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ITepconanus
YK 619 (092)

K 50-JIETUIO JOKTOPA BETEPUHAPHBIX HAYK
B. 1. MUXAJIEBA

Cepreii BuxtopoBuu [lladynun, [TaBes Auapeesud [lapumn, Buranuii UBanoBu4 3uMHHKOB™

Bcepoccuiickuti nayuno-ucciedosamenbCckull 6emepuHapHulil UHCIUmMym namaosocul,
papmaronozuu u mepanuu, Boponedc, Poccus, vnivipat@mail. ru®

MuxaneBy Buranuto MUBaHOBUYY — JIOKTOpY
BETEpUHAPHBIX HAyK, 3aBEAYIOIIEMY CEKTOpOM 00-
JIE3HEH OpPraHoB BOCIPOU3BOACTBA KPYIIHOI'O pora-
TOrO CKOTa, OTIEeNIa AKCIEPUMEHTAIbHOU Tepanuu
Bcepoccuiickoro Hay4HO-HCCIE0BAaTENBCKOTO Be-
TEPUHAPHOTO WHCTUTYTA MAaTOJIOTHH, (PapMaKOIOTHH
u tepanuu B 2025 roxy ucnomHwioch S0 JeT co JHS
POXKICHUSL.

MuxaneB Burtanuii MIBanoBuY, poauics 5 siHBa-
ps 1975 rona B cene Huxneaesunk HuxxneaeBUIIkoro
paiiona BopoHexxckoil 001acTH B CEMbE CITyKAIHX.
B 1992 rony noctynui v B 1997 roty OKOHYHII € OTIIH-
yreM BOpoHEXCKUI roCyJapCTBEHHBIN arpapHblid yHH-
BepcureT nveHu K. [1. [TmiHKN BeTepuHApHBIH (haKyITh-

TET I10 CTEIHaTLHOCTH BeTepHHAPHEIH Bpad. C 1997
o 2000 rox mpoxonui oOydeHne B OYHOW acIupaH-
Type Beepoccuiickoro HUBUW nmatonorun, gapmako-
noruu u tepanuu. B 2001 rogy Buranuit BanoBuu
3aLTUTHI KaHAMIATCKYIO TUCCEPTAIUIO MO CIIeIHaIb-
HOCTH BETEPHHAPHOE aKyIIEPCTBO M OMOTEXHUKA Pe-
HPOLYKLNH )KUBOTHBIX Ha TeMy «lIpumenenue nudy-
pa U1 Tepanuy U NpoQHUIAKTUKHA OCTPOrO MOCIEPO-
JIOBOTO SHJIOMETPUTA Y KOPOBY.

B 2002 rogy Buranuit IBaHOBHY MPUHAT Ha T0JIK-
HOCTB CTapIIEro HAyYHOTO COTPYIHHKA, JIAO0paTOpUH
0oJ1e3HEH OPTaHOB PAa3MHOKEHUS U MOJIOTHOH KETIE3hI
Y CEJIbCKOXO3SIICTBEHHBIX KUBOTHBIX, a B 2004 rony
CTaHOBHTCS BEAYIIUM HayYHBIH COTPYIHUKOM TOH XKe
naboparopuy.

B 2007 rogy B. . MuxaneB 3aluTiiI JOKTOP-
CKYIO JHMCCEPTAINIO 1O JIByM CIEHHAIBbHOCTAM Ha
temy «IlocneponoBasi cyOMHBOMIOLIUS MAaTKU Y KOPOB,
ee Mop(hopyHKIIMOHAIEHOE COCTOSTHHE U pa3padoT-
Ka 3()(heKTUBHBIX METOAOB TEPAIUK U MPO(UITAKTH-
km». C 2008 mo 2016 ro/e1 BO3MIIABIISIT IA00OPATOPUIO
MaTOJIOTUU BOCIPOM3BOCTBA OT/ea 001Iel naToio-
THH U TepaTuH.

C 2016 roma 1mo HacTOsIIIIee BPEMSI SIBIISICTCS TIIaB-
HBIM Hay4YHBIM COTPYIHHKOM, CEKTOpa OoJe3Hel opra-
HOB BOCIIPOM3BO/ICTBA KPYITHOTO POTaTOro CKOTa, OT-
Jiesia SKCIIEpUMEHTAIbHOU Teparuu.

ITon nayunbeim pykoBoactBoM B. M. Muxanesa
3aIUIIEHBl MEeCTh KaHAMUJATCKUX JTHCCEPTAILIHH.
Muxanes B. U. siBiisieTcst aKTUBHBIM YYaCTHUKOM pa-
0OTBI JUCCEPTALMOHHBIX U YYEHOTO COBETOB MHCTH-
TyTa.

Buranuii IBaHOBMY BHEC BECOMBIN BKJIAJ B TE€O-
PHIO M IPAKTUKY OOpBHOBI ¢ 3200JIEBaHUSIMH OPTaHOB
BOCIIPOM3BOJICTBA U IOATOTOBKY HayUHBIX KaJpOB I10
BETEPUHAPHOMY aKyILLIEPCTBY U OMOTEXHUKE PEIIPOAYK-
MM KUBOTHBIX. Ero HayuHast 1eaTebHOCTb MOCBSIIe-

© [Mabynun C. B., [Tapmu I1. A., 3umanxos B. 1., 2025
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K 50-nemuto doxmopa eemepunapmwix nayk B. U. Muxanesa

Ha MPOBEJICHUI0 (YHIAMEHTAIBHBIX HCCIICAOBAHUN
10 U3YYCHHUIO U pa3pabOTKe HOBBIX CPEJICTB U CIIOCO-
00B (hapmakoTepanmu 1 (papMaKoTIPOPHIAKTHKH ITaTO-
JIOTUH OpraHOB BOCIPOHM3BO/ICTBA, CIIOCOOCTBYIONIUX
MaKCUMaJIbHOMY HCIOJIb30BaHHUIO PENPOAYKTUBHO-
T'0 IIOTCHIIMaJIa ) KUBOTHBIX. HCCHGI[OB&HI/IHMI/I Y4CHO-
IO pacKpbiTa BOBMOXXHOCTH MCIIOJIb30BAHUS CPEIICTB
HeCTICM(PUICCKON MAaTOTEHETHICCKON Teparuu Mpu
CYOMHBOIIOIIMH MaTK{ KOPOB. Y YE€HBIM HayYHO 000C-
HOBaH COCTaB W pa3pab0oTaHbl MHOTOYHCIICHHBIE ITpe-
napartbl U1 JIEYSHHUS TTOCIEPOIOBOTO U XPOHHUYECKO-
r'0 DHJIOMETPUTA Y KOPOB, KOTOPBIC HAILIH IIUPOKOE
npuMeHnenue Ha tepputopun Poccuu u crpan CHI.
Buranuii MIBaHOBUY SIBJIETCSI OAHUM M3 OCHOBOIIO-
JIOYKHUKOB U3yUeHHS ITPOOIEMbI SMOPHOTIATHH Y KPYTI-
HOTO pOraToro cKora.

B mocnennee BpeMst ero BHUMaHUE MPHUKOBAHO
K M3YYEHHIO METOIOJIOTHH KOPPEKIIMHU OOILEro U Jo-
KaJIbHOTO IMMYHOOHOJIOTHYECKOTO TOMEOCTasa ¢ Iie-
JIBIO POPUITAKTHKN AYMOPHUOTIATHN Y KOPOB.

BrmonHeHb! OombIlne HayqHbIe Pa0OTHI B 00JIaCTH
(PU3UOIOTHH ¥ TTATOJIOT MU OPTaHOB BOCIIPOU3BOJICTBA
U pa3paboTKe CPEJICTB U METOIOB UX MPOQPIIAKTUKU

1 Tepanuu. Ha mpoTshkeHUM MHOTHX JIET SIBJISICTCS PY-
KoBOZTENeM | 0CynapCTBEHHBIX U BEIOMCTBEHHBIX Ha-
YYHO-HCCIIEI0BATEIILCKUX PA0OT.

B. 1. Muxanes onyonukoBai 6osiee 300 HayqHBIX
1 y4eOHO-METOMUYECKUX PA0OT, MoTy4dm1 oosee 35 aB-
TOPCKUX CBUJICTEIIBCTB M MATEHTOB HA M300pETEHUSI,
y9acTBOBaI B pa3padboTke 6osee 10 MmeTonndaeckux pe-
KOMEH/IallUi, yKa3aHUi 1 HacTaBJIE€HUH, BHEIPEHHBIX
B CEIIbCKOXO3SIICTBEHHOE MPOM3BOACTBO Ha TOCYIAp-
CTBEHHOM ypoBHE. [1o/1 ero pykoBOCTBOM BBITIOIHE-
HO | 3aIUIIEHO 6 KaHTUAATCKUX TUCCEPTAIIHH.

Y4eHslii BeIeT aKTUBHYIO HAYYHO-00IIIECTBEHHYIO
paboty. OH SBIIIE€TCS WICHOM, TUCCEPTAIMOHHBIX CO-
BETOB TIO 3aIUTE JOKTOPCKHUX W KaHJUAATCKUX IFC-
CepTaluii, YWICHOM y4eHOro coBeTa MHCTUTyTa. OH
Y4acTBYET B NpOIMAraHjie HayYHO-TEXHHUUYCSCKUX 3Ha-
HUIA, paboTe CEMHUHApOB U COBEIIAHUHN C 300BETEPH-
HAPHBIMHU CIICIMATUCTAMU, MHOTOYMCIICHHBIX MEXKTY-
HAPOIHBIX HAYYHBIX KOH(PEPEHITHH.

Buranuit UBanoBHY Harpak/ieH NOYETHBIMU T'pa-
MoTamu. LleneycTpeMiIeHHOCTh, MUPOKUN KPyTro3op
MBIIUICHUS, CKDOMHOCTh B OOIICHUN CHHUCKAIIU MY
TyOOKO€ yBa)K€HHE Y KOJIJIeT.
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ON THE OCCASION OF THE 50" ANNIVERSARY SINCE THE
BIRTH OF DOCTOR OF VETERINARY SCIENCES V. I. MIKHALEV

Sergey Viktorovich Shabunin, Pavel Andreevich Parshin, Vitaliy Ivanovich Zimnikov®

All-Russian Veterinary Research Institute of Pathology,

Pharmacology and Therapy, Voronezh, Russia, vnivipat@mail.ru®™

Vitaliy Ivanovich Mikhalev, Doctor of Veterinary
Sciences, Head ofthe Sector of Diseases of Reproductive
Organs of Cattle, Department of Experimental Therapy
of All-Russian Veterinary Research Institute of
Pathology, Pharmacology and Therapy, has celebrat-
ed his 50™ birthday in 2025.

Mikhalev Vitaliy Ivanovich was born on January
5, 1975 in Nizhnedevitsk village, Nizhnedevitskiy dis-
trict, Voronezh region, in the family of employees. In
1992, he entered, and in 1997, graduated with honors
from Voronezh State Agrarian University named after
K. D. Glinka, Veterinary Faculty, specializing in vet-
erinary medicine. From 1997 to 2000, he studied at
full-time postgraduate school at All-Russian Veterinary

© Shabunin S. V., Parshin P. A., Zimnikov V. 1., 2025
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Research Institute of Pathology, Pharmacology and
Therapy. In 2001, Vitaliy Ivanovich defended his
Candidate thesis (specialty — veterinary obstetrics
and biotechnics of animal reproduction) on the topic
Use of Difur for the Therapy and Prevention of Acute
Postpartum Endometritis in Cows.

In 2002, Vitaliy Ivanovich was accepted to the po-
sition of a Senior Scientific Associate of the Laboratory
of Reproductive Organs and Mammary Gland Diseases
in Farm Animals, and in 2004, he became a Principal
Scientific Associate in the same laboratory.

In2007, V. 1. Mikhalev defended his Doctoral the-
sis in two specialties on the topic Postpartum Uterine
Subinvolution in Cows, its Morphofunctional State and
the Development of Effective Methods for its Therapy
and Prevention. From 2008 to 2016, he was the Head
of the Laboratory of Pathology of Reproduction of the
Department of General Pathology and Therapy.

From 2016 to the present, he is the Chief Scientific
Associate of the Sector of Diseases of the Reproductive
Organs of Cattle, Department of Experimental Therapy.

Six Candidate theses have been defended under the
scientific supervision of V. I. Mikhalev. V. I. Mikhalev
is an active participant in the work of the Thesis
(Dissertation) and Academic Councils of the Institute.

Vitaliy Ivanovich made a significant contribution
to the theory and practice of combating diseases of the
reproductive organs and training scientific personnel in
veterinary obstetrics and biotechnics of animal repro-
duction. His scientific activity is devoted to conduct-
ing fundamental research on the study and develop-
ment of new means and methods of pharmacotherapy
and pharmacoprophylaxis of pathologies of the repro-
ductive organs, contributing to the maximum use of
the reproductive potential of animals. The scientist’s
research revealed the possibility of using non-specific
pathogenetic therapy for uterine subinvolution in cows.
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On the occasion of the 50th anniversary since the birth of doctor of veterinary sciences V. I. Mikhalev

The researcher scientifically substantiated the compo-
sition and designed numerous drugs for the treatment
of postpartum and chronic endometritis in cows, which
have found a wide application in Russia and the CIS
countries. Vitaliy Ivanovich is one of the founders of
studying the problem of embryopathy in cattle.

Recently, his attention has been focused on the
study of the methodology of correction of general and
local immunobiological homeostasis for the purpose
of preventing embryopathy in cows.

Great scientific works have been carried out in the
field of physiology and pathology of reproductive or-
gans and the design and development of means and
methods for their prevention and therapy. For many
years, he has been the Head of state and departmen-
tal research works.

V. I. Mikhalev published more than 300 scientific
and educational-methodological works, received more

Bulletin of Veterinary Pharmacology « No. 1 (30) « 2025

than 35 inventor’s certificates and patents for inven-
tions, participated in the development of more than 10
methodological recommendations, instructions and
guidelines introduced into agricultural production at
the state level. Under his supervision, 6 candidate the-
ses were completed and defended.

The scientist is actively involved in research and
social work. He is a member of dissertation councils for
the defense of doctoral and candidate theses, a mem-
ber of the academic council of the Institute. He par-
ticipates in the promotion of scientific and technical
knowledge, the work of seminars and meetings with
zooveterinary specialists, and numerous international
scientific conferences.

Vitaliy Ivanovich was awarded with certificates
of honour. Purposefulness, broad outlook of thinking,
modesty in communication earned him a deep respect
from colleagues.
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IKCIIEPUMEHTAJIBHA A ®APMAKOJIOI'USA

Hayunas cratbs
VIK 619:615.281.9:615.9

W3YUYEHUE MOJOCTPOU TOKCUYHOCTH
KOMIIVIEKCHOTI'O ITPEITAPATA JAJISA IEHEHUA MACTUTA

Anarosmuii Bukroposuu Nukun®™, Taimna Anaroanesna Bocrpounosa,
Huna AnexceeBHa Xoxi0Ba, AHacTtacusi AHapeeBHa Kopuaruna, lanuna I'epmanoBua Yycosa,
Bopuc Bukroposuu llladynun

Bcepoccuiickuti nayuno-ucciedosamenbckutl 6emepuHapHulil UHCIUmMym namaoiocul,
papmaxonozuu u mepanuu Bopouexc, Poccus, agalkin702@gmail.com™

AHHOTanus. B CBs3M ¢ pCKOM BO3HUKHOBEHHSI PE3UCTEHTHOCTH MUKPOOPTaHN3MOB K HanOoJjIee 9acTo mpumMe-
HSIEMBIM aHTHOMOTHKAM aKTyaJbHbBIM SBJISIETCS TIOMCK HOBBIX KOMOMHAIMIA, BKITIOYAIOIINX Pa3HbIEC IPYIIIBI aH-
THOAKTEPHAIBHBIX CPEJICTB, B3aMMOYCHIIMBAIOIINX APYT ApyTa. [Ipr 5TOM, BO3HHUKaeT HEOOXOANMOCTD H3yUCHHS
TOKCHYECKOTO BIMSIHMS HA OPTAHU3M >KHBOTHBIX HOBBIX JIGKAPCTBEHHBIX IpemapaToB. Llenbio HacTosmel pado-
THI SIBJISUIOCH N3YYEHHE TOKCHKOMETPUIECKHX MTapaMeTpoB Mperapara Ha OCHOBE IedarocnopruHa u propXuHo-
JIOHA B TTOJJOCTPOM OTIbITe. JaHHbIE, TOTYYEHHBIC B XOJI€ SKCIEPHMEHTA, CBUICTEIBCTBYIOT O TOM, UTO IIPH MHO-
rokpatHoM (14 mHei) mogkokHOM BBeneHHH mpenapata B go3ax 100,0 u 500,0 Mr/KT, OH HE OKa3bIBAJI OTPHUIIA-
TEIBHOTO BO3ACHCTBUSA Ha KIMHWYECKHUH CTAaTyC, COCTOSIHHE BHYTPEHHHX OpPraHOB, MOP(OIOTHYECKHE
1 OMOXMMHYECKHE TIOKa3aTelIl KPOBH )KUBOTHBIX. M3MeHeHns1, KoTopble ObLTH BeI3BaHbI 10301 500,0 Mr/KT, MMe-
T 0OpaTUMBIH XapakTep, Tak Kak B TedeHue 10 qHeil mociae oTMeHs! penapara MopQoIoTHIECKHe 1 ONOXUMH-
YEeCKHE MTOKA3aTeIN KPOBH Y ONBITHBIX )KHBOTHBIX BOCCTAHABIMBAINCH /10 (PU3HOIOTNIECKUX 3HAYCHHUH.

Kuarouessle ciioBa: nedruodyp, Mapoodrokcanny, MpeJHI30II0H, TIOI0CTPasi TOKCHIHOCTD, MAaCTUT, MOP(0-01o-

XUMHNYCCKHUE U TUCTOJOTHMYCCKHUE NCCIIC0OBAaHUA, J'Ia60paTOpHBI€ JKHBOTHBIC

BBEJAEHUE

Ha HaganpHBIX Tarnax pa3paboTKH BETEPHHAPHBIX
MIperaparoB JaHHbIE, TONyYeHHBIC B XO/I€ JOKIUHH-
YECKUX UCCIIEJOBaHUI, CTAHOBSTCA KpaliHe BaKHBIMU
US| IPAHSITHS PEILICHNH, CBSI3aHHBIX C 0€30MaCHOCTHIO
1 3PPEKTUBHOCTHIO HOBBIX JICKAPCTBEHHBIX CPEIICTB
[1]. [Ipu mOoCcTaHOBKE T TENBHBIX (CYOXpPOHUYECKIX
U XPOHUYECKHUX) TOKCHKOJIOTUYECKHUX JKCIIEPHMEH-
TOB OCHOBHBIE 33J]Jaul COCTOST B BBIABJIEHUHU Opra-
HOB-MHMILIEHEN 1 OTIpeJIeIIeHNH HaJIN4Yus HEraTUBHOTO
BJIMSIHUSL MHOTOKPATHOTO BBEICHUS UCCIIEyEMOTO Be-
IIECTBA Ha KJIMHUYECKUH CTAaTyC KUBOTHBIX, a TAKXKe
YCTaHOBJICHHE CTEMEHN 00pPaTHMOCTH TIOBPEKICHHH
pu ux Haauuui [2]. B Takux uccienoBaHusX OCHOB-
HOH TECT-CHCTEMOH /IS OTIBITOB SIBIISIFOTCS Ta00paTop-
HBIE€ YKUBOTHBIE — KPBICHI U MbIIH. CyOXpOHHYECKH
OTIBIT TIO3BOJISIET ONPEAETUTH AMHAMUKY TIaTOJIOTHYe-
CKMX M3MEHEHHUH U YCTAaHOBUTH CTENEHb UX MPOSIBIIE-
HUS Ha Pa3IMYHBIX YPOBHSX OPTaHU3AI[H B )KUBOT-
HOM opraHusMme [3, 4]. U3yuyeHue nurepaTypHbIX UC-

TOYHHKOB I10 JIEYEHHUIO MAaCTUTOB y KPYITHOTO POraTroro
CKOTa, O3BOJIWJIO BBISIBUTH MOJIOKUTEIbHbIEC PE3YIIb-
TaThl CHW)KEHHSI CITy4aeB PELUANBUPYIOIIETO MaCTH-
Ta, TP IPUMEHEHUH MTPeNaparoB, CoAepKaIux GTop-
XMHOJIOH W/min tiedanocnoput. Bee 3o naer ocHo-
BaHME IPEAIOararb NePCIeKTUBHOCTh IIPUMEHEHUS
KOMITO3HIIMH U3 (PTOPXUHOJIOHOB U 1e(haIoCIIOPHHOB
IS JIEYEHUS] MACTUTOB Y KopoB [5—7]. B uccnenye-
MOM IIpernapare coepxkurcs mapoodokcannH, ued-
tHo(yp W npeaHu3onoH. JluteparypHslie naHHbBIE |8,
9] o MccaenOBaHUIO TTOMOCTPON TOKCHYHOCTH Map-
O0odurokcanmHa B opMe MHBEKIIMOHHOTO TIpernapa-
Ta MOKAa3bIBAIOT, 4YTO MapOO(IIOKCALlMH HE BIMSIET Ha
KJIMHAYECKHI cTaTyc OeNbIX KpbIC, MOP(O-OnOXUMH-
YecKHe MOKa3aTeNIl KPOBH M HE BBI3BIBACT M3MEHEHUH
B MOP(OJIOTHH TIEYCHU U MOYEK. B OTKPBITHIX JHTE-
paTypHBIX UCTOYHHUKAX MPUCYTCTBYIOT IaHHBIE 00 HC-
cienoBaHuy e Trodypa mpu XpOHMIECKOM BBEICHUH
(90 mHeit), rme HAOMIOMATOCh TOKCHYSCKOE BITHSTHUC
nedruodypa Ha KpbIcax MPU NEPOOPaATHLHOM BBEICHUH

© Tanxuu A. B., Boctponnosa I'. A., Xoxmosa H. A., Kopuaruna A. A., Uycosa I. I, Hlabynun b. B., 2025
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HsylteHue nodocmpoﬁ MOKCUYHOCMU KOMNJIEKCHO20 npenapama 07151 JleyeHuss Macmuma

B BBICOKHX JI03aX: OTMEUAJIH KEIYI0YHO-KUIICYHbIC
paccTpoiicTBa, CHIKEHUE KOJINYECTBA IPUTPOIIUTOB,
YPOBHSI TJIFOKO3HI U AJIEKTPOIUTOB B CHIBOPOTKE KPO-
Bu [10, 11]. [Ipn u3yuyeHUN TOKCUYHOCTH B XPOHHUYE-
CKOM OTIBITE Ha KPBICAX, KOTOPBIM 3aJ1aBaJICs IPEIHU-
30JI0H OpajibHO, TOKcHUYecKuil 3pdexr xapakrepuso-
BAJICSl CHIDKCHHEM TIPUPOCTA MACCHI Tella, anreTuTa,
KOJINYECTBA JICHKOLIUTOB, OTHOCUTEIBHOM MacChl TH-
MycCa, CEJIE3€HKU U HAJIOYEUHUKOB [12].

Llenpro mccinenoBaHus SIBISITIOCh M3yYEHHE TOK-
CUKOMETPUYECKUX MapaMeTpOB Iperapara Ha OCHO-
Be nedruodypa, MapOodIIOKcalliHa U MPEIHU30JI0-
Ha B [TOJIOCTPOM OIIBITE Ha JIA0OPATOPHBIX KUBOTHBIX.

MATEPUAJIBI U METO/IbI
UCCJIEJOBAHUM

HccnenoBanus nonocTpoil TOKCUYHOCTH Mpemnapa-
Ta MPOBE/ICHBI Ha [TOJIOBO3PEIBIX KOHBEHIIMOHAIBHBIX
HEJTMHEHHBIX OENBIX KphICaX, pa3BelICHUS BUBAPHUS
OI'BHY « BHUBUITIDuT». Conepskanne, KopMIcHHE
Y MaHUITYJISIIIUH C )KHBOTHBIMHU ITPOBOJIUIIN B COOTBET-
CTBUH C yCTaHOBJICHHBIMH HOPMaMH U «PyKoBoCTBOM
10 MPOBEJECHUIO JOKJINHUYECKUX UCCIIE0BAaHUM Je-
KapcTBeHHBIX cpeacTs» (2012) [13].

[Tpu BBIOOpE /103 Mpemapara pyKOBOACTBOBAIINCH
JMAHHBIMH, TIOJIYYEHHBIMU TIPH W3YYEHHH IapamMe-
TPOB €r0 TOKCUYHOCTH B OCTPOM OIIBITE, B PE3YIIbTa-
T€ KOTOPOTO OBLIO YCTaHOBJIEHO, uTo LD, peBbima-
eT 5000,0 MI/KT U SIBISETCS MAKCUMATIBEHO BO3MOKHOM
quts BBeienns B coorBercTBuu ¢ [OCT 32644—2014.
KusotubM I rpynms! (kouTpons) (n = 10) mpenapar ve
BBOAWIH, KpbicaM 11 u 111 rpymm (o » = 10) BBOgMIN
rmonkokHO penapar B goze 100,0 m 500 mr/xr (1/50
u 1/10 ot makcumaabHOM 10361 5000 MI/KT), COOTBET-
CTBEHHO, 1 pa3 B CyTKH B TeueHue 14 qHEH.

OOmieTokcnveckoe AeiicTBIE Mpernapara oleH1Ba-
JI TIO TMHAMHKE MacChl Tea >KUBOTHRIX (1 pa3 B He-
JIeJTI0), MOP(OIOTHICCKIM TTOKA3aTeNIIM U COCTOSI-
HUIO CHCTEMBI TOMEOCTa3a MpOoOBl KPOBU OTOMpan
ciycts 24 4yaca 1mocJje MOoCeIHEr0 BBEICHUS IIpera-
parau cyctst 10 1He# BOCCTaHOBUTEIBHOTO MEPHUOJIA.

BereraTuBHbIi cTaTyC OLIEHUBAJIN 110 COCTOSHUIO
CIIM3HCTHIX, IIEPCTHOTO MTOKPOBA, MINPHUHBI TIIA3HBIX
mesied, HATMYUIO CalTMBaIliH, JAUAPEH, ONMPSATHOCTH
JKUBOTHBIX. Mopdororndecknii cocTaB KpOBH OIpe-
JEIISIIH, UCTIONB3Ysl CTAaHAAPTHBIE METOVMKH O/ICUETa
KJIETOK, T€éMaToJIOTHYECKHe NTOKa3aTeI — Ha aHajH-
3atope «ABX Micros 60». @paximn 6eika onpeens-
JIY 27IEKTPO(OpPE30OM B arapo3HOM rejie, KOHIIEHTPAIIIIO
o0rero Oerka, 00X JTUIHIOB, OMIHpyOrnHa Habopa-
mu pupmel «Buramy (Cankr-IletepOypr), KoHIIeHTpa-
LU0 MOYEBHHBI, XOJIECTEPHHA, IIIFOKO3bI, KpeaTHHUHA,

aKTUBHOCTH aclapTar- 1 alaHnHaMUHOTpachepas, —
Ha OmoxmmudeckoM aHanm3arope «Hitachi-902.

MakpoCKOITM4eCcKOe M THCTOJIOTHYECKOE HCCIe-
JIOBaHHE BHYTPEHHUX OPraHOB MPOBOJMIIH IIOCIIE IB-
TaHa3UM YaCTH KUBOTHBIX M3 KaXXIOW TPYMIIbI SKC-
nepuMeHTa Ha 15-i geHs ombitTa u 4epes 10 mHei
BOCCTAHOBUTEILHOIO nepuoza. [Ipu nposenenuu ru-
CTOJIOTHUECKUX UCCIIEI0OBAHUM OpraHbl (PUKCUpOBAIH
B 10 % 3a0ydepenHom dopmanne, 3aTeM NoaBEpra-
T AETHIApATalliy B CIIMPTaxX BO3pacTaroueld Kpemno-
CTH, TIOCJIE Yero o0pa3ibl 3aJUBaId B TUCTOJIOTHYE-
ckuii napadun. lanee U3roTaBIMBaId THCTOCPE3bI
TOJIIIMHON 3—5 MKM, KOTOPbI€ PACILJIABIISAIN B BOJISI-
HOH OaHe M MOMELIAIN Ha BBICOKOAATE3UBHBIC CTEK-
na. [lpenaparsl okpanBaiyn reMaTOKCHIMHOM-303H1-
HoM. M3ydeHue npenaparoB NPOBOJMIN HA MUKPOCKO-
ne buomen-3 co BCTpOCHHON KaMepoi.

Craructrueckas 00paboTKa MOTy4eHHbIX JAHHBIX
MPOBEJECHA C IIOMOIIBIO KOMITBIOTEPHOT'O IaKeTa Mpo-
rpamuM Statistica 8.0 1 nmpencTaBieHa B BUIe CpeaHen
apupmeTndyeckoil n omMOKK cpenHel apudmernye-
ckoit (M + m). Paznuuust cauTamy cCTaTUCTUYECKH 3Ha-
yuMbIMU TIpH p < 0,05.

PE3YJIBTATHI UCCJIEJOBAHUN
N OBCYXKIAEHUE

B xozxe skcnepumenTta npu MHOrokpatHom (14
JTHEH ) TTOAKO’KHOM BBEICHUU Tpenapata B go3ax 100,0
u 500,0 Mr/kr rubeny >KUBOTHBIX U CUMIITOMOB HMH-
TOKCHKAIMW HE ObUTO ycTaHOBIEeHO. OleHKa KINHU-
YECKOTO COCTOSTHUS ITOKa3aia, 4To alreTUT, YacToTa
JIBIXaTebHBIX IBUKEHUN U CEPIICUHBIX COKpAICHUN
BCEX IMOJIOTIBITHBIX JKUBOTHBIX, KaK B MIEPHOJT TPHME-
HEHUs Mpernapara, Tak U B TCUYCHUE BOCCTAHOBUTEIIb-
HOTO [IEPHO/Ia, OCTABAIIUCH B ITpe/eiax pehepeHCHbBIX
3HAYeHNH; Tak)Ke He OBUIO BBISBICHO (PYHKITMOHAIH-
HBIX HapyIIEHUH MUAIEBAPUTEIILHON U MOYEBBIJICITH-
TEJIBHOM CUCTEM.

B rpynne II 3a nepuon €xXeJHEBHOTO BBEACHUS
HCCIIEeMyeMOro Mpernapara CpeIHeCy TOUHBINA TPUPOCT
MAacCHhI TeJ1a JIOCTOBEPHO HE N3MEHUJICS OTHOCHUTEIHLHO
WCXOIHBIX JaHHBIX. 3a 10 gHel BOCCTaHOBUTEIHLHOTO
MepHUoJIa TPUPOCT MACCHI TeJIa B CPEIHEM I10 TPYIIIIe
coctaBui 7,1 % OTHOCUTEIbHO UCXOAHON MacChl Tea.
B rpynne 111 nabnromanu moTepro Macchl Jesna )KUBOT-
HBIMH B TIEPHOJ] €KESTHEBHOTO BBEICHIS UCCIICTyEeMO-
ro npemnapara. K 14-m cyTkam 3KCTIEpUMEHTa CPeTHSS
Macca Tella KpbIc B TpyIIe cHu3unach Ha 9,4 % otHo-
CUTEITLHO UCXO/IHOH B Havale onbiTa. OHAKO B Te4e-
HUE BOCCTAaHOBHUTEIBHOTO TMEPHUOMA KPBICHI MPHOaB-
JISUTH B BECE, U K OKOHYAHHIO SKCTIEPUMEHTA IPUPOCT
MacChl Tejla B cpedaHeM 1o rpymnme cocraBmia 1,1 %
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OTHOCHUTEJIBHO MCXOJHBIX JaHHBIX. Takum o0Opa3om,
MO)KHO OTMETHTbH Pa3IMdus B JUHAMIKE MAcCChI TeJa
KpBIC, CBSI3aHHBIE C YPOBHEM Ja03upoBaHus. Kpome

TOTO, )KUBOTHBIE rpymiisl 11 ObUIM MeHee aKTHUBHBIMH,
MeHee OXOTHO MOTPEeOISIIA KOPM B TIEpHO/] BBEICHUS
ucciaemyeMoro mpenapara (tabm. 1).

Tabnnna 1
Macca mena (2) 6envix Kpvlc U ee cpeOHeCymMOoUHbLL RPUPOCH 8 X00e IKCNEePUMeHmMda
['pynma >KMBOTHBIX
IToxaszarenu
I (koHTpOJIB) T (1/50 JI1,) I (1/10 JI,,)

Hauaio omnbita 280,4 +2,22 237,0+ 1,72 255,4+2,19
14 nenn 281,6 +3,52 237,5+3,38 231,5+4,67
CpeI[HGC}/:FO‘IHLH/I IPUPOCT/yOBUIb MAcCHI Tella 0.07 0,04 171

3a 14 gHei, r

% K Ha4aJly OIbITa 100,4 100,2 90,6

24 nenp 281,6 + 12,02 253,8+3,03 258,1+1,02
CpenHecyTOUHBIH IPUPOCT MACChI Tena 3a 24 AHd, T 0,05 0,70 0,11

% K Ha4aJly OmbITa 100,4 107,1 101,1

B Tedenue skcriepuMeHTa pazHUIIBI B IOTpedie-
HUM BOJIbI MTOJONBITHEIMH XHBOTHBIMU He ObLIO 3a-
(bukcupoBaHo. lI3mepeHns pekTaabHO TeMIeparyphl,
IIPOBEIICHHBIE C TOMOLIbIO IEKTPOHHOTO MEIUIINH-
CKOTO TepMOMETpa, MOKA3alIl OTCYTCTBHE Pa3IMUMi
y KpbIC ONBITHON M KOHTpONbHOH rpynm. Ilpu Buzy-
aJbHOW OIIEHKE BIUSHUS HCCIEyeMOro Ipernapara
Ha (QYHKIIMOHAJIBFHOE COCTOSTHHE LIEHTPAILHON HEepB-
HOW CHUCTEMBI, MOXKHO OTMETHUTb, YTO B IIEPHOJ €rO
14-n1HEeBHOrO BBEAECHUS OMBITHBIE KPBICHI Tpymmnbl 11
COXPaHSJIM JBUTaTelIbHYI0 aKTUBHOCTh, CPABHUMYIO
C aKTUBHOCTBIO Y KOHTPOJIBHBIX XKHUBOTHBIX. B rpymme
III nBurarenbHas aKTUBHOCTH ObLIA HECKOJILKO CHH-
JK€Ha OTHOCHUTEIFHO KOHTPOJBHBIX KUBOTHBIX. [Ipn
9TOM BCE NOJOIBITHBIE KPBHICHI aleKBaTHO pearupo-
BaJIM Ha BHEIIHUE Pa3IpaKUTEIIN.

Maxkpo- 1 MUKPOCKOIIMUYECKOE UCCIIE0BAaHUE Op-
TaHOB UBOTHBIX, TOJyYaBIINX UCCIETyEeMbIi Ipena-
part, He BBISIBUJIO MATOJIOTUYECKUX M3MEHEHHIH.

Pesynsrarsl MophoMeTpruUecKoro aHajm3a moka-
3aJIM OTCYTCTBHE IOCTOBEPHBIX OTIIMYMI B MACCOBBIX
ko3 purmentax (MK) BHyTpeHHUX OpraHOB KPBIC, KO-
TOPBIM IPUMEHSITH Ipenapar NoAKokHO B 1o3ax 100,0
u 500,0 MI/KT, 32 HCKIIOUECHUEM HAAIOYCIHUKOB. X
MK B 00enx rpynmnax J0CTOBEpHO OBUIN MOBBIIICHEI
Ha 50,0 %. OxgHaKo MO UCTEYSHHUIO CPOKA BOCCTAHO-
BUTEJILHOTO IIEPHO/A, JaHHbIE [10KA3aTEIN y OIBITHBIX
KMBOTHBIX IOCTUTAJIN 3HAYCHUH, aHAJIOTHYHBIX TAKO-
BBIM B I'pyIIE€ KOHTPOJISL.

IIpu nccnenoBannu mpod kposu KUBOTHBIX 11 1 111
rpynmn Ha 14 1eHb OTbITa He OBIII0 OTMEYEHO TOCTOBEP-
HBIX U3MEHEHHH B MOP(OIOTHIECKOM COCTABE KPOBH
M0 CPaBHEHUIO C TAKOBBIMH ITOKA3aTeNIIMU Y JKUBOT-
HBIX KOHTPOJBHOH IPYIIIBI, KPOME KOJHUYECTBA JICH-
KOILIUTOB, KoTopoe B rpymre 11 6bu10 Hike Ha 17,2 %.
OpHako mocje OTMEHBI Ipernapara 3TOT IMOoKa3aTelb
JIOCTOBEPHO HE OTIMYAJICS OT KOHTPOJIS.

AHanu3 pe3ybTaToB, IOyYeHHBIX IPH H3YUYCHUH
OMOXMMHUYECKOTO CTaTyca IOIOMBITHBIX KUBOTHBIX,
MoKasaj psiJ U3MEHEHHH HEKOTOPBIX [TOKa3arenei oT-
HOCHUTEJILHO TaKOBBIX Y YKUBOTHBIX KOHTPOJILHOH IpyTI-
mel. Tak, B rpynmax 11 u 111 65110 3ahmkcupoBano cHu-
*eHwne ooriero 6emka kposu Ha 6,0 1 10,9 % (p < 0,05),
COOTBETCTBEHHO. TaK k€ y KPbIC, KOTOPBIM IPUMEHSI-
nu npenapar B 1o3e 500 Mr/kr, oTMedanu J0CTOBEp-
HOE MOBBIIIICHHE aKTUBHOCTH aJJaHMHAMHHOTpaHCe-
passl (AnAT) Ha 40,0 % (p < 0,05). I1pu 3TOM y KpBIC
Il rpynmsl HabmOnamach TEHACHINS K TIOBBIIIEHUIO
aktuBHOCTH ANAT (21,1 %), HO MaHHBIE M3MEHEHUS
ObUIM CTaTHCTUYECKU HEIOCTOBEPHBI OTHOCHTEIBHO
3HAUYEHHUH B TPyINIE KOHTPOJIS.

[Tpu nccnenoBaHuK KPOBU MOAOTBITHBIX KPBIC Ye-
pe3 10 gHel BocCTaHOBUTENBHOTO MEPHO/Ia 3HAYMMBbIX
U CTaTUCTUYECKH JOCTOBEPHBIX U3MEHEHUH B OIBIT-
HBIX TPYMIaX OTHOCUTEIbHO KOHTPOJIBHOM YCTaHOB-
JICHO He OBLIO.

[Ipu mpoBeneHNH TUCTOJOTHYECKUX HCCIIEI0BaA-
HUU yCTaHOBJIEHO, 4TO (puc. 1) Bo Bcex obOpasiax
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TKaHU IEYCHN UMEIOT THITHYHYIO MOP(OIOTHIECKYTO
CTPYKTYyDY.

Kpynssie cocynbl 3amycTeBIINE, MEJIKHE — yMe-
PEHHO KpOBEHAIoJIeHbI. banouHoe cTpoeHue coxpaHe-
Ho. ['enaronnThl MOJIUTOHATBLHON (OPMBI € LIEHTPaJIb-
HO-pacIoJIoKeHHBIM syipoM. L{uTormnasma okpariena
paBHOMEpHO.

r

[lpu mpoBejeHUU TUCTOJOTHYECKUX HCCIe-
JIOBaHUI MOYEK KPBIC BO BCEX Ipymmax Halmroma-
JI0Ch (PHUC. 2) OTCYTCTBHE KAKHX-JIMOO IMATOIOTHYe-
CKUX U3MEHCHHH, TOYKH UMEIIH TUIIHYHOE CTPOCHHE.
[IpokcuManbHbIE U AUCTATBHBIE KaHAIbLIBI HIMEJIN CO-
XpaHHYIO SMHUTENNAIBHYI0 BBICTHIKY. KammisipHast
CeTh KITyOOUKOB KPOBEHAIIOJIHEHA, KaICyila COXpaHEeHa.

Puc. 1. ApXuUTeKTOHHKA NEUEHH KPBIC:

A — xoHTpoib (rpynmna ) B Hauane onbiTa; b — rpynmna Il Ha 14 nens BBenenus; B — rpynmna 1l Ha 14 nens BBeacHus; [ —
rpymna II uepes 10 nneii BBenenus; [ — rpynmna Il yepes 10aneii BBenenus; £ — KoHTpoib (rpymmna ) B KOHLIE OIbITA.
VB. 400x. Okpacka reMaToKCUJINH-2031H

o pe3ynbpraram mpoBeIEHHBIX THCTOIOTHIECKIX
WCCIICIOBAHUI YCTAaHOBIICHO, YTO BBIPAKEHHOTO I'era-
TO- ¥ HE()POTOKCUUECKOTO JCUCTBUS Mpernapara B J10-
3ax 100 u 500 Mkr/kr, Kak uepe3 14 nHell BBeACHHUS,
Tak ¥ mocie 10 gHei BOCCTAaHOBUTEIHLHOTO TIEPHO/A,
He HaOmroanock. [Ipu ucclieIOBaHUH IPYTHX OPraHOB
(cepmrre, cene3eHka, KUIIEYHHUK, THMYC) He OBLIO yCTa-
HOBJICHO KaKUX-JIKOO MAaTOJOTHUECKUX U3MCHEHHH.

3AKJIOYEHHUE
[Ipy MHOTOKPATHOM IIOJKOKHOM BBEACHUHU IIPE-
napara Ha ocHoBe nedrrodypa, MmapOodIokcannHa
U npeaHu3osiona B teuenue 14 aneit B mozax 100,0

u 500,0 Mr/kr ObUIO YCTaHOBIICHO, YTO Ipenapar He
OKa3bIBaeT OTPHUIIATEILHOTO BO3ACHCTBUS Ha KIMHU-
YEeCKHI CTaTyc, MOp(POJIOrniIeckrue 1 ONOXUMHUECKUE
TIOKa3aTeJIM KPOBH MOJIONBITHBIX )KUBOTHBIX. BBeieHIe
HOJONBITHBIM )KMBOTHBIM HCCIIEIYEMOTO Ipernapa-
ta B 103¢ 500,0 MI/Kr BBI3BaJIO HEKOTOPHIE U3MEHE-
HUSL MOP(OIOrHYECKUX U OMOXMMUYECKUX IOKa3a-
Tesiel KpOBH, KOTOPBIE HMENIN OOpaTUMBIH XapakTep,
Y [0 UCTEUYCHUH BOCCTAHOBHUTEIILHOTO MEPUO/Ia BOC-
CTaHABINBAINCH 10 (U3NOJOTHYECKUX 3HAYCHUH.
I'ucronorndyeckuMu METOJaMU TOKCHYECKOTO BIIHSI-
HUSI MCCIIElyeMOTo0 MIpenapaTa Ha OpraHbl M TKaHU He
YCTaHOBJICHO.
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Puc. 2. ApXUTEKTOHHKA TIOYEK KPBIC:

A — xoHTpOIb (Tpymma I) B Hauane onbiTa; 5 — rpymma Il Ha 14 nens BBenenus; B — rpymma Il Ha 14 nens BBenenust; I —
rpymma II gepe3 10 mneii BBenenus; J — rpymma Il gepes 10xneii BBenenus; £ — KOHTpoib (rpymma ) B KoHIIE OIBITA.
VB. 400x. OKkpacka reMaTOKCHINH-3031H
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Abstract. Due to the risk of developing resistance in microorganisms to the most commonly used antibiotics, it
is important to search for new combinations that include different groups of mutually reinforcing antibacterial
agents. At the same time, there is a need to study the toxic effects of new drugs on animals. The objective of this
work was to study the toxicometric parameters of a drug based on a cephalosporin and a fluoroquinolone in a sub-
acute experiment. The data obtained during the experiment indicate that with repeated (14 days) subcutaneous
administration of the drug at doses of 100.0 and 500.0 mg/kg, it did not have a negative effect on the clinical sta-
tus, the state of internal organs, the blood morphological and biochemical indicators of animals. The changes that
were caused by a dose of 500.0 mg/kg were reversible, since within 10 days after the drug withdrawal, the blood
morphological and biochemical indicators in the experimental animals were restored to physiological values.

Keywords: ceftiofur, marbofloxacin, prednisolone, subacute toxicity, mastitis, morphobiochemical and histolog-

ical studies, laboratory animals

INTRODUCTION

At the initial stages of veterinary drug design, the
data obtained during preclinical studies become ex-
tremely important for decision-making related to the
safety and efficacy of new drugs [1]. When setting
up long-term (subchronic and chronic) toxicological
experiments, the main tasks are to identify target or-
gans and determine the presence of a negative effect
of repeated administration of the test substance on
the clinical status of animals, as well as to establish
the degree of damage reversibility, if any [2]. In such
studies, the main test system for experiments are lab-
oratory animals (rats and mice). Subchronic experi-
ment allows to determine the dynamics of pathologi-
cal changes and establish the degree of their manifes-
tation at various levels of organization in the animal
organism [3, 4]. A study of literary sources on the
treatment of bovine mastitis revealed positive results
in reducing the incidence of recurrent mastitis when
using drugs containing fluoroquinolone and/or ceph-
alosporin. All this gives grounds to assume the pros-
pects of using a composition of fluoroquinolones and
cephalosporins for the treatment of mastitis in cows

[5—7]. The studied drug contains marbofloxacin, cef-
tiofur and prednisolone. Literature data [8, 9] on the
subacute toxicity study of marbofloxacin in the form
of an injectable drug show that marbofloxacin does
not affect the clinical status of white rats, blood mor-
phobiochemical indicators and does not cause changes
in the morphology of the liver and kidneys. Open lit-
erature sources contain the data on a study of ceftio-
fur in case of chronic administration (90 days), where
the toxic effect of ceftiofur on rats was observed with
oral administration at high doses. There were not-
ed gastrointestinal disorders, a decrease in the num-
ber of erythrocytes, glucose and electrolyte levels in
the blood serum [10, 11]. In a study of toxicity in a
chronic experiment on rats given prednisolone oral-
ly, the toxic effect was characterized by a decrease in
body weight gain, appetite, the number of leukocytes,
and the relative weight of the thymus, spleen and ad-
renal glands [12].

The objective of the study was to examine the tox-
icometric indicators of a drug based on ceftiofur, mar-
bofloxacin and prednisolone in a subacute experiment
on laboratory animals.
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Subacute toxicity study of a complex drug for the treatment of mastitis

MATERIAL AND METHODS

Subacute toxicity studies of the drug were con-
ducted on sexually mature conventional nonlinear
white rats in the vivarium of FSBSI “ARVRIPP&T”.
Keeping, feeding and manipulation of animals were
carried out in accordance with the established stan-
dards and the Guidelines for the Conduct of Preclinical
Studies of Medicines (2012) [13].

When selecting the doses of the drug, we were
guided by the data obtained in the study of its toxicity
parameters in an acute experiment, as a result of which
it has been established that LD, exceeds 5000.0 mg/kg
and is the maximum possible for administration in ac-
cordance with GOST 32644—2014. The animals of
group I (control) (n = 10) were not administered the
drug; the rats of groups Il and I1I (z = 10 each) were ad-
ministered the drug subcutaneously at a dose of 100.0
and 500 mg/kg (1/50 and 1/10 of the maximum dose
of 5000 mg/kg), respectively, once a day for 14 days.

The general toxic effect of the drug was assessed
by the dynamics of the animals’ body weight (once a
week), morphological indicators and the state of the
homeostasis system. Blood samples were taken 24
hours after the last administration of the drug and af-
ter a 10-day recovery period.

The vegetative status was assessed by the state of
the mucous membranes, fur, width of the palpebral
fissure, presence of salivation, diarrhea and neatness
of the animals.

The blood morphological composition was deter-
mined using standard cell counting methods, and he-
matological indicators were determined using an ABX
Micros 60 analyzer. Protein fractions were determined
by agarose gel electrophoresis, the concentration of to-
tal protein, total lipids, and bilirubin using Vital kits
(St. Petersburg), and the concentration of urea, choles-
terol, glucose, creatinine, and the activity of aspartate
and alanine aminotransferases were determined using
a Hitachi-902 biochemical analyzer.

Macroscopic and histological examination of in-
ternal organs was performed after euthanasia of some
animals from each experimental group on day 15 of
the experiment and after a 10-day recovery period.

For histological studies, the organs were fixed in a
10 % buffered formalin, then dehydrated in alcohols of
increasing strength, after which the samples were em-
bedded in histological paraffin. Then, 3—5 pum thick
histosections were prepared, which were melted in a
water bath and placed on highly adhesive glasses. The
preparations were stained with hematoxylin and eosin.
The preparations were studied using a Biomed-3 mi-
croscope with a built-in camera.
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Statistical processing of the obtained data was
carried out using the Statistica 8.0 computer software
package and is presented as the arithmetic mean and the
error of the arithmetic mean (M + m). The differenc-
es were considered statistically significant at p < 0.05.

STUDY RESULTS AND DISCUSSION

During the experiment with multiple (14 days) sub-
cutaneous administration of the drug at doses of 100.0
and 500.0 mg/kg, no deaths of animals or symptoms of
intoxication were observed. Assessment of the clini-
cal condition showed that appetite, respiratory rate and
heart rate of all experimental animals, both during the
period of drug administration and during the recovery
period, remained within the reference values; func-
tional disorders of the digestive and urinary systems
were also not detected.

In group I, during the period of daily administra-
tion of the test drug, the average daily body weight gain
did not change significantly relative to the initial data.
Over 10 days of the recovery period, the average body
weight gain in the group was 7.1 % relative to the ini-
tial body weight. In group III, weight loss was observed
in animals during the period of daily administration of
the test drug. By day 14 of the experiment, the aver-
age body weight of the rats in the group decreased by
9.4 % relative to the initial value at the beginning of
the experiment. However, during the recovery period,
the rats gained weight, and by the end of the experi-
ment, the average body weight increase in the group
was 1.1 % relative to the initial data.

Thus, the differences in the dynamics of rat body
weight associated with the dosage level can be noted.
In addition, the animals of group III were less active
and less willing to consume food during the period of
administration of the studied drug (Table 1).

During the experiment, no differences in water con-
sumption by the experimental animals were record-
ed. Rectal temperature measurements taken with an
electronic medical thermometer showed no differenc-
es in the rats of the experimental and control groups.
When visually assessing the effect of the test drug on
the functional state of the central nervous system, it
can be noted that during its 14-day administration, the
experimental rats of group Il maintained motor activi-
ty comparable to that of the control animals. In group
III, motor activity was slightly reduced relative to the
control animals. At the same time, all experimental rats
responded adequately to external stimuli.

