A.B. Tapakanos, A.B. Capponerko, C.B. Illnsix u apyrue; KyoI' MY — unen-koppecnoraesT PAH
II.A. Tanenxo-SIpomeBckuii; pakynsreT GHOMH:KeHepuH H Meauimas! T TY;

HIIO cnenuaibHBIX MaTepHaloB — TeHepaldbHBI JUPEKTOp, I'eHepalbHBI KOHCTPYKTOP, WIeH-KOPPECHOHIEHT
PAH, akagemux PAPAH M.B. Cumbauko; AO LleHTp «ApMOKOM» — TeHepalbHEIH TUpeKTop, akaaeMuk PAPAH
E.®. Xapuenko: pyxoBogurem psana HUHU u Kb ®MBA Poccun, Muno6opons! 1 Muno6praayku Poccun:

KOJIUIETH, IPY3bi B YICHUKH.



Hukouaii Hukonaesnu Kapkumenko

Popuicst Oynymuii yaénsrii B cene Koiicyr Poctosckoit obmactu B 1943 romy. Ha JloHy B 5T0 Bpems mum
KPOBOIPOJIUTHBIE OOM, OTEI[ CPaKaJICsi CHAWIIepOM BIai OT goma. Ilociie BOMHEI ceMbs Iepeexana B A30B,
rae Hukonail B 1961 roxy 3akoHYMJI CPEAHIOIO IIKONY M HOCTYHHI B POCTOBCKMI TOCynapCTBEHHBIA MEIH-
IUHCKUH HHCTUTYT.

Emg crynenrom Hukomait KapkumieHko cran IyOJNMKOBaTh CBOM CTAaThbU B aKaIEMHUYECKUX JKypHaax.
OOyuenne oH 3aKoHIMI B 1967 rogy ¢ KpacHBEIM AUITIOMOM H II0 PEKOMEHAAIMH Y Y€HOTO COBETa MHCTHTYTA
cpa3y 6e3 00y4eHHsI B aCIHPaHType IMPHCTYIIII K 0OPMIIEHHIO KaHANAATCKOM AnuccepTanuy. Yepes moiroga
OH 3aIIATHII AUCCEPTANHIO, TIOIYIHII KAHANIATCKYIO CTENIEHb U OCTAJICS pab0TaTh B CTEHAX WHCTHTYTA.

B 1976 romy Hukomnait Kapkumenxko coznan nepsyto B CCCP kadenpy knmmangeckoit apmakonorun. Hapsimy
C HayYHO-HCCIIEI0BATENBECKON PaboTOl MO (hapMaKOJIOTHH M KIMHHIECKOH (hapMaKoIOTHH, OH 10 TIPEIIoKe-
HUIO KOMIIETCHTHBIX HHCTAHIMI ObLI BKIIOYEH B COCTaB HcHoMHUTeNeH [0cynapcTBeHHOM IporpaMMBI 1o 00-
eBbIM nenbhunaMm B Kazauseit Oyxre (CeBactomoins, HKepMaH).

B 1978 romy Ha XVIII che3ne xoMcomona mpeaceaarens COBETa MOJOABIX YUYCHBIX M CIICIIHAIHCTOB
PocroBckoii oomacti H.H. Kapkumenko 6pu1 n36pan wienom LIK BJIKCM u cran copykoBoautenem CoBera
MOJIOABIX YU€HBIX U cnennanuctoB mpu LK BJIIKCM.

JBanmnars et Huxonait Hukomaesna Kapkumenko otpadoran B pogHoM BY3e, cta B 1980 rogy cambim
MOJIOIBIM PYKOBOAUTEIEM MEIHUIIMHCKOTO y4eOHOTro 3aBefeHns B cTpaHe. C IepBBIX AHEH Ha IIOCTY PEKTO-
pa 3aHSUICS peopraHu3alel — MPHUIIACKI TaTaHTINBBIX BBITYCKHUKOB, C(HOPMHPOBAT MOIIHBIN KaPOBBIH
pe3eps. ImaBHBIM cTano meneBoe pe)OpMHPOBAHUE PYyKOBOAAIIETO COCTaBa Kak Kademp, Tak ¥ MHCTHTYTA.
Brmepseie Brenpus B POJAHMU moaroToBKy HaydHO-IIEOATOTHYECKHX KaIpoB Yepe3 AOKTOPAHTYypY, yaa-
JI0Ch OBICTPO OMOJIOAWTH KaAPOBBIA COCTaB JOKTOPOB HayK W mpodeccopos. IlosBuiick HOBbIE Kadempel
1 WCCIe0BATEIbCKUE TPYIIIBI, 3apaboTan MHCTUTYT NOBBIICHUS KBaNM(HUKAIMN IS Bpadeil 1 Crienuaim-
cToB. PedopmupoBaHbl OBUIM MpOrpaMMBl MOATOTOBKH HHOCTPAHHBIX CTYAEHTOB. B mepmon pexTopcTBa
H.H. KapxumeHko pasBuBanach MarepuaibHas 0a3a, Ha9aTo CTPOUTEIBCTBO IOATOTOBHTENBHOIO (haKyrsTeTa
HMHOCTPAHHBIX CTYICHTOB IUIOMa b0 Oonee 10 ThIC. KB. METPOB, MOCTPOEH M BBENICH B ACHCTBHUE JIEYeOHO-IUArHO-
CTHYECKUH KOPITyC C HOBBIMHU MEIUIIMHCKUMHU TEXHOJIOTHSIMH AMATHOCTUKH M JIeUeHHs. BbITi co3maHbl 1 ocHalme-
HBI COBPEMEHHBIM OTE€YECTBEHHBIM U NMITOPTHBIM 000pYAOBaHHEM PEaHNMAILOHHBIE 1 KIIMHUKO-Ta00paTopHbIe
OTJENEeHNs], COOCTBEHHOE MEUIMHCKOE YUIIINIIE, MEKBY30BCKask CTyCHIECKasI TTOIHKINHIKA.

B mae 1986 rozma, a 310 ObUM (haKTHYECKH TepBble THH mociie aBapud Ha YADC, yu€HOro HampaBHIH
B UepHoObUIb. Pemennem BoeHHO-pombInuieHHOH komucenu crpanbl H.H. Kapkumenko B Tom ke romy
ObuT HampaBileH B 0co00 pexumHoe 3-¢ [maBHoe ympaenenue npu Munzapase CCCP (apiHe — ®MBA
Poccum), rae Bo3miaBui Bech OIOK OOOPOHHBIX MEIMKO-OMOJIOrMYECKUX Hay4yHbIX paOoT. beul Ha3HaveH py-
KoBoauTeneM ocynapcTBEHHOM MEIUIIMHCKOH KOMHUCCHH TI0 0TOOPY M 00€CIIEUEHHMIO TI0JIETOB KOCMOHABTOB
n ['ockoMuccHM IO akBaHABTaM U THAPOHABTAaM. YYacTBOBAJ B IPOBEACHHNU CHEHATBHBIX OMOMEANIIMHCKIX
ucnbITanui Ha baiikonype, B Kanmyctunowm flpe, Ha CemunanatuackoM, JIy>KCKOM B APYTHX MOJIUTOHAX.

C 1990 rozma pabotai B JopKHOCTH 3amecturesns MuHuCTpa 31paBooxpanerust Poccun. Opranmsosan MHCTHTYT
TIOBBIIIEHHS] KBATU(DUKALIMH [ CHEIKOHTHHTEHTOB (Bpadell U CHENUAICTOB), CO3/1all U BO3IIABUII B HEM HOBYIO
Kadenpy KIMHHUeCKor (hapmakonorud. [Ion ero pykoBOACTBOM M IPHU JIMYHOM yHaCTHH B STOT HEPUOZ CO3IAHbBI
1 BHEZIPEHBI IECATKHI HOBBIX JIEKAPCTBEHHBIX CPEJICTB, B T. U. HA OCHOBE HAHOTEXHOJIOTHH, IS 3l THI KOCMOHABTOB,
MOJIBOJJHUKOB, CHEIIKOHTHHICHTOB U TPa)KIAaHCKOTO HACEJECHMS OT BO3ACHCTBHUS HKCTPEMAIBHBIX (DaKTOPOB
U OpYXXHUS MacCOBOTO MOPaKeHHs. B TECHOM COTpyIHHYECTBE ¢ opranuzanusaMu Muno6oponst Poccun u apy-
THX CHJIOBBIX BEJOMCTB OH y4acTBOBaJ B pabOTax IO CO3JAHUIO CIIENUANBHBIX CPEJICTB 3ALIUTHI MPU OTHE-
CTPETbHBIX PAHEHUSX, KOHTY3HSX, THIIO- U THIIEPTEPMUU, Pa3pab0TaHbl U BHEAPEHBI PsiJi CPEACTB MPOTEKIUH
OT HeOIAroNPHUATHBIX (PAKTOPOB XUMHUUYECKOr0, OHOJIOrNYECKOT0, JIEKTPOBOJHOBOIO, aKyCTHYECKOTO U paiu-
aI[MOHHOTO BO3/IEHCTBHS Ha YEIOBEKA.

B Hacrosmiee BpeMsl IIOA €ro pyKOBOACTBOM pa3pabarbiBaioTcs (yHIAMEHTAIbHbIE ACIEKThI OHMOMEIN-
IIUHCKHUX TEXHOJIOTHUH C MCIOJIb30BAHUEM CTBOJIOBBIX U TIPOTCHUTOPHBIX KJICTOK, METO/bI (hapMaKOT€HOMUKHU
1 OMOSKBHUBAJICHTHOCTH ISl TIOBBIIICHUST 3G (GEKTUBHOCTH 1 0€3011aCHOCTH (hapMaKOTepanuu, B T. 4. CIEIl-



cpencTB. BaxxapiMu HampaBieHusIMU HaydHOU JesitenbHocTH H.H. KapkumeHko sBisitoTcst pa3paboTka 1 Uc-
MI0JIE30BaHNE OMOMEINIIMHCKAX ¥ HAHOTEXHOJIOT I B CO3MaHUU U BHEAPCHUH HOBBIX IIPETIapaToB C HEWPOIICH-
XOTPOITHOHM ¥ aHTUCTPECCOPHOH aKTUBHOCTBIO, B T. Y. HA OCHOBE IIMPUMHANHOB, IUTOKHHOB U MENITHIOB.

C 1994 rona pa6oran B cucreme PAMH, oprann3oai u Bo3niaBmit MHCTHTYT HOBBIX TexHonoruii PAMH,
peoprannzoBanssi B 2002 roxy B ['Y «Hayunslii nenTp 6nomenumuHckux Texaonoruit PAMH», aB 2013 roxy
nepenanueiid B BeneHne ®MBA Poccnn. B nomxnoct HaydHoro pykoBoxurenss ®I'BYH HIIEBMT ®MBA
Poccun H.H. Kapkumenko paboTaer o HacTosIee BpeMsi.

H.H. KapkumieHko co3nan ¢apMaKkoIorHdecKyo KOy, SBISIETCs aBTopoM Ooiee 620 HaydHBIX paboT, cpe-
I KOTOPBIX 28 MOHOTrpaduii ¥ y4eOHHKOB, aBTOPOM M COABTOPOM 52 IaT€HTOB, HAyYHBIM PYKOBOIUTEIIEM
46 xanguaaTckux u 15 moxropckux auccepranuil. [Iox ero pykoBOACTBOM U IPH JHMYHOM yJacTHU BEIyTCS
Hay4YHO-HCCIIC/IOBATEIbCKUE Pa3pabOTKH MO OH0OE30MacHOCTH, KPUTHIECKIM TEXHOJIOTHSIM U 0OOPOHHBIM
TeMaTHKaM, pa3paOoTaHbI HOBEIE MOAXOMBI K JOKINHIIECKOH OIIEHKE JIEKAPCTBEHHBIX CPEACTB U CO3/1aHa OpPH-
THHAJIbHAS HayYHAs! KOHIETIUSI ICHXOYHATPOIIM3Ma, OTPAKEHHAS B PAIE HAYIHBIX TPYHOB.

H.H. KapkumeHko co3gan X BO3IIABISAECT HAay4HbIM KypHal «buomenununay, uspasaembii HIIBMT
OMBPBA Poccun, sIBIS€TCS WICHOM PEIKOJUIETHH psija HayYHBIX JKyPHAIIOB, YWIEHOM 3aKPBITOIO 3KCIIEPTHOTO
coBeta BAK Poccum, AByX IHCCEpPTAIMOHHBIX COBETOB, a TAK)KE MEKBEJOMCTBEHHBIX COBETOB II0 CHIEIIHAIIb-
HOW 1 000POHHOH TeMaTHKe.

YmocToeH MHOTMX Harpajg W NpeMuii, B 4mcie KOTopelX [lpemus JleHmHCKOrO KoMcomoia B oOma-
ctn Haykn U TexHuKH, 3HaK LIK BJIKCM «TpynoBas mobmectsy, 3Hak OTIMYHHK 3ApaBOOXPAHEHMS, JIBE
TocynapcrBennsie mpemuu CCCP B o6nactu Hayku u TexHuky, [Ipemust [Ipesunnyma PAMH B o6nactu Hay-
ku 1 TexHukd, [Ipemus [IpaBurensctBa Poccun B obmactu Hayku u TexHukH. HarpaxaeH OpaeHom [louera,
Menansio JXKykoBa, MenansimMu «Y4YacTHHK JIMKBUAAUH mocienctBuil aBapuun YADC», «3a 3acmyrd B co3-
JTaHUH BOOPYKCHUH M BOGHHOW TEXHHKW», «3a BKJIAJ B HayKy», a TaK)Ke MEJaJIsIMH, TOYETHBIMHA 3HAKaMH
u rpamoramu @PMBA Poccun, PAPAH, I'naBHOTO Ymipasienust Boopyskenuii u ['taBHoro Pa3BenpiBarensHOTO
Ynpasnenus ' BoopyxeHubix crn PO, MuH3ApaBa 1 HHBIX TOCYIapCTBEHHBIX U OOLIECTBEHHBIX OpraHn3a-
nuit CCCP, Poccutickoit @enepannu u 3apy0eHbIX CTPaH.

Koanexktus HUIBMT ®MBA Poccuu u peaakuus xkypHajaa «bnomenuuunay»
NMPHUCOEANHSIOTCS KO BCeM JI00pbIM CJIOBAM KOJLJIer U cepAevHo mo3apapiasiot ¢ FO6uiieem yyTkoro,
0T3bIBYHBOr0, INTy00KO HHTEITUTEHTHOT0 M 00,12Ja101er0 YHHKAILHBIM
JKH3HEJII00UeM U HCKPOMETHBIM I0OMOPOM, JIyYIlIero i 6eCCMeHHOro pyKoBOIHTe !

OT Bceii Iy skej1aeM 10poromy u riryooxoysa:kaemomy Hukonaro Hukonaesnuy Kapkumenko
00raThIPCKOT0 310POBbS, T10JIUX H CYACTIMBBIX JIeT,
JAOCTHKEeHHsI HOBBIX TBOPYECKHX BBICOT H BCeX HAMeUeHHBIX IeJIeii!
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BUOMEJULIMHA

Biomeditsina

Hayunprit xxypaan «buomenuina» ocHoBan B 2005 roxy Hay4HbeiM nieHTpoM OHOMeETMIIMH-
CKHX TeXHOJOrHi. XKypHan u3naércs Ha pycCKOM M aHIIIMHCKOM s3bIKaX. B xypHaie myOonuKyoT-
Csl HCCIIEZIOBAHMSI IO HOBBIM OMOMETMIIMHCKIM TEXHOJIOTHSM, MOZICIISIM M METO/IaM MCCIICI0BaHHH,
KOHCTPYHPOBAaHMIO HOBBIX JTMHHUM KUBOTHBIX-MOJIENICH (B TOM UYHCIIe TPAaHCTEHHBIX, HOKAYTHBIX,
SIUTCHOMHBIX), SMUICHETHYECKUM acleKTaM B OMOMEIUIIMHE, SKCIIEPUMEHTAILHOW U CIIOPTHB-
HO# (hapmakonoruu, GpapMHyTpUEHTaM, BOCCTAHOBUTEILHOW MEIUIIMHE, OMOMEJUIIMHCKUM ac-
NeKTaM KIMHUYecKor (apmakonoruu. XKypHasl OpueHTHpOBaH Ha CHEHAaIUCTOB B o0nacTu Ou-
OJIOTHH, MEIUIIMHBI, OMOMEUIIMHBI U BETEpHHAPHHU. B KypHaie omyONMKoBaHbI CTaTbH aBTOPOB
6osee yem u3 200 pa3IMYHBIX OpraHU3alNil, Teorpadus KOTOPBIX BKIIFOYAET B ceOsl PAKTUICCKU
Bcto Poccuto, a Takxke benmapycs, Kasaxcran, I'pysuto, Ykpauny, Hunepianasl, bonrapuo.

B InaBHBI perakTop
Kapkuienko Hukonan HukonaeBud, 4.M.H., npod., yun.-kopp. PAH, akag. PAPAH n MexayHapogHoi aka-
Aemun actpoHaeTuku (Mapux)

H 3aMecTUTe/H [JIABHOTO PeJaKToOpa
KapkuwieHko Bnagucnas HukonaeBuu, 4.M.H., Npod.
MoMbITkMH Uropb AHaTonNbeBUY, K.X.H.

B OTBeTCTBEHHbIH ceKpeTapb
AnumkuHa OkcaHa BnagumupoBHa

B YiieHbl peJaKLIOHHOIO COBETA

AHoxuH KoHcTaHTUH BnagumupoBuy, .M.H., npod., akag. PAH (Mockea, Poccus)

AukacoB EBreHunn EBreHbeBuyY, 4.M.H., npod. (Mocksa, Poccus)

BapaHoB Buktop MuxainoBuu, 4.M.H., npod., akag. PAH (Mocksa, Poccusi)

BbikoB AHaTtonui TumodbeeBUY, A4.M.H., Npod., un.-kopp. PAH (Coun, Poccust)

BnaxoB ButaH, A.M.H., npod., akag. bonrapckow akagemun Hayk u uckyccts (Codms, Bonrapus)
FaneHko-flpoweBckun MNaBen AnekcaHapoBuY, 4.M.H., Nnpod., yn.-kopp. PAH (KpacHoaap, Poccus)
Oy6uHa Muxaun BnagumupoBuy, 4.M.H., akag. PAH (Mocksa, Poccus)

Obirai Anekcanap MuxannoBuy, 4.M.H., npod., akag. PAH (Tomck, Poccust)

EpumbeToB KeHec TaraeBuuy, 4.6.H. (bopoBck, Kanyxckas o6n., Poccus)

Kut Oner UBaHoBwuY, a.M.H., npod., akaa. PAH (PocTtoB-Ha-[oHy, Poccus)

KoeaneHko Ileonna BnagumupoBuy, 4.x.H., npod. (Mocksa, Poccust)

Ky3sneHn6aeBa Panca CanmaraH6eToBHa, 4.M.H., npod., akag. HAH KasaxcraHa (Hyp-CyntaH, KasaxcraH)
Ky3HeuoB AnekcaHap EBreHbeBud, A.T.H., npod. (Mocksa, Poccus)

Kykec Bnagumup NpuropbeBud, A.M.H., npod., akag. PAH (Mocksa, Poccus)

MapTtupocsH Bnagumup BukropoBuy, 4.T.H., npod. PAH (Mocksa, Poccus)

MupowHukoB AHaTonui UBaHoBMY, A.X.H., akagd. PAH (Mocksa, Poccus)

MypawéB Apkaauin HukonaeBuu, 4.6.H., npod. (MywmHo, MockoBckas obn., Poccusi)
OkoBuTtbIn Ceprent BnagummupoBuy, a.m.H., npod. (CaHkTt-lNeTepbypr, Poccus)

OcTpeHko KoHcTtaHTuH CepreeBuy, 4.6.H. (BopoBck, Kanyxckas obn., Poccusi)

MuHenuc BceBonoa MNpuropbeBuy, a.M.H., npod. (Mocksa, Poccus)

MuenuHues Cepren KOpbeBuY, A.M.H., npod. (JllobyyaHsl, MockoBckas obn., Poccus)
PameHckas ManuHa BnagucnasoBHa, A.dpapM.H., npod. (Mocksa, Poccus)

Pemb6oBckun Bnagumup PomaHoBuY, A.M.H., npod. (Ky3abmonosckui, JleHnHrpagckas obn., Poccust)
PewetoB Uropb BnagumupoBuy, a.M.H., npod., akag. PAH (Mocksa, Poccus)

CadpoHeHko AHapen BnapgumupoBud, A.M.H., npod. (PoctoB-Ha-[loHy, Poccus)

CbiuéB OmuTtpun AnekceeBud, 4.M.H., npod., akag. PAH (Mocksa, Poccus)

®depynosa Jlunusa BayecnaBoBHa, 4.T.H., npod. PAH (Mockea, Poccus)

XpuTuHuH OmuTtpunn ®éagopoBud, 4.M.H., npod., akag. PAH (Mocksa, Poccust)

LbiraHkoB Bopuc AimuTtpueBuy, 4.M.H., npod., un.-kopp. PAH (Mocksa, Poccus)

LLUnx EBreHns BanepbeBHa, A.M.H., npod. (Mocksa, Poccus)

LllyctoB EBreHnn bBopucosuy, 4.M.H., npod., akag. PAEH (CankT-lNetepbypr, Poccus)
LWacTHbI AHaTonui TageyweBuY, A.M.H., npod. (Butebek, Pecnybnuka Benapycn)
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METOQAbI M TEXHONOM MU BUOMEOULIMHCKUX MCCIEQOBAHUNA |
METHODS AND TECHNOLOGIES OF BIOMEDICAL RESEARCH

https://doi.org/10.33647/2074-5982-19-3-10-16 m:c BY 4.0

NMULLEBLIE NPEANOYTEHNA BOJIbEPHOWU KABAPIU
CUBUPCKOWU — NMPOAYLEEHTA ®APMALIEBTUYECKOIO CbIPbA

A.M. 3y6anuin*, M.M. lNyceBa

@rBYH «HayuHbit ueHmp 6uomeduyuHcKkux mexHonoauti ®MBA Poccuu»
143442, Poccutickas ®edepayusi, Mockoackasi 0b11., KpacHoeopckuli p-H, rn. Ceemrble 2opbl, 1

B ycnoBusix BONEEpHOTO comepKaHMs MOTHOIEHHOEe cOalaHCHPOBAHHOE KOPMIICHHE SIBISETCS ONIPEeIs-
I0IUM (PaKTOPOM COXPAHHOCTH TOTOJOBBSI )KUBOTHBIX, IOIJIEPIKAHUS WX 30POBBS, BOCIPOU3BOIUTEINb-
HBIX (yHKIMH W MOBBIIMIEHHS MPOAYKTUBHOCTH OMOJIOTHYECKH aKTHBHBIX BEIIECTB — MYCKyca Kabapru.
YcTaHOBIIEHBI 3aKOHOMEPHOCTH MTUTAHMS B 3UMHHUH ITepHOJ Kabapru CHOMPCKOM, comep Kalneiicss B BOJIb-
€pHBIX YCIOBHSAX MUTOMHHKA (rmana «Anraiickuiny ®I'BYH HIIBMT ®MBA Poccun: BEISBICHEI Hau-
Oornee mpexnounTaeMble kabaproit BUIBI KOPMOB B 3UMHEM palMoHe (B CpeIHEM, I/TON./CYT.: APEBECHbIE
nmumaitankn — 290; 6epésa mosucnas — 70; kpanmBa y3konucTHass — 80; oBcstHas kpyna — 70); ompeme-
JICHBI TTOKA3aTeJIN MUTaTeIbHOCTH BBISIBICHHBIX KOPMOBBIX 00BEKTOB; PACCIUTAHO COAEPIKAHIE OOMEHHOM
SHEPruy W MHTATEeIBHBIX BEIIECTB B MOTpedIieMoM Kabaproii CyTOYHOM panuoHe (B CYTKH OfHA 0cO0b
morpedmser 520 T kKopMa HaTypaJibHOM BIIaXHOCTH, WK 453 T CyXOTo BEIIECTBa, 4To cofepkuT 3,57 MJIx
obmeHHOM 3Heprun). [lomydeHHbIe TaHHBIE MOTYT CTaTh OCHOBOM /IS COCTABIICHUS HayYHO-00OCHOBAH-
HBIX pPalliOHOB KOPMJICHHS KabaprH, COREPIKAIIEHCS B BOIBEPHBIX YCIOBHSX.

KunioueBsie coBa: Moschus moschiferus, KOpMOBBbIE 0OBEKTHI, (PaKTUIECKAs TOETAEMOCTh KOPMOB, ITHTA-
TeNbHAs IEHHOCTb, CYTOUHBIH pallioH, OCHOBHBIE KOpMa

KoH}MKT HHTepecoB: aBTOPHI 3asBHIN 00 OTCYTCTBUH KOH(MIIMKTAa HHTEPECOB.

duHaHCHPOBaHHE: TOCYIapPCTBEHHOE 3a/JaHue 1o TeMe «Pa3paboTka KOHIENIINY 1 HayYHO-TEXHUIECKOTO
000CHOBAaHUS PallMOHAIBHOTO KOPMJICHHUSI M COJCP)KaHUS KUBOTHBIX-TIPOXYIEHTOB IS MONydeHHs Ou-
OJIOTMYECKH aKTHBHBIX BEIIECTB JUIS MPOM3BOJACTBA (hapMaleBTHUECKHUX cyOcTaHmmity (mmdpp: «Ilurtom-
Huk-2») ®I'BYH HIIBMT ®MFBA Poccun.

Js murupoBanus: 3ybammit A.M., I'yceBa M.M. IlummieBsle mpeAnodTeHUs BOIBEPHOH Kabapru cubmpc-
KOif — mpopyieHTa (apManeBTHYecKoro Chipbs. buomeouyuna. 2023;19(3):10-16. https://doi.org/10.33647/
2074-5982-19-3-10-16

Tocmynuna 19.04.2023
Ipunsma nocne oopabomku 13.07.2023
Onyénuxosana 10.09.2023

FOOD PREFERENCES OF CAPTIVE SIBERIAN MUSK DEER —
A PRODUCER OF PHARMACEUTICAL RAW MATERIALS

Anastasiia M. Zubalii*, Mariya M. Guseva

Scientific Center of Biomedical Technologies of the Federal Medical and Biological Agency of Russia
143442, Russian Federation, Moscow Region, Krasnogorsk District, Svetlye Gory Village, 1

Under the conditions of captivity, adequate and balanced feeding becomes a determining factor in the
safety of musk deer, contributing to maintaining the health of animals and their reproductive functions
and increasing the productivity of deer musk. In this work, the nutrition patterns of Siberian musk deer in
the winter period are established. The animals are kept in the nursery of the Altai Branch of the Scientific
Center of Biomedical Technologies of FMBA of Russia. The most preferred feed types in the winter diet
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3ybanun A.M., l'ycesa M.M.
«MnwweBble NpeanoyTeHns BoibepHomn kabapru cmbupckon —
npogyueHTa hapMaLeBTUYECKOrO Chipbsi»

were found to include (on average, g/head per day): wood lichens Usnea spp. — 290; Betula spp. — 70;
Urtica spp. — 80; oatmeal — 70). The nutritional indicators of the identified feed objects were determined.
The content of metabolizable energy and nutrients in the daily diet consumed by musk deer was calculat-
ed. Thus, one individual consumes 520 g of natural moisture feed or 453 g of dry matter, which contains
3.57 MJ of metabolizable energy per day. The obtained data form a scientific basis for developing feeding
diets for captive musk deer.

Keywords: Moschus moschiferus, feed objects, actual feed intake, nutritional value, daily diet, main feeds
Conflict of interest: the authors declare no conflict of interest.

Funding: the research topic “Development of the concept and scientific and technical justification of ra-
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BeeneHune

PannonansHble  mpuéMbl  OpraHu3anuu
IIOJIHOLICHHOTO KOPMJIEHMSI KUBOTHBIX-IIPO-
JyLIGHTOB ~ OMONOTHYECKH AaKTHBHBIX  Be-

IIECTB B YCJIOBHUSX BOJBEPHOTO COMACpPKAHUS
NpeyCMaTpruBaloT 00ecIeueHHe XHBOTHBIX
JIOCTaTOYHBIM KOJIMYECTBOM JHEpruyd M IH-
TaTeNIbHBIX BEIIECTB, B COOTBETCTBUH C UX IO-
TpeOHOCTSAMH C yYETOM MOJIOBO3PACTHBIX OCO-
OceHHOCTEH, (DU3UOJOTHMUYECKOTO COCTOSIHUS
U YPOBHS MPOAYKTUBHOCTH.

[IpoBenenne KiacCHYeCKUX OallaHCOBBIX
OIBITOB JUIsi BBISIBJICHUS! TOTpeONeHus, Iie-
pEBapUMOCTH U YCBOGHHUS IUTAaTENbHBIX
BEIIECTB KOpMa ¢ Kabaprodl NpakTH4eCKH
HEOCYIIECTBUMO B CHJIy 3TOJIOTMYECKHX OCO-
OEHHOCTEH 3TOr0 XMBOTHOTO — IYIJIMBOCTH,
JIETKO BO30YAMMOM HEPBHOW CHCTEMBI, CTpec-
COYYBCTBUTEIBHOCTH K DPAa3JIMYHBIM BO3/CH-
ctBusiM. Kpome 3TorO0, BOMIbeps! A Kabapru
MPE/ICTABIISIIOT COOOH OTOPOXKEHHBIE yYacTKU
MPUPOJHBIX OMOTOMOB C €CTECTBEHHON PacTH-
TENbHOCTBIO, KOTOpas TakKXke MoTpelnsercs
Kabaproii B OECCHEXHBII MEpPHOJ] B JIOTOJIHE-
HHUE K OCHOBHOMY KOpMY.

IToaTOMY OCHOBHBIMU IIPUEMAMM ISl Opra-
HU3AI[MM U ONTHMU3AIMHU KOpMIIEHHs Kabap-

TH B BOJILEPHBIX YCJIOBHUAX Ha JAaHHOM J3Tale
SABJIAIOTCA BU3YaJIbHBIC Ha6J'IIO}:[eHI/Iﬂ 3a IIOBEC-
JCHUCM JKHUBOTHBIX, y‘IéT KOJIMYCCTBA Mpeaia-
raeMoro u OCTaBILIETOCs HEChEICHHBIM KopMa,
YCT@HOBJIEHHE 3aKOHOMEPHOCTEH W MNpPUYUH
npeaAnovYTEeHUd TOro WJIM HWHOTO BHJA KOp-
Ma M BBISIBJIICHHEC HaI/I6OHee YHUBEPCATIBbHBIX
U TCXHOJIOT'MYCCKHU yI[O6HI:IX JUIsA 3aroTOBKH
U CKapMJIMBaHUS KOPMOBBIX OOBEKTOB, ITO3BO-
JSIFOLIMX YJIOBJIETBOPSTH MOTPEOHOCTH Kadap-
T'M B IIMTAaTCJIbHBIX U 6I/IOHOFI/I‘IGCKI/I AKTHUBHBIX
BEIlECTBaX.

B cBsi3u C BBINICU3IOKEHHBIM 1eJIBI0 pa-
00THI OBUIO yCTAaHOBJICHUE 3aKOHOMEPHOCTEH
MUTaHUS B 3UMHHHA TIEpHOA Kabapru cHUOup-
CKOM, COAEPXKAILEUCS B BOJbEPHBIX YCIOBUAX
nUTOMHMKa (unnana «Anraiickuity ®I'BYH
HOBMT ®MBA Poccun.

B cooTBeTcTBMM € TOCTaBJICHHOW LEJBIO
OBbUTH C(HOPMYITUPOBAHBI 3a1a4H UCCIICIOBAHUS:

1. BesiButs Hauboee npeanovnTaeMble Ka-
0aproii Buabl KOpMOB B 3UMHEM DPaIHOHE.

2. OnpenenuTth MoKa3arean MUTaTeIbHOCTH
BBISIBJICHHBIX KOPMOBBIX O6’beKTOB.

3. Paccuurarp conepxanne 0OMEHHOW dHEp-
T'MU U IINTATCIIbHBIX BECIICCTB B HOTpe6HHeMOM
Kabaproi CyTOYHOM PaIlMOHE.
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MaTtepuanbl u meToabl

HccnenoBanne npoBoauiaock B (eBpaie
2023 r. B MUTOMHUKE (puinania «Antaickuiny
O®I'bYH HIBMT ®MBA Poccun, pacno-
noxeHHOM B Ycrb-KokcumHCKOM — paifoHe
PecnyOnmuku Anraid.

Ha ocHoBe nuiieBbIX NPUBBIUEK TUKOH Ka-
0apri, MECTHBIX YCJOBHH PaCTHTEILHOCTH,
a TakKe MPUHATON B MUTOMHUKE TEXHOJIOTHU
KOpMJICHHS Kabapru JUIsl HaIIMX JKCIepH-
MEHTOB OBLIO BBIOpaHO 7 BHJIOB KOPMOBBIX
pacTeHuil, THNUYHBIX B paIoOHE Kabapru
CHOMPCKOW: JIpeBECHbIC JIMIIAHHUKK poja
Yeuest (Usnea spp.), 6epésa nosucnas (Betula
pendula), OagaH TOICTONUCTHBIN (Bergenia
crassifolia), pononeHnpoH naypckuii (Rhodo-
dendron daurica), xpanuBa y3KOJIUCTHAs
(Urtica angustifolia), KpacHbIii KOpeHb (KO-
neeyHuk) (Hedysarum spp.), MOXIKEBelb-
HUK JIOKHOKa3ankuil (Juniperus pseudosa-
bina). Yxa3zaHHble pacTeHHsS OBLTH COOpPaHBI
Ha TePPUTOPUH, MpHIIETAONIeH K MUTOMHUKY,
U 3aroTOBJICHBI B BHJE BBICYIICHHBIX BEHH-
KoB. BeHukH pas3BemIMBAJINCH MO HaBECOM
HaJ| KOpMYyLIKOM. B kauecTBe KOHLIEHTpUPO-
BaHHOTO KOpMa B KOPMYIIKY kKabapre JaBanach
OBCsIHas KpyIa.

Habmronenns mnpoBOAMINCH 3a MIECTBHIO
B3pOCIBIMU 0COOSIMHU (TpPH camIla U TPU CaM-
KH), COACPXKAIIMMHUCS B HWHIWBUAYAIBHBIX
3aroHax. Bce >KHMBOTHbIE OBUIM 370pPOBBIMH
U HE TPOSBISAIN aHOMAJIbHOTO MOBEICHHUS
B TEUEHHE TIepHo/ia HaOIIONCHUIT 1 TocTIe.

Ha npotskenun 7 qHel €XEJHEBHO YUUTHI-
BaJach MOENAEMOCTh YKa3aHHBIX BBIIIE KOp-
MOBBIX 00BEKTOB. KakIblii BEHUK W TOPITHS
OBCSIHOM KpymBbl B3BELIMBAIUCH Iepesr pas-
MelieHHeM B Boibepe. OcTaBiimecs moeau
©)XKEe/IHEBHO YOMpPAaJHCh, B3BEIIMBAJIHNCH U 3a-
MEHSUIUCh HOBBIMH MOPIMSIMU KopMa. Pazgauy
KopMa 1 HaOroneHust HaunHanu B 13:00, u Bce
OCTaBIIINECS HECHEIICHHBIE OCTATKH COOMpAIH
B TO K€ BpeMs Ha CJICAYIOIINI 1EeHb.

Ilocne BbIsSBICHHS OCHOBHBIX Haubojee
MPEANOYNTaeMBIX Kabaprod KOPMOBBIX 0OB-
€KTOB ObIT NMpOBeAEH 300TE€XHHYECKHH aHa-
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JM3 TI0 OINPEACTICHHUIO CONEep)KaHHUS SHEPTUH
U OCHOBHBIX MNUTATCIIBHBIX BEIIECTB KOPMOB.
Ha ocHOBe mojy4eHHBIX pe3yJbTaToB IO TO-
€AacMOCTU U MUTATCIIBHOCTH 3UMHHUX KOPMOB
Kabapru OBUIO PACCUMTAHO COJACPIKAHHUE
U COOTHOIICHWE SHCPIMU U OCHOBHBLIX MHUTA-
TCJbHBIX BCHICCTB palnloHa. HOqueHHLIe
PE3YAbTATBl CONMOCTABJICHBI C MPCALIAYIIUMHU
JaHHBIMU 110 KOMIIOHECHTHOMY U 3JICMCHTHO-
My COCTaBY KOPMOBBIX PacTeHMH ANTalCKOro
perroHa.

Pe3ynkTaTthl M X 06cyxaeHue

IHoenaemocts

VYcraHOBNICHO, YTO Kabapra B BOJBEPHBIX
YCIOBHAX B 3UMHMI IIEpUOJ € YCTONYMBBIM
CHETOBBIM TOKPOBOM MPOSIBJISET CHJIBHO BHI-
paXKeHHYIO 30U PaTENbHOCTD U MPENOYTCHHE
4eThIpEX (U3 BOCBMH) BUIOB KOPMOB: JpeBec-
HBIE JIMIIaHHKUKK ponma YcHes, Oepé3a moBH-
clas, KpamnuBa Y3KOJHCTHAas U OBCSHas Kpy-
ma. OTH BUABI KOPMOB IMOENAINCh Kabaproi
©KEIHEBHO M B 3HAUUTEIHHBIX KOJIHUYECTBAX,
COCTaBJIsIsl OCHOBY MX PallMOHA.

Takue pacturensHble KOpMa, Kak 0aaaH TOJ-
CTOJIUCTHBIN, POIONEHAPOH IaypcKuil, kpac-
HBIH KOpEHb (KOTIEEUHHUK), MOXKKEBEIbHHUK
JIOKHOKA3aIKUil moenanuck kabaproil B 3Ha-
YUTEIHHO MEHBIINX KOJIMYECTBAX U HE Kak-
JbIi JieHb. [10710BBIC pa3nyus B MOTPEOICHUH
KOPMOB ObUTH HE3HAYUTEIIBHBI.

HaOmionennst mokaspiBaloT, 4to Kabapra
OTIIMYAETCS MHIMBHIYAJIbHBIMH OCOOEHHO-
CTAMHU TOTPEOJCHUS Pa3JIUUHBIX KOPMOBBIX
00bexToB. EAMHCTBEHHBIH KOPM C BBICOKOI
CENIEKTUBHOCTBI0O M MAaKCHUMaJIbHOW Ioenae-
MOCTBIO JJIsl BceX 0Oe3 MCKIIOuEeHHs ocoOei
KaK B eCTeCTBeHHBIX [1, 2, 5], Tak U B BOJb-
€pHBIX YCIOBHAX (IO HAlIMM HaOIIOICHH-
SIM), — 9TO OMOMacca JIPeBEeCHBIX JIMIIAiHH-
KOB. JIMIIaHUKKU JTalOTCSI BMECTE C BETKaMH,
JKUBOTHBIE CaMOCTOSITEIBHO MX O00BEenaroT.
B ycnoBusx sKchepuMeHTa cpefHee Konude-
CTBO MOTpPEOIsIEMBIX Kabaprow JWIIAHHUKOB
B CyTKH ObuTO Ha ypoBHe 210-350 r (B cpen-
HeM — 290 1/ron./cyT.).
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Jnst kopmileHHs1 Kabapri B 3UMHHN TIEPHOLT
C YCTOMYMBBIM CHEXHBIM ITOKPOBOM B YCIIO-
BUSIX NMUTOMHHKA (uinana «AnTaickui» Ha-
nboJIee XOPOIIIO 3aPEKOMEHI0BAIM CE0sI KOPM
U3 BBICYLIICHHBIX OOJHMCTBEHHBIX I00ETOB
Oepésnl moBucnou (Betula pendula) n xkpamu-
BbI y3konucTHO# (Urtica angustifolia) B Buze
BeHHKOB. Kabapra moemaer nucThs M Haubo-
Jee TOHKUE 4acTu mnoderos. [Ipu sTom Komu-
YECTBO ChE/ICHHBIX JIMCThEB KPaNMBbI U Oepé-
3Bl cocTaBisieT B mpenenax 50-70 r Ha 0cobb
B CYTKH.

Jnsi TOBBIIIEHHUS JHEPreTUYECKOM IUTa-
TEJILHOCTH PalMOHOB JUIsl Kabapru B JHTepa-
Type PEeKOMEHIYeTCsl CKapMIIMBAaHUE OBCSHOI
Kpymsl [2, 5]. Hamm ucciaenqoBaHus OKa3bIBa-
10T, 4TO Kabapra ¢ TPyJIOM NPUBBIKAET K ITOMY
BUJIy KOpMa; JUIsl MHOTUX 0co0eH, laxke mocie
NPUBBIKAHUS, MOTPEOJICHNE KPYIbl OCTagrest
Ha Hu3koM ypoBHe (0T 40 10 70-80 r/cyT.).

IIurareabHOCTH KOPMOB

OCHOBHBIE KOpMa palioHa, K KOTOPBIM Ka-
Oapra nposiBUWIIa MaKCUMAaJlbHYIO CEJICKTHB-
HOCTh U TIOEJaeMOCTh, OBLIM HPOaHATH3HPO-
BaHbI Ha COJEp)KaHHE IHUTATENIbHBIX BEIECTB
(cBIpoil mpoTeuH, CHIPOM JKUp, ChIpas KIeT-
YyaTKa, HEHTpalbHO-IEeTepreHTHas KieT4arka,
KUCIIOTHO-JIETEPreHTHAs] KJIeT4aTrKa, ChIpas

3o0s1a). Pacu€THbIM myTéM MO YypaBHEHHUSIM
perpeccuu Uil JKBa4HBIX J>KUBOTHBIX OBUIN
OTIpeZIesIeHBl MOKa3aTenn OOMEHHOH 3Hepruu,
cofiep)KaHHEe TEMHUIIeIUTION03 M HECTPYKTYp-
HBIX YIJICBOJIOB, a TAaKXKe IEePEeBAPHUMOCTH Op-
TaHUYECKOI MacChl KOPMa U YCBOEHHSI CyXOTo
BelllecTBa KopMa B pyorie (Tab. 1).

Pacuérabie GpopMyIibL:

03 =10,02 x CIT + 0,02 x CX + 0,0015 x
CK + 0,01 x BOB] x 10 (na 1 xr xopMma);

'l = HAK — KAK;

HCVY =100 — (CIT + CX + C3 + HIIK);

I[IOM = 87,6 — 0,81 x CK;

YCB = 88,9 - KIK % 0,779;

rae: OO — obmenHas sHeprus; CII — cvl-
poit mporenn; CX — coipoit xup; CK —
celpasi kjeruarka; bOB — 06e3a3otucteie
JKCTpakTuBHBIE BemecTBa; 'Ll — remwunen-
mono3a; HAK — HelfTpanbHoO-AeTepreHTHas
knetuarka; KJIK — kuciaoTHO-neTepreHTHas
kieryarka; HCY — HecTpyKTypHBIE YIJIEBO-
nel; C3 — ceipas 3oma; [IOM — mepeBapu-
MOCTb opraHudeckoil Mmaccsl; YCB — ycBoste-
MOCTB CYXOTO BellleCTBa B pyo1ie.