Macro- and microscopic examination of the or-
gans of animals receiving the test drug did not reveal
any pathological changes.
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Table 1
Body weight (g) of white rats and its average daily weight gain during the experiment
Group of animals
Indicators
I (control) II(1/50 LD,) I (1/10 LD,)

Experiment onset 280.4 +2,22 237.0+1.72 2554 +2.19
Day 14 281.6 +3,52 237.5+3.38 231.5+4.67
Average daily weight gain/loss of body weight for 0.07 0.04 171

14 days, g

% by the experiment onset 100.4 100.2 90.6

Day 24 281.6 +£12.02 253.8+3.03 258.1+1.02
Average daily body weight gain for 24 days, g 0.05 0.70 0.11

% by the experiment onset 100.4 107.1 101.1

D

Fig. 1. Architecture of rat liver:

A — control (group I) at the experiment onset, B — group II on day 14 of administration, C — group III on day 14 of admin-
istration, D — group II after 10 days of administration, £ — group III after 10 days of administration, F— control (group I)
at the end of the experiment. Magnification 400x. Hematoxylin and eosin staining

The results of the morphometric analysis showed of the internal organs of rats that were given the drug
no reliable differences in the mass coefficients (MC)  subcutaneously at doses of 100.0 and 500.0 mg/kg,
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with the exception of the adrenal glands. Their MC in
both groups were significantly increased by 50.0 %.
However, after the expiration of the recovery period,
these indicators in the experimental animals reached
the values similar to those in the control group.

When examining blood samples from the animals
in groups II and III on day 14 of the experiment, no
reliable changes were noted in the blood morpholog-
ical composition, compared to such indicators in the
animals in the control group, except for the number of
leukocytes, which was by 17.2 % lower in group II.
However, after the drug was discontinued, this indica-
tor did not significantly differ from the control.

The analysis of the results obtained in studying
the biochemical status of the experimental animals
showed a number of changes in some indicators rela-
tive to those in the animals of the control group. Thus,
in groups II and III, there was recorded a decrease in
total blood protein by 6.0 and 10.9 % (p < 0.05), re-
spectively. In the rats who were given the drug at a dose
of 500 mg/kg, there was also noted a reliable increase

in alanine aminotransferase (ALT) activity by 40.0 %
(p <0.05). At the same time, in the rats of group II, a
tendency towards an increase in ALT activity (21.1 %)
was observed, but these changes were statistically in-
significant relative to the values in the control group.

When examining the blood of experimental rats af-
ter a 10-day recovery period, there were found no sig-
nificant and statistically reliable changes in the exper-
imental groups relative to the control.

Histological studies have shown that (Fig. 1) all liv-
er tissue samples have a typical morphological struc-
ture. Large vessels are empty, small ones are moder-
ately blood-filled. The beam structure is preserved.
Hepatocytes are polygonal in shape with a central-
ly located nucleus. The cytoplasm is evenly stained.

During histological examination of the rat kidneys
in all groups (Fig. 2), the absence of any pathological
changes was observed, the kidneys had a typical struc-
ture. The proximal and distal tubules had an intact ep-
ithelial lining. The capillary network of the glomer-
uli was filled with blood, the capsule was preserved.

Fig. 2. Architecture of rat kidneys:

A — control (group I) at the experiment onset, B — group II on day 14 of administration, C — group III on day 14 of admin-
istration, D — group II after 10 days of administration, £ — group III after 10 days of administration, F— control (group I)
at the end of the experiment. Magnification 400x. Hematoxylin and eosin staining
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The results of the histological studies showed that
there was no pronounced hepato- and nephrotoxic ef-
fect of the drug at doses of 100 and 500 mcg/kg, ei-
ther after 14 days of administration or after a 10-day
recovery period. No pathological changes were found
in the examination of other organs (heart, spleen, in-
testines, thymus).

CONCLUSION

With repeated subcutaneous administration of the
drug based on ceftiofur, marbofloxacin and predniso-
lone for 14 days at doses of 100.0 and 500.0 mg/kg, it
was found that the drug did not have a negative effect
on the clinical status, the blood morphological and bio-
chemical indicators of the experimental animals. The
administration of the test drug to the experimental an-
imals at a dose of 500.0 mg/kg caused some changes
in the blood morphological and biochemical indica-
tors, which were reversible and were restored to phys-
iological values after the recovery period. Histological
methods did not establish any toxic effect of the test
drug on organs and tissues.
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BJIUAHUE KOMBUHALIUU KETAMHWH U U30®JIYPAH
C AEKCMEJAETOMUJINHOM U BE3 HEI'O HA
PU3NOJIOI'NMIYECKUE HAPAMETPBI MACACA FASCICULARIS

Bepa Cepreesna CokosioBa, Mapuna Hukonaesna Makaposa,
Tarbsina lennagseBna Bapmuna, Mapus Uropesna I'yrposa, [Imutpuii FOpbeBuu AxumoB™

HIIO «IOM ®APMAILIHH», Jlenunepaockas obi., Beesonoicckuii p-H,
n. Kysbmonosckuii, Poccus, akimov.du@doclinika.ru®™

Annotanmsi. {7151 IpoBeieHNsT MCCIIeIOBAaHUN Ha SIBAHCKUX Makakax (Macaca fascicularis) 9acTo IpuXomuTcs
npuberaTh K aHeCTEe3MH KMBOTHBIX. [Ipr 3TOM mpenaparamu BBIOOpa 4acTo CTAaHOBSITCS KETaMHUH, MEAETOMM/IVH,
JIEKCMEICTOMUJINH ¥ M30(ITypaH, Kak B KOMOMHAINH, TaK ¥ OTIEJIFHO, KOTOPBIE OTIIMYAIOTCSI CBOCH OBICTPOH pe-
Bepcueil anecte3nr. OJHAKO B MHCTPYKIUH 110 TPUMEHEHHIO JAHHBIX MPEIapaToB HET JAHHBIX O J03MPOBaHUU
JUIS SIBAHCKHMX Makak. Kpome Toro, B MMEIOIIUXCS JINTEPaTyPHBIX HCTOYHUKAX OTCYTCTBYIOT CBEJCHUS 10 BIIHS-
HUIO QaHECTETUKOB Ha (PU3MOIIOTHUCCKHUE TTAPAMETPHI KUBOTHBIX, TOT/Ia KaK B JOKIMHUYECKAX MCCIETOBAHUIX
B)XHO yMETh AU PEepeHIINPOBaTh BIMSHIE MTPENapaToB Uil HAPKOTH3AIMK OT JICHCTBHS MCCIIEyeMOTo Belle-
cTBa. L{enbio HACTOSIIIET0 HCCIIeIOBAHMS CTAJI0 U3yUCHNE BIMAHMS KeTAMUH-U30()ITypaHOBOH aHECTE3UH B KOM-
OMHAINY C IEKCMEIETOMUANHOM 1 0e3 Ha OCHOBHBIE (DU3MOIOTHUECKIE TIOKa3aTelN y SBAaHCKUX Makak. Mccie-
JI0BaHNE OBUTO 0100PEHO JIOKAIBEHON KOMUCCHEN 110 Ono3THKe. B akcnieprMeHTanbpHON paboTte Obu10 3a/1eiicTBO-
BaHo 10 cammoB n 10 camox Macaca fascicularis B Bozpacte ot 3 1o 7 net. st peanuzanuu npuHIHIOB «3Rs»,
a UMeHHO reduce — COKpaIleHHE, TPUMEHSUICS TIEPEKPECTHBIN JU3aliH ¢ IEPHOIOM OTMBIBKH HE MEHee 7 THEH.
AHecTe3us: IepBOHAYAILHO JKUBOTHBIM MEIJICHHO BHY TPMBEHHO BBOAWIIN KeTaMuH B 1j03¢ 10 Mr/kr, gepe3 10 mu-
HYT MCTIOJIB30BAJIM MACOYHYIO ITo1ady n30(uIypaHa co CKOPOCTHIO TOTOKa 1 JI/MUH 1 KoHIeHTpanuei 1 % B BO3-
ayuHoit emecu ¢ 40—93 % xucnopozna. He panee, uem uepes 7 nHel, NEpEXOANIH K UCCIIEAOBAHUIO IPYTOH cxe-
MBI @HECTE3MN: MEJICHHO BHYTPHUBEHHO BBOAWIN KeTaMHH B J1o3e 10 MI/KT, 3aTeM JIEKCMEICTOMUINH B 103€
50 MKI/KT ¥ Ha 7-1 MUHYTE OT BBEJICHUS KETAMHHA UCIIOIH30BAJIM MAaCOYHYIO o/1ady n3o(irypana co CKOpOCThIO
motoka 1 J/MuH U KoHIeHTpanueit 1 % B Bo3mymHO#H cmecu ¢ 40—93 % xucmopona. B cxeme anecresnu ¢ uc-
TI0JTE30BaHHUEM JICKCMEICTOMH/IMHA JUTsl PEBEPCHU aHECTE3MH HCTIONIb30BAJIN aTHIIAMU3071 BHY TPUMBIILIECYHO B JI03€
0,4 mr/xr. Ha ocHOBaHMM NPOBEAEHHOTO MCCIICIOBAHHS MBI MOXKEM 3aKJIIOYHTh, YTO KETAaMHH-H30(IypaHOBas
aHecTe3Msl C MPUMEHEHHEM JICKCMEICTOMUINHA U 03 HET0 MOTYT OBITh IIMPOKO MPUMEHEHA JUISl HAPKOTH3ALUH
SIBAHCKHMX Makak. [Ipu 3ToM mprMeHeHne JeKcMeIeTOMUINHA B KOMOMHAIIMY ¢ KETAMHUHOM M H30(ITypaHOM IIpH-
BOJIMT K Oosiee ObICTpOi moTepe pediIeKcoB, BRIPa)KCHHONW XHUPYPrHYECKON CTaIN aHECTE3NH Ha (JOHE CTaOMITb-
HOT'0 apTepuaIbHOIrO AABJIEHUS U YIUIMHEHUs nHTepBasioB R-R cp. u P-Q.

KaioueBble ciioBa: aHecTe3Hsl, aHAIBIe3Ms, KETAMUH, H30(ITypaH, IeKCMEICTOMU/INH, SBAHCKHE MaKkaku, Maca-
ca fascicularis

SBanckast Makaka (Macaca fascicularis) sensiercs
JIETOMUJIMH ¥ u3oypan [3—6].

THU3allun 00€3bsIH CTOUT OTMETHUTH KETaMHH, ICKCME-

[IPEIOYTHTEIPHON JKUBOTHOM MOJICIIbIO B OMOME/TH-
LIMHCKUX HUCCIIEOBAHUAX U UCCIIEIOBaHMIX Oe301mac-
HOCTH JIEKapCTB U3-3a ee OIM3K0i TeHOMHOH 1 (hr3no-
JIOTHYECKOH CBSI3M C YeITOBEKOM [ 1].

HecMmotps Ha TO, UTO SIBAHCKMX MaKaK MOYKHO MPH-
YUYUTh K PALY SKCICPUMEHTAIbHBIX MAHUITYISIUH,
MIPOIIEAYPHI, BBI3bIBAIOIINE 00JIb, TPEOYIOT IPUMEHE-
HUS aHECTE3HOIOIHUeCKoro odecreuenus [2]. U3 nan-
0oJtee 4acTo UCIMOIB3YyEMBIX MPETapaToB I HAPKO-

Jlnst oOGecrieueHust )KMBOTHOTO aHECTe3UeH, COOT-
BETCTBYIOIIEH CTENEHU TSXKECTH MPOLIENYPhI, CIETy-
€T MOHUMAaTh MEXaHU3M JEHCTBUS KaXJIOTO U3 Ipe-
Maparos.

Keramua — 3T0 OBICTpOACHCTBYIONMUN 00U
aHECTETHK, BHI3bIBAIOIINI COCTOSIHUEC aHSCTE31H, Xa-
paKTepu3yroIencs ITyOOKOi aHaIbre3ueil, HopMab-
HBIMH TJIOTOYHO-TOPTAaHHBIMHA pedIIeKCaMu, HOPMaJTh-

© Coxonona B. C., Makaposa M. H., bapmuna T. T, I'yrposa M. U., Axkumos /. 1O., 2025
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Brusinue kombunayuu kemamun u u30Qaypan ¢ 0eKcmedemomuOuHom u 6e3 Heeo Ha QuauonocUYecKue napamempeol...

HBIM WJIU CJIETKa MOBBIIIEHHBIM TOHYCOM CKEJIETHBIX
MBIIII, CTUMYJIALIMEN CEPIEUHO-COCYIUCTON U JbIXa-
TEJBHOM CHCTEM, a MUHOT/IA 1 KPATKOBPEMEHHBIM U He-
3HAYNTEILHBIM YTHETCHUEM JbIXaHus. Ketamun B3au-
MozerictyeT ¢ N-metuin-D-acnaprarasivu (NMDA),
OTMOUIHBIMU, MOHOAMUHEPTHUECKUMU U MYyCKapH-
HOBBIMHU PEIENTOPAMH, a TAK)KE UyBCTBUTEIHLHBIMU
K Hanpspkenuio Ca’ -MOHHBIMHU KaHamamMu. B oTainuane
OT JIPYTHX CPEJCTB /s 00IIel aHecTe3nn, KeTaMuH
He B3aumozeiictyet ¢ peuenrtopamu TAMK [7—9].
[Ipu coderanum keramuHa C JEKCMEIETOMHUAMHOM
Wi u30(IypaHOM MOXKET MOBBICUTHCS] PUCK HJTU TsI-
xecTh yruerennst LIHC. B uHcTpykunu nmo npumene-
unio Keramua-DHIODAPM® (MoCKOBCKHI 9HIO-
kpuHHBIH 3aBon, OI'VII, Poccus) mis xomrek, codak
1 JIOIIaJIe pEKOMEHTyeTCsl KOMOMHUPOBATh pernapar
C aroHHCcTamMH anbda-2-aIpeHOPELENTOPOB.

JlekcMeneTOMH/IMH aKTHBHPYET ajb(a-2-aipeHo-
PELenTophl U BHI3bIBACT CHIKEHHE CHMITAaTHUYECKOTO
TOHyCa C ociablIeHneM HEHPOIHTOKPUHHBIX U TEMO-
TUHAMHYECKUX PEeaKIUi Ha aHECTE3UI0 U XUPYypTrude-
CKO€ BMEIIATEIbCTBO, & TAK)KE CHUKAET MMOTPEOHOCTh
B QHECTETHKAX M ONUOMUAAX, BBI3BIBACT CEAATUBHBIN
a¢ ekt u 006e300mMBaHKE.

JlexcMeIeTOMUIUH SIBIISIeTCS Crielu(UIeCcKuM
1 U30UpaTeTbHBIM arOHUCTOM allbda-2-aapeHope-
1enTopoB. CBA3BIBAsCH C MIPECUHANTHYECKUMHU aJTh-
(ha-2-ampeHopenenTopaMu, OH MOJAABISET BHICBO-
OOKJeHHEe HOpaJpEeHaJMHA U, CIIEAOBATEIbHO, Mpe-
KpalaeT pacrnpocTpaHeHHne OOJIEBBIX CUTHAJIOB.
AKTHBAITHS TOCTCHHANITHYICCKUX allb(a-2-aapeHope-
LIETITOPOB TOJABISIET CUMIATUYECKYI0 aKTHBHOCTbD,
CHIDKAET KPOBSHOE JABIIEHUE M YaCTOTY CEPIIEYHBIX
cokpattenuii [ 10]. Ilpu coueranuu nekcMeaIeTOMUIU-
Ha ¢ U30(IIypaHOM MOXKET MOBBICUTHCS PUCK HITH TS~
xecTh yruerenust LIHC.

MeneToMuINH — 3TO CHHTETHYECKOE COCIHMHE-
HUE, UCTIONB3YEeMOE B KAY€CTBE XUPYPTUIECKOTO aHe-
CTeTHKA M aHAJIbreTHKa. MeaeTOMUINH, KaK U JeKC-
ME/ICTOMU/IHH, SIBJISIETCS] arTOHUCTOM alib(ha-2-aJIpeHo-
PELEnTOPOB U TPEACTaBIseT cOO0H paneMUuecKyro
CMECH JIByX ONTHYECKUX M30MEPOB: JIEBOMEICTOMHU-
IUHA U JexkcMmeneroMuauHa. [lockonmbKy nekcmere-
TOMUJIMH CYATAETCS €UHCTBEHHBIM aKTUBHBIM H30-
MEpOM, MEJIETOMUIUH OOBIYHO MCIOIB3YIOT B JIBOM-
HOM J103€ OT BBOAMMOIO JEKCMEIETOMHUINHA, YTOOBI
JNOOHTHCS TAKOTO K€ YPOBHS ceAaTUBHOTO d(pdeKTa
u obe3bonuBanms 11, 12].

M3odmypan — 3T0 WMHTAIAITHOHHBIA aHECTETHK,
MIPUMEHSIEMBII /11 BBOJHOTO W TIO/JIEPIKUBAIOIIETO
Hapko3a. OH BBI3BIBAET MUOPEIAKCALIUIO U CHUXKAET
YyBCTBUTEIBHOCTH K OONH, U3MEHSS BO3OYIHUMOCTD

TKaHe#. M3o¢urypaH BBI3BIBACT CHIDKECHUE TIPOBOIU-
MOCTH CHHAIICOB 32 CUET YMEHBIICHHS BPEMEHH OT-
KPBITHSI KAHAJIOB MIEJIEBBIX KOHTAKTOB U YBEJIUYCHUS
BpPEMEHH HX 3aKpbITHsl. M30aypan Takxke akTHBHUPY-
eT Kajblmii-3aBucumyio AT®a3y B capkoriazMaTu-
YECKOM PETHKYJIyME, TIOBBIIIAs TeKYUYEeCTh JTUITUTHON
MeMOpanbl. M3odiypaH Takke CBI3BIBACTCS C pEIIeT-
topom AMK, kameBbIM KaHAIOM C OOJNBIION TIPO-
BOJIMMOCTBIO, aKTUBHPYeMbIM Ca’", TiTyTaMaTHBIM pe-
LENTOPOM U INIMIUHOBBIM penentopoM [13].

Panee namu yxe ObUTH IPOBEICHBI HCCIICIOBAHUS
10 U3YUYCHUIO BIUSHUS N30¢NIypaHa Ha SIBAHCKUX Ma-
Kak [14], omHako He OBUIO OMBITA MTPUMEHEHUS KET-
aMUHa ¥ BEICOKOCEIICKTUBHBIX arOHICTOB alb(a-2-a-
PEHOPEIICTITOPOB.

Ha srane mmaanpoBaHus SKCIEpIMEHTa HAMH OBLIT
MIPOBEJICH MTUJIOTHBIN IKCIIEPUMEHT C [EJIbI0 YCTaHOB-
neHust papMakorornaeckoro dppexra keraMuHa, Me-
JICTOMUJIMHA U JieKeMeneToMuaraa. KeramMmuH BBoIU-
mu 1 camiry m 1 camke BHyTpuBeHHO (B/B) B | meHb
B no3e 8 mr/kr, Bo Il nens — 10 mr/kr u B III nenp —
15 mr/kr. Beiio ycTaHOBIEHO, YTO KETAMHUH HE BBI-
3bIBaET OOIICH aHECTe3UU y SIBAHCKUX MakKak, MpH-
BOIS K JUCCOLIMAaTHUBHON aHecTe3nu. MeneToMuIuH
U JIEKCMEIETOMHUINH BBOIMIM Pa3HBIM KHUBOTHBIM
BHYTPHUMBIIICYHO (B/M) B TIepBEIH neHb 50 MKT/KT,
Bo II nesp — 100 Mmxr/kr u B III nesp — 250 MKI/KL
BBenenue mpemnapaToB He MPUBENIO K KaAKUM-JTHOO
3HAYUMBIM (hapMaKOIOTHIYeCKUM 3derTaM, B TOM
quciie 00Iel aHeCTe3UH, CHY WM MHOpEIaKCAIlHH.
Hacrtynaso cocTosiHue nerkoi cefpanny npu UCIosb-
30BaHUH M03bI 250 MKI/KT.

Bbrio ycTaHOBIIEHO, YTO B MOHOPEKHUME JaH-
HBIE IperapaThl HE BBI3bIBANM OOIICH aHECTE3UH.
Hcxozst U3 1mostyueHHbBIX JIAaHHBIX, ObLIO MPUHSTO Pe-
IICHHUE 110 KOMOMHUPOBAHUIO KeTaMHUHA ¢ M30(ypa-
HOM, a TaK)Ke C IEKCMEICTOMUINHOM 1 H30(IypaHoM.
CrepxuBaromuM (BakTopoM MPUMEHEHHS] KOMOWHA-
IIUH SBISETCS] OTCYTCTBUE B MHCTPYKIIMH TI0 TTPHIME-
HEHUIO KETaMHUHA, IEKCMEIETOMUINHA U n30¢uIypaHa
JTAaHHBIX O JO3UPOBAHUU JIJIS SIBAHCKUX Makak. Kpome
TOTO, B MMEIOLIUXCS JTUTEPATyPHBIX JAAHHBIX OTCYT-
CTBYIOT CBEIICHUS 110 BIIMSTHUTO aHECTETHKOB Ha (PH3HO-
JIOTHYECKHE TIapaMeTPhl )KHUBOTHBIX, TOT/Ia KaK B JIO-
KIIMHUYECKHUX HUCCIIEOBAHUSAX BAXKHO yMeTh audde-
PCHIIMPOBATH BIUSHUE PETIAPATOB JUIsl HAPKOTU3AIHH
OT JIEHCTBUS UCCIIEAYEMOTO BEIIECTBA.

BBuny 0603HaueHHBIX (DAaKTOPOB 1EJILIO HACTOS-
IIETO MCCJICMOBAHUS CTANO0 M3YYEHUE BIUSHHS KET-
aMHUH-U30(IypaHOBON aHEeCTe3WH B KOMOWHAIUU
C ICKCMEJISTOMHUIMHOM ¥ 0€3 Ha OCHOBHBIE (PU3HOJIO-
THYECKUE TTOKA3aTeNN Y SIBAHCKUX MaKak.
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MATEPUAJIBI U METO/bI
HUCCJIEJOBAHUM

HccnenoBanne OBIIO 0MOOPEHO JIOKATHHOHM KO-
muccuerd mo omoatrke Ne 1.46/24 ot 13.09.2024 1.
B skcnepuMeHTanbHOM pabore ObLTO 3aJeHCTBOBA-
HO 10 camiioB u 10 camok Macaca fascicularis B Bo3-
pacte ot 3 g0 7-mu ner. [Ipumensancs nepexpect-
HBIW JIU3aiiH C IEPUOJIOM OTMBIBKM HE MEHee 7 JTHEH.
Cpennsist macca tena (M + m) B Tpymme caMIioB —
6,1 £1,1 kr, camok — 3,9 + 0,7 xr. J)KuBoTHbIE CO-
JIEPKATUCh B CTAHJAPTHBIX YCJIOBUSAX B COOTBET-
ctBun ¢ pekomeHaanusmu Komnerun EBpaswuiickoii
SKOHOMHUYECKOW KoMHccHu OT 14 Hos0ps 2023 1.
N33 «O PyxkoBozmcTBe 1Mo pabote ¢ 1a00paTopHBIMU
(PKCTIEpUMEHTAIBHBIMI ) KUBOTHBIMHU TIPH TPOBE-
JEHUH JIOKIIMHUYECKUX (HEKIIMHUYECKUX) HUCCIE]0-
BaHMit», a Taxke JupekruBoit EBpormeiickoro coo0-
mectBa (86/609/EEC), XenbCHHKCKOM JeKIapalyei
u «[IpaBuiaMu mpoBeIeHUs padOT C UCIIOJIb30BaHHEM
AKCIIEPUMEHTATBHBIX JKUBOTHBIX» [4, 5]. JKuBOTHBIC
KIIMHUYECKH 3/I0POBBI, CBOOOTHBI OT amMeOuasa, JIiM0-
JIM03a, CaJbMOHEIIIE3a, ITUTeIlIe3a, JEPUXN03a, KaM-
nu1o0aKTepro3a, UEPCUHIO03a, BKIIoUas Yersinia pes-
tis, Y. pseudotuberculosis, nentocnuposa, JIMCTEPHO3a,
rermatuToB THa A, B, C; Bupyca 00e3pIHBET0 UMMY-
Honedumura (SIV), T-kierounoro sreliko3a 00e3bsH
(STLV), obGe3bsinbero perposupyca tuna D (SRV)
u TyOepkyesa [15].

Amnectesus. IlepBonavansuo 10 cammam u 10
caMKaM MEJJICHHO BHYTPHUBCHHO BBOJIMJIN KETaMUH
B 03¢ 10 mr/kr, gepe3 10 MUHYT UCTIOIB30BATH Ma-
COYHYIO Tof1ady m30(IypaHa co CKOPOCTBHIO ITOTOKA
1 1/mMmuH 1 koHIEHTpanuen 1 % B BO3AYIIHON cMecH
¢ 40—93 % xucnopona. He panee uem uepes 7 aueit
MEePEXOJIUIU K UCCIICIOBAHUIO JPYTrOd CXEMbl aHe-
CTE3UHU: MEJJICHHO BHYTPUBEHHO BBOIMJIN KETaMUH
B 03¢ 10 MI/KT, 3aTeM B/M JE€KCMEIETOMHINH B 103€
50 MKT/KT ¥ Ha 7-1i MUHYTE OT BBEJICHHS KETAMUHA HC-
IOJIL30BAJIA MACOYHYIO IMO/Iady M30¢uIypaHa co CKO-
pocThio oToka 1 JI/MuH 1 KoHUeHTpanuei 1 % B Bo3-
nyurHo cmecu ¢ 40—93 % kucnopona. B cxeme ane-
CTE3UU C HCIIOJIb30BAHUEM JICKCMEICTOMUIMHA JIJIst
peBepcrr aHEeCTE3UH MCIIONF30BAIH B/M aTHITAMUA30IT
B 103e 0,4 MI/Kr.

[ocrne BBeIcHNS KETaMUHA PETUCTPUPOBAIIHCH Pe-
(hitekchl (anbeOpatbHbIiA, IeJaJIbHbINA, POTOBUYHBIIH,
TOHYC HIKHEH YEJFOCTH, CIIOHTAHHBIC JIBUKCHHUS).
st peructpammn pedieKCoB UCTIOIB30BATH OATEHYTO
cucremy, rie 3 6ajia — HOpMallbHas peaxius, 2 oai-
Jla — HE3Ha4YnTeNbHOE U3MeHeHue, 1 6amn — ciabo-
BBIPQKCHHAS PEAKIIHsSI HA pa3paXKuTelb, 0 — oTcyT-
CTBUE PEIICKCOB.

Jl1a oTieHKYM BIWSIHUA aHEeCTe3WH Ha (PH3HOIOTH-
YeCKre mapaMeTphl TeMITeparypy Tena (10 U BO BpeMs
aHecTesun), carypauuro (SpO,) v aprepuanbHOe 1aB-
nenne (AJl) u3Mepsuu ¢ UCIOIb30BaHUEM MOHUTOPA
maruenTa Comen Star 8000 D, OKI' u HCC — ¢ mo-
Motplo Aekrpokapauorpada «Ilomu-Crexrp-8/E»
(OO0 «Hetipoco(dht»), 4aCTOTy JIbIXaTCIbHBIX JBHU-
xennt (Y1/1) onernBanu BU3yaiabHO (0 ¥ BO Bpe-
Ms aHEeCTE3HUH).

Jl71st KOHTPOJISL YPOBHSI TIFOKO3BI HCIIOJIB30BAIIN
DIOKOMETP AKKY-Yek, KpoBb OTOMpAi U3 KalUILIs-
POB aJIblia 10 aHecTe3uH 1 Ha 30 MUHYTE ITOCIIe BBe-
JICHUS] KeTaMUHa.

ITomyuennsie maHHbIE 00pabaTHIBAIA C TTOMO-
mpio mporpaMmmHoro obecrnedernns GraphPad Prism.
JlaHHbIe OBLTH OIEHEHBI Ha COOTBETCTBHE HOPMaJlh-
HOMY 3aKOHY pacrpesenenus (kputepuii [Hlamupo —
Yuska) v yCIIOBUSIM OJHOPOIHOCTH TPYIIIOBBIX JTUC-
niepcuii (Tect bpayna — ®opcaiita).

PesynpTaTel mpencTaBieHBl B BUIE CPEIHETO
u crannaptHoro otkiioHeHus (M + SD). Jlns ouenkn
BIUSHUS CTENICHU aHECTE3UU Ha (PU3NOIOTUYECKUC
MOKa3aTesIN UCIIOIb30BaANIN OAHO(DAKTOPHBIN JUCTIED-
CHUOHHBIN aHAJU3, MPU OTCYTCTBUU OIHOPOIHOCTHU
JIUCIIEPCHI MCIIOIb30BaIM CTaTUCTHKY bpayHa —
®dopcaiiTa co CKOPPEKTUPOBAHHBIMU 3HAUECHUSIMU CTE-
IIEHENW CBOOOEL.

[Ipu BBIABICHUHM CTATUCTUUYECKH 3HAYUMOTO
BIMsIHUS (DAKTOpa CTEIICHU aHECTEe3UH OBbLIO MPOBE-
JICHO allOCTEPUOPHOE CPABHEHHUE TPYII KPUTEPUEM
ThIOKKH.

PE3YJBTATHI UCCJIEJTOBAHUM

[lonydeHHble TaHHBIE O BIMSHUM KETaMUH-U30-
¢dypanoBoro (KM) u keTaMUH-IEKCMEIETOMUTUH-
n3odurypanoBoro Hapkosa (K/IW) na ¢usnonorude-
CKHE IIapaMeTpbl IBAHCKUX MAaKaK IPeCTaBICHbI Ha
pucynkax 1—4 u B rabmure 1.

Bpewms yracanus pediuekcoB ABISETCS Ba)KHBIM
(axTOpoM I HauaIa MPOBEACHUS XUPYPrHIECKOTO
BMeraresibetBa. CKOPOCTh yracaHust OHUX peduiek-
COB MOKET OBITh HE OJHOMOMEHTHOH CpEelr CamIlOB
U CAMOK U B 3aBUCHMOCTH OT aHECTE3HOIOTHUECKOTO
areHta (puc. 1—4).

W3 pucynkoB 1 u 2 crnenyer, 4To y caMIIOB sIBaH-
CKHUX MaKak yracanue 0oabpmmHCcTBa pedrexcos Ha KU
AQHECTEe3WH HACTyIaeT, HaunHas ¢ 10 MUHYTHI mocie
BBEJICHHS KETAMHHA, TOT/Ia KaK Y CAMOK — C TIepBOH
MUHYTHI BBEICHUSI KeTaMrHa (TIeJanbHbIN pediexc).
PoroBuuHbIi pediekc Kak y caMIoB, TaK U y CaMOK,
yracaer NocjieJHuM Ha 25-i u 17-ii MUHyTE COOTBET-
CTBEHHO.
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Ha ocHoBanuu manHOTO 3Tama padoOThI MOXKHO
YTBEPIKIIATh, YTO AaHECTE3MS Y CAMOK SIBAHCKHX MaKaK
HACTYIaeT paHbIIIe, YeM y CAMIIOB, KPOME TOTO BKJIFO-

YEHUE JICKCMEICTOMU/INHA B CXeMY KETaMHH-U30(ITy-
pPaHOBTO HApPKO3a MPUBOAMT K OoJiee OBICTPON TOTe-
pe pedIieKkcoB 10 XUPYPrUUeCKOi CTaIUN aHECTE3UH.

Taobauna 1
Qusuonocuyeckue napamempsl A6AHCKUX MAKAK NOO aHecmesuell
Camipl Camkn
ITokazarenn
K1 KN K1 KN
CKOpOCTh HACTYIIJICHUSI aHECTe- 2027 710 1520 57
3UH, MUH
JIMTENbHOCTh aHECTE3UH, MUH. Bce Bpems momgaun nzodaaypana (60 MUHYT)
JImMTensHOCTh peBepCun, MUH 8§—14 7—8 10—15 5—38
Temneparypa tena, °C 38,1+0,2 | 389+0,1 385+0,1 | 38,7+0,1 |
YJI/1, B1oXOB/MHUH 36,0+4,0 | 40,3 +3,1 | 39,5+£3.2 | 46,5+44 |
Carypauwus (SpO,), % 99,5+ 0,3 96,8 + 0,6 98,8 + 0,6 97,5+ 1,2
VYpOBEHB TITIOKO3BI, MMOJITB/JT 4,1+0,1 49+0,2 3,1+£0,1 5,5+0,3%
Al CUCTOIMYECKOE 84,0+ 1,7 116,8 + 1,8 78,5+ 6,5 113,0 + 3,3#
MM pT. CT. JMACTOINYECKOE 30,0 + 1,9 74,5+ 1,8% 35,0+53 68,5 + 4,2+
YCC, ynapoB/mMuH 163,5+7,7 114,5+5,8" 188,5+ 10,1 113,8 £4,8*
R-R cp. 366,3 £ 14,1 477,0 = 28,6*" 352,4+£8,1 562,2 £ 25,6%#
P 48,0+ 0,8 49,0+ 0,8 47,3 +3,1 495+0,9
P-Q 82,0+0,8 91,4+ 1,6 65,0 = 5,3% 91,5+ 1,9*
OKT, mc
QRS 72,4+ 1,9 67,5+1,5 64,2 + 1,7 63,6 +2,3
Q-T 284,1 £24,3 240,5+7,9 203,8 £7,7% 253,7+2,8
Q-Tc 370,7+4,8 354,2+33 355,6 £6,7 341,8+9,3

l, CHMXKCHUEC ITOKA3aTeIId 110 CPAaBHECHUIO C JAHHBIMHU 10 aHCCTE3UN
* Ipyu HAJIUIHNHU CTaTUCTUYCCKOU 3HAUMMOCTHU MCXIY rpynmnamMu )XKUBOTHBIX OJHOTI'O I10J1a, IIPHU 3TOM

» P<0,01
3 P<0,001
# P<0,0001

# IpW HATTMYKMH CTATUCTUYCCKON 3HAYMMOCTH BHYTPH IPYIIIBI MEKIY CAMIIAMH U CAMKAMH, IPH 3TOM

#P<0,05
% P<0,01

W3 pucynkoB 3 u 4 BUIHO, YTO Y CAMLIOB U CAMOK
SIBAHCKUX MaKaK yracanue OOJIBIIMHCTBA Pe(ICKCOB
Ha K/I1 anecTe3un HacTynaer ¢ nepBoil MUHYTHI BBe-
JICHUs1 KeTaMUHA. POroBHYHBIN pediekc Tak ke Kak
Y TOHYC HIDKHEH YeNIOCTH, Y CaMIIOB MOXKET coXpa-
HATBCS 10 7 MUHYTBHI, TOTJa KaK y CaMOK yracaHHe
HACTyIaeT OTHOCUTENIEHO PaBHOMEPHO Ha 5 MUHYTE.

CoracHo 1aHHBIM, TPEACTAaBICHHBIM B Ta0nuue 1,
JUINTENTBHOCTH aHECTE3MH B 00EHX CXeMaxX COCTaBIIsI-
na He MeHee 60 MUHYT ¥ TPOrHO3UPYEMO MPOI0IIKa-
nack Obl BCe BpeMsl MOJa4YH ra30BO3IYIIHONH CMECH.
B rpynne ¢ npumenennem KU jyntenbHOCTH peBep-
CHM @HECTE3UH I10CIIe OTKIIIOUCHUS Toa4un n3odiypa-
Ha nocrurana 15 munyt, a B rpynne K/IM — 8 munyt
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[OCJIe MPEKpaIeHUs ojauu u3odaypaHa u B/M BBe-
JeHus arunamuzona. Temneparypa tena u Y1y xu-
BOTHBIX BO BCEX I'pyNIax CHUKAJINUCH IO OTHOIICHUIO
K MOKA3aTeNsIM 0 aHECTE3UU U YKIIAIbIBAINCh B pe-
(hepeHCHBIC UHTEPBAJIBI, OIYOJIUKOBAHHBIC HAMU pa-
Hee [ 16]. Cxoxue n3MeHeHUs HaOJHOIAIMCh TIPU BBE-
JEHUW MeJIeTOMHAMHA, 30JIa3eraMa M THUJIeTaMUuHa
y Macaca fascicularis, ato 6s110 ontcado Fahlman A.
etal. (2006) [17]. Caryparust HaXOMIIACh B TIpeieax
KJIMHUYECKON HOPMBI. Y CAMOK OTMEUYEHO CTaTUCTHYE-
CKU 3HAYUMO€ YBEITUUCHHE YPOBHS INIFOKO3bI B IPYTIIIe
KW o oTHOIIEHUIO K CaMKaM, JIJIsl aHECTE3UU KOTO-
pbIx ucrionb3oBasid KU1, naHHOE N3MEHEHUE HE UMENIO
KJIMHAYeCKo# 3HaunMocTu. KU Gonee cuiibHO yrHE-
TaeT CHCTOJIMYECKOE U JUACTOIMYECKOE apTepualib-
HOE JaBJIeHHE TI0 CpaBHEHHIO ¢ komOuHarwmen KU,
mpu p < 0,0001.

Kom6unanust K11 netictByer Oosiee Kapauoje-
MIPECCUBHO Ha CEPJIEYHO-COCYIAHUCTYIO CHCTEMY, He-
skenu KM, 4To BIpakaeTcsi B CTATUCTUYECKH 3HAUU-
MoM ypexxkenun YCC u yayimHeHun uHtepBaioB R-R
cp u P-Q.

HUcnonszoanne KU no3Bosisier o0ecrieunBaTh KOH-
TPOIHUPYEMYIO AaHECTE3UIO [T TPOBEACHHUS ITPOLIENYP
JIETKOW M YMEPEHHOM CTENEHU TSHKECTH, a HCIIONIb30-
Banue K1 — B ToM yucne u s Opoueayp, Xapak-
TEPU3YIOLUXCS TSHKENOH CTeneHblo TshkecTu. Caenyer
YUUTBIBaTh 00JIee BBIPAXKEHHOE KapIMOCTIPECCUBHOC
neiicteue K/IU o cpaBuenuto ¢ KU mpu nntepnpera-
1mu pesyasratoB OKI' y sBaHCKUX Makak.

3AKJIOYEHHUE

Ha ocHOBaHUM MTPOBEICHHOTO UCCIICTOBAHUS MbI
MOJKEM 3aKITFOUUTh, YTO KETAMUH U U30(ITypaH B KOM-
OMHAIIMU C JICKCMEIECTOMUIMHOM U 0€3 HEro MOryT
OBITh TPUMEHEHBI JJII HAPKOTHU3ALUK SBAHCKUX Ma-
KakK, IIPH 3TOM KETaMUH-U30(IyPaHOBYIO aHECTE3UIO
CJIe/TyeT UCIOIb30BaTh /Il MaHUIYISIMMA, XapakTe-
PU3YIOIIUXCS JIETKOH U YMEPEHHOW CTEIEHBIO TsKe-
CTH, @ B KOMOMHALINK C JEKCMEIECTOMUIUHOM — TsI-
JKEJIOH CTEIICHBIO.

AHaJIM3 TOTyYEHHBIX JaHHBIX [TO3BOJISICT CICIATh
CJIC/TYIOIIUE BBIBOJIBI:

— HCIIOJIB30BAaHUE JEKCMENETOMUINHA B KOMOH-
HaIMH C KETAMUHOM ¥ H30()ITypaHOM UMeeT OoJee BbI-
PaKEHHBIN aHeCcTe3npyIoIuii P PexT;

— 00a POTOKOJIa aHECTE3NOJIOTHIECKOTO 00ec-
[IEYCHUS ITO3BOJISIOT MOICPKUBATH XOPOIIIO KOHTPO-
JTUPYEMYIO TEPMOPETYIISIIIHIO KHUBOTHOTO;

— CO CTOPOHBI JIbIXaTEIbHOM CUCTEMBI HE OTME-
YaeTcs KIIMHUYCCKU 3HAYUMBbIX OTKIIOHCHHU P UC-
MMOIL30BAHUH 00EHUX CXEM aHECTE3UN;

— 00a IMPOTOKOJIa aHECTE3UH HE MPUBOIAT K 3HA-
YUMBIM OTKJIOHEHHUSIM B Pab0Te CepIeuHO-COCYIUCTOM
CHCTEMBI, UTO MOATBEPIKIACTCS PE3YIBTATAMHU UCCIIE-
I[OBaHI/Iﬁ ApTCPUAJILHOIO AaBJICHHUSA, YHaCTOThI CEPACU-
HBIX COKPAILCHUH M SJICKTPOKAPAUOTpaPUH.

IMosy4eHHbIe TaHHBIE MOTYT OBITh MPHMEHCHBI
B c(hepe IKCIepHUMEHTaTbHON (PapMaKOJIOTHH W TOK-
CHKOJIOTHH, CBSI3aHHOM C UCTIONB30BAHUEM SIBAHCKUX
Makak (Macaca fascicularis), u nomoryt nuddepen-
UPpOBATb UBMCHCHUS, BBI3BAHHLIC UCCIICIYyEMbBIM JIC-
KapCTBECHHBIM CPEACTBOM, OT BIIUAHUA aHCCTC3UM.
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Abstract. To conduct studies on cynomolgus macaques (Macaca fascicularis), it is often necessary to resort to an-
esthesia of animals. In this case, the drugs of choice are often ketamine, medetomidine, dexmedetomidine and iso-
flurane, both in combination and separately, which are distinguished by their rapid reversal of anesthesia. Howev-
er, the instructions for use of these drugs do not provide the data on dosing for cynomolgus macaques. In addition,
the available literature does not contain information on the effect of anesthetics on the physiological parameters of
animals, while in preclinical studies it is important to be able to differentiate the effect of drugs for anesthesia from
the effect of the test substance. The objective of this research was to study the effect of ketamine-isoflurane anes-
thesia in combination with and without dexmedetomidine on the main physiological parameters in cynomolgus ma-
caques. The study was approved by the local bioethics commission. The experimental work involved 10 male and
10 female Macaca fascicularis aged 3 to 7 years. To implement the 3Rs principles, namely reduce, a crossover de-
sign with a washout period of at least 7 days was used. Anesthesia. Initially, the animals were slowly injected intra-
venously with ketamine at a dose of 10 mg/kg; in 10 minutes, isoflurane was used by mask at a flow rate of 1 L/min
and a concentration of 1 % in an air mixture with 40—93 % oxygen. No earlier than 7 days later, we switched to
the study of another anesthesia scheme: ketamine was slowly injected intravenously at a dose of 10 mg/kg, then
dexmedetomidine at a dose of 50 mcg/kg and at the 7th minute from the ketamine administration, isoflurane was
used by mask at a flow rate of 1 L/min and a concentration of 1 % in an air mixture with 40—93 % oxygen. In the
anesthesia scheme using dexmedetomidine, atipamisole was used intramuscularly at a dose of 0.4 mg/kg for anes-
thesia reversal. Based on the study, we can conclude that ketamine-isoflurane anesthesia with and without dexme-
detomidine can be widely used for anesthesia of cynomolgus macaques. At the same time, the use of dexmedeto-
midine in combination with ketamine and isoflurane leads to a more rapid loss of reflexes, a pronounced surgical
stage of anesthesia against the background of stable arterial pressure and prolongation of R-R av. and P-Q intervals.
Keywords: anesthesia, analgesia, ketamine, isoflurane, dexmedetomidine, cynomolgus macaques, Macaca fas-
cicularis

The cynomolgus macaque (Macaca fascicularis) is
a preferred animal model in biomedical and drug safe-
ty research due to its close genomic and physiological
relationship to humans [1].

Although cynomolgus macaques can be trained to
perform a range of experimental manipulations, pro-
cedures that induce pain require anesthesia [2]. The
most commonly used drugs for anesthesia of mon-
keys include ketamine, dexmedetomidine and isoflu-
rane [3—6].

To provide an animal with anesthesia appropriate
to the severity of the procedure, it is important to un-
derstand the mechanism of action of each drug.

Ketamine is a rapid-acting general anesthetic that
produces a state of anesthesia characterized by pro-
found analgesia, normal pharyngeal reflexes, normal
to mildly increased skeletal muscle tone, stimulation of
the cardiovascular and respiratory systems, and some-
times brief and mild respiratory depression. Ketamine
interacts with N-methyl-D-aspartate (NMDA), opioid,
monoaminergic, and muscarinic receptors, as well as
voltage-sensitive Ca,” ion channels. Unlike other gen-
eral anesthetics, ketamine does not interact with GABA
receptors [7—9]. The risk or severity of CNS depres-
sion may be increased when ketamine is combined with
dexmedetomidine or isoflurane. The instructions for
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use of Ketamine-ENDOPHARM® (Moscow Endocrine
Plant, FSUE, Russia) for cats, dogs and horses recom-
mend combining the drug with alpha-2-adrenergic re-
ceptor agonists.

Dexmedetomidine activates alpha-2-adrenergic re-
ceptors and causes a decrease in sympathetic tone with
weakening of neuroendocrine and hemodynamic re-
sponses to anesthesia and surgery, and also reduces the
need for anesthetics and opioids, causes sedation and
analgesia. Dexmedetomidine is a specific and selec-
tive alpha-2-adrenergic receptor agonist. By binding
to presynaptic alpha-2-adrenergic receptors, it inhib-
its the release of norepinephrine and, therefore, stops
the propagation of pain signals. Activation of postsyn-
aptic alpha-2-adrenergic receptors inhibits sympathet-
ic activity, reduces blood pressure and heart rate [10].
When dexmedetomidine is combined with isoflurane,
the risk or severity of CNS depression may increase.

Medetomidine is a synthetic compound used as a
surgical anesthetic and analgesic. Medetomidine, like
dexmedetomidine, is an alpha-2-adrenergic receptor
agonist and is a racemic mixture of two optical isomers:
levometomidine and dexmedetomidine. Since dexme-
detomidine is considered the only active isomer, me-
detomidine is usually used at a double dose of the ad-
ministered dexmedetomidine to achieve the same lev-
el of sedation and analgesia [11, 12].

Isoflurane is an inhalational anesthetic used for in-
duction and maintenance of anesthesia. It induces mus-
cle relaxation and reduces pain sensitivity by altering
tissue excitability. Isoflurane causes a decrease in syn-
aptic conductivity by decreasing the opening time of
gap junction channels and increasing their closing time.
Isoflurane also activates calcium-dependent ATPase
in the sarcoplasmic reticulum, increasing lipid mem-
brane fluidity. Isoflurane also binds to the GABA re-
ceptor, the large-conductance potassium channel acti-
vated by Ca,’, the glutamate receptor and the glycine
receptor [13]. We have previously conducted studies
on the effects of isoflurane on cynomolgus macaques
[14], but there was no experience with ketamine and
highly selective alpha-2-adrenergic receptor agonists.

At the planning stage of the experiment, we con-
ducted a pilot experiment to establish the pharmaco-
logical effect of ketamine, medetomidine and dexme-
detomidine. Ketamine was administered to 1 male
and 1 female intravenously (IV) on day 1 at a dose of
8 mg/kg, on day 2 — at 10 mg/kg, and on day 3 — at
15 mg/kg. It has been found that ketamine does not
cause general anesthesia in cynomolgus macaques,
leading to dissociative anesthesia. Medetomidine and
dexmedetomidine were administered to different ani-
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mals intramuscularly (IM) on day 1 at 50 ug/kg, on day
2 —at 100 pg/kg, and on day 3 — at 250 ug/kg. The
administration of the drugs did not lead to any signifi-
cant pharmacological effects, including general anes-
thesia, sleep or muscle relaxation. Mild sedation was
induced at a dose of 250 mcg/kg.

It had been found that these drugs did not cause
general anesthesia when used alone. Based on the data
obtained, a decision was made to combine ketamine
with isoflurane, as well as with dexmedetomidine and
isoflurane. A limiting factor in the use of combinations
is the lack of dosing data for cynomolgus macaques
in the instructions for use of ketamine, dexmedetomi-
dine and isoflurane. In addition, the available litera-
ture does not contain information on the effect of an-
esthetics on the physiological parameters of animals,
while in preclinical studies it is important to be able
to differentiate the effect of drugs for anesthesia from
the effect of the test substance.

In view of the above factors, the objective of this
research was to study the effect of ketamine-isoflurane
anesthesia in combination with and without dexmede-
tomidine on the main physiological indicators in cy-
nomolgus macaques.

MATERIAL AND METHODS

The study was approved by the local bioethics
commission No. 1.46/24 dtd. September 13, 2024.
The experimental work involved 10 male and 10 fe-
male Macaca fascicularis aged 3 to 7 years. A cross-
over design with a washout period of at least 7 days
was used. The average body weight (M 4+ m) in the
male group was 6.1 + 1.1 kg, females — 3.9 + 0.7 kg.
The animals were kept under standard conditions in
accordance with the recommendations of the Board of
the Eurasian Economic Commission dtd. November
14, 2023 No. 33 On the Guidelines for Working with
Laboratory (Experimental) Animals during Preclinical
(Non-Clinical) Studies, as well as the European
Community Directive (86/609 / EEC), the Helsinki
Declaration and the Rules for Conducting Work Using
Experimental Animals [4, 5]. The animals were clini-
cally healthy, free from amebiasis, giardiasis, salmo-
nellosis, shigellosis, escherichiosis, campylobacterio-
sis, yersiniosis, including Yersinia pestis, Y. pseudotu-
berculosis, leptospirosis, listeriosis, hepatitis types A,
B, C; simian immunodeficiency virus (SIV), simian
T-cell leukemia virus (STLV), simian retrovirus type
D (SRV/D) and tuberculosis [15].

Anesthesia. Initially, 10 males and 10 females were
slowly injected intravenously with ketamine at a dose
of 10 mg/kg; in 10 minutes, isoflurane was adminis-
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tered by mask at a flow rate of 1 L/min and a concen-
tration of 1 % in an air mixture with 40—93 % oxygen.
No earlier than 7 days later, they switched to studying
another anesthesia scheme: ketamine was slowly in-
jected intravenously at a dose of 10 mg/kg, then dexme-
detomidine at a dose of 50 mcg/kg intramuscularly, and
at the 7™ minute from the administration of ketamine,
isoflurane was administered by mask at a flow rate of
1 L/min and a concentration of 1 % in an air mixture
with 40—93 % oxygen. In the anesthesia regimen us-
ing dexmedetomidine, atipamisole was used intramus-
cularly at a dose of 0.4 mg/kg to reverse anesthesia.

After the introduction of ketamine, the reflexes
(palpebral, pedal, corneal, lower jaw tone, spontaneous
movements) were recorded. To record reflexes, a point
system was used, where 3 points was a normal reac-
tion, 2 points — an insignificant change, 1 point — a
weak reaction to the stimulus, 0 — no reflexes.

To assess the effect of anesthesia on physiological
parameters, body temperature (before and during anes-
thesia), saturation (SpO, ) and blood pressure (BP) were
measured using a Comen Star 8000 D patient moni-
tor, ECG and HR — using a Poli-Spectrum-8/E elec-
trocardiograph (Neurosoft LLC), respiratory rate (RR)
was assessed visually (before and during anesthesia).

To monitor glucose levels, an Accu-Chek glucom-
eter was used. Blood was collected from finger cap-
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illaries before anesthesia and 30 minutes after ket-
amine administration. The obtained data were pro-
cessed using GraphPad Prism software. The data were
assessed for compliance with the normal distribution
law (Shapiro — Wilk test) and conditions for homo-
geneity of group variances (Brown — Forsythe test).

The results are presented as the mean and stan-
dard deviation (M £ SD). To assess the effect of the
degree of anesthesia on physiological indicators, one-
way ANOVA was used; in the absence of homogene-
ity of variances, the Brown — Forsythe statistics with
adjusted values of the degrees of freedom were used.
When a statistically significant effect of the degree of
anesthesia factor was detected, a posteriori comparison
of' the groups was performed using the Tukey criterion.

SRUDY RESULTS

The obtained data on the effect of ketamine-iso-
flurane (KI) and ketamine-dexmedetomidine-isoflu-
rane (KDI) anesthesia on the physiological parameters
of cynomolgus macaques are presented in Fig. 1—4
and Table 1.