Xots B muteparype [1, 2] BcTpedaercs MHe-
HHE O TOM, YTO JIMIIANHHUKY SIBISIOTCS BBICO-
KOTIUTAaTeNbHBIM KOPMOM, HPEBOCXOISAIINM
JpyTHE pacTUTENbHBIE KOpMa I10 COIEePIKaHUI0

Tabnuya 1. [TumamensHOCMb OCHOBHBIX KOPMOB BONbEPHOU KADAp2u 8 3UMHUL Nepuoo
Table 1. Nutritional value of the main feeds of the captivity musk deer in winter

O6MmeHHast aHeprus, MIx/kr 4,69 8,28 9,95 11,52
ABcontoTHo cyxoe BellecTso (ACB), % 85,47 91,01 90,03 87,23
Cblpoit npoTenH, % B ACB 4,34 20,27 13,42 15,24
Chblpoit xup, % B ACB 0,67 4,32 6,92 5,93
Chblpas knetyatka, % B ACB 65,16 12,31 15,99 6,35
HelTpanbHo-geTepreHTHas knetyatka, % B ACB 83,8 12,95 28,88 13,22
KvucnoTHo-faeTepreHTHas knetyatka, % B ACB 66,96 6,98 16,76 7,05
lemuuenntonosa, % 8 ACB 16,84 5,97 12,12 6,17
HecTpykTypHble yrnesogbl, % B ACB 8,22 55,49 45,19 63,63
Cblpas 3ona, % B ACB 2,97 6,97 5,59 1,98
MepeBapuMOCTb OpraHU4eckon Macchl kopma, % 34,82 77,63 74,65 82,46
YcBOSIEMOCTH CyXOro BellecTsa B py6ue, % 36,74 83,46 75,84 83,41
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OOMEHHOI JHepruu, >XUPOB U JIErKOyCBOsie-
MbIx BOB, pe3ynbTaTel HaIIMX HUCCIIETOBaHUN
MOKa3bIBAIOT MHYIO KapTuHy. B Onomacce nu-
IIaHUKa YCTaHOBJICHO MHUHUMAJIBHOE CONEep-
JKaHHE JICTKOTIEPEBapUMBIX BEIIECTB, TAKHUX
Kak TPOTEHH, JKUP, JIETKOIlepeBapUMble Hec-
TPYKTYpHbIE YIJIEBOJIBI, NMPH MaKCHMAaJIbHOM
COZICp>)KaHUHM BCEX BHJIOB KJIETUYATKH U T'eMU-
neuTono3sl. Kak ciencreue, TUIaRHUKOBBIN
KOPM OTJIMYAeTCs] MHMHUMAJIBHOW IIepeBapu-
MOCTBIO U YCBOSIEMOCTBIO CYXOTO BEIIIECTBA.

OTO MPOTHBOPEYUT BBIBOJAM KHTAHCKUX
KOJIJIET O TOM, YTO Kabapra NposiBJsIeT MHIIIe-
BYI0O H30HMpaTeIbHOCTh B IMOJB3Y pPAaCTEHUN
C BBICOKHM COZIEp)KaHUEeM Oenka ¥ HU3KUM
cogepkaHueM knerdatku [3, 4]. OgHako u3-
BECTHO, YTO JUIA JKBAUHBIX HBOTHBIX OYEHBb
Ba)XHO ONTHMAJIbHOE KOJHUYECTBO KJIETYAaTKU
B moenaeMoM kopme. Ilpu nedumure chipoit
KJIETYaTKU B paIlOHaX y >KBAauHBIX >KUBOT-
HBIX BO3HHMKAeT pacCTpoiicTBO pyOII0BOTO
MUIEBApEHHs], Pa3BUBACTCS JIAKTATHBIM aru-
JI03 ¥ KOMIUIEKC COITyTCTBYIOIIMX MATONOTHUH,
a KpOMe TOTO, CHIDKAeTCsl BOCIIPOU3BOUTEIb-
Hasl CIOCOOHOCTB.

IInTaTenbHOCTH CYTOYHOTO PallOHA

Ha ocHOBe 1OJTy4eHHBIX TaHHBIX 10 (haKTH-
YeCcKoil moemaeMocTu ObUT COCTABIICH 3UMHHUI
pauuoH Juisi Kabapru B BOJBEPHBIX YCIOBH-

SIX M3 TE€X BUJIOB KOpMa, KOTOPBIE MOEIANCh
Kabaproifi B MaKCHMaJbHOM KOJIMUECTBE
(tabn. 2).

OOl111ee KOJIMUECTBO MOTPEOIIIEMBIX KOPMOB
B CYTKH cocTapisieT 520 I HaTypajabHOM BlIaX-
HOCTH, 4TO COOTBETCTBYET 453 T B CyXOM Be-
LIECTBE JJIsl KaXKJI0H 0COOH.

3a cuér nuiaiiHnka o0ecreYnBaeTcs MoYTH
40% oOMeHHOU 3Hepruu paruoHa, 57% cyxo-
ro BemecTBa, 44% cuipoii 307161 1 88% chIpoit
KieTt4yaTky. Takas cTpyKTypa (akTH4ecKH Mo-
€1aeMOT0 3UMHET0 paloHa CBHCTENLCTBYET
0 B&XHOCTH JIMIIAHHUKOB KaK KOPMOBBIX 00b-
€KTOB JIJIsl BOJILEPHOIT Kabapr.

B nanHOM BapuaHTe palMOHa HE Y4YTeHa
BUTaMHWHHasd W MHHEpAJIbHAd NHUTATCIbHOCTbH
KOpPMOB. DTH TI0Ka3aTeIn O4eHb BapualebHBI,
" OMPCACICHUC COACPKAaHUA BUTAMHUHOB U MU~
HepaJIbHbIX BELIECTB B KOPMOBOW 0ase Ha py-
TUHHOM OCHOBE MOJKET 6I)ITI) OKOHOMUHYCCKHU
Herlenecoo0pasHo. B ¢Bs3M ¢ 3THM B MUTOM-
HUKE TIPUMEHSIETCs 000TallleHHEe PallOHOB BO-
JILEPHOH Kabapru MUHEPATbHO-BUTAMUHHBIMU
U IPYTUMH OMOJIOTHYECKH aKTUBHBIMHU J00aB-
KaMH B COCTaBE COJIEBBIX OPHKETOB-JIU3YHIIOB.

CorneBble OpUKETHI HA OCHOBE HATPHUS XJIO-
pua pa3MelarTcs y kabapru B KOpMyIIKax
U TIOTPEOIISIOTCS KUBOTHBIMH 110 MEpe Heo0-
XOOUMOCTH. ITo nHammm JaHHbIM, CPECAHEC 110~

Tabnuya 2. [TumamensHocmsb CymoYyHO20 payuona Kkabapau 8 NUMOMHUKe 6 3UMHULL Nepuoo
Table 2. Nutritional value of the daily diet of the captivity musk deer in winter

Konwnyectso, r 300
O6meHHas aHeprust, MOx 1,41
ABCOMIOTHO CyXx0e BeLecTBo, I 256,4
Chblpoi NpoTewuH, © 111
Chblpoi xup, © 1,7
Chblpas knetyaTka, r 167,1
HeWiTpanbHo-aeTepreHTHas knetyatka, r 214,9
KucnoTHo-aeTepreHTHas knetyarka, r 171,7
lemuuennionosa, r 43,2
HecTpykTypHble yrnesogbl, 1 211
Ceblpas 3ona, r 7,6

14

80 70 70 520
0,66 0,7 0,81 3,58
72,8 63 61,1 453,3
14,8 8,5 9,3 43,7
3,1 4,4 3,6 12,8

9 10,1 3,9 190,1
9,4 18,2 8,1 250,6
5,1 10,6 4,3 191,7
4,3 7,6 3,8 58,9
40,4 28,5 38,9 128,9
5,1 3,5 1,2 17,4
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TpeOiieHue conu-n3yHna 6e3 nobasok (99%
NaCl) B3pocibiME 0COOSIMH Kabapru COCTaB-
JSIET TIPUMEPHO 3,5 T B HEZIEI0, YTO COOTBET-
crByert 0,5 r/romn./cyT.

Tarxoke HaMH OBLTO MPOAHATH3UPOBAHO O-
Tpebnenne kabaproii JieyeOHO-IpOQHIaKTHYE-
CKOW aHTHTeIbMUHTHOM COJMM C JO0OaBICHUEM
1% ¢denornazuna. Cojb, 00OraméHHy0 QEeHO-
THA3MHOM, Pa3MEIIald B KOPMYIIKE TI0CTIE He-
JIenbHOM GeccoreBoit aueTsl. Pe3ynsraTel moka-
3BIBAIOT, YTO TOETACMOCTh MOBAPEHHOH COMM
¢ nobapneHueM ()CHOTHA3MHA HE H3MEHSCTCS
M 0CTaéTCs HA TOM 7K€ He3HAUUTEIILHOM YPOBHE.

BbiBoabl

OCHOBY palMOHa BOJBEPHOH Kabapru mu-
ToMHHMKa (unnana «Anrtaiickuity OI'BYH
HIOBMT ®MFBA Poccuu B 3uMHHI TIepuon
COCTABJISIFOT YETHIPE BU/Ia KOPMOB: APEBECHBIE
JTUIaiiHUKH poja YcHes, Oepé3a moBuUCIas,
KpaIiBa y3KOJIMCTHAs U OBCSHAs KpyIia, KOTO-
PbIC TOCAAIOTCA JKUBOTHBIMU CIKCAHCBHO.

Cpennee motpebiieHHe KOpMa OJIHOW 0CO-
Obto Kabapru cocrasisieT B cyTku 520 r Hary-
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PEKOMBUHAHTHbIA MUOCTATWUH:
BbIAEJNNIEHUE U NCMNOJIb3OBAHUE B BAKLIMHAX

E.M. KonockoBa*, B.A. Esepckui
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Betok MHOCTATHH SIBISICTCS HE TOJNBKO ITOTEHI[MATBHON MUINEHBIO ISl TEPaeBTHYECKOTO BO3IEHCTBUS
[IPU MATOJIOTHSX MBIIIEIHON CHCTEMBI, HO U MHCTPYMEHTOM JJisi OMOTEXHOJIOTHYECKOTO PEryIHPOBAHMUS
MSICHON MPOXYKTHBHOCTH CEJIbCKOXO3SIMCTBEHHBIX JKUBOTHBIX. BIIOKHpOBaHKE JIEHCTBUSI MUOCTATHHA MO-
JKET JIOCTUTAThCS MHAYKIUEH CHHTe3a ayTOAHTUTEN IIPH MCIIOIb30BAHMHA PEKOMOMHAHTHOTO MHOCTATHHA
(pMCT) kak anTurena. beur momyden mramm-niponyuent E. coli BI121/pET28-MSTN ¢ BeICOKHM ypoOB-
HEM 3KCIIPECCHU PEKOMOMHAHTHOTO Oejka B Tenblax BKiIroueHus. OunmeHHbi pMCT ObuT HCIOIh30BaH
JUTT IMMYHU3AIAU OBell U KposmkoB. C ucmonp3oBaHieM co3nanHoi DA TecT-CHCTeMBI TS IETEKIIUI
aHTHTENl K MUOCTAaTHHY B KPOBH OBeIl ObUTO TIOKa3aHo, uTo pMCT mMMyHOreHeH (pabodnii THTP CHIBOPO-
Tok — 1/400-1/800). B pe3yibrare BaKIIMHAIIMN KPOJIUKOB 32 MECSTYHBIN TIEPHO]] HAaOII0NAIach TCHICHIHS
K MOBBIIICHAIO CPEIHEH MaCChl Tea U CPEAHECYTOUHOMY [IPUBECY Y KUBOTHBIX OIBITHBIX TPYIII IO CPaB-
HEHHIO C KOHTPOJILHOM.

KiwoueBbie ciioBa: pekOMOMHAHTHBII MHOCTaTHH, Escherichia coli, ayroantutena, [IA AT -anekrpodopes,
HN®A, TuTp aHTUTEN, KPOJIUKH, CPEAHECYTOUHBINA IIpUBEC
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MOJTb30BaHME B BakIUHAX. buomeouyuna. 2023;19(3):17-22. https://doi.org/10.33647/2074-5982-19-3-17-22
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RECOMBINANT MYOSTATIN:
ISOLATION AND USE IN VACCINES

Elena M. Koloskova*, Vadim A. Ezerskiy

All-Russian Research Institute of Physiology, Biochemistry and Nutrition of Animals —
Branch of the Federal Science Center for Animal Husbandry — All-Russian Institute
of Animal Husbandry named after Academician L.K. Ernst
249013, Russian Federation, Kaluga Region, Borovsk, Institute Village

Protein myostatin is not only a potential target for therapeutic effects in pathologies of the muscular sys-
tem, but also a tool for biotechnological regulation of the meat productivity of farm animals. The action of
myostatin can be blocked by inducing autoantibody synthesis using recombinant myostatin (rMST) as an
antigen. E. coli producer strain B121/pET28-MSTN was obtained with a high level of recombinant protein
expression in inclusion bodies. Purified rMST was used to immunize sheep and rabbits. Using the created
ELISA test system for the detection of antibodies to myostatin in the blood of sheep, it was shown that
rMST is immunogenic (the working titer of sera is 1/400—1/800). As a result of vaccination of rabbits over
a monthly period, the average body weight and average daily weight gain in animals of the experimental
groups was observed to increase compared to the control group.
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BeeneHune

Iponykr skcnpeccun rena MSTN, Genok
MHOCTAaTHH, ABJSETCA OAHUM U3 OTpHUIATEeNb-
HBIX PETYJIATOPOB POCTA CKEJIETHBIX MBIIIII:
MHrUOUpyeT CuHTEe3 OEJIKOB B MBIIIIAX, AU(-
(epeHIMPOBKY U MpOoJH(Epaluo MUOIUTOB
[4]. Hemoctarok muoctaTiHa WM OJI0KHPOB-
Ka ero JIeHCTBUS NPUBOJUT HE TOJIBKO K YBEJIH-
YEHHIO MBIIIEYHON MacChl, HO U MOBBILIICHUIO
CHJIOBBIX XapaKTEPUCTHK CKEJIETHBIX MBIIIII.
AMUHOKHCIIOTHAs TOCJEI0BaTeIbHOCTh MHO-
CTaTMHA WJEGHTHYHA y MHOTHX BUJOB JKHBOT-
HbIX. PexomOunanTHbIE Muoctatua (pMCT)
Kak MMMYHOT€H B COCTaBe BaKIMH MOXET
OBITh WCIIOJIB30BaH JJIsl TIOBBILICHHUS MSCHOM
MPOIYKTUBHOCTH CEJIbCKOXO3SICTBEHHBIX KH-
BOTHBIX (KPYNHBIM M MEJKHUIl poraTblil CKOT,
CBUHBH, JIOIIAAH, KPOJIUKH), NTUIEL. B HacTo-
sllee BPEMEHH aKTHBHO pa3pabaThIBalOTCS
CHOCOObl MHrHOMPOBaHHUS AKTUBHOCTH MHO-
CTaTHHA Ha Pa3HbIX YPOBHSIX [6], OAMH U3 KOTO-
PBIX — CHUCTEMHOE BBEJICHUE aHTUTEN NPOTHB
MuoctatuHa. C Apyroil CTOpOHBI, OLICHHUBAET-
Cs BO3MOXHOCTH ucnonb3oBanus pMCT uH-
JIyIMpOBaTh CUHTE3 CHENN(PUUECKIX aHTUTEN
(ayToaHTHTEN) MPOTUB dHAOTEHHOTO Oenka [7].

Panee Hamu ObUT MOJTydeH MITaMM-TIPOAY-
ueHt E. coli BI121/pET28-MSTN, npu uHIyK-
uu koroporo pearenroM WIITI nabmronanu
BBICOKHH YPOBEHb 3KCIPECCHU PEKOMOMHAHT-
Horo Oenka [1, 2]. B cocraBe reHeruueckoi
KOHCTPYKIIUM  HCIIOJIB30BAJIM  ONTHMH3HPO-
BaHHYIO ISl cuHTe3a B E. coli HyKIeoTHIHYIO
MOCIIEIOBATENIEHOCTh, KOJUPYIOUIYI0 OeJoK
3pesIoro MHOCTaTHHa.

OCHOBHOM WeJbI0 HCCIEIOBaHUI HACTOS-
IIETO 3Tana SBIAJIOCh U3y4eHHE MMMYHOTEH-
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HOCTH IOJIy4€HHOTO PEKOMOWHAHTHOTO Oenka
1 o00p yCIOBUI MMMYHHU3AIMU )KUBOTHBIX.

MaTtepuanbl u meToabl

OuncTka peKOMOMHAHTHOIO 0esIKa

UIITT -uHAYyIMPOBAaHHYIO KYJBTYPY ILTaM-
ma-npoaynenta pMCT E. coli BL21(DE3)
HEHTPUGDYTUPOBAIH, OCaIOK PECYCICHIM-
poBanu B ymsupyomeM Oydepe (50 VMM
NaH_PO,, 300 MM NaCl, 10 MM umunasos;
pH=8,0), oxnaxxmanu Ha IbJy, BHOCHIU JH-
3ouuM Jo0 1 mr/mi. CMech WHKYOMpOBaiu
Ha Jpay 30 MuH, 00pabaThiBajaM YIBTPa3BY-
koM. CycreH3uio UIEHTPU(YTHpOBAIN pPU
10 000 g, 10 °C, 35 muH. Ocanok pecycrneHau-
poBaju B JeHAaTypHpyrolieM Oydepe ¢ BBICO-
KUM cofiepxaHueM ModeBHHBI (20 MM Tpuc-
HCI, 0,5 M NaCl, 8 M moueBuna, 20 MM
uMuaa3on, S MM 2-mepkantostanon; pH=7,9),
00pabaTbIBajIM yIbTPa3ByKOM, EHTPUDYTUPO-
Banu. OCBETVIEHHBIN JIN3aT BHOCHIIM B KOJIOH-
Ky ¢ Ni-cedapo3oii, ypaBHOBEIICHHYO TEM XKe
oydepom. Hocutenb co CBsS3aHHBIM OCIKOM
npomeiBasin 10 Beixopa OI1280 na mutato. Pb
MOCJIEA0BATEIbHO CHUMANIN TeM ke Oydepom
C BO3pACTAMOLIMM COJEpKaHUEM HMHIA30J1a
50,200 u 500 MM.

Juanus pacteopa Pb npoBonunu B TeueHue
cytok npu 8 °C npotuB aByx 6ydepor: ®BC
(20 MM NaH,PO,, 0,15 M NaCl; pH=7,4)
u Ouxap6onarHoro 6ydepa (0,1 M NaHCO,;
pH=9,5) ¢ wucnonp30BaHMEM AMATIU3HBIX
MeMOpan ¢ pasmepom mop 12-14 x/la.
CO[[ep)KI/IMoe JUATN3HBIX MCHIKOB MCHTPHU-
¢dyrupoBanu, onpenessiin OI1280 B ocanke
U pactBope u MetoaoM bpandopna. Hanuuue
n uucrory pMCT omnpenensyii MeTOIOM

BMOMEOMLMHA | JOURNAL BIOMED | 2023| Tom 19 | Ne 3 | 17-22



Konockosa E.M., E3epckuin B.A.

«PeKkoMBUHAHTHbIV MUOCTaTUH: BblAENEHNE U UCMONb30BaHNE B BaKLMHAX»

IMTAAT-SDS anexrpodopesa (12,5%), Genku
oxpammBain Coomassie Blue R-250.

KommnoHeHTBI U151 onpefesieHust

THTPA aHTHTEJI K MHOCTATHHY

Copbenm Cegaposza CL4B ¢ ummobunu-
so6annbim IgG oeywl. VI3 CHIBOPOTKH KPOBU
OBIIBI C HCIOJIb30BAaHHEM COPOEHTa C UMMO-
OownmmzoBanHbiM  G-Oenkom  Beiensuin  1gG
oBubl (ovIgG). IlonmyuennsiMm ovigG ummy-
HU3UPOBAIN KPOJMKOB M TOTOBHJIHM COpPOEHT
Cedaposza CL4B-ovigG nmist cBs3bIBaHHS aH-
TH-OBEYbUX aHTHUTEL.

Ouucmka anmumen «KpOAUK-AHMU-06YAN.
W3 ceBOpoTKH HMMMyHH3HpOBaHHBIX ovIgG
kponukoB Ha copoente Cedaposa CL4B-ovigG
ObuTH ad(PUHHO OUUILEHBI AHTUTENA KPOJIHMKA
poTuB IgG OBIIBI: «KPOJIHMK-aHTH-0OBIA». BbuT
MOJy4YEeH KOHBIOTaT aHTUTEN «KPOIHUK-aHTH-
oBIa» ¢ nepokcunazoi xpena (I1X), oueneno
KauecTBO KOHBIOTaTa, MoJjo0paHo ero padboyee
passenenue nms DA,

NmmyHu3anus ;JKHBOTHBIX

B skcnepruMmeHTe HCHONB30BAIM OBEIl PO-
MaHOBCKOM mopoasl Bo3pacToM 1-1,5 roma
M CaMIIOB KPOJHMKOB KaTU(POPHHUICKOW MOPO-
Ikl Bo3pacToM 6—7 Mmec. Bce >KuBOTHBIE CO-
Jepkanuch B ycnoBusax Busapus BHU®ull
Ha COOTBETCTBYIOIINX CTaHAAPTHBIX pallHOHAX.
Ounmennbiit pMCT, pacTBopeHHBIH B Oyde-
pe ¢ 8 M MoueBHHOM, pa3BoaAWIn (H3. P-POM
JI0 HY>KHOH KOHILIEHTpallMU ¥ CMEIINBAIIU C OJI-
HUM U3 aJ1bIoBaHTOB (1:1) — rems rumpokcuna
amoMunud (I'A), monHeli agpioBanT PpeitHna
(ITA®D), HenonueIii agbioBanT Opeiinga (HAD).
Jlo3a anTurena ayst oBell cocrasisuia 1 Mr/roi.,
Jutg kpoiukoB — 0,5 mr. KpoBb 1114 nomydenust
CBIBOPOTKH Opanu y OBeI] U3 SIpeMHOIl BEHBI,
Yy KPOJIMKOB — W3 YIIHOW BEHBI B MPOOHPKH
C aKTHUBaTOpOM CBEpPThIBaHUA. B ChIBOpOTKE
KPOBHU OBeIl M KPOJIMKOB ONPENENISIM TUTP aH-
TUTEN K MUOCTAaTHHY. JKUBOTHBIX B3BELINBAIIH
COIVIACHO CXEME HCCIICIOBAHUSI.

Pe3ynbrathl uccnegoBaHum
Hamuuue B pexkomOunantHoM Oenke (Pb)
TOJIUTUCTHIMHOBOM MOCJIEA0BATENILHOCTH

BMOMEOMLMNHA | JOURNAL BIOMED | 2023| Tom 19 | Ne 3 | 17-22

(6xHis) mo3BONSE€T MPOU3BOAUTH €r0 OUYUCT-
Ky ¢ mnomoisio Ni-cedapo3sl (arapossl).
O0pa3oBaHue HEPACTBOPUMBIX TeJlell BKITIOUE-
HUS SIBJISICTCS OIHOW M3 MpOOJieM MONy4YeHUs
PB B knetkax E. coli [3]. B nenarypupyromux
yenoBusix 6xHis TAr CTaHOBHUTCS MOTHOCTHIO
JOCTyNeH Juisi cBsizpiBaHusi ¢ Ni-cedapo3oi,
YMEHbBIIACTCA  BEPOATHOCTH Hecneun(buqe-
CKOTO B3aMMOJEHCTBUSI cOpOeHTa C APYTHMH
6enkamu. [Ipu Beinenenun P u3 tenen Bito-
YEHUs TIPH KECTKUX JEHATypPHPYIOIIUX yCII0-
BUAX OHHM OCTAKOTCA NPUTOAHBIMU JJId UMMY-
HU3AIMU U TIOJy4YeHUs anTtuten [5].

OuncTKa M OlleHKA

pactBopumoctu pMCTH

HarusHblii Tu3ar OakTepruanbHON KyJIBTYpHI,
MOJyYeHHBIH Tociie 00pabOTKH JIN30LIUMOM,
YIBTPa3BYKOBOII TOMOIEHU3ALMM M LEHTPU-
(yrupoBaHus, npakTH4ecKu He copepxkan Pb
(puc., A, nopoxka 1). Pb B Buae Tenen BKIIO-
YEeHUS] HaXOJAWJICS B OCAIKe M PacTBOPSUIICS
TOJIBKO B ICHATYPUPYIOLIHUX YCIOBUSX B Oyde-
pe ¢ 8 M MoueBHHOU U 00pabOTKOM yIBTpa3-
BykoM (puc., A, gopoxka 2). OcBeTIEHHBII
HeHTpU(YTHpPOBaHUEM  JIM3aT,  COJepXkKa-
mui Oonbmioe kommuectBo PB, mpomyckanu
yepe3 Ni-koioHKy. CBS3aHHBIA C HOCHTEICM
pMCT mocnenoBareibHO CHUMATH Oydhepom
C BO3pacTaloulell KOHLEHTpalUed HMHAa30-
na — ot 50 1o 500 MM (mopoxku 4-6, 8—10).
B nmpockoke nm3ara ocTaBanoch HE3HAUUTEIb-
Hoe konngectBo pMCT (moposkka 3). I[Tomumo
moHoMepoB pMCT (okono 16 k/la), ouniieH-
HBIA Oenok ObUT TpeicTaBieH B JIMMEPHOMN
(32 x/[1a) u maxxe B TpUMEpHO# (opme (OKOJIO
48 x/la).

Huanu3 oummennoro pMCT (puc., B, mo-
poxka 1) mpoBoawiIn C 11eNbto nepeBectd Pb
B paCTBOPCHHOM BUJI€ B OAWH U3 CTAHAAPTHBIX
Oy(depoB, HCHONB3yeMbIX B T. Y. JUIS BBIIOJN-
nenns MDA, Kak oxasanock, B8 PBS u B 0u-
kapooHatHoM Oydepe pMCT HepacTBopuM:
B HAaJ0CAJIOYHON JKUJIKOCTH COJEPKUMOTO
JMaJIM3HOTO Mellka OelloK He OOHapyKeH
(mopoxka 2). Beco pMCT nHaxoauscst B ocaj-
ke (mopoxka 3). HaOmiomanachk TeHICHIIHS
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Puc. T1AAT'-SDS anexmpoghopes (15%): A — obpasyvl, e3amvie na paznvix cmaousx ouucmku pMCT; B — ouanus
PMCT, svioenennozo npu oenamypupyiowei ouucmre. [loposcku A7, BS — mapxep 6enxogvix macc.

Fig. PAAG-SDS electrophoresis (15%): A — samples taken at different stages of purification of rMST; B — dialysis
of rMST isolated during denaturing purification. Lines A7, B5 — a marker of protein masses.

k mnomumepusaimun  pMCT, mnposBuBmascs
B MOSBJICHUHU I10JIOC, COOTBETCTBYIOUIUX H-,
TpH- 1 TeTpamepam (32 k/la, 48 x/la u 64 x/{a),
Y K YaCTUYHOMY THApONu3y Oerka (TosiBIeHne
MOJIOC C MacCOi HIXKe, YeM Y MOHOMEpA).

HNDA TecT-cucTEMA,

HMMYHHU3AIHs (KHBOTHBIX

Ha ocnoBe nonyuennoro pMCT u addun-
HO OYHMIICHHBIX AaHTHUTEN «KPOIHUK-aHTH-IgG
OBIIbI», KOHBIOTUPOBaHHBIX ¢ [1X, ObLTa co3na-
Ha ®A Ttecr-cuctema (HEMpsMOM BapHaHT)
JUIL OLICHKH aHTHUTENl K MHOCTAaTHHY B OHO-
JIOTHYECKUX KHUJIKOCTSIX OBEL, UMMYHH3UPO-
BauHbix pMCT. Beuto ompenesneHo pabouce
passenenue koubrorara: 1/25000-1/50000.
Kpome Toro, mcrmonbe3yst B KadecTBE BTOPBIX
antuten I[IX-koHBIOTaThl OPYruxX BUAOCIIE-
IU(UYHBIX aHTHUTEN, HAlpUMep, «KO3a-aHTHU-
KPOJMK», MOXXHO OIPENeNiTh aHTUTEIbHBIN
OTBET y JPYIHX JKUBOTHBIX, UMMYHHU3UPOBaH-
HeIX pMCT, Hampumep, y KPOIHUKOB.

MmMmynusanuss  oBel,  I[OKaszajga,  4To
pMCTH oOnagaer WUMMYHOTEHHOW aKTHBHO-
cteio. OnTuManbHOE pa3BelieHHE CHIBOPOTOK
w1 DA osuto B 400-800 pas. OIT ceiBopo-
TOK WMMYHH3UPOBAHHBIX JKMBOTHBIX ObLIa
B 4-15 pa3 BelIIe, YeM Yy KOHTPOJBHBIX. THTp
CYILECTBEHHO 3aBHCENI OT HCIOJb3yeMOIO ab-
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IOBAaHTa M MECTa BBEACHUS AHTHIEHA: CaMbIi
BBICOKUI THTP OBbLT MPY TTOAKOKHON MMMYHH3a-~
1 ¢ ITA®, camblif HU3KUI — NIpU BHYTPUMBI-
mreuHoM BeezieHuH pMCT ¢ renem ruapokcuia
ATIOMUHHSL.

[Ipu UMMyHHM3aIUK KPOJIMKOB JOCTOBEPHBIX
paznuuuil B HaOpaHHON 3a MecsIl 3KCIepH-
MEHTa Macce MEXIy *XMBOTHBIMH KOHTPOJb-
HOMW W ONBITHBIX TPYII He ObLIO OOHAPYKEHO,
OJHAKO CpeIHSAS Macca M CpeJHECYTOUHBIE
MIPUBECHI Y JKUBOTHBIX ONBITHBIX TPYIII ObUIA
BBIIIE, YEM Y KPOJMKOB KOHTPOJIBHOW TpyIl-
nbl (Tabin.). MakcuManbHbIH POCT KPOJIHMKOB
npuxogutcss Ha 1,5-4-mecsuHBI  BO3pAcT,
U HUMEHHO B 3TOM BO3pacTe, IMO-BUAMMOMY,
nmmyHu3anust pMCT Obuta 661 Haubomnee 3¢-
(exTuBHa.

3aknioyeHue

AMUHOKHCIIOTHAs TOCJIE0BAaTEIbHOCTh MHU-
OCTaTHHAa MJIEHTUYHA Y BCEX CEJIbCKOXO3sM-
CTBEHHBIX JXUBOTHBIX. PeKOMOWHAHTHBIA MHU-
octratuH (pMCT) kak UIMMYHOT€H B COCTaBe
BaKI[MH MOXKET OBbITh MCIOJIB30BaH JUIS MOBBI-
IIEHUS MSACHON INPOAYKTHBHOCTU CEJIBCKOXO-
3SICTBEHHBIX JKUBOTHBIX (KPYNHBIA pOTaThIi
CKOT, MEJIKUH porarblii CKOT, CBUHBH, JIOLIA/IH,
KPOJIHMKH), ITUIBL.
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Tabnuya. Usmenenue maccol mena u cpeoHecymoyHslx npueecos Kponukos nocie ummynusayuu pMCT
Table. Changes in body weight and average daily weight gain of rabbits after immunization of rMST

Kon-Bo XWBOTHbIX 6 6 6
Macca Tena B 1-e CyT. (MMMyHU3aLms), kP 4,04+0,38 4,04+0,17 4,05+0,3 4,03+0,13
Macca Tena 4yepes 14 cyT. nocne MMMyHU3aLnK, Kr 4,17+0,43 4,28+0,22 4,24+0,28 4,23+0,15
CpepgHecyTouHbIN NpuBec 3a 14 cyT., 1 10 17 14 14
Macca Tena 4Yepes 28 cyT. nocne MMMyHU3aUum, Kr 4,20+0,52 4,43+0,19 4,33+0,24 4,34+0,13

CpenHecyTouHbIN NpyBecC 3a 28 cyT., I

C uCnoib30BaHHEM TEXHOJOTMH PEKOMOU-
HaHTHbeIX JJHK HamMu ObUT co3aH ITaMM-Tipo-
nyuent E. coli BI21/pET28-MSTN c¢ Bbico-
KUM ypoBHeM 3kcnpeccul pMCT.

B skcnieprMeHTax Ha OBLax ObUIO MOKA3aHO,
yro pMCT obnajgaer NOCTaTOYHOW HMMYHO-
TEHHOCTBIO M MHAYLUPYET CHHTE3 crienudude-
CKUX ayTOaHTHTeN K MHOcTaTtuHy. [Ipn nmmy-
HHU3aIMU KPOJIMKOB KTU(OPHUICKOIN MOPOJbI
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14 10 1"
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METOO U3YYEHUA KANTbLUMEBOIO FTOMEOCTAS3A
HA YPOBHE FACTPO-3HTEPANIbHON CPEQlbl Y MUHU-NUIOB

O.A. KceHodoHTOB*, A.A. KceHochoHTOBa

@IrbOY BO «Poccutickuli 2ocydapcmeeHHbIl azpapHbil yHusepcumem — MCXA umeHu K.A. Tumupsisesa»
127434, Poccutickas ®edepayus, Mocksa, yn. Tumupsisesckasi, 49

B skcnepriMeHTEe Ha MUHH-TIUTaX HCCIIEIOBAHBI ATAMbl METa0OIM3Ma KNI Ha YPOBHE SHTEPATEHOU
cpenbl. MetogoM aToMHO-abCOPOIMOHHOW CHEKTPO(OTOMETPHH OIpeelicHa KOHIIEHTpAIHUs KalbIus
B SHIOTEHHBIX U 9K30TCHHBIX CTPYKTYpaX XUMyca 10 Mepe €ro MPOXOKICHUS B TOHKOM U TOJICTOM OTAEIaX
KHIIEYHUKA, B PA3HBIX CIOSIX CTCHKH KUIICYHUKA M B KPOBH, IPUTEKAIONIEH W OTTEKAIOIIEH OT KHIIIEYHHKA.
YcraHOBIIEHBI 3aKOHOMEPHOCTH M3MEHEHHUS! KOHIICHTPALUH KANbIHUs BO (DpaKIUsIX XUMyca U O €ro Mpeo-
Onamaromeil akKyMyJISIUA B IDIOTHOW SHAOTEHHOW (DPaKIUU B TOHKOM OT/elie KumeyHnka. C ya€ToM ru-
JIpaTaluy TIIHKOTPOTENHOB MOJIOCTHOM CIIM3U U €€ CYyIIeCTBOBAaHHS B BHIE CBOCOOPA3HOM SHTEPOILIa3MbI
XUMYyCa TPEAINOoIaraeTcsl y9acTue Kaiblusi B (GOPMUPOBAHUH SHIOTEHHBIX CTPYKTYp M XHMYcCa B IIEIOM
myTéM TiepepacipeieNieHHs] MEXIy PacTBOPHMBIMU U (PUKCHPOBAaHHBEIMU (opMaMu dreMeHTa. BrisBieHa
JTUHAMHUKA YBEJIHMUYCHUS KOHIECHTPAIUHU KaJbIUs B CIOE CIM3UCTHIX HAJOXKEHHH OT JUCTAIBFHOTO K MPOK-
CHUMaJBHOMY OTIIENTy CTEHKH KHIIEYHHKA. B CIU3MCTOM SIHTEIUM KUIIEYHHKA KOHICHTPALHUS KaIbIUsI
B I[EJIOM HIKE, HO TUHAMHUKA UMEET CXOJHYIO KapTUHY. APTEpHOBEHO3HAS pa3HHIIA Ha YPOBHE MUILEBAPH-
TEJIFHOTO TPaKTa CBUAETENBCTBYET O MPeoOIalaHiy SKCKPEIHU dIIEMEHTAa B IHIIEBAPUTEIBHYIO TTOJIOCTb.
Jlenaetcst 3aKIIIOUCHHE O POJTH YHIOTEHHBIX CTPYKTYp XMMYyca B OMICPKAaHUU KaJbIIMEBOTO TOMEOCTa3a
HE TOJIBKO B TaCTPOIHTEPAIBHOI cpezie, HO U OpraHu3Ma B IEJIOM.

KitioueBble c10Ba: KMIIEYHNK, KaIbINH, XUMYC, CITU3HCTast 000JI0UKa, KPOBb, TOMEOCTa3

KonuukT nHTEpecoB: aBTOpPHI 3asBIIIH 00 OTCYTCTBUH KOH(IINKTa HHTEPECOB.

Jas untupoBanusi: Kcenopontor /.A., KcenogonroBa A.A. Metox W3ydeHHs KaJlbLEBOTO TOMEOCTa-
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METHOD FOR STUDYING CALCIUM HOMEOSTASIS
AT THE LEVEL OF GASTROENTERAL ENVIRONMENT IN MINIPIGS

Dmitriy A. Ksenofontov*, Anzhelika A. Ksenofontova

Russian State Agrarian University — Moscow Timiryazev Agricultural Academy
127434, Russian Federation, Moscow, Timiryazevskaya Str., 49

The stages of calcium metabolism at the enteric medium level were studied in experiments on minipigs.
Atomic absorption spectrophotometry was used to determine the concentration of calcium in the endoge-
nous and exogenous structures of the chyme while its passing through the small and large intestines, both
in different layers of the intestinal wall and in the blood flowing in and out of the intestine. Regularities
of changes in calcium concentration in chyme fractions and its predominant accumulation in the dense
endogenous fraction in the small intestine were established. Taking into account the hydration of the gly-
coproteins of the abdominal mucus and its existence in the form of a kind of enteroplasm of the chyme, it
is assumed that calcium is involved in the formation of endogenous structures and chyme as a whole by
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redistributing between soluble and fixed forms of the element. The dynamics of the increase in calcium
concentration in the layer of mucous deposits from the distal to the proximal section of the intestinal wall
was revealed. In the intestinal mucosa, the calcium concentration is generally lower, although the dynamics
follows a similar pattern. The arterio-venous difference in the damage of the digestive tract indicates the
predominant excretion of the element into the digestive cavity. The conclusion is made about the role of en-
dogenous chyme structures in maintaining calcium homeostasis not only in the gastroenteric environment,

but also in the body as a whole.
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BeeneHune

OnHuM M3 Haubosee BaXKHBIX DJIEMEHTOB
B OpraHMU3Me€ SBJSETCS KalbLUM, KOTOPBIL
MIPSIMO MJTH OTIOCPEAOBAHHO Y4acTBYET BO BCEX
(U3MONIOTHYECKUX TIpoleccax. XOpoIIo H3-
BECTHO, YTO aJIUMEHTapHas HEeJIO0CTAaTOYHOCTh
KaJbIHsl JTM00 MaToJIOTHsl ero oOMeHa MpUBO-
JIAT K OCTEOMAJISIIMK UM OCTEOINOpO3Y, BbI3-
BaHHOMY OJIHOBPEMEHHOW pe3opOuuel Mu-
HEpaJbHOTO M OPraHUYECKOro KOMIIOHEHTOB,
HapymaeTrcs Mepefaya HEepBHOTO HMITYJIbca
U MBIIIEYHOE COKpalleHHe, CBEPTHIBAHHE
KPOBH M CEKpeIus xkené3, nuddhepeHIpoBKa
U ru0enp KIETOK, peaau3alus UMMYHHOTO OT-
BeTa [6]. MI30BITOK KaJbIUA B PAI[HOHE MOXKET
OKa3aThCs HE MEHee BpEOHBIM, XOTd B Ipa-
KTHYECKHUX YCIOBUSAX TaKas CHUTYaIus Majo-
BEpOsATHA. BoO3HUKaAIOIUI NpU HapylICHUAX
MeTaboNu3Ma KaJblUsl CHUMIITOMaTHYeCKUI
KOMIUIEKC MOXKET MPOSABIATHCA CHIDKCHHEM
MPOXYKTUBHOCTH M HAapyIIEHHEM BOCIIPOU3-
BOAMTENBHOM (yHKIMH [1].

Hecmotpst Ha TO, 4TO0 MeXxaHH3MbI abcopo-
MU U TIOJCP)KaHUsI TOMEOcTa3uca KajbLus
Ha ypOBHE BHYTPEHHEH Cpenbl OpraHu3Ma
M3y4YeHBI BecbMa MOAPOOHO, BOIPOC O €ro 00-
MEHE B IOJIOCTU MHIIEBAPUTEIHLHOIO TpakTa
HCCIIeI0OBaH HeAOCTaToqHoO [5, 7]. Konnenuus
MIOCTOSHCTBA COCTaBa XHMyca M CBEJCHHUS
0 MeXaHM3MaX, 00eCHeunBaloIUX ero roMeo-

24

CTa3upOBAaHHUE, TIOKA3BIBAET, YTO DHTEPAbHAS
cpena JOKHA COXPAHSTh OTHOCHTENBHO CTa-
OWJIBHBIN COCTAB U COOTHOIIEHUE MACC €ro MH-
TpE€ANUCHTOB, a HEJOCTATOK BEIIECCTB B XUMYCEC
MOXeET OBITh IKCKPETHPOBAaH M3 BHYTpPEHHEH
cpenbl opranu3ma. IIpy 3TOM HOBas KOHIIET-
LSl O CTPYKTYPHO-(DYHKIIMOHATIBHOW OpraHH-
3al[MM TIOJIOCTHOTO MMHIIEBAPEHHUs YKa3bIBAET
Ha BAXHYIO POJIb OHJAOTCHHBIX KOMIIOHCHTOB
racTPOIHTEPAIBHOI Cpefibl Kak B obecreue-
HUHU TOMCOCTAa3UPOBAHUA XUMYCa, TaK U B IIPO-
reccax ero hopmuponanus [2].

Ileab paGoThl — BBISBIEHHE 3aKOHOMEp-
HoCTel MeTabosn3Ma KajibIus Ha ypOBHE IH-
IIEBAPUTEIBHOTO TPAaKTa MPHU yYaCTHU DHJIO-
TeHHBIX CTPYKTYp XUMyca.

MaTepuanbl u metoabl

Jns w3ydeHus MeTabonu3Ma MUHEpalb-
HBIX DJIEMEHTOB Ha YpOBHE TaCTpPO3HTEpaib-
HOW cpenpl OBLT TPOBEAEH 3KCICPUMEHT
Ha MHUHHU-IIMTIaX CBeTJ’IOFOpCKOﬁ MOy
Ha 0aze ®I'BYH HIIBMT ®MBA Poccuu.
[TpenBapuTeIbHO MO XMBOTHBIM COOUpAICs
AaHaMHE3 W TIPOBOJUJICA KJIMHUYECKHUH oOc-
MOTp. YCJIOBHUSI COZEpXaHUsI MHHHU-TTUTOB
COOTBETCTBOBAJIM TPeOOBAaHMSIM BETEpUHAP-
HO-CaAHUTAPHBIX W 300TEXHHUYCCKHUX HOPM.
Jns skcnepumenTta Obuta oTOOpaHa rpymnmna
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U3 YeTHIPEX XPSKOB B Bo3pacte 1,5 roga u mac-
coi 22 KI, MOITYYaBLIMX IOJHOPAIIMOHHBII
komOukopm CK-1-18. YKuBoTHBIX TOIBEpra-
M o0IIel aHecTe3MH MpenaparoM «30JIeTHI
100» ¢ ¢ukcanueli Ha OMEPaIIOHHOM CTOJIE
B CIIMHHOM IOJIOKeHHU. MecTHasi aHecTe3ust
MPOBOJIMIIACH TIOAKOKHO B/IOJb OEJION JIMHUU
OpIOIIHOM TMOJIOCTH MOAKOKHO P-POM JIHJO-
kauHa. [lon Hapko3om jaenanu paspe3 Oproi-
HOH CTEHKH IO O€0oM JIUMHUHU, H3BIEKAIH
OpBDKEIKY KHIIEYHUKA, IIIPHUIIOM OTOUpain
apTepHabHYIO0 KPOBb U3 aopThl (a. abdomina-
lis) v BEHO3HYIO KPOBb U3 KEIYJOYHON BEHBI
(v. gastrica sinistra), nyonenanbhou (v. du-
odenalis), OpbokeedHoit (v. jejunalis), BEHBI
cienoit kuiiku (v. colica decstra), 000109HOM
KUIIKH (V. coecalis) v 0011yI0 BEHO3HYIO KPOBb
13 BOPOTHO# BeHBI ieueHu (v. portae hepatis)
U KayIanbHOW oot BeHsl (v. cava caudalis).
3areM NPOU3BOAWIIN 3BTaHA3UIO JKMBOTHBIX
MyTEM BBEACHUS TOKCUYHOW J103bI AHECTETH-
ka. Jlanee u3pnexanu XXKT u Opann obpasipt
XMMYyCa M CTEHKH W3 OTJIEJIOB TOHKOTO M TOJI-
CTOTO KHIIEYHHKA. XMMYC 10 pa3paboTaHHOM
MeToJMKe (HPAKIMOHMPOBAIM Ha IIMIIEBbIC
gactunpl (ITH), pactBopumyro (P®) u mior-
HYI0 3H70reHHYI0 (pakiuio ([I9D), usmenss
peoslorHyecKre IOoKa3arelid XUMyca MyTEM
pa3BeJeHUs] PAaCTBOPUTENIEM C TOCIIEAYOIIM
JICKaHTUPOBAaHWEM W LEHTpU(]yrupoBaHueM
cylepHaTaHTa B TedeHue 10 MUH IpH CKOpO-
ctu 5000 06./MuH [4].

B creHke Kakioro orjena TOHKOTO M TOJ-
CTOTO KUIIIEYHHUKA BBIACISIHN CIOH CIU3UCTBIX
nHanoxenuii (CCH) mo Mmetoauke, 0CHOBaHHO#
Ha MEXaHM4YecKoW BHOpaluH, B pe3ylbrare
KOTOPOM OTJENSEeTCs] MOBEPXHOCTHBIN U OTHO-
CUTEJIbHO PBIXJIO CBA3aHHBIM CIIOW CIU3UCTHIX
HaJIO)KeHUH 0e3 OTCIIOEHUSI CaMOTro JITUTEINH-
anpHOro Tacra. [lomy4deHHbIH cynepHaraHT
uentpudyrupoBaan 10 MHH TpU CKOPOCTH
5000 06./mMuH. B pe3ynbrare B 0cag0K Mepexo-
qut CCH [3]. YuacTok KHIIKH 1OCe OTaele-
HUSI CITU3UCTBIX HAJIOKEHUH pa3lerisuiu, Aenas
cocko0 mimaresnem ciuzucroro ciost (CC) ku-

BMOMEOMLMNHA | JOURNAL BIOMED | 2023| Tom 19 | Ne 3 | 23-28

LIEYHOW CTEHKH M OYMINas CEepPO3HO-MBIIIEY-
Hb1i cnoit (CMC).

Bo Bcex oOpa3uax onpenesuiu coaepKanue
KaJbIUsl METO/IOM aTOMHO-a0COPOLIMOHHOM
cnekrpodoroMerpun Ha mnpubdope «Crexrp
5-4». Pesymprarbl 00pa0OTaHBl CTaTHCTHYE-
cku ¢ nomouipto nporpammel MS Office Excel.

Pe3ynkTaTthl M X o6cyxaeHue

MuHu-nuru CPAaBHUTEIBHO  HOBBII
BHUJ J1a0OpaTOpHBIX JKUBOTHBIX, TEHETHYe-
CKU OJM3KHMH YeNlOBEKY, MUILEBAPEHUE KOTO-
pBIX BUIOCTENM(UYHO HA YPOBHE KEIyAKa
U TOJICTOTO OTZAE€]Aa KHUINCYHUKA, [JE BEIUKa
poJib  CUMOMOTHYECKHX MHMKPOOPraHU3MOB.
MuHepanbHbIl aHaau3 KOMIIOHEHTOB XUMY-
ca y MUHH-IIUTOB TOKa3aJl, 4TO YK€ HaYMHas
C IBEHAJaTUIIEPCTHOM KUILIKY KaJIbLUi KyMy-
nupyetcs B [I1D®, a ero KoHIEHTpalys B Hel
yBenunuuBaetcs B 11,5 pasa, ¢ 4 mo 46 1/ kr cy-
XOI'0 BEUIECTBA B JIUCTAJIbHOM OTAEIE TOHKOM
KHIIKH, IPU 3TOM KOJINYECTBO PACTBOPHUMOTO
KaJlblIsl CTAHOBUTCS MUHUMAIBHEIM (puc. 1).
B ToncTom oTnene KUIIeYHUKA Y MUHH-ITUTOB
KaJIbLIUJ PaBHOMEPHO pPAaCIPENCIIEH MEKIY
I[M3® u PD na ypoue 17-24 r/kr cyxoro Be-
mecTBa. JlnHamuka kansnud B [TH ykassiBaer
Ha YyBEJIMYEHHE KOHIEHTpallMd B IUCTalb-
HOM HalpaBJIeHUHM TOHKOTO KHIIEYHHKa ¢ 2,3
70 15 r/kr cyxoro BelecTBa BCIEACTBHUE Olle-
PEXKAIOIIEr0 THAPOIN3a OPraHUYECKON 4acTH,
a HauMHas CO CJICNON KHIIKH, IJe aKTHBU3U-
pYIOTCS. CUMOMOTHYECKHE MHKpPOOPIaHH3MBI,
KOHUEeHTpauus 3nemeHTa B [IY4 BHOBb cHMXa-
eTcs 70 7 T/KT CyXOro BelecTBa BCJICICTBUE
AKTUBHOTO TH/IPONN3a HYTPUEHTOB.

AHanu3 COOTHOULICHHS MHHEpaJbHBIX 3JIe-
MeHTOB B [I9® xuMyca MUHH-ITUTOB TOKa3al,
YTO B JBEHAAUATUIEPCTHOW, TOILIEH, MOJI-
B3IIOIITHOM, CIIETOi, 000MOYHONH M MpsAMOU
KHIIKe Ha oMo Kanbiwsl npuxogutcs 50,3%,
65,8%, 68%, 57%, 53% u 57,3% cooTBeTCT-
BEHHO. Takoe KOJIMYECTBO JJIEMEHTA HE CILy-
YallHO U CBUJETEILCTBYET O POJM KaJbLIU
B ()OPMHUPOBAHHMHU TaCTPOIHTEPAIBHOM CpPEIbI.
Heo0xonumMo moauepkHyTh, YTO B HATHBHOM
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Puc. 1. Konyenmpayusi kanoyusi no ppakyusim Xumyca y MUHU-NU208 (2/Ke CyX020 Geuecmea,).
Fig. 1. Calcium concentration in chyme fractions of minipigs (g/kg of dry matter).

xumyce [I9® u PO npencrapieHsl eIUHBIM
LEeAbIM B BUJIE T€JIsl SHTEPOILIA3Mbl, I0O3TOMY
pacupeleieHue Kalblusl MEXIy PpacTBOpHU-
MBIM U CBSI3aHHBIM (paKTHUECKH 00pasyeT au-
HaMUYHYIO CUCTEMY, KOTOpasl 3aBUCUT BHEII-
HHUX M BHYTPEHHUX (aKTOPOB.
JlononHUTENbHON XapaKTEPUCTUKOM JHTeE-
pajabHOIO IOMEOCTA3UPOBAHUS KaJbLUS CTa-
Jla €ro KOHLEHTpalus B CTEHKE KHUILIEYHHUKA
(puc. 2). MuHuManpHasi KOHIIEHTPAIUS Kallb-
nus ormedaercst B CMC 1 cocTaBisieT Ha Ipo-
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TsokeHuH kuiednuka 0,7—1,9 r/kr cyxoro Be-
IIECTBA, YBEJIUYUBASICh B CTOPOHY TOJCTOTO
oT/eNa KUIICYHUKA, YTO SIBISICTCS (PYyHKIIHO-
HaJIbHOW XapaKTEPUCTUKOM IIaJKOMBIILIEYHON
U COCIMHUTENLHOU TKaHW. B crm3ucroir 000-
JIOYKE TOHKOTO W TOJICTOTO KHIIECYHHKA KOH-
LIeHTpanusi Kanbplus B 2,4-4 pasza BbIlle, YeM
B CMO, uTO, BEpOSATHO, CBSA3aHO C aKTHUBAIlU-
eil abcopOuum snemeHTa. B mpucTeHOYHOM
CIIO€ CIIM3UCTBIX HAJOKEHHN TOHKOW KHUIITKHU
MUHU-TTUTOB KOHILIGHTPAIHSI KaJbIHsI B 11EJIOM
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Puc. 2. Konyenmpayusi Kanoyus 6 cmenke KUWeYHUKA Y MUHU-NU208 (2/Ke CYX020 8euyecmea).
Fig. 2. Calcium concentration in the intestinal wall of minipigs (g/kg of dry matter).
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Puc. 3. Cooepoicanue Kanvyus 6 Kposu y Munu-nueoe (Me% 6 cyxom eeujecmee).
Fig. 3. The content of calcium in the blood of minipigs (mg% in dry matter).

2-2,5 paza Hmwxke, yeM B CO. MakcumanbHas
KOHIIGHTpalMsl  Kaiblus  3aUKCHpOBaHA
B CCH, mipu 3TOM HayMHasi C TOHKOM KHUIIKH
OHa pe3ko Bo3pactaet ¢ 3,1 10 17,4 r/kr cyxo-
r'O BEUIeCTBa, YTO B 3 pa3a Bhiie, ueM B CO.

SIBsiiCh ABYCTOPOHHUM TIPOIIECCOM, TpaHC-
TOPT KaJIbLHs Yepe3 CTEHKY MHUILEBAPUTEIbHO-
'O TpaKkTa 00eCIIeuNBALT HE TOJIHKO KaJIbI[EBBII
TrOMEeOCTa3 BO BCEM OpraHU3Me, HO U CITY>KUT
WCTOYHHKOM 3JIEMEHTa JUIsl KJIETOK TKaHeil
creaku JKKT. OnmHako MHTEHCHUBHOCTH €rO
BCAChIBaHMUS ¥ SKCKpPEIIMHU HE OJMHAKOBA B TEX
WM MHBIX Y4acTKaX MHUIEBApUTEILHOTO KaHa-
na. AHanu3 apTepruoBeHO3HOH pa3HuIls! (ABP)
no xaneruio Ha ypoHe JKKT y MuHU-TTUTOB
MOKA3bIBaeT, YTO JIMIIb B JKEIyAKEe M CIENnon
KHIIIKE OHA ABJISIETCS TOJIOKUTEIIBHOM, COCTaB-
nsist +22 m +14% cootBercTBeHHO (pHC. 3). Ilo-
BUAUMOMY, KHCIIOTHOCTB JKEJIyIOYHOIO COKa
U MHKPOOHOJIOTHYECKOE OpOXKEHHE ¢ 00pa3o-
BaHWEM KHUCJIOT YBEJIMYMBACT KOHIIEHTPAIHIO
pacTBOPUMOIO HMOHU3MPOBAHHOTO — KaJbIIUS,
YTO aKTUBH3UPYET aOCOPOLIUIO AIIEMEHTA.

B TOHKOM KHILIEYHHKE YCTaHOBJIEHA OTpPHU-
narenbHas ABP o kanbnuio, a KOHIIEHTpanus
9JIEMEHTa B OTTEKalolel KPOBU HIDKE, YeM
B mpuTexaronel — Ha 23% B JABeHaALATH-
nepctHoit U Ha 40% B TomIeH kumike. Takum
0o0pa3oM, 3HauWTENbHAsl YacTh KalbLUs 3a-
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JIEP>)KMBAETCSl Ha YPOBHE TOHKOTO KHIIIEUHUKA,
He TMocTymasi B KpoBb. B UTOTe CHIXKAETCs KOH-
LIEHTpalusl JIeMEHTa B BOPOTHOM BEHE Teue-
HH, Tie ABP taxke orpunarensHas (-5 Mr%
B Cyxoro Bemectse). HecMoTps Ha 370, ypo-
BEHb KallbllMs B KayldaJlbHOM BeHEe M aopre
MPaKTUYECKU HE OTiInuaercs, cocrapiss 40,6
u 39,1 Mr% B cyXoM BeIIeCTBE, COOTBETCTBEH-
HO, TIO-BUJIUMOMY, H3-3a MOJI0KUTENbHOI ABP
B TOJICTOM OTJIeJie KUIIIEYHUKA.

3aknioyeHue

AHanu3upysi MaTepHa, MOJyYeHHBIH B 3KC-
IIepUMEHTEe Ha MUHH-IIUTaxX, HYy>KHO CKa3aTb,
YTO aKTUBHASI KyMYJISIIHUA KaJIbIUs MTOJIOCTHON
CIIM3BIO SBISIETCS (PM3HOJIOTMYECKON HOPMOH.
Kanpuumii, kak akTUBHBIA KOMILIEKCOOOPa30-
BaTelb, B3AaUMOJAEHCTBYS C THAPOKCUIBHBIMU
rpyniaMy TIMKOIPOTEHHOB, HEM30€KHO BIIH-
sieT Ha MPOCTPAHCTBEHHYIO CTPYKTYPHPOBaH-
HOCTh M XUMHUYECKHH COCTaB AHTEPOILIA3MBI
XuMyca. Bpicokas IIIOTHOCTH aJcopOMpoBaH-
HBIX KaTHOHOB KaJbLUs SIBJISIETCS HEOOXOIM-
MOW HE TOJBKO JJISI YCKOpEHHUs: abcopOriuw,
HO M JUIl YCTOMYUBOM OpraHu3aluy IIpo-
CTPaHCTBEHHO-OPUEHTUPOBAHHOM CTPYKTYpPHI
MOJIEKYJI TNIMKOIIPOTEHHOB U e€ ¢ Mopaaepxka-
HUS [IPU arpeCcCUBHOM BO3/I€HCTBUU HYTpPHUEH-
TOB ¥l THPOJIUTHYECKHX (hepMEHTOB.
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MOANDPUKALNA N YCOBEPLUEHCTBOBAHUE
COCTABA JIUMOCOM 3KCTPAKTA NPENYLUWNAIIbHOWU XENE3bI
MYCKYCA KABAPI' CUBUPCKOM

M.C. HectepoB'*, P.A. ArenbauHoB’, [1.B. XBoctos', C.J1. JTlo6nuHckuin’,
WU.H. Mo6nuHckasn?, B.H. KapkuweHko'

" ®I'BYH «HayuHbIl ueHmp 6uomeduyuHckux mexHonoauli ®MBA Poccuu»
143442, Poccutickas ®edepayusi, Mockoeckasi 0b1., KpacHoeopckuli p-H, rn. Ceemrble 2opbl, 1

2 000 «HayyHo-npoussodcmeeHHasi pupma “MOBUTEK-M"»
249010, Poccutickas ®edepauyusi, Kanyxckas o6rn., boposck, rn. MHecmumym, 6

OxapakTepu3oBaHa JIMIIOCOMalbHAas ()OpMa HOBOTO OPUTHHAJIBHOTO MPOAYKTa HAa OCHOBE IpEMyIH-
aNpHOIl JKene3bl MycKyca Kabapru cHOHMpCkoil ¢ Momudukanueil cCOCTaBa B KOMILICKCE BKIIFOYCHHS
¢ B-uMKI0IeKCTpUHOM. [IJIst IpenapaTHBHOrO MOMY4eHHs JIMIOCOM MYCKyca Kabapr HCIonb30BaH 3 dek-
TUBHBII U MacIITaOUPyeMblii METOJ TOMOT€HU3AIUHU IIPH BHICOKOM JIaBieHUH. [lomydeHHbIi TunocomMans-
HBIH IPOIYKT OXapaKTepU30BaH METOJAMH ITPOCBEUUBAIOIIEH TEKTPOHHON MUKPOCKONUH, ANHAMHYECKO-
TO CBETOPACCESHMS, NPEMapaTUBHON U aHATMUTHYECKON XpoMaTorpaduu, XpoMaTo-Macc-CleKTPOMETPHH.
Pa3paborana crenudukanus Ha JUIOCOMAIBHYIO (OPMY SKCTpaKTa MpenylualibHOM kele3bl Kadapru
CHOMPCKOii, BKJIIOYAIOIIAsi BCE KPUTHYECKHE ITOKa3aTeNld KadecTBa HpoxaykTa. ITomydeHsl roMoreHHbIe
JHUCHEPCUH JIMIIOCOM MYCKyca Kabapru ¢ paBHOMEpPHBIM PACMpeleieHHeM M0 pa3MepaM — C MAKCHMY-
Mamu pacnpezenerus npu 50 u 240 HM. YcraHoBIeHa BbICOKas (HH3MKO-XHUMHUYECKasi CTAOMIBHOCTD JIN-
MIOCOMAJIbHOW JUCTIEPCHH: N3€Ta-MOTEeHINAN [TOTY4EeHHBIX HAaHOYAaCTHL cocTaBuI —5...—35 MB. Crenens
BKJTIOUEHHUS B JIMIIOCOMBI LIEJIEBBIX KOMIIOHEHTOB MyCKyca Kabaprul 1o JaHHBIM Tellb-pa3MepHON XpoMaro-
rpaduu ¥ Macc-CeKTPOMETPHH JUISl JIMTIIOCOM MYCKYCa MO CTEPOMIHBIM KOMIIOHEHTaM U 00IieMy Oenky
coctaBuna 58—75%. M3ydyeHHble MoKa3aTean KauecTBa JIMIIOCOMAIBHOTO MPOAYKTA TTO3BOJISIOT MOMyYaTh
BBICOKO 3 ()eKTHUBHBIIA MPOIYKT Ha OCHOBE JINTIOCOMANBHOI (OPMBI IKCTpaKTa MycKyca kabapru, Momudu-
HUPOBAHHOM IUKIOAEKCTPHHOM, KaK aJalToreH MPUPOTHOTO NMPOUCXOXKACHUS C YCUIEHHON M BBIpayKeH-
HOM aKTHBHOCTBIO B J1aOOPATOPHBIX TECTaX Ha pabOTOCIIOCOOHOCTS.

KumoueBble ciioBa: kabapra, MycKycC, KOMIUIEKCHI BKJIFOUEHHs, KPUTHUECKHE TTOKA3aTenn KadecTBa, MPemyIu-
aNbHast JKeNe3a, JIMIIOCOMBI, XpoMaTorpadusi, Macc-CrieKTPOMETpHs, aJJallTOTeHbI, IIENTHABI, OCJIKH, aHIPOCTe-
POHIBI, UKJIOAEKCTPUHBI

KoH}unKT HHTepecoB: aBTOPbI 3asIBHIIM 00 OTCYTCTBUM KOH(IUKTA HHTEPECOB.

DuHaHCHPOBaHHWe: TOCYJapCTBEHHOE 3afaHue Mo Teme «Co3[aHue M HCCIeOBAaHUE JIEKapCTBEHHOTO
nperapara, CoAepKallero CTa0WIM3UPOBAHHBIC B JIMITMIAX YCTOWYMBBIE HAHOYACTHIIBI KOMILIEKCa OHO-
JOTMYECKH aKTHBHBIX BEIECTB, BBIACJICHHBIX M3 MYCKyca Kabapru, IpeaHa3HaueHHOTO JUIsl MOBBILICHUS
pabotocmnocobnoctuy (mudp: «Texnomorus-2») ®PI'BYH HLIIBMT ®MFBA Poccun.
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MODIFICATION AND IMPROVEMENT
OF THE LIPOSOME COMPOSITION OF PREPUTIAL GLAND
EXTRACT OF SIBERIAN MUSK DEER

Maxim S. Nesterov'*, Ruslan A. Ageldinov’, Daniil V. Khvostov',
Stanislav L. Lyublinskiy', Irina N. Lyublinskaya?, Vladislav N. Karkischenko'

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

2 Scientific and Production Company “MOBITEK-M”"
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In this work, we set out to characterize the liposomal form of a new original product based on the preputial
gland extract of Siberian musk deer whose composition was modified by an inclusion complex with -cy-
clodextrin. Musk deer liposomes were obtained by an efficient and scalable high-pressure homogenization
method. The resulting liposomal product was characterized by transmission electron microscopy, dynamic
light scattering, preparative and analytical chromatography, and gas chromatography-mass spectrometry.
A specification for the liposomal form of Siberian musk deer extract was developed, which includes all
critical indicators of product quality. Homogeneous dispersions of musk deer liposomes with a uniform
size distribution were obtained, with the distribution maxima observed at 50 and 240 nm. The high phys-
icochemical stability of the liposomal dispersion was established with the zeta potential value of the ob-
tained nanoparticles ranging from —5 to —35 mV. According to size-exclusion chromatography and mass
spectrometry, the incorporation of deer musk target components into liposomes reached 58-75% for musk
liposomes in terms of steroid components and total protein. The revealed quality indicators of the studied
liposomal product indicate the possibility of obtaining highly effective products based on the liposomal
form of musk deer extract, modified with cyclodextrin, as an adaptogen of natural origin with an enhanced
and pronounced activity in laboratory performance tests.

Keywords: musk deer, musk, gland, liposomes, chromatography, mass spectrometry, adaptogens, peptides,
proteins, androsteroids, cyclodextrin

Conflict of interest: the authors declare no conflict of interest.

Funding: the research topic “Creation and study of a medicinal product containing lipid-stabilized stable
nanoparticles of a complex of biologically active substances isolated from musk deer musk, intended to
improve performance” (code: “Technology-2”) of state assignment of the Scientific Center of Biomedical
Technologies of FMBA of Russia.

For citation: Nesterov M.S., Ageldinov R.A., Khvostov D.V,, Lyublinskiy S.L., Lyublinskaya I.N., Kark-
ischenko V.N. Modification and Improvement of the Liposome Composition of Preputial Gland Extract
of Siberian Musk Deer. Journal Biomed. 2023;19(3):29-35. https://doi.org/10.33647/2074-5982-19-3-29-35

Submitted 28.04.2023
Revised 31.07.2023
Published 10.09.2023

BeepeHue

B mocnennee BpeMst BO BCEM MHpPE MPOBO-
JIATCST UCCIICAOBAHMS MO W3YUYCHUIO BIIUSHUS
Pa3MYHBIX ~ BCIIOMOTATCIBHBIX  BCIICCTB
Ha 3((EKTUBHOCTh U KAYCCTBO JICKAPCTBCH-
HBIX mpemnaparoB. M3BecTHO, YTO BCIOMOTra-
TEJBHBIC BEIIECTBA MO3BOJISIOT PETYIHPOBATh
OCHOBHBIC KOHCTAHTHI (hapMaKOKHHETHKH (U3-

30

MEHEHHE KOHIICHTpallu{ BellecTBa BO BpeMe-
HU) U (apMaKOIUHAMHUKH (COBOKYITHOCTH 3(h-
(heKTOB, BBI3BIBAEMBIX JIEKAPCTBOM) M, TAKHM
o0pazoM, moBbImaTh 3()(EKTUBHOCTH JIEKap-
CTBEHHOM TEpaIuu.

OfHUMH U3 TaKUX BEIIECTB SIBJIAIOTCS IH-
KJIofeKcTpuHbl. IloMuMO mpou3BoAcCTBa IH-
IIEBBIX MIPOYKTOB U KOCMETHYECKUX CPEJICTB,
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OHM HAlUIM IIMPOKOE NMpHUMEHEeHHe B (apma-
L[EBTUYECKOIl MPOMBIIIJICHHOCTH B KayecTBE
CHCTEM J0CTaBKH JIeKapcTB. LIUKII0neKCTpHHBI
MOTYT CIYXWTh 3allUTHBIMM areHTaMu, Ko-
TOpBIE TIPEIOTBPAILIAIOT MPEXKIECBPEMEHHBII
MeTaboJIU3M JIEKapCTB U, TAaKUM 00pa3oMm, je-
JIAI0T BO3MOXKHBIM, HalpHMep, NMepopajbHoE,
a He BHYTpHUBEHHOe BBejaeHHE. OHM MOTYT
HU3MEHITh PAcTBOPUMOCTH JIEKapCTB, B T. U.
c1a00pacTBOPUMBIX, U OCOOCHHOCTH HMX OH-
OJIOTHYECKOTO  TPAaHCIOPTa,  yBEIHMYMBAs
crenupUIHOCTh K MUIIEHU. KoMIUIeKChl 1u-
KJIOACKCTPUHOB C OHOJOTHYECKH AaKTHUBHBI-
MH MOJIEKYJaMH TIOBBIIIAIOT WX CTaOWIIb-
HOCTh B cpefie (PU3HOIOrHUeCcKUX HKHUKOCTEH
U TpHU XpaHEHMH, YIyUIIal0T BKYCOBBIE Ka-
YecTBa, MAaCKUpPysd HENPHUSTHBIE WIH TOpbKHE
NPUBKYCHI, YCHJIHMBAIOT WX (apmakojoruye-
CKyI0 aKTMBHOCTBb U IPOJIOHTHPYIOT TepareB-
THYECKOW JEHCTBUE, CHUKAIOT MOOOYHBIC (-
(heKTHI U T. 1.

OCHOBHOI HWHTEpeC nccieaoBarenen
K M3YYEHHUIO IUKJIOJCKCTPHHOB CBS3aH UMEH-
HO C HMX CIIOCOOHOCTBIO OOpPa3OBBIBATh KOM-
IUIEKCHI BKITIOUEHHS C PA3IUYHBIMU TPyIIIaMU
Pa3IMYHBIX OPTaHUYECKUX U HEOPTaHNIECKHUX
COeIMHEHUH. OTO CBOHCTBO OMNpeeNIeTcs
TeM, YTO LUKJIOAEKCTPHUHBI IPEACTABIAIOT CO-
0011 yHUKaJIbHBIC IPUPOJHBIC HAHOCTPYKTYPHI,
cHaOkEHHBIE THAPO(GOOHON BHYTpPEHHEW I0-
JIOCTBIO M TUIPOPHIBHONW BHEIIHEH MOBEpX-
HOCTBIO, T. H. «MOJICKYJISIPHbIE KOHTEIHEPHI»,
KOTOpBIE CIOCOOHB! yAEP)KHBaTh BO BHYTPEH-
Hell MOJIOCTH HeNOoJIApHbIe, HEMOHU3UPOBAH-
HBIE MOJIEKYJIBl BELIECTBA-KTOCTSH. DTO MpH-
BOJIMT K 00pa30BaHHIO KOMIUIEKCA BKITIOUCHHS,
410 NpUAAET TUAPOGOOHBIM MOJIEKYJIaM Bellle-
CTBAa-«TOCTS» YHHKaJbHOE CBOICTBO pacTBO-
PATBCS B BOAHOM (haze 3a c4ET ruapoduiibHON
Hapy>KHOH TOBEPXHOCTH «MOJIEKYJISIPHOTO
KoHTeiHepa». OuYeBHAHO, YTO CIIOCOOHOCTh
MOJIEKYJl ~ BEIIECTBA-«TOCTS»  BCTPOHUTHCA
B MOJIOCTh OJINTOCAXapUAOB (T. H. «XO35IMHAY)
U CcTaOMIBHOCTD 00pa3yIoIIerocs: KOMILIEKCa
BKJTIOUEHHS 3aBUCST HE TOJIBKO OT MOJISIPHOCTU
W pa3Mepa 3THX MOJIEKYJ, HO Takxe U oT (pu-

3UKO-XUMUYECKUX CBONCTB MOJICKYN ITHKJIO-
JIEKCTPUHOB.

Ileab0  padoTbl  OBUIO  KOMILIEKCHOE
uccieqoBaHne  (PUBUKO-XMMHUUYECKUX  CBOM-
CTBa psiia KPUTHUUECKUX IIOKa3zaTened Kaue-
CTBA JIUTIOCOMHUPOBAHHOM (OPMBI MYCKyca
Kabapru CUOUPCKOM mociie MOAU(MUKAIIUN UX
B-IIUKITONEKCTPUHOM.

JlanHblii onurocaxapuj, UMeeT 7 OCTaTKOB
TTIOKO3BI, MOJIEKYJIsipHYt0 Maccy — 1134 la,
C BHEIIHUM jauameTpoMm 15,4 A u nauame-
TpoM mnojsioctu Topa 7,8 A. Ilpu HOpManIbHBIX
YCIIOBHUSIX OfIHA MOJIEKYNa [-IIMKIONEKCTPUHA
MOXET acCOLMUPOBaTh 9,6 MONEKYyIbl BOJBI.
CrocoOHOCTh LMKIIOJIEKCTPUHOB 00pa30BbI-
BaTh MPOYHBIE KOMILIEKCH C TUAPOGOOHBIMU
«TOCTSIMH» B BOIHBIX PacTBopax 00ycJoBIIeHa
CTPOCHUEM HUX BHYTPUMOIEKYISIPHOH IIOJIO-
ctu. [laHHas mojocTh, OOpa3oBaHHAs yIvie-
BOAOPOJAHBIM OKPYXCHUEM U TTIMKO3UAHBIMHU
aToMaMM KHCIIOpO/a, SIBISIETCS MaJIONOJsp-
HOW ¥ TUAPO(HOOHON MO CPABHCHUIO C BHEIII-
Hel NOBepXHOCThIO. IIpu 3TOM BO3HHUKarOIEe
U UCYe3aoliee B MOJIEKYJIe «XO3SMHa» Harps-
JKCHUEC MPCAOIPEACIACT OAHY M3 ABMIKYIIUX
CHWJI KJIaTpaTtoo0pa3oBaHus.

Juamerp BHYTpeHHEH NONOCTH [-LUKIIO-
JICKCTPUHA XOPOILIO COOTBETCTBYET pazMepam
MOJIEKYJT OOJIBIIOTO MHOXECTBA CyOCTparosB,
B T. 4. OHOJOTMYECKH AKTHUBHBIX BCIIICCTB
(BPAB) u3 myckyca kabapru.

VuuThiBas BBIINIEU3IOKEHHOE, OBLIO Clelia-
HO TPEAINONIOKEHUE O BO3MOXKHOCTH 00pa3o-
BaHHA MOJICKYJIAPHBIX KOMIUICKCOB BKJIIOYEC-
HUSL (KJIAaTPaTOB) MEXY P-LIUKIONCKCTPUHOM,
JUINOCOMaMH, a TaKke OTAeNbHBIMU BAB My-
CKyca Kabapru.

DKCTpaKT MycKyca Kabapru — MpOIYKT
NpenyIHaIbHON JKene3bl Kabapru cuOupCKoi
(Moschus moschiferus) — naBHO HW3BECTCH
KaK BElIECTBO, 00Jajaroniee MMPOKUM CIIeK-
TPOM OHWOJIOTUYECKOH aKTHBHOCTH, OOYCIIOB-
JICHHOU MHOT'OKOMIIOHCHTHBIM COCTaBOM:
AHAPOCTCPOUIbI U UX MeTa6OJ’II/ITI)I, reérepouu-
KJIMYECKHE COCAMHEHUs (MMPUMHIUHBI U (y-
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paHbl), BOCKH, JKHPBI, CIOKHBIE 3(UPBI XOJe-
cTepuHa, Oenku U nenTuasl U T. A. [2]. Takoit
CJIOXKHBII M MHOTOKOMIIOHEHTHBII cOCTaB
MPEABSBISICT 0COObIc TpeOOBaHUSA K (opme
JIEKapCTBEHHOTO CPE/ICTBA, 00eCIeUNBAIOIIEH
OMOJIOTNYECKYI0 JJOCTYTHOCTh, CHU)KEHUE CH-
CTEeMHOIH TOKCHMYHOCTH, 3allMTy OT Aerpana-
LIUH, KOHTPOJIb BBICBOOOXKICHUS U IICIIEBYIO
JIOCTaBKy (apMaleBTHYecKoll CyOCTaHIIMH.
OnHUM U3 MOIXOASIIUX (HOPM JICKAPCTBCHHO-
r0 CpelcTBa Ha OCHOBE MYCKyca Kabapru siB-
JISIOTCSI IUTTOCOMBI [1].

BBuay Gombiioro pazHooOpasusi JIMIOCOM
Kak IO CTPOCHUIO, TaK M IO COCTaBY JIMITUJI-
HOW MeMOpaHbl, psJ] KPUTEPUEB HCIIOIb3YeT-
Csl I CTaHJApTU3AIMU JINTIOCOMHPOBAHHBIX
¢dopM mpenaparoB. AHaJIM3 XUMHYECKOW CTa-
OMJIBHOCTH JINNIOCOM BKITIOYAET B CE0sI OLIEHKY
CTCTICHU OKHUCIICHHsI U Tuaponusa ¢ocdonu-
MUIHBIX KOMIIOHEHTOB, CaMOOKHCIICHHSI XO-
JIeCTEpUHA U JIETPaialiii0 aHTHOKCUAAHTHOTO
KOMITOHEHTa. AHanu3 (HU3MYECKHX XapakTe-
PHCTHK JIUIIOCOM BKITIOUAET B ce0s MOKa3aTenu
pacripesienieHus 1Mo pasMepy, dJIEKTPUIECKOro
MOBEPXHOCTHOTO MoTeHnuana ({-moreHmuan),
Temmeparypy ¢aszosoro mepexona, 3pdexrus-
HOCTH BKJIIOUEHHUS! (hapMaKoJIOTHUECKUX CYyO-
CTaHIMH, a TAK)KE UX BBICBOOOXKACHHS B Lielie-
Bolt 6uocpene [5, 6].

Hawubonee yacto BcTpevaromuiics iuamerp
KOMMCPUYCCKUX OTHOJIaMEJIAPHBIX JIAIIO-
coM JIeXHT B auana3oHe 70—200 HM, mpuTOM
4YTO B HMCCIIEAOBATENbCKUX paboTax BcTpeya-
IOTCA BE3UKYJIBI JUAMETPOM OT HCECKOJBKHX
HAaHOMETPOB JI0 HECKOJBKUX MHKPOMETPOB.
Besukynel ¢ quamerpom 6onee 200 HM uMe-
I0T TEHACHIMIO K TPeoOpa3oBaHUIO B MYIb-
TUJAMEJUIIPHBI TUI, DY KOTOPOM CTEHKA
COCTOUT W3 JICCATKOB MM COTEH OHUCIOEB
¢dbochonunuaoB, UYTO CYIMECTBEHHO 3aMe/l-
JIA€T BI)ICBO60)K}1€HI/I€ AKTUBHBIX KOMIIOHCH-
ToB [4]. IlpuHATO cyHWTaTh, YTO 4YEM BBHIIIE
{-moreHnman (BHE 3aBHCHMOCTH OT 3HAaKa),
TeM Oojee CTaOMJIbHBI KOJUIOMJIHBIE PacTBO-
psl nunocoM. OHAKO POCT MTOTEHIIMANA BhIIIE
40 MB mpuBOZMT K B3aUMOJEHMCTBHIO C pac-

32

TBOpHTENIeM M (OPMHPOBAHUIO KPYMHBIX ar-
peraroB. Mcxonst 13 Ha3HAYEHUsI BE3UKYII, TaK-
JKEe CyLIECTBYET ONTHUMYM (-moreHnmana. Tak,
B 9KCIIEPUMEHTaX Ha MBIIIAaX OBUIO IMOKa3aHo,
yro { =—7,6 MB obecrieunBaet OoJiee AIUTEINb-
HO€ LUPKYJIMPOBaHHE JMIIOCOM B OpraHU3Me
U UX BBICOKOE HAKOIUIEHHE B omyxouu [3].

MaTepuanbl u metoabl

JlunocomupoBaHHyto (opMy MycKyca Ka-
Oapru CHOMPCKOW MOJyYalad METOJOM TOMO-
TCHHU3allMu BBICOKUM JIAaBJICHUCM, OIITMCAHHBIM
panee [2].

Busyanu3zaimio JIMnocomM Myckyca kabapru
MIPOBOJMIIM B TPOCBEUMBAIOLIEM 3JIEKTPOH-
HoM MuKpockone Tecnai G2 Spirit bioTWIN
(«FEI», CIIIA) pu ycKopstoleM HalpspKeHUH
120 xB u 5000-80000-kpaTHBIX YBEITHYECHHUAX
METOAOM HETAaTUBHOI'O KOHTPACTHPOBAHUA.
OI11eHKY CpeHeTo JUaMeTpa U pacipeesieHHs
[0 pa3Mepy JUIOCOM TNPOBOIWIN METOIOM
JUHAMUYECKOTO paccesHus CBeTa Ha aHaJn3a-
tope Photocor Compact-Z (OO0 «®DoTtokopy,
Poccust). Ouenky (-moTeHIMaNa MPOBOIWIH
METOZIOM 3JIEKTPO(GOPETHYECKOTO PaCCEsTHUS
cBera Ha aHanmuzarope Photocor Compact-Z
(000 «Dotoxop», Poccus). Muaekc okucneH-
HOCTH OIPEJENsUId CIeKTPo(hoTOMETpUIeCKr
(Multiscan Go, «Thermo Fisher Scientificy,
CIIIA) kak COOTHOIIEHHE WHTEHCUBHOCTH TO-
JIOC nomoueHuss B YO-cIeKTpe aHaIu3upye-
MbIX JurnocoM, A233/A215), 4To TOCTaTOYHO
IIOJTHO OTPakaeT MPOIECCHl OKUCIIECHHS, Tpo-
XO4AmKre B JIMNKJAAX KaK B XOJC MOJTYy4YCHUA
W XpaHeHUs JIMIHIOB, TaK U Npu (HopMUpoBa-
HUHU JIUITOCOM.

I[J'IS[ MOJIYYCHUSA KOMIIJICKCOB BKIIIOYCHUSA
u MoauduUKalMU CcOCTaBa JIMIIOCOM HpUMe-
HSJICS [(-IIUKJIOACKCTPUH — HATUBHBIN ITH-
KIMYECKUN  OJIMrocaxapufi, IOJIy4ECHHBII
B pe3yibTare OHMOTEXHOJOTMYECKOW KOHBEp-
CHHM Kpaxmaa.

Xpomaro-macc-CleKTpOMETpUYECKUil  aHa-
JIN3 IJ1 NOATBCPIKACHU L CTepOHI[HOﬁ IOJJINH-
HOCTH IIOJy4YaeMOro mnpoaAyKTa BbIIOJJIHAIN
Ha ['X-MC aHanuzatope «XpoMmardK», COCTO-
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[ — R

Puc. Mukpoghomozpaghuu runocom myckyca kabapeu, MOOUDUYUPOBAHHBIX YUKILOOEKCMPUHOM (YCKOpsaoujee Hanpsice-
nue 120 kB; ysenuuerue om 5000 0o 80 000 kpam, HecamusHoe KOHMpPACMUPoBarue)
Fig. Micrographs of musk deer liposomes modified with cyclodextrin (accelerating voltage 120 kV; magnification from

5000 to 80,000 times; negative contrast)

SIIeM U3 Ta30BOro xpomarorpaga «Xpomarik-
Kpucrann 5000» u XKHIKOCTHOTO J03aTopa
JAXK-2M (3[1). OtieHKy CTEHEeHH BKITIOUYCHUS
OHMOJIOTUYECKH AKTHBHBIX KOMIIOHCHTOB MY-
CKyca kabapru B cOCTaB JIMIIOCOM MPOBOMIH
METOIOM XPOMAaTO-MacC-CIIEKTPOMETPUH BbI-
COKOT'O pa3pelieHus: Ha XpoMaTorpaduuecKoi
cucreme 1290 Q-TOFF 6545 XT («Agilent
Technologies», CIIA). B ananu3 Ha oueH-
Ky CTEICHH BKIIIOYCHHUS OTOMpanu (pakiuu
JIMIIOCOM TIOCJIE Telib-Pa3MEpHON  XpoMaro-
rpaduu, OYHIICHHBIC OT HEBKITFOYEHHBIX KOM-
MMOHEHTOB JIUMHUIHONH MEMOpaHbI U HCXOIHO-
ro Cceipbs. lleneBbIMU MapKepaMu MPOIYKTa
CITY)KUJIA CTEPOUIHAS (PPaKITus, OOIIHi OSIOK
U XOJIECTEPHH.

Pe3ynbraTthl uccnegoBaHum
Mukpodororpaduu n1Mnocom Myckyca Ka-
0apru yOeIUTENbHO MOATBEPKIAIOT IOIIHH-
HOCTB TOJIyYCHHOHN B YCJIOBHUSAX TEXHOJIOTHYC-
CKOTO ITpoliecca JIMIOCOMaIbHON CyOCTaHIIUK
Ui TPEX HCIBITYEMBIX CEpUil IPOIYKTA.
Ha pucyHke BUIHBI MOHOJIAMEIUISIPHBIC Be-
3HMKYJIBI (JIUIIOCOMBI) OKPYDNIOH (opMbI, pas-
Mepom ot 50 mo 350 uM ¢ mpeobnanmarorieit
(dpakumeii yacTuir pasmMepom okosio 200 HM.
[IpocnexuBarTCs OTACIBHBIC MOHOJIAMEI-
JSIPHBIC JIMIOCOMBI  chepudecKoil  (HOpMBI,
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YTO TaKKe MOATBEPKIACT MOJJIMHHOCTH CYyO-
cranuuu. Ha nepenHeM miaHe 4€TKO BUJIHBI
HECKOJIBKO KPYIHBIX JIMIIOCOM pPa3MepoM
ot 300 no 500 HM, XOpOIIO HAarpyXeHHBIX
(OKpaIlIeHHBIX) TUAPOPIHLHBIMU (BHYTPCH-
HUI 00BEM Be3UKyI) U ruapooOHBIMU (TIPO-
CTPAHCTBO BHYTPH BHELTHETO OUCIIOS BE3UKYJI,
o0Opa3zoBaHHOrO (hochoaunuaamMu) KOMIOHEH-
TaMH, BXO/SIIMMH B COCTaB MyCKyca Kabapru.
Heo0xoauMo moguepKHyTh, YTO Ha BCEX MH-
kpodoTorpadusix OCHOBHas (Gpakius JIUIMO-
COM IIpEACTaBlIEHa YaCTUI[AMHU C JHAMETPOM
oxkoso 200 HM.

3HaYeHUE WHJEKCa OKUCICHHOCTH HCIIBITY-
€MBIX PAacTBOPOB JIMIIOCOM MYCKyca Kabapru
He TpeBsIIaeT nokaszareis 0,5.