The time of reflex extinction is an important fac-
tor for the initiation of surgical intervention. The rate
of extinction of some reflexes may not be the same in
males and females and may vary depending on the an-
esthetic agent, Fig. 1—4.

1 AL

Imin 3min  Smin  7min 10min  13min  15min  17min @ 20min  23min  25min 27 min
Time after ketamine administration, min
— Palpebral reflex 1 Cormeal reflex Spontaneous movements
1 Pedal reflex Lower jaw tone

Fig. 1. Extinction of reflexes in male cynomolgus macaques using ketamine-isoflurane anesthesia

A0 Qroaq.om
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Reflex, score

I min 3 min 5 min 7 min 10 min 13 min 15 min 17 min 20 min
Time after ketamine administration, min
—— Palpebral reflex Comeal reflex Spontanecus movemnents

— Pedal reflex —— Lower jaw tone

Fig. 2. Extinction of reflexes in female cynomolgus macaques using ketamine-isoflurane anesthesia
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Fig. 3. Extinction of reflexes in male cynomolgus macaques using ketamine-dexmedetomidine-isoflurane anes-
thesia
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Fig. 4. Extinction of reflexes in female cynomolgus macaques using ketamine-dexmedetomidine-isoflurane an-
esthesia

It follows from Fig. 1 and 2 that in male cynomol-
gus macaques, the extinction of most reflexes to KI an-
esthesia occurs starting from the 10" minute after the
administration of ketamine, while in females — from
the first minute of ketamine administration (pedal re-
flex). The corneal reflex in both males and females is
the last to fade, at the 25™ and 17" minutes, respec-
tively.

Fig. 3 and 4 show that in male and female cyno-
molgus macaques, the extinction of most reflexes to
the KDI of anesthesia occurs from the first minute of
ketamine administration. The corneal reflex, as well as
the tone of the lower jaw, can persist in males for up
to the 7™ minute, while in females, extinction occurs
relatively uniformly at the 5™ minute.

Based on this stage of the work, it can be argued
that anesthesia in female cynomolgus macaques oc-
curs earlier than in males, in addition, the inclusion of
dexmedetomidine in the ketamine-isoflurane anesthe-
sia scheme leads to a more rapid loss of reflexes be-
fore the surgical stage of anesthesia.

According to the data presented in Table 1, the du-
ration of anesthesia in both schemes was not less than
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60 minutes and would have been predicted to last the
entire time of gas-air mixture supply. In the group us-
ing K1, the duration of anesthesia reversal after switch-
ing off isoflurane supply reached 15 minutes, and in the
KDI group — 8 minutes after stopping isoflurane sup-
ply and intramuscular administration of atipamesole.
Body temperature and respiratory rate in the animals
in all groups decreased in relation to the indicators be-
fore anesthesia and were within the reference intervals
published by us earlier [16]. Similar changes were ob-
served upon administration of medetomidine, zolaze-
pam and tiletamine in Macaca fascicularis, which was
described by Fahlman A. et al. (2006) [17]. Saturation
was within the clinical norm. In females, a statistically
significant increase in glucose level was noted in the
KDI group in relation to females anesthetized with K1,
this change had no clinical significance. KI suppress-
es systolic and diastolic blood pressure more strong-
ly than the combination of KDI, with p <0.0001. The
combination of KDI has a more cardiodepressive ef-
fect on the cardiovascular system than KI, which is ex-
pressed in a statistically significant decrease in heart
rate and an increase in the R-R av. and P-Q intervals.
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Table 1
Physiological parameters of cynomolgus macaques under anesthesia
Males Females
Indicator
KI KDI KI KDI
Rate of anesthesia onset, min 20—27 7—10 15—20 5—17
Duration of anesthesia, min The entire duration of isoflurane administration (60 min.)
Duration of reversal, min 8§—14 7—S8 10—15 5—S8
Body temperature, °C 38.1+£0.2 389+0.1 385+£0.1 38.7+0.1
Respiratory rate, breaths/min 36.0+£4.0 | 403 +3.1] 395+£3.2 46.5+4.4 |
Saturation (SpO,), % 99.5+0.3 96.8 0.6 98.8 0.6 97.5+1.2
Glucose level, mmol/L 41+0.1 49+0.2 3.1+0.1 5.5+0.3%
systolic 84.0+1.7 116.8 £ 1.8* 78.5+£6.5 113.0 £3.3*
BP, mm Hg,
diastolic 30.0+1.9 74.5+1.8% 35.0+£5.3 68.5+4.2%
Heart rate, beats/min 163.5+7.7 114.5+5.8% 188.5 £ 10.1 113.8 +£4.8*
R-R av. 366.3 +14.1 477.0 £28.6" 352.4+8.1 562.2 +£25.6%#
P 48.0+£0.8 49.0+0.8 473+3.1 49.5+0.9
P-Q 82.0+0.8 914+1.6 65.0 £ 5.3% 91.5+1.9%
ECG, ms
QRS 724+19 67.5+1.5 64.2+ 1.7 63.6+2.3
Q-T 284.1+£24.3 240.5+7.9 203.8 £ 7.7% 253.7+2.8
Q-T av. 370.7+4.8 3542+33 355.6 £6.7 341.8+9.3

| decrease in the indicator, compared to the data before anesthesia
* if there is statistical significance between groups of animals of the same gender, where

¥ P<0.01
3 P<0.001
# P <0.0001

#if there is statistical significance within the group between males and females, where

#P<0.05
% P<0.01

The use of KI allows for controlled anesthesia for
mild to moderate procedures, while the use of KDI al-
lows for procedures characterized by severe degree.
The more pronounced cardiodepressive effect of KDI,
compared to KI, should be taken into account when
interpreting ECG results in cynomolgus macaques.

CONCLUSION

Based on the conducted study, we can conclude that
ketamine and isoflurane in combination with dexme-
detomidine and without it can be used to anesthetize
cynomolgus macaques, while ketamine-isoflurane an-
esthesia should be used for manipulations character-
ized by mild and moderate severity, and in combina-
tion with dexmedetomidine — a severe one.

Bulletin of Veterinary Pharmacology « No. 1 (30) « 2025

The analysis of the obtained data allows us to draw
the following conclusions.

— The use of dexmedetomidine in combination
with ketamine and isoflurane has a more pronounced
anesthetic effect.

— Both protocols of anesthetic management al-
low maintaining well-controlled thermoregulation of
the animal.

— No clinically significant deviations are ob-
served from the respiratory system when using both
anesthesia schemes.

— Both anesthesia protocols do not lead to sig-
nificant deviations in the functioning of the cardio-
vascular system, which is confirmed by the results
of studies of blood pressure, heart rate and electro-
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cardiography. The obtained data can be applied in
the field of experimental pharmacology and toxicolo-
gy associated with the use of cynomolgus macaques
(Macaca fascicularis) and will help to differentiate
changes caused by the studied drug from the effects of
anesthesia.
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JUHAMHUKA MOP®OJIOT'TYECKHUX MMOKA3ATEJIEN
KPOBH KOPOB IIPU JIEHEHUU CYBKINHHUYECKOI'O
MACTHUTA PACTBOPOM C HAHOYACTUYAMMU CEPEBPA
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‘Boponesiccxuil cocyoapcmeaenHulil azpapHulil YHusepcumem

AuHoTanus. B crarbe nmpuBeAeHb! JTaHHBIE HCCIEI0BAHUS MOP(OIOrHIECKOr0 COCTaBa KPOBH KOPOB, OOIBHBIX
CYyOKITMHUYECKIM MaCTUTOM, TIO/T BIUSHUEM PAacTBOPa C HAHOYACTUIIAMU cepebpa. [t 00paboTKH MOTydeHHBIX
PE3yJIBTaTOB UCIIONB30BAIN OAHO(MAKTOPHBIN JUCIEPCHOHHBIN aHAJIW3 U METOABI BapHALIMOHHOH CTATHCTHKH.
B pesynbrare mpoBeeHHBIX UCCIISIOBAHUIA OBIJIO YCTAHOBJIEHO, YTO OJHOKPATHOE BBEICHHE PAacTBOpA HAaHOCE-
pedpa B cooTHOLIEHHH | : 4 Ha TEIIOM CTEPHIBHOM H30TOHHYECKOM PacTBOPE HATPHS XJIOPHAA C COOTIOCHUEM
MPaBHJI ACEITHKH, B 03¢ 5,0 MJI HE JOCTATOYHO IJISL BBI3IOPOBIICHUS )KUBOTHBIX.

KuroueBble cj1oBa: KOPOBBI, CYOKIMHHYECKUIA MaCTUT, MOP(HOIOTHs KPOBH, TEpaIs, PaCTBOP ¢ HAHOYACTHIA-

MU cepebpa

[oBbIIEHNE TOTOJIOBBSI KPYITHOTO POTaToro CKoTa
1 €ro MPOAYKTUBHOCTH SIBJISIETCS OCHOBHOM 3a7auei
JKIBOTHOBOJICTBA CTpaHbl. MosiogHast pOAYKTHBHOCTh
KOPOB 3HAYUTEIIEHO BO3POCIIA 32 MTOCIEAHNE TO/IBI, 9TO
C/IeTIaI0 MOJIOUHYIO XKelle3y elle 0oiee TOoABepKEeH-
HOH 3a00JICBAaHUI0O MAaCTUTOM, OCOOCHHO CYOKITMHH-
YECKOMY TEYECHHUIO, KOTOPOE Y KOPOB PETUCTPUPYETCSI
moBcemecTHO [1, 2].

N3-3a OTCYTCTBUS KIMHUYECKUX MPU3HAKOB CY0-
KIMHUYECKUH MacTUT CBOEBPEMEHHO HE JHarHo-
CTUPYIOT, a ITUTEILHOE TeYCHNE OOJIC3HU MTPUBOIUT
K arpouu MOpaKESHHBIX JI0JIeH BEIMeHH. B pe3ynbra-
TE YKUBOTHBIC TEPSIOT XO3AHUCTBCHHYIO [IECHHOCTb, UTO
TIPUBOIUT K MPEKIACBPEMEHHOMN BBIOPAaKOBKE KOPOB [3].

OCHOBHOW TPUYIMHON CYOKITHHIYIECKOTO MAaCTHTA
SIBIISIETCS PA3HOOOpa3Has YCIOBHO NATOTEHHAS U [1aTO-
reHHas MuKpoduiopa. B mocnenane rogpl otMevaeTcst
CHIDKEHHUE (P PEKTUBHOCTH STUOTPOITHBIX CPEACTB MPH
Tepanvyd MacTUTa Y KOPOB, CBSI3aHHOE C Pa3BUTHEM
AHTUOMOTHKOPE3UCTEHTHOCTH Y MUKPOOPTaHU3MOB.
[IpuMmeHnsieMble 1 HOBBIE pa3pabaTbiBacMBbIE CITOCOOBI
Y CPEJICTBA JICYCHUSI MACTHTOB Y JTAKTUPYIOIIHX KOPOB

coJiepKaT aHTUONOTHKH, CYJTb(haHMITaMHIBl, HUTPOQY-
PaHbI ¥ UX COYCTAHUS, YTO HA CETOHSAIIHUH 1€Hb 5IB-
JSIeTCSL HeJIOITyCTUMBIM, T. K. aHTUOMOTHKY JITUTEIIb-
HOE BpeMs BBIACIISIFOTCSL C CEKPETOM JICUEHBIX JI0JICH
¥ MOTYT NIOTa/1aTh B OOILMI Y101, BBI3BIBATh y TIOTpE-
oureneil MOIIOKa TCOAKTEPHO3BI, AJIIEPTHUECKUE pe-
AKIUH, CHIDKATh KAYeCTBO U3TOTABINBACMOM MTPOTYK-
1AW U3 MOJIOKa [4].

OnHUM U3 NEPCIIEKTUBHBIX HAIIPABICHUH KIMHU-
YEeCKOM (papMaKoJIOTHH SIBISICTCSI TPUMEHEHHUE Tpe-
naparoB, COAEPIKaIlMX HAaHOYacTUIBI cepebpa. B mo-
clelHee AecsATWiIeTHe HabiIonaeTcst YKCIOHEHIIH-
aNBHBIN POCT B (QYHJAMECHTAJIbHBIX M MPHKIATHBIX
00J1acTsAX HayKH, CBS3aHHBII C CHHTE30M HAHOYACTHI
(HY) GmaropofiHbIX METaIJIOB, U3yYSHHEM UX CBOMCTB
u npakTuyeckuM npumenenueMm. HY cepebpa obGna-
JAIOT PEIKUM COYETaHHEM [EHHBIX (H3UKO-XHUMHUYe-
CKHUX KauecTs [5].

Jist Toro, 4ToOBlI ONPENENUTh, KaK BIUAIOT IIpe-
TapaThl, CoACp KAIINE YaCTHITHI HAHOCEpeOpa, HeoOXo-
MO HU3y4YUTh COCTaB KPOBH, T. K. OHA SIBIISICTCS BHY-
TPEHHEH cpeol 11 BceX OpraHoB M TKaHel, HanOoliee
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MOJTHO OTpakaeT pazHOOOpa3HbIe MPOLECCHI, TPOUC-
XOJISIIIIAE B OPTaHU3ME. YPOBEHb OOMEHHBIX TIPOIIEC-
COB, IPOTEKAIOMINX B OPraHU3Me U (PU3HOIOTHIECKOE
COCTOSIHHE KOPOB BIUSIOT Ha MOP(OIOTHIECKHUI CO-
CTaB KPOBH, €€ (PU3UKO-XUMHUIECCKUE CBOMCTBA, a TaK-
e Ha IPOyKTUBHOCTH )KHBOTHOTO [6].

Hcxonst U3 akTyaldbHOCTH TE€MBI, LI€JIbIO HalIEn
paboTHI cTamo U3ydeHne MOp(OITOTHIECKUX TTOKa3a-
TeNel KPOBH 3I0POBBIX U OOIBHBIX CYOKITHHUYECKUM
MacTHTOM KOPOB TIpH JICYSHUH PaCTBOPOM C HaHOYA-
CTHLIAMH cepedpa.

MATEPHAJIBI U METOJbI
HUCCJIEJOBAHUSA

MarepuanoM uccie10BaHUH SBISIIMCH 30POBbIC
1 00JIbHBIE CYOKITMHUYECKHM MacTUTOM KOPOBBI Yep-
HO-TIECTPOX MACTH TOJNIITHHCKOW M TOIITHHO-PPHU3-
CKOH TOpOJ] B BO3pacTe OT 2 JI0 5 JIeT, ¢ Maccoi Tena
B cpexueM 600,0 kr, mpuHamnexamue KX «Pearoe»
XJeBeHCKOTO paiioHa JIumerkoit oomacTu.

JMarHoCTHKY COCTOSTHUSI MOJIOYHOM JKeJIe3bl 0Cy-
LIECTBIISUIN M0 OOIENPUHSTON MeToauKe. [1Jis BBIsB-
JICHUS CYOKJIIMHMYECKOTO MaCTUTa Y KOPOB HCIIOIB30-
BaJu JuarHoctukyM Kenotest cormacHO HHCTpYKIUU.

Jia mpoBeieHus SKCTIepuMenTa Obu10 0TOOpaHo
18 XUBOTHBIX. Y 6 KOPOB, IIPH MOCTAHOBKE pPEeaKIUU
C IMarHOCTHKYMOM ObUIN cliefibl 0Opa3oBaHUsl Tejs,
MPUIMIIAHKSA K [UTaIIKe, HUTEBUIHOE CTPOCHHUE, [IBET
caMoi MpOOBI KENTHIH C KPAaCHBIMH BKIIOUCHHSIMH
(¥) — comHHUTENBHAsA peaKiys, y 6 KOpOB — T'ellb UMel
IJIOTHYO KOHCUCTEHIIHIO, JKEJITOTO IIBeTa (+) — T0JI0-
KUTEJbHAS PeakLus U 6 KIMHUYECKH 3J0POBBIX JKU-
BOTHBIX. KOpOB pacnpenenuiy Ha ABE TPYIIIbL: IepBast
(+) u BTOpas (+) onsiTHBIe. KopoBam nepBoii 1 BTopoii
OTIBITHBIX TPYIIT HHTPAIIUCTEPHATIBLHO BBOAMIH 1,0 MIT
Pa3BEIEHHOTO PAacTBOPa BOCCTAHOBIEHHOTO HAHOCE-
pebpa 1 : 4 Ha TETUIOM CTEPHUILHOM H30TOHHYECKOM
pacTtBope Harpus xiopusa (4,0 M) ¢ cobroneHneM
MIpaBUJI aCENTUKH, B f103€ 5,0 Mi1 o1iuH pa3. )KuBoTHbIe
TPEThEH IPYIIIBI CIYKHUIM KOHTPOJIEM.

OneHka BIMSHUS NMPUMEHEHHs] pacTBOpa C Ha-
HOYaCTHIIAMH cepedpa Ha MOPQOIOTHUECKUH cTa-
TyC KpOBHM KOPOB IIPOBEACHA 10 BBEICHMS U Uepe3
BOCEMb CYTOK 110 OKOHYaHWU NMPUMEHEHHS INpena-
para. Mopdosioruueckuii aHanu3 KpoBU MPOBOIUIN
Ha reMarosiorndeckoM aHanuzarope «URIT-3020»
(URIT-Kwuraii) B cooTBeTcTBUU ¢ «MeTonnueckue
yYKa3aHus 10 IPUMCHEHUIO YHUGMUITHPOBAHHBIX OHO-
XMMHMUYECKUX METOAOB HCCIIEJOBAHUS KPOBH, MOYH
¥ MOJIOKa B BETepUHApPHBIX J1abopatopusix» (1981)
[7]. CrarucTrueckuii aHaau3 BKJIIOYAJ pacueT Cpea-
HUX 3HadeHud (M, mean), MeaAMaHbI, CPETHETO KBa-

nparudeckoro otknonenus (SD, standard deviation,
CTaHJAPTHOTO OTKJIOHCHHS), OIIUOKK CPEIHEH BEIU-
yunbl (SE, standard error), xoadpduunenra Bapua-
uuu (KB, CV).

BenuuuHy cpelHEKBaAPaTUIHOTO OTKIOHCHUS
(CKO, SD — standard deviation) pacCauTBIBAIIA 110
bopmye:

=TI
Sp = \’Z;_.{xi _x}

n—1
e X, — i TIOKa3aTelb; X — CpeaHee apupmeTnde-
CKO€; 1 — KOJIMYECTBO MPOoo.
Koadduument Bapuaruu (KB, CV) paccuntsia-
M 110 popmyIe:

) (M

CV:E-]GU%, 2)
X

rie SD — cpenHee KBapaTuueckoe OTKIIOHEHUE, X —
cpemHee apupMEeTHIECKOE.

Onmmbky cpemnnero (SE — standard error) paccun-
TBHIBAJIK 110 hOpMyIIe:

SE = sb , 3)
Jn
rae SD — cpejiHee KBajpaTnieckoe OTKIIOHCHUE; 71 —
KOJIMYIECTBO MPOO.

Jns ompeneneHuss CTaTUCTUYECKU 3HAYMMBIX
pasIMuuil MEXAy aHATM3HPYEMBIMU MOKa3aTeIsIMH
WCIIOJIB30BaJIM PE3yNbTaThl OAHO(PAKTOPHOTO AMC-
nepcuonHoro ananuza (ANOVA). AnocrepropHbie
CpaBHEHUS TPOBE/ICHBI C HCIIOIH30BAHNEM HeTlapame-
Tpudeckoro kpurepuit U ManHa — YuTHU MexX Iy He-
CBSI3aHHBIMH BBIOOpKaMU U KpuTepust W BuikokcoHa
MEXKIY CBSI3aHHBIMHU BBIOOpKaMu [8§—10].

PE3YJBbBTATBI UCCJEJAOBAHUSA

YCTaHOBIIEHO, YTO B KOHTPOJILHOM TI'pyIINe KIIH-
HUYECKHU 3JJOPOBBIX KOPOB aHAIU3UPYEMBbIE TeMaro-
JIOTMYECKHE NIOKa3aTeIl KPOBU OBLIIM B Ipejieiax pe-
(hepeHCHBIX Tuana3oHoB (Tadm. 1).

UYepes 8 cyTOK Mpu aHATU3€ KPOBU 37J0OPOBBIX KO-
POB OOJIBIIMHCTBO aHAIU3UPYEMBIX reMaToJIOrHye-
CKHX TIOKa3aresei KpoBH, 3a NCKITIOYEHUEM TIPOIICHT-
HOTO COJIepXKaHMsI Y03UHO(UIIOB, KOJMYECTBA JIEHKO-
LIUTOB U TPOMOOLIUTOB B CPETHEM HU3MEHHUIIOCH MEHEE
4yeM Ha 6,5 % 1o CpaBHEHUIO C pe3ylbTaTaMu UCXOI-
Horo (nepBoro) aHanu3a (taom. 1, puc. 1).

ITo pesympraram 0gHO(AKTOPHOTO IHUCHIEPCHOH-
HOTO aHajn3a JOCTOBEPHBIX Pa3iMuuil MEXIy mep-
BOI M BTOPO# MpoOamMu KpOBU KOHTPOJIBHOU TPYIIIBI
JKUBOTHBIX HE YCTAaHOBJICHO.
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Taonnna 1
T'emamonozuueckue nokasamenu 300posbIX KOPO8
4 | . < |, S 22|, Y 2 . ;“o,ség:ggg.g g
= = = =2 =4 © it fo; E S El HE ©
J0 OIIbITa
cpenHee 3,0 3533 | 61,33 9,45 6,36 9,08 27,88 | 44,95 | 32,60 | 377,83 | 0,62
MeJuaHa 3 34 62,5 9,16 6,44 8,95 27,38 45,1 32,5 384 0,6
CKO 0,632 | 5,046 | 5354 | 1,136 | 0,512 | 0,578 | 2,148 | 1,540 | 0,434 |115,533| 0.075
ommbka | 0,258 | 2,060 | 2,186 | 0,464 | 0,209 | 0,236 | 0,877 | 0,629 | 0,177 | 47,166 | 0,031
KB 21,08 | 14,28 8,73 12,03 8,05 6,36 7,71 3,43 1,30 30,58 | 12,21
MHH 2 30 54 7,96 5,48 8,4 25,54 42,4 32,1 203 0,5
MaKc 4 42 67 10,81 6,84 10 31,3 46,8 33,1 518 0,7
n 6 6 6 6 6 6 6 6 6 6 6
yepe3 8 CyTok
cpenHee 3,83 35,67 | 60,50 9,84 6,11 8,52 27,12 | 4548 | 31,40 | 388,75 | 0,63
MeaquaHa 3,5 34 61,5 9,995 | 6,235 8,45 26,95 | 45,425 31 387,25 0,6
CKO 1,472 | 6,314 | 5992 | 1,058 | 0,270 | 0,337 | 1,376 | 1,439 | 1,183 | 70,556 | 0,052
ommbka | 0,601 | 2,578 | 2,446 | 0,432 | 0,110 | 0,138 | 0,562 | 0,588 | 0,483 | 28,804 | 0,021
KB 38,399 | 17,703 | 9,904 | 10,755 | 4,425 | 3,959 | 5,074 | 3,165 | 3,768 | 18,150 | 8,154
MHH 2 27 54 8,51 5,68 8,2 24,96 43,1 30,3 277 0,6
MaKc 6 44 70 10,95 6,35 9 28,8 47,5 33,4 464 0,7
n 6 6 6 6 6 6 6 6 6 6 6
HopMa 3,0— | 15,0— | 45,0— | 4,0— | 50— | 8,0— | 24,0— | 40,0— | 30,0— | 100— | 0,6—
8,0 65,0 75,0 12,0 10,0 15,0 46,0 60,0 36,0 800 0,8

* P <0,01 — cremnenb JOCTOBEPHOCTH B KOHTPOJILHOU IPYIIIIE JKUBOTHBIX

Cpenu kopoB, 2-X ONBITHBIX T'PYII, UCXOM-
HO (10 BBeJEHHUS Ipenapara) UMENu J0CTOBEp-
Hoe paznuuue aucnepcuit (p = 0,0004, Foaxr. =
=26,18 < Fxput. = 21,04 mnsa p = 0,001) u cpenanx
3HaueHui (kputepuii Manna — YutHu Udakr. =
=0 < Uxpurt. = 2 ans p = 0,01) nmo koauyecTBy jei-
kouuToB: 9,44 + 0,236-10°/n1 y xopoB 1 rpymmsi
u 14,04 + 0,888:10°/71 y xkopoB 2 rpyrsl (Tadm. 2).

[Ipu cpaBHEHUY NOTYYEHHBIX T€MaTOIOTHIECKIX
I10Ka3aTesieil KpOBU KOPOB J10 U [IOCIIE BBEACHUS IIpe-
mnapara y KOpoB 1-i ONBITHOM IpyIIibl YCTAaHOBIEHO

Berepunapnsrii papmakomorudeckuii BecTHUK « Ne 1 (30) « 2025

nocTtoBepHoe yBenuueHue Ha 21,7 % oTHOCUTENB-
HOTO KoJIndecTBa 303uHoduiioB ¢ 2,88 + 0,398 % 10
3,50 £ 0,378 % (p < 0,01, Tabm. 3, puc. 2). Ouenka mu-
HAMUKH U3MEHEHHUS KOJIMYECTBAa YO3MHO(DUIOB B Te-
YeHHUE BOCIAJIUTEIBHOTO MPOIlecca UMEET MPOTHO-
CTUYECKOE 3HaueHUe. DO3UHOINCHUS (CHIKEHUE KO-
JIMYeCTBa 303UHO(MIOB B KpoBU MeHee 1,0 %) vacTto
HaOmoaeTcsl B Havyale BOCHAICHUS. DO3MHO(UIHS
(pocT uncna 703MHOGUIOB > 5 %) COOTBETCTBYET Ha-
Yary BBI3JIOPOBICHUS U HaXOMUTHCS B paMKax pede-
PEHCHBIX 3HaueHui [11].
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20
15,0 %
5 1 7 14,3 %
12,7 %
10
5,9 %
X 5
S 3,5 %
’ 2,7 %
0
EOS GRA LIM WBC RBC HGB HCT MCV MCHC PLT COD
-2,7%
-5 4,0 % 4,0 % —37%
—-6,2 %
-10
Puc. 1. OTHOCHTENIbHOE H3MEHEHUE TEMATOJOTMUSCKUX [TOKa3areell 370pOBbIX KOpoB (B % OT mepBoro 3adbopa
KpOBH):

EOS — »03unoduist; GRA — ueiitpoduinst; LIM — mumdountst, WBC — neiikouutst; RBC — sputpouutsl; HGB — remo-
mobun; HCT — remarokput; MCV — cpennuii o6bem sputpormra; MCHC — conepikanne Hb B aputpormre; PLT —
TpombouuTsl; COD — CKOPOCTH OCENaHUs SPUTPOLIUTOB

Taoauna 2
Temamonocuueckue noxazamenu O0IbHbIX Kopoe 00 66e0eHs npenapama

. : - . = o = - . 2 s loosol =
o 3 Eo\ 4 5 jas) = 2 (<] = o = =
28 |48 | S=| B3| 2| 6% | gx|$58ZEC| 2 %
ST el EV sl By S S g5 S |m o ¥ &S| o~ =
SETISET| 2| 29| Eg | 8C | EQ |EEC|E2s| g | O
O F |TE 22 | 52 | = =% | T |EES|58¢g| 82 O
Z |T& | £ 2z | g2 | 5 57 |28%|g2E| 25| O

(@]

1 2 3 4 5 6 7 8 9 10 11 12

TepBasi ONBITHAS TPy

cpenHee 2,88 31,50 | 65,63 9,44° 6,12 9,33 28,62 | 46,85 | 32,59 | 416,00 | 0,59

MeJuaHa 3 30,5 68 9,26 6,21 9,3 28,41 | 45,75 32,4 391 0,6

CKO 1,126 | 7,131 7,070 | 0,666 | 0,378 | 0,729 | 2,101 3,786 | 1,328 | 94,467 | 0,099

ommbka | 0,398 | 2,521 | 2,500 | 0,236 | 0,134 | 0,258 | 0,743 1,338 | 0,470 | 33,399 | 0,035

KB 39,17 | 22,64 | 10,77 7,06 6,18 7,81 7,34 8,08 4,08 22,71 16,87
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Oxonuyanue Ta0.J1. 2

1 2 3 4 5 6 7 8 9 10 11 12
MUH 1 23 54 8,48 5,68 8 25,64 43,9 31,2 297 0,5
Makc 4 43 73 10,61 6,6 10,2 31,64 55,7 35,2 543 0,8
n 8 8 8 8 8 8 8 8 8 8 8

BTOpas OIBITHAS TPYyIIIa

cpenHee 3,00 31,00 | 66,75 | 14,04 6,16 8,68 26,72 | 43,70 | 32,43 | 380,50 | 0,70

MeJHaHa 3.0 31,5 66 14,74 6,01 8,5 26,69 44,4 32,5 356 0,7
CKO 0,82 | 18,815 | 19,738 | 1,777 | 0,596 | 0,350 | 0,735 | 4,976 | 0,957 | 191,98 | 0,082
ommbka | 0,408 | 9,407 | 9,869 | 0,888 | 0,298 | 0,175 | 0,368 | 2,488 | 0,478 | 95,984 | 0,041
KB 27,22 | 60,69 | 29,57 | 12,65 9,66 4,04 2,75 11,39 2,95 50,45 11,66

MHH 2 10 46 11,42 5,62 8,5 25,96 37 31,2 191 0,6

MaKc 4 51 89 15,26 7,01 9,2 27,53 49 33,5 619 0,8

n 4 4 4 4 4 4 4 4 4 4 4
HopMa 3,0— | 15,0— | 45,0— | 4,0— | 50— | 8,0— | 24,0— | 40,0— | 30,0— | 100— | 0,6—

8,0 65,0 75,0 12,0 10,0 15,0 46,0 60,0 36,0 800 0,8

* P<0,01 — crenenp JOCTOBEPHOCTH B OMBITHBIX IPYIIIAX JKHBOTHBIX
Tabauna 3
I'emamonozuueckue nokasamenu 60IbHLIX KOPOS NOCIE 68€0€HIUs NPENnapamd

22 |28 |25, 57 |BHS| 81| BC |EEQ|EsY|eEs 2

& |7 A = | 2z |TE |3 s gEE2E"F | ©

1 2 3 5 7 8 9 10 11 12

TiepBast ONbITHAS TPYIINa

cpenHee 3,50 32,13 | 64,38 | 17,76 5,97 8,70 28,31 | 47,49 | 30,79 | 356,0 0,58
MeJuaHa 4 33 62,5 8,335 | 5,855 8,6 27,815 | 46,5 30,65 | 350,5 0,6
CKO 1,069 | 6,578 | 6,523 1,081 | 0,549 | 0,707 | 2,931 | 3,556 | 1,219 | 18,11 | 0,071
ommbka | 0,378 | 2,326 | 2,306 | 0,382 | 0,194 | 0,250 | 1,036 | 1,257 | 0,431 | 6,403 | 0,025
KB 30,54 | 20,476 | 10,133 | 13,94 | 9,191 | 8,128 | 10,354 | 7,489 | 3,961 | 5,087 | 12,30
MHH 2 20 58 5,8 5,36 7.8 24,32 44,9 29,3 335 0,5
MaKc 5 39 76 8,67 6,97 9,8 33,39 55,8 32,5 394 0,7

n 8 8 8 8 8 8 8 8 8 8 8
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Oxonuyanue Ta0J1. 3

1 2 3 4 5 6 7 8 9 10 11 12

BTOpasd OIIbITHas I'pyIria

cpennee | 325 | 33,75 | 63,00 | 13,74" | 593 | 858 | 26,14 | 4438 | 32,80 | 360,3

Memmana | 3.5 36,5 60 13,55 | 5,79 82 | 2593 | 44,65 | 32,5 | 302,5 | 055

CKO 1,71 | 14,71 | 16,23 | 3,09 | 0,55 1,03 | 2,10 | 5,18 | 1,76 | 146,7 | 0,13

oumbka | 0,854 | 7353 | 8,114 | 1,545 | 0,275 | 0,517 | 1,051 | 2,590 | 0,878 | 73,32 | 0,065

KB 52,55 | 43,57 | 25,76 | 2248 | 926 | 12,06 | 804 | 11,68 | 536 | 40,71 | 2347
MHUH 1 14 47 | 1034 | 543 | 78 | 2386 | 378 31 259 04
MaKe 5 48 8 | 1753 | 671 | 10,1 | 2885 | 504 | 352 | 577 0,7
n 4 4 4 4 4 4 4 4 4 4 4
wopwa | 30 [ 150 [450— | 40— | 50— | 80— | 240— | 400— | 30,0— | 100— | 0.6—

8,0 65,0 75,0 12,0 10,0 15,0 46,0 60,0 36,0 800 0,8

* P<0,01 — crenenb JOCTOBEPHOCTH B ONBITHBIX PYIIIAX JKUBOTHBIX

2 1517%
20
15

10

2,0% 1,9% 1,4 %

%

EOS GRA LIM WBC RBC HGB HCT MCV MCHC PLT COD
-5 2.4 % -L1% 2,1%
o 0

10 6,7 % 357

15
—14,4 %

-20 -17,8 %

Puc. 2. OTHOCHTENIFHOE U3MCHEHUE FEeMATOJIOTHIECKHX ITOKa3areiel OOIbHBIX KOPOB IICPBOM OIBITHOM TPYIIIIBI
(B %, 110 BBEJICHUS MIpETIaparoB):
EOS — s03uno¢uiner; GRA — ueiitpoduist; LIM — mambountsl; WBC — nelikonutsl; RBC — sputpouutsl; HGB — remo-
mio6un; HCT — remarokput; MCV — cpenuuii oobem sputpounta; MCHC — coaepxkanue Hb B apurpormre; PLT —
TpoMGonnThl; COD — CKOPOCTH OCENAHMUS IPUTPOLIUTOB
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ﬂuHaMuKa M0p¢0ﬂ02ull€CKux nokazamernet Kpo6U Kopoe npu j1e4eHuu Cy6KJZqu/lll€CKOZO macmuma pacmeopom...

Taxoxe y kopoB 1-i1 ONBITHOH TPYIIBI YCTaHOB-
JIGHO JOCTOBepHOE CHIkeHue Ha 17,9 % cpemne-
ro KoJMuecTna JieHkouuTos ¢ 9,44 +0,236-10°/1 no
7,76 £ 0,382-10°/11, 0qHAKO 3TH U3MEHEHUS HAXOIU-
auck B penenax HopMsl (p < 0,01, Tadmn. 3, puc. 2).

[Ipu cpaBHMTENBHOM aHaNM3€ MOKa3arenel Kpo-
BU y KOPOB JIO U MOCJIE BBEIEHU TIpernapara y KOopoB
1-if ONBITHOM I'PyTIIBl YCTAHOBIIEHO I0CTOBEPHOE CHU-
xerne Ha 14,4 % cpemHero KojamdecTBa TPOMOOIIH-
ToB ¢ 416,00 £ 33,39-10°1 no 356,00 + 6,403-10°/1
(p <0,05, Tabn. 3, puc. 2). Bee 3T n3MEHEHMS TOBOPSIT
0 BIIMSIHMY pacTBOpa C HAaHOYACTHYaMH cepedpa Ha Mop-
(hooruro KpoBH, OTHAKO OHH HE BBIXOIUIIU 32 PAMKH
pedepeHCHbIX 3HaYeHUH. Y KOPOB 2-ii OTIBITHOM TPyTI-
IIbI TIOCJIE BBEZICHMS TIperapara U3MEeHEeHHe TeMaToIo-
THUYECKUX MTOKa3aTelei ObIIo He I0CTOBEpHO (Tadm. 3).

UYepes § cyTok Obl1a MpoBeeHa IMarHOCTUKA CO-
CTOSIHUSI MOJIOYHOM ele3bl, KOTOPYIo MPOBOIUIN
10 OOIIETIPUHATON METOUKE. YCTAHOBJICHO, YTO YV 4
KOPOB HEPBOW I'PYIIIBI PEaKys ¢ AMarHOCTUKYMOM
Kenotest Obl1a OTpHUIIATENBHOM, Y 2 — OCTaJIach CO-
MHUTEIIEHOM, a Y 4 KOPOB BTOPO# IPYTIIBI CyOKITUHH-
yeckas GopMa MacTUTa Mepennia B KITMHUYECKH Bbl-
paXE€HHBI MACTHT.

3AKJIFOYEHHUE

[To pe3ynbraram aHangM3a KPOBH MOXHO CJIEIATh
3aKJIIOYEHHE O TOM, YTO OJHOKPAaTHOE BBEJEHHE pac-
TBOpa C HAHOYACTHIIAMHU cepedpa He OKa3bIBaJIO BIIHs-
HUE Ha reMaToJIOTHYECKHe TIoKa3aTean KPOBU KOPOB
BTOPOM TPYIIBL, T. K. Y HUX CyOKIMHUYECKHUIA MAaCTUT
MIePEXOIMIT B KIIMHHYCCKYIO (DOPMY, TaKUM 00paszom,
HE JOCTaTOYHO OJTHOKPATHOTO BBEICHHs Mperapara
710 TIOJTHOTO BBI3IOPOBJICHUS, HEOOXOIUMBI JJOMOTHHU-
TeJbHbIE BBEJICHUS Mpernapara.

[Tpumensist onHO(aKTOPHBIN TUCTIEPCHOHHBIN aHa-
JIU3, TOCTOBEPHBIX PA3NUYHiA B IP0Oax KPOBH 3/10pPO-
BBIX KOPOB HE YCTAaHOBWJI, MOJKHO CJI€JIaTh 3aKJIF0Ye-
HUE 00 OTHOPOTHOCTH KOHTPOJIBHOM BHIOOPKH.
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DYNAMICS OF BLOOD MORPHOLOGICAL INDICATORS
IN COWS WHEN TREATING SUBCLINICAL MASTITIS
WITH A SOLUTION WITH SILVER NANOPARTICLES
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Abstract. The article presents the research data on the blood morphological composition of cows with subclini-
cal mastitis under the effect of a solution with silver nanoparticles. To process the obtained results, one-way vari-
ance analysis and methods of variation statistics were used. As a result of the studies, it had been found that a sin-
gle administration of a nanosilver solution in a ratio of 1 : 4 in a warm sterile isotonic sodium chloride solution
in compliance with the rules of asepsis, at a dose of 5.0 ml was not enough for the recovery of animals.
Keywords: cows, subclinical mastitis, blood morphology, therapy, solution with silver nanoparticles

Increasing the cattle stock and their productivi-
ty is the main task of the country’s livestock industry.
The milk productivity of cows has increased signifi-
cantly in recent years, which has made the mamma-
ry gland even more susceptible to mastitis, especially
the subclinical course, which is recorded in cows ev-
erywhere [1, 2].

Due to the lack of clinical signs, subclinical masti-
tis is not timely diagnosed, and the long course of the
disease leads to atrophy of the affected udder lobes.
As aresult, animals lose economic value, which leads
to premature culling of cows [3].

The main cause of subclinical mastitis is a variety
of opportunistic and pathogenic microflora. In recent
years, there has been a decrease in the efficacy of etio-
tropic agents in the treatment of mastitis in cows, asso-
ciated with the development of antibiotic resistance in
microorganisms. The methods and means of treating
mastitis in lactating cows that are currently in use and
being developed/designed contain antibiotics, sulfon-
amides, nitrofurans and their combinations, which is
currently unacceptable, since antibiotics are excreted
with the secretion of treated lobes for a long time and
can get into the total milk yield, cause dysbacteriosis,
allergic reactions in milk consumers and reduce the
quality of manufactured milk products [4].

One of the promising areas of clinical pharmacol-
ogy is the use of drugs containing silver nanoparticles.
In the last decade, there has been exponential growth
in fundamental and applied areas of science associated
with the synthesis of nanoparticles (NP) of noble met-
als, the study of their properties and practical applica-
tion. Silver nanoparticles have a rare combination of
valuable physical and chemical properties [5]. In order
to determine the effect of drugs containing nanosilver
particles, it is necessary to study the blood composi-
tion, since it is the internal environment for all organs
and tissues, most fully reflecting the various processes
occurring in the body. The level of metabolic process-
es occurring in the body and the physiological state of
cows affect the blood morphological composition, its
physical and chemical properties, as well as the pro-
ductivity of the animal [6]. Based on the relevance of
the topic, the objective of our work was to study the
blood morphological indicators of healthy cows and
cows with subclinical mastitis treated with a solution
with silver nanoparticles.

MATERIAL AND METHODS
The study material was Black-Motley Holstein and
Holstein-Friesian healthy cows and cows with subclin-
ical mastitis aged 2 to 5 years, with an average body
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weight of 600.0 kg, belonging to the farm Rechnoe in
Khlevenskiy district of Lipetsk region.

The diagnosis of the mammary gland condition was
carried out according to the generally accepted meth-
od. To detect subclinical bovine mastitis, the Kenotest
diagnosticum was used according to the instructions.

For the experiment, 18 animals were selected. In
6 cows, when setting up a reaction with the diagnos-
ticum, there were traces of gel formation, adhesion to
the plate, thread-like structure, the color of the sam-
ple itself was yellow with red inclusions (=) — a ques-
tionable reaction, in 6 cows — the gel had a dense
consistency, yellow (+) — a positive reaction, and
6 clinically healthy animals. The cows were divided
into two groups: the first (+) and the second (+) ex-
perimental ones. The cows of the first and second ex-
perimental groups were intracisternally injected with
1.0 ml of a diluted solution of reduced nanosilver 1 : 4
in a warm sterile isotonic sodium chloride solution
(4.0 ml) in compliance with the rules of asepsis, at a
dose of 5.0 ml once.

The animals of the third group served as a con-
trol. The effect of using a solution with silver nanopar-
ticles on the blood morphological status of cows was
assessed before the administration and eight days af-
ter the end of drug administration. Morphological
analysis of blood was performed on a URIT-3020 he-
matology analyzer (URIT-China) in accordance with
the Guidelines for the Use of Unified Biochemical
Methods for Studying Blood, Urine and Milk in
Veterinary Laboratories (1981) [7]. Statistical analysis
included calculation of mean values (M, mean), mean,
standard deviation (SD), standard error (SE) and coef-
ficient of variation (CV).

The value of the standard deviation (SD) was cal-
culated using the formula:

M

where x, is the 7 indicator, X is the arithmetic mean;
n is the number of samples. The coefficient of varia-
tion (CV) was calculated using the formula:

SD

CV =2=.100%,
X

2

where SD is the standard deviation; X is the arithme-
tic mean.

The standard error (SE) was calculated using the
formula:

SD
Jn’
where SD is the standard deviation; n is the number
of samples.

To determine statistically significant differenc-
es between the analyzed indicators, the results of the
one-way analysis of variance (ANOVA) were used.
Post-hoc comparisons were performed using the non-
parametric Mann — Whitney U test between unrelat-

ed samples and the Wilcoxon W test between related
samples [8—10].

SE = 3)

STUDY RESULTS
It was established that in the control group of clin-
ically healthy cows, the analyzed hematological in-
dicators of blood were within the reference ranges

(Table 1).

Table 1
Hematological indicators of healthy cows
o : : v = 5 - o g <
A ' = TN O o m T e | = . == . o
o= e o = X [} = |09 &
-ggegge - el T §@§ 22| S §§§§%§E%S"§ g
SLT|2£7|587 | 2 |FE3|EE7| B2 (828|555 2R 4
& = |78 | 2z > [T | 27 |2 =277~ &9
1 2 3 4 5 6 7 8 9 10 11 12
before experiment
mean 3.0 35.33 61.33 9.45 6.36 9.08 27.88 | 44.95 32.60 | 377.83 0.62
median 3 34 62.5 9.16 6.44 8.95 27.38 45.1 32.5 384 0.6
SD 0.632 5.046 5.354 1.136 0.512 0.578 | 2.148 1.540 | 0.434 | 115.533| 0.075
error 0.258 2.060 | 2.186 0.464 | 0.209 0.236 | 0.877 | 0.629 | 0.177 | 47.166 | 0.031
Bulletin of Veterinary Pharmacology « No. 1 (30) « 2025 45



O. B. Pavienko, V. Yu. Sulin, V. I. Zimnikov, A. V. Martynova, V. A. Falkov

Table 1 (the end)

1 2 3 4 5 6 7 8 9 10 11 12
Cv 21.08 14.28 8.73 12.03 8.05 6.36 7.71 3.43 1.30 30.58 12.21
min 2 30 54 7.96 5.48 8.4 25.54 42.4 32.1 203 0.5
max 4 42 67 10.81 6.84 10 31.3 46.8 33.1 518 0.7
n 6 6 6 6 6 6 6 6 6 6 6

in § days

mean 3.83 35.67 | 60.50 9.84 6.11 8.52 27.12 | 4548 | 31.40 | 388.75 | 0.63
median 3.5 34 61.5 9.995 | 6.235 8.45 26.95 | 45.425 31 387.25 0.6
SD 1.472 | 6314 | 5.992 1.058 | 0.270 | 0.337 1.376 1.439 1.183 | 70.556 | 0.052
error 0.601 | 2.578 | 2.446 | 0432 | 0.110 | 0.138 | 0.562 | 0.588 | 0.483 | 28.804 | 0.021
Ccv 38.399 | 17.703 | 9.904 | 10.755 | 4.425 | 3.959 | 5.074 | 3.165 | 3.768 | 18.150 | 8.154
min 2 27 54 8.51 5.68 8.2 24.96 43.1 30.3 277 0.6
max 6 44 70 10.95 6.35 9 28.8 47.5 334 464 0.7
n 6 6 6 6 6 6 6 6 6 6 6
horm 3.0— | 15.0— | 45.0— | 40— | 50— | 80— | 24.0— | 40.0— | 30.0— | 100— | 0.6—

8.0 65.0 75.0 12.0 10.0 15.0 46.0 60.0 36.0 800 0.8

* P <0.01 — degree of reliability in the control group of animals

In 8 days, when analyzing the blood of healthy
cows, most of the analyzed hematological indicators of
blood, with the exception of the percentage of eosino-
phils, the number of leukocytes and platelets changed
on average by less than 6.5 %, compared to the results
of the initial (first) analysis (Table 1, Fig. 1).

According to the results of the one-way ANOVA,
no reliable differences were found between the first and
second blood samples of the control group of animals.

Among the cows of the 2 experimental groups,
initially (before the administration of the drug) there
was a reliable difference in variances (p = 0.0004,
Ffact. = 26.18 < Fcrit. = 21.04 for p = 0.001) and mean
values (Mann — Whitney test Ufact. = 0 < Ucrit. = 2
for p = 0.01) for the number of leukocytes:
9.44 £ 0.236-10°/L in the cows of group 1 and
14.04 £ 0.888-10%/L in the cows of group 2 (Table 2).

When comparing the obtained hematological indi-
cators of the cows’ blood before and after drug adminis-
tration, there was detected a reliable increase by 21.7 %
in the relative eosinophil count from 2.88 + 0.398 %
to 3.50+0.378 % (p <0.01, Table 3, Fig. 2) in the

46

cows of the 1* experimental group. Evaluation of the
dynamics of changes in the number of eosinophils
during the inflammatory process has prognostic value.
Eosinopenia (a decrease in the number of eosinophils
in the blood by less than 1.0 %) is often observed at
the onset of inflammation. Eosinophilia (an increase in
the number of eosinophils > 5 %) orresponds to the on-
set of recovery and is within the reference values [11].

In the cows of the 1% experimental group, a re-
liable decrease by 17.9 % in the mean leukocyte
count was also found from 9.44 + 0.236-10°/L to
7.76 + 0.382-10%/L, however, these changes were with-
in the normal range (p < 0.01, Table 3, Fig. 2).

A comparative analysis of the blood indicators in
cows before and after drug administration revealed
a reliable decrease by 14.4 % in the mean plate-
let count in the cows of the 1% experimental group,
from 416.00 + 33.39-10°/L to 356.00 + 6.403-10°/L
(p <0.05, Table 3, Fig. 2). All these changes indi-
cate the effect of a solution with silver nanoparticles
on blood morphology, but they did not go beyond the
reference values.
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Fig. 1. Relative change in hematological indicators of healthy cows (% from the first blood sampling):

CO5

EOS — eosinophils; GRA — neutrophils; LIM — lymphocytes; WBC — leukocytes; RBC — erythrocytes; HGB — hemo-
globin; HCT — hematocrit; MCV — mean cell volume; MCHC — mean cell hemoglobin content; PLT — platelets; ESR —

erythrocyte sedimentation rate
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Table 2
Hematological indicators of sick cows before administration of the drug
. B . = & o
i) E:\Q § [’5\@\ &m)# .Eho 't?o :>h :80 — =
ES RS | 25| 32| 5 | En | 25| 88 |2sgQ| %2 ©
28| 22| 42| S| Eo | 28| EC | §s |55 22| o
2@ | B0 | EX | B2 | 23 | Bz | SF | SE|SEE| £ &%
> <=
1 2 3 4 5 6 7 8 9 10 11 12
first experimental group
mean 2.88 31.50 | 65.63 9.44° 6.12 9.33 28.62 | 46.85 | 32.59 | 416.00 | 0.59
median 3 30.5 68 9.26 6.21 9.3 28.41 | 45.75 324 391 0.6
SD 1.126 | 7.131 7.070 | 0.666 | 0.378 | 0.729 | 2.101 3.786 1.328 | 94.467 | 0.099
error 0.398 | 2.521 2.500 | 0.236 | 0.134 | 0.258 | 0.743 1.338 | 0.470 | 33.399 | 0.035
Ccv 39.17 | 22.64 10.77 7.06 6.18 7.81 7.34 8.08 4.08 22.71 16.87
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Table 2 (the end)

1 2 3 4 5 6 7 8 9 10 11 12
min 1 23 54 8.48 5.68 8 25.64 43.9 31.2 297 0.5
max 4 43 73 10.61 6.6 10.2 31.04 55.7 352 543 0.8
n 8 8 8 8 8 8 8 8 8 8 8

second experimental group
mean 3.00 31.00 | 66.75 | 14.04 6.16 8.68 26.72 | 43.70 | 32.43 | 380.50 | 0.70
median 3.0 31.5 66 14.74 6.01 8.5 26.69 44.4 32.5 356 0.7
SD 0.82 | 18815 | 19.738 | 1.777 | 0.596 | 0.350 | 0.735 | 4.976 | 0.957 | 191.98 | 0.082
error 0.408 | 9.407 | 9.869 | 0.888 | 0.298 | 0.175 | 0.368 | 2.488 | 0.478 | 95.984 | 0.041
Ccv 2722 | 60.69 | 29.57 | 12.65 9.66 4.04 2.75 11.39 2.95 50.45 11.66
min 2 10 46 11.42 5.62 8.5 25.96 37 31.2 191 0.6
max 4 51 89 15.26 7.01 9.2 27.53 49 335 619 0.8
n 4 4 4 4 4 4 4 4 4 4 4
horm 3.0— | 15.0— | 45.0— | 40— | 50— | 80— | 24.0— | 40.0— | 30.0— | 100— | 0.6—
8.0 65.0 75.0 12.0 10.0 15.0 46.0 60.0 36.0 800 0.8
Notes: “P < 0.01 — degree of reliability in the experimental groups of animals
Table 3
Hematological indicators of sick cows after drug administration
Lgu.l g@ 2 3§ Ea 5 & ém §>§§go A o 72
1 2 3 4 5 6 7 8 9 10 11 12
first experimental group
mean 3.50 32.13 | 64.38 7.76" 5.97 8.70 2831 | 47.49 | 30.79 | 356.0 0.58
median 4 33 62.5 8.335 | 5.855 8.6 27.815 | 46.5 30.65 | 3505 0.6
SD 1.069 | 6.578 | 6.523 1.081 | 0.549 | 0.707 | 2.931 | 3.556 | 1.219 18.11 | 0.071
error 0378 | 2.326 | 2306 | 0.382 | 0.194 | 0.250 | 1.036 | 1.257 | 0.431 6.403 | 0.025
Cv 30.54 | 20.476 | 10.133 | 13.94 | 9.191 8.128 | 10.354 | 7.489 | 3.961 | 5.087 12.30
min 2 20 58 5.8 5.36 7.8 24.32 44.9 29.3 335 0.5
max 5 39 76 8.67 6.97 9.8 33.39 55.8 32.5 394 0.7
n 8 8 8 8 8 8 8 8 8 8 8
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Table 3 (the end)
1 2 3 4 5 6 7 8 9 10 11 12
second experimental group
mean 3.25 33.75 63.00 13.74" 5.93 8.58 26.14 44 38 32.80 360.3
median 35 36.5 60 13.55 5.79 8.2 2593 44.65 32.5 302.5 0.55
SD 1.71 14.71 16.23 3.09 0.55 1.03 2.10 5.18 1.76 146.7 0.13
error 0.854 7.353 8.114 1.545 0.275 0.517 1.051 2.590 0.878 73.32 0.065
(6\Y 52.55 43.57 25.76 22.48 9.26 12.06 8.04 11.68 5.36 40.71 23.47
min 1 14 47 10.34 5.43 7.8 23.86 37.8 31 259 0.4
max 5 48 85 17.53 6.71 10.1 28.85 50.4 352 577 0.7
n 4 4 4 4 4 4 4 4 4 4 4
horm 30— | 15.0— | 450— | 40— | 50— | 8.0— | 24.0— | 40.0— | 30.0— | 100— | 0.6—
8.0 65.0 75.0 12.0 10.0 15.0 46.0 60.0 36.0 800 0.8
* P <0.01 — degree of reliability in the experimental groups of animals
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Fig. 2. Relative change in hematological indicators of sick cows of the first experimental group (%, before drug

administration):

EOS — eosinophils; GRA — neutrophils; LIM — lymphocytes; WBC — leukocytes; RBC — erythrocytes; HGB — hemo-
globin; HCT — hematocrit; MCV — mean cell volume; MCHC — mean cell hemoglobin content; PLT — platelets; ESR —
erythrocyte sedimentation rate
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In the cows of the 2™ experimental group, after the
administration of the drug, the change in hematologi-
cal indicators was not reliable (Table 3).