BbiBog

B pesymsrare MyJIbTHMETOIMYECKOTO aHa-
nu3a TPEX TEXHOIOTHYECKHX CEpHil JIUIMOCO-
ManbHOH (OPMBI IKCTpaKTa MycKyca kabapru
pa3paboTaH MpoeKT crenudUuKauy IPoIyKTa
HA OCHOBE YKCTPAKTHBHOIO MarepHasa MyCKy-
ca kabapru cuOUpcKoi, MOaU(pUIIMPOBAHHOTO
[UKJIONCKCTPHHAMH, ISl TPUMEHEHHs B OHO-
JIOTHYECKHUX TECTaX Ha 1abOPaTOPHBIX KHUBOT-
HBIX JUTS aHann3a (GU3UIECKOM BEIHOCIUBOCTH
U paboTtocrnocobHocTH (Tad.).
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Tabnuya. Kpumuueckue nokasamenu Kauecmea Iunocom, MOOUGUYUPOBAHHBIX YUKTOOEKCPUHOM, COOEPIHCAUJUX
xomnaexc bAB, evloenennvix uz myckyca kabapeu
Table. Critical quality indicators of liposomes containing a complex of biological activity substances isolated from musk

OnucaHue

PacTtBopumocTb

MoanuHHOCTb:

- Hanunyne BAB myckyca

Pa3smep yactuy

MHaekc nonnamcnepcHocTu

[3eta-noteHumnan

CreneHb BkntodeHns BAB
MycKkyca

WHaekc okncneHHocTH
pH
Bopna

O6wuin Genok
(pacTBOpuMas dppakums)

B-LlnknogekcTpuH
lymmuapabuk

dochonunuabl
(B nepecyéte Ha doccop)

CynbdaTHas 3ona
Tskénble MmeTannbl

Mwukpo6uonoruyeckas ymcrorta

KonunyectseHHoe onpeaeneHve

XpaHeHune

OpraHonentuyeckui
e X, O®C 1.1.0006.15, u. 1

re Po XIll,
O®C 1.2.1.0005.15, 4. 1, c. 531

BOXX-Y®

o Xll, u. 2. doTroagnHammyeckoe
1 nasepHoe cBeTopaccesiHne

doTognHammnyeckoe 1 nasepHoe
cBeTopaccesHue

[nHammnuyeckoe ceeTopaccesiHue
[enb-xpomaTtorpadusi BXXX-MC

CnekTpochoToMeTpys

o PO, OPC 1.1.0006.15
(noTeHUVoMeTpUYeCKUii MeTos)

e Po, OPC 1.2.3.0002.15

e Po, O®C 1.2.3.0012.15
Metoa Bpeadopa
(konopumeTpu4eckuin)

CnekTtpodoTomeTpus

CnekTtpocoTomeTpus

e P®, O®C 1.2.2.2.0014.15
e Pd, O®C 1.2.2.2.0012.15
e P®, O®C 1.2.4.0002.15

BIXX

JInopununanpoBaHHbI aMOPdHbI NOPOLLIOK
CBETN0-KOPUYHEBOTO LIBETA C XapaKTepHbIM
3anaxom 1 BKyCOM Myckyca

Mano pacTtBopum B Boge, Mano pacTBopuM
B cnnpTe 96%, NpakTU4eckn He pacTBOPUM
B rekcaHe

Bpems yaepKuBaHWsi OCHOBHbBIX MKOB
Ha XpomaTorpamMmme UCMbITYyeMOro
pacTBopa [JOIPKHO COOTBETCTBOBATbL
BPEMEHW YAEPXMBaHWS OCHOBHbIX MUKOB
Ha XxpomaTorpamMme cTaHaapTHoro obpasua
NUNOCOM MycKyca kabapru

He meHee 90% c pasamepom ot 100 go 1000 Hm

He 6onee 0,5

—25...-60 mB

He meHee 50%
He meHee 50%

He 6onee 0,5
O 6,0 8o 8,0 (1%-HbIln pacTBoOp)

He 6onee 5,0%
He 6onee 10,0%

He menee 10%

He meHee 5%
He meHee 30%

He 6onee 10,0%
He 6onee 0,002%
Kateropus 3.2

He meHee 90,0% u He Gonee 110,0%
B nepecyéte Ha 6e3BO4HOE BELLEeCTBO
OTHOCUTENBHO CTaHAapTHOro obpasLa NMnocom
Myckyca kabapru

B cyxom 3awuiéHHom oT cBeTa MecTe npu Temnepatype He Bbiwwe 20 °C
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MHIANALUMOHHOE BBEOEHUE NMPENAPATA JIEUTPATMH
MbILLAM JIMHWAU C57BL/6Y B MOAEJIN OPAC
NMOBbLIWAET YPOBEHb 3KCINPECCUU N'EHA SIRT1

H.C. OrHeBa*, J1.A. Ta6osikoBa, O.B. AnumkuHa, H.B. MNeTpoBa

@IBYH «HayuHbit ueHmp 6uomeduyuHcKux mexHonoauti ®MBA Poccuu»
143442, Poccutickas ®edepayus, Mockoackasi 0b11., KpacHozopckuli p-H, rn. Ceemrble 2opbl, 1

B macrosmedt paboTe ommchIBaeTCs METOAMKA HMHTAISIIMOHHOTO BBEICHHMS JIEKApCTBEHHOTO CPENCTBA
«Jlefitparun» B nérkue Mpimram auHEM C57BL/6Y B Mopmenu OCTpOro pecrHpaTopHOTO IAHUCTPECC-CHH-
apoma (OPJIC). Muransmuy mpoBOAMINCE C OMOIIBI0 KoMnpeccHorHoro uaraastropa OMRON COMP
AIR NE-C24 Kids ¢ Hacaakoil 1jisi OHHOMOMEHTHOTO BBEICHHUS HECKOJNBKHUM MBIIIAM, pa3paboTaHHOM
B HIIBMT ®MBA Poccun. Monenunposanne OPJIC ocymiecTBIsIIOCh TOCIEAOBATENFHBIM BBEICHHUEM
O-TaTaKTO3MINEpaMUIa, HHTAISAIMOHHO B 03¢ 1 MKI/MBIIIb, U 4epe3 24 4 — KOMOMHAIUH JIUIIONONNCA-
xapuna E. coli (LPS) B no3e 300 mkr/mbims. Yepes 30 mun nocie BBepennst LPS npoBoxunocs uHrams-
IIHOHHOE BBEACHHE MBIIIAM JIEKapPCTBEHHOTO Cpe/ICTBa «JIeHTpariun» B ONBITHOI rpymme u ¢pu3. pacTBopa
B KOHTPOJIBHOH rpymme. [Tocne nHramsimuy mpoBoauics oToop 6nomareprana (TKaHei JErKoro) JUts OIeH-
ku dkcnpeccun reHa SIRT1 metonom RT-PCR B kadecTBe Mapkepa yCIIEITHOTO IPOHNKHOBEHHS IIperapara
B TKaHU JIETKOIO.

KunioueBsbie ciioBa: JleiiTparns, ocTphlii pecIMpaTOpHBI JUCTPECcC-CHHAPOM, HHIAJSIIHOHHOE BBEJCHNE,
SIRT1, mpriiu C57BL/6Y
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INHALATION ADMINISTRATION OF LEYTRAGIN
TO C57BL/6Y MICE IN AN ARDS MODEL INCREASES
THE EXPRESSION LEVEL OF SIRT1 GENE

Nastasya S. Ogneva®, Lidiya A. Taboyakova, Oksana V. Alimkina, Nataliya V. Petrova

Scientific Center of Biomedical Technologies of the Federal Medical and Biological Agency of Russia
143442, Russian Federation, Moscow Region, Krasnogorsk District, Svetlye Gory Village, 1

This paper describes a technique for inhalation administration of Leutragin into the lungs of C57BL/6Y
mice in a model of acute respiratory distress syndrome (ARDS). Inhalations were carried out using an
OMRON COMP AIR NE-C24 Kids compression inhaler with a nozzle for simultaneous administration
to several mice, developed at the Scientific Center of Biomedical Technologies of FMBA of Russia. Mod-
eling of ARDS was carried out by sequential administration of a-galactosylceramide, inhaled at a dose
of 1 pg/mouse, and, following 24 hours, a combination of E. coli lipopolysaccharide (LPS) at a dose
of 300 pg/mouse. Thirty minutes after the administration of LPS, inhalation administration of the Ley-
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tragin drug was carried out to mice in the experimental group and normal saline in the control group. After
inhalation, a biomaterial (lung tissue) was collected to evaluate the expression of the SIRTI gene by RT-
PCR as a marker of successful penetration of the drug into the lung tissue.
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BeeneHune

OCTphlif  pecHupaToOpHBI  JUCTPECC-CHH-
npom (OPIC) sBnseTcss TSDKEIOW MATOJIOTH-
el JErkux, BBI3BAHHOW IPOrPECCHPYIOLIUM
CaMOIIOJIeP>KUBAIOIIMCS BOCHAJICHHEM,
B KOTOPOM YYacCTBYIOT pa3JIM4HbIC KIETKU
WMMYHHOW CUCTEMBI, SKCIIPECCUPYIOIINE MTPO-
BOCTIAJIUTEIIbHBIC IUTOKUHBI, Takue Kak 1L-1P,
IL-6, IL-10, TNF-a [6]. B npenpiaynmx pa-
Oorax OBLIO MOKa3aHO, YTO pa3pabOTaHHBIN
B ®I'bYH HIUBMT ®MFBA Poccun mentui-
HBII JIEKapCTBEHHBIN mpenapar «Jledrparuny,
SIBIISTIOIIUIACS HENTHIHBIM arOHHCTOM
O-OIMOMJHBIX PELENTOPOB, HUCKYCCTBEHHBIM
AQHAJIOTOM 3HJIOTEHHOTO ONMHOUIHOTO Iel-
tuaa nuHopduHa 1-6, JOCTOBEpHO 3HAYMMO
CHIDKACT AKCIIPECCHIO BBIIICONUCAHHBIX IHU-
TOKMHOB y MbIeit B moxenu OPIIC u, coort-
BETCTBCHHO, CIOCOOCTBYeT Oojice OBICTpOMY
Pa3pelIeHuI0  BOCHAIMTENBHOTO Ipolecca
B ONBITHBIX rpynmnax [2]. Taxke Opu1a mokasa-
Ha TOJIOKHUTETbHAS CBA3b YPOBHS AKCIIPECCHU
HMGBI u creneHu TspkecTH 3a00JieBaHUS
y uenoBeka U uBOTHBIX [4]. HMGBI1 sBns-
eTcs OenKoM W3 TPYIIbBI SOEPHBIX HETHCTO-
HOBBIX OenkoB HMG, cekperupyercsi akTu-
BUPOBaHHBIMU MakpodaramMy ¥ MOHOLIUTaMH
B KayecTBe IIMTOKHMHOBOrO Meauartopa. Ero
BBICBOOOXKIGHUE U3 sIpa, a Jlanee — BO BHe-
KJIETOYHYIO >KHJAKOCTH OOYCJIOBJIEHO IIOBpE-
XKJIEHHEeM TKaHH WM HekposzoM. Ilocne Bbic-
BoOOXIeHUs 3 kietok HMGBI cBsizbiBaercs
¢ TLR4 u axTtuBupyer Kackaj BOCHAJIUTEINb-
HBIX peaKiuil MOCPEJCTBOM BHIOPOCA IIUTOKHU-

BMOMEOMLMHA | JOURNAL BIOMED | 2023| Tom 19 | Ne 3 | 3641

HOB M XEMOKHHOB Makpogaramu, TeM CaMbIM
3alryckas «IHUTOKMHOBBIN mTopm» [4]. B He-
CKONIBKMX paborax OBLIO TOKa3aHo, 4To Oe-
JIOK cupTyuH-1, komupyemsiii reHom SIRTI,
perynupyer HWHIYUMpPOBaHHbIE HH(EKIHEH
MIPOBOCTIATIUTENBHBIE ITUTOKUHBI M XEMOKH-
HBl TIOCPEICTBOM HWHIHOMPOBAHHUS SIIEPHOM
TPAHCIIOKAMX B LIUTOILIa3My M BBICBOOOXKIe-
uusgs HMGBI1 3a cuér ynaneHus aneTHiIbHBIX
TpyNIl U3 OCTaTKOB JIM3MHA B IPUCYTCTBUHU
HAJl+ [5, 8-10]. JlaHHBIN MeXaHU3M HHIU-
OMpOBaHUsI BOCHAJICHUS SIBISICTCS MEPCIIEK-
TUBHBIM JUIsl Oosiee TIIyOOKOTO M JIeTalbHOTO
W3y4YeHUs] TMyTeil pa3BUTUS HMHQEKIMOHHBIX
U HEUH(EKIMOHHBIX BOCHAJIMTENBHBIX 3a00-
JIEBaHUH, a TaKKe pa3pabOoTKH OTEUECTBEHHBIX
JIEKapCTBEHHBIX cpeAcTB. IlonydeHHbIe paHee
JTaHHBIE CBHUJCTEILCTBYIOT O TOM, YTO Ipera-
pat «JlefiTparuH» JOCTOBEPHO CHUXKAET YpO-
BeHb BbIOpoca HMGBI1 u3 siapa Bo BHekie-
TOYHYIO KUAKOCTH B Mozienn OPJIC Ha Mbimax
smuann C57BL/6Y, 4TO MOXKET TOBOPHUTH O €r0
HEIOCPEICTBEHHOM BIMSHUM Ha 3KCIIpec-
cuto SIRTI [4]. Jannas paboTra HampaBieHa
Ha OIIEHKY 3Kcmpeccuu reHa SIRTI y skcre-
PUMEHTANbHBIX KMBOTHBIX IIOCIE WHIrams-
LUOHHOro BBeleHus «Jledrparunay. Ilytém
U3MepeHusi ypoBHs skcnpeccun reHa SIRTI
B JIETKUX >KMBOTHBIX BO3MO)KHA BalHIalus
MeTO/la WHTAJSIIIMOHHBIX BBEJCHMH MBIIIaM,
KOTOpbIE HMMEIOT (DU3UOJIOTHUECKOE PacXo-
KIIEHHE C YEeJIOBEKOM, 3 UIMEHHO OOJMIraTHOE
HOCOBO€ JIbIXaHHE, B TO BpeMs KaK YeJIOBEK
MOXeET JIBIIIATh U PTOM, U HOCOM, a TaKkXe He-
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BO3MOXXHOCTh OOBEKTHBHO MPOBEPHUTH (aKT
BIBIXaHU Ipenapara Mpimami [1].

Iesib10 padoTHI SIBUTIACH OIIEHKA METOIUKH
WHTAJIIMUOHHOIO0  BBCJICHHUA JICKAPCTBEHHO-
ro cpeacrea «Jlelrparus» B JErkUe MbllIaM
muanun C57B1/6Y B Guomonmenn ocTporo pe-
criuparopHoro auctpecc-curapoma (OPC)
0 YPOBHIO dKcripeccuu reHa SIRT1.

MaTtepuanbl u meToabl

MarepuaJsbl

Pearentsl ObutM mosnydeHsl oT Invitrogen
i Sigma-Aldrich («Merck», CHIA).

KuBoTHbIe

UccnenoBanuss mnposogunucs B PI'BYH
HIOBMT ®MFBA Poccuu Ha MbIIIax JTUHUHA
C57BL/6Y, camkax B BO3pacTe OKoJio 2,5 Mec.,
cpenneit maccoit 20+2,0 r. J)KuBoTHble ObLIH
nonyuensl u3 ¢punuana «Crondosas» GPI'EYH
HIOBMT ®MFBA Poccun (MockoBckast 0011.)
U OTOOpaHBI B 3KCIIEPUMEHT METOIOM paHJIo-
MU3aMU. Mbled cofepkaiu B MUKPOU30JIS-
TopHOU cucreme Rair IsoSystem mo nsite oco-
Oeit B rpynme. JXMBOTHBIE COOTBETCTBOBAIIU
KaTeTOpUH YITyUIIEHHBIX KOHBEHI[MOHAIBHBIX.
OHH MoJTy4anu CTaHAAPTHBIH KOMOUKOPM Ipa-
HYJIUPOBAHHBIN TIOJIHOPAIIMOHHBIH /17151 Tabopa-
TOPHBIX XHBOTHBIX (3KCTpyaupoBaHHbI) ITK-
120 TOCT P 51849-2001 P.5. BogonpoBogHast
OYMIIIEHHAs BOJa BCEM >KHBOTHBIM JaBajiach
ad libitum B cTaHIAPTHBIX MOMUIKaX. JKMBOTHBIC
COZIEPIKAINCh B KOHTPOJIUPYEMBIX YCIOBHSIX
OKpy>Karoleil cpensl MpHU TeMIepaType BO3-
nyxa 1822 °C, OTHOCUTENHHOW BIIAXHOCTH
60—70% ¥ MCKYyCCTBEHHOM OCBEIICHUHU C ITU-
koM 12/12. Bee sKcriepuMeHThI TPOBOAMINCH
B COOTBETCTBHHU C ITHYECKMMHU NPHHLUIAMU
U HOPMATHUBHBIMH JOKYMEHTaMH, PEKOMEHJI0-
BaHHbIMM EBpONENCKOl KOHBEHLIUEH O 3allu-
T€ TO3BOHOYHBIX >KUBOTHBIX, HCIOJIB3YyEeMBIX
JUTS DKCTIEPUMEHTOB [3].

Mogeab 0CTPOro pecnupaTopHoOro

nuctpecc-cunapoma (OPIC)

JKUBOTHBIM MOAENUPOBAIM OCTpOE TMopa-
JKCHHME JIETKMX U PECIMPATOPHBIM JUCTpECcC-
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CHHIPOM  TOCJIEAOBATENbHBIM  BBEICHHEM
O-TaJIaKTO3WILEPAMHIA, UHIATSIIIUOHHO B J103€
1 MKr/MbIIb, ¥ Yepe3 24 4 — KOMOUHAIWH JIH-
nonoyucaxapuna E. coli B no3e 300 MKr/MbIIIb
¢ pobanenueM 100 MKI/MBIIIE MypamuII-
nentiaa ¥ 10 MKJI/MBIIB MOJHOTO a/IbIOBaH-
Ta OpeiiHaa, 371eck U Aanee 0003HaYaeMOit
kak «LPS», mHTpaTpaxeasbHO MO MHBEKIH-
OHHBIM HapKO30M, COCTOSIIIMM M3 KOMOHHa-
uun npenaparoB — 3orerin 100 («Virbacy,
Opaniuss) u MemuramuauH — («Api-Sany,
Poccust) B mo3e 12,5 mr/kr u 1 mr/kr coor-
BETCTBEHHO, a TaKXkKe cpaszy Iocje MpoBese-
HUSI XUPYPrHYECKOH MaHUITYJISIMHA BBOIMICS
Antrcenan («Orion Pharmay, ®uHmsHmus),
MTOJKOXKHO B 103€ 2,5 MI/KT, 4TO CITOCOOCTBOBA-
JIO CHATHIO HEXENaTeIbHBIX 3P(EKTOB HA Op-
TaHU3M MBI U OBICTPOMY BBIXOJy U3 HAPKO3a.

Jleuenue

JledeHne OCYIIECTBISUIOCH — ITPENaparom
«JleMiTparun», MpIIIHU OBIIN pa3/e/ICHB! HA JBE
rpymnsl o 6 ocobeit B kaxaoi. Yepes 30 mun
1ocjie UHTparpaxeanbHoro BBefaeHUst LPS
ONBITHOM TpyNIe HHIASIIMOHHO BBOJMIH
«Jleritparun» (B go3e 0,1 Mr/kr maccel Tena,
B 00béMe 100 MK p-pa), KOHTPOJIBHOM rpyI-
Tie MHTAISIIIMOHHO BBOIWIIN (DU3. P-p B 00bEME
100 MKJI/MBIIIIb.

Huransumonnas ycTaHoBKa

Wuransuuu  npenaparoMm  «Jleiirparun»
u Qus. p-poM NPOBOAMIMCH KOMIPECCOP-
HeIM wuHramstopom OMRON COMP AIR
NE-C24 Kids ¢ 3agaHHBIMH XapaKTepH-
CTHKaMH (pa3sMep 4YacTUll — TMPHOIM3UTENb-
HO 3 MKM, HPOU3BOJMTEIBHOCTH — OKOJIO
0,3 mur/muH). s 6onee 3¢G¢GeKTHBHOTO MPO-
necca B HIIBMT ®MBA Poccun Obuta pas-
paboTraHa Hacajka Ha wuHramsatop (puc. 1).
Hannas ™oaudukanus TO3BOJSIET MPOBO-
JUTh WHTAISIHI0 OJHOMOMEHTHO HECKOJIb-
KUM JKMBOTHBIM C PaBHOW JI030BOM Harpys-
KoW Onarojaps pacrojioKeHHI0 (HKCaTOpOB
Ha OJMHAKOBOM pAacCTOSHHU OT HMCTOYHHKA
nmofgayu a’pos3ond. Kaxngas Mble momernia-
eTcsl B OTAEJbHBIH (UKCATOpP TaKUM 00pazom,
4yTOOBI B OOILIHIT pe3epByap Mormaaaia TONbKO
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C.

Puc. 1. Cxemamuunoe uzo6pagicenue uHAIAYUOHHOU Kd-
mepbi: A — 6uo ceepxy; B — noc mwiwu pacnonazaemcs
SHYmpU pe3epsyapa ¢ nooayell 1eKapcmeeHHo20 cpeocm-
6a; C — 6uo cooxy

Fig. 1. Schematic representation of the inhalation
chamber: A — top view; B — the nose of the mouse is
located inside the reservoir with the supply of the drug;
C — side view

HOCOBas 4acTh Mopaouku. OfHa ceccust UHra-
JISIMM 110 BPEMEHM NPOBOJMIIACH U3 pacuéTa
00BbEMa JIeKapCTBEHHOTO Tperiapara, 3aJIUTOro
B pe3epByap, U MPOU3BOJUTEIBHOCTH MPUOO-
pa (0,3 Ma/muH).

Ouenka 3xcnpeccnu reia SIRT1

metoaoM RT-PCR

Uepes 30 MHUH MOCJIE€ MHTAIAIMOHHOTO BBE-
nenust «JleiitparnHa» NpoU3BOAWICA OTOOP
OuoyoruuecKoro marepuana (TkaHeil IErko-
r0) A JalbHEHIero M3ydeHus! IKCIIPECCUU
reHa SIRTI merogom RT-PCR y xoHTponbHOI
U ONBITHOM rpymn. HM3mepeHue ocylecTs-
JISUIOCh € TIOMOIIBIO JIETEKTHPYIOLIETO aM-
mdukaropa CFX-96 («Bio-Rad», CIILA)
MPY MCHONB30BaHUH CIIENU(DUUECKUX TpaiimMe-
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Puc. 2. Ddpgpexm uneanayuonnozo esedenusn «/leiimpa-
eunay» na sxcnpeccuro MPHK SIRTI 6 néexux mviuwietl
C57BL/6Y ¢ OPLC no omuowenuio K uUHMAKMHOMY
KOHMPOTIO

IIpumeuanun: cmonbyvl npedcmasnsiom coboii cpedree
3Ha4eHue + cmanoapmuas ouuoka cpeone2o, *— p<0,05
no cpasnenuio ¢ Pupacmeopom (nenapuwlii 08yCmopoH-
nutil t-mecm Cmulooenmay).

Fig. 2. Effect of inhaled Leutragin on SIRTI mRNA
expression in lungs of C57BL/6Y mice with ARDS relative
to intact control

Notes: bars represent mean + standard error of the mean,
x — p<0.05 compared to normal saline (unpaired two-
sided t-test of Student).

POB U (IIyOpecHeHTHBIX 30H/0B. B kauecTBe
pedepeHcHOro reHa ObUT BEIOpaH TeH «I0Malll-
Hero xo3sicTBa» GAPDH. Pe3yneratsl n3Me-
PpeHuil BEIpaXKaich Kak KpaTHOCTb U3MEHEHUS
9KCIIPECCHU T€HA OTHOCUTEIBHO DKCHPECCUU
TOT0 K€ I'CHa Y KOHTPOJIbHBIX KUBOTHBIX.

Pe3ynbraTthl uccnegoBaHum

Pe3ynbprarel mpencTaBieHbl Kak OTHOCH-
TenbHbIe ypoBHU TpaHckpunuuu MPHK onbiT-
HbIX XKUBOTHBIX IO OTHOIICHUIO K KOHTPOJIIO
(puc. 2). lannsle, nonyuennoie Ha RT-PCR,
YIOBIETBOPsIN Kkputeputo KommoropoBa —
CMHpHOBa Ha HOPMAJIBHOCTh PACHpPEACICHHUS.
Yposens 3xcripeccuu SIRT! y OnBITHOH Tpyn-
Ibl, IOJIydaBlled JedeHue «JledTparnHom»
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MHTALAOHHO, 3HAYUTEIBLHO IIPEBOCXOIUT
AQHAJIOTMUHBIA B KOHTPOJBHOM TpynIe, Moiy-
yapuied ¢us. p-p.

3aknoyeHue

IIpennoxeHHbl METOA HHTaJsALHOHHOTO
BBEJICHUS MBIIIAM 00ECIECUMBACT HAIEKHYIO
JIOCTaBKy HMCCIIEyeMOro IMpenapara B JETKue,
0 4€M CBUIECTENBCTBYIOT U3MEHEHUS JKCIIpEC-
cuu reHa-muineHu SIRTI B NEroyHoM TKaHU.
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HOPMOTUMWYECKUN 3ODEKT ACKOPBATA NIUTUA
HA BUOMEOULUMHCKUX MOOENAX CBUHEN

K.C. OctpeHko

Bcepoccutickuti Hay4Ho-uccredogameribcKull UHemumym ¢gu3uosioa2uu, bUOXUMUU U MUMaHUsi XXUBOMHbIX —
punuan ®Ir6HY «®edeparbHbili Hay4YHbIU UeHmp xueomHogodcmea — BUK
um. akademuka J1.K. OpHcma»
249013, Poccutickasi ®edepauusi, Kanyxckas obn., boposck, n. MHcmumym

CBUHBM BO MHOTHX Pa3BUTHIX CTPaHaX yXKe JaBHO IPHBIEKAIOT BHUMAHHE B KadeCTBE OMOIOTHUYECKOM
Mozenu. CBUHBH — 3MOIMOHAIBHO HEYCTOWYNBBIE JKUBOTHBIE, C HU3KOH PE3UCTEHTHOCTBIO K CTPECCOBBIM
BO3JEHCTBUSIM. B CBS3M ¢ 3THM B KauecTBe OMOMEIUIIMHCKON MOJIENN HCCIEIOBAHHS Ha CBUHbBSX TO3BOJIS-
10T TIPOBEPHTH JUTHTENBHOE IPIMEHEHHE MperaparoB U ux nociexneiictaue. Llems paboTsr — ampobanus
HEWHBAa3UBHOTO aHTHCTPECCOBOTO Npenapara ackopbara JIUTHS Ul CHIDKSHUS] HeTaTHBHOTO BO3JIEHCTBUS
CIIOHTaHHBIX CTpecc-()aKTOPOB, BO3HUKAIOMNX y CBHHEH. [lepe MoCTaHOBKOI B OIBIT U B IIECTUMECSIHOM
BO3pacTe y )KUBOTHBIX OTOHMpanu nMpoOsI KpoBH. B mrazme kpoBy ObLIN ONIpeAeeHsl aipeHaInH, Hopaape-
HaJIMH, KOPTHU30JI M NPOTECTEPOH, MAJIOHOBBIN AWABIECTH], THOJ-TUCYIHL(QHUIHOE COOTHOIICHUE, aKTHB-
HOCTPH CYNEpOKCHIAINCMYTa3bl. Ha 0CHOBaHMYM NMPOBEAEHHBIX HCCIEAOBAHUN MOXXHO CHENATh 3aKIIIOYECHIEe
0 TOM, YTO B pe3yIbTaTe BO3AEHCTBHS CTPECCOPOB, BO3HUKAIOMINX B MPOLECCE CTAHIAPTHOTO IPOU3BOI-
CTBEHHOTO IIMKJIA BEIPAIIMBAHUS MOPOCAT, TPOUCXOUT AKTHBU3AINS CHCTEMBI ONONOTHYECKUX aKTUBHBIX
[EHTPOB, BCJIECTBHUE YETO MOBBIIAETCS YPOBEHb 00IIEH peaKTHBHOCTH OpraHu3Ma. DKCIICpHMEHTAIbHEIE
JaHHBIE TI0 KOMIUIEKCY SHIOKPHHOJIOTHUECKHX M OMOXMMHYECKUX MapaMeTpPOB CBUJIETENLCTBYIOT O TOM,
YTO acKOpOaT JIUTHS Y CBUHEH Ha OTKOPME MOJOXKHUTEIBHO BIUSIET Ha aHTHOKCUIAHTHBIH CTaTyc.

KiroueBbie cJI0Ba: CBUHBH, aHTHCTPECCOBBIE MTpenaparhl, aCKopOaT JIUTHS, KATEXOJIaMUHBI, KOPTHU30J1, aH-
THOKCHIAHTHBIH CTaTyC
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NORMOTHYMIC EFFECT OF LITHIUM ASCORBATE
ON BIOMEDICAL MODELS OF PIGS

Konstantin S. Ostrenko

All-Russian Research Institute of Physiology, Biochemistry and Animal Nutrition — Branch of the Federal
Scientific Center of Animal Husbandry — The All-Russian Institute
of Animal Husbandry named after Academician L.K. Ernst
249013, Russian Federation, Kaluga Region, Borovsk, Institut Village

In many developed countries, pigs have long attracted attention as biological models. Pigs are emotionally
unstable animals, with a low resistance to stress. In this regard, experiments with pigs as biomedical mod-
els can be used to test the long-term use of drugs and their aftereffects. In this work, we set out to test a
non-invasive anti-stress drug — lithium ascorbate — for reducing the negative impact of spontaneous stress
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factors occurring in pigs. Prior to experiments and at six months of age, blood samples were taken from
animals. Adrenaline, norepinephrine, cortisol and progesterone, malondialdehyde, thiol-disulfide ratio, and
superoxide dismutase activity were determined in the blood plasma. The conducted research allows us to
conclude that the stressors arising during the standard production cycle of raising piglets activate the sys-
tem of biological active centers of pigs, thereby increasing the general reactivity of the body. The obtained
experimental data on a set of endocrinological and biochemical parameters indicate that lithium ascorbate
in fattening pigs has a positive effect on their antioxidant status.
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BeeneHune

Bo MHOrux crpanax Mupa s MeInKo-OHo-
TEXHOJIOTHYECKHX HCCIIEJOBATEILCKUX PaboT
BCcE IIMpPE MCHOJIb3YIOT CBUHEW. B mupoBoi
[IPAaKTUKE HCIIOJIB3YIOT CIIELIMAIbHO BbIBE-
JICHHbIE TMOPOAbl CBUHEH W MUHU-CBUHEH
(8 CILHA — xopmenbckue, xeHpopackue u
T. a.) [8, 10]. Ilupoko NpUMEHSIOTCS B JKC-
NEepUMEHTax M abOpHUreHHBIE IOPOAbI CBHU-
Heil: B CIIIA — rokaTaHckue U aMepHKa-
Ho-d3ccekckue. B EBpome camas kpynHas
(dbepma MHUHU-CBHHEH HaxomuTcs B [epmaHum,

Tac pa3BOAUTCA T'CTTUHICHCKAA noponaa.
CBuHBH — OMOIIMOHAJIBHO HeyCTOﬁ‘IHBLIe
KHUBOTHBIC, C HU3KOM PE3UCTCHTHOCTBIO

K CTPECCOBBIM BO3/1€HCTBUSAM. B CcBSI3U € 3TUM
B KauyeCcTBe OMOMETMIIMHCKOW MOJENH Hcciie-
JIOBAaHMSI Ha CBUHBSX IO3BOJISIIOT NPOBEPHUTH
JUINTEJIbHOE TNPUMEHEHUE IpEenaparoB U HX
nocneneictaue [7].

B pesynbrare CHUXEHHS HHTEHCUBHOCTH
a/IaliTUBHBIX PEaKLUil Ha BCE BHEIIHHE pa3-
JIpaXUTENH yXyamaercs (usnorornieckoe
COCTOSIHUE J>KUBOTHBIX, HapyIIAIOTCS OOMEH-
HBIE TIPOLECCHI U OCIa0CBAIOT €CTECTBEHHBIC
3amuTHBIe cuitbl. [Ipekae Bcero ato o0yciioB-
JICHO Pa3BUTHEM XPOHHYECKOTO CTpecca U ero
BPEIHBIX TOCIEICTBUM, KOTOPbIE CTAHOBSITCS
OCHOBHBIMHU (DaKTOpaMH CHM)KEHHS MPOIYK-
TUBHOCTHU [2]. OOHUM U3 BEAyIIMX aJalTUB-
HBIX 3()pEeKTOB OTBETHOM peaKiyy OpraHu3Ma
Ha cTpecc-pakTopsl 000 3THOJIOTHU SIB-
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JsieTCsl TPEJOoTBpalleHne HM30BITOYHON aKTH-
BaIlMM IPOIIECCOB IEPEKHUCHOTO OKHCICHUS
munuaoB [3]. B pesynbTare yero BO3HHKAIOT
MHOTOYHMCJICHHBIC HApyUICHUSA pa60T1>1 TKa-
Heill ¥ OpraHoB, NPUBOMSIINX K JECTaOMIIH-
3allMd TOMEOCTa3a M BO3HUKHOBEHHIO psjia
XPOHUYECKUX 3a0oyieBaHMid. [JaBHYIO pOJIb
B yCIemHOM (DYHKIMOHMPOBAHUHM BCEX CHC-
TeM UMMYHOOHOJIOTHUECKOT0 CTaTyca UIparoT
OMOOKCHIAHTBl U MHKPOIJIEMEHTHI [4—6, 9].
IloTeHLIMpPOBaHHOE NEUCTBUE JIUTUS U aCKOP-
OMHOBOW KUCIIOTHI TO3BOJISIET paccMaTpUBaTh
€ro Kak OJUH W3 IyTed peryislUd aKTUBHOC-
TH TPOLIECCOB MEPEKUCHOT0 OKUCIeHus [1].

MaTtepuanbl u meToabl

HccnenoBanust ObulM TIPOBEJCHBI Ha 0ase
puapuss BHUW Obull xusorHeix. Hccie-
JIOBaHMs MPOBOAMIIUCH HA TPEX IPyNIax CBU-
Hell mopojel upIaHACKuil nanapac, mo 10 ro-
JIOB B Ka)KI[OI‘/II. OnbITHRIE U KOHTPOJIbHBIC
rpynnsl ObutM c(OPMUPOBAHBI M3 TOPOCST
JABYXMECAYHOI'O BO3pacTa IO MPpUHOUITY IMap-
aHaJIoroB. PallMOH M TEXHOJOTHYECKUH Mpo-
L[ECC HE OTIINYAJICSI OT OCHOBHON TE€XHOJOTHHU
OTKOpMa CBHMHEH. AckopOar IJUTHs IpUMe-
HsJICS BMeCTe ¢ KOpMoM. B mepBoi rpynmne
J103a ackopbata JuTHs coctarisia 10 mr/kr;
BO BTOPO#1 TpymIie — 5 MI/KT; TPETbs rpyIia
(KOHTpOJNIbHASI) HAXOAMJIAaCh HA OCHOBHOM pa-
uoHe 0e3 nobapneHus cyoctaHuuu. B nByx-
U MECTUMECAYHOM BO3pACTC Yy KHUBOTHBIX
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MPOBOJMIN 3200p KPOBH B BaKyyMHBIE IIPO-
Oupku. B masme KpoBH ObUIM OIpe/eNeHbI
KOHIIGHTpAIlUM  MaJIOHOBOTO  JIMAlIbJIeruAa
(HMOJIB/MII), BOCCTAHOBJIEHHOTO IJIyTaTHO-
Ha (MKMOJIB/MII), OKHCJEHHOIO IIyTaTHOHA
(MKMOJIB/MJT), THOJN-AUCYIb(QHUIHOE COOTHO-
MMEHNUE, AKTUBHOCTb CYNCPOKCUIAANCMYTA3bl
(En.), axkTHBHOCTH TINIyTaTHOHIEPOKCHUIA3HI
(En.), ampenanuHa (HMOJIB/MII); HOpaapeHA-
JIUHA (HMOJIB/MIT), KOPTH30J1a (HMOJIB/MIT).

buomerpuueckylo  00pabOTKy  MONTy4eH-
HOTO Marepuaja MPOBOAWIN C IOMOUIBIO
nporpaMMHOro obecriedenust  Statistica 8.
JlocToBepHOU cunTany pazHUIly MEXAY CpyI-
namu mpu p<0,05.

Pe3ynbrathl M X obcyxaeHune
W3BecTHO, YTO CTpecc CONPOBOXKAAET-
Ci HampsDKeHHOM  paboToif  rumorangamo-
runodu3apHO-HaANOYCYHUKOBOM CHucTe-
MBI, OSHAOKPHHHBIX,  HEHpOMEINaTOPHBIX
1 HEHUPOIENTUAHBIX B3auMoJeicTBuil. B xone
HCCIIeIOBaHUS ObUIO YCTAHOBIICHO, YTO Y KH-
BOTHBIX OIIBITHBIX TPYHI YPOBEHb KOPTH30Ja
OBUT HIDKE YeM B KOHTPOJIBHOM Trpyrmie Ha 28
n 24% COOTBETCTBEHHO; YPOBEHb aJapeHalu-
Ha — Ha 59 u 54%, a HOpaJpeHanuHa — Ha 55
1 54% HMXKe TI0 CPaBHEHHUIO ¢ KOHTPOJIEM. DTO
yKa3blBaeT Ha aKTUBAIMIO CHMIIATOApeHaso-
BOW W THUNOTajIaMo-Tuno¢pu3apHO-HAANIOUEY-
HUKOBOM CHCTEMBI M MOATBEP)KJAeT HAIUYHE
cTpecca CBUHEH KOHTPOJBHOW TPYIIBI B Te-
YeHHEe CTaHAApPTHOTO TEXHOJOTHYECKOTo Ipo-

Tabnuya 1. Iloxkazamenu copmonanvrHozo cmamyca (M=m,
Table 1. Indicators of hormonal status (M+m, n=10)

Lecca BbIpalBaHus. Pe3ynbrarel mpencras-
JIeHsl B Ta0. 1.

IIpu crtpecce mns sHeprooOecHedeHUs 3a-
LIMTHBIX peaklHuid TNpHUBJIEKaeTcs OobIloe
KOJIMYECTBO HEHACBHIICHHBIX KUPHBIX KUCIOT
W KHCIIOpOJa. YBeNnueHHue akTUBHOCTH (hoc-
¢donmumnaz mpoucxoguT 3a CYE€T MOBBILICHUS
YPOBHSI IJIIOKOKOPTUKOMIIOB, 3TO W TPHBOAUT
K YCWJICHHIO Ipoliecca MEepeKUCHOTO OKHCIe-
HUS JIMITHJIOB, KOTOPBIN BBI3BIBAET JETPaIalHIo
TOPMOHOB cTpecca. Beriencteue 3toro opra-
HHU3M JKMBOTHBIX BBIHYXJICH OTBEYaTh YCHJIe-
HHEM KOPTUKOTPOINHOM QyHKIMK runodusa [3].

CocTosiHME aHTHOKCHAAHTHOIO  CTaTyca
U €ro OIICHKHM, a TaKKe MOKa3aTelId HeCIeIy-
(uuecKoil Pe3UCTEHTHOCTH OTpaKaeT THUOJ-
JTUCYNb(GHUIHOE COOTHOICHHE M CHUCTEMa pe-
JOYKIMH DIyTaTHOHA. B Harem uccnenoBannu
OBUIO YCTaHOBJIEHO, YTO AaHTUCTPECCOBBIH (-
(exT y cBHHEH CONMPOBOXJIAETCSI MOBBIIICHH-
eM KonndecTBa SH-rpynm B CBIBOPOTKE KPOBH.
JlanHble peicTaBICHbI B Ta0M. 2.

Takum oOpazom, kommuyectBo SH-rpymnm
B KPOBH ¥ TKaHSX OpPraHu3ma, 00yCIIOBICHHOE
pasnuyHbiME (pakTopamu, B OOJBINOI cTere-
HU OTpakaeT MHTEHCUBHOCTb OOMEHHBIX TPO-
LIECCOB, CBS3AHHBIX C Pa3JIM4YHON HSHEpPruei
pOCTa ¥ NPOAYKTHBHOCTBIO JKUBOTHBIX, & «I10-
poroBasi» KoHueHTpauusi SH-rpynn B KpoBu
COOTBETCTBYET HauOOIbILIEMY TPOSIBICHUIO
CIOCOOHOCTH K POCTY U IIPOLYKTHBHOCTH.

JKMBOTHBIE ONBITHBIX TPYNI B BO3pacTe
6 Mec. (Tabiu. 2) SBHO MPEBOCXOIUIN OCTalb-

n=10)

BospacT 2 mec.

Ackopbat nutusi, 10 mr/kr 3,96+0,18 12,84+0,11 76,84+2,41

Ackopbat nutus, 5 mr/kr 4,12+0,11 13,09+0,56 70,21+0,98

KoHTponb 3,87+0,19 12,06+0,68 73,41£1,99
BospacT 6 mec.

Ackop6at nutusi, 10 mr/kr 5,01+0,14* 16,37+0,96* 102,72+12,98*

Ackopbat nutusi, 5 mr/kr 5,67+0,09* 16,98+1,12* 108,67+14,82*

KoHTponb 12,24+3,19 36,6215,86 143,12+13,09

Ipumeuanue: * — p<0,05 no t-kpumepuro npu cPAGHEHUU C KOHMPOJLEM.
p P

Note: * — p<0.05 by t-test when compared with control.
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Tabnuya 2. QynkyuonanrbHoe CocmosHue cucmemsl peoyKyuu 2rymamuona 6 kposu (M+m, n=10)
Table 2. Functional state of the glutathione reduction system in the blood (M+m, n=10)

BospacT 2 mec.

Ackop6at nutus, 10 mr/kr 0,57+0,26 0,23+0,04 2,48 3,95+0,43 64824

Ackop6at nuTus, 5 mr/kr 0,60+0,14 0,18+0,01 3,33 4,0110,67 65234

KoHTponb 0,58+0,11 0,22+0,01 2,64 5,38+0,79 64542
BospacT 6 mec.

Ackop6at nutus, 10 mr/kr 0,88+0,07* 0,26+0,09 3,38 2,94+0,26 82148*

Ackopbat nuTus, 5 mr/kr 0,88+0,06* 0,28+0,04 2,93 2,90+0,14 73631

KoHTponb 0,61£0,19 0,38+0,06 1,61 6,07+0,09 70973

Ilpumeuanus: SH — 60ccmanogieHHblll 2Iymamuon + yucmeut, MKMOIs/Mi; SS — OKUCTEeHHbII 2ymamuon + yu-
cmeun, mxmonv/ma; MIJA — manonoswiii duanvoecud, Hmonv/mn, COI — axmusnocms cynepokcudducmymasol, E0.;

*— p<0,05 no t-kpumepuro npu CPasHeHUU ¢ KOHMPOLEM.

Notes: SH — reduced glutathione + cysteine, umol/ml; SS — oxidized glutathione + cysteine, umol/ml; M/[A — malond-
ialdehyde, nmol/ml; COL — superoxide dismutase activity, Units.; * — p<0.05 by t-test when compared with control.

HBIX N0 copaepkaHuio SH-rpymmn, BennuuHe
THOJ-IUCYAb(UIHOTO COOTHOILICHUS M XapaK-
TEPU30BAJINCh HAUMEHbUIEH KOHLEHTpaLUen
BTOPUYHBIX MPOIYKTOB IEPEKUCHOTO OKHC-
JIeHUd JUOHUJIOB B IIa3Me B KpoBHu. [Ipu 3Tom
coaepkanue SH- u SS-rpynn B rmnasme KpoBu
3aKOHOMEPHO IOBBIIIAJIOCH C BO3PACTOM (JU-
CYIb(QUIHBIX IPYII — B MEHbIIEH CTENEeHH);
B pe3yJibTaTe CHIXKanach KoHieHTpamnus MJIA.
Bo3MmoxHO, 3TH 3G ¢eKThl 00yCIOBICHBI IMO-
BBIIICHUEM AaKTHBHOCTH aHTHOKCHIAHTHOU
CHCTEMBI 3a CUéT HaJM4Msi B COCTaBe MpHUMe-
HSIEMOTO Tperapara acKopOMHOBOW KHCJIOTBHI,
KOTOpast SBJSieTCd IPUPOAHBIM AHTHOKCH-
JTAHTHOM. BhIsiBIeHa CHHXPOHHOCTH HM3MEHE-
HUSI TUOJ-AUCYAb(UIHOTO NOTEHIMAA U TIPO-
JTyKTUBHOCTH KUBOTHBIX.

3aknioyeHue

[ToBbIlIeHWE  CEKpEelMH  KaTeXOoJIaMHHOB
MO3TOBBIM CJIOEM HAJIIIOYEYHUKOB BCIICACTBHE
CTPECCOBOIO BO3JECHCTBUS CBUIETEILCTBYET
00 aKTHBAalMM THUIOTAIAMO-TUIO(PH3APHO-
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Melanoma is a malignant tumor that can rapidly develop resistance to treatment because of its high muta-
tional activity. The introduction of tyrosine kinase receptor inhibitors (BRAF, MEK) and cytotoxic T lym-
phocyte antigen/receptor inhibitors (CTLA4, PD-1) into clinical practice has led to an increase in patient
survival rates. In in vitro studies, combining PIK3 and MEK inhibitors demonstrate a pronounced reduction
in tumor cell growth. The phenomenon of synthetic lethality is also promising, allowing the high mutation-
al load of melanoma to be used as a tool for the development of more effective drugs.
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PacnpocTpanéHHOCTH MeJIaHOMBI

B MOMYJISIIIAN

MenaHoma KOXH — 9TO OIMYXOJb HEHPOIK-
TOAEPMAIILHOTO TPOUCXOXK/ICHHS, BO3HHKAIO-
mas B pes3yiabTaTe 3J0KauYeCTBEHHOW TpaHC-
¢opmanuu MenaHouuToB koxu. B 2021 r
B Poccuiickoit denepanuu MenaHOMON KOXHU
3aboseno 11412 yenomek. B crpykrype 3a-
OoneBaeMocTH MenaHoma koxu B 2021 1. co-
craBmiaa 1,5% y MyxuuH u 2,2% y KeHIIHH.
KyMynaTUBHBIA PHCK pa3BUTHS MEIAHOMBI
koxu Ha mepuon 2011-2021 rr. ans moneit
B Bo3pacte 0—74 net coctaBuia 0,52% [1].