In 8 days, diagnostics of the mammary gland con-
dition was carried out using the generally accepted
method. It was found that in 4 cows of the first group,
the reaction with the Kenotest diagnosticum was nega-
tive, in 2 cows it remained questionable, and in 4 cows
of the second group, the subclinical form of mastitis
turned into a clinically expressed mastitis.

CONCLUSION

Based on the results of the blood test, it can be con-
cluded that a single administration of a solution with
silver nanoparticles did not affect the hematological in-
dicators of blood of the cows of the second group, since
their subclinical mastitis turned into a clinical form,
thus, a single drug administration was not enough un-
til complete recovery, additional administrations of the
drug were necessary.

Using one-way analysis of variance (ANOVA), no
significant differences were found in the blood sam-
ples of healthy cows, and it can be concluded that the
control sample is homogeneous.
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AnHoTanus. B cratbe npeicTaBlIeHb! pe3ynbTaThl U3ydeHHs 3(p(QEKTUBHOCTH CXEMBI JICYCHUS MACTHTA Y KOPOB,
BKJIIOYAIOLIEH MpUMeHeHne KoMIuiekcHoro npenapara «Auomact-KPCy» u Jlunorona. J{7st mpoBeaeHus SKCrepu-
MCHTAJILHBIX UCCIICIOBAHUN OBLIIO 0TOOpaHO 49 KOpOB, OOJBHBIX MACTHUTOM, KOTOPBIC TI0 MPHUHIIAITY aHAJIOTOB
ObUTH pactipesienieHsl B 2 rpynnbl. JKUBOTHBIM 1epBoi rpymisl npumenstin JJuomact-KPC coracHO HHCTpYK-
LIUY, BTOPOW TPYIIIC OMOJHUTEIBHO BHYTPUMBIIICUYHO BBOAMIH JInnoToH B no3e 0,02 MII/KT IBYKpPATHO C WH-
TepBajioM 48 4acoB. YCTaHOBIICHO, YTO HAWTYYIIHNA TEPANICBTUICCKIIA d(DPEKT MOIyICH IPU COBMECTHOM TIPH-
Menennn Jlunorona u J{nomacra-KPC, koTopslii npu rHoifHO-KaTapaiabHON popme macTuTa coctaBui 92,3 %,
pu KatapanbHoit — 91,7 %, 4To BEIIIE TTOKa3aTelel 0a3oBoro BapuanTta Ha 7,7—9,9 %, npu aTom uznedeHo 93,3
1 92,3 % noneii BBIMEHN COOTBETCTBEHHO. KoHTaMuHaIMs MOJIOKAa MEUKPO(IIOPOH CHU3MIIACh TIPH BBeAeHHH J{no-
Macta-KPC B 4 pa3a, a mpu TOMOTHUTEIHPHOM UCIIONIb30BaHUU JINTIOTOHA — B 6 pa3 U IpHU 3TOM OAKTCPUOHOCH-
TEIBbCTBO OBLTO HUKE B 1,5 pasa. Tepanus O0MBHBIX MACTUTOM KOPOB MPU IIPUMECHEHUH JIMITOTOHA COMIPOBOXKIa-
Jach OoJiee paHHUM KYNMHPOBAHHEM BOCHAIUTEIHFHOTO MPOIEcca B MOJIOYHOW JKelie3e, BRIPAKCHHON aKTUBHU3a-
1yed ryMOpajbHOTO U KJIIETOYHOTO 3B€HA €CTECTBEHHOM PE3UCTEeHTHOCTH, MHTEHCUBHBIM CHMXKEHUEM MTPOLIECCOB
TICPOKCHIAIIMH JIUITAJIOB U aKTUBU3AIHel (hepMEHTaTUBHOTO U HE(DePMEHTATUBHOTO 3BCHA aHTHOKCHIAHTHOM 3a-
IIUTHL.

KutioueBble cjioBa: MacTuT, KOMIUIeKCHast Tepanus, JiunotoH, JJuomact-KPC, kopoBbl

Bocmanenne MOJIOUHOM JKeae3bl OCTACTCS oI- MapeHTCpaJIbHOM BBCACHUU aHTI/IMI/IKp06HLIX JICKap-

HOM W3 aKTyaJbHBIX MPOOIEM MOJOYHOTO CKOTOBOJI-
CTBa BO BceM mupe. Pa3BuTie MacTuTa CBSI3aHO C MH-
(uMpoBaHKEM BBIMEHH Pa3IMYHBIMU MATOTCHHBIMHU
1 yCIIOBHO-TIATOT€HHBIMI MUKPOOPTaHU3MaMHu: Staph.
aureus, Staph. haemoliticus, Str. agalactiae, Str. uber-
is, Str. dysgalactiae, E. coli, Ent. faecium v np. B cBs1-
3H C 3TUM ATHOTPOITHAS TEPAIUs MO-PEKHEMY OCTa-
eTcsi 0a30BOI, a JICUCHUE MACTUTA JTAKTUPYIOLIUX KO-
OB OOBIYHO 3aKITIOUACTCS B MHTPAIUCTEPHAILHOM HITH

CTBEHHBIX cpeacTs [1].

JleueHne MacTUTa OCIOXKHSIETCS TEM, YTO Y Oak-
TEPHIi CYIIECCTBYIOT aJalTHBHBIC MEXaHU3MbI, KOTO-
pBIe HE OTPAHUYUBAIOTCS TOJIBKO aHTHOMOTHKOPE3H-
CTEHTHOCTBIO, 9TO U IIEPCUCTEHITUSI MUKPOOPTaHU3MOB
B TKaHSIX MOJIOUHOM JKE€JIe3bl, U CIIOCOOHOCTH 00pa3o-
BBIBaTh OMOTUICHKH B BBIMCHH, U BHY TPUKJICTOYHAS JIO-
KaJIM3alus aToreHoB, HalpuMep, B Makpodarax, 4To
MO3BOJISIET UM M30eraTh IMMYHHOH cucTemsl [2, 3].
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B pa3Butum BocnaneHus 1 CO31aHUM yCIIOBUM J1J1s1
MIPOHUKHOBEHUS M PA3MHOKEHUS MUKPOQIIOPHI B MO-
JIOYHOM JKeJie3e OrpoMHasi POJb MPUHAMIEKHUT HM-
myH#uTeTy. [Ipy MacTuTe y KOPOB MPOUCXOIAT CyIIIe-
CTBEHHBIC N3MEHEHUS HE TOJBKO (PaKTOPOB JIOKATLHON
3aIUTH MOJIOUHOM KeJe3bl, HO U OTMEUAETCs CHIDKE-
HHUE PE3UCTEHTHOCTH BCETO OpTraHU3Ma KUBOTHOTO.
HNMMyHHAs HETOCTAaTOYHOCTD CEPHE3HO OCTIOKHSET Ia-
TOTeHE3 OCHOBHOTO MATOJIOTMYECKOTO MpoIiiecca, Mmo-
ATOMY NIPHUMEHEHHUE CPEJICTB UMMYHOKOPPEKIINY TIPH
JIUEHUH OOJBLHBIX MACTUTOM KOPOB HAPsAy C HHTpa-
LHUCTEePHAIBHBIM BBEICHUEM STHOTPOIHBIX MIpernapa-
TOB MOBBIIAET YPPEKTUBHOCTH AHTUMUKPOOHOM Te-
pamuu [4].

Ha ceromusmianii 1eHh TEPOKCHTHOE OKUCIICHUE
o (ITOJI) paccmarpuBaeTcst Kak OMH U3 JIOMU-
HUPYIOIIMX META00JIIMYECKUX MPOIIECCOB, 00CCIICUH-
BaIOIIHMX PErYJSIHIO PYHKIIMOHAILHON JCSITEIBHOCTH
(hM3HOTOTHYECKHUX CHCTEM OpPTaHU3Ma, U KaK HHIYKTOP
OKCHJIATUBHOTO CTpecca M CBOOOTHOPATUKAIBHOM 1ma-
ToJOTHH. VcTOoIeHe pa3TUIHBIX 3BEHhEB AHTHOKCH-
JTAHTHOM CUCTEMBI IIPUBOANT K CBOOOTHOPATUKAIBHO-
MY OKUCJICHUIO U HAKOTUJICHHUIO B OPTAaHU3ME TOKCHYE-
CKHUX MPOJYKTOB MEPOKCUIAIINH, KOTOPBIE CIIOCOOHBI
OKa3bIBaTh HETATUBHOC BIUSHNUC HA KJICTOYHBIN U Ty-
MOpaJbHBI HIMMYHUTET [5].

B cBsi3u ¢ aTHM, A7 penieHus MpooIeMbl MacTH-
Ta HeOOXOAMMBI JIAJIbHEHIIINE UCCIICIOBAHUS 110 YCO-
BEPILICHCTBOBAHUIO CIIOCOOOR JICUCHUS, BKITFOUAFOIITIX
KpOME 3THOTPOITHOH Tepanuy MPUMEHEHUE UMMYHO-
MOJYJTHPYIOIINX TPENapaToB M CPEACTB KOPPEKINU
[PO- U AHTUOKCHJIAHTHBIX MIPOLIECCOB [6].

O/HAM U3 KOMIUIEKCHBIX IPEraparoB JJis Jiede-
Hus mactuta sBisercs «Juomact-KPCy», cocTtos-
LU U3 IBYX KoMIOHeHTOB. KomnoHeHT 1 copepxut
CMECh PEKOMOMHAHTHBIX ObIUBUX LIUTOKUHOB CYM-
MapHOH aKTHBHOCTBIO He MeHee 1-10* TITJ[50/m,
sutamuH A 7500 ME/Mi1 1 BcriomorarenbHbIE BElle-
CTBA, a KOMIIOHEHT 2 — jauokcuauH 10 Mr/mii, BUTa-
muH A 7500 ME/MiT 1 BcrioMoraresIbHbIC BemecTna [ 7].
Beruby peKOMOMHAHTHBIC ITUTOKUHBI TMPOSIBIISIOT M-
MYHOCTUMYIHUPYIOIIYIO aKTUBHOCTb, IEUCTBYIOT KaK
WHIYKTOPBI KJIIETOYHOTO ¥ TYMOPAJILHOTO MMMYHUTE-
Ta, OBBIIIAIOT PE3UCTEHTHOCTH OPTaHNU3Ma K BO3/IEH-
CTBUIO JIFOOBIX NH()EKITHOHHBIX (PaKTOPOB.

Buramua A ygactByer B 0OMeHe BEIIECTB, IO-
BBIIIAET OOINYI0 PE3UCTEHTHOCTh, YAYdIIaeT POCT
U Pa3BUTHUE SIUTEIUAIBHON TKAHU U YBEIHMUYHUBACT
YCTOWYHUBOCTh K HETAaTHBHBIM BO3ICUCTBUSM BHEIII-
Hel cpenpl. JIMOKCHINH SIBISIETCS] aHTHOAKTEPHUAITh-
HBIM XHMHOTEPAIEBTUYECKUM CPEIICTBOM IIHPOKOTO
CIIEKTpa ACUCTBUS.

Opnnaxo, 11 HanOoJiee MOTHOIICHHOW Tepanuy Ma-
CTUTOB, IOMUMO CPEJCTB STHOTPOITHOM TEPAuU U M-
MYHOCTHMYJISITOPOB, B CXEMY JICUCHUS KEJIaTeIbHO
BKJIIOYaTh CPEJCTBA JJIsl KOPPEKLIUH NPO- U AHTHOK-
CHJIAaHTHBIX TPOLIECCOB, AUCOATAHC KOTOPBIX JEKHUT
B OCHOBE MaTroreHe3a 00JIe3HU.

W3BecTHO CpencTBO, CO3IaHHOE HA OCHOBE KPUO-
TEXHOJIOTUI — JIUTIOTOH, KOTOPBIH 00JIaacT YHUKAIb-
HBIM CIIEKTPOM OMOJIOTHYECKON aKTHBHOCTH H BBICO-
koH 3¢pexTuBHOCTHIO. [Ipenapar B kauecTBe 1eiCTBY-
IONIETO BEUIECTBA CONEPKHUT 5 MI/MII JHIOPUIBHOM
¢bpakuu, MoIy4eHHOH KpUoPpaKIMOHUPOBAHUEM
W3 TKaHEW IUIAlEHTHI, U COJCPIKUT KOMILIEKC OUOIIOo-
THYCCKH aKTUBHBIX BEIIECTB: TEKCO3BI, (GOChOINITH-
1te ((hocdaruamxonus, GpochaTuaummHO3UTON, (hoC-
¢barunuiceput, CGUHTOMUEINH U JPYTHE), TPUTIIHLE-
PHIIbI, HEHACHIILICHHBIE YXUPHBIE KHCIOThI, BUTAMUHBI,
MUKpO3JIeMeHTHI. [lomcaxapuibsl U TPUIITHIEPUIBI,
BXOJIME B cOCTaB JIMIOTOHA, 00€CeUnBaOT TKAaHU
NUTAHUEM U SHEpruel, ymyduias yrieBOJHbIN U Ju-
nUHBIH 00MeHbl. DochoIUNUAbI, SBIAICH BaXKHBIM
CTPYKTYPHBIM 3BE€HOM KJIETOUYHBIX MEMOpaH M MeM-
OpaH opraHei1, perylupyoT MPOHUIIAEMOCTh OHO-
MeMOpaH, aKTHBHOCTh MEMOPaHOCBA3aHHBIX (pepMEH-
TOB, HOPMAJTH3Ys MPOIIECCHI OKUCITUTEIBHOTO (hocdo-
PUIMPOBaHUS B KJICTOYHOM MeTabonu3me. Bxozsue
B COCTaB Ipernapara ecCTeCTBEHHbIE aHTHOKCHIaH-
Thl — BUTaMuHbl A 1 E npemoTBpamaror oopa3ona-
HHUE CBOOOJHBIX PaJHMKAaJOB, TIOBPEKIAIOMNINX TKAHH
opranusma [8].

IIpenapaT oOnazaeT UMMYHOCTHUMYJIHPYIOLIUM
JIeHCTBUEM, HOPMAJIM3YeT IOKa3aTelau KIETOYHOTO
¥ TYMOPaJIBHOTO MMMYHHTETa, 00IaaeT renaronpo-
TEKTOPHBIM U MEMOPaHOIPOTEKTOPHBIM JACHCTBHEM,
OKa3bIBacT MPOTHBOBOCIIAIUTENBHOE JICHCTBUE, CTHU-
MyIUpyeT PEPMEHTHYIO CHCTEMY, 00IaIaeT ajgamTo-
TEHHBIM U CTPECC-IPOTEKTOPHBIM ACHCTBUEM, ITOBBI-
IaeT HeCTICHU(UUECKYIO PE3UCTEHTHOCTh OpPraHu3Ma.

Lenbto JaHHOTO UCCIEOBAHUSI CTAIO OMpeaese-
Hue 3QPEKTUBHOCTU CXEMBbI JICUCHHS MaCTUTa KOPOB
C TIPUMEHEHUEM KOMITJICKCHOTO ITpenapara «J{nomacr-
KPC» B coueranuu ¢ JIunoroHom.

MATEPHUAJIBI U METO/bI
HCCJIEJOBAHUM
HcnbiTaHust IpoBEAECHBI B YCIOBUAX XO35HCTBA
Boponexckoif ob6macTn Ha KOpOBax OOIBHBIX MACTH-
TOM, KOTOPBIE I10CJIE TIOCTAHOBKH IMarHo3a ObLIH pa3-
JICJIEHB] Ha Be Tpynnbl. JKUBOTHBIE IEPBOH TPyIIIBI
(n =24) cnyXunu KOHTPOJEM, UM B COOTBETCTBHUHU
C MHCTPYKUUEH ABYKpPaTHO BHYTPUMBIIIIEYHO BBOAU-
yu komnoHeHT 1 npenapara «Auomact-KPCy» B no3e
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Dehpexmuerocmpb KOMNIEKCHOU CXeMbl IeYeHUsI MACMUma y Kopoe ¢ npumeneruem npenapama «/{uomacm-KPCx» uJlunomona

10 M ¢ mHTEpBanIoM 24 yaca U UHTPAIUCTEPHATIHLHO
B MMOPaXCHHYIO Y€TBEPTh BEIMEHH KOMITOHEHT 2 Tpe-
mapara «Jlmomact-KPC» B mo3e 10 mu1 1Ba pasza B 1eHb
B TedeHue 3 gHel. KopoBam Bropoii rpynmsl (7 = 25)
anajoruuno npumensuid duomact-KPC u nononnu-
TEbHO BHYTPUMBILIEYHO BBOAMWIN JIMIIOTOH B 103€
0,02 MuI/KT JIBYKpaTHO ¢ HHTEPBAJIOM 48 4acoB.
CocTosiHMEe MOJIOYHOH JKEJIe3bI OIEHUBAIN HA OC-
HOBaHWH KJIMHUYECKUX MTPU3HAKOB M PEAKITHH CEKpe-
Ta BEIMEHH C JIMaTHOCTHYECKUM PeakTHBOM MacTrecT
JI0 JIEUYEHUs, Cpa3y Mociie OKOHYaHHS BBEIECHUS Ipe-
MaparoB U 4epe3 5 AHEH MOociie OKOHYAaHUS JICUEHUSI.

o u uepe3 5 nHel 1ociae OKOHYaHUS Tepanuu y Ko-
poB Opanu 00pa3Isl BEHO3HON KPOBH ISl H3YUCHUS
€CTECTBEHHON PE3MCTEHTHOCTH, aKTUBHOCTH TIEPOK-
cunHoro okucieHus aunuaoB ([10J]) n anTnokcumant-
Hoi1 3amuThl (AO3), a Takke MOJIOKa — JJIsl IPOBE-
JICHUS] MUKPOOHMOJIOTHYECKUX MCCIIeTOBAaHUN COTyIac-
HO yCTaHOBJIEHHBIX MeTomuK [9, 10, 11].

PE3YJIBTATHI UCCJIEJOBAHUMN
OddexTuBHOCTH JIeueHus: OOIBHBIX THOHHO-KaTa-
PaJbHBIM U KaTapaJibHbIM MACTUTOM KOPOB ITPE/ICTaB-
neHa B Tabmuie 1.

Tabmuna 1
Dpghexmusnocmo mepanuu macmuma y Kopog
HongepriyTo Brznoposeno M3neueno
Cnoco0 jeueHust JICICHMIO
KOpPOB | J0Jel | KOpOB % Jlonen %
T'HOlHO-KaTapanbHbIi MaCTUT
Juomact-KPC 13 14 11 84,6 12 85,7
Junomact-KPC + JIumnoron 13 15 12 92,3 14 93,3
Karapanbnblit MacTUT
Huomact-KPC 11 11 9 81,8 9 81,8
Junomact-KPC + Jlunotox 12 13 11 91,7 12 92,3

W3 npeacrapineHHbIX B Tabmuie 1 JTaHHBIX Clie-
IIyeT, 9TO MPU TMPUMECHSHHH 0a30BOTO BapHaHTa MPH
THOMHO-KaTapalbHOH (hopMe MacTHTa BBI3IOPOBEIIO
84,6 % XKUBOTHBIX, IpU KaTapanbHoi — 81,8 %, npu
3TOM m3jaeueHo 85,7 u 81,8 % monel BEIMEHHU COOT-
BETCTBeHHO. Hammyummnii TepaneBTuaeckuii ekt
MOJIy4eH MPU COBMECTHOM IMpuUMeHeHnH JIumoroHa
u Jlnomacta-KPC, koTOpBIi mpu THOWHO-KaTapaib-

HoW popme MacTuTa coctaBui 92,3 %, npu KaTapaib-
HO — 91,7 %, uTO BHITIIE 0A30BOTO BapraHTa Ha 7,7—
9,9 %, ipu 3ToM uznedeHo 93,3 u 92,3 % noineit BbI-
MEHH COOTBETCTBCHHO.

Pesynbrarel u3ydyeHusi BUIOBOTO COCTaBa BhIJIC-
JICHHOW MHKPOQJIOPHI U3 CEKpeTa MOJIOUHOU Keje-
3bI KOPOB, OOJILHBIX MACTHTOM, IIPECTABICHBI B Ta0-
e 2.

Tabauna 2
Buoosoii cocmas mukpognopet 0o u nocne neveHus
Hwnomact-KPC Juomact-KPC + Jlunoron
Ne ipo6sI Ne mpo6sI

JIO JICUCHUS T0CJIe JICUCHHUS JIO JICUCHUS T0CJIe JICUCHHUS
1 2 3 4 5 6
| Staph. aureus — 7 Staph. aureus —

Ent. faecium Ent. faeccium Staph. epidermidis —
) Staph. aureus — 3 Staph. aureus —

E. coli E. coli Ent. faecium Ent. faecium
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Oxonuyanue Ta0.J1. 2

1 2 3 4 5 6
Staph. aureus Staph. aureus Staph. aureus —
3 : 9 :

E. coli — E. coli —

4 Str. agalactiae — 10 Staph. aureus —
E. coli — Ent. faecium Ent. faecium

5 Str. agalactiae — 1 Str. agalactiae —

E. coli — E. coli —

6 Str. agalactiae — 12 Staph. aureus —

Staph. epidermidis — Staph. epidermidis —

W3 npencraBneHHBIX B TAONHAIE 2 TAHHBIX CIIETY-
€T, 4TO M3 CEKPeTa MOJIOYHOM >Keye3bl OONbHBIX Ma-
CTHUTOM KOpOB MepBoii rpynisl (Auomact-KPC) no ne-
yeHwust uzonuposanu E. coli B 66,7 % ciyuaes, Staph.
aureus u Str. agalactiae — B 50,0 %, Staph. epider-
midis n Ent. faecium — B 16,7 %. 13 npo0® mosoka
kopoB Bropoii rpymnmsl (Auomact-KPC + JlunoTon)
Beiensu Staph. aureus B 83,3 % cnyuaes, E. coll,
Staph. epidermidis w Ent. faecium — B 33,3 %, Str.
agalactiae — B 16,7 %.

[Mocre ieyenust y >KUBOTHBIX TIEPBOM IPYIIITBI KOH-
TaMHUHALUsI MOJIOKa MUKpO(IIOpOi cHU3MIIAch B 4 pasa,
a BTOPOH TPpyIMIIbl — B 6 pa3, pr 3TOM OaKTEpHOHOCH-
TEJILCTBO 0 CPABHEHUIO C 0230BBIM BAPUAHTOM OBLIO
ke B 1,5 pasa.

Pesynbrarel n3ydeHus mokasarenei KIeTOYHOTO
Y TYMOPAJILHOTO 3BE€HbEB €CTECTBEHHON PE3UCTEHT-
HOCTHU TIpY JICYCHUH MacTUTa y KOPOB IpeJCTaBiie-
HBI B Ta0muIe 3.

Tabauna 3
H3menenue uMmyHonO2UYECKUX NOKA3amenell Kposu Kopog
ITocne neuenus
ITokazarenu Jlo neuenus Tomact
Hmomact-KPC KPC + Jlunoron
O01mHe IMMYHOTIOOYIHHEL, /7T 21,20+ 1,10 25,90 £+ 1,50" 32,50 +1,80™
LUK, r/n 0,40 £ 0,03 0,28 £0,02 0,20+ 0,01
BACK, % 72,30 = 2,40 78,20 4,10 87,20 £3,20™
JIACK, MKr/mi 1,67 £0,21 1,78 £ 0,15 2,18+0,12
DAL % 73,40 £ 3,40 78,60 + 5,60 82,70 + 4,90
(OB | 3,80 £0,21 4,30+ 0,25 4,80+0,18"
on 2,80+0,15 3,30+0,18" 3,90+ 0,21
" P<0,05—0,01;

" P <0,005—0,001 — OTHOCHTEILHO MOKA3aTeNEN 10 JICUEHHS

W3 npejicTaBiieHHBIX B TAONHUIIE 3 JaAHHBIX CIICIYET,
YTO Yy JKUBOTHBIX 00CHX TPYIII MOCTE JICUCHUS yCTa-
HOBJICHA aHAJIOTMYHAs AMHAMUKA U3MECHEHUS UMMY-
HOJIOTMYECKHUX TIOKa3aTelleld KPOBU: CHMXKEHUE KOH-

HEHTPAMY UPKYIUPYIOIINX UMMYHHBIX KOMITJICKCOB
(IIK) n moBBIIIeHNE YPOBHS 0OITUX HMMYHOTIIOOY-
JIMHOB, OAKTEPULIMIHOMN aKTHBHOCTHU CBIBOPOTKHU KPO-
BU (BACK), 1M3011MMHOI aKTUBHOCTH CHIBOPOTKH KPO-
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Bu (JIACK), ¢arouurapHOii akTHBHOCTH JICHKOIIUTOB
(DAJD), parounrapuoro nnnexca (PH) u paromurap-
Horo uncia (PY). OqHako y KHUBOTHBIX BTOPOH TpyTI-
ITbI I3MEHEHHST HOCHJIH 00JIee BEIpaKEHHBIN XapaKTep.
[locne nedenust B UX KPOBH YCTAaHOBJICHO YMEHBIIIE-
HUE KOHIIEHTPALUH HUPKYIUPYIOIIUX HIMMYHHBIX KOM-
miexcoB B 2,0 pasza (P < 0,001) u nmoBbImeHue ypoB-
HS 001X IMMYHOTIIOOYHHOB B 1,5 paza (P < 0,001),
BACK —mna 20,6 % (P < 0,005), JACK —1a 30,5 %
(P <0,05), DAl — na 12,7 %, ®4 — na 39,3 %
(P<0,002) u ®U — Hna 26,3 % (P <0,005). Y ko-
POB, KOTOPBIM JIOTIOJTHUTENILHO BBOIUIIN JIMTIOTOH, 110
CPaBHEHHIO C XMBOTHBIMHU TIEPBOM I'PYIIITBI COIEPIKa-
HUE TUPKYIUPYIOINX IMMYHHBIX KOMITJIEKCOB OBIJIO

Hke Ha 28,6 % (P < 0,005), a ypoBeHb 001X UMMY-
HOTITOOYyMMHOB BhIIe Ha 25,5 % (P < 0,02), BACK —
Ha 11,5 %, JIACK — na 22,5 % (P < 0,05), DAl —
Ha 5,2 %, ®Y — na 18,2 % (P <0,05) u ®U — nHa
11,6 % (P < 0,005).

CrnieioBaresibHO, Tepanus OOJIbHBIX MACTUTOM KO-
poB ¢ momornkio Jlumorona n /lnomacra-KPC crioco6-
CTBOBaJIa KYIIMPOBAHHUIO BOCIIAJIMTEJILHOTO IIpoLiecca
B MOJIOYHOM XeJe3e U 00eceuniia MaKCUMaJIbHYO aK-
THUBU3ALIMIO TYMOPAJIBHOTO U KJIETOYHOTO 3BEHA €CTe-
CTBEHHOH PE3UCTEHTHOCTH.

Pesynprarsl U3ydeHHs] U3MEHEHUN MOKa3aTenei
OKCHJIaHTHOTO W aHTHOKCHJIAHTHOTO CTaTyca KOpOB
IpU JICUCHUH MACTUTA IPEACTaBICHbI B TabnuLe 4.

Taoauna 4
Hzmenenue nokazameneti OKCUOAHMHO20 U AHMUOKCUOAHMHO20 CIMANTYCA KOPO8 00 U NOCILE JIeUeHUS MACMUMA
ITocne neuenus
IToxazarenu Jlo neyenus Tiomact
Hnomact-KPC KPC + Jlunoton
MJIA, MKMOJIB/IT 2,50+ 0,10 2,20+0,12° 2,00 + 0,09™
CMII, ycn.en. 1,27 £0,07 1,11 £0,05 0,92 +0,03*
DU, ycn.en. 22,90 £ 1,30 18,20 £ 1,10 13,5+ 0,60
I'TIO, mmons G-SH / n-Mun 11,70 + 1,30 13,80+ 1,40 15,30+ 1,10°
Karanasa, mmons H O, / n-mMun 48,10 £ 2,70 58,40 + 3,70° 62,60 +1,40™
Buramus A, MKMOJIB/JI 1,11 £ 0,06 1,39 +£0,11° 1,61 £0,09
Buramun C, MKMOJB/JT 20,38 = 1,03 23,24 +1,92 28,7 £2,12"

* P <0,05—0,02;

" P <0,005—0,001 — OTHOCHTEJIBHO MOKA3aTeIeH 10 JICUCHUS

W3 mpencTaBieHHBIX B TAOIHIIE 4 TaAHHBIX CIICAYET,
YTO Y JKUBOTHBIX 00EUX TPYTIII ITOCIIE JICIEHHS yCTAaHOB-
JICHBI U3MEHEHUsI OKCUIAHTHOTO W aHTHOKCHUJAHTHO-
IO CTaTyca: CHUKCHHUE KOHLICHTPALIMU MAJIOHOBOTI'O JIU-
anpreruga (MJIA), cpeaHe-MOIeKYIISIPHBIX TSN THI0B
(CMII), nnnexca sHnorenHon nuTokcukamu (MON)
Y TIOBBIIIIEHNE COJIEPKAHUSA B KPOBH TIIyTaTHOHIIEP-
okcuaassl (I'TIO), karanasel, ButamuaoB A u C. [1pu
ATOM Y KUBOTHBIX BTOPOH TPYIITHI U3MEHEHUST HOCH-
11 OoJee BhIpaskeHHbIH xapakrep. [locre neuenus B ux
KpOBH YCTaHOBIIEHO yMeHbIlleHue ypoBHs MJIA Ha
20,0 % (P <0,005), CMII — =a 27,6 % (P < 0,002)
u UOU — na 41,0 % (P <0,001), moBeImeHne KOH-
LIEHTpAIUH TIOKa3aTelNeil pepMEeHTaTHBHOTO 3BEHA aH-
TrokcuanTHoM 3ammTel: I TIO u katanasel Ha 30,8 %

(P <0,05)130,1 % (P < 0,002) COOTBETCTBEHHO, 1 HE-
(hepMEHTaTHBHOTO 3BeHA AaHTHOKCHIAHTHOU 3aIUTHI:
ButamuHa A u ButamuHa C — nHa 45,0 % (P < 0,002)
1 40,8 % (P < 0,005) coorBercTBerHO. [1o cpaBHEeHMIO
C KMBOTHBIMHU IEPBOM TPYIIIbI B KPOBH KOPOB BTO-
poti rpymnmsl cofepxanne MJIA Obuto Hike Ha 9,1 %,
CMII — na 17,1 % (P <0,01) u UDN — na 25,8 %
(P <0,005), ayposens I'TIO Bbimie Ha 10,9 %, xarana-
361 — Ha 7,2 %, Buramuna A — Ha 15,8 % u BuTamu-
Ha C — Ha 23,5 % (P < 0,05). CnenoBatenbHo, Tepa-
Hs1 OOJTFHBIX MACTUTOM KOPOB C TIOMOIIBIO JInmoToHa
u JInomacta-KPC conpoBokmaeTcst 601ee MHTCHCHB-
HBIM CHHYKEHHEM TIPOIIECCOB MEPOKCHUIAITUH JINTTHIOB
Y aKTUBU3aIel ()epMEHTaTHBHOTO U He(pepMEeHTaTHB-
HOTO 3B€HA aHTUOKCHUJIAHTHOM 3allUTHI.
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SAK/IFOYEHUE

Taxum 06pa3om, COBMECTHOE PUMEHEHHE Mpera-
pata «Jlnomact-KPC» u JINIToTOHA ITO3BOIHIIO TTOBBI-
CHUTB 3PPEKTUBHOCTH TEPAITMU MACTHTA y KOPOB U CHH-
3UTh KOHTAMHUHAIIMIO MOJIOKa MUKPOMIOpOIi 3a cuer
AKTHUBH3AI[UU €CTECTBEHHON PE3UCTEHTHOCTH U aHTH-
OKCHJIAaHTHOM 3a1uThl opranusma. Ilpu ncnonbs3oBa-
HHUU KOMIUIEKCHOM CXEMBbI B KPOBH KOPOB YCTaHOBIIE-
HO TOBBIIICHUE [T0KAa3aTeNIel T'yMOpPaIbHOIO U KJIETOU-
HOTO 3BE€Ha HECTEIM(PHUIECKOTO IMMYHHUTETa (00X
MMMYHOIJIOOYTHHOB, OaKTEPUIIHIHOM U JIM30IUMHON
AKTUBHOCTH CHIBOPOTKH KPOBH, (PAaroIUTapHON aKTHB-
HOCTH JICHKOLIUTOB, (haroluTapHOro nHjaekca u daro-
LIUTApHOTO YHcia). [lomomHuTeTbHOE BBEICHIE KOPO-
BaM JIummoTona 00ecneynio CHKEHNE KOHIICHT AN
npoaykToB [1OJI u sHIOreHHON UHTOKCUKAIUH, CIIO-
COOCTBOBAJIO YCHIJICHUIO aKTUBHOCTH aHTHOKCHIAHT-
HBIX ()EPMEHTOB U MOJICPKAHUIO HE(EPMEHTATUBHO-
T'O 3BeHA AaHTHOKCHUJAHTHOW CHCTEMEI.
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Abstract. The article presents the results of studying the efficacy of the therapeutic regimen for bovine mastitis,
including the use of the complex drug “Diomast-KRS” and Lipoton. For experimental studies, 49 cows with mas-
titis were selected, which were divided into 2 groups according to the principle of analogues. The animals of the
first group were given “Diomast-KRS” according to the instructions, the second group was additionally admin-
istered Lipoton intramuscularly at a dose of 0.02 ml/kg twice with an interval of 48 hours. It had been found that
the best therapeutic effect was obtained with the combined use of Lipoton and “Diomast-KRS”, which was 92.3 %
for purulent-catarrhal mastitis, 91.7 % — for catarrhal mastitis, which was by 7.7—9.9 % higher than the base-
line values, while 93.3 and 92.3 % of the udder lobes were cured, respectively. Milk contamination with micro-
flora decreased by 4 times with the introduction of “Diomast-KRS”, and by 6 times with the additional use of Li-
poton, while the bacterial carriage was by 1.5 times lower. Therapy of cows with mastitis using Lipoton was ac-
companied by earlier relief of the inflammatory process in the mammary gland, pronounced activation of the
humoral and cellular links of natural resistance, an intensive decrease in lipid peroxidation processes and activa-

tion of the enzymatic and non-enzymatic links of antioxidant protection.
Keywords: mastitis, combination therapy, Lipoton, “Diomast-KRS”, cows

Inflammation of the mammary gland remains one
of'the topical issues of dairy cattle breeding worldwide.
The development of mastitis is associated with infec-
tion of the udder with various pathogenic and oppor-
tunistic microorganisms: Staph. aureus, Staph. haemo-
liticus, Str. agalactiae, Str. uberis, Str. dysgalactiae, E.
coli, Ent. faecium, etc. In this regard, etiotropic thera-
py remains basic, and treatment of mastitis in lactat-
ing cows usually consists of intracisternal or parenter-
al administration of antimicrobial drugs [1].

Treatment of mastitis is complicated by the fact
that bacteria have adaptive mechanisms that are not
limited to antibiotic resistance alone, but also include
the persistence of microorganisms in mammary gland
tissue, the ability to form biofilms in the udder, and
the intracellular localization of pathogens, for exam-
ple, in macrophages, which allows them to avoid the
immune system [2, 3].

Immunity plays a huge role in the development of
inflammation and the creation of conditions for the pen-

etration and proliferation of microflora in the mamma-
ry gland. In case of bovine mastitis, significant chang-
es occur not only in the factors of local protection of
the mammary gland, but also a decrease in the resis-
tance of the entire animal’s body.

Immune deficiency seriously complicates the
pathogenesis of the main pathological process, there-
fore, the use of immunocorrection agents in the treat-
ment of cows with mastitis along with intracisternal
administration of etiotropic drugs increases the effica-
cy of antimicrobial therapy [4].

Today, lipid peroxidation (LPO) is considered one
of the dominant metabolic processes that regulate the
functional activity of the physiological systems of the
body, and as an inducer of oxidative stress and free rad-
ical pathology. Depletion of various links of the anti-
oxidant system leads to free radical oxidation and ac-
cumulation of toxic peroxidation products in the body,
which can have a negative effect on cellular and hu-
moral immunity [5].
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In this regard, to solve the problem of mastitis, fur-
ther research is needed to improve treatment methods,
including, in addition to etiotropic therapy, the use of
immunomodulatory drugs and means of correcting pro-
and antioxidant processes [6].

One of the complex drugs for the treatment of
mastitis is “Diomast-KRS”, consisting of two com-
ponents. Component 1 contains a mixture of recom-
binant bovine cytokines with a total activity of at least
1-10* TCD50/ml, vitamin A — 7500 IU/ml and excip-
ients, and component 2 contains dioxidine 10 mg/ml,
vitamin A — 7500 IU/ml and excipients [7].

Recombinant bovine cytokines exhibit immuno-
stimulating activity, act as inducers of cellular and hu-
moral immunity, and increase the body’s resistance to
the effects of any infectious factors. Vitamin A is in-
volved in metabolism, increases overall resistance, im-
proves the growth and development of epithelial tis-
sue and increases resistance to negative environmen-
tal effects. Dioxidine is a broad-spectrum antibacterial
chemotherapeutic agent.

However, for the most complete treatment of mas-
titis, in addition to etiotropic therapy and immunostim-
ulants, it is desirable to include agents for the correc-
tion of pro- and antioxidant processes, the imbalance
of which underlies the pathogenesis of the disease, in
the therapeutic regimen.

There is a remedy designed on the basis of cryo-
technology — Lipoton, which has a unique spectrum
of biological activity and high efficacy. The drug con-
tains 5 mg/ml of lipophilic fraction as an active sub-
stance obtained by cryofractionation from placental
tissues, and contains a complex of biologically active
substances: hexoses, phospholipids (phosphatidylcho-
line, phosphatidylinositol, phosphatidylserine, sphin-
gomyelin and others), triglycerides, unsaturated fatty
acids, vitamins, trace elements.

Polysaccharides and triglycerides included in
Lipoton provide tissues with nutrition and ener-
gy, improving carbohydrate and lipid metabolism.
Phospholipids, being an important structural link of
cell membranes and organelle membranes, regulate
the permeability of biomembranes, the activity of
membrane-bound enzymes, normalizing the process-
es of oxidative phosphorylation in cellular metabo-
lism. Natural antioxidants included in the drug (vita-
mins A and E) prevent the formation of free radicals
that damage body tissues [8].

The drug has an immunostimulating effect, normal-
izes the indicators of cellular and humoral immunity,
has a hepatoprotective and membrane-protective effect,
has an anti-inflammatory effect, stimulates the enzyme
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system, has an adaptogenic and stress-protective ef-
fect, increases the non-specific resistance of the body.

The objective of this study was to determine the
efficacy of the therapeutic regimen for bovine masti-
tis using the complex drug “Diomast-KRS” in combi-
nation with Lipoton.

MATERIAL AND METHODS

The tests were conducted in the conditions of a
farm in Voronezh region on cows with mastitis, who
were divided into two groups after diagnosis. The an-
imals of the first group (n =24) served as a control,
they were twice intramuscularly injected (in accor-
dance with the instructions) with component 1 of the
drug “Diomast-KRS” at a dose of 10 ml with an inter-
val of 24 hours, and they were intracisternally inject-
ed into the affected quarter of the udder with compo-
nent 2 of the drug “Diomast-KRS” at a dose of 10 ml
twice a day for 3 days.

The cows of the second group (n = 25) were simi-
larly given “Diomast-KRS” and additionally intramus-
cularly injected with Lipoton at a dose of 0.02 ml/kg
twice with an interval of 48 hours.

The condition of the mammary gland was assessed
based on clinical signs and the reaction of udder secre-
tion with the diagnostic reagent Masttest before treat-
ment, immediately after the end of drug administra-
tion and 5 days after the end of treatment. Before and
5 days after the end of therapy, venous blood samples
were taken from cows to study natural resistance, lip-
id peroxidation (LPO) activity and antioxidant protec-
tion (AOP), as well as milk — to conduct microbiolog-
ical studies according to established methods [9—11].

STUDY RESULTS

The treatment efficacy of cows with purulent-ca-
tarrhal and catarrhal mastitis is presented in Table 1.

It follows from the data presented in Table 1 that
when using the basic variant, 84.6 % of animals recov-
ered from purulent-catarrhal mastitis, and 81.8 % —
from catarrhal mastitis, while 85.7 and 81.8 % of ud-
der lobes were cured, respectively. The best thera-
peutic effect was obtained with the combined use of
Lipoton and “Diomast-KRS”, which was 92.3 % for
purulent-catarrhal mastitis and 91.7 % — for catarrh-
al mastitis, which was by 7.7—9.9 % higher than the
basic variant, while 93.3 and 92.3 % of udder lobes
were cured, respectively.

The results of the study of the species composi-
tion of the isolated microflora from the secretion of
the mammary gland of cows with mastitis are pre-
sented in Table 2.
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Table 1
Efficacy of bovine mastitis therapy
[{ndetrgouig Recovered Cured
Method of treatment reatmen
COWS lobes COWS % lobes %
Purulent-catarrhal mastitis
“Diomast-KRS” 13 14 11 84.6 12 85.7
“Diomast-KRS” + Lipoton 13 15 12 923 14 933
Catarrhal mastitis
“Diomast-KRS” 11 11 9 81.8 9 81.8
“Diomast-KRS” + Lipoton 12 13 11 91.7 12 923
Table 2
Species composition of microflora before and after treatment
«Diomast-KRS» «Diomast-KRS» + Lipoton
Sample No. Sample No.
before treatment after treatment before treatment after treatment
Staph. aureus
Staph. aureus — . . —
! Ent. faecium Ent. faecium 7 Staph. ei.)sl dermid- —
) Staph. aureus — 3 Staph. aureus —
E. coli E. coli Ent. faecium Ent. faecium
Staph. aureus Staph. aureus Staph. aureus —
3 . 9 .
E. coli — E. coli —
4 Str. agalactiae — 10 Staph. aureus —
E. coli — Ent. faecium Ent. faccium
5 Str. agalactiae — 1 Str. agalactiae —
E. coli — E. coli —
Str. agalactiae o Staph. aureus o
6 Staph. epidermid- o 12 Staph. epidermid- o
is is

From the data presented in Table 2 it follows that
E. coliwas isolated from the mammary gland secretion
of the cows with mastitis of the first group (“Diomast-
KRS”) before treatment in 66.7 % of cases, Staph.
aureus and Str. agalactiae — in 50.0 %, Staph. epi-
dermidis and Ent. faecium — in 16.7 %. From milk
samples of the cows of the second group (“Diomast-
KRS” + Lipoton), Staph. aureus was isolated in 83.3 %
of cases, E. coli, Staph. epidermidis and Ent. fae-
cium — in 33.3 %, Str. agalactiae — in 16.7 %.
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After treatment, contamination of milk with mi-
croflora in the animals of the first group decreased by
4 times, and in the second group — by 6 times, while
the bacterial carriage was by 1.5 times lower than in
the basic variant.

The results of the study of the indicators of cellular
and humoral links of natural resistance in the treatment
of bovine mastitis are presented in Table 3.

The data presented in Table 3 show that similar dy-
namics of changes in immunological blood indicators
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were established in the animals of both groups after
treatment: a decrease in the concentration of circulating
immune complexes (CIC) and an increase in the lev-
el of total immunoglobulins, serum bactericidal activ-
ity (SBA), serum lysozyme activity (SLA), leukocyte
phagocytic activity (LPA), phagocytic index (Phl) and
phagocytic number (PhN). However, in the animals of
the second group, the changes were more pronounced.
After treatment, a 2.0-fold decrease in the concentra-
tion of circulating immune complexes (P < 0.001) and
a 1.5-fold increase in the level of total immunoglobu-

lins (P < 0.001) were detected in their blood, as well
as SBA — by 20.6 % (P < 0.005), SLA — by 30.5 %
(P<0.05), LPA — by 12.7 %, PhN — by 39.3 %
(P <0.002) and Phl — by 26.3 % (P < 0.005). In the
cows additionally administered Lipoton, compared to
the animals of the first group, the content of circulating
immune complexes was lower by 28.6 % (P < 0.005),
and the level of total immunoglobulins was higher
by 25.5 % (P <0.02), SBA—by 11.5 %, SLA — by
22.5% (P <0.05), LPA—Dby 5.2 %, PhN—by 18.2 %
(P <0.05) and Phl — by 11.6 % (P < 0.005).

Table 3
Changes in immunological blood indicators of cows
After treatment
Indicators Before treatment «Dio-
«Diomast-KRS» | mast-KRS» + Li-
poton
Total immunoglobulins, g/L 21.20+1.10 25.90 = 1.50° 32.50+1.80"
CIC, g/L 0.40 +£0.03 0.28 £0.02" 0.20+0.01™
SBA, % 72.30£2.40 78.20£4.10 87.20 £ 3.20"
SLA, mcg/ml 1.67£0.21 1.78 £0.15 2.18+0.12
LPA, % 73.40£3.40 78.60 + 5.60 82.70 +4.90
PhN 3.80+£0.21 4.30+0.25 4.80£0.18"
Phl 2.80+0.15 3.30+0.18" 3.90+0.21™
" P<0.05—0.01;

" P <0.005—0.001 — relative to the values before treatment

Therefore, therapy of cows with mastitis using
Lipoton and “Diomast-KRS” contributed to the relief
of the inflammatory process in the mammary gland
and ensured maximum activation of the humoral and
cellular links of natural resistance.

The results of the study of changes in the oxidant
and antioxidant status of cows during treatment of mas-
titis are presented in Table 4.

From the data presented in Table 4 it follows that in
the animals of both groups after treatment, there were
detected the changes in the oxidant and antioxidant
status: a decrease in the concentration of malondial-
dehyde (MDA), medium molecular peptides (MMP),
endogenous intoxication index (EII) and an increase
in the blood content of glutathione peroxidase (GPO),
catalase, vitamins A and C. At the same time, in the an-
imals of the second group the changes were more pro-
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nounced. After treatment, there was found a decrease in
the level of MDA by 20.0 % (P < 0.005), MMP — by
27.6 % (P < 0.002) and EIl — by 41.0 % (P < 0.001)
in their blood, an increase in the concentration of in-
dicators of the enzymatic link of antioxidant protec-
tion: GPO and catalase — by 30.8 % (P < 0.05) and
30.1 % (P < 0.002), respectively, and the non-enzymat-
ic link of antioxidant protection: vitamin A and vitamin
C — by 45.0 % (P < 0.002) and 40.8 % (P < 0.005),
respectively.

Compared to the animals of the first group, the
blood of the cows of the second group contained MDA
lower by 9.1 %, MMP — lower by 17.1 % (P < 0.01)
and EIl — lower by 25.8 % (P < 0.005), while the lev-
el of GPO was by 10.9 % higher, catalase — by 7.2 %
higher, vitamin A — by 15.8 % higher, and vitamin
C — by 23.5 % higher (P < 0.05).
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Changes in oxidant and antioxidant status of cows before and after treatment of mastitis fabled
After treatment
Indicators Before treatment «Dio-
«Diomast-KRS» | mast-KRS» + Li-

poton
MDA, pmol/L 2.50£0.10 2.20+0.12° 2.00 £ 0.09"
MMP, c. u. 1.27 £0.07 1.11 £0.05 0.92+0.03"
EIL c. u. 22.90 +1.30 18.20+1.10" 13.5+£0.60"
GPO, mmol G-SH / L'min 11.70 £ 1.30 13.80 +1.40 15.30+1.10"
Catalase, mmol H,0, / L-min 48.10+2.70 58.40 +£3.70" 62.60 +1.40™
Vitamin A, pmol/L 1.11 £ 0.06 1.39+0.11" 1.61+0.09"
Vitamin C, umol/L 20.38 +1.03 23.24+£1.92 28.7+2.12"

" P<0.05—0.02

* P <0.005—0.001 — relative to the values before treatment

Therefore, the therapy of cows with mastitis us-
ing Lipoton and “Diomast-KRS” is accompanied by
a more intensive reduction in lipid peroxidation pro-
cesses and activation of the enzymatic and non-enzy-
matic links of antioxidant protection.

CONCLUSION

Thus, the combined use of the drug “Diomast-
KRS” and Lipoton made it possible to increase the ef-
ficacy of mastitis therapy in cows and reduce milk con-
tamination with microflora due to the activation of nat-
ural resistance and antioxidant protection of the body.
When using the complex scheme, an increase in the
indicators of humoral and cellular links of non-specif-
ic immunity (total immunoglobulins, serum bacteri-
cidal and lysozyme activity, leukocyte phagocytic ac-
tivity, phagocytic index and phagocytic number) was
found in the blood of cows. Additional administration
of Lipoton to cows ensured a decrease in the concen-
tration of lipid peroxidation products and endogenous
intoxication, contributed to an increase in the activi-
ty of antioxidant enzymes and the maintenance of the
non-enzymatic link of the antioxidant system.
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Annoranus. Llenpio uccnenoBanuii crana OIEHKa TeparneBTHUecKol 3¢ ekTBHOCTH Tpernapara KapTHCHIAH
IPH IUCIUTA3UU Ta300€APEHHOTO CycTaBa y OecropoaHbIX cobak (1 = 8) cpemnero pasmepa (12—24 xr) B Bo3pa-
cre oT 1 10 4 et ¢ AMarHo30M «IUcCIDIa3us Ta300eapeHHoro cycraBay B ctaauu Cl. [Ipu kmmHIYeckoM obcie-
JIOBaHUH YKHBOTHBIX OBLIH BBISIBIICHBI TPH3HAKHA XPOMOTBI Pa3IHIHON TSHKECTH, HETIOIHAS OTIOpa Ha KOHEYHOCTh
CO CTOPOHHKI TIOPaXKCHHOTO CYCTaBa, TUCKOM(OPT MPH MaTbIIAIUH, O0JC3HCHHOCTh H OSCIIOKOUCTBO. Y HEKOTO-
PBIX co0aK cuTyalwst OblIa OCIOKHEHA UTUTEIFHO MPOTEKAIOIINM XPOHHYCCKUM BOCIAIUTEIEHBIM MPOIIECCOM
B 00JIACTH TTOPAKEHHOTO CyCTaBa, MPOSBIIEMBIM OTCKAMHU.

[IpoBeneHHBIC UCCIICTOBAHMUS TOKA3aIH, YTO IIEPOpaTbHOE MPUMEHEHHE TIperapaTa codakaM ¢ pa3InIHol cTa-
nueit 3aboeBanus B 1o3e 0,5 /KT Macchl )KUBOTHOTO | pa3 B JICHb Ha MPOTsDKeHUU 60 THEH MO3BOISIET CHU3HUTH
BOCTIAJICHHE B 30HE IIOPaKCHUS CyCTaBa, CTUMYJIUPOBAThH perapaTUBHBIC IPOIIECCHI B KOCTHOM M XPSIICBON TKa-
HU, HUBEJIIMPOBATh KJIMHWYCCKHUC MTPU3HAKH 3a00JICBAHIS, 4 TAKKE YIYUIIUTh KA9€CTBO KU3HH KIBOTHBIX.
KuroueBble ciioBa: AuCIUTa3ws Ta300€JpEHHOTO CYCTaBa, COOAKH, peHTICHOTpadus, KPOBb, ONOXHUMUICCKIEC FC-

CJICAOBAHNA, KAPTUCHUIIAH, TCPATICBTUYCCKA 3(1)(1)GKTI/IBHOCTL

OnHUM W3 TIPOSIBIICHW HapyIIeHHs OOMEHa Be-
LIECTB U MaTOJIOTMH OMOPHO-/IBUraTeIbHOIO anmapa-
Ta y XUIIHUKOB SIBJISETCS HACIECACTBEHHO O0YCIIOB-
JIeHHOe 3a00JIeBaHle — JHCIUIa3Hs Ta300eIpEeHHOr0
cycraBa (JITBC). OtcyTcTBHE KOHTPOJNS 32 pacmpo-
CTpaHEHWEM TeHeTHYECKIX 3a00JIEBaHHIA B ITOITYJISIIH-
sIX cO0aK pa3UYHbIX TTOPOJ] BEJIET HE TOIBKO K YXYy/-
LIEHUIO KCTEPHEPHBIX MOKa3aresel, HO U K pacrpo-
CTPaHEHUIO B IOPOJIE TAKUX MOPOKOB pa3ButTus. [lpu
9TOM YacToTa BO3HMKHOBEHHS JIaHHOW MaTOJOTHUHU
y co0aK Mpu OTCYTCTBUW NMPOQPMIAKTUKHA WM WHBIX
Mep 0opbrObI MOxkeT pocturare 60—70 % B momyns-
i [8, 9]. Eciiu paccMaTprBaTh HOPOAHYIO Ipeapac-
MOJIOKEHHOCTH 3200J1€BaHMs1, TO HAUOOJbIIAs YaCTOTA
BcTpedaemoctu JIThC nuarnoctupyercs y cpeHeasu-
aTCKOM, BOCTOYHO-EBPONIEHCKON U HEMEIIKOM oBYap-
ku — ot 30 o 40 % [1].

Cpenu OOMalIHUX KUBOTHBIX K JHUCIIA3UHU Cy-
CTaBOB OOJIbILIE MPEAPACIIONOKEHBI COOAKH, HEKEIH
Komku. Tak, y KOIIEK J0 rojia 4acToTa BCTPEUaeMo-
CTH 3a00JeBaHus BapbUpyeT B mpenenax 7,7 % ciy-
4aeB, a y cobak — B 92,3 % ciry4aeB COOTBETCTBEH-
HO. B Bo3pacTtHoi1 nmepuox 12—24 mecsna 3a0oneBa-
HUE HarHocTupyercs yxe y 44 % komek, Toraa Kak
co0ak# B 9TOM Bo3pacTte 001etoT B 56 % ciyuaes. [Ipu
9TOM y co0aK MOpa’keHNe Ta30BbIX KOHEUHOCTEH BBI-
SIBJSICTCS] 3HAYMTENBHO Yalle, YeM y KOIIeK, YTO CBs-
3aHO C Pa3HULEH B BeCe )KUBOTHBIX U OOJIBIINMU Ha-
rpy3kamu [5].

Iupoxkoe pacnpocTpaHeHHE JaHHOW MAaTOJIOTHH,
NPUBOSIIIEE K 3HAUUTEIBHOMY CHIKCHHUIO KauecTBa
JKU3HU c00aK, 0TCYTCTBHE HA/IEKHBIX CIIOCOOOB TPO-
(UIAKTUKY 1 IPEBEHTHUBHBIX MEP, & TAKXKE OTCYTCTBHE
HEOIEePaTUBHBIX MOJX0I0B TEPaINny, yKa3bIBaeT HA aK-
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TyaJbHOCTh JAHHOTO UCCIICIOBAHUS, 1€ KOTOPOTO —
MOUCK JIOCTYITHON MEAMKAMEHTO3HOM MOJIJIEPKKH MTPU
JICYEHUH TAHHOW TaTOJOTHH.

Pacrnipenenenue mo knaccudukanuy OCHOBaHO Ha
PEHTTECHOIOTHYECKUX CHUMKAX, TJIe PacCMaTpUBacT-
Csl aHATOMUYECKU BEPHOEC IMOJIOKEHUE BCEX 3JICMEH-
TOB cycTaBa. [Ipu yueTe COCTOSTHUS KaXKI0TO CycTaBa
B OT/ICJIBHOCTH, HTOTOBBIN PE3YIIBTAT 00IIEro CoCTOs-
HUS JKUBOTHOTO BBIBOJUTCS TIO CaMOMY Je(hOPMHPO-
BaHHOMY [2, 4—T7].

Jlucrnasusi cycTaBoB KOHEYHOCTEH 3HAYUTEIHHO
CKa3bIBACTCsI HA BO3MOXKHOCTSIX HCIIOJIb30BaHUS CO-
0ak st Ciry>xO0bl U ApeccupoBku. [110xo0 chopmupo-
BaHHBIE CyCTaBHBIEC TIOBEPXHOCTH, HAPYIIICHNE B aHAa-
TOMHUYECKOM M (PH3UOTIOTHUECKOM PACIIONIOKESHHH T10-
CJIEJTHUX CHIDKAIOT Ka4eCTBO U MPOJIOJKUTEIBHOCTh
YKU3HU JKUBOTHOTO. B CBs3H C TeM, YTO OOIBIIUHCTBO
HaTOJ'IOFHﬁ, CBA3aHHBIX C OIIOPHO-ABUTaTCIbHBIM aIi-
mapaTrom, UMCIOT XpOHUYCCKOC TECHEHUEC U MOT'YT ITpH-
BOJIUTH K YXYAIICHHUIO, HITH JaXKe TOTepe IBUTATENbHON
AKTUBHOCTHU Y CO0aK, UX JICUCHHE SBISACTCS OHUM H3
AKTyaJbHBIX BOIPOCOB COBPEMEHHOW BETEpHUHAPHUH.

OJ1HaKo OTIEPaTUBHOE JICUCHUE IIPOBOIUTCS PEIIKO
M3-32 BEICOKOH CTOMMOCTH | JUTUTEIHLHOTO TIOCIICOTIe-
PaIMoOHHOTO M PeadMINTAIIMOHHOTO TiIeproaa. A 3¢-
(heKTUBHBIX KOHCEPBATUBHBIX METOJIOB, OCHOBAHHBIX
Ha UCMOJIb30BaHUH (HapMaKOJIOTHYECKUX CPEJICTB,
K COKaJICHUIO, HET, KAK ¥ BO3MOXXHOCTHU TPOQUIIaK-
THUKH 3a0051eBaHusl y Oyayiero nmoromcraa. [loaromy
pa3paboTka mpemnaparoB, CIOCOOHBIX MPEAOTBPAIIATh
WA HUBEJTMPOBATh OCIIOKHEHNUS, cBsi3aHHbIe ¢ JITHC,
SIBIISIETCS aKTyaJIbHBIM HaIlpaBJICHHEM BETEepPUHAPHON
(hapMaKoJIOrH4eCKO HAyKH.

MATEPUAJIBI U METO/ bl
HUCCJIEJOBAHUS

OIBIT 10 OIEHKE TepaneBTHUCCKOW AP (HEKTHB-
HOCTH IperapaTa KapTHCHIIAH MPU TUCILIa3HH Ta30-
OEIPEeHHBIX CyCTaBOB y cOo0akK MPOBENICH B YCIOBHU-
sIX BETEpUHAPHOU KIMHUKH npuioTa «KpacHomor»
(r. Kpacuomap).

Kaprucuman mpencrapiseT co00i KOMITTICKCHBIHA
npernapar MyJIbTUMOAATBHOTO JICHCTBHS, OKa3bIBAIO-
IUHA CTUMYITUPYIOIee ICHCTBHE HA OCTEOTeHEe3, aK-
TUBU3AIHIO OCTEO0IaCTOB, CHHTE3 OPraHUIECKOTO Ma-
TPHKCA U MIPOIECChI KAIbLU(UKAIIMH KOCTH, COITPOBO-
JKIAIONIUECS] HAPYIICHUEM JBUTATEIbHON (PYHKITUU
U 3JI0POBbSI KHBOTHBIX, CIOCOOHBIN OKa3aTh MaKcH-
MaJBHBIH 3P(EKT TpU OJHOBPEMEHHOM IOTCHITH-
poBaHHOM felicTBun. Ero coctaB mpecTaBieH KOM-
MO3UIMEH TaKUX OMOJOTHYECKH aKTUBHBIX BEIECTB
U KOMIIOHEHTOB, KaK KaJbllHs TiHiepodocdar, xo-

neKanbIuepoll, TUTUIPOKBEPLIETHH, XOHIPOUTH-
Ha cyiab(dar HATpUs, TITIOKO3aMUHA THUIAPOXJIOPHU]I,
METHICYJIb(DOHUIMETAaH U OPTOKPEMHHEBAsT KUCIIO-
ta. Pazpaboran kapTucuiaH B otTaene (hapMakoIoruu
OI'BHY «KpacHogapckuii HayqHbIH HEHTP 10 300TEX-
HUU U BETEPUHAPHI.

B skcriepuMeHT OBLIH BKITFOUEHBI O€CTIOPOIHBIE
cobaku (n = 8) cpeanero pazmepa (12—24 kr) B BO3-
pacte oT 1 710 4 JIeT ¢ AMArHO30M <JIUCIUIA3HsI Ta30-
6enpennoro cycraBay B craguu C1. [Ipu kimmangecrom
00CJIe/I0BaHUH )KUBOTHBIX OBLIIH BBISBJICHBI IPU3HAKU
XPOMOTHI Pa3IUYHON TSHKECTH, HETOJHAsI Oropa Ha
KOHEYHOCTH CO CTOPOHBI IMTOPAYKEHHOTO CyCTaBa, JHC-
KOM(OPT TpH HaNbIAIUK, 00JIE3HEHHOCTh U OeCIo-
KOMCTBO. Y HEKOTOPBIX COOAK CUTYAIUs ObLIA OCIOXK-
HEHa JUTUTETIbHO MPOTEKAOIIUM XPOHHYECKHM BOC-
MaJNTENLHBIM MPOIECCOM B 00JIACTH MOPAKEHHOTO
cycraBa, IposiBIsieMbIM oTekamu. [locie ycranosie-
HUS TUarHo3a BCEM KUBOTHBIM ObLIT HA3HAYCH IIpera-
par KapTUCWIIaH, 3a/1aBaeMblii IEPOPaIbLHO B COCTaBE
MSICHBIX 007110c0OB B 103€ 0,5 T/KT MacChl 5JKHBOTHOTO
1 pa3 B nenp Ha npoTspkeHuH 60 THEe.

J1s oTcnexXuBaHWS TWHAMUKHW JICYEHUS U pe-
3yIBTAaTOB JKCIIEPUMEHTa co0akaM ObLIa MpOoBeIcHA
peHTreHorpadusi Ta300epEHHBIX CYCTaBOB B MIpsi-
MO 1 OOKOBOW yKJaJIKe BEHTPO-IOpPCATbHON Ipo-
exuun. [Ipy npoBeneHNU PEeHTICHOIOTHYECKOTO HC-
CJICIOBAHMS JKUBOTHOE YKJIA/IBIBAIIM HA CIIMHE C BBI-
TSHYTBIMU TTapajieIbHO Ta30BBIMH KOHEYHOCTSIMHL.
[IpenBaputenbHO CO0aKy CEAMPOBAIN MEICTOMUIH-
HOM B J103¢ 40 MKT/KT. PEHTreHOIMarHOCTHKA BBITIOIN-
Hsutachk Ha anmnapare Diagnostic X-RAY UNIT (mpo-
u3BoguTensb FOxHas Kopes).

Kpome atoro, B Xojic 9KCIIEpUMEHTa PETYISIPHO
YYHUTHIBAJIOCH 00IIEe COCTOSHUE KUBOTHBIX, 0COOCH-
HOCTH TIOBEJICHUI, KOOPJMHAIINS JABMKEHUH, HHTCH-
CHUBHOCTb M XapakTep JBUTATEIILHON aKTUBHOCTH, TO-
HYC CKEJICTHBIX MBIIIILI, HAJTMYUE U CTETICHb XPOMOTHI,
a TaKKe MPOBOIUIICS OMOXMMHUYECKUN aHaIH3 KPOBH
JI0 ¥ TIOCTie TIPIMEHEHUS TIperapara Ha aBTOMaTH3H-
poBanHOM aHanm3arope Vitalab Flexor (mpousBomau-
tenb Hunepnaner).

[TomryueHHbIe naHHBIC OBLTN TOIBEPTHYTHI CTATH-
CTHUYECKON 00pa0OTKE C MOMOIIIBIO MPOrPaMMHOTO T1a-
keta Statistica 10.0 ¢ onpeneneHuem: M — cpenHee
apupMETHIECKOE; 711 — OITHOKA CpeaHeTo apruhMeTH-
YECKOT0; YPOBEHb JOCTOBEPHOCTH Pa3IN4Mii TOKa3a-
TeJel 1o IpyIIIaM.

PE3YJBTATHI UCCJEIOBAHUN
[Ipn pusukansHOM 00CIEI0BaHNN COOAK BO BCEX
cilydasix Obllla yCTaHOBJIEHA XpPOMOTA Ha ITOPaKeH-
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HYI0 CTOPOHY, HEYKIIIO)Kee Mepe/BUKEeHNE, MoJBoIa-
KHBaHWE 3a/IHUX JIall, XPyCThI IPY CTUOAHWH U pa3rH-
0aHUM KOJICHHBIX CyCTaBOB, HEECTECTBCHHOE CUASTUCE
WK CTOsTuee IMOJIOKEHHEe, O0E3HEHHOCTh — OT He-
3HAYUTEIBLHONW /10 CpefHel, mposBisieMas MOCKYIH-
BaHHEM WIIM arpeccueil Ipu NPUKOCHOBEHUHU K OOJIb-
HOI KOHEYHOCTH.

[Ipu m3y94eHNN PEHTTEHOBCKIX CHIMKOB (puC. 1, 2)
YCTaHOBJICHO HEIOPa3BUTHE CYCTaBHOW BIaIUHbI Ta-
30BOH KOCTH, MPHU3HAKH alETOOYJISIPHON TUCTIIa3UH
(menmocrarounas yOuHa BiaauHsel). Kpas cycraBHoi
BIIQ/IMHBI [JIOXO OXBATBIBAIOT TOJIOBKY Oe/IpEHHOH KO-
CTH M3-3a ee CMelleHus. Busyanusupyercs yroie-
HHUE KaIlCyJbl CyCTaBa M KOCTHas mponudepanus 1o
KpasiM CyCTaBHOM BIaJIUHbI, 0OyCJIOBJICHHAS! XPOHU-
YECKUM TPOIIECCOM.

Puc. 1. PeHTreHoBckuil CHUMOK Ta300€peHHBIX
CyCTaBOB BO ()POHTAIBHOW NMPOEKIMHU COOaKH
(Mxek, 3 roma) 10 SKCIIEPUMEHTA

[Ipu3Haku pa3BUTHS TUCIUIA3UN Ta300€IPECHHBIX
CYCTaBOB OWJIaTepabHO, HEAOCTATOUHAS ITOTPYKEH-
HOCTBH TOJIOBOK O€IpEeHHBIX KOCTEW B BEPTIYKHBIC
BITaJIMHBI Ta3a OUJIaTepalibHO, H3MEHEHUE TEOMETPUN
Y KOH(UTypaIK roJI0BOK OCIPEHHBIX KOCTEH U BEPT-
JY’KHBIX BITaJIH Ta3a OuiarepaibHO.

[Ipu omeHKe OMOXMMHYECKUX TIOKa3aTeleid Kpo-
BH YKHBOTHBIX (Ta0in. 1) mo mposenenus papmakore-
panuu 3HaYUMBIX HapyIIEHUH TOMEOCTaTHIECKOH CO-
CTaBJISIOIICH OpraHu3Ma co0aK YCTaHOBIICHO HE ObLIO.

[IpakTruecku Bce moKas3areiu, OTPakarolue 0c-
HOBHbIC OOMEHHBIE MIPOIECChI, HAXOAMIUCH B IIPEie-
nax peepeHCHBIX 3HAYCHUH, 33 NCKITIOUCHIEM O0TITIe-
ro Oelka, KOHIIEHTpaIHs KOTOPOTO MPEBBIIIAIa BepX-
HUE IpaHullbl BUIOBOK HOpMBI Ha 18,0 %. [ToqoOHbIi

C/IBHT" MOXET OBITh O0YCIIOBJICH JITUTEILHO MPOTEKa-
IOLIMMH BOCTIAJIMTEIBHBIMU NIPOLIECCAMU B 30HE I10-
Pa’KCHHBIX CyCTABOB U CBSI3aH C YBEJINYEHUEM Y-IJIO-
OynMHOBOH (Ppakiuy Kak HhakTopa HHTEHCH(PHUKALIIH
MMMYHOOHOJIOTHYECKON PEakTUBHOCTH OpPTraHHU3Ma
JKUBOTHBIX C YCHUJIGHHOH BBIPAOOTKOM aHTUTEI.

Puc. 2. PeHTTeHOBCKMIT CHUMOK Ta300eIpeHHBIX
CyCTaBOB BO (DpPOHTAIBHOH NMPOEKIUH COOAKH
(/IluHa, 2 Toma) 10 SKCIIepuMeHTa

OpHako Tepanusi KapTUCHJIAHOM OKa3aja IMo3u-
TUBHBIC U3MEHEHUS B PsiJic OMOXUMHUECKUX KOHCTAHT
KpoBu. Perucrpupyemas runepnporenHeMus K 60 1Hio
MCCIICTIOBAHMM IOCTOBEPHO CHU3MIACH Ha 25,4 %, 9TO
Ha (hOHE yBETMYEHHUS YPOBHEH MOYEBHHBI U KpEaTH-
HUHA MOXET YKa3blBaTh HA CHM)KEHUE BOCIIAINTENb-
HBIX PEaKLHUil B 30HE IEPBUYHOM aJIbTEPALIMU U aKTH-
BU3AIMIO OCITKOBOTO MeTaboIu3Ma.

AKTHUBHOCTbH IEJIOYHON (ocdaTassl BO3pociia
B 1,6 paza (p <0,05), mpu 5TOM ee yBEIWYeHHE TPO-
MCXOMJIO B PAMKaX HOPMAJIbHBIX 3HaYE€HWH, 4TO HC-
KIIFOYaeT pa3BUTHE IATOJIOTHH CO CTOPOHBI TeaTo-
OunuapHoii cuctembl. HanmpoTus, mogoOHBIH cABUT
B 0oJiee BBICOKOW CTereHH 0OYyCIIOBIICH MOBBIIICHU-
€M «KOCTHOTO» u3o(depMeHTa, yeM oO0IIei aKTHBHO-
ctu LD, yTo nmoATBEPKAAETCS €r0 MPSIMOI KOppes-
[Uel ¢ rmoka3areneM OOINEero Kaiblvs, YPOBEHb KO-
TOPOTO 3a MEPHUOJ] IKCIIEpUMEHTA BhIpoc Ha 13,6 %.
KoppensuoHHbIe CBSI3M TaKOTO THIIA YKa3bIBAIOT Ha
BOCCT@HOBJICHUE KJIIETOYHOTO MaTpHKca KOCTHOU TKa-
HU ¥ 3QPEKTUBHOCTH MTPOBOIUMON TEPAITNU y COOaK
rpenaparoM KapTucuiaH. /[pyriue OHOXuMIYecKue 1mo-
KazaTel, B YaCTHOCTH yPOBHHU OMITMPYOHHA, TITFOKO3BI
1 XOJIECTEPUHA PETUCTPUPOBAINCH B IIPeiesiaX HOPMBI.
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M. I1. Cemenenxo, /1. Il. Bunokyposa, K. A. XKenesnaxosa, B. FO. Bopooun

Tabauna 1
Jlunamura buoxumuueckux noxazameineu kposu cooax (M £m; n = 8)
Hosaaarers Roaewenn | | e mptenon
OO0mmii 6enoK, /1 83,8 +4,26 62,5+3,17" 55,0—71,0
MouyeBrHa, MMOJIB/JI 6,3+0,34 8,3+0,72 3,592
KpearnamH, MKMOIB/1T 68,5+5,18 77,5 +6,22 55,0—114,0
I'mroxo03a, MMOJIB/ T 3,4+0,19 3,8+0,46 3,3—5.,6
XonecTepyuH, MMOJIB/JT 4,6 +0,35 5,13 +0,37 2,8—6,9
Awmmnnaza, EJl/n 886,7 + 14,22 835,0 £ 9,54 300,0—1500,0
[emounas pocdaraza, EJI/n 55,7+3,71 89,3 +£2,06 10—100,0
OO61uit GUTUpPyOUH, MKMOJIB/JT 7,9 + 0,68 8,0+£0,91 1,7—10,6
[psimoit OmMpyOrH, MKMOJIB/JT 1,60 £ 0,50 1,82+ 0,32 0—2,5
Kanpiuii o0Ouii, MMOJIB/JT 22+0,34 2,5+0,09 2,3—33
®docdop HeOpraHUUCCKUH, MMOJIB/JT 1,93 +£0,75 1,83 £0,24 1,1—3,0
XI0puIbI, MMOJIB/JT 110,7+ 5,14 117,1 £4,62 107—126

* creneHpb gocToBepHOCTH p < 0,05 1O OTHOIIEHHIO K KOHTPOJTIO

[Ipu kTuHIYECKOM HAOIOICHUH B TIPOIIecce Jede-
HUS 1 10 €r0 UTOTaM y )KUBOTHBIX YCTAaHOBJIEHO CHIKE-
HHUE XPOMOTBI, BOCCTAHOBJIEHHE ONOPHI Ha KOHEYHOCTb,
OTCYTCTBHE OOJIC3HEHHOCTH NPH NallbIIalluK. Y codak
YBEITUYMIIACh O0IIast aKTUBHOCTh, PETUCTPUpPyEMast TIO
TaKWM ITOKa3aTelsiM, Kak CIIOCOOHOCTh BCTAaBaTh U3 I0-
JIOKEHUS JIe)Ka, XOIUTh U Oerarb, CITyCKaThCs IO Ha-
KJIOHHON NOBEPXHOCTH. YIyYIIWJIACh MOJBUAKHOCTh
1 QYHKIMOHABHOCTH CyCTaBOB, TPOM30IIIIO H3MEHE-
HUE YIJIOB CrUOaHMs ¥ pa3rHOaHusl, CHIKCHUE MbIIIIeY-
HOM aTpo(hnH, a TaKKe YBEINISHUE TIEPUMETPa 3aTHIX
KOHeyHOoCTe. Ha peHTreHOBCKUX CHMMKAaX, CIEJIaH-
HbIX Ha 60 JeHb Teparnuu, IPU3HAKOB MPOTPECCUPO-
BaHUS TUCIUIACTUYECKUX M3MEHEHHH HE BBISBICHO.
YcraHoBiIeHa BhIpakeHHast KOHTPYIHTHOCTh CyCTaB-
HOH BIAJIWHEI Ta3a ¢ TOJIOBKOW OEIPEHHON KOCTH, TI0-
3BOJISATOIIAsE 00JIee PABHOMEPHO PaCTIPE/IeNsATh Harpy3-
Ky Ha Ta300e/IpeHHBII CycTaB, HAOIIOAAETCS Cy)KEHHE
CYCTaBHOM IIIEJH, a TAKKE BOCCTAHOBJIEHHUE CYyCTaBHO-
IO XpslIa U BEPTIYKHOU I'yOBI 32 cUeT (OPMUPOBAHUS
HOBOM CyCTaBHOM ITOBEPXHOCTH.

BokoBas mpoexiusi 6eIpeHHOo KOCTH, B 9aCTHO-
CTH €€ MPOKCUMAJIbHBINA AMH(U3 NMEET OTUCTIHBHIC
O4YepTaHUs U 3aKpyIJIeHHbIe KOHIIBI. CycTaBHOE MPo-
CTPaHCTBO 0oJiee y3KOe U TITyOOoKoe.

OnvicaHHBIC BBIIIIC U3MEHEHHUS CBSI3aHBI C JICHCTBH-
€M KOMITIOHEHTOB Iperapara, KOTopoe yimydiiaeT 00-
MEH BEIIEeCTB, B YACTHOCTH CIIOCOOCTBYET YCBOCHHIO
¢docdopa keTKaMu Oprann3Ma, CTUMYIUPYET KpoBe-
TBOPEHNE, TTOBBIIIIAS SPUTPOII0I3, YCHITUBAET POCT TKa-
Hel, a TaKKe TNIOTHOCTh KOCTEH U PETyIupyeT MUHE-
payM3aInio KOCTHON TKaHU.

Tak e yaydiaercs mporecc MOOUIIN3aIHU Kalb-
oust u3 KOCTHOM TKaHW U CHUHTE3 KoJIs1ar€Ha, 4Tro HE-
00XOIFIMO 151 CO3/TaHUS ONITUMANTBHBIX YCIIOBHH BOC-
craHoBleHHs ckeiera. C mocieqHUMA (hakTaMu MBI
CBSI3pIBAEM BPEMEHHOE HAPYIIEHUE COOTHOIICHUS
KanbIwst u hocdopa.

[Ipemnapar Takxke oKa3bIBaeT XOHIPONPOTEKTOPHOE
HeﬁCTBHe, YCUIMNBACT oOMeHHbBIE IIpOLCCChl B rualin-
HOBOM ¥ BOJIOKHHUCTOM XpsIIIaX, OJJHOBPEMEHHO HH-
rudupyeT (epMEHTHI, BBI3BIBAIOLIHE JICTPAIAINIO CY-
CTaBHOTO XPSIIa, CTUMYJIUPYET BBIPAOOTKY XOHJIPO-
UTaMHU TPOTeOrTHKaHOB. CIIOCOOCTBYET CHUKEHHIO
Bbl6poca B CMHOBHAJIbBHYIO JXUJAKOCTH MCAHUATOPOB
BOCHAJIEHUS U O0JIEBBIX (PaKTOPOB, MOJIABIISIET CEKPe-
LUIO JIEUKOTPUEHOB U IpocTanianAnHOB. ConeicTByeT
BOCCTAHOBJICHHIO CYCTaBHOW CYMKH H XPSIIEBBIX 10~
BEPXHOCTEW CYyCTaBOB, HOPMAIHU3YET MPOAYKLHUIO CY-
CTaBHOM JKUJIKOCTH.
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MIPU3HAKH 3200JIEBaHMS, a TAKKE YITyUIIHTh Ka4eCTBO
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Abstract. The objective of the research was to assess the therapeutic efficacy of the drug kartisilan in case of hip
dysplasia in mongrel dogs (n = 8) of medium size (12—24 kg) aged 1 to 4 years with a diagnosis of hip dyspla-
sia at stage C1. Clinical examination of the animals revealed signs of lameness of varying severity, incomplete
support on the limb on the side of the affected joint, discomfort upon palpation, soreness and anxiety. In some
dogs, the situation was complicated by a long-term chronic inflammatory process in the area of the affected joint,

manifested by edema.

The conducted studies have shown that peroral administration of the drug to dogs with various stages of the dis-
ease at a dose of 0.5 g/kg of animal weight once a day for 60 days helps to reduce inflammation in the affected
joint area, stimulate reparative processes in bone and cartilage tissue, eliminate clinical signs of the disease, and

improve the life quality of animals.

Keywords: hip dysplasia, dogs, X-ray radiography, blood, biochemical studies, kartisilan, therapeutic efficacy

One of the manifestations of metabolic disorders
and musculoskeletal pathology in predators is a hered-
itary disease — hip dysplasia (HD). The lack of con-
trol over the spread of genetic diseases in populations
of dogs of various breeds leads not only to a deteriora-
tion in exterior indicators, but also to the spread of such
developmental defects in the breed. At the same time,
the incidence of this pathology in dogs in the absence
of prevention or other control measures can reach 60—
70 % in the population [8, 9]. If we consider the breed
predisposition to the disease, the highest incidence of
HD is diagnosed in Central Asian, East European and
German Shepherds dogs — from 30 to 40 % [1].

Among domestic animals, dogs are more prone to
joint dysplasia than cats. Thus, in cats under one year
of age, the frequency of occurrence of the disease var-
ies within 7.7 % of cases, and in dogs — in 92.3 % of
cases, respectively. In the age period of 12—24 months,
the disease is diagnosed in 44 % of cats, while dogs at
this age are sick in 56 % of cases. At the same time,
in dogs, pelvic limb lesions are detected much more

often than in cats, which is associated with the differ-
ence in the weight of animals and greater loads [5].

The widespread prevalence of this pathology, lead-
ing to a significant decrease in the life quality of dogs,
the lack of reliable methods of prevention and pre-
ventive measures, as well as the lack of non-surgical
approaches to therapy, indicate the relevance of this
study, the objective of which is to find available drug
support in the treatment of this pathology.

The classification is based on X-ray images, which
examine the anatomically correct position of all joint
elements. Taking into account the condition of each
joint separately, the final result of the general condi-
tion of the animal is derived from the most deformed
one [2,4—T7].

Dysplasia of the limb joints significantly affects
the possibilities of using dogs for service and train-
ing. Poorly formed articular surfaces, disruption of
the anatomical and physiological location of the latter
reduce the animal’s life quality and duration. Due to
the fact that most pathologies associated with the mus-
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culoskeletal system are chronic and can lead to dete-
rioration or even loss of motor activity in dogs, their
treatment is one of the pressing issues of modern vet-
erinary medicine.

However, surgical treatment is rarely performed
due to the high cost and long postoperative and reha-
bilitation period. Unfortunately, there are no effective
conservative methods based on the use of pharmaco-
logical agents, as well as the possibility of preventing
the disease in future offspring. Therefore, the design
of drugs that can prevent or mitigate complications as-
sociated with hip dysplasia is a relevant area of veter-
inary pharmacological science.

MATERIAL AND METHODS

The experiment on assessing the therapeutic effica-
cy of the drug kartisilan in case of hip dysplasia in dogs
was carried out at the veterinary clinic of Krasnodog
shelter (Krasnodar).

Kartisilan is a complex drug with multimodal ac-
tion, which has a stimulating effect on osteogenesis,
activation of osteoblasts, synthesis of organic matrix
and bone calcification processes, accompanied by im-
paired motor function and health of animals, capable
of providing the maximum effect with simultaneous
potentiated action. Its composition is represented by
a composition of such biologically active substanc-
es and components as calcium glycerophosphate,
cholecalciferol, dihydroquercetin, sodium chondroi-
tin sulfate, glucosamine hydrochloride, methylsulfo-
nylmethane and orthosilicic acid. Kartisilan was de-
signed at the Department of Pharmacology of FSBSI
“Krasnodar Research Center for Zootechnics and
Veterinary Medicine”.

The experiment included mongrel dogs (n = 8) of
medium size (12—24 kg) aged 1 to 4 years with a di-
agnosis of hip dysplasia at stage C1. Clinical exam-
ination of the animals revealed signs of lameness of
varying severity, incomplete support on the limb on
the side of the affected joint, discomfort during palpa-
tion, soreness and anxiety. In some dogs, the situation
was complicated by a long-term chronic inflammato-
ry process in the area of the affected joint, manifested
by edema. After establishing the diagnosis, all animals
were prescribed the drug kartisilan, administered per-
orally as part of meat boluses at a dose of 0.5 g/kg of
animal weight once a day for 60 days.

To monitor the dynamics of treatment and the re-
sults of the experiment, the dogs underwent radiogra-
phy of the hip joints in the direct and lateral position
of the ventrodorsal projection. During the X-ray exam-
ination, the animal was laid on its back with the pelvic

Bulletin of Veterinary Pharmacology « No. 1 (30) « 2025

limbs extended parallel. The dog was preliminarily se-
dated with medetomidine at a dose of 40 mcg/kg. X-ray
diagnostics was performed on the Diagnostic X-RAY
UNIT (manufacturer South Korea).

In addition, during the experiment, the general con-
dition of the animals, behavioral features, coordination
of movements, intensity and nature of motor activity,
skeletal muscle tone, the presence and degree of lame-
ness were regularly taken into account, and a biochem-
ical blood test was performed before and after the use
of the drug on an automated analyzer Vitalab Flexor
(manufacturer Netherlands).

The obtained data were subjected to statistical pro-
cessing using the Statistica 10.0 software package with
the definition: M — arithmetic mean; m — error of
the arithmetic mean; level of reliability of differences
in indicators by groups.

STUDY RESULTS

During physical examination of dogs, lameness on
the affected side, awkward movement, dragging of the
hind legs, crunching when bending and straightening
the knee joints, unnatural sitting or standing position,
pain (from minor to moderate), manifested by whin-
ing or aggression when touching the sore limb, were
detected in all cases.

When studying X-ray images (Fig. 1, 2), underde-
velopment of the acetabulum of the pelvic bone and
signs of acetabular dysplasia (insufficient acetabulum
depth) were detected. The edges of the acetabulum
poorly cover the head of the femur due to its displace-
ment. Thickening of the joint capsule and bone prolif-
eration along the edges of the acetabulum caused by the
chronic process are visualized. Signs of development
of hip dysplasia bilaterally, insufficient immersion of
the femoral heads in the acetabulum of the pelvis bi-
laterally, change in geometry and configuration of the
femoral heads and acetabulum of the pelvis bilaterally.

When assessing the blood biochemical indicators
in the animals (Table 1) before pharmacotherapy, no
significant disturbances in the homeostatic component
of the dogs’ body were detected.

Almost all the indicators reflecting the main meta-
bolic processes were within the reference values, with
the exception of total protein, the concentration of
which exceeded the upper limits of the species norm by
18.0 %. Such a shift may be due to long-term inflam-
matory processes in the area of the affected joints and
is associated with an increase in the y-globulin frac-
tion as a factor in the intensification of the immuno-
biological reactivity of the animal organism with in-
creased production of antibodies.

69



M. P. Semenenko, D. P. Vinokurova, K. A. Zheleznyakova, V. Yu. Borodin

Fig. 1. X-ray of the hip joints in the frontal projec-
tion of the dog (Jack, 3 years old) before the exper-

Fig. 2. X-ray of the hip joints in the frontal projec-
tion of the dog (Dina, 2 years old) before the ex-

iment periment
Table 1
Dynamics of the blood biochemical indicators in dogs (M £+ m; n = 8)
Indicator Before treatment In 60 day;r(l)lgusing the Reference limits
Total protein, g/L 83.8 £4.26 62.5+3.17" 55.0—71.0
Urea, mmol/L 6.3+0.34 8.3+0.72 3.5—9.2
Creatinine, pmol/L 68.5+5.18 77.5+6.22 55.0—114.0
Glucose, mmol/L 3.4+0.19 3.8+0.46 3.3—-5.6
Cholesterol, mmol/L 4.6+ 0.35 5.13+0.37 2.8—6.9
Amylase, U/L 886.7 + 14.22 835.0+£9.54 300.0—1500.0
Alkaline phosphatase, U/L 55.7+3.71 89.3 £2.06" 10—100.0
Total bilirubin, umol/L 7.9+0.68 8.0+0091 1.7—10.6
Direct bilirubin, pmol/L 1.60 £ 0.50 1.82+0.32 0—2.5
Total calcium, mmol/L 2.2+0.34 2.5+0.09 2.3—33
Inorganic phosphorus, mmol/L 1.93£0.75 1.83+£0.24 1.1—-3.0
Chlorides, mmol/L 110.7+5.14 117.1 £4.62 107—126

* confidence level p < 0.05 in relation to the control

However, kartisilan therapy had positive changes
in a number of biochemical blood constants. The re-
corded hyperproteinemia by day 60 of the study sig-
nificantly decreased by 25.4 %, which against the back-
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ground of an increase in the levels of urea and creati-
nine, may indicate a decrease in inflammatory reactions
in the primary alteration zone and activation of pro-
tein metabolism.
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The alkaline phosphatase activity increased by 1.6
times (p < 0.05), while its increase occurred within the
normal values, which excluded the development of pa-
thology from the hepatobiliary system. On the contrary,
such a shift is to a greater extent due to an increase in
the “bone” isoenzyme than the total activity of ALP,
which is confirmed by its direct correlation with the
total calcium indicator, the level of which increased by
13.6 % during the experiment. Correlations of this type
indicate the restoration of the cellular matrix of bone
tissue and the efficacy of the therapy in dogs with the
drug kartisilan. Other biochemical indicators, in par-
ticular the levels of bilirubin, glucose and cholesterol
were recorded within the normal range.

Clinical observation during the treatment and its
results revealed a decrease in lameness, restoration of
support on the limb and the absence of pain during
palpation in animals. The dogs showed an increase
in general activity, recorded by such indicators as the
ability to get up from a lying position, walk and run,
and go down an inclined surface. Joint mobility and
functionality improved, flexion and extension angles
changed, muscle atrophy decreased and the perimeter
ofthe hind limbs increased. X-ray images taken on day
60 of therapy showed no signs of progression of dys-
plastic changes. A pronounced congruence of the ace-
tabulum with the femoral head was established, allow-
ing for a more uniform distribution of the load on the
hip joint, a narrowing of the joint space was observed,
as well as restoration of the articular cartilage and ac-
etabular labrum due to the formation of a new articu-
lar surface. The lateral projection of the femur, in par-
ticular its proximal epiphysis, has distinct outlines and
rounded ends. The joint space is narrower and deeper.

The above changes are associated with the action
of'the components of the drug, which improves metab-
olism, in particular promotes the absorption of phos-
phorus by the body’s cells, stimulates hematopoiesis,
increasing erythropoiesis, enhances tissue growth, as
well as bone density and regulates bone mineraliza-
tion. The process of calcium mobilization from bone
tissue and collagen synthesis also improves, which is
necessary to create optimal conditions for skeletal res-
toration. We associate the latter facts with a temporary
violation of the calcium and phosphorus ratio.

The drug also has a chondroprotective effect, en-
hances metabolic processes in hyaline and fibrous
cartilage, simultaneously inhibits enzymes that cause
degradation of articular cartilage, stimulates the pro-
duction of proteoglycans by chondrocytes. It helps
to reduce the release of inflammatory mediators and
pain factors into the synovial fluid, suppresses the se-
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cretion of leukotrienes and prostaglandins. It helps to
restore the joint capsule and cartilaginous surfaces of
the joints, normalizes the production of synovial fluid.

CONCLUSION

Thus, the data obtained in this study confirm the
therapeutic efficacy of kartisilan in case of hip dys-
plasia in dogs. The drug helps to reduce inflamma-
tion in the area of the affected joint, stimulate repara-
tive processes in bone and cartilaginous tissue, elimi-
nate clinical signs of the disease and improve the life
quality of animals.
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AHHOTanusA. MUKpOOHOLICHO3 BIaraJIMIIa OKa3bIBaCT BEIYICE BIMSIHUE HA PEIPOIYKTUBHOE 3/I0POBbE MaTOY-
HOTO MOT0JIOBbs. []eb JaHHOTO MCCIeOBaHMs 3aKITIUAIaACh B MIPEACTABICHUN XapaKTePUCTUKA MUKPOOUOTHI
TEYKOBOH CJIN3M CBUHOMATOK B CTaIUI0 BO30YKICHHUE ITOJIOBOTO IMKJIA Ha ()OHE UCTIOIb30BAHUS TPOOHOTHYECKO-
ro cpezactBa Jlukadua. OOBEKTOM HCCICIOBaHUS SBISUINCH IOMECTHBIC CBUHOMATKU F1 B cTajuio Bo30yxe-
HUS TI0JIOBOTO [UKJIA U TIOJYYEHHAsI OT HUX TEYKOBAasl CIIM3b. B3STHE TCUKOBOW CIIHM3H HMPOBOIMIH Y KHUBOTHBIX
OIBITHOM ¥ KOHTPOJILHOM rpyrin. CBHHOMATKH OMBITHOM TPYIIIBI C MOMEHTA TOCTAHOBKH Ha OMOPOC U B TCUCHUE
BCEro MepHojia JIAKTAIlMK ToIydain nmpoonorndeckoe cpeactso Jluksadua us pacyera 50 r Ha | T muTheBOU
BOJIbI, @ CBUHOMATKU KOHTPOJIBHOM IPYIIIbl — MHUTHEBYIO BOAy 03 mpobuoTHka. [lonuMepasHyto HEemHy peak-
o ocytecTBisun Ha amiutndukarope JIT Lite-4 B pexrme, peKOMEHIOBAHHOM IPOU3BOAUTEIIEM JUIsl HA0Opa
«Demoditopy.

AHaJu3 00pa3I0B TSUYKOBOI CIIM3H CBUICTEIBCTBYET O HAMYHU OHOJIOTHYECKOr0 Pa3HOOOpa3us MUKPOOHOTO CO-
o0IIecTBa B HEM Y BCEIO MATOYHOT'O ITOTOJIOBbSI HAXOIAIICTOCS B CTAUU BO30OYKICHHS TIOJIOBOTO 1uKia. [Tyrem
M3YYCHHSI COCTaBa MUKPOOUOTHI TCUKOBOM CIIM3H BBISIBUIIN, YTO HCIIOIb30BaHUE cBHHOMaTKaM JInkBadu compo-
BOXKIAETCS YBEJIUUCHUEM B HEH YMCIIEHHOTO MPEACTaBUTEIBLCTBA HOpMO(IOpsI pona Lactobacillus spp., oomu-
raTHO-aHa’pOOHBIX Oakrepuil pona Prevotella spp., Porphyromonas spp., Lachnobacterium spp., Clostridium
spp., Eubacterium spp., Sneathia spp., Leptotrichia spp., Fusobacterium spp. u Gpakya1sTaTHBHO-aHA3POOHBIC MU-
KpOOpPraHU3MOB ceMeiicTBa Enterobacteriaceae, pona Streptococcus spp. u Staphylococcus spp.

KuroueBble €j10Ba: CBHHOBOJICTBO, MATOYHOE MTOTOJIOBBE, TEUKOBAs CIIH3b, MUKpoOuoTa, Jluksadun, ITLIP B pe-
AJIBHOM BPEMEHU

B nocnemname romer HabMIOMASTCA POCT YHCTA ITy0-
JMKYEMBIX CTaTel, CBSI3aHHBIX C MOJICKYJISPHO-TCHE-
THUYECKUMH HCCIECAOBAHUIMI MUKPOOHOMA Y CBHHEH.
Uro kacaercsi CBHHOMATOK, TO UCCIIEIOBAHUSI MUKPO-
OroMa B OCHOBHOM COCPEJIOTOYCHBI Ha KETyT0YHO-KH-
IIEYHOM TPAKTE, a OLIEHKA PEIIPOAYKTHBHOMN CHCTEMBI
HOCHUT OTpaHUYEHHBIN XapakTep.

MukpoOroTa Blarajmina y 340pOBbIX CBUHOMATOK,
orpezensieMas KyJIbTypajJbHbIMA METOaMH, BKITFOUa-
€T acCOLUAINIO a3pOOHBIX U aHAIPOOHBIX OAKTEPHA,
TaKuX Kak Streptococcus spp., E.coli, Staphylococcus
spp., Corynebacterium spp., Micrococcus spp.
u Actinobacillus spp. [1, 2].

© ®unaros A. B., MBanos /1. H., 2025

[Ipn ouenke MHUKpoOMOLIEHO3a Biarajiuiia
Yy KOMMEpUYECKUX CBHHOK, OCHOBAaHHOH Ha BBISBIIE-
HUU 1 uneHtuukanun mukpooHoit JJHK, npesa-
JIUPYIOUIMM BBISIBIISUICA TUN Firmicutes OCHOBHBIE
coobmectBa Kotoporo npunaminexar Clostridium,
Streptococcus, Lactobacillus, Bacillus n HeKac-
cupunupoBaHHomy pony Fusobacteriaceae [3].
B mukpoGuote Biaranuma YepHoil cBuHBH Yemky
Bacteroidetes noMmuanpoBan Ha ypoBHE THIA, B OT-
JIMYYe OT MPENbIIyINX COOOIIEHNUAX MO IPYTUM I10-
ponam cBuHEH [4]. OCHOBHBIE NMPEACTABUTEIN MU-
KpoOHOH cpenpl Biaraiuina Ha ypoBHE poaa OT-
nocwiucek k Clostridium, Bacteroides, Prevotella,
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Campylobacter, Streptococcus, Peptostreptococcus,
Lactobacillus, Escherichia, Bacillus, Peptoniphilus.

B nureparype mMeroTcs IpeAroNoKeH s O CyIie-
CTBOBaHUU CBSI3M MEXITYy MUKPOOHBIM COOOIIECTBOM,
MIPUCYTCTBYFOIIEM B KUIIICUHHKE, ¥ B PEIIPOTYKTHBHOM
Tpakte [5]. Hambosee pacnpocTpaHeHHBIMH THIIOM
B JKCJIYJJOYHO-KUIIIEYHOM TPAKTe CBUHOMATOK OBbLIH
Firmicutes, Bacteroidetes u Spirochaetes, a Bo Bnara-
e — Firmicutes, Proteobacteria n Bacteroidetes.
[IpokcumanbHass MUKPOOHOTA TOJICTOM KHIITKA U Bia-
raaumnia uMmeeT oduue deptel ponoB Clostridium,
Lactobacillus n Clostridiales [6]. Kuieunast u Baru-
HajbHass MUKPOOHMOTA UIPAIOT BAXKHYIO POJIb B BOC-
CTaHOBJICHHUH TOJIOBOM IIUKIMYHOCTHA Y CBUHOMATOK.
YBenu4yeHne YuCIeHHOCTH B 00pa3ax (hekamuii pomra
Lactobacillus spp. u Prevotella spp. cBi3anbl ¢ po-
siBIICHUEM (DEHOMEHA TEUKH Y MaTOYHOTO MOTOJOBbS
CBUHEH, KOTOPBIC PETYIUPYIOT OHOCHHTE3 3CTPOIreHa
B opranusme [4, 7].

BBenenne cBUHBSAM MPOOMOTHKOB HANPSMYIO
BJIHSIET HA COCTaB MUKPOOHOTO COOOIIEeCTBA HKETy104-
HO-KHIIIEYHOTO TPaKTa, 0COOCHHO B TPOKCHUMAILHOM
OTJIeJIE TOJICTOW KHUIIIKH, IJIe MEJUICHHEE BpeMs TPaH-
3HUTa COIEPIKUMOTO, YTO CIIOCOOCTBYET JIyUIIIeH KOJIO-
HU3alMU MUKpooprann3Mamiu [8, 9]. Takxe B uccie-
JIOBaHMAX IMOKa3aHO, YTO HCIIOJIb30BaHUE BO BpeMs
CYTIOPOCHOCTH | B MIEPHO]T JIAKTAIIUH MATOYHOMY TIO-
TOJIOBBIO CBUHEW MPOOMOTUYECKOTO CPECTBA HA OC-
HOBE alaToreHHbIX OakTepuit pona Bacillus cnocos-
CTBYET KOPPEKIIMH MHUKPOOHOTO COOOIIecTBa BO Bia-
TaJIIie 3a C4eT BOCCTAHOBIEHUS KOJIMYECTBEHHOTO
COCTaBa MpeCTaBUTeNIeH NHANTEHHONH HOPMOMIOPHI
Y CHWKCHUS Ka9YeCTBEHHOTO M KOJIMYECTBEHHOTO CO-
CTaBa MaTOTeHHOU U YCIIOBHO-TIATOTEHHON MUKPO]II0-
pel. Ha 3TOM (hoHE y )KMBOTHBIX OTMEYACTCS CHUMKE-
HUE PUCKA MIPOSIBIICHHUS BOCIAIUTEIIbHBIX IPOIIECCOB
B PEMPOAYKTUBHBIX OpraHax, 4To OJarompusTHO OT-
pakaeTcs Ha KU3HECTIOCOOHOCTH MPUILIO/A, BOCCTA-
HOBJICHUH TTOJIOBOW ITUKIMYHOCTH U dPPEKTUBHOCTH
ocemenenus [10]. CnenoBarenbHO, N3BMEHEHHE B MH-
KpOOHMOIICHO3€ Ha OJTHOM Y4acTKe TeJla UMEET IOTCH-
LAAJIbHOE BO3CHCTBUE HA APYTOM WM IpyTHE ydacT-
KH ¢ peoOpa3oBaHuEM TaM MUKPOOHOTO COOOIIIEeCTBA.

Heab paGoTbl — 1aTh XapaKTEPUCTUKY MUKPO-
OMOTHI TEUYKOBOH CIIM3M CBHHOMATOK B CTaJIMIO BO3-
Oy>K/IeHHE MTOJI0BOT0 UKIIA Ha (JOHE MCIOIb30BaHHMS
npobuoTrueckoro cpeacraa Jinkadus.