CranaapTHasi Tepanusi MeJIaHOMBbI

B Hactosiee BpeMsi MpOTUB METaHOMBI pa3-
paboTaHa TapreTHas Teparnus: JeKapCTBEHHbIC
cpenctra (JIC), neficTByrolue Ha aKTUBHOCTh
BRAF-kuna3er, — Bemypadenud u gabpade-
HHUO, HampaBjeHHbIE Ha MPEpbIBaHHE KacKaaa
MAPK. Onnako y OOJBHBIX NMPH MOHOTEpa-
nun BRAFi (uHrubutop) pasBuBaercs pesu-
CTEHTHOCTb, CBsI3aHHas C MyTalUed OPyrux
T€HOB, YTO B UTOTE IPUBOJHUT K PEAKTHBAIIUU
MAPK/ERK-curnanssoro nyrtu. st npeno-
TBpPAIICHHUs €ro aKTUBALUU MPUMEHSIOT KOM-
OounmnpoBannyio Tepanuio «BRAFi + MEKi».
K Takum coueTaHusM OTHOCATCS: «aabpade-
HUO + TpaMeTHHUO» U «BeMypadeHHO + Koou-
METHHUO» [2].
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brarogapst pa3BUTHIO MOJIEKYNISpHOW Ou-
OJIOTHM OIyXONel TMOSBHIOCH JBa HOBBIX
knacca JIC: MHrHOUTOPBHI THPO3WHKHHAZHBIX
peuentopoB (BRAF, MEK) u uHruourops
aHTUTEHOB/PELETITOPOB IIUTOTOKCUYECKUX
T-num¢pouuros (CTLA4, PD-1). B 2011 r
yuénsle CIHIA 3apeructpupoBanu HIHINMY-
Mab (antu-CTLA4) u Bemypadenn6 (BRAF-
WHTHOUTOp) Uil JIEYEHHS JUCCEMHHHUPO-
BaHHOW MenaHoMbl koku. Oba JIC BrepBbie
MIPOJICMOHCTPUPOBAIN  YBEJIMUSHHUE O0OmIeH
BbpKHBaeMocTH (OB) mariieHToB B CpaBHEHUH
CO CTaHJapTHOM XuMHOTepanueit [4].

NRAS-menanoMa Ha CETONHSIIHMI JIeHBb
He MonIaéTcsl TApreTHOM Tepanui, T. K. WHrHOu-
Topsl BRAF BBI3BIBalOT OBICTPYIO PE3UCTEHT-
HOCTH OITyXOJIEBBIX KJIETOK, @ HHIMOMTOPHI He-
nocpenctBeHHO RAS ermé He pa3paOoTaHbI.

Jnst tepanun KIT-menaHoMbl 3aperucrpu-
poBano Bcero 9 JIC — MHruOUTOPOB KOIUPY-
€MOro 3THM TI'eHOM OejKa: MMaTHHUO, CyHH-
TUHUO, Ha3aTHHUO, HUJIOTHHHUO, copadeHwuO,
peropadeHnd, aBanpUTHHHO, PHIIPETHHUO
u MugocraypuH. HecMoTpsl Ha OTHOCHTEIBHO
GonpII0e KOJMYECTBO, NIPAKTUUECKHU BCE JTaH-
uweie JIC He mokaszanu I0CTaTouHyro 3ddek-
THBHOCTb, B OTNIMuKMe OT aHTU-PD-1 u aHTH-
CTLA4 [2].

PD-1 u CTLA4 saBnsioTcs TIaBHBIMH pe-
LENTOPaMH, KOTOpBIE Y4YacTBYIOT B (opmu-
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pOBaHUHU IPOTHBOOITYXOJIEBOTO MMMYHHTETA.
OmnyxoneBble KIETKU 3KCIIPECCUPYIOT JTUTaH/
PDL-1, pacnio3HaBanue KOTOPOTO PELETITOPOM
PD-1 CD8+ T-nmumdounToB NpUBOAUT K IIO-
napnenno ummynurera. CTLA4-penentop
B3aUMOJICHCTBYET C WHTHOUPYIOMIUM OENKoM
U CIOCOOCTBYeT CYIpPECCHH HMMYHHOTO OT-
BeTa, MOJABIIAS IPONU(epanuio JUMPOIUTOB.
ITo pesynpraTam KIMHUYECKUX UCCIIECTOBAaHUN
OBUIO MOATBEPXKICHO MPEUMYILECTBO KOMOU-
HUPOBAHHOTO NMpuMeHeHus aHTu-PD1 u anTH-

CTLA4 [8].

IlepcnekTHBHBIE HATIPABJIEHUS

B NOBbIIIEHUH 3¢ PeKTUBHOCTH

TAPreTHOM Tepanuy NpH JiedeHUN MeJIAHOMBI

HoBoil TapreTHoll MHINEHBIO B TEpaNuu
MmenanoMbl cranu CDK4/6 — kuHassbl, ¢oc-
(dopunupyromue OeIOK-Cynpeccop OMyXOJH
peruHobnactomel (RB), KoTopslit B cBOIO 04e-
penb cBs3bIBaeTCS ¢ (haKTOpaMH TPaHCKPHII-
UMM W TIPUBOJUT K AKTHMBAIMU KJIETOYHOTO
nukna, nepexoaa G -S ¥ HEKOHTPONMPYEMOM
nponudeparun. CDK4/61 (mandomuknud, pu-
OonukianO, abemManukin0) aKTHBHO HCHOJNb-
3yIOTCSl B TEpaIllul HEXOKKHHCKUX JHUM(OM,
pake MoJIouHO# skene3bl. OHAKO MOHOTEpa-
IUsl TIPHUBENa K Pa3BUTHIO PE3UCTEHTHOCTH,
YTO XapaKTePHO AJIsl TAPTeTHBIX MpEnaparos.
CrenoBarenbHO, ObIIIO C/IENAHO MPEAIONIONKE-
HHE, YTO KOMOWHHMPOBaHHAs CXeMma JICYCHUs
MOXeT OBbITh Oojiee 2 PEeKTUBHOIL, YeM MOHO-
Tepamnus [S].

JlocTaTtouHo BeCOMbIE M MHOTOOOCIIAIOIIUE
pe3yabrarthl ObLIM JIOCTHUTHYTHI B OTKPBITOM
uccnenoBanuu ¢aser 1b/11 komOuHamenn «pu-
6ouukau6 (uaruourop CDK4/6) + OGunume-
tuan0 (MEKi)» y nanueHToB ¢ MelaHOMOW
¢ mytamueit NRAS. OO0muii mokaszarenb oT-
Beta y maunmeHtoB (n=41) ¢aser Il ans BeI-
OpaHHOM 103kl (OMHUMETHHUO, 45 MT, 2 pa3za/
JieHb + pubonukino, 200 mr, 1 pas3/nens, Kype
neuenus — 21 aeHs, 7 AHEH mepepsIB) cocTa-
B 19,5%. YacTtora oTBeTa cocrasmna 32,5%
y manueHtoB ¢ mytamueit NRAS c comyrter-
pyromumu usMeHeHusimu CDKN2A, CDK4

BMOMEOMLMNHA | JOURNAL BIOMED | 2023| Tom 19 | Ne 3 | 47-52

umn  CCNDI. Menuana BBDKHBa€MOCTH
0e3 mporpeccupoBaHusi cocraBuia 3,7 Mmec.,
a meauana OB Obuta paBHa 11,3 Mec. i Bcex
nauyeHToB. [loiyueHHbIe aHHBIE MOTYT OBITh
OCHOBaHHMEM ISl Ha3HAuCHHUs BhILICYKa3aH-
HOM KoMmOmHanuu npu Tepanuu NRAS mena-
HOMBHI [7].

Wzy4aercst TnpUMEHEHUE CEJIEKTUBHOIO
nnruodutopa PI3K-6era GSK2636771 B KoM-
OuHaIMK ¢ MeMOpoIM3yMadoM y TAIEeHTOB
C METAaCTaTU4YECKOM MEIaHOMOM U IoTepel
PTEN (NCT03131908). HMwmeroTcs naHHbIE,
4yro KOMOWHHMpoBaHue wuHruoutopos PIK3
u MEK in vitro 1eMOHCTpUpyeT yCUJIEHHOE
CHIDKEHHE POCTa OIYXOJIEBBIX KIIETOK. Takue
pe3yabTaThl OOBSICHSAIOTCS TEM, YTO IIPH MOHO-
TEparvy aKTUBUPYIOTCS MapajieibHbIe MyTH
3alIUTHI, NPHUBOISIINE K PE3UCTEHTHOCTH,
B TO BpeMs KaK IpU KOMOMHHPOBAHHOW Tepa-
1Y OIIOKUPYIOTCS BCe OOXOAHBIE MEXaHU3MBbI
omyxoneBoil mponudepanun, u IPPEKTHB-
HOCTb TEpAIUH CYIIECTBEHHO MOBBIIIACTCS.

CuHTeTHYeCKas JIeTAJIbHOCTh —

HOBBIi MOAX0/ K TePANIUH MeJIAHOMBI

CunreTndeckasi JIETAIbHOCTh ompe-
JenéHHOe COYeTaHHe MYTalluil ABYyX T'€HOB,
ImpuBojdAIlee K TuOenu KIETKH (amonro-
3y). IIpu HemocTarke (YHKIHUHM OJHOIO TI'€HA,
JUIS1 COXPaHEHHsI ’KM3HECTIOCOOHOCTH, B KIIETKE
BKJIFOUAETCSI BTOPOM T'€H, KOMIICHCUPYIOLIUI
HEI0CTaTOYHOCThH NEPBOT0, U OHA CTAHOBHUTCS
3aBUCHUMa OT BToporo resa. IIpu Bosnelicteun
Ha HETO MPOUCXOAUT IOITHOE YTHETCHHE JKH3-
HEHHO HeoOXOIMMBIX mporneccos [11].

IlepBeiMu  3apeructpupoBanHeiMu  JIC,
OCHOBaHHBIMM Ha MPUHINIIE CHUHTETHYECKOM
neranbHocTH, sBisitorcsi PARPi (Hupana-
puO, omamapu0, pykamapuO, Tamaszomnapuo).
HeitctBue PARPi ocHOBaHO Ha HHIHOUPO-
Banun AJI®-pubdo3a-monumepasbl, KOTOpas
ABJSIETCA  PEryISITOPOM 3KCIU3MOHHOW pe-
napanuu ocHoBaHuil moBpexAéHHONH JIHK
B OITyXOJH, €€ BBIKIIOYEHHE MPUBOIAUT K KOJ-
Jlancy pervIMKallMOHHOW «BMJIKH» M THOenn
KJIETOK. DTO MHTMOWPOBAaHUE JICHCTBYET TOJb-
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KO NpU Hajuyuu myTauuu B BRCA1/2, otHO-
camuxcs K rpymme reHoB penapauuu JHK
(homologous recombination repair, HRR) [3].

Myranus PTEN npuBomur k 3aBUCHUMO-
ctu kietok or APE1, Genka, OTBETCTBEHHO-
ro 3a 0a30ByI0 HSKCIM3MOHHYIO peraparuio
B HuX. brnokupoBanue penapupyromero JJHK
MyTH TPUBOAUT K CHHTETHUECKOH JIeTanb-
HOCTH B PaKOBBIX KJIeTKaX. bputo mpoBeneHo
uccienoBanue ¢aswl I, HaleleHHOe Ha CHr-
HanbHbIH 0enok pemapanuu JJHK APE1/Ref-1
¢ momoInsko naruouropa APX3330, y nanuen-
TOB C 3aIyLICHHBIMU COJIMAHBIMU OIYXOJISIMHU
(NCTO03375086). Ilo pesymbpraTtam HCCIEno-
BaHMsl Y OOJIbHBIX MENaHOMOI HaOmonanach
cTtabunu3anus 3a00JeBaHUs, YTO SBIAETCS
OCHOBAaHHEM IS JAJbHEUINUX UCCIIEA0BaHUN
APE1/Ref-1i [4].

s BRAF V600E-myTtantHONH MenaHo-
MBI OBUIM IPEUIOKEHBI JIBa IOTEHIIUANb-
HBIX MAapTHEPAa CUHTETUYECKOU JIETAaJIbHOCTHU:
I'MI'-KoA-cuntazal u I'MI-KoA-nuaza.
Bbbuio obHapyxkeHo, uTo 3TH (hEepMEHTHI y4a-
ctByioT B BRAF V600-3aBucumom ¢ocdo-
pwinpoBanud MEK1 B MyTaHTHBIX KJIETKax.
IIpu wuccnenoBaHusax in Vitro OTMEYaJlOCh
yBenuuenue  (ochopmwimposanus  MEKI
B NIPUCYTCTBUM aneroarierata. Hegocrarkom
PE3yNBTaToOB MCCIICNOBaHUi Oblia crerudud-
HOCTh — pearupoBaji Ha WHTrHOMpOBaHHE
I'MI'-KoA-cuHTa3sl TOJBKO paKOBbIE KIET-
Ku, akcrpeccupytome BRAF V600E/D [5].
[Toka emE HepemEHHOM MpolIeMOit sIBIsieTCs
pa3paboTka MOIXOASIIETo Uil HPOTHBOOITYX0-
JIeBOH Tepanuu UHIHOUTOpA.

B RAS-MyTaHTHBIX OIYyXONfX, BKJIIOYas
MEJIaHOMY W MHOXECTBEHHYIO MHEIIOMY,
BaXHYI0 pOJIb UTpaeT aKTHBHOCTh KHHAa3blI
3apogaeiiesoro neurpa (GCK). Oto 6bu10 110-
Ka3zaHo TeM, uTo npu uHruompoBanun GCK
Yy MBIIIEH € IOJKOKHOM OIlyXOJblO, BBI3BAaH-
HOM UMIUIAaHTalUEed KIETOK MHOXKECTBEH-
HOW MHMEJIOMBI, HaOIIOAAJIOCh JIOCTOBEPHOE
ymenbmenne (p<0,001) oObéma omyxonu
Ha 80% u e€ Macchel Ha 95% cmycTs 38 mHei.
IIpyu uccienoBaHUU JUHUM KJIETOK MEJIAHO-
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MBI Ha Pa3IM4HbIX (azax MporpecCUpoOBaHUS
OBUIO BBISBICHO, YTO YBEIMYCHUE IKCIIPECCHU
TRAF2/GCK Ha mo3fHel CTagu MPUBOIUT
K HapacTaiolleMy IOBBIIICHUIO YCTOHYMBO-
CTU K HUHAYLUPOBAHHOMY Y@-U3ilydeHHEM
Fas-onocpenoBannoMy anonto3sy. I Hao0oporT,
Huskas skcrpeccusi TRAF2/GCK Ha panueit
CTaJM¥ MEJIAHOMBI NPHUBOIMIA K CHHKCHHUIO
3alIMTHl  OT TOBPEXKIAIONIMX KIETKY (ak-
TopoB. HccnenoBanue crnocoOOB BO3ACHCT-
Bus Ha GCK — 53T0 BaxkHOE HampaBlieHUE,
T. K. ans jedeHus: RAS-myTanTHONH MenmaHO-
MBI elg He pa3paboTaHa TapreTHas Tepamus,
a komOuHmpoBanHas Tepanus MEKi/anTu-
PD1 u MEKIi/CDK4/6i, HecMmotpst Ha 3¢ dek-
THUBHOCTB B ITIEPBOE BpeMs, IPUBOIUT K pa3BU-
THIO TOJIEPAHTHOCTH K 3TUM Mpenaparam [6].
Knerkn menaHombl ¢ 1e()eKTOM KOHTPOJIb-
HOW Touku G -S, T. €. C TUNEPAKTHBHOCTHIO
CDK4/6, npeacrasisior cooii emeE ofny nep-
CHEKTHBHYIO MHIICHb IS NMPUMEHEHHUS CUH-
TETUYECKON JeTalbHOCTH. MHrubupoBaHue
G,-M mpenmATCTByeT CHOCOOHOCTH OITyXOJle-
BBIX KJIETOK BOCCTaHABIIMBAaTh MOBPEKICHUS
JHK u mpuBoaut ux k amonrtosy. llepexon
kneroynoro  mukna  G,-M  omocpenyert-
cs CHK1, MK2, WEE1 u HDAC. CHKIi
n WEEi NOBBIIAIOT YyBCTBUTEILHOCTD OIY-
XOJIM K MOBPEXIAIOIIUM (haKTopaM U TPeOyroT
COYETaHUs ¢ XUMHOTepanuei UK paguoTepa-
IUeH, B TO e BpeMs UX KOMOWHAIus, uccie-
JIOBaHHAas in Vvitro, TOKa3ajia yCUJICHUE aIroll-
TO32a B KJIETOYHBIX JJMHHIX METaHOMBI [5].

3aknioyeHue
Takum oOpazom, miaBHas npoOnema Jede-
HUA MCJIAaHOMBbI — 3TO OrpOMHass MyTallMOH-

Has Harpyska, KoTopas SBIseTCS NPUUYUHON
PE3UCTEHTHOCTH KO BceM MpuMeHsieMbM JIC
Juts e€ Tepanuu. MccnenoBanue HOBBIX Taprer-
HBIX MHIICHEH, HanpuMmep Takux kak CDK4/6,
PIK3, mo3BOSUT HpPHUMEHSTh HOBBIE CXEMBI
KoMOMHaIuil nporuBoomyxonessix JIC u ot-
CPOUYUTH Pa3BUTHE PE3UCTECHTHOCTHU OITyXOJIH.

OpHako pe3yasTaTbl MHOTOYHCICHHBIX HC-
CIEZOBAaHUHA  HAIMAJHO  CBUACTENBCTBYIOT,
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YTO MYyTalMOHHAas Harpy3ka co3gaéT ycio-
BUs OJIs1 HOBBIX (bapMaKOHOFquCKHX OTKPbI-
THUM HA OCHOBE CUHTETHUYECKOU JETalbHOCTH.
[Tostomy nanbpHeiee u3ydeHue (GeHOMEHA
CUHTETHUYECKOM JIETAIbHOCTU HA OCHOBE Ta-
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METOOWUKA AHANU3A SNEKTPUYECKOU AKTUBHOCTU
FONTOBHOIO MO3rA B 3KCNEPUMEHTAX
HA NABOPATOPHbIX 2)KUBOTHbIX
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Pa3pa60TaHa Meronuka aHanuza D00 B OKCIIEPUMCEHTE, BKJIIOHArOasi NOCTPOCHUE TpEHJa 4aCTOTHOTO
CIICKTpa, ONpEACIICHUC CHeKTpaJ'II;HOﬁ MOIIHOCTHU CUI'HaJIa B CTaHAAPTHLIX AHalna3oHax 4acToT C MOCIICay-
IOI.LICﬁ HOpMHpOBKOﬁ 110 MaKCUMaJIbHOMY 3Ha4Y€HUIO 10 BCEM KaHaJlaM U 110 BCEM YaCTOTHBIM JHalia3oHaM.
Takast METOMKa TTO3BOJISET IIPpOBOAUTH CpaBHHTCHLHBIﬁ aHaJIn3 JJaHHBIX B JI000# HUHTEPBAJI BpEMEHH, OLIC-
HUTb JUHaAMHUKY U3MCEHCHUS KaXXJI0ro U3 OCHOBHLIX PUTMOB 39F, BBISIBUTH HAJIMYKE JIOOHO-3aTHIJIOYHOTO
rpagucHra u Me)l(nonymapﬂoﬁ ACUMMETPUH, OUCHUTH 3HAYCHUS UHTErPaJIbHOI0 UHICKCA, OTPpAXKaArOUEro
COOTHOLICHUE BBICOKO- 1 HU3KOYACTOTHBIX PUTMOB.

KimioueBble ciioBa: aexTposHIedazorpaMma, ClieKTpaibHasi MOIIHOCTb CHI'HAJIA, KPBICHI, THOIIEHTAII HATPUST

KondumkTt nHTEpecoB: aBTOpPHI 3asBUIIM 00 OTCYTCTBUM KOH(IINKTa HHTEPECOB.

Jist muruposanus: Tponckas H.C., Pazoumkas O.B. Meronyka ananm3a aJIeKTpUIeCcKOi aKTHBHOCTH I'OJIOB-
HOT'0 MO3ra B 9KCIIEpUMEHTaxX Ha JJAOOpaTOPHBIX JKMBOTHBIX. Buomeouyuna.2023;19(3):53-57. https://doi.org/
10.33647/2074-5982-19-3-53-57
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TECHNIQUE FOR MEASURING ELECTRICAL ACTIVITY
OF THE BRAIN IN EXPERIMENTS
ON LABORATORY ANIMALS
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This article presents a technique for experimental EEG analysis, which includes construction of a frequency
spectrum trend, determination of the spectral power of signals in standard frequency ranges, followed by
normalization by the maximum value in all channels and in all frequency ranges. This technique can be
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used to carry out a comparative analysis of data in any time interval, to evaluate the dynamics of changes in
each of the main EEG rhythms, to identify the presence of a fronto-occipital gradient and interhemispheric
asymmetry, and to evaluate the values of the integral index, which reflects the ratio of high- and low-

frequency rhythms.
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BeBeneHue
Jns OUEHKH SHEeKTPUYECKON aKTUBHOCTHU
TOJIOBHOTO MO3Ta — KakK B JKCIIEpUMEHTaX

Ha XUBOTHBIX, TaK U B KJIMHUYECKOM mnpa-
KTUKE — IIUPOKO IPUMEHSETCS METOJ dJIeK-
tposuuedanorpaduun (33I) [1, 4]. B cBs3u
¢ TeM, uto peructpanus D3I mpou3BogUTCS
CO MHOXECTBa OTBEICHUI, a TAKKe TOT (aKT,
y1o curHan DO SBISIeTCS CIOXKHBIM M MHO-
TOKOMIIOHEHTHBIM, aHanu3 20l sBusgeTcs
Tpyno€MkuM mpoueccoM. Ilpu miurensHOR
perucTpanui ¢ Mocieayrlield o00padoT-
KOW CHTHAaJOB 00pa3yeTrcsi OTPOMHBIH Mac-
CHB JAHHBIX, 4YTO COSI[aéT JOITOJIHUTCIIbHBIC
CIIOKHOCTH Il MX aHanu3a. Kpome Toro,
AMIIIUTYJa HU3KOYAaCTOTHBIX PUTMOB ITPEBLI-
macT aMIUIMTYyAy BBICOKOYAaCTOTHBIX PUTMOB,
W NpH MPUMEHEHHUHU CIIEKTPAJIbHOTO aHaln3a
¢ ObICcTpbIM npeoOpa3oBaHueM Dypre mony-
YaCMbIC CIICKTpaJIbHbBIC OLCHKHW MOINHOCTHU
TPYJHO CPaBHUMBI MEXAy CO0OIl B pa3HBIX
YaCTOTHBIX AuanaszoHax. HMccnenosarenu
MPUMEHSIIOT Pa3InYHbIe CIOCOOBI Mpeodpa-
30BaHUs CHeKTpaJ’IBHOﬁ MOIIHOCTH CHI'HaAJlia,
qJame BCETO HCIIOJB3YA MPUHOWUIT HOPMHPO-
BaHUsA 3Ha‘-IeHI/II‘/II, TMOJYYCHHBIX O KaKOTO-JIn-
60 Bo3xeiicTBus K GoHOBBIM [2, 3]. OxHako
TakoW croco0 He SBISETCS YHUBEPCAIbHBIM.
IloaToMy co3maHue anropuTMa aHajau3a
90T 17151 OLIEHKU COCTOSHUS 3NEeKTPUIECKON
AKTUBHOCTH TOJIOBHOTO MO3ra OCTagrcsi aKTy-
aJbHOM 3ajaueil.

54

MaTtepuanbl u meToabl

3KCHepI/IMeHTaJ'II)HI)Ie HUCCJICAOBAHUS BbI-
noHeHbI Ha 10 kpbicax-camuax quHun Wistar
maccoit tena 400-450 r B Bo3pacte 12 wmec.
[Mporokon wuccnenoBanus ObLT 0Z0OpEH JO-
KaJIbHBIM KOMUTETOM IIO 6I/IOMCZ[I/IHI/IHCKOI\/II
stuke HUU CIT um. H.B. Crnudocosckoro.
Kpricel amanTupoBanuck B TeueHHe 1 Mec.
B BUBapuu. Bce XUBOTHBIE COAECPKAIUCH
B J1a0OpaTOpUH B KOHTPOJIHPYEMBIX YCIIOBHSX
OKpYyKaroliel cpeapl mpu Temmeparype 20—
24 °C u BnaxHoctu 45-65%, ¢ pexxuMoM oc-
BenieHHocTH ¢ 8:00 1o 20:00 — caet, ¢ 20:00
10 8:00 — cymepedHoe OCBEIIeHNUE.

BcemM kpeicam BBOOWIM  JAENPUMHUPYIO-
I]_[I/Iﬁ aréHT — THUOIICHTAJl HaTpusd B O03C
85 MI/Kr MacChl KMBOTHOTO BHYTPHOpIO-
IMUHHO. TOKCHUKAHT BBOJWJICA OJIHOKpPATHO.
Peructparuio 931" ocymecTBisiIn B TeUCHHE
6 4 mociie BBEJICHHsI TOKCUKAHTA.

s peructpanuu I3 y )KUBOTHBIX OBLIH
HCIOJIB30BaHbl HWI'0OJIBYAaTbIC MOHOIIOJISAPHBIC
anektponsl cepun EL452. TonoBy KpBICH
pa3Melaiy B rojIOBOZEPIKaTeNie M MOJKOXKHO
YCTaHaBJIMBAIU 6 AIIEKTPOIOB MOMAPHO B JI00-
HOM, TEMEHHOM M 3aTHUIOYHOW YaCTH TOJIOBHI,
a TaKkKe JONOJHUTENFHO — pedepeHTHbIN
ANIEKTPO B OOJIaCTHM HOCa M 3a3eMJISIFOLIUN
ANEKTpoA — B obiactu Oeapa. Jlns 3amucu
90T ucnonp3oBajics anmapaTHO-IIPOrpamMM-
Helii  komriuieke MP150 («Biopac Systems
Inc.», CIIIA).
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Meroauka ananmuza ODI  3akmodanach
B CJICAYIOIIEM:

« JI71s1 BU3yaJIM3allii MHTET PaJIbHON KapTHHBI
NIEKTPUYECKOI aKTUBHOCTH TOJIOBHOTO MO3Ta
3a BeCh 6-4acOBOIl SKCHEPUMEHT BBITOIHSI-
JI TIOCTPOCHHE TPEHJa YAaCTOTHOIO CIEKTpa
(density spectral array, DSA) — u3MmeHeHHe
YCPEAHEHHON aMIUIUTYABI CIIEKTPa MOLIHOCTU
M0 KaX/IOMY TOJIyIIAPUIO B KaXKJbIi MOMEHT
BpEMEHH, MHCNONb3Yys MporpamMMmy Helpon-
Crnektp.NET.

* BpInonHsuM pacyéTr CHEKTPaJbHOM MOLI-
HOCTH CHTHAJIOB 3JIEKTPHYECKOH  aKTUB-
HOCTH TOJIOBHOTO Mo3ra 3a Kaxnuabple 30 MMH
3allUCH N0 KaXAOMY KaHaly B IIporpaMme
AcgKnowledge B cranmaptHeiX (U3HOIIO-
THYECKUX JMana3oHax 4yacToT: JenbTa (A) —
1-4 T'u, tera (0) — 4,25-8 ', anbda (o) —
8,25-13 I',, 6era (B) — 13,25-30 I'u.

* Bce paccuuTaHHBIC 3HAUEHHS CIIEKTpallb-
HOW MOIIIHOCTH CHTHAJIOB 3JIEKTPUYECKOH aK-
TUBHOCTH MO3T'a HOPMHUPOBAJIX M0 MaKCUMaJlb-
HOMY 3HAYEHHMIO T0 BCEM KaHajJaM M IO BCEM
YaCTOTHBIM JHala3oHaM M aHAJIW3UPOBAIU
C TIOMOIIIBIO BPEMEHHBIX THCTOTPaMM.

* OueHuBaJM 1O HOPMHUPOBAHHBIM 3Haue-
HUSIM CIEKTPAJIBHOW MOIIHOCTH MEXKIIONy-
HIAPHYI0 aCUMMETPHUIO U JIOOHO-3aTHUIOUHBIN
T'paJUEeHT.

» PaccunThiBanM MHAEKC COOTHOLICHHUS HOp-
MUPOBAaHHBIX 3HAUEHUM CIIEKTPajIbHOW MOII-
HOCTH BBICOKO- M HM3KOYaCTOTHBIX PHUTMOB:

H=(a+p)/(A+0).

Pe3ynbraTthl M X obcyxaeHune

ITocne BBeieHUS TOKCUKAHTA B TeUEHUE 6 4
n3 10 )KMBOTHBIX JIBO€ TOTUOIH.

Y KHBOTHBIX C OJArONPHUSTHBIM HCXOIIOM
BBISBIICHBI ClIeyomIHe 0o1ue npu3Haky IOT.
Ha nporsbkeHnu Bcero neproja HaOMOIEHUS
(6 4 mocie BBeNEHUS TOKCHKaHTa) HaOIo-
Jlanoch mpeobnananue A-puTMa BO BCEX HC-
ClIelyeMbIX OTeslaX KOpBl TOJIOBHOTO MO3Ta.
IIpu 3TOM crekTpangbHas MOIIHOCTh CHUTHasa
YMEHBIIAJach OT HU3KOYACTOTHBIX K BBICOKO-
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YaCTOTHBIM puT™Mam: A> 0> o> . OTMeuanoch
HaJIMYMe IOBBIIAIONIETOC JIOOHO-3aThLI0Y-
HOTro TrIpaavcHTa CHCKTpaHLHOﬁ MOHIIHOCTH
BO BCCX YAaCTOTHBIX JHAIla30HaX KakK B JICBOM,
TaK W IMPaBOM IOJYIIApUAX KOPBI IOJJOBHOI'O
Mo3sra. Jluana3oH 3Ha4YeHWH HMHTErpaJibHOTO
WHJIEKCA, OTPAKAIOLIETO COOTHOLICHUE BBI-
COKO- M HHU3KOYACTOTHBIX PHTMOB, COCTaB-
nsn 0,2-0,6. HenocrostHabie mpusHaku D00
Y 9TUX KUBOTHBIX 6I)IJ'II/I XapaKTCPpHbI JJIs1 MCXK-
noiymapHoi acummerpud. HabGmropanuch
CJI/IyIOLMe BapUaHThl: aCHMMETPHUSI PUTMOB
OTCYTCTBYET — aKTUBHOCTH pacrpezessiiach
muddy3Ho, 6e3 YETKMX 30HATBHBIX PA3TUUNH;
acUMMeTpHs HaOiofanach BO BCEX YacTOT-
HEBIX JMana3oHax JM0o B JIOOHBIX, KOO B Te-
MEHHBIX JIOJISIX C MpeoOiIagaHueM CIIeKTPaib-
HOM MOMIHOCTH CUTHAaJIa B JICBOM MOJyIIapruu
KOPBI TOJIOBHOTO MO3Ta.

BrrsiBrieHBI paHHUE IPU3HAKU TPOOYKACHUS
(B mpezenax 3 4 mocie BBEEHUS! TOKCUKAHTA):
YCHJIEHHE CIIEKTPAILHON MOILIHOCTH O-pHTMa
Ha ¢oHe Tpeobiamganust A-puTMa BO BCEX HC-
CJIelyeMbIX OT/AENaX KOpbl TOJOBHOTO MO3ra
(A>0>0=f), HamMuUe MOBBIILIAIOMIETOCS JI00-
HO-3aThUJIOYHOTO TPaJIMEHTa CIEKTPAIbHOMN
MOHIIHOCTH BO BCEX YAaCTOTHBIX Aualla3OHax
TOJIBKO B IPpaBOM NOJyHIapyuu KOPBI TOJIOBHO-
r0 MO3ra, HaJIMYHe MEXIIOTyIIapHOH acuMme-
TPUHU BO BCEX YACTOTHBLIX AHAIlla30HAX B HO6-
HBIX JOJIAX C IpeoOsaflaHueM CIEKTpalbHON
MOIIHOCTH CHUTHaJIa B JIEBOM MOJYIIApHH.
Jnana3oH 3HauYE€HUN MHTETPaJbHOTO MHJIEKCA
coctanis1 oT 0,4 10 1, 4TO CBHAETEILCTBOBA-
710 00 yBENINYEHHH BBICOKOYACTOTHOM COCTaB-
nsrommeit Ha D3I (B TaHHOM citydae, o-pUTMa)
W O HayaBIIEMCS IPOLIECCE BOCCTAHOBICHUS
CO3HaHMSI.

YcTaHOBJICHBI POTHOCTHYECKUE TTPU3HAKU
HeOJIaronpuUsATHOTO MCXO/a NMPHU OTPABICHUU
TOKCHKaHTOM: PE3KO€ CHHUKEHHUE CIEKTpPajb-
HOW MOIIHOCTH CHTHaja B JIEBOM 3aThLIOY-
HOM jone B quamna3oHe 4acToT A-pUTMa U U3-
MEHEHHE IOCIIEI0BATENILHOCTH MOIIHOCTH
puT™MOB B auanasoHax: 0>0=pf>A. Taxwue
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HU3MCHCHUA COIPOBOXKAAIOTCA YBCINUYCHUEM
HHTeTpanbHoro uuaekca ao 0,7. B nesom mno-
JyUIapuy HaOJI0IAN0Ch MCUE3HOBEHHUE JI00-
HO-3aTBIJIOYHOTO TpaJucHTa CHeKTpaJ’ILHOﬁ
MOIIHOCTH B A-Z[I/IaHa3OH€. TlosBnenue mMex-
MOJyIIApHOH acUMMETpUHM B A-Inana3oHe
B JIOOHBIX JOJNSIX C MpeoOiaJaHHeM CIIeKT-
paJbHOM MOIIHOCTH CHTHAJIa B JICBOM IOJTY-
mapyuu U B 3aTbUIOYHBIX HOJAX C Hpe06na-
JTaHUEM (B HECKOJIBKO pa3) CHEeKTpalbHOI
MOIIMHOCTHU CHUTHAJIa B HNPaBOM IIOJyHIapuU.
HakanyHe cMmepTH 3HaueHHsl WHJAEKCA CO-
crasisuiu 0,1-0,3.
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®APMAKO-33I' AHAJIN3 BITUAHUA HA TUTNTNMOKAMI KOLUEK
ALETUNXONUHA N UHCYITUHA B HAHOYACTULIAX

10.B. ®okun*, C.}0. XapuTtoHoB, J1.A. Ta6osikoBa, H.H. KapkuweHko

@rBYH «HayuHbit ueHmp 6uomeduyuHcKkux mexHonoauti ®MBA Poccuu»
143442, Poccutickas ®edepayusi, Mockoackasi 0b11., KpacHoeopckuli p-H, rn. Ceemrble 2opbl, 1

W3ydeHs! neHTpalbHbIE MEXaHMW3MbI AIeTHIXOIWHA M WHCYIMHA B HAHOYACTHIAX IIPH TpaHCIANATH-
HaJIbHOM BBEJICHHH KOIIKAaM C IIOMOIIBIO alTOPUTMa HEHPOBH3yaln3aldH — IIPOTrpaMMHOTO (hapMako-
O30T aHanm3a rpapudecKux QyHKIH HOPMHPOBAHHBIX IEKTporpamMM. I1oka3aHo X MPEenMyIEeCTBEHHO
JenpuMupyoliee JelCTBUe, HAuMHAIONIeecss Ha MEepBhIX dacaxX IIocie BBeAeHUs. JIMmocoMupoBaHHBIE
(OpMBI alETHIXOIMHA W WHCYIWHA MIPOHUKAIOT Yepe3 reMaTodHnedanndecknii 6apsep U MOIYIHPYIOT
HHTpAIEHTPaIbHBIE OTHOUICHHS TOJIOBHOTO MO3Tra, OTPAKAIOIIHECs] B BHICOKOYACTOTHBIX PHTMax (TIpeu-
MYIIECTBEHHO Y-ANana3oHa) THIIIOKAMITAIEHOTO OT/eIa TOJIOBHOTO MO3Ta M CBS3aHHBIE C AKTHBHOCTBIO
BCTABOYHBIX HEHPOHOB M MHPAMHIHBIX KIETOK. TecTHpyeMble BEIeCTBA MEPCICKTUBHEI B Ka4€CTBE HH-
HOBAIlMOHHBIX CPEACTB MPOQHIAKTHKY U JIUCHUS HEHpOIaTHH, BBI3BAHHBIX B T. 4. TepPUATPUIECKON THC-
(GyHKIMEH XOIMHIPTUIECKOH U HHCYIMHOBOM CUTHAIBHON CHCTEM, AN YITydIICHUS] KOHCOMMIAINH MaMs-
TH ¥ KOTHUTUBHBIX (QYHKIUI.

KnioueBsble cj10Ba: HeHPOBH3yalH3aIHs, HIEKTPOrpaMMBI TOJIOBHOTO Mo3ra, (hapmako-33I, HopMupoBa-
HHe/HopMan3anus sekrporpaMm Mosra (HOM), 6sictpoe npeodpaszosanue Oypre (BI1D), anerunxonus,
WHCYJIUH, JIMIIOCOMBI, THITIIOKAMII, KOLIKA

KonduukT uHTEpecoB: aBTOPbI 3assBUIM 00 OTCYTCTBHH KOH(IHNKTa HHTEPECOB.

Jas nutupoanus: ®oxun 10.B., Xapuronos C.1O., Taboskosa JI.A., Kapkumenko H.H. ®dapmaxko-
O0I" aHanu3 BIMSHMS Ha THIMOKAMI KOIIEK alleTHIIXONMHA U MHCYIMHA B HAHOYACTUIAX. buomeduyuna.
2023;19(3):58-65. https://doi.org/10.33647/2074-5982-19-3-58-65

Tocmynuna 20.03.2023
Ipunsma nocne oopabomxu 31.07.2023
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PHARMACO-EEG ANALYSIS OF THE EFFECT
OF ACETYLCHOLIN AND INSULIN IN NANOPARTICLES
ON THE HIPPOCAMPUS OF CATS

Yuriy V. Fokin*, Sergey Yu. Kharitonov, Lidiya A. Taboyakova, Nikolay N. Karkischenko

Scientific Center of Biomedical Technologies of the Federal Medical and Biological Agency of Russia
143442, Russian Federation, Moscow Region, Krasnogorsk District, Svetlye Gory Village, 1

The central mechanisms of acetylcholine and insulin in nanoparticles via transpalatinal administration to
cats were studied using a neuroimaging algorithm, including a software-supported pharmaco-EEG analy-
sis of graphic functions of normalized electrograms. The studied substances were found to exhibit a pre-
dominantly depressing action, which begins in the first hours after administration. Liposomal forms of
acetylcholine and insulin penetrate the blood-brain barrier and modulate the intracentral relations of the
brain, reflected in high-frequency rhythms (mainly y-rhythms) of the hippocampal region of the brain and
associated with the activity of intercalary neurons and pyramidal cells. The substances under study appear
to be promising for the prevention and treatment of neuropathies caused, e.g., by geriatric dysfunctions of
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the cholinergic and insulin signaling systems, as well as for improving memory consolidation and cognitive

functions.

Keywords: neuroimaging, brain electrograms, pharmaco-EEG, normalized brain electrograms (NBE), fast
Fourier transform (FFT), acetylcholine, insulin, liposomes, hippocampus, cats
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BeeneHune

B nactodiiee Bpems B HayyHOH JHUTEpary-
p€ COAEPXKUTCS TOCTAaTOYHO Majo CBEICHUM
0 CBS3U XOJMHIPTUUECKON CHCTEMBI M UHCYITHU-
HOBOW CUTHQJIBHOM CUCTEMBI B MO3I€, HO UMe-
IolIHecs JaHHbIE YKa3bIBAIOT HAa MX KOoIepa-
THUBHOE B3aumosernctaue [5—10].

B HelipoHax KOpbl I'OJIOBHOTO MO3ra 4ejo-
BeKa OOHapy)KeHa COBMECTHAs JIOKAJIM3allus
cyOctpara uHcynuHoBoro pementopa 1 (IRS-
1) InsR u depMeHTOB XOMMHIPrHUYECKON CHC-
tembl ChAT [9, 10]. MosekysspHble KOMIIO-
HEHTHI CUTHAJIEHOW CHCTEMbI HHCYJIMHA, TaKUe
kak InsR, nporennknnaza B (PKB nnu Akt)
U TIMKoreHcuHTas3bl kuHaza 3B (GSK-3p),
KO-IKCTIPECCUPYIOTCSI C  MapKepaMH  XoO-
JIUHIPTUYECKOU cUCTeMbl, TakuMHu kak ChAT,
B nupamujanbHelx kietkax CAl permona
THIITOKaMIIa MBI, YTO, 10 MHEHHIO aBTOPOB,
yKa3plBaeT Ha ydacTHe HHCYIHHOBOI CHTHa-
JU3allMd B BBITOJHEHWH XOJIMHAIPIMUYECKHU-
MU HelpoHamu ux QyHkuuit [10]. Cenenus
O CTETeHU U HapaBJICHUH BIMSIHUS HHCYINHA
Ha aKTUBHOCTH (PEPMEHTOB XOJIMHIPIUIECKON
cucrembl ChAT u AChE Bo MHOrOM TpOTHBO-
PEYMBBI M MTOKa3bIBAIOT 3aBUCUMOCTb ATUX 3(-
(eKTOB OT JIOKaTU3alnuu HeWpoHOB. VHCYTMH
noBbImai aktuBHOCcTh ChAT B KynbType cen-
TalbHBIX XOJMHIPTHUECKUX HEUpPOHOB [5, 7],
KyJIbType HEMpOHANBHBIX KIJIETOK YelOoBeKa
PNET?2 [9], B HelfpoHax ceTuaTrku Iaza [8],
HO cHmwkan akTuBHOCTH ChAT B Heliponax
ctpuaryma [5]. MHCynMH He BIMAI Ha ak-
tuBHOCTh AChE B romorenarax mosra KpbIC
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B (pu3MONOrMUecKOM HHTEpBaje KOHLEHTpa-
I[U#, HO MOBBIIIAT 3Ty aKTUBHOCTh B KOHIICH-
Tpanusix, MPEBBIMAKIINAX (HU3HOIOTHICCKIE
[6]. NucynuH He3HauuTenbHO cHIbkanm MPHK
AChE u e Bnusin Ha akcnipeccuto 6enka AChE
B KyJIbType HEHPOHAJbHBIX KIIETOK YelIOBEKa
PNET2. V¥ mozeit ¢ 6one3Hpt0 AmnblreriMepa
(BPA) mporpeccuBHOE CHI)KEHHE JKCIPECCHU
nHcynuHa U InsR B xope mo3ra mpoucxoau-
JI0O C OJHOBPEMCHHBIM YTSDKEJICHUCM KITMHU-
yeckux cumMnToMoB BA u cHmxennem MPHK
ChAT, npu HEH3MEHHOM YpPOBHE SKCIIPECCHH
AChE [9]. B uenom, 5Tu gaHHBIE yKa3bIBalOT
Ha TO, YTO aKTMBHOCTh MHCYJIHMHA B 00JIACTAX
MO3Ta, CBA3aHHBIX C BBHIMOJIHCHHEM KOTHUTHB-
HBIX (DYHKIMHA, MO-BUAMMOMY, HarpaBlicHa
Ha noBbleHue sxcnpeccun ChAT B XonmuHaIp-
THYECKUX HEMpOHAX M Ha yCUJIEHHE CHUHTE3a
aIeTUIXONKHA, YTO OCOOEHHO Ba)KHO IIPH Jie-
YCHUU TEePUATPUUCCKON AUCHYHKIIMU TaMSITH
u BA (puc. 1).