MATEPUAJIBI U METO/IbI
NCCIEJOBAHUA
HccnenoBanus npoBeaeHbl B MOJIEKYIISIPHO-TEHE-
tuaeckoit nadoparopunt OO0 «BUOTPOD» u kpym-

HOM CBHHOBOAUYECKOM KoMmiuiekce. OObeKToM uccie-
JOBaHUS SIBJISUIMCH TOMECTHBIE cCBUHOMATKH F1 B cTa-
JIMEO BO30Y>KJCHUS MTOJOBOTO [IUKJIA U OTy4YEeHHAst OT
HUX TeYKoBas c13b. B Xo/e mpoBeaeHus sKcIepuMeH-
Ta B35ATHE OMOJIOTMYECKOTO MaTepuala MpoBOIUIOCH
OT CBUHOMATOK, IIPOM3BOJIbHO BBIOPAHHBIX U3 OIBIT-
HOM M KOHTPOJIBHOU T'PYIIIbI IO 6 KUBOTHBIX B KaX-
Joi. Paznuuas Mexay rpyniaMu COCTOSIIO B TOM, UTO
JKUBOTHBIE OTMBITHOM I'PYIIIBI C MOMEHTA [TOCTaHOBKH
Ha oropoc (5 1Hel) U B TeYeHHe BCEro Nepro/a Jiak-
Tanuu (28 mHe) momydann mpoOHOTHYECKOe CPe-
ctBo JIukBadua u3 pacuera 50 r Ha 1 T nuThEeBOU
BOJIbl, @ CBUHOMATKH KOHTPOJIBbHOW IPYIIBI — MUTh-
€BYIO BOIly 03 MpOOHOTHKA.

JleTekTHpOBaHNE KOHKPETHBIX MUKPOOPTaHM3-
MOB B COAEPKMMOM TEYKOBOW CIHM3U CBHHOMATOK
MPOBOJIMIIN C TTOMOIIBIO BBICOKOYYBCTBUTEIBHOTO
METO/la KOJIMYEeCTBEHHOMN MOJIUMEpPa3HOM 1IEMHOM pe-
akuuu B peanbHoM Bpemenu (qPCR). Ananus mpo-
BOJAMJICS C MCTOJb30BaHueM amiundukaropa AT
Lite-4, nmpousBenenHoro komnanueir OO0 «HITO
JAHK-Texaomorusy». JleTeknusa aMminpumupoBaH-
voi JIHK ocymecTBisiaack ¢ mMoMoIIbpio uryopec-
LIEHTHBIX 30HOB, BKIIIOYEHHBIX B COCTaB Habopa pe-
arentoB «®emodop», Taxke pazpadborannoro OO0
«HITO JIHK-TexHomorus.

[TonmyueHHble naHHbIC aMILTUUKaIK 00padoTa-
HBI METOJIOM BapHaIlOHHOM CTaTUCTHKH HA IOCTOBEP-
HOCTb Pa3JInuusl CPAaBHUBAEMBIX IIOKA3aTeJIeH B MPo-
rpamme Microsoft Excel ¢ ucnonp3oBanneM Kpute-
pust CTbrofeHTa.

PE3YJBTATHI HCCJEJTOBAHUI

MoJteKyIsipHO-TeHETHYECKasi XapaKTEePUCTHUKA
TEYKOBOM CJIM3U CBUHOMATOK ITOKa3aHa B Tadmuie 1.
Amnanu3s 00pa3ioB penpoayKTUBHOTO MaTepraa CBU-
JICTEIbCTBYET O HAJTMYUH OMOJIOTMIEeCKOr0o pPasHOOOpa-
30l MUKPOOHOTO COOOIIECTBA B HEM Y BCETO MaTOUHO-
T'0 ITOI'0JIOBBS HAXOAIICIoCcAa B CTaA B036Y)KZICHI/I$I
MTOJIOBOTO ITHKJIA, CPEAN KOTOPOTO ObUTH HIASHTHU(MU-
IMPOBaHBI Kak a’dpOoOHbIe, TaK U aHAIPOOHBIE MUKPO-
OpraHu3Mbl.

OO01mass MUKpOOHasi Macca MEXJy UCCIEAyeMbl-
MU rpynrnamMu JXUBOTHBIX HE UMEJIa JOCTOBCPHLIX pa3-
mnanii. BMecre ¢ Tem, oOrmiee Konn4ecTBO OakTepuit
B [IOJOINBITHOM rpymre coctasuiao 10°7!, uro na 10°4
0oJiblIle, 4eM B KOHTPOJIbHOU rpynme. [lo-Buaumomy,
TakKasd KOHICHTpalusaA r€HOMOB I10 pe3yJibTaTaM HUC-
CJIEZIOBaHMS MUKPOOHOIIEHO3a XapaKTepHa JJisl HOp-
MaJIbHOT'O TEUCHHUS MTOCICOTHEMHOIO MIEPUO/IA Y CBH-
HOMaTok. Bo Bcex oOpasnax colep HMoro, mojBep-
TaBIIETOCS UCCIICOBAHUIO, HAMU HE OBLUTH BBISIBJICHBI
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BO30YIUTETN MUKOIIJIa3MEHHOHN ypOTeHUTAIbHOM MH-
(dhexmum, a Taxxke Oakrepuu Atopobium vaginae, Ko-

TOPBIE YACTO ACCOLUUHUPYIOTCSI C PA3BUTHUEM Y )KEHIIIUH
OaxTepuanbHOTO BarmHo3a [11].

Taoauuna 1
Konyenmpayus 2enomos 1-10%/2 ¢ meuxosoti ciusu ceunomamox (n = 6)
I'pynma Pazuuna | octo-
['pyrmna MEKpOOPraHM3MOB MEXAy | BEpPHOCTh

OIBITHASI KOHTPOJIbHAS | rpymmamMu (P)

Oo6mmas MUKpoOHast Macca 5,71 £4.91 5,39 +£5,03 5,42 H/IT
Hopmodiopa
Lactobacillus spp. 4,41 +334 4,08 + 3,58 4,14 0,01
DakynbTaTHBHO-aHAIPOOHBIE MUKPOOPTaHH3MbI
ceM. Enterobacteriaceae 423 +344 3,78 + 3,50 4,04 0,02
Streptococcus spp. 432 +3,78 3,13+2,92 4,30 0,008
Staphylococcus spp. 3,33 +2,02 2,82 +2,62 3,17 0,006
O6nurarHO-aHA’POOHBIE MUKPOOPTaHU3MBI
Prevotella spp. u Porphyromonas spp. 5,35+4,48 4,38 +£3,70 5,31 0,001
Eubacterium spp. 498 +431 4,39+391 4,85 0,009
Sneathia spp. + Leptotrichia spp. + Fusobacterium spp. 4,48 + 3,96 3,03 +£2,52 4,47 0,01
Megasphaera spp. + Veillonella spp. + Dialister spp. 4,55+3,93 4,83 +4,62 —4,46 H/I
Lachnobacterium spp.u Clostridium spp. 5,15+4,27 4,92 £ 4,56 4,77 H/I
Mobiluncus spp. + Corynebacterium spp. 4,47 £ 3,16 3,96 + 3,54 431 0,0002
Peptostreptococcus spp. 4,10+ 3,78 4,22 £3,69 -3,58 H/IT
Atopobium vaginae <I.1.0 <1.1.0 — —
JpoxoxernonoOHble rpUOBI
Candida spp. 3,67+£3,22 2,64 +£244 3,63 0,03
MuKor1a3Mbl (KaueCTBEHHbIH aHan3)

Mycoplasma + Ureaplasma <T1.11.0. <1.1.0. — —

Yucnennocts pona Lactobacillus spp. B o0pasiax
TEYKOBOW CITM3W CBUHOMATOK OMBITHOM IPYIIIBI Obla
Boimre Ha 1044 (P < 0,01) mo cpaBHEHHIO CO CBEPCT-
HULIAMU KOHTPOJIBHOU rpynmbl. B rymanHoi menuuu-
HE IIMPOKO U3BECTHA POJIb JIAKTOOAMIII B o0ecreye-
HUM 0apbepHOl (DYHKLIUH, TPOAYKIIUH AHTHOUOTHKO-
MOJOOHBIX BEIIECTB, MOJOUYHON KHCIIOTHI U MIEPEKUCH
BOJIOPOJIA, YTO 3HAYUTEILHO CHUKAET BOJOPOIHBIHN
MIOKa3aTelb M MPEMATCTBYET Pa3MHOKEHHIO YCIIOB-
HO-TIATOTEHHBIX MHKPOOPTaHU3MOB BO BIIaralinIie

[12]. Takxe ycTaHOBICHA ACTPOTCH3ABUCUMAsSI CITO-
COOHOCTH TAaHHBIX MOJIOYHOKHCIBIX OaKTepHil K af-
Te3WH Ha JIUTENNATBHBIX KJIETKaX BIIAraliuiia, KoTia
HETNOCPE/ICTBEHHO TIepe/]] OBYJIAIMEH YPOBEHb 3CTPO-
TeHOB JIOCTUTAeT MAKCUMYyMa CIIOCOOCTBYS yBEJIHYE-
HUIO YHCICHHOCTH JakTobanuiut [13]. DTo mo3Bosis-
€T B HaIlleM SKCIECPUMEHTE KOCBEHHO MpEAIoararh
0 JIy4IIIeM BOCCTAHOBJIIEHUHU PETPOAYKTUBHOHN (yHK-
IIUU Y CBUHOMATOK IIPH UCIIOJIB30BAHUU UM B TIEPHUOJT
JAKTaIMH TPOOHOTHYECKOTO KoMmIuiekca Jlnkpadu.
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Ha ceropssiiinauii ieHb OOJIBIIMHCTBO CPABHUTEIBHBIX
HCCIIEIOBAHUI TTOKA3bIBAIOT, YTO MIICKOITUTAIOIIHIE CO
CXOXXHM 00pa3oM JKU3HU U BONIONHOHHON UCTOPH-
el comepkaTr CX0Kue MUKPOOMOMBI Ha MIEHTHYHBIX
YYacTKax Teja, Kak [0 COJAePKAIIIMCS B HUX OaKTepH-
aJIbHBIM TAKCOHAM, TaK U 110 (DyHKITUSIM, KOTOPbIE OHU
obecnieunBarot [ 14, 15]. OmHUM BayKHBIM HCKITFOUCHH-
€M U3 3TOM 3aKOHOMEPHOCTH SIBISIETCSI MUKPOOHOM
BIIATaJIMINa, T/€ JIFOAN JTEMOHCTPHPYIOT MTOPA3UTETh-
HBIE PA3JIMYHsI B COCTaBe COOOIIECTBA MO0 CPABHEHUIO
¢ npyrumu muekonutatomumu [16, 17, 18]. B yact-
HOCTH, B MUKPOOHMOME BJarajiuiia 4eioBeKa mpeoo-
nanaioT Lactobacillus spp., KOTOpbIE OOBIYHO COCTaB-
nsttoT 6osee 70 % pe3ueHTHBIX OaKTepUil y )KEHIIHH
0 CpaBHEHUIO ¢ MeHee 1 % y Ipyrux MIIEKOTHTAr0-
mux [19, 20]. ITo pesynabraram ucciea0BaHUN MUKPO-
OroMa BJlarajuina y KpyImHOTo poraroro CKoTa Ipej-
CTaBHUTEJIN JAKTOOAIMIIISIPHON MUKPO(IIOPHI HE BbI-
SIBJISUTMCH TPAJIUIIMOHHBIMH MUKPOOHOIOTHUECKUMU
metonmamu [21] u peakumeii [1LIP B peansHOM Bpeme-
Hu [22]. B Hamem ucciaenoBaHUM HECMOTPS HA UH/ICH-
tudukanuio poaa Lactobacillus spp. B TEY4KOBOH ciu-
3M Y CBHHOMATOK UX KOJINYECTBO B CTPYKTYPE MUKPO-
OMOMa OTBITHOW M KOHTPOJIBHOM TPYMITBI COCTABHIIO
Bcero 3,98 u 4,85 %. CnenoBaTebHO, JIAKTOOALMILIBI
HE SIBIIIETCS TOMUHUPYIOIIMMHA MHUKPOOPTaHU3MaMU
B OMOTOIIE 37I0POBBIX CBUHOMATOK.

Haunbonee MHOrO4MCIIEHHBIMA B MUKPOOHOM CO-
00IIIECTBE TEYKOBOW CIIM3UM CBUHOMATOK HMJCHTU(U-
LUPOBAJIM TPEACTABUTENCH 00IUTraTHO-aHAdPOOHBIX
MHKpPOOpPraHu3MoB. B Omonornyeckom marepuaie,
MTOJTy4€HHOM OT MaTOYHOTO ITOTOJIOBBS MOCIIE TIPUMeE-
Henwust JlukBa®un, perucTprupoBaiv O0JIbIIee KOTHYe-
CTBO OakTepuii poaa Prevotella spp. u Porphyromonas
spp. Ha 10> (P <0,01), Lachnobacterium spp.u
Clostridium spp. — ua 10%7", Eubacterium spp. —
ma 10*% (P <0,001), Sneathia spp., Leptotrichia
spp., Fusobacterium spp. — ma 10%7 (P <0,01),
Mobiluncus spp., Corynebacterium spp. — Ha 10*3!
(P <0,001) u menbIyro yucieHHOCTh Megasphaera
spp., Veillonella spp., Dialister spp. — na 10%
u Peptostreptococcus spp. — ua 10°°% o cpaBHEHHIO
C KOHTPOJIBHBIMU CBEPCTHHUIIAMHU. B cTpykType Mu-
KpOOHOTO COOOIIECTBA OTMEYATUCEH 3HAYUTEITHHBIC
pa3uuus MeXJy TPYIIaMH 10 JaHHBIM OaKTepH-
siM. Tak, B OTIBITHOM TpyTiIie OaKTepOH bl COCTABUIIH
35,13 %, aybakrepuu — 14,77 % u dy300akTepun —
4,73 % Ttorna Kak B MHTakTHOH rpymnmne — 9,71, 9,84
u 0,43 %, COOTBETCTBEHHO. B KOHTpONBHON TpymIe
HanOoJee MpeACTaBUTEIBbHBIMA OBUTH KIOCTPHUINN
33,98 %, nakrar-yrunmsupyrommue 6akrepun 27,36 %
1 ENITOCTPENTOKOKKH 6,73 %. DT GaKTepuu B OIIBIT-

HO¥ Tpymme coctaBmsuiu 22,21, 5,58 u 1,99 %, coot-
BETCTBEHHO.

[TpucyTcTBHE TaKTOOAIMILT MOXKET HE OBITH 005132~
TEJBHBIM YCIOBUEM JJIs 3J0POBOI CpEIbI BO BIIaraju-
111e, IOCKOJIBKY Y HEKOTOPBIX KEHIIIMH HEM3MEHHO HH3-
KO€ coziepKaHue JakTo0anwnt v pH Biaranmia Beiiie
4,5, HO OHU HE UCTIBITHIBAIOT HETATUBHBIX CUMIITOMOB,
CBSI3aHHBIX C OaKTepHaILHBIM BarnHO30M [23].

DT0 00BsCHEHHE TaKXKE MOXKET UMETh OTHO-
IICHUE K 3JI0POBbI0 CBHHOMATKH, T/ TTO3UTUBHYIO
pOJb B DU3UOIOTHIECKOM MHUKPOOHOILIEHO3E MIPAIOT
MPEICTaBUTENN OOJUTaTHO-aHAIPOOHBIX MHUKPOOP-
ranu3MoB. Hanmuune B MHUKpOOMOME Blarajiuiia po-
noB Campylobacter, Bacteroides, Porphyromonas,
Lachnospiraceae, Prevotella v Phascolarctobacterium
Mo3BOJWIIO MU GEPESHIINPOBATh CBUHOMATOK C BBICO-
KOM M HHU3KOM IPOM3BOAUTEIBHOCTHIO OIOPOCA, UYTO
YKa3bIBaeT HA TO, YTO OHH MOTYT CJIY>KUTh MOTEHI[H-
aTBHBIMU OMOMapkepaMu [ 7]. AHanm3upyroTcst oopas-
bl BIIATAJIMIIA CBUHOMATOK Ha ypOBHE pona, ObLIO
oOHapyxeHo, uTo Bacillus v Paenibacillus 6bpun 0T-
HOCHUTENbHO 00Jiee MHOTOYUCICHHBI Y 340POBBIX
CBUHOMATOK, B TO BpeMms Kak Escherichia-Shigella
u Bacteroides ObLIH OTHOCUTENIBHO 0OJiee MHOTO-
YHUCIIEHHBI Y CBUHOMATOK, TIOPAKEHHBIX YHIOMETPH-
TOM [24].

DaKkynbTaTUBHO-aHAdPOOHBIE MUKPOOPTaHU3-
MbI ObLTH HauOOJIee MHOTOYUCIICHHBIMU B OTIBITHOU
rpynme. Y jKMBOTHBIX JAHHOW TPYMNIbI KOJIUYECTBO
Oakrepuii ceMm. Enterobacteriaceae 6v1m0 Gomnpiie
Ha 10*%* (P < 0,05), poma Streptococcus spp. na 10+
(P <0,001)u Staphylococcus spp. na 10> (P <0,01),
4YeM y KOHTPOJIbHBIX CBUHOMATOK. B cTpykType mu-
KpOOHMOIIEHO3a TEYKOBOM CIIM3U MPECTAaBUTENN JaH-
HBIX MHUKPOOPTaHH3MOB UMEJH HE BBICOKOE COZIEp-
JKaHUE U UMEJIM HE 3HAYUTEIILHOE Pa3IMuue MEKIY
HCCIeNyeMbIMU IpynnamMu. Tak, B ONBITHON U KOH-
TPOJILHOH TPyIIIE YHTEPOOAKTEPHH COCTABISUIN 2,63
u 2,43 %, crpentokokku — 3,30 u 0,54 %, craduio-
kokkr — 0,33 1 0,27 %.

B rpynne :xuBoTHbIX py ipuMeHeHun JInksaduyg
KOJIMUECTBO JIPOXIKEION0OHBIX TpruOoB pona Candida
spp. 6110 OombIe Ha 10%% (P < 0,05) mo cpaBHEHHTO
C MHTAKTHBIMH CBUHOMATKaMu. B cTpyKType MUKpPOO-
HOTO COOOIIECTBa JaHHBIE MHUKPOOPTaHU3MBI COCTA-
B 0,72 u 0,18 %, cOOTBETCTBEHHO.

3AKJTIOYEHUE
MuKkpoOGHuOM TEYKOBOW CIIM3U CBHHOMATOK II0-
Jy4EHHOH B CTAAMIO BO30YXIEHHS IOJIOBOIO LIMKJIA
IpEeICTaBIeH LMIUPOKUM CIEKTPOM OHOJIOIMYECKO-
ro pazHooOpas3uss MUKpoOHOTro coolmecTBa. Obmas
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MHUKpOOHasi Macca B OMOJIOTHYECKOM Marepuae co-
crapisier 10>°—10°"" B rpamme. [Ipumenenune mpo-
ouornyeckoro cpeactna JInkadum He conmpoBOXKIa-
€TCsl JIOCTOBEPHBIMH PA3IHUUSIMH B KOHICHTPAI[HH
reHOMOB o01mel OakrepuansHoit Maccsl JHK. Tlpu
CPaBHHUTEJIBHON OLEHKE C MCIIOJIb30BAaHUEM TECT-CH-
CTEMBI BBISIBIICHO, 4TO Ha ()OHE MPUMEHEHHS TPO-
OMOTHKA B TEYKOBOU CIIM3U OTMEUACTCsl YBEIUUCHHE
YHUCJIIGHHOTO COCTaBa IMpeJacTaBuTeNicii HopModuio-
peI pona Lactobacillus spp., 0OnuraTHO-aHa POOHBIX
Oakrepuii pona Prevotella spp., Porphyromonas spp.,
Lachnobacterium spp., Clostridium spp., Eubacterium
spp., Sneathia spp., Leptotrichia spp., Fusobacterium
spp. ¥ haKyTETaTHBHO-aHAYPOOHBIE MEKPOOPTaHI3MOB
cemeiictBa Enterobacteriaceae, poda Streptococcus
spp. v Staphylococcus spp.
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Abstract. Vaginal microbiocenosis has a leading effect on the reproductive health of the breeding stock. The ob-
jective of this study was to present the characteristics of the estrus mucus microbiota of sows at the stage of sex-
ual cycle arousal against the background of the use of the probiotic agent LikvaFid. The object of the study was
F1 sows at the stage of sexual cycle arousal and the estrus mucus obtained from them. Estrus mucus was collect-
ed from the animals of the experimental and control groups. The sows of the experimental group received the pro-
biotic agent LikvaFid at a rate of 50 g per 1 ton of drinking water from the moment of farrowing and throughout
the lactation period, and the sows of the control group received drinking water without the probiotic. The poly-
merase chain reaction was carried out on a DT Lite-4 amplifier in the mode recommended by the manufacturer
for the Femoflor kit.

The analysis of the estrus mucus samples indicates the presence of biological diversity of the microbial commu-
nity in it in the entire breeding stock at the stage of sexual cycle arousal. By studying the composition of the mi-
crobiota of estrus mucus, it has been revealed that the use of LikvaFid in sows is accompanied by an increase in
the numerical representation of the normoflora of the genus Lactobacillus spp., obligate anaerobic bacteria of the
genus Prevotella spp., Porphyromonas spp., Lachnobacterium spp., Clostridium spp., Eubacterium spp., Sneath-
ia spp., Leptotrichia spp., Fusobacterium spp. and facultative anaerobic microorganisms of the family Entero-
bacteriaceae, the genus Streptococcus spp. and Staphylococcus spp.

Keywords: pig breeding, sows, estrus mucus, microbiota, LikvaFid, real-time PCR

In recent years, there has been an increase in the
number of published articles related to molecular ge-
netic studies of the microbiome in pigs. In sows, mi-
crobiome studies have mainly focused on the gastro-
intestinal tract, and the assessment of the reproductive
system is limited.

The vaginal microbiota of healthy sows, as deter-
mined by culture methods, includes an association of
aerobic and anaerobic bacteria such as Streptococcus
spp., E. coli, Staphylococcus spp., Corynebacterium
spp., Micrococcus spp. and Actinobacillus spp. [1,2]. In
the assessment of the vaginal microbiocenosis of com-
mercial gilts based on the detection and identification
of microbial DNA, the phylum Firmicutes was found
to be predominant, with major communities belonging

© Filatov A. V., Ivanov D. N., 2025

to Clostridium, Streptococcus, Lactobacillus, Bacillus
and an unclassified genus Fusobacteriaceae [3]. In the
vaginal microbiota of the Jeju Black pig, Bacteroidetes
was dominant at the phylum level, in contrast to pre-
vious reports for other pig breeds [4]. The main repre-
sentatives of the vaginal microbial environment at the
genus level were Clostridium, Bacteroides, Prevotella,
Campylobacter, Streptococcus, Peptostreptococcus,
Lactobacillus, Escherichia, Bacillus, Peptoniphilus.
There are suggestions in the literature about the
existence of a connection between the microbial com-
munity present in the intestine and in the reproduc-
tive tract [5]. The most common phyla in the gastro-
intestinal tract of sows were Firmicutes, Bacteroidetes
and Spirochaetes, and in the vagina — Firmicutes,

Berepunapnsrii papmakomorudeckuii BecTHUK « Ne 1 (30) « 2025 79



M. P. Semenenko, D. P. Vinokurova, K. A. Zheleznyakova, V. Yu. Borodin

Proteobacteria and Bacteroidetes. The proximal mi-
crobiota of the colon and vagina have common fea-
tures of the genera Clostridium, Lactobacillus and
Clostridiales [6]. Intestinal and vaginal microbiota play
an important role in the restoration of sexual cycles
in sows. An increase in the number of Lactobacillus
spp. and Prevotella spp. in fecal samples is associat-
ed with the manifestation of the estrus phenomenon
in breeding pigs, which regulate estrogen biosynthe-
sis in the body [4, 7].

The administration of probiotics to pigs directly
affects the composition of the microbial community
of the gastrointestinal tract, especially in the proximal
colon, where the transit time of the contents is slow-
er, which promotes better colonization by microorgan-
isms [8, 9]. The studies have also shown that the use
of a probiotic agent based on apathogenic bacteria of
the genus Bacillus in the breeding stock of pigs during
gestation and lactation helps to correct the microbial
community in the vagina by restoring the quantitative
composition of representatives of the indigenous nor-
mal flora and reducing the qualitative and quantitative
composition of pathogenic and opportunistic microflo-
ra. Against this background, animals have a reduced
risk of the inflammatory processes development in the
reproductive organs, which has a beneficial effect on
the viability of the offspring, restoration of the sexual
cycle and the efficacy of insemination [10].

Consequently, a change in the microbiocenosis in
one area of the body has a potential effect on another
or other areas with the transformation of the microbi-
al community there.

The objective of the work is to characterize the
microbiota of the estrus mucus of sows at the stage of
sexual cycle arousal against the background of the use
of the probiotic agent LikvaFid.

MATERIAL AND METHODS

The studies were conducted at the Molecular and
Genetic Laboratory of BIOTROF LLC and a large
pig breeding complex. The object of the study was lo-
cal F1 sows at the stage of sexual cycle arousal and
the estrus mucus obtained from them. During the ex-
periment, biological material was obtained from sows
randomly selected from the experimental and control
groups of 6 animals each. The difference between the
groups was that the animals of the experimental group
received the probiotic agent LikvaFid from the moment
of farrowing (5 days) and throughout the lactation pe-
riod (28 days) at a rate of 50 g per 1 ton of drinking
water, and the sows of the control group — drinking
water without a probiotic.
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The detection of specific microorganisms in the
contents of the estrus mucus of sows was carried out
using a highly sensitive quantitative polymerase chain
reaction in real time (QPCR). The analysis was carried
out using the DT Lite-4 amplifier, manufactured by
R&D enterprise DNA-Technology LLC. The detec-
tion of amplified DNA was carried out using fluores-
cent probes included in the Femoflor reagent kit, also
developed by R&D enterprise DNA-Technology LLC.

The obtained amplification data were processed
by the method of variation statistics for the reliabili-
ty of the difference of the compared indicators in the
Microsoft Excel program using the Student criterion.

STUDY RESULTS

The molecular genetic characteristics of the estrus
mucus of sows are shown in Table 1. The analysis of
reproductive material samples indicates the presence
of biological diversity of the microbial community in
it in the entire breeding stock at the stage of sexual cy-
cle arousal, among which both aerobic and anaerobic
microorganisms were identified.

The total microbial mass between the studied
groups of animals did not differ significantly. At the
same time, the total number of bacteria in the experi-
mental group was 10°7!, which was by 10°**more than
in the control group. Apparently, such a concentration
of genomes, according to the results of the microbio-
cenosis study, is characteristic of the normal course
of the post-weaning period in sows. In all samples
of the contents subjected to the study, we did not de-
tect pathogens of mycoplasma urogenital infection, as
well as Atopobium vaginae bacteria, which are often
associated with the bacterial vaginosis development
in women [11].

The number of the genus Lactobacillus spp. in sam-
ples of estrus mucus of the sows in the experimental
group was by 10*#(P < 0.01) higher, compared to the
peers in the control group. In human medicine, the role
of lactobacilli in providing a barrier function, produc-
ing antibiotic-like substances, lactic acid and hydro-
gen peroxide, which significantly reduces the pH and
prevents the proliferation of opportunistic microorgan-
isms in the vagina, is widely known [12]. The estro-
gen-dependent ability of these lactic acid bacteria to
adhere to vaginal epithelial cells has also been estab-
lished, when immediately before ovulation the estro-
gen level reaches a maximum, contributing to an in-
crease in the number of lactobacilli [13]. This allows
us to indirectly assume in our experiment a better res-
toration of reproductive function in sows when using
the probiotic complex LikvaFid during lactation. To
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date, most comparative studies show that mammals
with a similar lifestyle and evolutionary history con-
tain similar microbiomes in identical areas of the body,
both in terms of the bacterial taxa they contain and the
functions they provide [14, 15].

One important exception to this pattern is the vag-
inal microbiome, where humans exhibit striking dif-
ferences in community composition, compared to oth-
er mammals [16—18]. In particular, the human vag-
inal microbiome is dominated by Lactobacillus spp.,
which typically comprise more than 70 % of resident

bacteria in women, compared to less than 1 % in oth-
er mammals [19, 20]. In studies of the vaginal micro-
biome in cattle, lactobacillary microflora were not de-
tected by traditional microbiological methods [21] and
real-time PCR [22].

In our study, although Lactobacillus spp. were
identified in the estrus mucus of sows, their abundance
in the microbiome structure of the experimental and
control groups was only 3.98 and 4.85 %. Therefore,
lactobacilli are not the dominant microorganisms in
the biotope of healthy sows.

Table 1
Concentration of 1-10%/g genomes in estrus mucus of sows (n = 6)
Group Differ-
Group of microorganisms be?\:vC:en Riliabili_
Experimental Control y (P)
groups
Total microbial mass 5.71+491 5.39+5.03 5.42 n/d
Normoflora
Lactobacillus spp. 4.41+3.34 4.08 £3.58 4.14 0.01
Facultative anaerobic microorganisms
ceM. Enterobacteriaceae 423 +3.44 3.78 £3.50 4.04 0.02
Streptococcus spp. 432 +3.78 3.13+£2.92 4.30 0.008
Staphylococcus spp. 3.33£2.02 2.82+£2.62 3.17 0.006
Obligate anaerobic microorganisms
Prevotella spp. u Porphyromonas spp. 535+4.48 438 +3.70 5.31 0.001
Eubacterium spp. 498 +4.31 439+391 4.85 0.009
Sneathia spp. + Leptotrichia spp. + Fusobacterium spp. 4.48 £3.96 3.03+£2.52 4.47 0.01
Megasphaera spp. + Veillonella spp. + Dialister spp. 4.55+3.93 4.83 +4.62 —4.46 n/d
Lachnobacterium spp.u Clostridium spp. 5.15+4.27 4.92 +4.56 4.77 n/d
Mobiluncus spp. + Corynebacterium spp. 4.47+3.16 3.96 £3.54 431 0.0002
Peptostreptococcus spp. 4.10+3.78 4.22+3.69 -3.58 n/d
Atopobium vaginae <p.d.o. <p.d.o. — —
Yeast-like fungi
Candida spp. 3.67+3.22 2.64+2.44 3.63 0.03
Mycoplasma (qualitative analysis)
Mycoplasma + Ureaplasma <p.d.o. <p.d.o. — —
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Among the most numerous in the microbial
community of sow estrus mucus, there were iden-
tified the representatives of obligate anaerobic mi-
croorganisms. In the biological material obtained
from the breeding stock after the use of LikvaFid,
there was recorded a greater number of bacteria
of the genus Prevotella spp. and Porphyromonas
spp. by 10331 (P <0.01), Lachnobacterium spp. and
Clostridium spp. — by 10*77, Eubacterium spp. — by
10*3%5 (P < 0.001), Sneathia spp., Leptotrichia spp.,
Fusobacterium spp. — by 10* (P < 0.01), Mobiluncus
spp., Corynebacterium spp. — by 10*3' (P <0.001)
and lower numbers of Megasphaera spp., Veillonella
spp., Dialister spp. — by 10***and Peptostreptococcus
spp. — by 10*%8, compared to the control peers. In the
structure of the microbial community, significant dif-
ferences were noted between the groups for these bac-
teria. Thus, in the experimental group, bacteroides ac-
counted for 35.13 %, eubacteria— 14.77 % and fuso-
bacteria — 4.73 %, while in the intact group — 9.71,
9.84 and 0.43 %, respectively. In the control group,
the most representative were clostridia 33.98 %, lac-
tate-utilizing bacteria—27.36 % and peptostreptococ-
ci— 6.73 %. These bacteria in the experimental group
accounted for 22.21, 5.58 and 1.99 %, respectively.

The presence of lactobacilli may not be a prerequi-
site for a healthy vaginal environment, as some wom-
en have consistently low lactobacilli counts and vag-
inal pH above 4.5, but do not experience the negative
symptoms associated with bacterial vaginosis [23].
This explanation may also be relevant to sow health,
where obligate anaerobic microorganisms play a pos-
itive role in the physiological microbiocenosis. The
presence of the genera Campylobacter, Bacteroides,
Porphyromonas, Lachnospiraceae, Prevotella and
Phascolarctobacterium in the vaginal microbiome
allowed differentiation between sows with high and
low farrowing performance, indicating that they may
serve as potential biomarkers [7]. When vaginal sam-
ples from sows were analyzed at the genus level, it was
detected that Bacillus and Paenibacillus were relative-
ly more abundant in healthy sows, while Escherichia-
Shigella and Bacteroides were relatively more abun-
dant in the sows affected by endometritis [24].

Facultative anaerobic microorganisms were the
most numerous in the experimental group. In the ani-
mals of this group, the number of bacteria of the fami-
ly Enterobacteriaceae was greater by 10+ (P < 0.05),
Streptococcus spp. — by 10*3° (P < 0.001) and
Staphylococcus spp. — by 10> (P < 0.01) more than
in the control sows. In the structure of the microbio-
cenosis of estrus mucus, representatives of these mi-
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croorganisms had a low content and had insignificant
differences between the studied groups. Thus, in the
experimental and control groups, enterobacteria ac-
counted for 2.63 and 2.43 %, streptococci — 3.30 and
0.54 %, staphylococci— 0.33 and 0.27 %. In the group
of the animals administered LikvaFid, the number of
yeast-like fungi of the genus Candida spp. was by 103
(P <0.05) higher, compared to the intact sows. In the
structure of the microbial community, these micro-
organisms constituted 0.72 and 0.18 %, respectively.

CONCLUSION

The microbiome of the estrus mucus of sows ob-
tained at the stage of sexual cycle arousal is represent-
ed by a wide range of biological diversity of the mi-
crobial community. The total microbial mass in the
biological material is 103*—10>"" per gram. The use
of the probiotic LikvaFid is not accompanied by re-
liable differences in the concentration of genomes of
the total bacterial DNA mass. A comparative assess-
ment using the test system revealed that against the
background of the use of the probiotic, an increase in
the number of representatives of the normoflora of the
genus Lactobacillus spp., obligate anaerobic bacte-
ria of the genus Prevotella spp., Porphyromonas spp.,
Lachnobacterium spp., Clostridium spp., Eubacterium
spp., Sneathia spp., Leptotrichia spp., Fusobacterium
spp. and facultative anaerobic microorganisms of the
Enterobacteriaceae family, Streptococcus spp. and
Staphylococcus spp. is noted in the estrus mucus.
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KiaroueBrnlie ciioBa: CBUHOMATKHU, TOPOCATA, l'[p06I/IOTI/IK «HGHTaHpOH», HMMyHHLIﬁ CTaryc, III/ITOKI/IHOBHﬁ apo-

¢bwb

Y CBHHOMATOK C PUCKOM pa3BUTHUS MOCIEPOJIO-
BOH MATOJIOTUHU BO BTOPYIO MOJIOBUHY CYNOPOCHOCTH
10 CPAaBHECHUIO C KIMHUYECKHU 3J0POBBIMU KUBOTHbI-
MU CHIDKEHBI JTU30IIUMHASI U KOMIUIEMEHTapHAas aK-
TUBHOCTH CBHIBOPOTKH KPOBH, COAEp)KaHUE OOIIUX
AMMYHOTJIOOYJTHHOB, TIOTJIOTHTENbHAS (QYHKIHS (ha-
TOIUTOB M MX (DyHKIIMOHAJIBHBIA pe3epB, HO TOBHI-
LWIECHBl YPOBEHb MEIKOAUCIEPCHBIX LHUPKYIUPYIO-
IUX UMMYHHBIX KOMILJIEKCOB M UX MAaTOIC€HHOCTD,
YTO CBUJETEIBCTBYET 00 YTHETEHHH T'yMOPaJlbHOM
1 KJIETOYHOH 3aIuuThl. KpoMe TOro y HUX perucrpu-
PYIOT KOJIMYECTBEHHBIN M KaueCTBECHHBIN qHCOAIaHC
IUTOKUHOB [1].

7151 mOBBIILIEHUSI UMMYHHOTO CTaryca OpraHu3-
Ma pEKOMEHI0BaHbI (hapMaKOJIOTHYECKUE TIpenapaThl
MPUPOHOTO, MOJU(PHUIIMPOBAHHOTO WM CHHTETHYC-
CKOI'O ITPOUCXOKJIEHUS, aIalITOTE€HBbI, CTPECC-KOPPEK-

TOPBI, AHTUOKCUIAHTbI, BATAMHUHBI, 00J1aJat011e UM-
MYHOCTUMYJIMPYIOLUIUMH CBOMcTBaMu [2—6].

Crumynupyrolee BIUsIHIE HA UMMYHHYIO CUCTe-
My OKa3bIBaroT 1 mpoduotuxu [ 7—10].

IIpobuornueckuii mpenapat «Ilearampomny», conep-
JKaLLUH KHUBbIE KyJIBTYPbI JAKTOOALMILI, TAKTOKOKKA,
SHTEPOKOKKa (ermyM u Oudunodakrepuii, pazpado-
taH OO0 «buoHa» u npeaHa3zHa4YeH isl cTabun3a-
UM MUKPOQIIOPHI KUILIEYHHUKA, TIOBBIIICHUS TPOIYK-
THBHOCTH U COXPAHHOCTH CBUHEH U CEIbCKOXO3sii-
CTBEHHOM IITUILIBI.

Llenpio nccnenoBaHus sBISETCS U3yuyEHUE He-
CrierprIeCcKOi TyMOPaIbHON U KIIETOUHOM 3aIlUTHI,
KJIETOYHOTO MMMYHUTETA M IIUTOKMHOBOTO TPO(MIIs
Yy CBUHOMATOK MPH MPOQHUIAKTHKE MOCIEPOAOBBIX 00-
ne3nei npoouotukom «llenranpon» u BIUSHUS ee Ha
MMMYHHBIH CTaTyC IOPOCSIT.

© [axoB A. I'., Cammauna JI. FO., Konapes B. H., Mamxypuna O. A., Bonkosa U. B., bospuna E. [1., 2025
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MATEPHUAJ U METOJbI
HUCCJIEJOBAHUM

HWccnenoBanus mpoBeeHbI B IPOMBIIIIICHHOM CBH-
HOBOJTYECKOM X034iicTBe, B KoTopoM 25—30 % cBu-
HOMATOK €KETOIHO MepedoieBaeT NOCIepOI0BBIM SH-
JOMETPHUTOM W/WIIA METPUT-MacTUT-arajnakTuei. J{ns
orbITa OBLUIO TO00PAHO JIBE TPYIIIbI CBUHOMATOK 32
5 cyToK 10 oropoca (Iociie mepeBoa B IeX Omopo-
ca). JKuBOTHBIM OTIBITHOM TpyTiis (7 = 214) 10 ommopo-
ca U B Te4eHUe 7 JHEN ITOCIIE HETO C MUTHEBOU BOLOU
Yyepe3 MeIMKaTop eKeIHEBHO Ha3HaYa Il MPOOHOTHK
«ITenranpom» o 10 M. CBHHOMAaTKaM KOHTPOJIbHOMN
rpynmnsl (n = 212) npemnapar He Ha3HAYAIH.

OT 5 CBHUHOMATOK KOHTPOJIHHON W OITBITHOM TPYTIIT
J10 IpUMEHEeHMsI Tpenapata u ciycts 10 nHelt mocne
€ro Ha3HAUEHUA U OT 5 MOPOCIT B 26-THEBHOM BO3-
pacTe, BhIpAlIMBACMBIX IOJ CBUHOMAaTKaMU 00enx
IPYII, B3SIThI IPOOBI KPOBU JJISI UMMYHOJIOTHYECKUX
WCCIIEZIOBaHUH, KOTOPBIE TPOBOIMIN B COOTBETCTBUN
¢ «MeronnuecKUMH PEKOMEHAIUSIMH TI0 OICHKE
U KOPPEKLHUHU UMMYHHOTO CTaTyca XKUBOTHBIX» [11].

VYpoBeHb HUTOKMHOB: HHTepiieiikuna- 1B (UJI-1P),
nnrTepneiikuna-2 (WJI-2), unrepneiikuna-4 (1J1-4),
unTepneiikuna-10 (UJI-10), pakTopa HEKpo3a ormyxo-
-0 (PHO-a), uatepdepona-y (MDH-y) onpenensimu

MeTooM nMMyHO(hepmenTHoro ananuza (MMDA) ¢ mo-
CIIEYIOIINM YIETOM Pe3yIbTaToOB Ha CIIEKTPOPOTOME-
Tpe « YHHUIIIaH-TM» B COOTBETCTBHH C YTBEPKICHHBI-
MU HACTABJICHUSIMH K TMarHOCTUYECKUM Habopam. Jist
OLICHKH 6ancha IpO- U IPOTHUBOBOCIATIUTCIIbHBIX MC-
JTNATOPOB BBEIYMCIICHBI MHACKCHI: 00ITIee COOTHOIICHNE
MIPO- ¥ IPOTHBOBOCTIIATUTENBHBIX TIUTOKUHOB (OLIN)
1 MeauaTopoB, npoayuupyembix Th-1 u Th-2 kierka-
mu (U Th-1/ Th-2) [12].

CratuctTuueckyro o0pabOTKy MOJyYEHHBIX pe-
3yJIBTaTOB MPOBOIMIIN C TOMOUIBIO MTAKETa MPOrPaMM
Statistica, Bepcus 6.0.

PE3YJIBTATHI HCCJEJOBAHUM
N OBCYXKXIAEHUE

I'ymopanbHOE 3BeHO HecTenn(UISCKON 3aInuThI
Y CBUHOMATOK KOHTPOJIBHOM U OIIBITHOM I'pyIIl B IIe-
PO JIAKTAINY XapaKTePH30BAIOCH HE3HAYNTETHHBIM
CHIKCHHEM TI0 CpaBHEHHIO ¢ (DOHOM JTN30ITUMHOMN aK-
TUBHOCTHU CHIBOPOTKHU KpOBH Ha 6,7 1 2,5 % (Tadm. 1),
00YCIIOBJICHHBIM PacXo/IoM (pepMeHTa Ha HTHAKTUBAIINIO
OaKTepHaIbHBIX TATOI'CHOB, U MOBBIIIIEHUEM aKTHBHO-
CTH KOMIUIEMEHTA, UTPAOILET0 BXKHYIO POJIb B 00€C-
MCYCHUH YCTOMYMBOCTH OpPraHu3Ma K UH()EKITHOHHBIM
areHTam, Ha 5,2 m 42,9 % (p < 0,02) cOOTBETCTBEHHO.

Tabauna 1
Ilokazamenu necneyuguueckoli 2yMopanbHOU U KAeMOUHOU 3aujumsl y CUHOMAMOK
I'pynme
ITokazarenu

¢don KOHTpPOJIbHAs OTIBITHAS
JIACK, MKr/man 2,40 £ 0,15 2,24+ 0,08 2,34+0,14
KACK, % rem. 7,7+0,49 8,1 +£0,85 11,0 +0,89"
Oo6mwe Ig, mr/mn 43,0+2,83 48,2+ 1,09 48,6 £ 1,192
UK 3,0 % mr/miu 0,08 +£0,01 0,11+0,01 0,11 £0,01
UK 7,0 % mr/mn 0,18 £0,04 0,28 £ 0,03 0,25+0,04
C7/C3 2,37+0,37 2,67+ 0,43 2,53+ 0,59
DAH, % 78,0 £0,63 78,0 £ 1,74 80,4+ 0,98
oOU 5,15+0,14 4,89 +0,14 5,11+£0,19
oY 4,02 + 0,09 3,80+0,11 4,11+0,19
cn-HCT, % 13,2 +£2,06 15,6 £2,32 16,0 £ 1,116
ct-HCT, % 27,6 £2,32 34,0 +2,09 37,6 £2,71
P 2,27+ 0,29 2,35+0,31 2,40 +£ 0,164

" p<0,05—0,01 — x dony
* p <0,05—0,001 — k KOHTpOJTIO
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[Tpu 5TOM MX 3HAYCHUS Y JKUBOTHBIX, TTOTYIABIINX
«ITenrampom», 6putH BeIme Ha 4,5 1 35,8 % (p < 0,05)
COOTBETCTBEHHO. YBEJIIMUCHHE KOHLEHTPAIUU 00-
[IMX UMMYHOTJIOOYJIMHOB y CBUHOMATOK KOHTPOJIb-
HOM U onbITHOM rpymnn Ha 12,1 u 13,0 % cBuaerens-
CTBOBAJIO O MOBBLIIICHUH T'YMOPAJIbHON 3alIUTHI TIPHU
OTCYTCTBUU PA3HUIIBI B UX 3HAYCHUSIX.

[Ipu onpenenennu cogeprkanust UPKYITHPYIOITIX
MMMYHHBIX KOMITJIEKCOB, YIaCTBYIOIINX B (hOPMHUPO-
BaHUM IMMYHHOTO OTBETa, OTMEYCHO YBEIIMUYCHHE TI0
CPaBHEHUIO C (JOHOM y CBHHOMATOK 00EUX TPYIIIT CO-
nepxanns kpynHeix (3,0 %) UK wa 37,5 % u menxo-
mucrepcHbix (7,0 %) LIUK — na 55,6 1 38,9 %, a Tak-
e nx narorerHoctd (C7/C3) Ha 12,7 m 6,8 %, uto yKa-
3BIBACT HA TOBBINICHUE aHTUTEHHOW Harpysku. llpm
9TOM Y J)KUBOTHBIX, TIoTy4aBmux «[leHrarpomn», Obun
MeHbIIIe KonndecTBo MenkonucnepcHbix [IUK va 7,4 %
1 k03P PUIMEHT maToreHHocTHn — Ha 5,2 %, Bcnen-
cTBHE 0oJjiee BhIPAXKEHHOW TYMOPaIbHON 3aIHTHI.

Y CBUHOMATOK OTIBITHOM TPYTIITHI OBLIA BEITIIC 1 He-
cnernudrueckas KierodHas 3ammra (tadim. 1), o uem

CBUIETEbCTBYIOT MPEBBINIEHHE 110 CPABHEHHIO C KOH-
tposeM ®AH Ha 3,1 %, mormoTutensHON QyHKIMH (a-
roruToB: ®U —na 4,5 % u @Y — Ha 8,2 %, Mmetabdo-
JIMYECKOM aKTUBHOCTH — cTuMynrpoBanHoro HCT-
TecTa, pacCMaTPUBAEMOro KaKk KpUTEPHil TOTOBHOCTH
HeHTpoMIIOB K 3aBeplieHHOMY (aronurosy, — Ha
10,6 %, a Taxke TEHACHINS K HE3HAYUTEITLHOMY yBe-
auyenuto ciontanHoro HCT-Tecra, cBUIETEIBCTBY-
IOIIET0 00 YCHIJICHUH ITUTOTOKCUYHOCTH (haroruToB
(1a 2,6 %) 1 QpyHKUNOHATIBHOTO pe3epBa HEUTpohu-
noB (Ha 2,1 %).

Y CBUHOMATOK OIIBITHOM IPYIIIIBI B IEPUOJ JIAKTa-
ITUH TI0 CPABHEHHUIO C (POHOM KOJIMUECTBO JICHKOITUTOB
YMEHBITIIOCH Ha 9,6 %, 11 OBLITO HU)KE aHAJIOTHYHOTO
nokaszaresst KoHTpos Ha 8,2 %.

[Ipu 5TOM ycTaHOBIEHO YBeNnn4YeHHe aOCOTIOTHO-
ro cozepkanus TuMGOoIUToB Ha 7,8 Y%, SABJISIOIIUXCS
OJTHMM M3 OCHOBHBIX ITOKa3aTesei KIeTOYHOTO HUMMY-
HUTETA ¥ yYaCTBYIOIIMX BO BCEX MMMYHOJIOTHIECKIX
peaxIusix, ¥ ObLIO BhIIIE KOHTPOJIHLHOTO 3HAUYEHUS Ha
12,3 % (Tabm. 2).

Tadauna 2
Knemounwiii ummynumem u yumoKuHo8blil NPOGUIL Y CGUHOMATOK
I'pynmsr
IToxasarenn
¢on KOHTPOJIbHAS OTIBITHAS
1 2 3 4
Jletikormter, 10%/1 17,2+ 1,55 17,1 £ 1,15 15,7+ 0,77
Jlumdoruter, % 40,8 + 2,06 39,4 +£1,08 48,2 +0,66"
Jlumponuter, 1091 7,02 +£0,35 6,74 +£0,18 7,57 +0,10*
T-mumbornuter, % 51,0+1,53 40,7 £ 0,67 53,3+2,39"
T-mumdorursr, 10°%/1 3,58 +0,11 2,74 £ 0,05 4,03 +£0,18"
Trdu, % 20,7+ 1,76 17,3 0,67 23,8 +0,75
Trdp, % 30,3+ 1,86 23,3+0,67" 29,5+ 1,71°
Trop/Ttdy, en. 1,5+£0,21 1,33+ 0,09 1,27+ 0,03
B-mamdonutsr, % 20,3+ 1,33 19,0 £ 0,58 20,8 + 1,44
B-mimormter, 10%/71 1,42 £0,09 0,52 £ 0,02 0,83 £0,06"
WJI-1pB, nr/mn 2,81+0,219 3,05+0,105 3,09 +£ 0,077
WJI-2, nr/mn 4,99 + 0,151 5,150,010 5,54+ 0,378
WJI-4, nr/mn 1,56 £ 0,039 1,64 + 0,020 1,87+ 0,161
WJI-10, nr/mn 5,09 + 0,894 3,33+0,103 3,93 + 0,690
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Oxonuyanue Ta0.J1. 2

1 2 3 4
®HO-aq, rr/mi 1,48 £ 0,221 1,71+ 0,174 1,52 0,250
W®H-y, nr/m 12,08 + 0,157 12,65 + 0,546 13,96 + 1,886
o1 3,21 4,54 4,16
LU (MJT1-B/IT-2) 2,79 3,92 3,62

*p<0,01—0,001 — x pony
*p <0,02—0,001 — k KOHTpOJTIO

[Ipu HesHaunTensHOM cHIDKeHUH (Ha 3,4 %) oT-
HOCHUTEIBHOTO KOJUYECTBA JTUM(OIUTOB y KUBOT-
HBIX KOHTPOJILHOM T'PYMIIBI IO CPaBHEHUIO ¢ (HOHOM
UX 3HaYCHUE Y CBUHOMATOK, TIOTy4aBIINX POOHOTHK
«Ilenranpomn», cymecrBenno (Ha 18,1 %, p <0,01)
YBEJIMYUIIOCh M MPEBBIIIATIO KOHTPOJIBHBINA MOKa3a-
Tenb Ha 22,3 %.

OTHOCHTENbHOE KOIUYeCTBO T-mUMQOIUTOB
y KMBOTHBIX KOHTPOJBHOM TPYIIbI CHU3WJIOCH Ha
20,2 % (p <0,001), yTo yka3pIBalOo HA HApPYIICHUE
T GhepeHITMPOBKH TUMOIIMTOB B 3peible KICTKH,
a B OTBITHON — yBeNMU4MIOCh Ha 4,5 % W mpeBbIIa-
110 kouTpoab Ha 31,0 % (p < 0,001). Y mopocsT ombIT-
HOH rpymisl adcomoTHoe conepkanne T-mumdounTos
TaKKe MOBBICHIOCE 12,6 % 1 OBLIO BEIIIE aHATIOTHY-
HOTO TIOKa3aTessl >KUBOTHBIX KOHTpoJs Ha 47,1 %.
[ToryueHHbIE pe3yNbTaThl CBUAETEIHCTBYIOT O MOJIO-
JKUTEITFHOM BITUSTHUH TIperapara Ha JUMQOII033 KH-
BOTHBIX.

VY CBHHOMATOK KOHTPOJIBHOM M OIBITHOM TpyIn
WMEJH MECTO OTIMYHS U B YPOBHE CYOHOIMYSIIHA
T-mumdpountoB. OTHOCHTENBHOE KOJIHYECTBO TEO-
bummmHTyBcTBUTENRHBIX T-Kitetok (Ttdu), obmana-
IOIIUX CYIIPECCCHBHON aKTHBHOCTHIO, B KOHTPOJIE TIO
CpaBHEHHUIO ¢ pOHOM cHM3MIOCH Ha 16,4 %, a y xXu-
BOTHBIX, OTy4YaBIIUX MpoOnoTHK «llenTtamnpomny, yse-
nuaniock Ha 15,0 % 1 npeBsIiIano KOHTPOJIbHBIN MO0-
kazarenb Ha 37,6 % (p < 0,001).

OTHOCHUTETHLHOE YHCIIO0 TEOPMITHHPE3UCTCHTHBIX
T-xnerox (Ttdp), npoxynupyromux HabOp MPOBOCTIA-
JIUTENBHBIX ITATOKWHOB M CTUMYJTHPYIOIUX JIeHCTBHE
LUTOTOKCHYECKHX T-KJIETOK U Makpo(aros, y CBUHO-
MaTOK KOHTPOJIBHOHM TIpynmsl cHu3uiIoch Ha 23,1 %
(»<0,01), a B OTIBITHON — MPAKTHYECKH HE HU3MeE-
HWJIOCH W TPEBBIIIAN0 KOHTPOJIBHBIA MOKA3aTelb Ha
26,6 % (p < 0,02).

Ummynoperynsaropusiii uaaexce (Ttdp/Trdu)
y JKUBOTHBIX KOHTPOJIBHOM 1 OTIBITHON TPy CHU3MUII-

caHa 11,3 m 15,3 % COOTBETCTBEHHO, UTO, II0-BUIHU-
MOMY, CBSI3aHO C HEOOXOIMOCTBIO CICPIKUBAHUS Pa3-
BUTHsI IMMYHHBIX PEaKI[Hii, BbI3BAHHBIX BaKIIMHAIIMEH
CBHHOMATOK U IOIMABIIUMH U3 CPEIbl OOMTAHUS B Op-
TaHW3M )KMBOTHBIX MEUKpOOpranuzmMamu. [ Ipu atom ero
3HaYeHHE Yy CBUHOMATOK, IMOJYYaBIIUX MPOOMOTHK,
0bL10 MeHbIle Ha 4,5 %, 9TO YKa3bIBaJIO HA TIOBBIIIIC-
HHE y HUX CYIIPECCUBHOW aKTUBHOCTU T-TMM(OLINTOB.

OTHOCHTEIbHOEC U aOCONIOTHOE KOJHYECTBO
B-muM@onnToB, HTparonux BaXKHYIO POJIb B pean3a-
ITUF IMMYHHOTO OTBETAa M BEIPA0OTKE CrieTIM(pUIeCKIX
AHTHTEJ, Y )KUBOTHBIX KOHTPOJIHHOW TPYIIIBI CHU3H-
noch Ha 6,4 1 63,4 % (p < 0,001), a B ONBITHON — OT-
HOCHUTEJIBHOE CONIEP’KaHNE UMETIO0 TeHCHIUIO K TI0-
BBIILICHUIO Ha 2,5 %, a a0COIFOTHOE — YMEHBIIUIOCH
Ha 41,5 % (p < 0,01), B pe3ynbTaTe 4ero npeBbIIIaIn
KOHTPOJIBbHBIE TToKazarenn Ha 9,5 11 59,6 % (p < 0,01).

[Ipu n3yueHnr MUTOKUHOBOTO MTPOMUIS y CBUHO-
MaTOK KOHTPOJIBHOHM M OTBITHOM TPYII YCTAHOBJICHO
TIOBBIIICHUE T10 CPABHEHUIO ¢ (DOHOM COJICPIKAHMUS IPO-
BOCIaTUTENbHBIX ITUTOKIHOB WUJI-1P Ha 8,5 11 10,0 %),
WI-2 —mna3,2wu 11,0 %, PHO-0—na 15,51 2,7 %
u UOH-y —na 4,7 u 15,6 %, npu 9TOM y NOCIETHUX
ypoBeHb WJI-1B He otnmmuancs, ®HO-o Obu1 MeHbIIIE
Ha 11,1 %, a WJI-2 u UDH-y, crumynupyomux Kie-
TOYHBIH UMMYHHTET, — OOJIbIIIC YeM B KOHTPOJIC Ha
7,6 m 10,4 % (tabm. 3).

W3 mpoTHBOBOCTIATMTETFHBIX METUATOPOB, HHTY -
[UPYIOIIUX TYMOPATbHBI UMMYHHUTET, Y CBUHOMATOK
KOHTPOJILHOMW ¥ ONBITHOM IPYIII MTOBBICUIICS YPOBEHb
WJI-4 na 5,1 u 19,9 % u yMEHBITIIOCH COACpKAHNE
WJI-10 na 34,6 u 22,8 %, Ipu 3TOM UX 3HAYCHHUSI y TI0-
CJIETHUX TTPEBBITIIAITN KOHTPOJIbHBIC BeTMIUHEI Ha 14,0
u 18,0 % cooTBEeTCTBEHHO.

OO011ee COOTHOIICHHE MTPO- U MPOTHBOBOCHANIH-
TEJBHBIX I[ATOKWHOB, KaK U OTHOIIIEHUE MEHATOPOB,
npoxyuupytoumx Th-1 n Th-2 mumdouuramu, mo-
BBICWJIHCH 110 CpaBHEHUIO ¢ poHoM Ha 41,4 1 29,6 %
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u "Ha 40,5 u 29,7 % COOTBETCTBEHHO, IIPH ITOM HX
3HAUYCHHUS Y CBUHOMATOK, IMOJTYYABIIUX MPOOMOTHK
«IlenTanpoir», OBLTH MEHBIIIC, YeM B KOHTpOJIC Ha 8,4
u 7,7 %, 94TO CBUAETEIILCTBYET O O0JIee BEIPAXKEHHOM
Yy HUX T'YMOPaJIbHOM UMMYHHUTETE.

[ToBbilieHre HecnenupUIECKO TyMOpaibHOR
U KJIETOYHOH 3allUThI, CIICHU(YUICCKOrO KICTOUHOTO
HMMYHUTETA U COACPIKAHUSI IUTOKUHOB, UHAYLUPYIO-
UX KJIETOUHBIN U T'yMOpalbHbIA UMMYHUTET, Y CBU-

HOMATOK TIO/1 BiIMsHUEM MpobuoTtuka «llenrarpomn»
MOJIOKHUTETHHO CKa3aJ0Ch HA MIMMYHHOM CTaTyCe BBI-
palrBaeMBbIX T1OJT HUMH ITOPOCHT.

VY HHX 10 CPaBHEHHIO C KOHTPOJIEM OBLIH BEIIIIC
JMU30IMMHAS U KOMILIEMEHTapHAasi aKTUBHOCTh ChIBO-
portku kpoBu Ha 27,4 u 22,6 % u conep:kaHue 00X
uMMyHODIT0OYMHOB — Ha 42,1 % (p < 0,01), uro xa-
pakTepusyeT 0ojiee BRICOKHN YPOBEHb T'yMOPAITBHON
3aIIMTH (Ta0M. 4).

Taodauna 4
Tokazamenu Hecheyuuueckol 2ymopanrbHo U KAeMOUHOU 3auumvl y ROPOCAm
Bospact (iau), rpymnimst
INokazarenn 26
KOHTPOJIbHAS OTIBITHAS
JIACK, mMxr/mi 2,59 +0,37 3,30+0,13
KACK, % rem. 8,4+ 1,60 10,3 +0,48
O6mwme Ig, mr/mn 12,1 +£0,61 17,2 +1,.21"
LUK 3,0 % mr/mn 0,08 £ 0,04 0,03 £ 0,01
LUK 7,0 % mr/min 0,17 + 0,04 0,07 +0,01
C7/C3 3,48 1,09 2,26 +0,22
DAH, % 74,8 £ 1,16 77,6 +0,49
ou 538+0,14 5,58 + 0,09
oD 4,02 + 0,06 4,34+ 0,09
cn-HCT, % 12,4+ 0,75 13,2+ 0,80
ct-HCT, % 28,0+ 0,89 32,4+ 1,60
1P 2,31 £0,20 2,39+0,21

* p<0,05—0,001 — K KOHTPOITIO

OO0 3TOM k€ CBHJIETENHCTBYIOT MEHBIIINE KOHIICH-
Tpauuu Menkux 1 kpynHeix LMK B 2,4 1 2,7 pa3a u xo-
a¢¢punment ux narorenHoctu (C7/C3) — na 35,1 %.

Y OpOCST ONBITHOM I'PYIIIIBI I10 CPABHEHUIO C KOH-
TpOJIEM OBUIM BBINIE KOJUYECTBO AKTUBHBIX IHUPKY-
nupyomux (arouutoB Ha 3,7 %, MOTIOTHTENRHAS
¢dbysaxmus: O u OY — wa 3,7 u 8,0 % (p <0,02),
MeTaboynyecKasi aKTUBHOCTh: CTHMYJIHPOBAHHBIH
u cniontan#bit HCT-tect—Ha 6,51 15,7 % (p < 0,05)
COOTBETCTBEHHO, a Takke (DYHKIIMOHAILHBIA pe3epB
KJIeToKk — Ha 3,5 %, 94TO CBHAETETLCTBYET O Oojee
BBICOKOM YpOBHE KJIETOYHON Hecnenu(uaeckon pe-
3UCTEHTHOCTH.

Y HUX TPEeBHIIIATI0 KOJIUYECTBO JICHKOIUTOB Ha
6,6 %, abCOTIOTHOE ¥ OTHOCHUTEIIBHOE COJICPIKaHUE
mumdonutoB Ha 14,5 u 7,1 %, 4To yKa3biBaeT Ha 00-
Jiee BBICOKHM YPOBEHB KJIETOUHOM 3anuTh (Tab. 5).

Y mOpOCST OMBITHOM TPYTITHI OBLIO BEITIIE M OTHO-
cutenbHOe coaepkanue T-mumbormro Ha 5,5 %, 9yTO
CBUJICTEIILCTBYET 00 YBEITMYCHUN aKTHBHOCTH T de-
PEHIIMPOBKU THMOITUTOB B 3pEJIbIe KICTKH.

Y THOAONBITHBIX MOPOCAT UMEIH MECTO OTJIMYHUS
U B ypoBHe cyOmomymsiuii T-mumdonnTos. Tak, oT-
HOCHTEJIFHOE COJIepKaHue TeO(PHIUTMHIYBCTBUTEIb-
HBIX T-mum@onnToB (T-cynpeccopsr), MOAaBISIONIIX
UMMYHHBIH OTBET M OTBEYAIOIIUX 32 HMMYHOCYIIpec-
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CHIO, y HOpOCHT, BI)IpaH_[I/IBaeMI)IX 1104 CBUHOMAaTKaMH
OMBITHOW IPYIIIIBL, IPEBBIIIATIO KOHTPOJIBHBII ITOKa3a-
Tenb Ha 7,2 %, aTo GoJiee CyNeCTBEHHO CAEePIKUBAJIO

Pa3BUTUC UMMYHHBIX peaKHI/Iﬁ, BbI3BAHHBIX BaKIITMHA-
I.II/ICI7[ 1 MUKPOOPraHu3MaMu, IOraBIInuMHU B OpraHUu3M
n3 Cpeabl 00UTaHUS )KHBOTHBIX.

Taoauna 5
Knemounuiii ummynumem u yumoKuHo8bwll npohunb y nOpocsim
Bospacr (mau), rpymimbt
INokazarenn 26
KOHTPOJIbHAs OIBITHASI
Jleiikountsl, 10°/11 15,1 +£1,47 16,1 £ 0,893
Jlumdoruter, % 50,4 +2,159 54,0+ 0,316
Jlumponuter, 10/ 7,61 £0,33 8,69 £0,05
T-mumdorutsl, % 41,7+ 1,20 44,0 £ 1,47
T-mamborurer, 10°/1 3,17+0,09 3,82 +£0,13
Trdpu% 18,0+ 1,00 19,3+1,11
Trdp% 23,7+ 0,33 24,6 +0,48
Trpp/TTdy, ex. 1,33 +£0,07 1,30 £ 0,07
B-nmumdonutsl, % 19,3 + 0,88 24,3+ 0,63"
B-mamormter, 10%/1 1,47 +£0,07 2,11+0,05
WJI-1pB, rr/mo 3,32 +£0,211 2,72 +£0,012°
WJI-2, or/mn 5,45+ 0,079 5,17+ 0,104
WJI-4, nr/mn 1,71 £0,038 1,53 £0,033"
WJI-10, nr/ma 4,100,413 3,98+0,184
DHO-a, rir/mit 1,73 £0,205 1,58 £ 0,46
NOH-y, nr/min 12,64 £ 0,364 12,13 £0,197
onun 3,98 3,92
L (WJI1-B/1JI1-2) 3,41 3,43

* p <0,002 — K KOHTPOJTIO

VY Hux He3HaunTeabHO (Ha 3,8 %) mMpeBHIIIAIO0
Y OTHOCHTEINILHOE COJIepKaHHe TeOHIUTMHPE3UCTEHT-
HbIX T-mumdoruToB (T-Xeamepsr), 00eCreunBarOIIIX
(hopMHpOBaHKHE TYMOPATBLHOTO U KIETOYHOTO UMMY-
HUTETa U aKTUBAIMIO Makpodaros.

OtHomeHne TeoMITMHPE3UCTEHTHBIX T-numdo-
IIUTOB K TeO(i)I/IJIHI/IH‘IyBCTBI/ITeJIBHBIM KJIETKaM Yy I10-
pocAT 00eHux TPyl ObLIO MPAKTHUECKU OMHAKOBBIM.

AOCOJIIOTHOE U OTHOCUTENIBHOE COJIepIKAHUE
B-nmuM(pOIMTOB, YYaCTBYIOIINUX B pEaU3allu Ty-

MOPaJIbHOTO UMMYHHOTO OTBETa, Y IOPOCST OIIBIT-
HOHM TPYyNIBI MPEBHIIIATI0 KOHTPOJILHBIE MTOKA3aTETH
Ha 43,5 % (p <0,001) u 25,9 % (p <0,02) cooTBeT-
CTBEHHO.

[pu n3yueHUr UTOKMHOBOTO MPOGUIIS y TIOPOCST
OIBITHOM IPYIIIbl YCTAHOBJICHO MEHBIIIEE 110 CPABHE-
HUIO C KOHTPOJIEM COJICPYKaHHE ITPOBOCHAINTEIBHBIX
rutoknHoB MJI-1B Ha 18,1 % (p < 0,05), NJI-2 — Ha
5,1 %, ®HO-a — na 8,7 % u UOH-y — na 4,0 %,
TaK)Ke KaK U MPOTHBOBOCHAINUTEIEHBIX MEINATOPOB
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NJI-4 —ua 10,5 % (p < 0,05) u WJI-10 — na 2,9 %,
YTO CBUJIETEIBCTBYET O MEHbIIEH aHTUT€HHOW Ha-
rpy3Ke Ha KJIETKU-IPOAYLIEHThI YKa3aHHbIX MEIUATO-
poB. O0111ee COOTHOIIEHHE MTPO- ¥ MPOTUBOBOCIIAIH-
TEIbHBIX IUTOKMHOB U MEANATOPOB, MPOAYLIUPYIOIIUX
Th-1 u Th-2 numdounTamu, y MoJONBITHBIX TTOPOCST
MPAKTUYCCKHA HE OTINIAIUCE.

3AK/IIOYEHUE

[Ipumenenune npoduoruka «lleHTanpon» cBuHO-
MarKaMm 3a 5 JHEW 0 OIopoca U B MEPBYIO HEAEIIO
JIAaKTalUu1 COIIPOBOXK/IAJIOCH MMTOBBIIIECHUEM HMMYHHO-
T0 CTaTyCa y HUX W BbIpalllMBa€MbIX I1IOA HUMHU I1OPO-
CAT, MPOSIBJISIOIIMMCS aKTUBAI[MEN €CTECTBEHHOM I'y-
MOPAJIBHOH U KJIETOYHOH 3aILUThI, KJIETOYHOTO UMMY-
Huteta. [Ipy 5ToM 0TMEUEHO YBEIMUECHUH CONEPIKAHUS
LUUTOKUHOB, MHAYLUPYIOUINX KJICTOYHBIN U TyMOpalib-
HBIN HUMMYHUTET, Y CBUHOMATOK U ITPXU CHUIKCHUU aH-
TUT€HHON HArpy3KM Ha KIETKHU-MPOJAYLUEHTHI Ipo-
U IIPOTUBOBOCHAIUTENBHBIX MEIUATOPOB Y OPOCHT.
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Abstract. In the conditions of an industrial pig breeding complex the effect of postpartum diseases prevention in
sows with the probiotic “Pentaprol” on their immune status and the piglets reared under them was studied. It has
been established that the use of the drug to sows 5 days before farrowing and during the first week of lactation is
accompanied by an increase in the immune status of them and the piglets reared under them, manifested by acti-
vation of natural humoral and cellular protection, specific cellular immunity, with an increase in the content of
cytokines inducing cellular and humoral immunity in sows, and a decrease in the antigen load on cells producing

pro- and anti-inflammatory mediators in piglets.

Keywords: sows, piglets, probiotic “Pentaprol”, immune status, cytokine profile

In sows at risk of postpartum pathology develop-
ment in the second half of gestation, compared to clin-
ically healthy animals, the lysozyme and complemen-
tary activity of the blood serum, the content of total
immunoglobulins, the absorptive function of phago-
cytes and their functional reserve are reduced, but the
level of finely dispersed circulating immune complex-
es and their pathogenicity are increased, which indi-
cates the suppression of humoral and cellular protec-
tion. In addition, they have a quantitative and qualita-
tive imbalance of cytokines [1].

To improve the immune status of the body, phar-
macological drugs of natural, modified or synthetic or-
igin, adaptogens, stress correctors, antioxidants, vita-
mins with immunostimulating properties are recom-
mended [2—6].

The probiotics also have a stimulating effect on the
immune system [7—10].

The probiotic drug “Pentaprol”, containing live
cultures of lactobacilli, lactococcus, enterococcus fe-
cium and bifidobacteria, was designed by Biona LLC

and is intended to stabilize intestinal microflora, in-
crease productivity and safety of pigs and poultry.

The objective of the study is to investigate non-spe-
cific humoral and cellular protection, cellular immu-
nity and cytokine profile in sows during prevention of
postpartum diseases with the probiotic “Pentaprol” and
its effect on the immune status of piglets.

MATERIAL AND METHODS

The studies were conducted at an industrial pig
breeding farm, where 25—30 % of sows annually suf-
fer from postpartum endometritis and/or mastitis-metri-
tis-agalactia. For the experiment, two groups of sows
were selected 5 days before farrowing (after transfer
to the farrowing area). The animals of the experimen-
tal group (7 = 214) were given 10 ml of the probiotic
“Pentaprol” daily with drinking water through a medi-
cator before farrowing and for 7 days after it. The sows
of' the control group (n = 212) were not given the drug.

Blood samples were taken from 5 sows of the con-
trol and experimental groups before the use of the drug
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and 10 days after its administration, and from 5 piglets
aged 26 days, reared under sows of both groups, for im-
munological studies, which were carried out in accor-
dance with the Methodological Recommendations for
the Assessment and Correction of the Immune Status
of Animals [11].

The level of cytokines: interleukin-1p (IL-1p), in-
terleukin-2 (IL-2), interleukin-4 (IL-4), interleukin-10
(IL-10), tumor necrosis factor-o (TNF-a), interferon-y
(IFN-y) were determined by enzyme-linked immunosor-
bent assay (ELISA) with subsequent recording of the re-
sults on a Uniplan-TM spectrophotometer in accordance
with the approved instructions for diagnostic kits. To as-
sess the balance of pro- and anti-inflammatory media-
tors, the indices were calculated: the total ratio of pro-
and anti-inflammatory cytokines (TrPC) and mediators
produced by Th-1 and Th-2 cells (Th-1/Th-2 CP) [12].

Statistical processing of the obtained results was
performed using the Statistica software package, ver-
sion 6.0.

STUDY RESULTS AND DISCUSSION

The humoral link of non-specific protection in the
sows of the control and experimental groups during
lactation was characterized by a slight decrease in the

serum lysozyme activity by 6.7 and 2.5 % (Table 1),
compared to the baseline, due to the consumption of
the enzyme for the inactivation of bacterial pathogens,
and an increase in the activity of complement, which
plays an important role in ensuring the body’s resis-
tance to infectious agents, by 5.2 and 42.9 % (p < 0.02),
respectively. At the same time, their values in the an-
imals receiving “Pentaprol” were higher by 4.5 and
35.8 % (p < 0.05), respectively.

The increase in the concentration of total immu-
noglobulins in the sows of the control and experimen-
tal groups by 12.1 and 13.0 % indicated an increase in
humoral protection with no difference in their values.

When determining the content of circulating im-
mune complexes involved in the formation of the im-
mune response, an increase was noted in comparison
with the baseline in the sows of both groups in the con-
tent of large (3.0 %) CIC by 37.5 % and fine (7.0 %)
CIC—Dby 55.6 and 38.9 %, as well as their pathogenic-
ity (C7/C3) by 12.7 and 6.8 %, indicating an increase
in the antigen load. At the same time, in the animals
receiving “Pentaprol”, the number of finely dispersed
CIC was lower by 7.4 % and the pathogenicity coeffi-
cient was lower by 5.2 %, due to a more pronounced
humoral protection.

Table 1
Indicators of non-specific humoral and cellular protection in sows
Groups
Indicators

baseline control experimental
SLA, pg/ml 240+0.15 2.24+0.08 2.34+0.14
SCA, % hem. 7.7+0.49 8.1+0.85 11.0+£0.89™
Total Ig, mg/ml 43.0+2.83 48.2+1.09 48.6 +1.192
CIC3.0 % mg/ml 0.08 £ 0.01 0.11+0.01 0.11+0.01
CIC7.0 % mg/ml 0.18 £ 0.04 0.28 £0.03 0.25+0.04
C7/C3 2.37+0.37 2.67+0.43 2.53+£0.59
PAN, % 78.0 £ 0.63 78.0 +1.74 80.4+0.98
Phl 5.15+0.14 4.89+0.14 5.11+0.19
PhN 4.02 +0.09 3.80+0.11 4.11+0.19
spNBT, % 13.24+2.06 15.6 +2.32 16.0+1.116
stNBT, % 27.6+2.32 34.0+2.09 37.6+2.71
RI 2.27+0.29 2.35+0.31 2.40+0.164

* p<0.05—0.01 — to the baseline
* p <0.05—0.001 — to the control

92

Bulletin of Veterinary Pharmacology « No. 1 (30) « 2025



Immune status of sows during prevention of postpartum diseases with the probiotic “Pentaprol” and its effect...

The sows of the experimental group also had higher
non-specific cellular protection (Table 1), as evidenced
by the excess of PAN by 3.1 %, compared to the con-
trol, the absorptive function of phagocytes: Phl — by
4.5 % and PhN — by 8.2 %, metabolic activity — stim-
ulated NBT-test, considered as a criterion of neutrophil
readiness for complete phagocytosis — by 10.6 %, as
well as a tendency to a slight increase in the sponta-
neous NBT-test, indicating an increase in the cytotox-
icity of phagocytes (by 2.6 %) and the functional re-
serve of neutrophils (by 2.1 %).

In the sows of the experimental group during the
lactation period, compared to the baseline, the num-

ber of leukocytes decreased by 9.6 %, and was low-
er than the similar indicator of the control by 8.2 %.

At the same time, an increase in the absolute con-
tent of lymphocytes by 7.8 % has been established,
which is one of the main indicators of cellular immuni-
ty and participates in all immunological reactions, and
is higher than the control value by 12.3 % (Table 2).

With a slight decrease (by 3.4 %) in the relative
number of lymphocytes in the animals of the control
group, compared to the baseline, their value in the
sows receiving the probiotic “Pentaprol” significant-
ly (by 18.1 %, p <0.01) increased and exceeded the
control indicator by 22.3 %.

Table 2
Cellular immunity and cytokine profile in sows
Groups
Indicators

baseline control experimental
Leukocytes, 10°/L 17.2+1.55 17.1£1.15 15.7+£0.77
Lymphocytes, % 40.8 £2.06 39.4+1.08 48.2 £ 0.66"
Lymphocytes, 10°/L 7.02+£0.35 6.74£0.18 7.57+0.10°
T-lymphocytes, % 51.0+1.53 40.7£0.67 53.3+£2.39"
T-lymphocytes, 10°/L 3.58+0.11 2.74 £0.05 4.03+0.18"
Ttps, % 20.7+1.76 17.3+£0.67 23.8+0.75"
Ttpr, % 30.3+1.86 23.3+£0.67 29.5+1.71°
Ttpr/Ttps, units 1.5+£0.21 1.33+0.09 1.27+0.03
B-lymphocytes, % 20.3+1.33 19.0 £0.58 20.8+1.44
B-lymphocytes, 10°/L 1.42+0.09 0.52 £0.02° 0.83 £0.06™
IL-1B, pg/ml 2.81+£0.219 3.05+0.105 3.09+0.077
IL-2, pg/ml 4.99 +0.151 5.15+0.010 5.54+0.378
IL-4, pg/ml 1.56 £ 0.039 1.64 £ 0.020 1.87+0.161
IL-10, pg/ml 5.09 +0.894 3.33+£0.103 3.93 +£0.690
TNF-a, pg/ml 1.48 £0.221 1.71 £0.174 1.52+0.250
IFN-y, pg/ml 12.08 £0.157 12.65 + 0.546 13.96 = 1.886
TrPC 3.21 4.54 4.16
CP (IL1-p/IL-2) 2.79 3.92 3.62

* p<0.01—0.001 — to the baseline
* p <0.02—0.001 — to the control
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The relative number of T-lymphocytes in the
animals of the control group decreased by 20.2 %
(p» <0.001), which indicated a violation of the differ-
entiation of thymocytes into mature cells, and in the
experimental group, it increased by 4.5 % and ex-
ceeded the control by 31.0 % (p < 0.001). In the pig-
lets of the experimental group, the absolute content of
T-lymphocytes also increased by 12.6 % and was high-
er than the same indicator in the control animals by
47.1 %. The results obtained indicate a positive effect
of the drug on the lymphopoiesis of animals.

The sows of the control and experimental groups
also had differences in the level of T-lymphocyte sub-
populations. The relative number of theophylline-sen-
sitive T-cells (Ttps), possessing suppressive activity,
in the control, compared to the baseline, decreased
by 16.4 %; and in the animals receiving the probiotic
“Pentaprol”, it increased by 15.0 % and exceeded the
control indicator by 37.6 % (p < 0.001).

The relative number of theophylline-resistant
T-cells (Ttpr), producing a set of proinflammatory cy-
tokines and stimulating the action of cytotoxic T-cells
and macrophages, in the sows of the control group de-
creased by 23.1 % (p < 0.01), and in the experimental
group it remained virtually unchanged and exceeded
the control indicator by 26.6 % (p < 0.02).

The immunoregulatory index (Ttpr/Ttps) in the an-
imals of the control and experimental groups decreased
by 11.3 and 15.3 %, respectively, which was apparently
due to the need to restrain the development of immune
reactions caused by vaccination of sows and microor-
ganisms that entered the animal’s body from the envi-
ronment. At the same time, its value in the sows receiv-
ing the probiotic was by 4.5 % lower, indicating an in-
crease in their suppressive activity of T-lymphocytes.

The relative and absolute number of B-lymphocytes,
which play an important role in the implementation of
the immune response and the production of specif-
ic antibodies, in the animals of the control group, de-

creased by 6.4 and 63.4 % (p <0.001), while in the
experimental group, the relative content tended to in-
crease by 2.5 %, and the absolute content decreased
by 41.5 % (p <0.01), as a result of which they exceed-
ed the control indicators by 9.5 and 59.6 % (p < 0.01).

When studying the cytokine profile in the sows
of the control and experimental groups, an increase
in the content of proinflammatory cytokines IL-1 by
8.5 and 10.0 %, IL-2 —by 3.2 and 11.0 %, TNF-a.—
by 15.5 and 2.7 %, and IFN-y — by 4.7 and 15.6 %
was found, compared to the baseline, while in the lat-
ter, the level of IL-1P did not differ, TNF-a was lower
by 11.1 %, and IL-2 and IFN-y, which stimulate cel-
lular immunity, were higher than in the control by 7.6
and 10.4 % (Table 3).

Out of the anti-inflammatory mediators inducing
humoral immunity, the level of IL-4 in the sows of the
control and experimental groups increased by 5.1 and
19.9 %, and the content of IL-10 decreased by 34.6
and 22.8 %, while their values in the latter exceeded
the control values by 14.0 and 18.0 %, respectively.

The overall ratio of pro- and anti-inflammatory
cytokines, as well as the ratio of mediators produced
by Th-1 and Th-2 lymphocytes, increased by 41.4 and
29.6 % and by 40.5 and 29.7 %, respectively, compared
to the baseline, while their values in the sows receiv-
ing the probiotic “Pentaprol” were lower than in the
control by 8.4 and 7.7 %, which indicated a more pro-
nounced humoral immunity in them.

An increase in non-specific humoral and cellular
protection, specific cellular immunity and the content
of cytokines inducing cellular and humoral immunity
in the sows under the effect of the probiotic “Pentaprol”
had a positive effect on the immune status of piglets
reared under them. Compared to the control group,
they had higher serum lysozyme and complement ac-
tivity by 27.4 and 22.6 %, and the content of total im-
munoglobulins by 42.1 % (p <0.01), which charac-
terized a higher level of humoral protection (Table 4).

Table 4
Indicators of non-specific humoral and cellular protection in piglets
Age (days), groups
Indicators 26
control experimental
1 3
SLA, pg/ml 2.59+0.37 3.30+0.13
SCA, % hem. 8.4+ 1.60 10.3+0.48

94

Bulletin of Veterinary Pharmacology « No. 1 (30) « 2025



Immune status of sows during prevention of postpartum diseases with the probiotic “Pentaprol” and its effect...

Table 4 (the end)
1 2 3
Total Ig, mg/ml 12.1£0.61 17.2+1.21°
CIC3.0 % mg/ml 0.08 =0.04 0.03 £0.01
CIC7.0 % mg/ml 0.17£0.04 0.07+£0.01
C7/C3 3.48 +£1.09 2.26+0.22
PAN, % 74.8 £1.16 77.6 £0.49
Phl 5.38+£0.14 5.58 £0.09
PhN 4.02 +0.06 4.34+0.09"
spNBT, % 124 +£0.75 13.2+£0.80
stNBT, % 28.0 +0.89 32.4+1.60"
RI 2.31+0.20 2.39+0.21

* p<0.05—0.001 — to the control

This is also evidenced by lower concentrations of
small and large CIC by 2.4 and 2.7 times and the co-
efficient of their pathogenicity (C7/C3) — by 35.1 %.

In the piglets of the experimental group, com-
pared to the control, the number of active circulating
phagocytes was higher by 3.7 %, the absorption func-
tion: Phl and PhN — by 3.7 and 8.0 % (p <0.02);
metabolic activity: stimulated and spontaneous NBT-

test — by 6.5 and 15.7 % (p < 0.05), respectively, as
well as the functional reserve of cells — by 3.5 %,
which indicated a higher level of cellular nonspecific
resistance.

They had a 6.6 % higher leukocyte count, and a
14.5 and 7.1 % higher absolute and relative lympho-
cyte count, indicating a higher level of cellular pro-
tection (Table 5).

Table 5
Cellular immunity and cytokine profile in piglets
Age (days), groups
Indicators 26
control experimental
1 2 3
Leukocytes, 10°/L 15.1+£1.47 16.1 £0.893
Lymphocytes, % 50.4+£2.159 54.0+0.316
Lymphocytes, 10°/L 7.61+0.33 8.69 +0.05
T-lymphocytes, % 41.7+1.20 44.0+1.47
T-lymphocytes, 10°/L 3.17+0.09 3.82+0.13
Ttps, % 18.0 = 1.00 19.3£1.11
Ttpr, % 23.7+0.33 24.6 +0.48
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Table 5 (the end)
1 3

Ttpr/Ttps, units 1.33 £0.07 1.30 £ 0.07
B-lymphocytes, % 19.3+0.88 24.3 +0.63"
B-lymphocytes, 10°/L 1.47 £0.07 2.11 £0.05
IL-1B, pg/ml 3.32+£0.211 2.72£0.012°
IL-2, pg/ml 5.45+0.079 5.17+0.104
IL-4, pg/ml 1.71 £0.038 1.53 £0.033"
IL-10, pg/ml 4.10+0.413 3.98+0.184
TNF-a, pg/ml 1.73 £0.205 1.58 £0.46
IFN-y, pg/ml 12.64 = 0.364 12.13 £0.197
TrPC 3.98 3.92

CP (IL1-p/IL-2) 3.41 3.43

* p <0.002 — to the control

The piglets of the experimental group also had a
5.5 % higher relative T-lymphocyte count, indicating
an increase in the activity of thymocyte differentiation
into mature cells.

The experimental piglets also had differences in the
level of T-lymphocyte subpopulations. Thus, the rela-
tive content of theophylline-sensitive T-lymphocytes
(T-suppressors), which suppress the immune response
and are responsible for immunosuppression, in the pig-
lets reared under the sows of the experimental group
exceeded the control indicator by 7.2 %, which more
significantly inhibited the development of immune re-
actions caused by vaccination and microorganisms that
entered the body from the animals’ habitat.

They also had slightly (by 3.8 %) higher rela-
tive content of theophylline-resistant T-lymphocytes
(T-helpers), which ensured the formation of hu-
moral and cellular immunity and the activation of
macrophages. The ratio of theophylline-resistant
T-lymphocytes to theophylline-sensitive cells in the
piglets of both groups was almost identical.

The absolute and relative content of B-lymphocytes
involved in the implementation of the humoral immune
response in the piglets of the experimental group ex-
ceeded the control values by 43.5 % (p < 0.001) and
25.9 % (p < 0.02), respectively.

When studying the cytokine profile in the piglets of
the experimental group, a lower content of proinflam-
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matory cytokines IL-1B by 18.1 % (p < 0.05), IL-2 —
by 5.1 %, TNF-a — by 8.7 % and IFN-y — by 4.0 %
was found, compared to the control, as well as anti-in-
flammatory mediators: 1L-4 — by 10.5 % (p < 0.05)
and IL-10 — by 2.9 %, which indicated a lower anti-
gen load on the cells producing these mediators. The
overall ratio of pro- and anti-inflammatory cytokines
and mediators produced by Th-1 and Th-2 lymphocytes
in the experimental piglets was virtually unchanged.

CONCLUSION

The use of the probiotic “Pentaprol” to sows 5 days
before farrowing and in the first week of lactation was
accompanied by an increase in the immune status of
them and the piglets reared under them, manifested by
the activation of natural humoral and cellular protec-
tion, cellular immunity. At the same time, an increase
in the content of cytokines inducing cellular and hu-
moral immunity was noted in sows, and a decrease in
the antigen load on the cells producing pro- and an-
ti-inflammatory mediators in piglets.
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AnHoTanusi. B cTarbe npeacraBieHbl pe3yabTaThl HCCIAEI0BAHUS BIMSHIS aMMOHUMHOTO a30Ta Ha rernarornaH-
Kpeac THraHTCKOW MPECHOBOIHOM KpeBeTkH (Macrobrachium rosenbergii), mpoBeIcCHHOTO Ha HAyYHO-TIPOU3BO/I-
CTBCHHO# 0a3e MaJIoro HHHOBALIMOHHOTO MPEANPHUITHS « DKO-TPOIHUK» B COTPYIHHUYCCTBE ¢ ACTPaXaHCKUM TO-
CyapCTBEHHBIM TEXHHUUCCKUM YHHBEPCHTETOM. B ycTaHOBKax 3aMKHyTOro BojocHaOxenus (Y3B) nomnepxa-
HUE ONTHUMAJIbHBIX YCJIOBHUM JJI COJAEPKAHUS KYJIBTUBUPYEMBIX OPraHU3MOB JJOCTUTAETCS 32 CUET YETKOIrO
0aJaHCUPOBAHUS TUIOTHOCTH ITOCAIKU, 00beMa KOpMa M MOIITHOCTH OnoduiibTpa. OCHOBHBIMH MPOIIECCaMHK B OHO-
(buIIbTpeE SIBISIOTCS OKMCICHHE aMMOHUIHOTO a30Ta 10 HUTpata. C OTHOW CTOPOHBI, 3TH MPOIECCHI CIIOCOOCTBY-
10T CHIDKEHHIO pH, 4TO yMeHbIIaeT TOKCUYHOCTh aMMHUaKa MPHU €ro HAKOIJIEHUH B BOJIE, C APYTrOil CTOPOHBI —
HU3KHUU YpoBeHb pH HEeraTMBHO CKa3bIBACTCS HA 3M0POBBE KPEBETOK, TO3TOMY TPEOYETCsl IOCTOSHHO KOHTPOJIH-
POBaTh KUCIOTHOCTh CPEJIbI U MPH HEOOXOJMMOCTH HEHTPAIN30BaTh U30BITOK KUCIOTBI. DTO MOXKET HPUBECTH
K YBEJIMUYCHHIO COJICPKAHMSI aMMHUAKa [0 CPABHCHHUIO C €r0 HOHM3MpoBaHHOU (popmoii. [Ipeamnonaraercs, 4ro am-
MOHHIHBIN a30T IPOHUKACT B OPraHU3M OCMOTHYECKH Uepes3 )Ka0phbl, a 3aTeM yepe3 pe30pOIIHIO JOCTHrACT rera-
TOMAHKpeaca, Hapyllasi €ro YHePreTHYSCKUue U Metadoamdeckue GyHKimu. Pe3ynsraTel HcciieaoBaHus poie-
MOHCTPUPOBAIIH, YTO CTPECC, BHI3BAHHBIN MOBBIIIEHUEM YPOBHS aMMOHUITHOTO a30Ta U aMMHaKa B BOJIE, IPUBO-
JIAT K MOBPEXKIICHUIO CTPYKTYPBI rematonankpeaca y M. rosenbergii. BeisiieHo, uTo Hanbosee ONTUMaIbHBIMU
JUTS KPEBETOK sIBJISIFOTCs 3HaueHus pH B muanasone 7,5—8,0. B To Bpems kak ciabokucnas cpeaa (pH 6,4—5,0)
HETaTHUBHO BIIMSET HA MUTAHUE, BBDKMBAEMOCTb U POCT JIMYMHOK U MOCTIIMYUHOK 110 CPABHEHUIO C HEUTpaTbHON
cpenoi, mmunHKY M. rosenbergii MposiBUIIN BEICOKYIO YyBCTBUTEIBHOCT K KHcI0i cpene (pH 5,4—0,2), uro co-
MPOBOXK/IAJIOCHh TOBPEXKIEHUEM CTPYKTYphl renaronaHKpeaca, UCKJIIOYaroIMM BO3MOXXHOCTh BOCCTAHOBIICHUS
OpraHu3sMa JI0 HOpMaJIBHOTO COCTOSIHUS. TakuMm 00pa3oM, 3HAHUE YPOBHEH TOJICPAHTHOCTH KPEBETOK K IKCTpe-
MaJIBHBIM YCIIOBHUSIM CPEIbl MOXKET CIIOCOOCTBOBATH Oojice 3p(peKTHBHOMY M PeHTA0CIIBHOMY KYJIBTHBHPOBAHUIO
9TOro BUJA.

KunioueBble ciioBa: Y3B, KylIbTUBUPOBAaHUE, aMMOHUNUHBIN a30T, TUTAHTCKAsi IPECHOBOIHASI KPEBETKA, Ieraro-
MaHKpeac, TMCTONATOIOIMUECKOE UCCIEI0BaHUE

I'mapoxumuueckue napamMerpbl BOABI BO MHOTOM
OIIPEACIAIOT IPOTEKaHNE OCHOBHBIX )KU3HEHHBIX ITPO-
LIECCOB B OpraHU3Max I'HJIpOONOHTOB, KYJbTUBUPYeE-
MBIX B aKBaKyJIbType. 3HaYMMbIe OTKJIOHEHHS OT MPH-
HSITBIX TEXHOJIOTHUECKHX ITOKa3aTeIIeii BOJIbl HEU30eK-
HO CKa3bIBAIOTCSI HA POCTE U BEDKMBAEMOCTH PHIO THOO
JIpyTUX 0OBEKTOB BhIpanmBanus [1].

© Eroposa B. 1., Kproukos B. H., Bonkosa 1. B., 2025

IToBbIIEHHE YPOBHS cOnEp KaHUsI aMMHUAYHOTO
a30Ta B BOJIE SIBJIIETCS OHOM U3 CaMBIX pacipocTpa-
HEHHBIX MPOOJIEeM MPU WHTCHCUBHOM BEJICHUH aKBa-
KyJBTYpbl. AMMHUAK, ITTaBHBIM 00pa3oM B (hopMe HOHU-
suposanHoro NH," u nenonusuposannoro NH,, siB-
JISIETCSl paCIIPOCTPAHEHHBIM 3arpsA3HUTEIEM B Cpene
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aKBaKyJILTyphI KaK B MIPy/ax, TaK ¥ B yCTAHOBKAaX 3a-
MKHYTOTO BojoCHaOxkeHM [2].

[Ipu mHTEHCUDUKAIIH OHOTEXHOIOTHIECKIX TPO-
[IECCOB B Mpyax, 3aKI0YAIONIeicsl B MOBBIIICHUN
IUIOTHOCTH MTOCAJIKU, IPUMEHEHUH YI0OpEHHI 1 KOp-
MOB, CO3/Ial0TCSl YCIIOBUS JUIsl HAKOTUICHUSI B BOJIE Op-
TaHUYECKHX 3arps3HUTENICH, B TOM YHCIIC U COCIHHE-
Hu# azota. CienoBaTeslbHO, HEHAIekKAIIee YIpaB-
JICHWE aKBaKyJIbTYPOH BelleT K yXYIIICHUIO KadecTBa
BOJIHOM CpeJIbl, BBI3BIBASI MHOXKECTBO IIpooiieMm [3, 4].

Uro kacaeTcs KyJbTUBHPOBAHUS PHIOBI M HEPHIO-
HBIX O0OBEKTOB B YCTaHOBKAX 3aMKHYTOTO BOAOCHA0-
skerust (Y3B), To TaM OCHOBHBIM HCTOYHUKOM HAKOII-
JICHWSI aMMHA9qHOTO a30Ta B BOJIE SBJISIOTCS CAMH TH/I-
pOOMOHTEI.

MHorue BOIHBIE KMBOTHBIE BBLACISIIOT aMMHUAK
B IIpOIlecce CBOCH KU3HEAesTeNbHOCTU. Tak, 00ib-
HIMHCTBO PBIO BBIIENSIOT aMMHAK KaK OCHOBHOM KO-
HEUYHBIH MPOIYKT KaTaboian3ma OenkoB [S5], KOTOpbIi
HEMOCPEICTBEHHO BBIJIENSIETCS U3 KPOBH B BOAY Yepes
xabpsl. PakooOpa3Hbie, Kak U PHIObI, TAKKE SBISIOT-
Cs1 aMMOHOTEJIMKaMU, TTIaBHbIM KOHEUHBIH MPOILYKT UX
a30TUCTOro oOMeHa — aMMuax [6, 7].

TexHonornyeckass HopMa Coiep>KaHHsI HEHOHH3H-
POBaHHOTO aMMHaKa B BOJIe YCTaHOBOK ¥ 3B cocTapms-
et 0,05 Mr/11, HomycTuMas KOHIIEHTPAIUI HOHA aMMO-
HUS1, KOTOPAs IOy CTAMA JIJIS JUTUTEITHHOTO KyTBTHBH-
poBaHusI pakooOpa3HbIX, He npesbimact 4,0 mr/n [7].

AMMHAK MOKET BBI3bIBATh XPOHUYECKHE U OCT-
prie Tokcnueckne dQGEKTh Jaxe MPH OTHOCUTEIBHO
HHU3KOU KOHIEHTpanuu [8]. Bbicokas KOHIIEHTpaIus
aMMHaKa B BOJIE BeJIeT K CHIKSHHUIO aJarTalliOHHBIX
BO3MOYKHOCTEH THAPOOMOHTOB, HETaTHBHO BIIMSET Ha
pocT 1 Habop Macchl, a TAK)KE BBI3BIBAET I'MOEb PBIO
U/WITH paKooOpa3HbIX, TAKUM 00pa3oM, HAHOCHT DKO-
HOMHYECKHH yiiep6 akBakymnsType [9, 10].

[IpecHoBomHas kpeBetka Macrobrachium rosen-
bergii aBNSETCS OMHUM W3 BUJIOB, OTHOCSIIIMXCS K JIe-
CATHHOTHM pakaM Decapoda, AMEIOINX BBICOKYIO
LEHHOCTH U1 aKBaKyJIbTYphl M3-3a pPacTyIIero Ha
HUX CIPOCa Ha PbIHKE. ITO 0OCTOATEIBCTBO, @ TAKKE
psAa OMOJIOTHYECKUX 0COOEHHOCTEH M MOTPEOUTENb-
CKHX CBOWCTB JIETAIOT 3TOT OOBEKT IPUBIIEKATEITEHBIM,
B TOM YHCJIE U IS TOBAPHOTO BBHIPAIIUBAHUS B KIIH-
Matuudeckoi 30He rora Poccun [11—13].

ToBapHOE TPOU3BOJCTBO KPEBETKH B YCJIOBH-
SIX YMEPEHHOTO KJIMMara MPEeAroaraeT cojiepKanue
MIPOM3BONTENEH U HAKOTUIEHHE MOJIOAH (JI71s1 TTocIIe-
nyrorero BelpammBanusi) B Y3B. CooTBeTCTBEHHO,
HapylIeHus1 B pab0Te YCTAaHOBOK 3aMKHYTOTO BOJIO-
CHAaOXKEHHMSI CO3/1AI0T PUCKH ISl YCTICHIHOTO KYJBTH-
BHUPOBaHUSI, BCICACTBUE TOKCUYHOCTH aMMOHHUITHO-

IO a30Ta, KOTOPBII cOCOOEH HAKaIUIMBAThCs B BOJE
MIPU HEYIOBJIETBOPHUTENIBbHONW paboTe OnoduimsTpa.
[ToBbIIeHHOE conepKaHUEe aMMHUaKa B BOJE MPHBO-
JIUT K HAKOIUIEHHUIO HH/IOTEHHOT0 aMMMaKa U TOIJIOo-
IICHNIO 9K30T€HHOTO aMMHUaKa OPTaHU3MOM THIPOOH-
OHTOB, MHTHOUPYS €T0 BEIBECHHE, U, TAKUM 00pa3oM,
NPUBOJS K BEIpaOOTKE M30BITOUHOTO KOJIMYECTBA aK-
TUBHOTO KHCJIOPOJa, KOTOPbI HHULUUPYET U yCHU-
JIMBAeT ajJbTEPallUI0 OPraHoOB U TKaHeH [14].

Bonnbie 6ecrio3BoHOUYHBIE — 3TO Hanbosee Boc-
MPUUMYUBBIC K aAMMHUAKY THIPOOHOHTHI. OJTHAKO TOK-
CHYECKOe JIeWCTBIE aMMHUaKa Ha HUX M3Y4EHO HENO-
cTato4yHo. B nurteparype nokasano Hambosnee BbIpa-
JKEHHOE BIIMSTHHE HA PENPOAYKTHBHYIO CIOCOOHOCTB,
POCT U BBDKHBAEMOCTb OECIIO3BOHOYHBIX, TAKIKE OT-
MEUYEHO TO, YTO pa3InYHbIe TKAaHU 00JIAZIA0T Pa3HbIM
MOTEHITHAIOM PEarupoBaHMs HA aMMHUAYHBIA CTPecc
[15]. Bmecrte c Tem, paboThI 10 MOP(OIIOTHH BHYTPEH-
HUX OpraHoB y npeacraButeneit Decapoda neMHoro-
yucieHHsl [16].

HHTepec K u3y4eHHIo ToJIepaHTHOCTH ITPECHOBO/-
HBIX KPEBETOK pona Macrobrachium K TOBBIIIIECHHOMY
COJIEPKaHUI0 COSAMHEHNH a30Ta 00y CIIOBIICH ITPoOIIe-
MaMH MX IPOMBILIJIEHHOTO Ky/IbTuBHpoBaHus. K coxa-
JICHUIO, Mbl IMEEM HE TOJIBKO MOJIOKUTEIBHBIN OTIBIT
COZAEPKaHHS TPOIMYECKUX PAKOOOPa3HBIX B 3aMKHY-
TBIX CHUCTEMax, ObUIM aBapHiiHbIC CHTYyalluu, KOTJa
MacCOBYIO T'MOellb KPEBETOK Y/IaBaJOCh NpPEJI0TBpa-
THTH TOJIBKO SKCTPEHHOH Tepecaakoil B CBOOOTHBIC
E€MKOCTH ¢ MEHbIlEeH mIoTHoCThIO. Llenpio naHHOrO
MCCIIEIOBaHNs OBbLIO BBISIBICHHE BIUSHHUS CTPECCO-
POB, CBSI3aHHBIX C MOBBIIICHHBIM COJICPKAHUEM aM-
MOHHS B BOJI€, HAa TUCTOJIOTHYECKHUE OCOOCHHOCTH Te-
IaToNaHKpeaca TMraHTCKOM ITPECHOBOIHOM KPEBETKU.

MATEPHUAJIBI U METO/bI
HCCJIEJOBAHUM

Kpesetku Macrobrachium rosenbergii nnuHOR
90,34 + 7,12 mM coaepxanuch B Y3B HaygHo-mipons-
BOJCTBEHHOHN 0a3bl MaJIor0 MHHOBALIMOHHOTO IIPE]-
OpUATHS «DKO-TPOMHUK», CO3JAHHOTO IPU y4acCTHH
ACTpaxaHCKOTO TOCYAapCTBEHHOTO TEXHHUYECKOTO
YHHUBEpPCHUTETA.

B naboparopuro xadenapsl ruipodnonoruu u 00-
e IKOIOruM ACTPaxaHCKOTO TEXHHYECKOTO YHH-
BEPCUTETA KPEBETKH TPAHCIIOPTUPOBAINCH B IJIACTH-
KOBBIX eMKOCTsX (40 J1) Ipy MOCTOSTHHOW a’parivu.
KpeBeTku comeprkanuch B 1a00paTopuy B aKBapHyMax
o0bemom 250 11, KOpMIIEeHHE — JBa pa3a B JIHb KOP-
MaMH KUBOTHOTO U PACTUTEIHHOTO MPOUCXOKIACHHUS.

s mogenupoBaHus BO3AECHCTBUS HOHOB aMMO-
HUSI 1 aMMMAaKa Ha KPEBETOK ObUI IIPUIOTOBJICH pac-
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tBOp xnopunaa ammonus (NH,Cl), kotopeiii BHOCHIH
B aKBapUyMbI C MOJOIBITHBIMH THAPOOHOHTAMHM ISt
co3maHus B Boje KoHneHtparui 2,0 u 5,0 mMr/i, koto-
pyro exenHeBHO KoppekTupoBanu [14]. beuto cdop-
MHUPOBAHO JBE AKCIEPUMEHTaJbHbIC rpynmsl mo 30
KPEBETOK B KaJI0H. IIMTENBHOCTh SKCHO3ULIUN —
10 cyTok. TemmepaTypy BOABI B TCUCHHE KCTIEPUMEH-
Ta MOIepKUBaK Ha ypoBHE ~26,0 °C BO BCcexX aKBa-
puyMax. Bo Bpems omnbITa KpeBETOK KOPMUIIU TEM HKe
KOPMOM, KOTOPBII HCIIOJIb30BAJICS B IIEPHOJ aJlanTa-
LUU; €KETHEBHBIN palnoH cocTapisii 3 % OT Macchl
Tena aBa pasa B aeHb (08:00 u 15:00) u koppekTupo-
BaJICs 10 TIOETaEMOCTH.