B Hammx MOpenbIIymuxX HCCICIOBAHUAX
mo jgaHHOW Temaruke [1] ObUIO MMOKa3aHO,
YTO AICTUJIXOJIMH U WHCYIIUH, TIPUMCHSICMbIC
B JIMIIOCOMUPOBAHHBIX (HhOpMax, 0OIaTar0T
OJTHOHAIPABJICHHBIM JIEHCTBHUEM, OKa3bIBAIOT
BJIMSHAC HA ICHTPAJIbHBIC MEXAHU3MbI BBIC-
el HepBHOMU JE€ATEIbHOCTU U KOPPEIUPYIOT
MOCPEACTBOM  IpeoOpa3oBaHUsl  4aCTOTHO-
CIICKTPAJIbHBIX XapaKTCPUCTHK YJIBTPa3BYKO-
BOW BOKaJM3alllM, MapaMeTpoB CBOOOIHOTO
MOBEICHUSI W KOTHUTHBHBIX CIIOCOOHOCTEH
nabopaTopHbIX Kpbic. TecTupyemble Belle-
CTBa TIPOSIBISIFOT TPU3HAKH AHKCHOJIUTHYEC-
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Puc. 1. Brusinue uHCyIuHa Ha CUHME3 AYEeMUIXOAUHA U XONUHIPSUYECKYIO Heupompancmuccuto. HHcynuHogwlil peyen-
mop (InsR) u xonunayemunmpancghepasa (ChAT) ko-sxcnpeccupyromes 6 xonunspeuveckux netiponax [9, 10]. Hucyrun
cmumynupyem sxcnpeccuro ChAT, ycunueas maxum oopasom cunmes ayemunxonuna (ACh) uz xonuna (Ch) 6 kope 20106-
Ho2o mozea [9]. ACh naxkaniusaemcs 6 CUHANMUYECKUX BE3UKYIAX, CEKPEMUPYemcs 8 CUHANMUYECKYIO Welb U CE53bi-
8aemcsi ¢ ayemuIXOIUHOBLIMU PEYenmopamu Ha NOCM-CUHANMUYECKOU MeMOPaHe, 3aNyCKasl XONUHIPSUYECKYIO Heupo-
MPAHCMUCCUIO, KPUMUYECKU BANCHYIO 8 NPOYECCax 0OYYeHUs U NAMAMU

Fig. 1. Effect of insulin on acetylcholine synthesis and cholinergic neurotransmission. The insulin receptor (InsR) and
choline acetyltransferase (ChAT) are co-expressed in cholinergic neurons [9, 10]. Insulin stimulates ChAT expression,
thus enhancing the synthesis of acetylcholine (ACh) from choline (Ch) in the cerebral cortex [9]. ACh accumulates in
synaptic vesicles, is secreted into the synaptic cleft, and binds to acetylcholine receptors on the postsynaptic membrane,
triggering cholinergic neurotransmission, which is critical in learning and memory processes

CKUX CPEICTB C CENaTUBHBIM KOMIIOHEHTOM.
KypcoBoe HenenbHOE NPUMEHEHHE JIMIIOCO-
MHUPOBAaHHOTO HHCYJIMHA TOBBINIAET KOTHHU-
THUBHBIE CIIOCOOHOCTH XHMBOTHBIX 0Oojiee uem
B JIBa pa3a, alleTHJIXOJIMHAa — 0OoJiee YeM B ue-
TBIPE pa3a, YTO OTPa)KaeT BHICOKOYACTOTHBIC
B- u y-putmsl (Bbime 20 ') runmoxaMnanb-
HOTO OTJAEeNa TOJOBHOTO MO3ra, CBS3aHHBIC
C aKTUBHOCTHIO BCTAaBOYHBIX HEHPOHOB M IH-
pPaMUIHBIX KJIETOK, MOJYIHPYIOIIHUX MPOTH-
BOTPEBOXKHOE,  aHTHUJENPECCHBHOE,  00e3-
OonuBarolee M IMPOYUE CXOJAHBIC JEHCTBUS
UCCIIeyeMbIX BEUIECTB, a TaKKe Yyullle-
HUC KOHCOJIUJAINU TaMSITH U KOTHUTHBHBIX
GyHKIMHA.

Hacrosiiast pabora siBUjach MpoOIOKSHU-
€M HCCIIEOBAaHUN XOJIMHA3PTUUYECKON M HHCY-
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JINHOBOM CHUTHAJBHON CUCTEM W HalpaBjieHa
Ha H3y4YeHHE IICHTPAIbHBIX MEXaHM3MOB HX
JIEUCTBHUS.

Ileas padoTsl — HEHPOBHU3yaTU3AIUS
HHTPAICHTPAIIBHBIX OTHOIIEHHH TOJIOBHOTO
MO3ra KOLIEK IpH ACHCTBUU HelpoMeauaropa
aLETWIXOJIMHA U TOPMOHA MHCYJIUHA NOCPEN-
CTBOM aJITOPUTMa MPOrpaMMHOro (apmaxo-
O0r-ananuza rpaduueckux GyHKIUH HOPMH-
POBaHHBIX AEKTPOTPAMM.

MaTepuanbl u metoabl

Obvekm uccneoosanuii B3pOCIIbIE
KOIIIKKM 000€ro mosia B Bo3pacte Oonee 3 Jer,
HE HUMCIONIUMEC MNPHU3HAKOB YHUCTOIMOPOJHOCTH,
Maccoii Tena 4—6 Kr.
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Botcuenenue 3nexmpo0oeé B TOIOBHON MO3T
KUBOTHBIX TPOM3BOJIMIOCH CTEepeoTaKCHYe-
CKUM NyTEM B BHJE pPa3pabOTaHHBIX JJIEK-
TPOJHBIX KOHCTPYKLUH.

Pezucmpayua wu ananuz napamempos
anekmpozpamm (II'M) ¢ nOCIEaYIOMNUM
HopmupoBanueM (HOM-meton) ocymiecTis-
JIUCH ¢ TMoMOIIbIo pa3paboranHeix B HIIBMT
OMBA Poccun HHHOBALMOHHBIX TEXHHUYE-
CKUX CPEICTB M MPOTrPaMMHOTO 00eCreYeHUs!
(Muxpomonyns) [2—4].

Heuposusyanuzayun napamempos 3I'M —
MoJy4aeMble JaHHbIE MPEICTAaBICHBI Ha TPEX
rpadukax, HaHECEHHBIX Ha KPYTOBYIO BeK-
TOPHYIO THarpaMMy M OTPaKalOIIMX CPeIHUE
3HAUCHUS:

1) hbOHOBBIX U3MEPEHUI — CHHUE JINHUH;

2) Bo3neiicTBUS (SKCIEpUMEHTAIbHbIE TaH-
HbIE) — KpacHbIE JIMHUHY;

3) HOM HOpMHpOBaHHBIX JaHHBIX (1ecs-
TUYHBIH Jorapum) — KETHIC INHNU.

Ha guarpamme oTmMeueHsl:

* HU(pOBOE KOAUPOBAHKE O IIEPUMETPY —
gactoTsl OI' (1-64 I'n);

* CIeKTpaJibHBIE XapakTepucTuku DI (kpy-
roBele cexTopa) — oT 0 (BHYTpEHHHI CEeKTOp)
1o 1g10n (BHEIIHUI CEKTOP);

* 0a3ucHas JIMHUS HOPMHPOBAHMS IPHHS-
Ta 3a equHMIYy. Pacnionoxenue xpuoit HOM
BHYTpH (OMKe K BHYTPEHHEMY CEKTOpYy AM-
arpaMMbl) CBHJETEIBCTBYET O CHIDKEHHU
MOITHOCTH dYacToT Ol mpu Bo3xeHCTBHU
M0 CpaBHEHUIO ¢ ()OHOBHIMHU JIaHHBIMH, pac-
MOJIOKEHUE CHapyku (ONipke K BHELIHEMY
CEKTOpPY) — O MOBBIIIEHUH MOIIHOCTH 4acTOT
OI' mo cpaBHEHUIO ¢ (HOHOM.

Ha mmarpaMmax ykazaHbl Bce 9acToThl O
aHaJIM3MPYEMOTO JUana3oHa, W JUIis ymoOcT-
Ba BOCIHpHUATHS Marepuaja CIelHaIucTaMH,
NPUBBIKIIMME K TPaAMIHOHHOW QopMme HH-
Teprpetanu I, MBI pa3rpaHUYMIM YaCTOTHI
COIVIaCHO MPUHSTON KJIaCCU(HUKAIMK Ha JIETh-
ta- (0 — 1-4 I'n), teta- (6 — 4-8 I'mr), anbda-
(o —8-12I'm), curma- (6 — 12-16 I'), Gera-
(B — 16-30 I'm) u ramma- (y — 30-64 T'um)
JIMarna3oHsbl.

Ilonyuenue nunocom ¢ UHCYIUHOM

U ayemuIxoauHoM

I[J'DI BKJIFOUCHHUS B JIMIIOCOMBI TOTOBHJIN
P-pbl HHCYJIMHA U allCTUJIXOJIMHA B IIpE€ABapu-
TenbHO nogorpetoit 10 30+2 °C nenoHU30BaH-
HOW BOJE, 3aT€M IIOCTENEHHO, NMPH MOCTOSH-
HOM MCIJICHHOM MNEPEMCIIMBAHWU, BHOCHUIIU
70% QochaTHIUIXOIUH ¢ HHICSKCOM OKHC-
JeHHocty He Oonee 0,25 10 €ro KOHEUHOMH
koHueHTparwu 10%, aucrneprupoBain 10 00-
pa3oBaHUs FOMOICHHOW NPEAJUCIEPCHHU, I10-
CTCTIEHHO YBEIIMYMBasi CKOPOCTh OOOPOTOB
no 20 teic. 00./MuH. [lomy4eHHble mpeau-
criepcuu 00pabarbiBalli Ha TOMOTE€HH3aToOpe
BbIcOKoro naBneHus (or 10 mo 40-80 Mma),
mpu temneparype 33+3 °C, MOCTOSIHHO KOH-
TPONHPYs pa3sMep MOIYYEHHBIX YacTHUI[ C I0-
MOIIBI0 aHAJU3aTOpa pa3Mepa YacTHI[ METO-
JIOM J1a3epHO#l mudpakuuu cera (638 HM).
[Ipy moctukeHHWH 4YacTHLIAMHU CPEAHETO pas3-
Mepa 100 HM TOMOTEHHM3AIMIO 3aBEpIIaly,
B IUCTIEPCHIO I00ABIISITA KPHOIIPOTEKTOP B CO-
oTHOIICHUH K (ochomunuaam 1:2, nmuodunu-
3UpOBAJIM. B MOJIy4EeHHBIX KOHEYHBIX IPOAYK-
Tax conepxainoch 100 mr (2860 ME) uncynuna
n 100 Mr aneTHIXoJIMHa COOTBETCTBEHHO.

OueHnka HeuponCcUxXoaKmueHovIX cpeocme
OCYyIIECTBIEHA C OJHOKPAaTHBIM TpaHCHa-
JAaTUHAJIBHBIM  NIPUMEHEHHEeM pa3paloTaH-
HBIX ¥ cuHTe3upoBaHHbIX B HIIEMT ®MBA
Poccun cyOcraHimii, 00CCIEUUBAIONINX CHU-
CTEMHOE HaKOIUICHHE B MO3Te alleTHUIIXOJIMHA
(AIIX) u mHCYynMHA, B JIMIIOCOMHMPOBAaHHBIX
(dopmax, MO3BONSIOMIMX BellecTBaM S dek-
TUBHEC BCACBIBATHCA B XKCITYJOUYHO-KUIIICYHOM
TPAKTE, COXPaHsIsi CBOIO CTPYKTYPY U IIPH 3TOM
MPaKTHYECKH HE pa3pyliasch IMPH IEPBOM
MPOXOKACHUUN YCPE3 TCUCHb, B CBA3U C YEM
UCIIONB3YEeTCST MEHbIIee KOJMYECTBO JIeH-
CTBYIOILIETO BEUIECTBA IIPU ONHOM M TOH XKe
OMOJOCTYIIHOCTH WJIM yBenHuuBaeTcs d¢-
(dexTUBHAsT ~ CHCTBYMOMAs  KOHIICHTPAIHUS.
IIpn nomagaHuM K OpraHy-MHUIICHH COIEp-
JKMMOE JIMTIOCOM JIETKO IPOHMKAET BHYTPh
KJIETKU Onaropapsi OMOJIOrMYeCKONH COBMECTH-
MOCTHU JIMTIOCOMHON OOOJIOYKHU C KIIETOYHBI-
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MU cTpykTypamu. O0a BeliecTBa BBOAMINCH
B CPEJJHUX TEPANEBTHUECKUX J103aX C y4ETOM
MEXBHUJIOBBIX KOA(Q(QUIIMEHTOB HA KOUIEK, CO-
CTaBISAIOMIMX AJs JunocomupoBaHHoro AIX
15 mr/kr (o nuodunusary), sk HHCYIHHA —
10 ME/opranusm.

Pe3ynbrathl U X obcyxaeHune

UYepe3 aHanu3 HOPMHPOBAHHBIX (YHKIMN
AJIEKTPOrPaMM TOJIOBHOTO MO3Ta OCYILIECTB-
JeHa HedpoBusyamusamus d¢dexror AIX.
HawnGonee 3HaunMMmble pe3ynbTaThl, OTpakaro-
IIMe MHTPAlCHTPAIbHbIE MEXaHH3Mbl, OOHa-
PY’XEHBI B 00JIaCTH AOP3aJIbHOTO THUIIIOKaMIIa
(hippocampus posterior, HIPp), ouu mupen-
CTaBJICHBI B INHAMUKE TI0 OCHOBHBIM BPEMEH-

Puc. 2. ITapamempor DI'M u HOM uepes 2 u nocie 6sede-
nua ALLX nunocomuposanino2o

Ipumeuanue: cunan xkpugas — @onogvle UMEPeHUs;
Kpachas Kpueas — 6o3delicmeue; JHCENMas Kpueas —
HDM; po3oebiii Konmyp — 06a3UCHAS TUHUS HOPMUPOBA-
nus. Lughposoe koouposanue no nepumempy — vacmomul,
I'y. Kpyeosvie cekmopa — ChekmpaibHble Xapakmepu-
cmuxu M.

Fig. 2. BE and NBE parameters 2 hours after the adminis-
tration of Acetylcholine liposomal

Note: The blue curve is background measurements, the
red curve is impact, the yellow curve is NBE. The pink
contour is the basic line of valuation. Digital coding on
the perimeter is the frequency, Hz. Circular sectors are the
spectral characteristics of BE.
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HBIM PETIEPHBIM TOUKaM (MIMKOBOMY JICHCTBHIO
U CcIeIoBBIM 3 dexram).

HOM-ananu3z AIlX numocoMupoBaHHOTO
(puc. 2, 3) orpakaeT ero NpeuMyIeCTBEHHO
JeTIpUMUpYIOIIee JIeHCTBUE 10 BCEMY aHallH-
3MpyeMOMY JIMala3oHy, Hanoojee BhIpaKEHHO
mposiBIIsitfolieecs depe3 2 4 U 10 6 4 mocie
BBEJ/ICHHS, KOTOPOE CBUJIETEIBCTBYET O Cela-
THUBHBIX CBOMCTBaX JaHHOW CYOCTaHITHH.

UYepes 2 4 Hanbosee BbIpAKEHHBIE SMH30/1bI
JETPUMAIIIU OTMe4aroTcs B 0-putme (2—7 I'iy)
U BBICOKOYACTOTHBIX PB- u y-putmax (20, 27,
49 I'my). I1pu aTOM Ha yacToTe okoio 52-53 I'ry
HaOmoaercsi OnMM3kui K (POHOBOMY YpOBEHB
AKTHBHOCTH.

UYepe3 6 u HaONMIOAAIOTCS CKAYKOOOpa3HbIE
W3MEHEHHsI PEUMYIECTBEHHO JIETIPUMHUPYIO-
LIEro Xapakrepa, HauOoJee BBIPAKEHHO MPO-
SIBIISIOIIMECS HA BBICOKMX YacTOTax OKoJio 32,
39, 64 I'u. Ilpu 3ToM B obnacTsx 2—7, 11-15,
46, 51, 57-62 I'mt orMe4aroTCsl PMU30JbI aK-
THBaIMK, a B auamazoHax 20-28, 34-37 I'g
HaOmoaercsi OnMM3kui K (POHOBOMY YpOBEHB
AKTHBHOCTH.

Puc. 3. [lapamempvr II'M u HOM uepe3s 6 u nocie gsede-
nust ALLX nunocomuposannozo (6éce 0603nauenus — Kax
Ha puc. 2)

Fig. 3. BE and NBE parameters 6 hours after the admin-
istration of Acetylcholine liposomal (for all designations,
refer to Fig. 2)
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[Mpeobnanaronye M3MEHEHUs] B BBICOKOYA-
CTOTHOM Y-/IMANla30HE MOTYT SIBIISITBCS Bax-
HeWmMMHu nokazaresnsiMu  dddexToB Heiipo-
TPOIHBIX CPEICTB.

HOM-ananu3 HHCynIMHA JHMIIOCOMHPOBAH-
HOro (puC. 4, 5) Takke OTpPaKaeT €ro ACIpH-
MUpYIOIllee JACHCTBUE TI0 BCEMYy aHaJHM3H-
pyeMoMy Juamna3oHy, HauOojee BBIPaKEHHO
nposiBisitoreecs depe3 1 4 u 1o 4 4 mocie
BBEJICHHS, KOTOPOE CBHUJIETEIBCTBYET O CeAa-
THUBHBIX CBOMCTBAX JaHHOW CYOCTaHI[HH.

Yepes 1 u 00HApYKMBACTCS MAKCUMAIIbHBIN
YPOBEHb JIEPUMAIIMK Ha BCEM YaCTOTHOM JTH-
arazoHe (mpuoiIu3nTeENnBbHO B 4,5 pasa 1o cpas-
HEHUIO C UCXOJHBIMHU 3HAUCHHUSIMH).

Yepes 4 u HAOMIOMACTCS MCHEE BBIPAYKCH-
HOE JIepUMUpYIOllee JCHUCTBHE BEIIECTBA.
HaubGonpiias criekrpanbHas MIOTHOCTh MOII-
HOCTH OOHapy»KeHa Ha YacToTe okoyio 62 I',
OTHOCSIIIEHCS K Y-IHana3oHy, 4TO TaKXkKe MO-
KET CBUJICTEIbCTBOBATH O €ro BaKHEHIIen
ponu B 3¢ pekrax HeHPOTPOIHBIX CPEACTB.

BbiBoabl

[TocpencTtBoM anropuT™Ma MPOrPaMMHOIO
(apmako-O0I'-ananu3a rpaduyeckux QyHK-
LU HOPMHUPOBAaHHBIX DJIEKTPOTPAMM yCTa-
HOBJICHBI IICHTPAJIbHBIC MEXaHU3MBbI JCHCTBUS
HelpoMeauaropa aneTHIXOJUHA W TOpMOHA
WHCYIMHA B JIMIIOCOMHPOBAHHBIX (hopMax.
MerooM HeWpOBHM3yalIM3alil HWHTPAICHT-
paJIbHBIX OTHOUICHHH TOJIOBHOTO MO3ra Io-
Ka3aHO MX IMPEUMYIIECTBEHHO JEeNPUMHUPY-
ollee JeliCTBHE, HAYMHAIOLIEECs Ha MEPBBIX
Yacax MocJie TPaHCIIaIaTHHAILHOTO BBEIICHUSI.
BoccraHoBiieHre napaMeTpoB AIEKTPOrpaMm
Mosra Oonee OTYETIMBO IPOCIEKUBACTCA
NP TPUMEHEHUH JIMIIOCOMUPOBAHHOTO alle-
THJIXOJIMHA.

[loaTBepkEHO NPENNONOKEHHE O TOM,
YTO JINTIOCOMHUPOBaHHBIE (POPMBI AllETHIIXOJH-
Ha W HMHCYJHMHA NPOHMKAIOT Yepe3 I'eMaTodH-
nedanmueckuii 6apbep ¥ MOLYIUPYIOT UHTPaA-
LEHTPAJbHbIE OTHOLICHUS TOJOBHOTO MO3ra,
OTpa)KaIoIIMECs] B BBICOKOYACTOTHBIX PHUTMax

Puc. 4. Ilapamempor OI'M u HOM uepe3 1 u nocne 6ge-
O€HUs UHCYIUHA TUNOCOMUPOBAHHOZO0 (8Ce 0603HAYEHUS —
Kax Ha puc. 2)

Fig. 4. BE and NBE parameters 1 hour after the admin-
istration of insulin liposomal (for all designations, refer
to Fig. 2)
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Puc. 5. Ilapamempvr OI'M u HOM uepes 4 u nocie 6ge-
OeHUst UHCYTIUHA TUNOCOMUPOBAHHOZ0 (6Ce 0603HAYEeHUS —
Kax Ha puc. 2)

Fig. 5. BE and NBE parameters 4 hours after the admin-
istration of insulin liposomal (for all designations, refer
to Fig. 2)
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(TIpenMyIIecTBEHHO Y-AMana30Ha) THIIOKaM-
MaJIbHOTO OT/ENa TOJ0BHOTO MO3ra U CBSI3aH-
HBI€ C aKTUBHOCTHIO BCTABOYHBIX HEHPOHOB
U TTMPaMUIHBIX KIIETOK.

OOHapyxKeHHOe JeHCTBUE UCCIENAYEMbIX Be-
IIECTB OMpeeNAeT NePCIeKTUBHOCTD UX MPH-
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B nocnennue roapl 00MbIIONH HHTEPEC Y HC-
clezoBaTeel BBI3BIBAET M3Yy4EHHE MOJEKYI,
BO3/ICHCTBYIOIINX HA META0OIMYECKUE 3BEHBS
1 KOTOpbIE MOTYT aKTMBUPOBATh CUTHAJIBHBIC
MYTH, CBSI3aHHBIE C Mposudepanuel, pocTtoMm
U pa3BuUTHEM [2, 6].

CoBpeMeHHbIE TIPEeJCTaBICHHS O (H3NO-
JIOTHYECKUX MEXaHHM3Max PeryJsiuud oOMeHa
BEIIIECTB, POCTA M PAa3BUTHA KUBOTHBIX JAlOT
OCHOBaHMA IIOJIaraTh, YTO paHHUN MOCTHA-
TaJbHBIM MEpUoJ] OHTOTEHE3a SBISIETCS Hau-
Oonee ONarompusATHBIM JUIS KOPPEKIMH Me-
TaOOJIMYECKUX MPOLIECCOB C MLENbIO IMOJTHOM
peanu3anuy TeHeTHYEeCKOro IOTEHIMala HX
pasButusi. OO 3TOM CBHJIETENBCTBYIOT JIaH-
HBIE BO3PAcTHOTO OCHa0NeHHusT KOMIIOHEH-
TOB TPAHCIALUUH U (HAKTOPOB, HEOOXOMUMBIX
JUISL aKTHBAIlMM POCTa aHAOONWYECKHX IIpo-
neccoB. Takoe CHUXKEHHE TPaHCISALUOHHOMN
CIIOCOOHOCTH B OTBET HAa NHUTAaHHUE Y HOBO-
POXIEHHBIX JNETEHBINIEN IPOUCXONUT OYEHb
ObicTpo. B wacTHOCTH, MOBBINIEHHAs CIIOCOO-
HOCTb K CHHTE3y MBIIIIEYHOT0 Oesika y HOBOPO-
KIEHHBIX 00YCJIOBJICHA BHICOKUM COJIEpIKaHH-
eM pubocoM U yBenuueHneM 3()(HEeKTHBHOCTH
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npotiecca Tpaucusauu [3—5]. B cBs3u ¢ atum
KJIFOYEBBIM MOMEHTOM SIBJISIETCSI KOOPIUHAITHS
BHYTPHUKJIETOUHBIX TPOIECCOB, OCYIIECTBIS-
e€MBIX C YYacTHEM pa3IUYHbIX XUMUYECKH-
MU CUTHAJIOB, KOTOpBIE OTPa)XaroT BIUSHUE
(hakTOpOB MUTAHHUS U TOPMOHAJBHOTO CTaTy-
ca (mampumep, wuncymun/IGF-I), coctosaue
SHEPreTUYECKOro oOMeHa, (pHU3MUYECKyr0 aK-
TUBHOCTH (Hanpumep, AMP-kunaza, docoa-
TUJHAS KHUCIOTA) U MEIUATOPhl CTPECCOBBIX
BO3AeHCTBHI [1].

Pa3paboTka OHONOrMYECKU AaKTHBHBIX Be-
IIECTB C YAYYIICHHBIMH (DU3MKO-XMMHUYCCKH-
MU U Ono(dapMaleBTHYCCKUMH CBOMCTBAMH,
obecreunBaroIUX BO3MOXXHOCTh PEryISIUN
0OMEHHBIX MPOIIECCOB 3a CYET AKTUBUPOBAHUS
CUTHAJIbHBIX MYyTEH, CBA3AHHBIX C KJIETOUYHOMH
nponudepalueii, IBISIETCS aKTyalbHOHW 3aja-
Yyeil Ha COBPEMEHHOM 3Tare pPa3BUTUS OHOMe-
JTULIAHCKON HayKH.

IIpennoxeHHast dSKCIEPUMEHTAIbHAS MO-
JieNib Tperosaraia MpoBeJeHHe JABYX ITAroB
HCCIeIOBaHMUS:

1. TlomydyeHue HAHOCTPYKTYpPHBIX KiaTpar-
HBIX KOMIUIEKCOB MPETyCMaTpUBAJIO €r0 CHHTE3
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W UCCIIeIOBAHUE CBOMCTB, pa3paboTKy METO/H-
KH KOJIMYECTBEHHOIO OMNpEICTICHUS UX B IUIa3-
M€ KPOBH, OLIEHKY OTHOCHTEIBHON OHoIoruye-
CKOI JOCTYITHOCTH Ha KpBICax U coOakax.

2. [IlpoBemenme cepuil SKCHEPUMEHTOB
Ha JKMBOTHBIX (MBIIIAX, KpPbICaX, KPOIHKaX)
C LETbI0 Peryisiuuu (GpU3NOJIOTHYECKUX IPO-
neccoB u (QyHkuuu: merabonu3ma, B T. d.
IPU €ro HapyleHUsX (Ha SKCIEePHUMEHTalb-
HBIX MOJIENIAX), TOBBIIICHUA YCTOWYUBOCTH,
AKTUBHOCTHU aHTHOKCHﬂaHTHOﬁ 3alllUTBI Opra-
HHU3MaA U OLICHKH UX TOKCHUYHOCTH.

B pesynbrare mMpoBenEHHBIX HCCIENOBa-
HAW BIEPBbIE TOJAYYEH CYIPaMOJICKYIsp-
HBI KOMIUIEKC MPOM3BOJHOTO pOJaHUHA
C P-UMKIONEKCTPUHOM IIPH MacCOBOM COOT-
HomeHuu 1:5, mpeacTaBusonmii cobol Kpu-
CTAUTMYECKUI MEJIKOANCIEPCHBIN MOPOIIOK
0eJ10r0 C KENTHIM OTTEHKOM IBETA CO CPEITHUM
pasmepom vactuil 40,5 um. 1o pactBopumocTH
B BOJIC Y OMOJIOTMYECKOW JOCTYITHOCTH TPEBBI-
maet B 5,0 u 6,08 paza COOTBETCTBEHHO aHAJIO-
TMYHOE 3HaYeHUe MIPOU3BOTHOTO POJJAHMHA.

Taxxke OBUT TOJY4YE€H HAHOCTPYKTYPHBIH
KJIaTpaTHBI KoMILIeKe 20-THIpPOKCHIKINCTE-
poHa ¢ apaOWMHOTaTaKTaHOM C COOTHOILIICHUEM
Macc 1:10 B BHAE MEIKOTUCIIEPCHOTO TMOI-
BM)KHOTO TMOPOIIKa OEJI0ro ¢ OTTEHKOM CBET-
J10-KEITOro IBETa CO CPEAHUM Pa3MepoM ya-
ctutl 35,3 uM. PacTBOpuMOCTH B BOJHOM cpejie
HAHOCTPYKTYPHOTO KJIaTPaTHOTO KOMILJIEKCa
20-THAPOKCUIKINCTEPOHA C apaOWHOTralaKTa-
HOM B cootHomenusx 1:5 u 1:10 cocraBuia,
coorBercTBenno, 10,0 u 10,5 /1, a pacTBopu-
MOCTh B BoJle¢ caMoro 20-THAPOKCHIKINCTE-
pona — 6,7 r/n. Tlo ypoBHIO OHOJIOTHYECKOM
JIOCTYITHOCTH HaHOCTPYKTYPHBIN KIIaTpaTHbII
koMIuieke 20-TUIPOKCUIKIUCTEPOHA C apadu-
HOTQJIAaKTaHOM C COOTHoIIeHHeM macc 1:10
npesbimaet 1,91 pa3a aHagoruyHoe 3HaueHHE
HCXOJHOTO COEIMHEHUSI.

HNurubupyromiee aeiicTBUE CyMpaMoNeKy-
JIIPHOTO KOMITJIEKCa MPOU3BOHOTO POJaHUHA
C B-IUKJIONECKCTPUHOM B OTHOIICHUHM KHHA3bI
IJIMKOT€HCHHTAa3bl 3f3 Kak CHTHaJbHOW Mote-
KyJIbI COTPOBOXK/IAJIOCh aKTUBUPOBAHUEM IIPO-
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1IeCCOB 0OMEHa OCJIKOB, YITICBOIOB U JIUIIH/IOB
B OpraHu3Me.

CyIpaMONEKyIApHbIA ~ KOMIUIEKC — IPOM3-
BOJHOTO pOJIaHWHA C P-LIUKIOAEKCTPUHOM
obecrieunBaeT yCWIICHUE HecTenn(pUIecKoi
PE3UCTEHTHOCTH U TIEPBOI IMHUU CUCTEMBI aH-
THUOKCHJIAHTHOH 3aIllUTHI OPTraHU3Ma KPOJIHKOB,
IIPY 3TOM HE BIUSET Ha MPOLECCH EPEKUCHO-
TO OKUCIIeHUs TUnuaoB. [Ipy sxkcnepuMeHTab-
HOW THIEPIIMKEMUH Ha KpbICaxX M KPOJHKAX
MIPOSIBISIET TUIONTUKEMUYECKYI0 aKTHBHOCTh
1 HOpMaJIM3aIHI0 OOMEHa BEIECTB.

BnepBble nokazaHa (usnonoruueckas 3Ha-
YUMOCTh M 0€30MacHOCTh MPUMEHEHHS Cy-
IIPaMOJIEKYIIIPHOTO KOMILIEKCa MPOU3BOAHOTO
pOIaHuHA ¢ B-LIUKIONEKCTPHHOM, YTO MOATBEP-
JKJaeTcs OTCYTCTBHEM MYyTareHHBIX CBOMCTB
B TECTe XPOMOCOMHBIX HapylIeHHHl B KIeT-
Kax KOCTHOTO MO3ra CaMI[OB M CaMOK MBIIIIEH,
BJIMSHHS Ha BHEUIHUH BUJ U [TOBEICHHE KUBOT-
HBIX, TOBPEKAAIOIIETO IeHCTBUS B OTHOIICHUH
BHYTPEHHMX OpraHOB M CHCTEM OpraHu3Ma
U IPUHAJJIEKHOCTBIO K VI Kitaccy oTHOcHTENb-
HO Oe3BpenHbIX BemiecTB o Hodge u k 5-my
KJ1accy TOKCHYHOCTH B cooTBeTcTBHU ¢ [[OCT
32644-2014.

VY4yacTie HaHOCTPYKTYPHOTO KIJIaTPaTHOTO
KoMIiekca 20-THAPOKCHIKANCTEPOHA C apa-
ounoranakranoM B PI3K-mytu aktuBarmu
CEpPUH-TPECOHUHOBOM IPOTEHHKUHA3bl B co-
MIPOBOXKAAJTIOCH MOBBIIICHUEM aKTHBHOCTH Oe-
JIOKCUHTE3UPYIOIIeH, KpeaTUHKMHA3HOM, JaK-
TaTJETUAPOTCHA3HON  CHCTEM, pPa3BUTHEM
CKEJICTHO-MBIIICYHOW TKaHHU, YBEIUYCHHEM
pEeTEeHIIMM a30Ta 3a CYET yMEHBIIEHHS €ro
SHJIOIEHHBIX IOTEPb, IIOKAa3aTesed pocTa
U pa3BUTHS J)KUBOTHBIX, YIyUIICHUEM JIMIUA-
HOrO NMpOoQUIIsi OpraHu3Ma B IOCTHATaIbHBIN
nepuon pasButus. Taroke OBUIO IOKa3aHO,
YTO HAHOCTPYKTYPHBIH KJIATPAaTHbIM KOMILIEKC
20-ruAPOKCHIKINCTEPOHA ¢ apabuHOTalaKTa-
HOM 00€CIIeUHBaeT 3alUTy OT OKCHIATHBHOTO
U HUTPO3aTHBHOTO CTpecca 3a CYET IMOBBIIIE-
HUsI aKTMBHOCTH (DEPMEHTOB aHTHOKCHJIAHT-
HOM CHCTEMBl, ECTECTBEHHOW PE3UCTEHTHO-
CTH W CHIDKEHHS IIPOIIECCOB IEPEKUCHOTO
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OKHCJICHHS JINITU/IOB B OPTaHU3ME KUBOTHBIX.
HaHOCTpyKTypHBI KJIaTpaTHbI KOMILIEKC
20-THAPOKCUIKIANCTEPOHA C apabHHOTaIaK-
TaHOM Ha JKUBOTHBIX (KPBICBI U KPOJIUKH)
obecrieunBaeT (U3HOJIIOTHYECKYIO BO3MOXK-
HOCTh YTHJIM3UPOBATh TIIIOKO3Y U KOPPEKIIHIO
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BINMUAHUE BOMObI,
OBOrALLEHHOW MONEKYNAPHbLIM BOOOPOAOM,
HA HAOMNOYEYHUKU MANON ANTMHHOXBOCTOW WWHLUMNIbI

[.B. MetpoB'*, A.A. UBaHoB?, E.B. MNaHuHa?, H.B. MetpoBa’, A.E. CopouaH?

T ®I'BYH «HayuHbIl ueHmp buomeduyuHckux mexHonoauti ®MBA Poccuu»
143442, Poccutickas ®edepayus, Mockoeckasi 0b1., KpacHoeopckuli p-H, rn. Ceemrble 2opbl, 1

2 @IBOY BO «Poccutickuli 20cy0apcmeeHHbill azpapHblill yHusepcumem —
MCXA umeHu K.A. Tumupsisega»
127434, Poccutickas ®edepauyus, Mockea, yn. Tumupsisesckasi, 49

BBenenue Boapl, 00OramEéHHONW MOJEKYISPHBIM BOZOPOAOM, B PAallMOH Majod UIMHHOXBOCTOM IIHMH-
MBI TPH KJIETOYHOM Pa3BEACHUH OKa3aslo BIUSAHHE HAa M3MEHEHHEe MOP(HOMETPUUECKHX MOKa3aTeeit
HAaJIMOYEYHHKOB JKMBOTHBIX: HA/IIIOYEUHNKH OIBITHOH IPYINbl ObLIM Ooee KOMIAKTHBIE, UX a0COMIOTHAS
U OTHOCHTEJbHAs Macca ObUla MEHBIIE, YeM y WHTAKTHBIX )KUBOTHBIX. TOJIIIMHA KOPKOBOTO BEIECTBA
HAJMOYEYHHUKOB B OIBITHOH IpyMIe AOCTOBEPHO YMEHbBIIANACH 33 CUET BCEX CIOEB, BKIIIOYASI ITyUKOBBIM,
MIPOAYLUPYIOIIUH ITIOKOKOPTUKOUIBI. [IprMeHeHne BoJOPOHOTO aHTHOKCHIAHTA B TEUECHUE ATUTETBHOTO
Hepuo/ia CIoCOOCTBOBAJIO CHIIKEHHIO BO3ICHCTBHUS cTpecca IPU KIETOYHOM COJIEPKAHUH U OJIaronpHsATHO
OTPa3MIOCh HA HHTEPhEPHBIX MOKA3ATEISAX.

KumoueBble ciioBa: crpece, Chinchilla lanigera, BomoponHblii aHTHOKCHIAHT, HaJIIOYCUHHKH

KoH}umKT HHTepecoB: aBTOPbI 3asIBHIIM 00 OTCYTCTBUM KOH(IUKTA HHTEPECOB.

s nurupoBanus: [lerpos /I.B., Banos A.A., [lanuna E.B., [lerposa H.B., Copouan A.E. Bausaue
BOJIbI, 00OTAIIEHHON MOJIEKY/IIPHBIM BOJIOPOIOM, Ha HAANOYESYHUKH MaJIOi JUIMHHOXBOCTOM IIMHIIMIUIBI.
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INFLUENCE OF HYDROGEN WATER
ON THE ADRENAL GLANDS OF CHINCILLA LANIGERA

Dmitry V. Petrov'*, Alexey A. Ilvanov?, Elena V. Panina?,
Natalia V. Petrova', Anastasia E. Sorochan?

! Scientific Center of Biomedical Technologies of the Federal Medical and Biological Agency of Russia
143442, Russian Federation, Moscow Region, Krasnogorsk District, Svetlye Gory Village, 1

2 Russian State Agrarian University — Moscow Timiryazev Agricultural Academy
127434, Russian Federation, Moscow, Timiryazevskaya Str., 49

The introduction of hydrogen water into the diet of cage-bred Chincilla lanigera (long-tailed chinchilla)
was found to affect the morphometric parameters of their adrenal glands. Thus, the adrenal glands of the
experimental group were more compact, with their absolute and relative mass being less than that in intact
animals. The thickness of the adrenal cortex in the experimental group significantly decreased due to all
layers, including the fascicular layer, producing glucocorticoids. The prolonged use of the hydrogen anti-
oxidant reduced the impact of stress in cage-bred animals and had a positive effect on their life indicators.
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BeepneHue

B npomecce pasBenmeHusi, conep:kaHus
U TPaHCIIOPTUPOBKH JIAOOPATOPHBIX YKUBOT-
HBIX OJTHOW M3 BaXKHBIX MPOOJIEM SIBISETCS TO-
SIBIIGHUE CTPECCa, MPUBOSIIETO K CHUKEHUIO
aJlanTallMOHHBIX BO3MOXKHOCTEH OpraHuiMa
M BO3HUKHOBCHHUIO 3a00JICBAaHUU pPa3IHYHON
STHOJIOTHUH.

st mpeosonieHrss HeraTUBHBIX TOCIE/CT-
BUIl CTpecca CTAaHOBUTCSA AaKTyaJbHBIM TMpH-
MEHEHHE BelIeCTB, OOIaJaoNMX aAHTHOKCHU-
JIAHTHOM aKTHBHOCTBIO, KOTOPBIE TO3BOJISIOT
HE TOJBKO TIOBBICUTH aJaNTaIllIOHHBIE BO3MOXK-
HOCTH, HO U CKOPPEKTHUPOBATh IMOBEIEHUE K-
BOTHBIX, TEM CaMbIM CHIDKAsl BEPOSTHOCTh MPO-
SIBJICHHUSI CTEPEOTHITHBIX (hOpM U arpeccuu [4, 8].

K Takum Onomornyecku akTUBHBIM BEIIECT-
BaM OTHOCSIT ¥ MOJICKYJISIPHBIA BOJOPO/I, Tpe-
HMYIIECTBOM KOTOPOTO SIBJSICTCS HEOOJIbINast
MoJeKyisipHas Macca. He Hapymiast ¢usuomno-
THYECKHUE TPOIECChl OpPraHu3Ma, MOJEKYISp-
HBIA BOmOpOA Jierko audGyHAUPYET B KICT-
KM, HE TIOBPEXJas UX OCHOBHBIC >XKM3HEHHO
Ba)KHBIC 3JICMEHTBI, U KYIHPYET U30BITOUHYIO
CBOOOHOPaAMKANBHYIO aKTUBHOCTH [3, 7].
MHoOro4yucieHHbsle  UCCIEAOBAaHUSA  II0Ka3a-
7Y, 9TO MOJICKYJISPHBIA BOJOPOJ HE TOJBKO
CHIDKACT KOJHMYECTBO CBOOOMHBIX pajauKa-
JIOB, BBI3BIBAIONIMX OKHUCIUTENBHBIN CTpecc,
HO ¥ JICCTBYET KaK MPOTUBOBOCIAIUTENBHOE
Y MPOTUBOAIJIEPTHUECKOE CPEJCTBO, a TAKKe
CTUMYJIHPYET MPOIECCHl IHEPTETUICCKOTO 00-
MEHA U CIOCOOCTBYET aKTHUBAI[MHM PErcHepa-
MW KJIETOK IOCJI€ OTEPATUBHOTO BMEIIATENb-
CTBa, B T. 4. U KapAnoxupypruu [1].

Bo MHOrmx crpaHax NpUMEHEHUE MoJe-
KyJSIPHOTO BOIOPOZAA B JICUCOHBIX M MPOdH-
JIAKTHYECKUX LEeNIX oduIlMaibHO HE paspe-
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IIEHO B CBS3M C TE€M, YTO Maji0 UCCIIEAOBAHbI
MEXaHU3Mbl I[UTONPOTEKTUBHOTO JEHCTBUS
BOJOPOJIHOTO aHTHOKCHJIAaHTa, HEIOCTATOUYHO
KJIMHUYECKUX HCCJIEA0BAHUN M OTCYTCTBYIOT
JUTUTENIbHBIE TOKCHKOJIOTMYECKHE JKCIIEpHU-
MeHTHI [5]. Jlume B SInoHUM MONEKyIspHBINH
BOJIOPOJI JINI[CH3UPOBAH KaK MHIIEBast 100aB-
Ka ¥ UCIIOJNIb3YeTCsl Kak 0e30MacHbIN MUTHEBOM
MIPOAYKT.

W3BecTHO, UYTO HAAMOUYECUHHUKH SIBISIOTCS
BaXHBIM 3BEHOM DHJIOKPUHHOW CHUCTEMBI, OT-
BEYAIOLLEH 3a MOJEp>KaHUue TOMEOCTa3a U CIo-
COOCTByIOIICH amanTali OpraHu3Ma K pas-
JIUYHBIM U3MEHEHHUSM OKPYKAIOIIEH CpeIbl.

IIpu BO3meicTBMU cTpecca Ha OpraHU3M
J)KUBOTHOTO B HAQAMOYEYHUKAX TMPOUCXOJUT
YBEJIMYEHUE MAPEHXUMbl KOPKOBOTO Belle-
CTBa M YCHWJIMBAETCS HAINOJHEHHE COCYJOB
KpPOBBIO.

Ha ¢oHe BHEUIHMX NOJOKUTEIBHBIX 30-
(heKkTOB OT BBEJCHHS aHTHOKCHIAHTOB B pa-
IMOH J1a0OPATOPHBIX KUBOTHBIX MPH KIICTOY-
HOM COJICpKaHUHU M HeAOoCTaTKa HHGOpMAIHU
10 JEWUCTBUIO BOJOPOJAHOTO AHTHOKCHIAHTA
Ha SHJOKPUHHYIO CHUCTEMY, WEJbI0 Halleu
paboThI CTAJ0 M3YUYCHUE BIUSHUS BOMBI, 000-
raiméHHON MOJIEKYJISIPHBIM BOJOPOAOM, Ha TH-
CTOJIOTHYECKYIO CTPYKTYPY HAJIOYEYHUKOB
MaJIOW JJIMHHOXBOCTOM UIIMHIIMJUIBI B BO3-
PacTHOM acCIIEKTe.

MaTtepuanbi n MmeToAbl

[t mpoBeieH!sl SKCIIEpUMEHTa OBLTH OTO-
Opanbl necath camioB Chinchilla lanigera
JIByXMECSIYHOTO BO3pacTa €O CpemHer IKH-
Boil Maccoit 270 r. JKHMBOTHBIE COIEPKAINCH
B OTAEJBHBIX KJIETKaX MPU CBETOBOM PEIKHME
12/12, temneparype nomemenust 20-22 °C

BMOMEOMLMHA | JOURNAL BIOMED | 2023| Tom 19 | Ne 3 | 71-76



Metpoe [.B., NeaHoB A.A., MNaHuHa E.B., NeTtposa H.B., CopouyaH A.E.
«BnusiHne Boapl, oboralEHHON MoNeKynspHbIM BOAOPOAOM,
Ha HaAMNoYe4YHVKN Marnon AfMHHOXBOCTOW LUMHLLWINbI»

n BraaxuHoctu 40-50%. Kopmienue mnpous-
BOAWJIOCH TPaHYyJIMPOBAHHBIM ITOJTHOPAIIMOH-
HBIM KOM6I/IKOpMOM JUIA IIWHIIWIII CO CBO-
OOIIHBIM JIOCTYIIOM K KOpMY H Bojie. [loeHue
B 00€UX TpyMIax OCyNIeCTBIsAIOCH aBTOMATH-
3UPOBAaHHOM CUCTEMOM, K KOTOPOM B OIIBITHOM
rpynne OblT NOAKIIOYEH ammapar IJis TeHe-
pauuu MoJIeKylspHOro Bojopona Lourdes
HS-81 («GriinePerlen GmbH», T'epmanwus).
Coxaepxanue u oOpallleHHe ¢ XUBOTHBIMHU
B HAay4yHOM OKCIIEPUMEHTE COOTBETCTBO-
BaIW TpeOOBaHUSIM MEXKAYHApPOAHBIX Mpa-
BWJI HaJulexamie J1abopaTopHOW MpPaKTHKH,
®denepanbHOro 3akoHa «O 3aIIUTe KUBOTHBIX
0T xectokoro oOpamenus» ot 01.09.1997 r.
[6]. IIpoTokoa 3KCTIEpUMEHTa OBUT OI0OpCH
ounostrueckor komuccueir ®I'BYH HIIBMT
®OMBA Poccum.

B Bo3pacrte 36 Mec. TpEX cpemHUX IO Mac-
CC HMMWHIIWIII W3 TPYINNbl NOABEpPrajin >BTa-
Ha3uM, H3BJICKAJIW HAAIIOYCYHHUKH, B3BCHIH-
BaJlIi HUX U TOTOBWJIHN THUCTOJIOTHYCCKHEC
npemnaparbl MO0 CTAaHAAPTHBIM METOJUKaM
(dukcarueii B 10%-1oM p-pe popmanuHa, 3a-
JIMBKOW B mapa(uH, W3rOTOBJICHHEM CPE30B
tonuuHOM 10—15 MKM mpu MOMOIIM MHKPO-
TOMa, OKPAacKO} reMaTOKCHJINHOM M 303MHOM).
ToToBbIe mpenapaTbl MHUKPOCKOIHPOBAJIHCH,
M3MepsuUlach TOJIIMHA KOPKOBOTO M MO3TOBO-
ro BeuiectBa. [loiydeHHble naHHble 0Opada-
ThIBAJIUCh CTATUCTUYCCKHU.

Pe3ynkTaTthl M nx obcyxneHue

Ilpy mocCTaHOBKE Ha JKCIEPUMEHT abco-
JJFOTHasA MacCa HAaAIIOYCYHHUKOB JXHUBOTHBIX
B Bo3pacTte 2 mec. coctaBuia 110 mr; oTHO-
cutenbHas macca — 0,03%. B Bozpacte 3 ner
Yy caM1oB MHTAKTHOMN Tpynmbl Macca HaAIo-
YEeYHHKOB cocTaBisiaa 290 Mr; OTHOCHTEIb-
Has macca — 0,06%. B onbITHOM Tpymme 3TOT
MoKa3aTejlb COCTAaBUII 156 MIr; OTHOCUTEIbHAS
macca — 0,03%, Mo OTHOIIEHUIO K CpeaHeit
’KHBOW Macce B IpyIlIe.

B Bo3pacte 2 Mec. TONIIMHA KOPKOBOTO
CJIOSl HAJIMOYEYHHKOB COCTaBHIIa 552 MKM
(B T. 4. x1y0O4KOBOI 30HBI — 30 MKM, Mmy4-
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koBOM — 414 MM, cetuatoii — 107 MKM),
Mo3roBoro — 318 MxM. Bxmrouenue B panu-
OH MaJIOM IJIMHHOXBOCTOM IIMHIIUIUIBI BO-
JOPOJHOTO AHTHOKCHAAHTa CIIOCOOCTBOBAJIO
U3MEHEHHIO THCTOJIOTHYECKON CTPYKTYpHI
KOpPBI HaJIIOYEUYHHKOB 0CcO0EH ONBITHOM IpyIi-
nbl. Bee mokaszarenu IMHENHBIX TPOMEPOB OT-
JIEJIBHBIX 30H U KOPKOBOTO BEIIECTBA B I[EJIOM
B OIIBITHOH rpymme gocrtoBepHo (p<0,001) ot-
JIUYAJINCh OT KOHTPOJIbHOH. OcoOeHHO 3TO Ka-
caeTcsl MMy4KOBOH 30HBI, T/I€ BBIPabaTHIBAIOTCS
TOPMOHBI, OTBEYAlOIME HE TOJBKO 3a YIe-
BOIHBIA OOMECH, HO M MPUCIOCAOIUBAIOIIIEC
OpraHu3M K HeOJIarompuaTHBIM BO3ACHCTBU-
SIM OKpYXaroliel cpeapl, K YHCIy KOTOPBIX
OTHOCHUTCS M cTpecc. Tak, obmias ToIIKMHA
KOpPKOBOTO BEIIECTBA B KOHTPOJIBHOH IpyIIe
coctaBuna 1022 Mkm, uro Ha 33% OobIie,
4YeM B OIBITHOM rpymie (Tad.).

IHupuna KIyOOUKOBON 30HBI B KOHTPOJIB-
HOHM rpyImme cocTtaBwia 79 MKM, a B OMBIT-
Hoit — Ha 48% wmenbine (tadn.). TonmuHa
IIy4KOBOM 30HBl INUMHIIWII KOHTPOJBHOM
rpynnsl coctaBuna 849 Mxm, yto Ha 31%
Ooubliie, ueM B onbITHOM. CeTyarasi 30Ha Kop-
KOBOT'O BEIIECTBA HAIMOYCYHUKOB KHUBOTHBIX
KOHTPOJBHON TIPyNIbl MPEBOCXOIMIA TaKo-
BYIO B OIIBITHOM Tpyme Ha 38%.

Touaa MO3roBoOro ciost B 00eux rpymnmax
pa3iIuyanack He3HAUUTEIbHO.

[Ipennonaraem, 4To >KMBOTHBIC OIBITHOM
TPYTIIBI JIy4llie Peo0IeBaIl CTPECC B OTIH-
YHe OT 0CO0CH KOHTPOJILHOM TPYIIIBI, Y KOTO-
POl KOpa HaANOYEYHHWKOB TUNEpTpodUpoBa-
JIach, B T. Y. U 32 CYET IIyYKOBOM 30HBI.

Kpome Toro, B KOHTPOJBHOW TpymIe y o-
HOTO caMIla B y4YKOBOM 30HE KOpBI OBIIO 00-
Hapy»XeHO OOJIbIIOE KOIUYECTBO KPYITHBIX
KJIETOK C JIMIUAHBIMH BKJIIOUEHUSIMH: 3TO
TOBOPHUT O TOM, 4TO KHBOTHBIM KOHTPOJIBHON
IpYIB HEOOXOJMMO HaKaruluBaTh OOJbIIIe
JIUMHIOB IS BBIPAOOTKH MPEIIeCTBEHHUKOB
(XxomecTtepuHa) U cCaMHX CTEPOUAHBIX TOPMO-
HOB JUIsl IPEOOJICHUS CTPECCOBOM HArpy3KH.

B paborax psjga OTEUEeCTBEHHBIX aBTOPOB,
HCCJIEOBABIINX J3TOT AacCMeKT, OTMEYaJINCh
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Table. Histological parameters of the adrenal cortex Chinchilla lanigera, M+m, um

KIny604KOBOW 30HbI 30+1,6 79+4,0 41+1,3*
Ny4YKOBOW 30HbI 414+21,8 849+26,2 587+14,0*
ceT4aTo 30HbI 107+23,5 94+6,2 58+3,6*
KOpbl B LiefioM 552+9,5 1022+31,3 686+15,0*
MO3roBOrO Criost 318+47,3 503+103,2 517+124,6

Ipumeuanue: * — pasnuya mexncoy epynnamu docmosepna npu p<0,001.
Note: * — the difference between the groups is significant at p<0.001.

HOZ[OGHLIG U3MCHCHU, COIIPOBOXIaBUINEC-
csi muctpoduel M HapylIIeHHEM KJIIETOYHOM
apXUTEKTOHHKH. BiilloueHue Ipenaparos,
00NalalouX aHTHOKCUAAHTHBIMH  CBOWCT-
BaMH, CHW)KaJO JNECTPYKLHUIO 30H KOPBI Haj-
TMMOYCYHUKOB M COXPAHAIO HX @yHKHI/IOHaHI)-
HOCTH [2].

Ilepen HayanoM OSKCIEPUMEHTAa OTHOCH-
TEJIbHBIE pa3Mephl CIOEB KOPKOBOTO Belle-
CTBa HAAIIOYCYHUKOB HIIWMHIINWIII 6BIJ'II/I CJIC-
IyFOIKE: KIyOOYKOBBIN CiIOi coctaBui 6%,
my4koBbIit — 75%, cetuatsiit — 19%. B Bo3-
pacte 36 Mec. B KOHTPOJILHOH TpyImIme KiIy-
O0uKOBBIN Cci10i1 cocTaBua 8%, MyYKOBBIH —
83%, cetuathiii — 9%; B ombITHON — 6%,
86% 1 8% COOTBETCTBEHHO.
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Llenbio paboTHI CTANO U3YYEHHE M ONMMCAHME OCHOBHBIX ITAPAMETPOB HEHPOMBILICYHO! Nepeaadt y MOJIo-
JIBIX B3POCIIBIX JENTUHPE3UCTEHTHBIX Mbiei i CS57Bl/Ks-db*/'m (db/db). MccnenoBanue nposeneHo
Ha 10 mprmax-camuax db/db u 10 Mblax-camiax JUKOTO THIA BO3PAcTOM 4 MeC. METOZOM CTHMYIISIIMOH-
HOH 3JIeKTpoHelpoMuorpaduu ¢ OLEeHKOH mapamMeTpoB M-0TBETOB m. gastrocnemius v m. biceps brachii.
B rpynme mpimeir db/db oGHapyxeHO CHH)XKEHHE MaKCHMaJbHBIX aMIUINTYJ, YBEIHUCHHE JIATCHTHOCTH
U JUIITEIBHOCTH M-OTBETOB, YKa3bIBAIOI[HE HA HAIMYHUE COUCTAHHOTO aKCOHAIbHO-JIEMHUEIMHH3UPYIOLIe-
TO MOpaXeHUs NepUPeprUIecKUX HEPBOB.

KumoueBble ciioBa: mpinmm db/db, ienTHHPE3UCTEHTHOCTD, HEUPOMBIIIIEYHAS MIepejada, HeHpOoIaTHH, JeK-
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NEUROMUSCULAR JOINT FUNCTION IMPAIRMENT
IN LEPTIN-RESISTANT MICE
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197376, Russian Federation, St. Petersburg, Professor Popov Str., 14A
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The study was aimed at exploring and describing the main parameters of neuromuscular joint function
in young adult leptin-resistant C57BI/Ks-db*/'m (db/db) mice. The experiment was carried out on 10
4-month-old male db/db mice and 10 male wild-type control mice, using stimulation electroneuromyogra-
phy to assess M-wave parameters for m. gastrocnemius and m. biceps brachii. We discovered a decrease in
maximal amplitudes along with an increase in the M-wave latency and duration, indicating the presence of
combined axonal and demyelinating peripheral nerve injury.
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BeeneHune

Mpim muanu C57B1/Ks-db*/fm (LepRdb/
db; db/db) umeroT MyTaIuio B reHe penenTopa
nentuHa (LepR, ObR) Ha 4-ii XpoMOcOMe C ay-
TOCOMHO-PEIIECCUBHBIM THIIOM HaCJIEIOBAHUS.
JlenTuH — nenTUAHBIA FOPMOH, CEKpETUpYe-
MBI aJUIOLUTaMU U DHTEPOLUTAMH, OIHOMI
U3 OCHOBHBIX (DYHKIMH KOTOPOTO SBISETCS
peryisius SHepreTHYeCKoro oOMeHa.

®enorun Mpimed auaun db/db xapakrepu-
3yeTcsl HaJu4heM rurnepariu, MporpeccH-
PYIOLM OXHPEHUEM M Pa3BUTHEM CaxapHO-
ro nuabera Il tuna (CAII), runeprinkemueit
¢ 8 Hell., TMIEpUHCYINHEMUEH, HapylIeHUEM
TOJIEPAaHTHOCTH K TJIIOKO3€, TUIEPTPUITIMILIE-
pUIEMHEH, TUIEPXOJECTEPUHEMHUEH U pas3-
BUTHEM OPTaHHBIX MopaxkeHHH ¢ 12—-13 Hen.
xu3HU. Kpome Toro, ormeuarorcs pa3BUTHE
crearo3a medyeHu mnociie 20 Hem. KU3HH, CTe-
PWIBHOCTh M HapylleHHe paboThl I'MIIOTaja-
MO-TUNO(pH3aPHO-aAPCHANIOBOI OCH M ILIHUTO-
BUJTHOM keJe3sl [6].

B psge crareit coobmiaeTcs O pasBUTHU
Yy MBILIEH JaHHOW JIMHUU IATOJIOTUU CKEJET-
HBIX MBIIII, BKJIOYasi arpo(HI0 MBIIMICUHBIX
BOJIOKOH, HapyIlICHHs aKCOHaJbHOW BO3OYyAH-
MOCTH, CHW)KEHHsI COKPaTUTEIbHOU (DYHKIIMU
[1], 3amemuieHHs pereHepaTUBHBIX IPOLIECCOB
npu noBpexaeHusx [3]. Tem He MeHee, TaH-
HbIE 00 0COOCHHOCTSIX COCTOSTHHSI MBIIICUHOMN
cucteMsl 1 e€ pyHkuuu y meimeii db/db ocra-
IOTCSI HETIONMHBIMU. B CBSA3M ¢ 3TUM LeJIbIO HC-
cJIeJOBAHNS CTaJ0 U3yuYeHHE COCTOSHUS Heil-
POMBIIIIEYHOH MEpeaadr Y MOJIOABIX B3POCIIBIX
mbiieit auaun db/db.

MaTepuanbl u meToabl
I/ICCJ'Ie}ZLOBaHI/Ie MMpoBOAMWIIM B COOTBETCT-
BUM C IpuHLUNamMu basenbckoil aeknapanuu

78

u IlpaBuiamu Hamiekaieid JiabopaTopHOU
npakTUku EBpa3suiickoro 3KOHOMHYECKOIO
coro3a B chepe oOpallleHHs] JIeKapCTBEHHBIX
CPEICTB MOCNE 0JOOpEHUsT OMOITUICCKON KO-
muccuerr ®I'BOY BO CIIX®Y Munznpasa
Poccun.  DxcrnepuMeHTHl  OBUIM  BBINOII-
HeHbl Ha 10 Momompix B3pocibix (4 mec.)
MbIlax-camuax JuHun  CS57Bl/6]  maccoi
18-20 r (rpymma wild type, WT) u 10 mo-
JIONIBIX B3POCHBIX (4 Mec.) MbIIIax-caMIiiax
guann  CS7BI/Ks-db*/'m (rpymma  db/db)
Maccorr 45-50 1, moJy4YeHHbIX u3 (uHa-
na «Crombosas» ®I'BYH HIIBMT ®MBA
Poccun (MockoBckast 00:1.) ofHOW mapTHei
U TpPOIIEAIINX KapaHTHH B TeueHHe 14 cyT.
MbIn cofiepKanuch B CTaHAAPTHBIX YCIO-
BMSIX BUBapus, nosydanu «IlonHopanoHHbIi
KOMOUKOPM [Uisi J1a0OpaTOpHBIX KUBOTHBIX)»
(000 «Jlaboparopkopm», Poccus) u Bonmy,
cooTBeTcTBYyIONyI0  Tpeboanmsim  [OCT
2874-82 «Bona nmutheBas». JlocTyn K KopMmy
u Bojie ObL1 obecnieueH ad libitum.

Hccnenopanue HEMPOMBILIEUHOM NIEpefadn
U OHODNIEKTPUYECKON aKTUBHOCTH CKEJeT-
HBIX MBI HPOBOIWIA METOJOM CTHMYIISI-
LUOHHOM anekTpoHeipomuorpadun (OGHMI)
C TIOMOUIBIO 8-KaHAJIBHOTO DJIEKTPOHEHPOMHU-
orpacga Helipo-MBII-8 u nporpammsr Hefipo-
MBILNET® 3.7.3.7 (OOO «Heiipocodt»,
Poccus). [lepen npoBeneHreM ucciea0BaHUS
JKMBOTHBIX HAapKOTH3MPOBAIM XJIOPAJITUApa-
toMm («Millipore Sigmay, CILHA; 400 wmr/kr,
BHYTPHOpIONIMHHO). PerucrpupoBaiu  Mo-
TOpHBIE OTBETHI (M-OTBETBI) HKPOHOXKHOM
MBILIIBL M. gastrocnemius Ha CTUMYISIHIO
CCMANUINHOTO HepBa n. ischiadicus cresa
W JIBYIVIaBOM MBIIILBI TUIeya m. biceps brachii
Ha CTUMYJ/ISILUIO MBIIIEYHO-KOXKHOTO HEpBa
n. musculocutaneus crnpagna [4].
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CTUMYIAIUIO HEPBHBIX BOJIOKOH OCYIIEC-
TBISUIM TPU TIPSIMOYTOJILHOM (opMe CTHMY-
na u amurensHoctd 0,1 Mc B Juana3zoHe CHIT
Toka oT 1 g0 10 MA c mocienoBaTeIbHBIM
YBEJIMYEHUEM C 11aroM | MA 10 TOCTHXKEHUS
CylpaMakCMMalibHOM BEJIMYMHBI. JlJIsi MUHU-
MHU3ALUH CIIy4alHOH! NOTPEIIHOCTH JUIS KaxK-
JIOTO KMBOTHOTO TIPOBOAWIM TPH MOBTOP-
Hble perucrpauuud M-OTBETOB C IIOBTOPHOM
YCTAHOBKOM BCeX JJEeKTponoB. M3mepsuin
CpeHME 3HA4YCHHUS MAaKCUMAJbHBIX aMILUIU-
Tyn M-otBera (MB); narentHocTn M-oTBeTa
C MakCHMaJbHOM aMIUIUTYROH (MaKCHMallb-
Horo M-oTBeTa) (MC); CHJI TOKA, BBI3BIBABIINX
M-0TBeTHl ¢ MUHUMAIBHOHN (TIOpOroBas cuia
TOKAa) ¥ MAaKCUMaJIbHOW aMIUTUTygamMu (MA);
JUIUTeNnbHOCTH (MC) M mionaau (MBxmc) mak-
cuManbHOro M-oTBeTa [4].

CrarucTiHueckylo o0paboTKy HaHHBIX MPO-

ro obecneyenuss Prism 9.0.0 («GraphPad
Software», CIIIA). HopmanbHocTh pacmpe-
JACJICHUSA KOJIMYCCTBCHHBIX MPHU3HAKOB IIPO-
Bepsiu ¢ noMoiupo W-kpurepus lanupo —
VYunka. Ilpu HOpManbHOM paclpeneacHUun
KOJIMYCCTBCHHBIX IIPU3HAKOB 3HAYUMOCTb
pa3nUYMii OLIEHUBAIHU C IOMOIIBIO t-KPUTEPUS
CrhlOfieHTa, NPH HEHOPMAaJIBHOM paclpesie-
JleHuu — ¢ nomouibro U-kputepus Manna —
Yutnu. Ilopor crarucTUueckod 3HAYUMOCTH
ycTaHaBnuBaiu Ha ypoBHe p<0,05. UucnoBsie
JaHHBIC Ha rpa(bnxax MpCaACTaBJICHbBI B BUJC
CpeHUX apU(PMETHYECKHX; IJIaHKH HOTpell-
HOCTEH OTpaXkaloT CTaHJApTHBIE OIIUOKU
CpEIHHX.

Pe3ynbraThl uccnegoBaHumn
B rpynne wpmmeir db/db nabmromanoch
CTAaTUCTUYECCKHN 3HAYUMOC€ CHHKCHUEC MaK-

BOIWJIM C IIOMOINBIO MaKeTa NpOrpaMMHO- cuMainbHON amrummtynsl (—31,0%; p<0,01),
MancumansHaA AMNAUTY A Cina ToKa,00, CHna TORS,,..
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Puc. Ocnosnvie napamempor M-omeemos muiuy Ha 51eKMpoCMUMyIAYUIO

Hpumewanun: WT — ouxuii mun; MG — m. gastrocnemius; MBB — m. biceps brachii; nopoe — nopozogoe 3nauenue;
Make — 3nauenue onsa M-omeema ¢ maxcumanvhou amnaumyoot; * — p<0,05; ** — p<0,01.

Fig. Main parameters of M-waves induced by electrical nerve stimulation

Notes: WT — wild type; MG — m. gastrocnemius; MBB — m. biceps brachii; nopoe — threshold; maxc — maximal-

amplitude M-wave; * — p<0.05; ** — p<0.01.
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yBenuueHue nareHtHocTu (+28,5%; p<0,01)
u anutensHocTH (+16,3%; p<0,01) M-oTtBeTa
m. gastrocnemius, a TaKXKe YBEIHUCHUE
naurensHocTH (+16,1%; p<0,05) M-otBera
m. biceps brachii. I3MeHeHUs OCTaIbHBIX pe-
THCTPUPYEMBIX MMapaMeTPOB HE MMETH CTaTH-
CTHUYECKOHN 3HAaUUMOCTH (pHC.).

O6cyxxaeHune pe3ynbLTaToB

YMmeHblIeHHE aMIUIUTyAsl M-oTBEeTa MoO-
JKE€T CBUJETENBCTBOBAThH O COKPAILEHUH YH-
cna (YHKIMOHAJIBHO AaKTUBHBIX MOTOPHBIX
€IMHUL, a TaKXX€ YMEHBIICHUM HX pa3zMe-
poB. CHIDKEHHbIE MAaKCHUMAalbHBIE aMILIU-
Tynbl M-0TBeTa OOBIYHO OOHAPYKHBAIOTCS
IIpU yTpare aKkCOHOB, HallpUMeEp, MpU HEHpo-
[1aTUU M0 akcoHanbHOMY TuIly. [Ipu akconanb-
HOM NOJIMHENPONAaTUN XapAKTEPHBIM SBJISETCS
Oosiee paHHEE MOPAKCHHE HIKHUX KOHCUHO-
CTEl MO0 CPaBHEHHUIO C BEPXHUMH BCJIEICTBUE
OOJIBIIICH JUIMHBI aKCOHOB, YTO MOXET 00b-
SICHATh HAJIMYUME W3MEHEeHUd M-0TBeToB
m. gastrocnemius, Ho He m. biceps brachii [5].
Hapymienre wuHHepBalMM BHOCHUT BaKHBIN
BKJIaJl B YMEHbBIIIEHUE MBIIIIEYHOW CHIIBI Haps-
Iy ¢ arpo¢ueii ¥ UCTOIICHUEM MHOIUTOB [2].

VYBenuuenue JnareHTHOcTH M-oTBeTa OT-
pakaeT CHUXEHHE CKOPOCTH paclpocTpaHe-
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NMPO®UIIb BE3OINMACHOCTU
HOBOI'O NPON3BOAHOIO AMMETUITIAMUHOITAHOIJA
NP NEPOPAJIbHOM NYTU BBEAEHUA
NNTABOPATOPHbIM XXUBOTHbIM

E.B. WycToB'*, A.E. Kum?
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2 @[BBOY BI10 «BoeHHo-MeduyuHckasi akademusi um. C.M. Kuposa» MuHob6opoHbl Poccuu
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HoBoe npownsBogHOe OUMETHIAMUHOITaHONA, OyTaHIMOBON M TpaHC-OyTeHAMOBOH KUCIOT (I1abopaTtop-
ubiit mmop AJIK-17) cunresupoBano Ha kadeape opranuueckoi xumun CII6XDY Munsnpasa Poccun
(3aBenyromuit kadeapoit — npod. N.I1. Skoenes) u npencrasisietr coboil MEPCIEKTHBHOE CPEICTBO, IIa-
HHpYyeMOe K NPHMEHEHHUIO B BUJIE MEPOPabHOMN JiekapcTBeHHOU (opmbl. Llenp paboTel — olLeHKa Mpo-
SIBJICHUH 001Ieil 1 crnenudruyeckoil TOKCHYHOCTH HOBOTO JICKAPCTBEHHOTO CPE/ACTBA. TecT-cHCTeMaMu
JUISL TOKJIMHAYECKOTO U3Yy4eHHs1 0e30MacHOCTH HOBOTO COSAMHEHHs ObUTH JTabopaTopHbIe )KUBOTHBIE (Oe-
JIbIe MBIIIHN, KPBICHI, KPOJIMKH, MOPCKUE CBUHKM). B paboTe u3y4anuck nposBiieHHs 00LIeii TOKCHYHOCTH
(ocTpoil ¥ XpOHUUYECKOIT), MECTHOPA3APAXKAIOIIEr0 ASHCTBUS, aNIepru3UpPyOLINX CBOHCTB, IMMYHOTOK-
CHYECKOT'0 JICHCTBUSL, BBINOIHIOCH HCCIEJOBAaHUE PENPOLYKTUBHOM TOKCHUHOCTH npenapaTta «AJIK-17»
IPU BHYTPIKETyA0YHOM BBeJeHUH. [loka3aHo, 4TO MccleqyeMBblil penapaT MaJIOTOKCHYEH, a B yCJIOBHU-
X KypCOBOTO IPHMEHEHMS HE BbBI3bIBACT M3MEHCHUH OMOXMMHYECKHUX U MOPQOJIOTHYECKHX IOKa3are-
Jiei KPBIC U KPOJIMKOB, HE OKa3bIBa€T HEraTWBHOTO BO3JEHCTBUS Ha BHYTPEHHHE OpPTaHbI, HE OKa3bIBAET
paszapaxatorero dd¢exra. [IpumMenenne npenapara He NPUBOAMIO K Pa3BUTHIO MECTHOH aJlIepruyecKoii
peakiu HemeieHHoro Tuna. [IpoBenenne ceHcnOunm3anun B peakuun I'3T mokas3anso OTCyTCTBHE CEH-
cubunmsupytomero aeicrus. IIpy n3yuyeHMn UIMMYHOTOKCHYECKOTO AECTBUS Ipernapara MoKa3aHo, 4To
npu BBeiennu B Teuenue 30 queit nmpenapar AJIK-17 B mo3ax 93 u 930 MI/Kr He NPHUBOIMI K HAPYLICHHIO
I'yMOpPAJILHOTO UMMYHHOTO OTBETa M CHW)XCHHIO BhIpaOOTKHM aHTHTeN. [IocTaHOBKA peakuy IMIepYyBCT-
BUTENBHOCTH 3aMEAJIEHHOTO THITA TAKXKE MOATBEPKIAET, UTO MpeTnapar He BIMsSET Ha Pa3BUTHE KJIETOYHOTO
UMMYHHTETA.

B ycoBHsX MHOTOKPaTHOTO BHYTPHIKEIYIOYHOTO BBe/IeHHs B 103aX 50 u 250 Mr/Kr OepeMeHHBIM CaMKaM
npenapar He OKa3aJl HETaTUBHOTO JEHCTBUS Ha PEMPOAYKTUBHYIO CHCTEMY JJAOOPATOPHBIX KHUBOTHBIX, M-
6pHo- U PETOTOKCHUECKOTO, a TAKAKE TEPATOTEHHOTO ACHCTBHA, HE MOBIHUSII Ha aHTEHATAIbHOE U MOCTHA-
TaJIbHOE Pa3BUTHE TOTOMCTBA.

KitioueBslie ¢j10Ba: JMMETHIAMUHOATAHOI, JIEKAPCTBEHHAs! 0€301aCHOCTb, CIIEIUAJIbHBIE BUIbI TOKCHYHOCTH
KoH(}IMKT HHTEepecoB: aBTOPHI 3asBHIN 00 OTCYTCTBUU KOH(IMKTa HHTEPECOB.

Jas nuruposanus: llyctos E.b., Kum A.E. IIpoduns 6e30macHOCTH HOBOTO MPOU3BOIHOTO AUMETUIIA-
MHHOATAHOJA [IPU [IEPOPAILHOM ITyTH BBEICHUs J1Ta0OPATOPHBIM JKHUBOTHBIM. Buomeduyuna. 2023;19(3):
82-86. https://doi.org/10.33647/2074-5982-19-3-82-86
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SAFETY PROFILE
OF A NEW DIMETHYLAMINOETHANOL
DERIVATIVE BY ORAL ADMINISTRATION
TO LABORATORY ANIMALS

Evgeny B. Shustov'*, Aleksey E. Kim?
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A new derivative of dimethylaminoethanol, butanedioic and trans-butenedioic acids (laboratory code ADK-17)

was synthesized at the Department of Organic Chemistry (Professor I.P. Yakovlev is the Head of the Depart-
ment) of St. Petersburg State Chemical and Pharmaceutical University (SPCPU). This is a promising com-
pound planned for use as an oral dosage form. In this work, we aim to evaluate manifestations of the general

and specific toxicity of the new drug. Laboratory animals (white mice, rats, rabbits, guinea pigs) were used as

test systems for the preclinical safety study of the new compound. Manifestations of general toxicity (acute and

chronic), local irritant action, allergenic properties, immunotoxic action were studied. The reproductive toxicity
of the ADK-17 drug when administered intragastrically was studied. The studied drug was found to exhibit

low toxicity, cause no changes in the biochemical and morphological parameters of rats and rabbits under the

conditions of course use, and have no negative effects on internal organs. When administered intragastrically
in maximum doses, the drug causes no irritating effects. The use of the drug did not lead to the development

of a local allergic reaction of an immediate type. Carrying out sensitization in the DTH reaction showed the

absence of a sensitizing effect. The study of the immunotoxic effect of the ADK-17 drug showed that its pro-
longed intragastric administration for 30 days at doses of 93 and 930 mg/kg did not lead to a violation of the

humoral immune response and a decrease in antibody production. Setting a delayed-type hypersensitivity reac-
tion also confirms that the drug does not affect the development of cellular immunity.

The conducted experimental studies of the drug’s reproductive toxicity in rats showed that its repeated intra-
gastric administration at doses of 50 and 250 mg/kg to pregnant females did not have a negative effect on the

reproductive system of laboratory animals, embryo- and fetotoxic, as well as teratogenic effects, having no ef-
fect on the antenatal and postnatal development of offspring.
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BeepeHue
Nzyuenue mnpoduis 6e30MacHOCTH HOBBIX
MOTEHIIMATBHO MEPCIEKTUBHBIX JIEKAPCTBEH-
HBIX CPEICTB SIBISCTCS O00A3aTCIbHBIM 3Je-
MEHTOM JIOKJIMHUYECKOTO MX u3ydenus [1-3].
HoBoe mpousBomHOE IUMETUIAMHUHOATAHO-
na, OyTaHIMOBOW M TpPaHC-OyTCHIUOBOM KHC-
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not (naboparopuseiii mudp AJIK-17) cunre-
3MPOBaHO Ha Kadelpe OPraHUYCCKOW XUMUH
Cankr-IleTepOyprckoro  rocyaapCTBEHHOTO
XUMHKO-(hapMaleBTHUECKOTO YHUBEPCUTE-
Ta (3aBemyrommii Kadenpoii — mpodeccop
W.II. SIlxoBneB) u mpeacTaBisieT cOOOH CPeaCT-
BO, INIAHUPYEMOE K IPUMEHEHHIO B BUE NIEPO-
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PpaJbHOI IekapcTBEHHOH hopMbl. J[yist naHHOTO
COE/IMHEHUsI paHee He U3YYalliCh TI0Ka3aTely,
XapakTepH3yIoIie ero 6e30MacHOCTb, B CBA3U
C 4eM HeJIbI0 PadoThl ObLIa OlIEHKA TPOsBIIE-
HUI o0mel u crerudUIeckoil TOKCHYHOCTH
HOBOTO TOTEHIHUAILHO IEPCHEKTUBHOIO Jie-
KapCTBEHHOT'O CPEJICTBA.

MaTtepuanbl nu meToabl

OcTpass TOKCMYHOCTh H3ydasiach NpH BHY-
TPWXKEITYIOYHOM BBEACHHH Ha II0JIOBO3pE-
JBIX ayTOpeAHBIX MBIIIax M Kpbicax 000ero
noyia. XpoHWYeckas: TOKCHYHOCTh M3ydanach
IIpU BHY TPHKEIYA0YHOM BBEIEHUH HA KPBICAX
U Kponukax oboero mosa. JKUBOTHBIX conep-
JaJli B cCOOTBETCTBUH ¢ TpeboBanusimu ['OCT
P 53434-2009 «IIpuniuns! Haajmexamien Ja-
6oparopHoii npakTuku (GLP)».

ITpu uccnenoBaHWM OCTPOH TOKCHYHOCTH
MakKCHMaJIbHass a03a 6])1.]'[8 JMMUTHUpPOBaHa
MaKCHUMaJIbHO BO3MOXKHEIM O00BEMOM BBCC-
HUs pacTBopa npenapara. [Ipu uccnenosanuu
XPOHMYECKOH TOKCHUYHOCTH HCCIIEyeMbIe
JI03Bbl TECTHPYEMOTO Ipernapara U KOHTPOJIb-
HOE€ BCIICCTBO BBOAUJIUCH B OPraHU3M I10J0-
MBITHBIX XHUBOTHBIX CXKCIHCBHO, BHYTPHUIKC-
JIynodHo, Ha npotrskeHuu 30, 60 u 90 nHeit.
Tectupyembie 103bl ONpeACTSUINCH HA OCHO-
BaHMHM PEKOMEHJOBAaHHBIX 103 JJIs 4YejoBe-
Ka, ¢ yuétoM Kod(huIMeHTa J030IepeHoca
[2, 5]. BBuay Toro, 4uTo mpU HCCIECTOBAHUU
OCTpOfI TOKCHUYHOCTH HAa MaKCHMaJIbHBIX H0-
3axX Ha MbIIIaX U Ha KpbICaxX rudenu KUBOT-
HBIX He Habmomanoch u LD He ompejeneHa,
ObUIM BBHIOpAHBI TPH JO3bI: IlepBas — Tepa-
MEBTUYCCKAs, BTOpasd — MNATUKpaTHasd, U TpEC-
Thd — JBajnaTtukpaTHas. TakuMm obOpasowm,
IpU U3YyYEHUM XPOHHYECKOW TOKCUYHOCTH
B paMKax IMPOBEAEHHOTO JKCIEpPUMEHTa Te-
ctupoBaiuchk 10361 40, 200 u 800 mr/kr.

buoxumuueckne MmokazaTenM B CHIBO-
pOTKE KPOBHU OINpENeNsIN Ha aHalIu3aTope
«ChemWell+» (CIHA) c¢ wucnonb3oBaHH-
eM peareHToB Qupmbl «Buram» (Poccus).
['emaTosOrM4ecKre MCCIEA0BAaHUH LEIbHOM
KpOBHU BBLIMOJHAIUCH Ha TeMaTOJOTMYCCKOM
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anaiusatope BC-3200 (Myndrey). ®yHKIuio
BBIJICIMTCIILHOW ~ CHUCTEMBI  HCCIICOBAJIH
B METa0OJHYECKUX KIIETKax, onpenesia pH
MOYH, TJIOTHOCTh, Ka4eCTBEHHOE OTMpeene-
HUe OeNKka B MOYe — Ha aHaJH3aTOpPe MOYHU
URISIS 1100.

JIns1 ycTaHOBNEHUS HETaTUBHOTO BIIMSHUS
npenapara Ha TCHEPATUBHYIO (DYHKIIMIO JTH-
TEIBHOCTh BBEACHUA cocTaBuiaa 60 nmHEH
KpbIcaM-caMuaM u 15 nHell kpelcam-caMKam,
YTO TIO3BOJIMJIO OLIGHUTHh BIUSHHUE Tpemnapa-
Ta Ha OBO- M cmepmaroreHes. s oueHKU
3MOpHO- W (PETOTOKCHUYECKOTO JCHCTBHS,
pETUCTPUPYEMBIX B aHTEHATaJbHBI U MOCT-
HaTaJlbHBI TEPUOABl PA3BUTHS, Mpenapar
AJIK-17 BBOAMIM B MEpHUOJ OCPEMEHHOCTU
U 25 NHEH B epHoJ] BCKApMIIUBaHMUSI.

Pe3ynbrathl 1 ux obcyxaeHue

ToxcuxoMeTpHUyecKre UCCIIeI0OBaHNS HAa MbI-
mIax M Kpblcax 000ero mnoja Mmpu OJHOKpat-
HOM BHYTpIDKeNyno4HOM BBeaeHuu AJIK-17
B BO3pacTalolNX J03ax B Auana3oHe ot 1000
10 8000 Mr/Kr He BBISIBUJIM HH OHOTO CIIy4ast
rubeny KUBOTHBIX. B cBsizu ¢ stum LDSO
He OblTa ompenesieHa, HO OHAa IIpeBhIIIaja
ypoBeHb 7000 mr/kr it mpriei u 8000 mr/kr
JUId KpbIC. Y BCEX >XKUBOTHBIX OTMEUaloCh
MOBBIIIEHWE  JBUTATENbHOW  aKTUBHOCTH;
MPU3HAKOB HMHTOKCHKALIMKM Yy JKUBOTHBIX
He HaOmomanu. B ycnoBHsIX XpOHHYECKOH
TOKCUYHOCTH MPHU KYPCOBOM INPUMEHEHUH
Ha mpoTsokeHMH 30 1THEH BBelEHUS B OIHO-
KpaTHOM, IATUKPATHOM M JBaJLATUKPATHOMI
no3e mpu mnepuone HabmromeHuss 90 nHei
KIMHUYECKUX MPHU3HAKOB CHCTEMHOW WH-
TOKCUKAIIMU Y JKMBOTHBIX HE HaOIIOAaoCh.
IMpu Hekporcuu MOPQOIOTHYECKUX, THCTO-
JIOTHYECKHUX, TeMaTOJIOTHYECKHX, OUOXUMHU-
YeCKUX NMPU3HAKOB MHTOKCHKAIIUU B MEPHOME
HaONIOeHHsT KaK MPU OCTPOM, TaK M XPOHH-
YECKOM TOKCHYECKOM BO3JICHCTBUH HE HaOIIO-
Janock. BiusiHMe mpenapaTta Ha MOKa3aTeH
MOYH HE BBISIBUJIO 3HAUUMBIX OTIHMUUN MEXKIY
IpynnaMy ¢ pa3lIuyHOMN 703011 BBOTUMOTIO CO-
enunenus AJIK-17 [4].

BMOMEOMLMHA | JOURNAL BIOMED | 2023| Tom 19 | Ne 3 | 82—-86



LyctoB E.B., Kum A.E.

«lMpodunb 6esonacHOCTU HOBOrO NPOU3BOAHOMO AMMETUNIAaMUHOITaHOMNa
npv nepopanbHOM NyTU BBeAeHUs1 NabopaTopHbBIM XUBOTHBIMY

B Tecte OTKpbITOro TOJNIS TPU OIHOKpAT-
HOM M KypCOBOM BBEJICHHH NEPOPaJIbHO B JO-
3ax 200 u 800 MI/KT BBISBICHO MOBBIIICHUE
KaK TOPU3OHTAIBHOM, TaK U BEPTUKAIBHOMI
JIBUTATEJIbHOM aKTHBHOCTH, @ TaKXKE CHHXKe-
HHUE JIOJIW HENOJABM)KHOTO COCTOSIHHSI YKHBOT-
HBIX (mis 10361 800 MI/KT), YTO OTpaskaet
[ICUXOAKTUBUPYIOUIUI KOMIIOHEHT JECHCTBUS
npenapara. [Ipy 3TOM HHKaKMX TPH3HAKOB
CYJIOPOXKHOM aKTMBHOCTH BBISIBJICHO HE OBLIO.

B skcnepumeHTax Mo M3y4YEHHUIO OCTPOM
U TOJOCTPOM  TOKCHMYHOCTH I[pemnapara
NIPU BHYTPIIKETYJOYHOM BBEICHHU C IOMO-
IbI0 MOP(OJIOTHYECKUX U TUCTOJIOIMYECKUX
METOJIOB MOKa3aHO, YTO Mpenapar B J03aX
200 u 800 MI/KT Tpu €KETHEBHOM BBEICHUU
HE OKa3bIBaeT BHIPAKEHHOT'O pa3pakarolero
nericteus Ha JKKT kpeic.

B koxHOM TecTe aHa(HIAKCHH Y MOPCKHX
CBHHOK HE BBISBJICHBI NPH3HAKU CEHCUOWIIH-
3allM K BBOJMMOMY coeanHeHuto. Kypcosoe
BBeZieHne mnpenapara AJIK-17 B goszax 93
1 930 MI/Kr HE TPUBOIIIO K HAPYIICHHUSIM
TYMOPAJIBHOTO MMMYHHOIO OTBETa U (parouu-
TapHOW aKTUBHOCTH MakKpo(aros.
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PE3YIbTATbI KNTMHUYECKOIO UCCITIEAOBAHUA
Il PA3bl NIEKAPCTBEHHOI'O MNMPEMNAPATA OUPEKOPA:
PAHOOMU3NPOBAHHOE, IBOMHOE CINENOE,
NNALUEBO-KOHTPOJIMPYEMOE, C NAPAJJEJIbHBIMU
rPYNNAMW, NMPOCMNEKTUBHOE UCCIIEOOBAHUE
Mo NOABOPY ONTUMAJIbHOMN O3UPOBKU
N U3YHEHUIO 3PDPEKTUBHOCTU, BE3OMNACHOCTH
U NMEPEHOCUMOCTHW Y NALMEHTOB
C MWULEMWYECKUM UHCYIIbTOM
B PAHHEM BOCCTAHOBUTEJIbHOM NEPUOAE

W.A. MombiTknu'*, B.B. MucapeB?, M.E. MepkynoB? E.B. KysHeuoBa?, E.A. CanuHa®,
A.10. Manbiruu*, H.H. KapkuweHko'

" ®I'BYH «HayuHbIl ueHmp 6uomeduyuHckux mexHonoauli ®MBA Poccuu»
143442, Poccutickas ®edepayus, Mockoeckasi 0b1., KpacHoeopckuli p-H, rn. Ceemrble 2opbl, 1

2 000 «HayyHo-npouseodcmeeHHbIl yueHmp lNpobuomek»
119992, Poccutickas ®edepauyusi, Mockea, MKp. JleHuHckue 2opbl, 1, cmp. 75B

3 @r60Y BO «Capamosckuli eocydapcmeeHHbIl MeduyuHcKul yHusepcumem
um. B.W. Pasymosckozo» MuH3dpasa Poccuu
410012, Poccutickasi ®edepayusi, Capamosckas 0bn., Capamos, yn. bonbwas Kasaubs, 112

4 I'bY3 Spocnasckol obnacmu «KnuHuyeckasi 6onbHuya Ne 2»
150030, Poccutickas ®edepayus, Spocnasckas obn., Sipocnaens, Cy3danbckoe w., 39

Jupexkopa — OpUrHHANBHBIN Mpenapar, CoAep KalUi JeHCTBYIONEe BENIECTBO TUXOINHCYKIIMHAT, YIIyd-
MIAIOIee TyBCTBUTEILHOCTh MHCYJIMHOBBIX PELENTOPOB B HEHpOHAaX K MHCYIHHY. Llenbio paboTsl ObLI
moa0op ONTHUMAaTBHOW TO3MPOBKU U M3yUeHHE d(PPEKTUBHOCTH, OC30MACHOCTH W TIEPEHOCHMOCTH Tpemna-
para y MamHeHTOB C MIIEMHYECKAM HHCYIBTOM B PaHHEM BOCCTAaHOBHTEIBHOM mepuoze. 132 marueHrta
IOCJIe TIEPBOTO WIIEMHUIECKOTO HHCYIBTa B KAPOTUAHOH CHCTEME, OATBEPKAEHHOTO KOMITBIOTEPHOH MITH
MarHUTHO-PE30HAHCHOM ToMorpadueid, ¢ TaBHOCTBIO HHCYIIBTA OT 3 Hel. A0 2 Mec., CpeAHUI BO3pacT —
64,3548,03 roma, paHIOMU3UPOBAIN B TPU TEpaleBTHUECKUE Tpymmbl. B mepsoii rpymmne (n=44) mamm-
€HTaM BBOAWIM BHyTpuMbIeyHo [upexopa B no3e 400 mr/cyT., Bo Bropoit (n=44) — Jlupexopa B po3e
600 Mr/cyT. m B TpeTbeil — mianedo B TeueHHe ABYX Henenb. OTBETOM Ha TEPAIUIO CUYUTANIOCH YIydIle-
HHE HEBPOJIOTHYECKOTO CTaTyca, (yHKI[OHAIFHOTO COCTOSIHUS M KOTHUTUBHBIX (DYHKIIUH MAIINEHTOB: KaK
MHHHMYM JIByKpaTHOE CHIbKeHHe obmero cuéra mo mkaine NIHSS, obmmit cuér mo mkane bapren >95,
o0mmit cuér no mkane MoCA >26. Uepes 4 Henenu mociie Hauana UCCICIOBaHMs B IEPBOH TPYyIIE Ha Te-
paruro orBetmui 15 (34,1%) manmenTos, Bo BTopoii rpymme — 19 (43,2%), B Tpetseit rpymme — 8 (18,2%)
MAIUEHTOB. AHAIN3 C MCHOIB30BAHUEM TOYHOTO KpuTepust Puirepa BBHISBHI CTATHCTHIESCKH 3HAUHMMOE
ommare Mexay rpynmnamu (p=0,036). DTu pe3yasTaThl MO3BOJSIOT YTBEP)KAATh, YTO Mpenapar CTaTUCTH-
YEeCKH M KIIMHUYECKH 3HA9MMO IPEBOCXOAUT IIIArie00 MpH ABYyXHEACIbHON BHYTPHMBIIICYHONH TEpanuu B
no3e 600 Mr/cyT. y ManMeHToB ¢ HIIEMUYECKAM WHCYJIBTOM B KaPOTHIHOH CHCTEME B PaHHEM BOCCTaHO-
BUTENbHOM mepuoze. [Ipodmns 6e3omacHocTr mpenapara J{upekops mMpu HCHONB30BAaHUH B PA3IHIHBIX
PpeKUMax Teparuy He OTIINYaeTCst OT TakoBoro i mianedo. [Ipeamonaraercs, uro nuccnenosanwue 11 dhazer
MI03BOJIMT MOATBEPNTH MOTyIEHHbIE B JAHHOM HCCIIEJOBAHUH TIPEABAPUTEIBHbIC PE3YIbTaTHI.
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uccrenosanue 1 daspl, HilEeMUYECKHUI HHCYIBT, PAHHUIA BOCCTAHOBUTEIBHBIN TIEPUOLT

KoH(uIMKT HHTEPECOB: aBTOPHI 3aIBUITH 00 OTCYTCTBHU KOH(IUKTA HHTEPECOB.

®unancupoBanne: OO0 «Dmnapa», 601122, Poccuniickas Penepanus, Binagnmupckast ooi., [etymmn-
ckuit p-H, . ITokpos, yi. @panua Illtonssepka, 20.

Jast uutupoBanusi: [Tomertkun U.A., ITucapes B.B., Mepkynos M.E., Ky3ueuosa E.b., Canuna E.A., Ma-
neiruH ALYO., Kapkuienko H.H. Pesynbrarsl knuaAueckoro uccnenosanus 11 ¢asbl ekapCcTBEHHOTO mpe-
napara Jupekop/: paHIOMH3UPOBAHHOE, IBOMHOE CJICIOE, MIAe00-KOHTPOIUPYEMOE, ¢ MapalIeIbHBIMU
rPyIIaMy, IPOCHCKTUBHOE UCCIICA0BAHKE 110 MOA00PY ONTHMAIBHOM JO3UPOBKU U M3YyUYCHHUIO d(P(PEKTHB-
HOCTH, 0€30MaCHOCTU U TIEPEHOCUMOCTH y MAIMECHTOB C UIIEMUYCCKAM HHCYJIBTOM B PAHHEM BOCCTAHOBH-
TenbHOM nepuone. buomeduyuna. 2023;19(3):87-96. https://doi.org/10.33647/2074-5982-19-3-87-96
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PHASE Il CLINICAL TRIAL OF DIREKORD: RANDOMIZED,
DOUBLE-BLIND, PLACEBO-CONTROLLED, PARALLEL GROUP,
AND PROSPECTIVE STUDIES TO SELECT OPTIMAL DOSAGE AND
TO STUDY THE EFFICACY, SAFETY, AND TOLERABILITY
IN ISCHEMIC STROKE PATIENTS
IN THE EARLY RECOVERY PERIOD

Igor A. Pomytkin'*, Vladimir V. Pisarev?, Mikhail E. Merkulov?, Elena B. Kuznetsova?,
Ekaterina A. Salina3, Alexander Yu. Malygin*, Nikolay N. Karkischenko'

' Scientific Center of Biomedical Technologies of the Federal Medical and Biological Agency of Russia
143442, Russian Federation, Moscow Region, Krasnogorsk District, Svetlye Gory Village, 1

2 Scientific and Production Center Probiotek
119992, Russian Federation, Moscow, Leninskie Gory Microdistrict, 1, building 75B

3 Saratov State Medical University named after V.I. Razumovsky of the Ministry of Health Care of Russia
410012, Russian Federation, Saratov Region, Bolshaya Kazachia Str., 112

4 Yaroslavl Clinical Hospital No. 2
150030, Russian Federation, Yaroslavl Region, Yaroslavl, Suzdalskoe Highway, 39

Direkord is an original drug containing the active substance of dicholine succinate, which improves the
sensitivity of insulin receptors in neurons to insulin. The aim of the work was to select an optimal dosage
and to study the efficacy, safety, and tolerability of Direkord, a solution for intramuscular injection, in isch-
emic stroke patients in the early recovery period. In total, 132 patients after the first ischemic stroke in the
carotid system, confirmed by computed or magnetic resonance imaging, with the stroke remoteness from
3 weeks to 2 months and the mean age of 64.35+8.03 years, were randomized into three treatment groups.
Patients in the first (n=44) and second (n=44) groups received Direkord intramuscularly for two weeks
at a dose of 400 mg/day and 600 mg/day, respectively. Patients in the third group received placebo. The
treatment response was assessed in terms of improved neurological status, functional state, and cognitive
functions, including at least a two-fold decrease in the total score on the NIHSS scale, the total score on
the Barthel scale >95, and the total score on the MoCA scale >26. Four weeks after the onset of the study,
34.1,43.2, and 18.2% of the patients responded to therapy in the first, second, and third group, respective-
ly. An analysis based on the Fisher’s exact test revealed a statistically significant difference between the
groups (p=0.036). These results suggest that Direkord is statistically and clinically significantly superior
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to placebo at a two-week intramuscular therapy at a dose of 600 mg/day in patients with ischemic carotid
stroke in the early recovery period. The safety profile of Direkord when used in various therapy regimens
does not differ from that of placebo. The phase III study should confirm the preliminary results obtained
in the current work.

Keywords: Direkord, dicholinsuccinate, neuronal insulin sensitizer, phase II clinical trial, ischemic stroke,
early recovery period
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BeeneHune

Jupexop — OpUTMHAIbBHBINA IIpenapat, co-
JieprKaluil B KadecTBe JeHCTBYIOIETO BEIIecT-
Ba TUXOIMMHCYKIIMHAT, COJIb XOJTMHA M STHTapHON
KUCIOTHI 2:1. JIMXONUHCYKIIMHAT — JIOKa3aH-
HbI B JOKJIMHUYECKUX HUCCIICJOBAHUAX HEU-
POHAJIBHBIM  MHCYIMH-CEHCUTal3ep, IOBbI-
HIAIONUN YyBCTBUTENBHOCTh HHCYIMHOBBIX
peLenTopoB B HEWpOHaX K HU3KUM CyOOINTH-
MajJbHBIM KOHIIGHTpAIUsIM WHCynuHa [5-7].
NmemMuyeckuili UHCYJIBT  COIPOBOXKAAETCA
[IOCTUHCYJIBTHOM HHCYJIMHOBOM PE3UCTEHT-
HOCTBIO CHIDKEHHBIM ~ OMOJIOTHYECKUM
OTBETOM Ha DJHJAOTeHHBIH uHCynuH [l1-4].
CraTucTHUeCKH 3Ha4MMas IOJNOXKUTEIbHAs
KOppeJsius MEXAYy MHICKCOM HHCYIHMHOBOM
pesuctentHocTt HOMA-IR u 3HaueHusMu
mikanel TshkecTd uHCynsTa NIHSS nabmoma-
Jach y ManueHToB 0e3 quadera, NepeHECIInX
MUIEMUYECKUI HMHCYJBT, NPUYEM IALUCHTHI
¢ BBICOKMMM 3HaueHusAMH nHaekca HOMA-IR
MMEJH TOBBINICHHBIH PHUCK HEOIaronpHsTHO-
ro KJIMHUYeCcKoro ucxona. Iloaromy pazpabot-
Ka CPEeZICTB, YIy4IIAOIUX YYBCTBUTEIBHOCTh
K MHCYIHMHY B TIOCTHHCYJIBTHOM IEpHOAE, SB-
nsieTcss 000CHOBAHHBIM TOIXOJIOM K JICYCHHUIO
UIIEMHUYECKOTO HHCYIIBTA.

Panee pesynerarhl nepBoi (asbl KIMHUYeE-
CKUX HCCIIEIOBaHMH IOKa3ajH, YTO Npenapar
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Jupekopa ob6iamaeT XOpOIIUM HpoduieM
0€30MacHOCTH U MOYKET OBITH PEKOMEHI0BAH
JIIsL ﬂaﬂbHeﬁLHeFO N3Yy4YCHHA B UCCIICAOBAHNU
C Y4aCTHUEM MMallUCHTOB.

Iles1b10 padoThl ObLT TOOOP ONTUMATIBHON
JIO3UPOBKH U M3ydeHue 3dpdexTuBHOCTH, OE3-
OIIaCHOCTH M IEPEHOCHMOCTH JIEKAPCTBEHHOTO
npenapara Jlupexkopn, p-p Uil BHyTPUMBILIEY-
HOTO BBEJICHHUS, Y MAIIEHTOB C UIIEMHYECKUM
WHCYJIBTOM B PaHHEM BOCCTAHOBHUTEIBEHOM TIe-
puoze.

MaTtepuansl u metoabl

MecTo npoBeaeHust

U perIaMeHTHPYIOIIHe JOKYMEHThI

PangomusupoBaHHoe, JABOHHOE — CIIEMOE,
I1a1e00-KOHTPOIMPYEMOe, C MapajuleNbHbI-
MU TpYNIamH, TPOCHEKTHBHOE HCCIIEI0Ba-
HUE MO TOAOOPY ONTHMATBHON IO3UPOBKU
U u3y4yeHuto 3pdexkTHBHOCTH, 0€30MacCHOCTH
1 IEPEHOCUMOCTH JIEKapCTBEHHOTO ITpernapaTa
Jupexopn, p-p Uil BHYTPUMBILIEYHOTO BBEJE-
HUs, Y NTAOUCHTOB C MITEMHWYCCKUM UHCYJIBTOM
B PaHHEM BOCCTaHOBUTEJIBHOM MEpHOJE OBLIO
mposeneHo ¢ 12.11.2018 mo 15.06.2019 r.
B TpEX KIMHHYECKHX LIEHTPax, OJOOPEHHBIX
Munzgpasom Poccuu: rocynapcTBeHHOM yd-
pexIeHnn 3apaBooxpaHeHus «CaparoBckas
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ropoickas KIMHWYeCKass OonbHUIla No 9y
(T'Y3 CI'Kb Ne 9, r. CaparoB), rocymap-
CTBEHHOM YUPEKICHUU 3paBOOXpaHe-
Hust SIpocnaBckoii obnactn «KimHudeckas
oonpuuiia Ne 2» (I'BY3 S0 «Kb Ne 2», T
SIpocnasib) ¥ roCcynapcTBEHHOM OOMIKETHOM
YUpeXACHUU 3IpaBooxpaHeHusi TBepckoi
obmactn «O0JacTHOM KIMHUYECKHU Jiedyeo-
Ho-peabmmutanonsslii nentp» (I'bBY3 TO
«OKJIPLl», 1. TBepn). Knunuueckoe wuccie-
nmosanue 11 ¢a3el IPOBOAMIM B COOTBETCTBUHU
C YTBEP)KAEHHBIM IPOTOKOJIOM U 3THUECKUMHU
npuHuMnamMu  XelnbCUHKCKOW Jleknapauun
BcemupHO#l MeAMIIMHCKOM accouluanuu, Me-
XKIyHapOAHBIMM TNpuHIMNamMu Haexamiei
knmuHnyeckolt  mpaktukun  (ICH — GCP),
U PpenIaMeHTHPOBANOCH JIEHCTBYIONIUM 3a-
koHomarenscTBoM P®: Koncrutymus PO;
Oenepanpubiii 3ak0H oT 21.11.2011 Ne 323-
®3 «O6 ocHOBax OXpaHbI 370POBbS IPaxaaH
B Poccuiickoii ®enepanyny»; OenepanbHbli 3a-
koH oT 12.04.2010 Ne 61-®3 «O6 obOparieHnn
JICKAPCTBEHHBIX CPEACTBY;
CcTa”aapT Poccuiickoit
I'OCT P 52379-2005 «Hamnexammas Kiu-
HUuYeckass  mpakTuka» ot 27.09.2005
Ne 232-ct); IlocranoBnenue IlpaButenscTBa
P® or 13.09.2010 Ne 714 «O6 yTBepxaeHUN
THUIOBBIX MPAaBWIJI 0053aTEIBLHOTO CTPAXOBAHUS
XKU3HH U 37I0pPOBBs IAIlMEHTa, Y4acTBYIOIIE-
ro B KJIMHHYECKUX HCCIIEOBAHMUAX JICKapCT-
BEHHOro mnpenapara»; IIpuxas Munsapasa
Poccun or 01.04.2016 Ne 200 «O0 yTBep-
JKIEHUU TpaBW HaJUIeKallell KIMHAYECKOM
npakTukm»; [Ipukas Poczapasaamgzopa Ne 1071
or 15.02.2017 «OG6 yTBepXIeHUU MOPsIKA
ocymecTBieHus (apmakoHaazopay; IIpukas
Munnpomtopra Poccunm ot 14.06.2013
Ne 916 (pen. 18.12.2015) «O6 yTBepxaeHUH
IIpaBun Hagiexaniel NPOU3BOACTBEHHOU
mpakTukny»; [IpaBuia perucTpam MU IKC-
MEPTU3bl JIEKAPCTBEHHBIX CPENCTB Ui Me-
nuiuHckoro npumeHeHus: (Pemenne EADC
ot 03.11.2016 Ne 78); [IpaBuna Haamexaen
knuHnyeckoil mpaktukn EADC  (Pemenue
EABC ot 03.11.2016 Ne 79); Pemenne EADC

HarmuonanbpHbIN
®depepanuu
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Ne 87 00 yrBepkaeHHH TpaBui GapMakoHa-
3opa; Ilocranosinenue IlpaButenscrea PO
or 18.05.2011 Ne 393 «O BHeceHHH H3Me-
HeHMH B TumoBble mpaBmia 0053aTEIBHOTO
CTpaxOoBaHUA XWU3HU W 3O0POBbsS IAIUCHTA,
Y4acCcTBYIOHICTO B KIIMHUYCCKUX HUCCJIICAOBaHU-
X JIEKAPCTBEHHOTO Tpernaparay; Paspemenue
Ne 14 ot 17.01.2018 Ha mpoBeneHue KINHIYE-
CKOTI'O UCCJICOAOBaAHMs, BBIJTAHHOC MI/IHSI[paBOM
Poccuu. IIporokon uccnenosanus, bpomtopa
uccienoBarens, VHPpOpPMAaMOHHBIH JHCTOK
narnueHTa ¢ GopMoi HHPOPMHUPOBAHHOTO CO-
IJ1acysl Ha y4acTUe B MCCIIEI0BaHIH 1 00paser]
WHpuBuayanbHOU PETUCTPALMOHHOM KapThl
Obi omoOpensl COBETOM MO OTHKE U JIO-
KaJIbHBIMU JTHYCCKHMMU KOMHUTCTAMHU MCEIU-
IMHCKUX opraHu3aiui. Bcem nmo6poBosbiiam
B XONIC Pa3bsCHHUTEIBHOW OSCelbl U B IHCh-
MeHHOH Qopme Obula NMpeaocTaBiIeHa ucuep-
nbIBaollas WHpoOpManus, Kacaromascs Bcex
aCIIeKTOB IPOBOANMOTrO UCCIICIOBAHUSI.

Kpurtepun or6opa

B wuccnegoanun yuactBoBanu 132 ma-
OUEHTAa, MYXYHMHBI MU XCHIIMHBI B BO3PacTe
oT 45 no 80 ner BKIIOYMUTENBHO, MOCHIE Mep-
BOT'0 MIIEMHUYCCKOTO MHCYJIbTA B KapOTHI[HOﬁ
CUCTEME, IOATBEPKAEHHOIO KOMIIBIOTEPHOU
WIM MarHUTHO-PE30HAHCHON ToMorpaduet,
C JIaBHOCTBIO MHCY/IbTa HE MeHee 3 Hesenb
U He Oomee 2 MeC. OT MOMEHTa HOSBICHHUS
HeBpOJ’IOFH’-IeCKOﬁ CHUMIITOMaTHKH, C OILCH-
KoM 1o 1mkane Tsbkectu uncynsra NIHSS ot 3
JI0 8 OaIOB BKJIIOYMTEIIBHO, OLICHKOM I10 IIIKa-
ne KorHUTUBHBIX (yHkiuin MoCA menee 24
0aJuIoB, NPU HAJIWYMU TTHCBMEHHOTO HHQOP-
MHPOBaHHOTO COIVIACHs, MOAMUCAHHOIO Ta-
IMUCHTOM HJIU €0 3aKOHHBIM MPCACTABUTEIIEM,
a TaKKe TOTOBBIE U CIOCOOHBIE K 3aIIOJTHEHHIO
HEOOXOIMMBIX HIKaJ M BBITOJHEHUIO Tpadu-
ka mocemeHud. KpurepusaMu HeBKIIOUSHUS
OBLTM TeMOpPAarudecKuii MHCYIBT, TOTATbHAS
a(ba31/151, HaJIMYMC BO3HUKIINX 1O UHCYJIbTa CO-
MYTCTBYIOIIMX 3a00JICBaHUIA, TAKUX KaK 3HAYU-
MO€ OrpaHUYCHUC I[BI/IF&TGHI)HOﬁ AKTUBHOCTH,
IcuxXuyeckue 3a0ojeBaHUsA, IEMEHIMS, He-
BpOJIOTHYECKHE 3a00JIeBaHus, TaKKue, KaK JIH-
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nenicusi, Oone3nb IlapkuHCOHa, paccesHHbIH
CKJIEpO3; JIEKOMIICHCUPOBAaHHBII  CaXapHbIA
JabeT, ajKoroiu3M, HApKOTHYECKas 3aBUCH-
MOCTB, 3JI0yNoTpeOieHie ICMXOaKTHBHBIMHU Be-
IIeCTBaMH B aHaMHe3e, IOYeYHasi HeA0CTaTou-
HOCTb, TsDKEIas IeYEHOUHAsT HEAOCTATOYHOCTh
WIIM aHOMaJIbHBIC 3HaUeHUs JIAOOPaTOPHBIX I10-
Ka3aTeled Ha CKPUHUHIE, TSHKEJBIE CEpIACYHO-
COCYIUCTBIE WK 1Iepebpo-coCyucThie 3a00I1e-
BaHUs B aHAMHe3e, CHCTEMHOE MH(EKIIMOHHOE
3a00JIeBaHNe, HEKOHTpPOJIUpYyeMas apTepualib-
Hasl TMIIEPTEH3HUsI C BBICOKMMM MOKa3aTessiMU
aprepuanbHoro aasieHus Bbime 220/110 mm
pT. cT. Kpome Toro, B HccieioBaHHE HE BKJIIOYA-
JIMCh YKEHIIMHBI ¢ COXPAHEHHBIM MOTEHIINAIOM
JICTOPOXKACHHUS; JIUIA C N3BECTHON TUIIEPIyBCT-
BUTEJILHOCTBIO K JIIOOOMY M3 KOMITOHEHTOB TIpe-
rapara; a TaKkxe JMIa, IPUHUMABIIHIE yJacTHe
B MICCIIEZIOBAaHHUH JIFOOOTO SKCIIEPHUMEHTAIBHOTO
I  3apeTHUCTPUPOBAHHOTO JIEKAPCTBEHHOTO
Ipernapara, HU3AeNus MEIUIMHCKOTO Ha3Haye-
HUSI WM OMOJIOTMYECKOro areHra B TeueHue |
Mec. 10 MOMEHTA BKJIFOUCHHSI.

Hccaenyemblii mpenapar

B uccnenoBaHMU HCIIONB30BaH OpPHUTHHAIB-
HBII npenapat upexopa nmpoussoacrsa OO0
«OQmnapa» (Poccust), p-p sl BHYTpUMBIIIEY-
HOTO BBEJCHMS, JEHCTByIOIEEe BEIIECTBO —
nquxoiauHCykimHAT, 100 Mr/mu. Xumudeckoe
HauMeHoBaHue: N-(2-ruapoxcudTui)-N,N,N-
TPUMETHJIAMMOHUS CyKIHHAT (2:1).

ILnan uccienoBaHus

[TarpeHTHI, MpouIeamne CTaaui0 CKPHHHH-
ra v MoJnucaBiuie HHGOPMUPOBaHHOE COIvIa-
cue, ObUIM PaHIOMM3HUPOBAHBI B TPH TPYIIIHI
o 44 marmeHta u noiaydanu Jupexopsd BHY-
TpuMbItiedHo 1o 200 mr (2 M) 1Ba pas3a B IeHb
B TeueHue 14 mueit (rpynma 1); Jupexopn BHY-
TpuMbIiedHo 1o 200 mr (2 Mut) Tpu pasa B IeHb
B TeueHue 14 nueit (rpynma 2); win mianebo
BHyTpuMBIIIedHo o 200 mr (2 mi) Tpu pasa
B JIeHb B TedeHue 14 mneit (rpymma 3). UroOs!
COONIOCTH  MAacKUpOBKY, NallMEeHThl TPyI-
16l 1 JONONHUTENBHO MOMyYaid OfHY MHBEK-
M0 Iuianedo B neHb. [1nan uccnenoBanus mo-
Ka3aH Ha PUCYHKE.

Ouenka dppeKTUBHOCTH

[lepBuuHOM KOHEUHO# TOYKOH 3(PPeKTUB-
HOCTH ObUTa BhIOpaHa JOJs MAlUCHTOB, OTBE-
TUBIIMX Ha MPOBOAMMYIO Tepamuio. OTBeTOM
Ha TEepario CYUTAETCs YaydlleHHe QyHKINO-
HaJILHOTO COCTOSIHUSI, KOTHUTUBHBIX (DYHKIMI
U HEBPOJIOTHYECKOTO CTaTyca MallueHTOB:
Kak MHHUMYM JIByKpaTHOE CHIDKEHHE 0O0lie-
ro cuéra 1o mkane Tsokect uacynsra NIHSS,
o0t cuét mo mkane bapren >95, obuuit
cuét no mkane MoCA>26.

Ouenka 6e30MacHOCTH

besonacHOCTh Tepanuu olleHNBAaIaCh 110 Ya-
CTOTe HexenaTenbHbIX spienuil (HA); nunamu-
Ke )KU3HEHHO BaXKHBIX TT0Ka3aTesei; AMHaAMHIKe
naboparopubix napamerpos; OKI" B 12 orBene-
HUSAX U JaHHBIM (bH?;I/IK&HI)HOFO OCMOTpa.

CratucTnyeckuii anaaus

BeiOopouHble  TIapaMeTpbl, IPHUBOJMMBIC
B TaOnMIax, HMCIOT ClIeAyIonme 0003Ha-
yeHusi: M — cpenHee, § — CTaHIApTHOE
OTKJIOHEHWe, n — O00BEM aHaIM3upyeMon
NOArPYIIBL, p — JOCTUTHYTBIM YPOBEHb 3Ha-
yumoctu. Kpurepun lanupo — Yuika nu6o
KonmoropoBa — CmupHOBa NPUMEHSUTUCH
JUIs. BBIOOpa MapamMeTpU4YecKHX WM Hemnapa-
METPHUUYECKUX METONOB aHanu3a. [Ipu onenke
3G (QEKTUBHOCTH Tepanuyd MepBUYHAS TOY-
Ka aHaJIM3UpOBajlach C MOMOIIBIO TOYHOTO
kputepusi Puiepa Ha OCHOBE CTaTUCTHYE-
CKOM THIIOTE3bI, YTO TEPaNUs C IPUMEHEHHU-
€M HCCIIEAYeMOro Iipernapara He MpPEeBOCXO-
JUT 10 3()(EeKTHBHOCTH Tepamuio Iuianedo.
[Tokazatenn OE30MacHOCTH, a TaKXKe HX W3-
MEHEHUSI MPEACTABICHBI C MOMOIIBIO OMKCca-
TEJILHOM CTATUCTHUKH I10 BU3HTAM M TCpamneB-
THdyeckuM rpymnnaMm. CpaBHEHHE 110 BU3UTaM
MEXIy TpyIIamMyd INPOBOAWIOCH Ha OCHOBE
kputepus x> IlupcoHa WM TOYHOTO KpHTE-
pust @umepa. CpeaHue 3HaAUEHUS KOJIWYECT-
BEHHBIX [OKa3aTejel Oe3omacHOCTH (KU3-
HEHHBIE TOKa3aTelH, pe3ylbTaTsl OO0IIero
1 OMOXMMHYECKOTO aHali3a KPOBH), & TaKkKe
UX CpeAHHE M3MEHEHHUs M0 CPAaBHEHHUIO C HC-
XOOAHBIMH 3HAYCHUSAMU CpaBHUBAJINCH MEKIY
rpyIaMy ¢ IOMOIIBI0 OJHO(DAKTOPHOTO aHa-
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) CHpPUHWHT
W MWPOBAHHOE COMACKe, AMOrPathu4ecke W aHTPONOMETDHYECKHE AaHHLIE,
am&%mm H Heapan;m OBCNEN0BAHNME, MUIHEHHRIE NOKAZATENW {P.FT:-ICE
a¥cunnApHan Temnepatypa Tena), JKT B 12 OTBEASHWAX, OUSHKA KDWMTEPMEB BINKMEHWA W
HEBKNIYEHNA, OUEHKa No wrkanam NIHSS u MaCA, naGopaTopHbie WCCNENoBaHAA, CONYTCTEYIWAR
TEpanwA.

Buaut 1
AeHe 1
BMIUT HAYana Tepanu. PaHOOMM3aUMA, CM3MKANLHOE W HEBPONDIWMECKOE 0GCNEoBaHMeE; ‘

WHIHEHHBIE NokazaTena (Afl, YCC, akcunnapHan -raunapal_ll*ga TENa), oleHka Wkans bapTen,
OUEHKS KPUTEPHEE BKNKYEHHA W HEBKMKYEHUA, PErMCTPEUMA HA, CONYTCTEYIWEA TepanuA,

| l 1

Tpynna 1 Tpynna 2 Mpynna 3
2 % 200 mr 3 x 200 mrfeyTim Mnauebo 14 gHed
e ety P e (14 (n=44)
"
l Buaut 2
LeHb 7

| OwankansHoe W HeBPONOMYeckoe oBCNENoBaHME, KuaHeHHIIE NokasaTenw (AL, YCC, axcunnapHan
TEMNEpaTYpa Tena), pervcTpauma HA, conyTeTeyIowan Tepanus,

!

Buant 3

AeHE 14+1
Buaut  oxoHYaHMA &panuu DUIMKANLHOE W HEBPOMOrMYECKoe OOCNBLDBAHME, MWIHEHHLIE
nokasarenn (A, Y akcunnApHan Temneparypa Tena), 3K B8 12 oTEegeHMAX, OUBHKa no
wranam  NIH Bapren w MoCA, nabopatopseie woocnegoBaduA, perdcTpauws  HA,
nnnyrcm‘,rmuanrepmm l

Buawr 4

[eHs 3042
DHIKANEHOR W HEBPONOTMMECKDE OBCNEN0BAHNE, HHUIHEHHLIE NOKAIATENH (égsﬂ, YCC, akcunnapHan
Temnepatypa Tena), KT B 12 oTeepewusx, oueHka no wekanam MIHSS, Bapren u MoCA,
naBopaTopHsie WCCNENOBAHKUA, pervcTpauma HA, conyTeTeyiowan Tepanis.

l

Buaut 5

feHe 6042
LONONHMTENLHBIA BM3MT DE30MACHOCTH, TWIMKANEHOE W HEBPONOTMYeckoe oBCNEROBaHWE,
HHMaHeHHee nokazatenn (A0, YCC, akcwnnapHan Tewmnepatypa tena), KM B 12 oTeegexunx,
oueHka no wxanam MoCA, Bapren, NIHSS, nabopatopubie wCcnegoBaduA, permcTpauwa HA,
CONYTCTEYIOLWAR TEpanWs,

Puc. Ilnan uccnedosanus
Fig. Study plan
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m3a ANOVA ¢ Tepamnueii B kauecTBe (akTo-
pa. JlnHamMMKa KOJMUECTBEHHBIX MOKa3aTeIen
0€301acCHOCTH OTHOCHUTEIBHO MCXOJHBIX 3Ha-
YEHUI1 OlIeHUBAJIACh U CPaBHUBAJIACH ISl TIpe-
rapara KCCIIeA0BaHus U II1ane0o ¢ MOMONIBIO
nucrniepcuonnoro ananusa ANOVA ¢ moBTo-
psaonmMuca  u3MepeHusIMH.  Kputudeckuii
YPOBE€Hb 3HAYMMOCTU MNPHUHHUMAJICSA PaBHBIM
5%. CraTHCTUYECKHH aHalIu3 INPOBOAMICS
IIPU MIOMOIIM CTaTUCTUYECKOro nakera R 3.4.

Pe3ynbrathl M X obcyxaeHune

Hcxonuble nemorpaduyeckue ¥ aHTpOIO-
METPUYECKHE XapaKTEPUCTUKH NalUeHTOB
cymMmupoBaHbI B Tabn. 1. Kpurepuii y* He BbIs-
BUJI CTaTUCTUYCCKU 3HAYUMbIX pa3nnq1/1171 MEXK-
Iy TpyIIlaMH II0 PACIpPENENIEHUIO MY>KYUH
u xeHuwH (p>0,05). JucnepcuoHHbI aHa-
3 ANOVA ¢ tepamnueii B kadecTBe (akropa
HC BBIABUII CTAaTUCTUYCCKHU 3HAYUMBIX pa3jiv-
YUl MEXAY TEpaneBTUUECKUMU IPyNIaMU
(p>0,05) HU IO OAHOMY W3 CJIEAYIOIIUX MOKa-
3areneil: BO3pacT, Macca Teja, pOCT M MHAEKC
maccel Tena (MMT). ComyTcTByronyo Tepa-
nuto nomyvanu 100% manueHToB Bo BceX TPEX
TEpaneBTUYECKUX IPyIIax.

Tabnuya 1. Hcxoonvie xapaxmepucmuxu NayueHmos
Table 1. Baseline characteristics of patients

AHAaJM3 NepBUYHON KOHEYHOI

TOYKH IPPEKTHBHOCTH

IlepBuuyHast KOHeyHasl TOYKa AaHAIM3HPOBa-
Jach cpasy IMOcCie OKOHYaHWs Tepanuu (BU-
3UT 3) W yepe3 2 HeJenu nocjie e€ OKOHUaHUs
(Bu3ut 4). Ha Bu3uTe 3 HM OAMH MaLUEHT
HU B OFHOM M3 HMCCIEIyeMBIX IPYII HE OTBe-
TUJ Ha TEeparnuio, UCXOAS W3 3aJaHHBIX KpH-
TepueB orBera. OpHako Ha Bu3ute 4 OBUIO
3aukcuposano, yro B rpymme 1 (Jupexopn,
2x200 WMr/cyT.) Ha Tepamuio OTBETHIH
15 (34,1%) naruenToB, B rpynmne 2 (Aupexop,
3x200 mr/cyt.) — 19 (43,2%) u B rpynmne 3
(ITnare60) — 8 (18,2%) manueHTOB (TA0MI. 2).
Tounblii kputepuii duiepa BbIIBUI CTaTUCTH-
YECKH 3HAYUMOE OTIHYHME MEXIy TpyHmaMu
(p=0,036). Takum oOpa3oM, OTBepraercs Hy-
JieBast TUIIOTE3a O TOM, 4To J{upekopa He mpe-
BOCXOIUT 1O 3(deKkTHBHOCTH IUTanebo B Je-
YEHUH MAIMEHTOB C HIIEMUYECKUM HHCYIIETOM
B paHHEM BOCCTAHOBUTEJIFHOM IIEPUOJIE.

Haubonbiiee KoNMUYeCTBO MAIlMEHTOB, OT-
BETHBIIMX Ha TEpaluio, ObUIO BBISBICHO
B IpyIe TeX, KTO noiyyan Jupexkopn B no3e
600 mr/cyT., — Ha 25% Ooblile, YeM B rpyIire
MAI[UCHTOB, MOJyYaBIIUX IIane6o. JlaHHbIH

Mon: XeHLWMHbI / MyX4YMHbI 26/18

Bospacr, nert (M+s) 66,52+7,12
Macca Tena, kr (M+s) 76,90+11,11
Poct, M (M+s) 1,65+0,07
WHaekc macebl Tena, kr/m? (M+s) 28,1614,24

Tabnuya 2. Pacnpedenenue nayueHnos, omeemuswux Ha mepanuio, Ha gusume 4
Table 2. Distribution of patients who responded to therapy at visit 4

MauneHT oTBETUN
Ha npoBoAUMYIO Tepanuto

Het 29
Oa 15

20/14 18/26
62,82+8,27 63,70£8,32
77,99£10,12 78,84+12,38

1,70£0,07 1,69+0,06
27,14£3,99 27,60+4,37

65,9 25 56,8 36 81,8
34,1 19 43,2 8 18,2
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pe3yibTaT MO3BOJISET YTBEPKAaTh, YTO Mpema-
par JIupexopa CTaTUCTUYECKH U KIMHUYECKH
3HaYUMO NMPEBOCXOIUT IJIae0o MpH JIeUeHUH
MIIEMHYECKOTO WHCYJIBTa B KApOTHIIHON CHC-
TeMe B paHHEM BOCCTAaHOBUTEILHOM IIEpHOJIE.

Ouenka 0e301aCHOCTH

B wuccnenoBanuu Obuto otmeueHo 6 HS
y 6 (13,6%) mamuentoB B rpymme 1 (dupe-
kopx, 2x200 mr/cyt.), 3 HA y 3 (6,8%) marm-
eHroB B rpynme 2 (dupexopn, 3x200 mr/cyr.)
n S5 HA y 5 (11,4%) namueHtoB B rpymme
rtane6o. CraTuCTHYeCKH 3HaYMMOW pa3HU-
[l MEXIY TpynnaMu He BeisgBiIeHO (p=0,682,
TOYHBIN KpuTepuil @Pumepa). Bce Hexena-
TEJIbHBIE SIBJICHUS, BOSHUKIINE Y MAIMEHTOB
B XOJI€ MCCJIEAOBaHMs, ObLIN JIETKOM CTEICHU
TSDKECTH W 3aBEpIIMIINCh K MOMEHTY OKOHYa-
Hus uccnenosanus. Hu onno u3z HA He notpe-
0OBaJIO OTMEHBI HCCIEIyeMbIX MpernaparoB
WJIN U3MEHEHUs pexumMa tepanuu. B rpynme 1
ObUTH 3apeTHCTPUPOBaHbI cieayrome HS:
6onp B xuBote — 2 (4,5%), runeproHnye-
ckuit kpuz — 2 (4,5%), OPBU — 1 (2,3%),
ocTpsli puHUT — 1 (2,3%). B rpymnne 2 Obutn
3aperucTpupoBanbl cieayromue HA: ane-
must — 1 (2,3%), ronosuast 601 — 2 (4,5%).
B rpynne 3 Obuin 3aperucTpupoBaHbI Clie-
nyroue HS: Oonb mpu BBeneHHH mnpemnapa-
ta — 1 (2,3%), ronosHast 6onp — 1 (2,3%),
ronoBokpyxkeane — 1 (2,3%), ocTpeiii pu-
HUT — 1 (2,3%), noBHbIlIIEHHE apTePHUaTHHOTO
naenenust — 1 (2,3%).

CnyuaeB cmepTH U cepbE3nbix HS B xoze
HCCIIeIOBaHMS He ObLIO.

OnHOo(haKTOpHBIA  JUCIEPCHOHHBIH  aHa-
3 ANOVA ¢ tepamnucii B kauecTBe (hakropa
HE BBISIBUJI CTaTHCTUYECKU 3HAYMMBIX pa3Jiu-
YU CpeTHUX U3MEHEHHH TI0Ka3arenei Kak 00-
IIEro aHann3a KpOBH, TaK U OMOXUMHUYECKOTO
aHaJIM3a KPOBU MexX Ty rpynmamu (p>0,05).

Tounblii kputepuid ®@umiepa mnokasal,
YTO paclpeeeHue OILCHOK HOpMa/OTKIIOHE-
HUSI JUIsl 3HAYEHUH MokazaTesel olmero aHa-
JIM3a KPOBH M aHAJIM3a MOYH 10 BU3HUTaM CTa-
TUCTUYECKH 3HAYMMO HE OTIIMYAJIOCh MEXIY
rpynnamu (p>0,05).

94

Hucnepcuonnsiii ananuz ANOVA nokazan
CTaTUCTHYECKH 3HAUMMOE CHHXXCHHE Cpel-
HUX 3HaueHud cuctonuueckoro (p<0,001)
u npuactonudeckoro (p<0,001) aprepuans-
HOTO JaBJICHHUS B XOJ€ HCCIICAOBaHMA, CXOA-
HOE Ui BCEX TPEX TepameBTUUECKHUX TPy
(p>0,05). Hdna mokazarensi «4acTtoTra cepjed-
HbeIX cokpamenuit» (HCC) aucnepcuoHHBIN
aHamm3 ANOVA He mnokazan cTraTucTuye-
CKM 3HAaUUMBIX OTIMYMHA MEXIy TpyIIIaMH
(p>0,05). [ mokazaTenst «Temreparypa
Tena» JIucnepcuoHHbIM aHanu3 ANOVA mo-
Ka3ajl HaJW4Me CTaTUCTHYECKH 3HAuUMOH
JUHAMUKU (TIOBBILICHHE) CPEIHUX 3HAuCHHH
(p=0,004), cxomHoil BO Bcex TpEX TepaneBTH-
yeckux rpymnmnax (p>0,05).

Pacnipenenenue oOLEHOK HOpMa/HE3HAYH-
MbI€/3HaYNMBIC U3MEHEHUs pe3yiapraroB DKI
B 12 oTBefeHMSIX aHATU3UPOBAIOCH MPU TIO-
MoIU TouHOro kpurepus dumepa. Hu Ha on-
HOM U3 BU3HUTOB HE BBISBICHO CTaTHCTHYECKU
3HAUMMBIX PA3IUYUi B pacHperesiecHUH Olle-
HOK Mexay rpynnamu (p>0,05).

Pacnipenenenue oieHOK HOpMa/OTKIIOHEHUS
pe3ynbraroB  (DM3MKaJIBHOTO OCMOTpa aHalM-
3UpOBAJIOCh MPU MOMOIIM TOUHOTO KPUTEPHS
®umepa. Hu gy o1HON M3 CUCTEM HE BBISB-
JICHO CTaTUCTMYECKH 3HAUUMBIX pa3IHuuil
B paclpe[esieHNH OIEHOK MEXAy TpyHIaMu
B xojie uccieaosanus (p>0,05).

IIpoBenEHHbIN KOMIUIEKCHBIM aHaNIW3 Io-
3BOJISIET CZENaTh BBIBOJ O TOM, YTO HPOQUIb
0€30MacHOCTH MCCIIeyeMOro Tperapara Ipu 1c-
MOJIB30BAaHUM B PA3IMYHBIX PEKUMaX Teparuu
He OTIHYaeTcs OT TaKOBOTO JUIA Iareo.

BbiBOAbI:

1. Pe3ynbTarsl paHIOMU3UPOBAHHOTO, JBOM-
HOTO CJIETIOro, IIaneb0-KOHTPOIUPYyEeMOro,
C IapajuIeJIbHBIMHA TPYIIIaMH, IPOCIEKTHB-
Horo wuccienoanus Il ¢asel o mombopy
ONTHUMAJIBHON MTO3UPOBKU U H3YYCHUIO 3(-
(exTHBHOCTH, 0€30MaCHOCTH M TIEPEHOCHMO-
CTH JIEKapCTBEHHOTO Ipenapara Jlupekop,
I[eﬁcTByIOU.[ee BCHICCTBO JAUXOJMHCYKIIMHAT,
MO3BOJIAIOT YTBCPXKAaTh, YTO HNpe€rapar CTa-
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TUCTUYCCKU W KIMHUYCCKU 3HAYMMO IIpC-
BOCXOJIUT IJIane00 MpH JAByXHEACTbHON BHY-
TPUMBIIIEYHOH Teparnuu B no3e 600 mr/cyT.
Yy HOanmueHTOB € HIICMHUYCCKUM HWHCYJIBTOM
B KapOTHIHOI CHCTEME B PaHHEM BOCCTaHO-
BUTCJIbBHOM NIEPHUOJC.

2. Tlpoduns OGe3omacHOCTH Ipernapara
Jlupekopa mpu UCIIOJIB30BAHUM B PA3IUYHBIX
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YBaxkaemble KOJLJIErd, aBTOPbI M YUTATE/IU XKYPHAJIA
«buomMmeaunHa»!

TpeTuii BbINYyCK XKypHasia TPaJHULMOHHO MOCBSLIEH MaTepuaslaM Halllel eXerof-
HOM MeXXperuoHa/bHON Hay4yHO-NpaKTU4ecKoW kKoHpepeHINU «bruoMeauuiHa U 610-
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cuu (PocToB-Ha-/loHy). B 04HOM U AUCTAHLIMOHHOM peXHUMax ¢ MHTEPeCcoM 3acyLIaHo
1 06CyKJieHo 47 AOK/Ia[0B Ha aKTyaJbHbIe TeMbl MeJUK0-610IOTMYeCKHX HCC/e/l0Ba-
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