[TokazaTenu Boawl (Temmeparypa, colepx aHue
kucinopozaa, pH) KOHTPOTMPOBAINCH C UCTIOIE30BaHH-
€M NIOPTAaTUBHBIX aHaIu3aTopoB. OOIIHI ypOBEHb aM-
MHUaKa OIPEICIISTH KAIOPUMETPUIESCKU C TIOMOIILIO
(horometpa st akBakypTypbl HI-83303-02. YpoBeHn
HEHOHH3UPOBAaHHOTO aMmuaka B Boze (NH,) Obut onpe-
JICJICH C UCTIOIB30BAHUEM ITPOTPAMMBI WWW.UZV.su/Tu/
building/technology/programmi.

s ructonoruyeckoro uccnenoanus y 10 kpese-
TOK W3 KaXKJIOW TPYTITBI OBUTH B35 ThI 00pa3IIbl TENaTo-
nankpeaca. O0e3IBIKUBAHNE W aHECTE3UsI KPEBETOK

OCYIIECTBISIACH ITyTEM TTOMEIICHHSI MX B XOJOTHYIO
Boay (10—12 °C). O6pa3upl opraHoB (HUKCUPOBa-
JUCch B pacTBope bysHa. 3arem (pmkcupoBaHHBIE TKa-
HU 00€3BOKMBAJIH B CIIUPTE BO3PACTAFOIINX KOHIICH-
Tpalyii, OYMIATHA KCUIIOJIIOM U 3aJIMBAJIU B MapaguH.
Cpe3bl TOMIMHON 5—7 MKM OKpPAITUBaIN T€éMaTOKCHU-
JUH-303WHOM JIJIs1 00IIIET0 THCTOTATOIOT MYECKOTO HC-
ciemoBanus [17].

PE3VJBTATHI UCCJIEJIOBAHUM
N OBCYKIAEHUSA

B Teuenue Bcero 3KCEpUMEHTa OCHOBHBIE JKH3-
HEHHO BayKHbIE IIapaMETPbl BOAHON CPelbl HE BBIXO-
JIUIA 32 MIPEJEIIbl 3HAYEHUH, KOTOPBIE ABISIOTCS OII-
TUMAaJIbHBIMU JJIs1 TATAaHTCKHX TPECHOBOJHBIX KPEBE-
TOK (Tabm. 1).

Heobxomumebiii yposenbs NH, " ycTanapiupanu my-
TEM BHECEHUS B BOY COOTBETCTBYIOILIETO KOJIMYECTBA
xJyopuia aMMoHMA. KOHIIEHTpalis aMMuaKa B BOjie —
pacueTHas.

3Ha4YeHHsI KOHTPOJIUPYEMBIX 1apaMETPOB BOABI I10-
3BOJISIFOT YTBEPKIATh, UTO ONMCAHHBIE Jallee U3MEHE-
HUS B IeNATONAHKPeace KPEBETOK IBUIIUCH CIIECTBU-
€M BIIUSIHUSL aMMOHUITHOTO a30Ta.

Taonnna 1
OcHosHvie euopoxumuyeckue nokazamenu npu nPogedeHu YIKCnepumenma
[oxazarens I'pymma 1 I'pymma 2
Temmepatypa Bozsl, °C 26,2 +0,31 26,0 +£0,25
Kucnopon, mr/n 7,4+ 0,50 7,4+ 0,46
pH 79+0,14 8,0+ 0,09
A30T aMMOHUS, MI/JI 22+0,25 5,1 +0,28
AmMuak, mMr/i 0,12 +0,03 0,40 +0,01

B medenu (remaromaHkpeace) JSCATHHOTHX pa-
KOB, B OTIIMYHE OT IT03BOHOYHBIX, TPOTEKAIOT HE TOIh-
KO CHHTETHYECKHE (METa0OIMYECKUe) POIIECChI, HO
U OCYLIECTBIISIETCSl OJIOCTHOE MUIIECBAPEHHUE, TAKIM
00pa3oM, rermatonaHkpeac KpeBeTOK B IMOIHOH Mepe
MOJKET CUMTAThCS MUIIEBAPUTENILHON kKee30i. Kpome
TOTO, B KaHAJIBI[aX TeMaTolaHKpeaca OCyIIeCTBISET-
Csl BcachlBaHUE 00Pa30BaBIIMXCS HU3KOMOJIEKYIISIP-
HBIX COCIMHEHH, T. €. IO CyTH, dTa XKeJie3a BbIMOJI-
HSET psit QyHKOMH KuiredHuka [ 18].

[enaromankpeac pacronaraercsi B TOJIOBOTPY/IH,
KaymalbHee pacroiiokeH xemyaok. IIpoxons gepes
KapInuaIbHBIN KETYI0K, TUIIA MTOJ[BEPraeTCs MEeXaHH-
YECKOMY IepeBaprBaHUIO, Jaliee MOCTYIaeT B IHIIO-

pUYeCKUi OTaeN, TAe copTupyercsa. YacTUUHO mepe-
BapeHHas MUILA, TPUOOPETIIAs Oy KHUIKYIO KOHCH-
CTEHIINIO, HATIPABJIAIOTCA B OTCTOMHHUK U Ipecc, anee
B QHIBTD, IJle OTCTauBaCTCA, 3aTeM TOCTYIaeT B Te-
MaToMaHKpeac, M y)ke B KaHaJIbIIax TenarormanKpeaca
HoABEpraeTcs JanbHeieMy epeBapuBaHuIo, BICO-
KOMOJIEKY/ISIPHBIE BellleCTBa pacilerisitorcs. YacTs Be-
IECTB BCACHIBACTCS M/HMJIH 3alacaeTcsl, 4acTh BbIOpa-
CBIBAETCSl B CPE/IHIO0 KUIIKY. Ta 4acTh MUINHU, KOTO-
past He IlepeBapuBaeTCsl, IOCTYAET HEOCPEACTBEHHO
B 3a/THIOI0 KKy [18].

I'enatonankpeac KpeBETOK pa3ziesieH Ha JBE A0JIU
COOTBETCTBEHHO OMJaTepasbHOW CUMMETPHHU Tea,
MOP(OJIOTHUECKH 00pa30BaH MHOTOYHMCICHHBIMH
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TpyOOUKaMH, KOTOPBIE M COCTABIISIIOT OCHOBY Opra-
Ha. KileTku nieueHu rpecTaBieHbl YeThIPbMsI BUA-
mu [19]: BcaceiBaromue, GUOPUILISIPHEIE, MTy3bIpe-
BHJTHBIE M OTCYTCTBYIOIIIUE Y B3POCIBIX KPEBETOK M-
OpHOHATBHBIC KIETKHU (MM 00pa30BaHbI AUCTATbHBIC
KOHIIBI IEYCHOYHBIX TpyOouek) [18].

CrpoeHnue rernaTonaHkpeaca ruranTCKOu MpecHo-
BOJIHOM KPEBETKH, COJEPM ABIICHCAS B HOPMaJIbHbBIX
YCIOBHSIX, IOKa3aHO HAa pUCYHKE 1A.

Kak moxa3zan Mmop¢osorudeckuii aHam3, COCTOsI-
HUE rernarornaHkpeaca Mo JaHHBIM CBETOBOH MUKPO-
CKOITMU B KOHTPOJIBHOM TPYIIIe KPEBETOK OBLJIO HOP-
MaJIbHBIM, CTPYKTypa TKaHel Obljia SICHO BBIPAYKCH-
HOM, KJIETKH C YeTKUMH MEXKJIETOYHBIMH TPAHUTIAMH.
Kenesucro-TpyOuaTtas cTpykTypa Obliia XOPOIIIO Op-
raHW30BaHa. BBUIM OTMEYEHBI CTPYKTYpPHpPOBaHHBIC
00pa30BaHus M3 CTOIOYATHIX KJIETOK, CPEIH KOTOPHIX
MOXxHO ObuT0 T depenmpoBats B-kineTku ¢ xapak-
TEPHOU KPYNHOH BAKYOJIBIO, @ TAKXKE JIMILICHHBIE Ba-
kyoneil F-xnerkn. CoenquHAUTENbHAST TKAHD WHTETPH-
pOBaHa C KaHaJbIlaMH TenaronaHkpeaca. Camu Ka-
HaJbLBI OB HOPMAaJILHOM 3Be31000pa3Hoi (HOopMBI,
XapaKTepHOU JJIsl JAHHOTO BUJIA ACKAMO, KJICTKU Ka-
HaJbIIEB C IPU3HAKAMU YMEPEHHOM CeKper.

[TepBBIMU MTPU3HAKAMU aJIBTEPAIIMH B TEMATOMAH-
Kpeace, KOTOpbI€ BBISABIISUTUCH ITPH BO3/ICHCTBUY aMMO-
HUWHOTO a30Ta yke B KOHIeHTparuu 2,0 Mr/i, 0bI10
MOSIBJICHUE TTPOCBETOB MEXK]y KICTKAMH KaHAJIBIICB,
[O-BUIUMOMY, 32 CUET HAPYIICHUSI KOHTAKTOB MEIKIY
HuUMH. MeXKaHaIbIeBasi COCAUHUTEIbHAS TKAaHb Ha-
YaJia ucue3arsh, B KJIETKaX CaMUX KaHAJIbIEB OBLITH 00-
Hapy>KEHBI MPU3HAKN KaPUOMMKHO3a W KaPUOPEKCH-
ca. Bakyonu cranu kpymnHee, uX KOJIHYECTBO BO3POC-
1o (puc. 1b).

Hapacranue narogoruu uMeso MecTo Ipu MpoJoI-
JKUTEJIbHOM BO3JIEMCTBUHM aMMOHUITHOTO a30Ta U IIPU
YBEIMYEHHUH €T0 KOHIIeHTpanu. Halmomanocs nais-
Helllee pa3pyIieHne COeTMHUTEILHON TKaH!, Ucye3a-
JIa IEeTOYHas Kaiima. KitleTku KaHablIeB TO/IBEpraJiich
Bce Oostee BRIpaXKeHHOM AecTpyKiun. OTMedanach pes-
KO BBIpa)KCHHAs BaKyolH3alus. 3Be31000pa3Hast Xa-
pakTepHas CTPyKTypa KaHAJIbIIEB TelaTolaHKpeaca
Oputa HapymreHa (puc. 1B). Kapuopekcuc cmenmics
KapHOJIH3UCOM. B KOHEUHOM UTOTe reraTonaHKpeaTH-
YECKUE KaHAJBIIBl U CTOJIOYATHIC KICTKH PACIaJIKCh,
TakuM 00pa3oM, apXHUTEKTOHHKA TeraTonaHKpeaca
ObL1a TOTHOCTHIO pazpyiieHa (puc. 11).

[Ipupona u creneHs TOKCHYHOCTH aMMHaKa 3a-
BHCAT OT HECKOIBKHX (DaKTOPOB, BKIIFOUAS XUMUYe-
ckyro ¢opmy ammoHus, pH u Temrmepartypy BOJBI,
MIPOIOJDKUTEILHOCTD BO3/ICHCTBUS U CTAJIUIO Pa3BH-
THUS TUAPOOUOHTOB, MTOJIBEPTIINXCSI BO3ACHCTBHIO [ 1].

Henonusuposannbii ammuak (NH,) npencrassser no-
BBIIICHHYIO TOKCUYHOCTD JJId I'I/I,ZIpO6I/IOHTOB, " CTa-
HOBUTCS emle 0ojiee TOKCHYHBIM TPU TOBBIIIEHUN
TeMrepaTypsl Boasl U pH. OTu Momnexynbl (MOHH3U-
POBaHHBII 1 HEMOHU3UPOBAHHBIA aMMHAK) MOT'YT TIpe-
Bpauarscs Apyr B apyra mnox sausHueM pH u temne-
parypsr [20, 21].

B ycranoBkax Y3B rapaHTHpoBaHHOE TOIICP-
JKaHME ONTUMAIIBHBIX YCIOBUH COIEpKAHUS KYJIBTH-
BHPYEMBIX JKMBOTHBIX OCHOBBIBACTCSI Ha YETKO COa-
JIAHCUPOBAHHOM COOTHOIICHHH TJIOTHOCTH MOCAJIKH,
KOJIMYE€CTBa BHOCUMOI'O KOpMa U MOIITHOCTH UCIIOJIb-
3yeMoro OuoQpmIETpa.

Kak n3BecTHO, OCHOBHBIE MPOIIECCHI, TPOTEKAI0-
mpe B OMO(UIBTpe — ATO OKHUCIICHHE aMMOHUIHHOTO
as3oTa JI0 HUTpaTa:

NH, + 1,860, + 1,98HCO, ) = 0,02206C,H.NO, +
+0,980NO,*) + 1,041H,0 + 1,88H,CO,

Hutparsr B OnopuisTpe HE yTUIH3UPYIOTCS, OHN
MOCTETICHHO HakarumBaroTcs. [Ipobiema HUTpaATOB,
B YACTHOCTH, PEIIaeTCs MyTeM YaCTUYHON MTOIMEHBI
BOJIbI, BepHEe, J00aBICHHEM CBEKEH BOJIbI, BOCIIONHSI-
rotelt morepu B Y3B Ha ucnapeHue u B CBS3H C YUCT-
KOI OaccelHOoB [22].

3arpsi3HEHHUS OT KPEBETOK COCTOAT M3 O0IIe-
ro ammonus u ammuaka (NH,” + NH,), pactBopen-
HBIX B BOJIE, M a30Ta, eIle MoKa 3a(puKCHPOBaHHOTO
B Oprannveckux Bemiectsax. [Iponecc ammonnguka-
[[UU, OCYIIECTBIISIONIMNACS B OMODUIBTPE, CTPEMUTCS
ymenbuTh pH BozibI B pesynbrare Hakorienus CO,.
AMMMaK B pacTBOpE MPEBpAIACTCS] B AMMOHMM, IPU-
COEMHMB K ce0e NOH BOIOpO/Ia, aAMMOHHIA ITpeBparia-
eTCcsl B aMMHakK, OTJaB MOH Bojopojaa. YeM Oolbiie
B BOZIe CBOOOJHBIX MOHOB BOJIOpOAA (T. €. YeM HHXKE
pH), Tem Oosbiie B Hell OyJeT aMMOHHSI U MEHBIIE
aMMuaka, 1 Ha000poT. ITocKkoIbKy TOKCHYHOCTH aM-
monus (NH,") namnoro umke, yem y ammuaxa (NH,),
TO, CIIEIOBATEIBHO, TIPU OTHOCUTENHHO BHICOKOM pH
(7,5—38,0) mpoGirema aMMHaYHOTO OTPABIICHHUS CYyIIIe-
CTBEHHO BBILIE, Y€M B CITa0OKUCIION cpene.

Bwmecre ¢ Tem, mpu cofiepKaHUN KPEBETOK, OCO-
OEHHO MOJIOJTN, MBI BBIHYKJIEHBI KOPPEKTUpOBaTh pH
MIpU TTOAKHUCICHUH BOIbl. COOCTBEHHBIN OMBIT TPO-
MBIIIJIEHHOTO BhIpAIIMBAaHUS MOJIOJIM KpEeBETKH B Y3B,
a TarxKe pe3yJbTaThl UCCIISIOBAHUH, OITyOIMKOBaHHBIC
Hon Jung Liew ¢ coaBropamu [23], CBHIETEILCTBYIOT,
410 Haubosnee OIarompHUITHBIME [Tl KPEBETOK SIBIISI-
roTcs 3HadeHus pH Boaer B auamazone 7,5—8,0, To-
r1a Kak cHkeHne pH BOIbI SBIIsIETCA OJJHUM W3 HaH-
0oJiee BaKHBIX (PAKTOPOB, BIUSIONINX HA )KU3HEHHBIC
rokasaresu Mosonu M. rosenbergii.
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Puc. 1. 'ucronornyeckas CTpykTypa remnaronankpeaca M. rosenbergii mpu Bo3eHCTBUM aMMOHHUITHOTO a30Ta.
I'emaTokCUIIMH-3031H.

A — Tenaronankpeac M. rosenbergii B KOHTPOJIBHOH TpyIIie, UMEIOIINI HOPMAIbHbIH BHEIIHUI BUII CO 3BE3000pa3HBIM

MIPOCBETOM KaHaNbleB. YBennuenue 22 X 10; 5 — Bakyonuszauus KJIETOK KaHAJIbIEB, YMEHBIICHHE TIPOCBETOB KaHAIBIIEB

C COXpaHEHHEM 3Be3000pa3HON CTPYKTYyphl. YBenuuenue 22 x 40; B — Bakyonu3anus KIeTOK KaHaJIbIEB TelaTonaHKpeaca.

Vcue3noBeHune 3Be31000pa3Hoil cTpyKTyphl. YBennuerne 22 x 40; I — J[ecTpyKIus renaTonaHKpeaTHIeCKuX KaHabIeB.
Veenuuenne 22 x 40
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Bozneiicteue cnabokucnoro pH (6,4 = 0,5) otpu-
LIATEJIBHO CKA3bIBAJIOCh HAa MMTAHUHU, BBDKUBAHUH U PO-
CT€ TMYNHOK U ITOCTIMYNHOK KPEBETOK 110 CPABHEHUIO
¢ HeirpaneHbiM pH. Kpome toro, nuunnku M. rosen-
bergii 0ka3amuch BEICOKOYYBCTBUTEIIEHBIMH K KHUCIIO-
My pH (5,4 £ 0,2), Hu1 O/lHA JTMYMHKA HE BBDKHUIIA T10-
cie 48 yacoB BoznencTBus [23].

TaxuMm 006paszom, IPOIIECCHI, TPOTEKAIOIINE B OHO-
(unpTpe, moHmKaroT pH, U TeM caMbIM CHIXKas TOK-
CUYHOCTh aMMHAaKa B CJIy4ae ero HaKOTUICHUS B BOJIE.
C npyroti cTopoHbl, HU3Kas pH BojbI HeOIaronpusTHa
JUTSI KPEBETOK, TO3TOMY HEOOXOMMO MOCTOSTHHO KOH-
TPOJIUPOBATH AKTHUBHYIO PEAKIIMIO CPENbI U B CIydac
HEOOXOMMMOCTH YOMPATh M3JIUITHIOI KUCIOTHOCTS.
[Ipu 5TOM MPOUCXOTUT CABUT B CTOPOHY YBEITUICHUS
CoJIepKaHHUs aMMHaKa 10 OTHOIIIEHUIO K €T0 MOHU3H-
poBaHHOI opme.

SBJISISICH OCHOBHBIM OPI'aHOM, KOTOPBIH OCYIIECT-
BJISIET IIPOLIECChI OMOTPaHC(HOPMALIUH U JICTOKCUKALIMH
BEIIECTB DHJIOTEHHOTO M 3K30TE€HHOTO IPOMCXOXKIe-
HUS, @ TAKXKE [IEHTPOM, PETYIUPYIONINM Y PaKkooopas-
HBIX MHOTHE OHMOJIOTHYECKHE TPOIIECCHI, TeraTonaH-
KpeaThyeckasi CUCTeMa UTpaeT HE3aMEHHMYIO POJb
B CEKPEIMH, BCACBIBAHHUH, MTUIIIEBAPCHUN U UMMYHHU-
Tete [24]. Pe3ynbTaTsl JaHHOTO WCCIIEIOBAHMUS MOKA-
3alli, YTO MPHU BO3IEHCTBUU CTpecc-paKTopa B BUJE
MTOBBIIIICHHUS COACPIKAHUS B BOJIE aMMOHHITHOTO a30-
Ta ¥ aMMHUAKa, TPOUCXOUT MTOBPEKICHUE CTPYKTYPbhI
remaronankpeaca y M. rosenbergii.

OHUM U3 BO3MOXKHBIX MEXaHHU3MOB IMOBPEXKJIC-
HUS TeMaToNaHKpeaca MOXKET OBITh OKHCIUTEIbHBIN
CTpecc, KOTOPBIi MHUIIMHPYETCS BHEUTHUM BO3/ICH-
ctBueM [16]. Tokcuueckre BelecTBa J1axke B HU3KUX
KOHIICHTPAIMSIX MOTYT WHHIIMAPOBATh OKUCIIUTEIIb-
HOE TIOBPEKICHUE TKaHEH, OKa3bIBaTh PA3PYIIUTEIb-
HOE BO3/ICUCTBHE HA TKAaHU remaroraHkpeaca y Kpe-
BeTOK pona Macrobrachium. OKUCIUTEILHOE TIOBpPE-
JKJICHUE TaKXKe MPUBOANT K IIEPEKUCHOMY OKHCIICHHUIO
nunuaoB, nospexaenuto JJHK, nanee k kietouHomy
aronTo3y U TMOETH KIETOK, COOTBETCTBEHHO BO3HHU-
KaeT HEeKpO3, MPUBOJAIINN K HEOOpATUMOMY TOBpE-
JKICHUIO TKAHHU.

biaronapst cBoeit pacTBOPUMOCTHU B KUpax U He-
3apsbkeHHOM npupone NH, moxer sierko nudynu-
pOBaTh Yepes KJIETOYHbIE MEMOpPaHbI B KPOBb U TKaHH,
1, BEPOSTHO, 3TO OJIHA U3 MPUYXH €ro Topasao 00ib-
el TOKCHYHOCTH OTHOCUTEIHHO MOHA aMMOHWUS.
Korma conepkanue amMmmuaka B BOIHON CpEIE CIMII-
KOM BEIIMKO, 9TO BEJET K HAKOIUICHHUIO DHIOTCHHOTO
aMMHaKa ¥ TOIJIONICHUIO SK30I€HHOTO aMMHaKa oOp-
TaHU3MOM, HHTHOUPYS BBIBEJIEHUE ¥, TAKIM 00pa3oM,
MIPUBOJISL K BRIPAOOTKE M30BITOYHOTO KOJTMYECTBA aK-

TtuBHOTO KHciopona [ 14]. Kak cnenctsue, pa3BuBaet-
c4 anpTepalus TKaHel, OKUCIUTENbHBIN cTpecc, BOC-
nanienue [10].

3AKJIIOYEHUE

ITonmy4yennsie pe3ynbTaThl YKa3bIBAIOT HA TO, YTO
MOCTOSIHHOE BO3/IEHCTBHE BBICOKUX KOHIEHTpaLMil
aMMOHUS IPUBOAUT K IMOBPEXKACHUIO TKAaHEH renaro-
MaHKpeaca T’UraHTCKOM MPEeCHOBOIHOM KPEBETKH, Xa-
pakTep KOTOPOrO MCKIII0YAeT BOCCTAHOBICHUE Opra-
HU3Ma IO HOPMaJIBHOTO YPOBHSI.

Ilonaraem, 4T0 aMMOHMIHBII a30T MOT IIONACTh
B OpraHU3M OCMOTHYECKH Uepe3 KaOpbl, TOCPEICTBOM
pe30pOIIH MPOHUKHYTH B TeTIaTONMaHKpeac, HapyIIrB
SHEPreTUYECKYI0 U META0OINYECKYIO (PYHKITUIO TI0-
CJIeITHETO.

3HaHue YPOBHEH TONIEPAHTHOCTHU BBIPAIIUBAEMbIX
KPEBETOK K 3KCTPEMATHHBIM ITOKA3aTENSIM CPEIbI 0TI~
YKHO TIOMOYB OoJiee 2 (heKTUBHOMY U PeHTA0CTFHOMY
KyJBTHBAPOBAHUIO TAHHOTO 00BEKTa M TPEOYyeT Jaib-
HEUIIEro U3yuyeHusl.
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Abstract. The article presents the results of a study of the effect of ammonium nitrogen on the hepatopancreas of
giant freshwater prawn (Macrobrachium rosenbergii), conducted at the research and production base of the small
innovative enterprise ‘“Eco-tropic” in cooperation with Astrakhan State Technical University. In the recirculating
aquaculture systems (RAS), maintaining optimal conditions for keeping farmed organisms is achieved through
precise balancing of stocking density, feed volume and biofilter capacity. The main processes in the biofilter are
the oxidation of ammonium nitrogen to nitrate. On the one hand, these processes contribute to a decrease in pH,
which reduces the toxicity of ammonia when it accumulates in water. On the other hand, a low pH level negative-
ly affects the health of prawn, so it is necessary to constantly monitor the acidity of the environment and, if nec-
essary, neutralize excess acid. This can lead to an increase in the ammonia content, compared to its ionized form.
It is assumed that ammonium nitrogen enters the body osmotically through the gills and then reaches the hepato-
pancreas through resorption, disrupting its energy and metabolic functions. The results of the study have demon-
strated that stress caused by an increase in the level of ammonium nitrogen and ammonia in water leads to dam-
age to the hepatopancreas structure in M. rosenbergii. It has been found that the most optimal pH values for prawn
are in the range of 7.5—=8.0. While a slightly acidic environment (pH 6.4—5.0) negatively affects the nutrition,
survival and growth of larvae and postlarvae, compared to a neutral environment, M. rosenbergii larvae showed
high sensitivity to an acidic environment (pH 5.4—0.2), which was accompanied by damage to the hepatopan-
creas structure, excluding the possibility of restoring the body to a normal state. Thus, knowledge of tolerance
levels of prawn to extreme environmental conditions may contribute to more efficient and cost-effective farming
of this species.

Keywords: RAS, farming (cultivation), ammonia nitrogen, giant freshwater prawn, hepatopancreas, histopatho-
logical examination

Hydrochemical parameters of water largely deter-
mine the course of the main life processes in the bod-
ies of hydrobionts farmed in aquaculture. Significant
deviations from the accepted technological indicators
of water inevitably affect the growth and survival of
fish or other objects of farming [1].

An increase in the level of ammonia nitrogen in
water is one of the most common problems in inten-
sive aquaculture. Ammonia, mainly in the form ofion-
ized NH," and non-ionized NH,, is a common pollut-
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ant in the aquaculture environment both in ponds and
in recirculating aquaculture systems [2].

With the intensification of biotechnological pro-
cesses in ponds, consisting of increasing the stock-
ing density, using fertilizers and feed, conditions are
created for the accumulation of organic pollutants in
water, including nitrogen compounds. Consequently,
improper aquaculture management leads to deteriora-
tion of the quality of the aquatic environment, caus-
ing many problems [3, 4].
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As for the farming of fish and non-fish objects in
recirculating aquaculture systems (RAS), the main
source of accumulation of ammonia nitrogen in water
are the aquatic organisms themselves.

Many aquatic animals excrete ammonia during
their life processes. Thus, most fish excrete ammo-
nia as the main end product of protein catabolism [5],
which is directly released from the blood into the wa-
ter through the gills.

Crustaceans, like fish, are also ammonotelic, the
main end product of their nitrogen metabolism is am-
monia [6, 7].

The technological standard for the content of
non-ionized ammonia in the water of RAS installations
is 0.05 mg/L, the permissible concentration of ammo-
nium ion, which is acceptable for long-term farming
of crustaceans, does not exceed 4.0 mg/L [7].

Ammonia can cause chronic and acute toxic ef-
fects even at relatively low concentrations [8]. High
concentrations of ammonia in water lead to a decrease
in the adaptive capacity of aquatic organisms, nega-
tively affect growth and weight gain, and also cause
the death of fish and/or crustaceans, thus, causing eco-
nomic damage to aquaculture [9, 10].

The freshwater prawn Macrobrachium rosenbergii
is one of the species belonging to the decapod crusta-
ceans Decapoda, which are of high value for aquacul-
ture due to the growing demand for them at the mar-
ket. This circumstance, as well as a number of biologi-
cal features and consumer properties, make this object
attractive, including for commercial farming in the cli-
matic zone of the south of Russia [11—13].

Commercial production of prawn in temperate
climates involves keeping producers and accumu-
lating juveniles (for subsequent rearing) in the RAS.
Disruptions in the operation of the RAS create risks
for successful faming due to the toxicity of ammonium
nitrogen, which can accumulate in water if the biofil-
ter is not working properly. Increased ammonia con-
tent in water leads to the accumulation of endogenous
ammonia and the absorption of exogenous ammonia
by the body of aquatic organisms, inhibiting its excre-
tion and, thus, leading to the production of excess of
active oxygen, which initiates or enhances the alter-
ation of organs and tissues [14].

Aquatic invertebrates are the aquatic organisms
most susceptible to ammonia. However, the toxic ef-
fect of ammonia on them has not been sufficiently stud-
ied. The literature shows the most pronounced effect on
reproductive capacity, growth and survival of inverte-
brates, and it is also noted that different tissues have dif-
ferent potential for responding to ammonia stress [15].
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However, there are few studies on the morphology of
internal organs in representatives of Decapoda [16].

The interest in studying the tolerance of freshwater
prawn of the genus Macrobrachium to elevated nitro-
gen compounds is due to the problems of their indus-
trial farming. Unfortunately, we have not only positive
experience of keeping tropical crustaceans in closed
systems, there were emergency situations when mass
death of prawns could be prevented only by emergency
transplantation into free containers with a lower densi-
ty. The objective of this study was to identify the effect
of stressors associated with elevated ammonium con-
tent in water on the histological features of the hepa-
topancreas of giant freshwater prawn.

MATERIAL AND METHODS

Prawns Macrobrachium rosenbergii of
90.34 + 7.12 mm in length were kept in the RAS of
the scientific and production base of the small innova-
tive enterprise “Eco-tropic”, founded with the partici-
pation of Astrakhan State Technical University.

The prawns were transported to the laboratory of
the Department of Hydrobiology and General Ecology
of Astrakhan Technical University in plastic containers
(40 L) with constant aeration. The prawns were kept
in the laboratory in 250 L aquariums, fed twice a day
with animal and plant food.

To simulate the effect of ammonium and ammo-
nia ions on the prawn, a solution of ammonium chlo-
ride (NH,CI) was prepared, which was added to the
aquariums with the experimental aquatic organisms to
create concentrations of 2.0 and 5.0 mg/L in the wa-
ter, which was adjusted daily [14]. Two experimental
groups of 30 prawns each were formed. The exposure
duration was 10 days. The water temperature during the
experiment was maintained at ~26.0 °C in all aquari-
ums. During the experiment, the prawns were fed the
same food that was used during the adaptation peri-
od. The daily diet was 3 % of body weight twice a day
(08.00 AM and 03.00 PM) and was adjusted accord-
ing to consumption.

Water indicators (temperature, oxygen content,
pH) were monitored using portable analyzers. Total
ammonia level was determined calorimetrically us-
ing a HI-83303-02 aquaculture photometer. The level
of unionized ammonia in water (NH,) was determined
using the program www.uzv.su/ru/building/technolo-
gy/programmi.

For histological examination, hepatopancreas
samples were taken from 10 prawns from each group.
Immobilization and anesthesia of prawns were car-
ried out by placing them in cold water (10—12 °C).
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Organ samples were fixed in Bouin’s solution. Then,
fixed tissues were dehydrated in alcohol of increasing
concentrations, cleared with xylene and embedded in
paraffin. Sections of 5—7 pum were stained with he-
matoxylin and eosin for general histopathological ex-
amination [17].

STUDY RESULTS AND DISCUSSION

During the entire experiment, the main vital pa-
rameters of the aquatic environment did not go be-
yond the values that were optimal for giant freshwa-
ter prawns (Table 1).

Table 1
Main hydrochemical indicators during the experiment
Indicator Group 1 Group 2
Water temperature, °C 26.2+0.31 26.0 £0.25
Oxygen, mg/L 7.4+0.50 7.4+0.46
pH 7.9+0.14 8.0+£0.09
Ammonium nitrogen, mg/L 2.2+0.25 5.1+0.28
Ammonia, mg/L 0.12+0.03 0.40 £ 0.01

The required level of NH, " was established by add-
ing the appropriate amount of ammonium chloride to
the water. The concentration of ammonia in the wa-
ter is calculated.

The values of the controlled water parameters al-
low us to state that the changes in the prawn hepato-
pancreas described below were a consequence of the
effect of ammonium nitrogen.

In the liver (hepatopancreas) of decapod crusta-
ceans, unlike vertebrates, not only synthetic (metabol-
ic) processes occur, but also cavity digestion is carried
out, thus, the hepatopancreas of prawns can be fully
considered a digestive gland. In addition, the absorp-
tion of formed low-molecular compounds occurs in
the tubules of the hepatopancreas, i. e., in fact, this
gland performs a number of intestinal functions [18].

The hepatopancreas is located in the cephalotho-
rax, with the stomach located caudally. Passing through
the cardiac stomach, food undergoes mechanical diges-
tion, then enters the pyloric section, where it is sorted.
Partially digested food, having acquired a semi-liquid
consistency, is sent to a settling tank and press, then
to a filter, where it settles, then enters the hepatopan-
creas, and already in the tubules of the hepatopancre-
as it undergoes further digestion, high-molecular sub-
stances are broken down. Some substances are ab-
sorbed and/or stored, some are thrown into the midgut.
The part of the food that is not digested goes directly
to the hindgut [18].

The hepatopancreas of a prawn is divided into two
lobes in accordance with the bilateral symmetry of the
body, and is morphologically formed by numerous tu-

Bulletin of Veterinary Pharmacology « No. 1 (30) « 2025

bules, which form the basis of the organ. Liver cells
are represented by four types [19]: absorptive, fibril-
lar, bladder-like, and embryonic cells, which are ab-
sent in adult prawn (they form the distal ends of the
liver tubules) [18].

The structure of the hepatopancreas of a giant
freshwater prawn kept under normal conditions is
shown in Fig. 1A.

As shown by morphological analysis, the state of
the hepatopancreas according to light microscopy in
the control group of prawns was normal, the tissue
structure was clearly expressed, the cells with distinct
intercellular boundaries. The glandular-tubular struc-
ture was well organized. Structured formations of co-
lumnar cells were noted, among which it was possi-
ble to differentiate B-cells with a typical large vacu-
ole, as well as F-cells devoid of vacuoles.

Connective tissue was integrated with the tubules
of the hepatopancreas. The tubules themselves were
of'a normal star-shaped form, typical of this species of
decapods, the cells of the tubules with signs of mod-
erate secretion.

The first signs of alteration in the hepatopancre-
as, which were revealed when exposed to ammonium
nitrogen already at a concentration of 2.0 mg/L, were
the appearance of lumens between the cells of the tu-
bules, apparently due to the disruption of contacts be-
tween them. The intertubular connective tissue began
to disappear, and signs of karyopyknosis and kary-
orrhexis were found in the cells of the tubules them-
selves. The vacuoles became larger and their number
increased (Fig. 1B).
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D

Fig. 1. Histological structure of the hepatopancreas of M. rosenbergii under the effect of ammonium nitrogen.
Hematoxylin and eosin.
A — Hepatopancreas of M. rosenbergii in the control group, having a normal appearance with a star-shaped lumen of the
tubules. Magnification 22 x 10; B — Vacuolization of tubular cells, reduction of the lumen of the tubules with preservation of
the star-shaped structure. Magnification 22 x 40; C — Vacuolization of hepatopancreatic tubular cells. Disappearance of the
star-shaped structure. Magnification 22 x 40; D — Destruction of hepatopancreatic tubules. Magnification 22 x 40
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The pathology increased with prolonged exposure
to ammonium nitrogen and with increasing concentra-
tions. Further destruction of connective tissue was ob-
served, and the brush border disappeared. The tubu-
lar cells were subject to increasingly pronounced de-
struction. Pronounced vacuolization was noted. The
typical star-shaped structure of the hepatopancreatic
tubules was disrupted (Fig. 1C). Karyorrhexis was re-
placed by karyolysis. Ultimately, the hepatopancreatic
tubules and columnar cells disintegrated, thus, com-
pletely destroying the architecture of the hepatopan-
creas (Fig. 1D).

The nature and degree of ammonia toxicity de-
pend on several factors, including the chemical form
of ammonium, pH and water temperature, duration of
exposure, and the developmental stage of the aquat-
ic organisms under the exposure [1]. Unionized am-
monia (NH,) is highly toxic to aquatic organisms and
becomes even more toxic with increasing water tem-
perature and pH. These molecules (ionized and union-
ized ammonia) can convert into each other under the
effect of pH and temperature [20, 21].

In the RAS installations, guaranteed maintenance
of optimal conditions for keeping farmed prawns is
based on a strictly balanced ratio of stocking densi-
ty, amount of feed introduced and capacity of the bio-
filter used.

As it is known, the main processes occurring in
the biofilter are the oxidation of ammonium nitrogen
to nitrate:

NH,® + 1,860, + 1,98HCO," = 0,02206C H NO, +
+0,980NO,") + 1,041H,0 + 1,88H,CO,

Nitrates are not utilized in the biofilter, they grad-
ually accumulate. The problem of nitrates, in partic-
ular, is solved by partial water replacement, or rather,
by adding fresh water, replenishing losses in the RAS
due to evaporation and in connection with the clean-
ing of pools [22].

Prawn pollution consists of total ammonium and
ammonia (NH," + NH,), dissolved in water, and nitro-
gen, still fixed in organic matter. The ammonification
process, carried out in the biofilter, tends to reduce the
pH of the water as a result of the accumulation of CO,,.
Ammonia in the solution turns into ammonium, hav-
ing attached a hydrogen ion to itself, ammonium turns
into ammonia, having given up a hydrogen ion. The
more free hydrogen ions in the water (i. e., the lower
the pH), the more ammonium and less ammonia there
will be in it, and vice versa. Since the toxicity of am-
monium (NH,") is much lower than that of ammo-
nia (NH,), then, consequently, at a relatively high pH
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(7.5—38.0) the problem of ammonia poisoning is sig-
nificantly higher than in a slightly acidic environment.
However, when keeping prawns, especially juve-
niles, we have to adjust the pH by acidifying the wa-
ter. Our own experience in industrial farming of juve-
nile prawn in the RAS, as well as the results of studies
published by Hon Jung Liew et al. [23], indicate that
the most favorable pH values for prawn are in the range
of 7.5—38.0, while a decrease in water pH is one of the
most important factors affecting the vital indicators of
juvenile M. rosenbergii. Exposure to slightly acidic pH
(6.4 £ 0.5) had a negative effect on the nutrition, sur-
vival and growth of prawn larvae and postlarvae, com-
pared to neutral pH. In addition, M. rosenbergii larvae
were highly sensitive to acidic pH (5.4 £+ 0.2), and not
a single larva survived in 48 hours of exposure [23].

Thus, the processes occurring in the biofilter low-
er the pH, thereby reducing the toxicity of ammonia
in case of its accumulation in the water. On the other
hand, low pH of water is unfavorable for prawns, so it
is necessary to constantly monitor the active reaction
of the environment and, if necessary, remove excess
acidity. In this case, a shift occurs towards increasing
the content of ammonia in relation to its ionized form.

Being the main organ that carries out the process-
es of biotransformation and detoxification of substanc-
es of endogenous and exogenous origin, as well as
the center that regulates many biological processes in
crustaceans, the hepatopancreatic system plays an ir-
replaceable role in secretion, absorption, digestion and
immunity [24]. The results of this study showed that
under the effect of a stress factor in the form of an in-
crease in the content of ammonium nitrogen and am-
monia in water, damage to the structure of the hepa-
topancreas occurs in M. rosenbergii.

One of the possible mechanisms of damage to
the hepatopancreas may be oxidative stress, which
is initiated by external effects [16]. Toxic substanc-
es, even in low concentrations, can initiate oxida-
tive tissue damage, have a destructive effect on the
tissues of the hepatopancreas in prawns of the genus
Macrobrachium. Oxidative damage also leads to lip-
id peroxidation, DNA damage, then to cellular apop-
tosis and cell death, and thus necrosis occurs, leading
to irreversible tissue damage.

Due to its lipid solubility and uncharged nature,
NH, can easily diffuse through cell membranes into
the blood and tissues, and this is probably one of the
reasons for its much higher toxicity, compared to am-
monium ion. When the ammonia content in the aquat-
ic environment is too high, it leads to the accumula-
tion of endogenous ammonia and the uptake of exog-
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enous ammonia by the body, inhibiting excretion and
thus leading to the production of excessive amounts
of active oxygen [14]. As a consequence, tissue alter-
ation, oxidative stress and inflammation develop [10].

CONCLUSION

The results obtained indicate that chronic expo-
sure to high concentrations of ammonium leads to tis-
sue damage in the hepatopancreas of giant freshwater
prawn, the nature of which excludes the restoration of
the body to normal levels.

We believe that ammonium nitrogen could enter
the body osmotically through the gills, penetrate into
the hepatopancreas by resorption, disrupting the ener-
gy and metabolic function of the latter.

Knowledge of the tolerance levels of farmed
prawns to extreme environmental indicators should
help to more effectively and profitably farm this ob-
ject and requires further study.
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AHHoTanus. B cTarbe npuBeneHb! pe3yabTaThl UCCISIOBAHUI 10 H3YUCHUIO BIMAHUSA KOMIUICKCHOTO Tpernapa-
Ta [IpocTumyn, copepikaiiero B CBOEM COCTaBe PeKOMOMHAHTHBINA IIMTOKWH MEPBOTO THUIIA B U BUTAMHHBI A, E
u C, Ha pepMEHTATHBHOE 3BEHO aHTUOKCHAHTHOI 3allUThI, & TAK)KE OTHOCHTEIILHBIH YPOBEHb SKCIIPECCUH T'e-
HOB aHTHOKCHIAHTHOTO CTaryca MopocsT Ha ()OHE TEXHOJIOTHYECKOIo CTpecca, 00yCIOBIEHHOTO OThbEMOM HX OT
cBuHOMarok. [Ipemapar IIpocTuMys NpUMEHSIM TOPOCSITaM ONBITHON rpymmsl (7 = 15) Ha 15—16 neHs xu3HN
BHYTpUMBIIIEYHO B 103€ 1,0 cM® Ha 10 Kr )KMBOI MacChl IBYKpaTHO ¢ HHTepBasioM 48 yacos. [1o pesyasraram uc-
CJIe/IOBaHMIA YCTaHOBIJICHO, 4TO rpernapar [IpocTumyi oka3biBag aHTHOKCHIAHTHBINH 3(EKT 3a cYeT copepKanus
B COCTaBe BHTAMUHOB, 00JIaIAIOIINX aHTHPAANKAIHHON aKTUBHOCTHIO B OTHOIICHHH MPOIYKTOB MEPEKUCHOTO
OKHCJICHUsI. AHTHOKCHIaHTHAs CHCTeMa OpraHi3Ma [OPOCST OMBITHOM TpyIibl odecrneunBaiia ooee ahdhexTrs-
HYIO 3alIUTY 10 CPABHEHUIO C KOHTPOJIBHOM IPYIIION.

KuaioueBble cioBa: nopocsita, [Ipoctumyi, aHTHOKCHA@HTHAS cUCTeMa, (DEPMEHTBI, SKCIPECCHsI TEHOB, TEXHO-

JIOTUYECKUI CTPECC, OTBEMHBIN CTpeCcC

TexHoIOornuecKuii cTpece B J)KUBOTHOBOCTBE SIB-
JISIETCSI CEPhEe3HON MPOOIEMOii, KOTOpasi CHIKAET TEM-
bl PA3BUTHUS OTPACIU U HAHOCUT OLLYTHUMBINA SKOHO-
MHUYECKUH ymiepO cenbckomy Xo3stiicTBy. Cuntaercs,
YTO CTPECC-peaKiusl Hen30EKHO CBsI3aHA C aKTHUBa-
[HEH MPOIEeCCOB CBOOOMHOPANUKAIIEHOTO OKHCIIE-
HUS W HAaKOIUIEHWEM B OpraHu3Me OOJBIIOTO KOJIH-
4yecTBa MOOOYHBIX MTPOAYKTOB, KaK MPaBUiIO, Ha (OHE
JIETIPECCUBHOTO COCTOSIHUS CUCTEMBbI aHTHOKCHUIAHT-
HOW 3amUThl. DTH MPOAYKTHI MPEACTABISIIOT cOOOM
TOKCHUYHBIE COEJUHEHUS] C BBICOKOW PEaKIIMOHHOMN
crocoOHOCTHI0. IMEHHO MX BO3AEHCTBHE HA KIIETKH
1 TKaHH KMBOTHOT'O B HACTOSIIEE BPEMS paccMarpu-
BAETCsl KaK IIyCKOBOM MEXaHM3M B Pa3BUTHUU MHOTHX
narosioruii [1]. Ha ¢oHe BeIpaskeHHOTO (pU3HOIOTHYEC-
CKOT'O UCTOIIICHUS T10]] BO3ICUCTBUEM CTpecc-(PaKTo-
POB Ha OPTraHU3M MPOAYKTHBHBIX JKHBOTHBIX HEO0XO-

MO TIpoBesieHHe (papMaKoIOTUIECKOH KOPPEKIIUH,
HanpapJICHHOW Ha YCTpaHEHHUE MOCIeICTBUN cBOOO -
HOpaJWKaJIbHBIX PEaKIHi, OKUCIUTENHLHOTO JrcOa-
naHca B opranusme [2]. [lpumenenne xpynHomy po-
raToOMy CKOTY IIPH TEXHOJIOTHYECKOM CTPecce IS KOp-
PEKIIMH CTPECCOBBIX COCTOSHHH IIPENapaToB, B COCTaB
KOTOPBIX BXOJMJIM BUTAMHUHBI, CIIOCOOCTBOBAJIO HOP-
MaJIM3alliK YPOBHS KOPTHU30J1a B KPOBHU, TEM CaMbIM,
obecnieunBasi aHTHCTpeccoBbil dddekt. [Ipenaparsr
BIIMSUTH HA aKTMBHOCTh aHTHOKCHJAHTHBIX (pepMeH-
TOB M KOJINYECTBO INTyTaTHOHA B KPOBH, YTO B KOHEU-
HOM UTOT€ TIPUBOJIMIIO K CHI)KEHHIO B KPOBH KOJTHYE-
CTBa JTUCHOBBIX KOHBIOTATOB, MAJIOHOBOTO JTHAJIb/IC-
runa u Gmyopucuupyrommx ocuoBanuii Lludda [3].
[To maHHBIM MPOBEACHHBIX HAMHU paHEee HCCIEA0Ba-
HUIA, OBUIO YCTaHOBIICHO, YTO IPUMEHEHHE Mpenapa-
ta [IpocTuMyn mopocsTaM, HAXOAAIIMMCS MO CBH-

© Muxaiinos E. B., [Tapmmus I1. A., Hlytukos B. A., [llabyrnn b. B., Ctpensankos H. A., Illa6anos /1. 1., Caspa-
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OHeHKa GIUAHUA npenapama HpOle/l/l/lyﬂ Ha cucmemy AHMUOKCUOAHMHOUL 3awjumasl nopocsn...

HOMATKOM, OKa3bIBAJIO IOJIOKHTEILHOE BIIMSHHUE Ha
AHTUOKCUJIAHTHBINA CTATyC, YTO TOJOKUTEIHHO CKa-
3BIBAJIOCH Ha JaNTHBHBIX CITIOCOOHOCTSAX OpraHU3Ma
nopocsr [4]. [lonons UTor BelllIeCKa3aHHOMY, CTOUT
OTMETUTD, YTO U3YUCHUE BIUSIHUS KOMIICKCHBIX Mpe-
[apaTtoB Ha OCHOBE UHTEP(EPOHOB U BUTAMUHOB Ha
CHUCTEMY aHTUOKCUIAHTHOMN 3alTUTHI IPH TEXHOIOTH-
YECKOM CTPECCE OCTACTCS aKTyaTbHBIM.

eabro MPOBEACHHBIX UCCIEAOBAHUMN SABISAIACH
OIIeHKa BIUsSHUS Tpenapara [Ilpoctumyn Ha cuctemy
AHTUOKCUJIAHTHOH 3aIIUTHl OPTaHU3Ma MOPOCIT MPHU
TEXHOJIOTUIECKOM CTpecCe.

MATEPHUAJIBI U METO/bI
HUCCJIEJOBAHUM

J1J1s1 9KCIIieprMeHTa IO OIIEHKE BIUSHHUS TIpernapa-
ta [IpocTumMyn, Ha hepMEHTaTUBHOE 3BEHO UMMYHHOM
CHCTEMbI, OTHOCUTEIIbHBIN YPOBEHB IKCIIPECCHUH TCHOB
AQHTHOKCHIAHTHOTO CTaTyca MOPOCAT B KPUTHUYECKHH
TIEPHOJT BEIPAITMBAHNA (OTHEM U TIEPEBO] Ha TOPAIITH-
BaHHUE), B TIPOMBIIIIJICHHOM CBHHOBOIYECKOM XO3Sii-
crBe BopoHexckoii 06macTr Ob1TH T0A00paHb! XKUBOT-
Hble B Bo3pacte 15—16 nneit B koinuuectse 30 rosios.

Pabora Oblia BbINOJIIHEHA B COOTBETCTBUH C TPE-
OOBaHUSMU JICHCTBYIOIIMX MEXKIYHAPOIHBIX U POC-
CUICKUX 3aKOHO/IaTeNILHBIX aKTOB O TYMaHHOM 00pa-
IICHUH C JKUBOTHBIMH, HUCIIOJIB3yEMbIMH B HayYHBIX
LEJISIX, @ TAKKE KOMHUCCUU MHCTHUTYTA 110 OMO3THKE.

B 15—16-gueBHOM Bo3pacTe oT mopocsr (n = 30)
niepe/] IepeBo/IOM B TPYIITY JOpalIWBaHus ObLia B3sTa
KpOBB Ut GOHOBOTO HccienoBanus. [loce vero xu-
BOTHBIE OBUTH pa3/eNIeHbl Ha IBE TPYIIIHI 110 15 roos
B KXK/IOH: OIBITHASI U KOHTPOJIbHAS.

Ha 15—16 neHp XKM3HU KUBOTHBLIM OITBLITHOM
rpynmnsl (n = 15) npumensiiu [IpocTumyn BHyTpUMBI-
mewHo B o3e 1,0 cM® Ha 10 KT )KHBO# MacChI IByKpar-

HO ¢ uHTepBasioM 48 gacos. [lopocsiTam KOHTPOIBEHOM
rpynmsl (7 = 15) npenapar He TPUMEHSITH.

ITocre ompenencHuss POHOBBIX IMMOKa3aTeNCH OT
JKUBOTHBIX Ka)KJOW IPyIIbI IpoOBl KPOBU sl 1a00-
PaTOpHBIX HCCIeAOBaHUN ObLTH OTOOPaHBI TPEXKpaT-
HO: uepe3 12 yacoB mociie BTOPOro BBEACHHUS Iperna-
para IIpoctumyn, cpasy ke mocie nepeBoja Ha Ji0-
pammBanue (TIpu mepeBosie) u yepes 48 gacoB mocie
nepeBoja (Imocie IepeBoaa).

Hccnenosanue noxaszareneil (epMEeHTaTUBHOTO
3BeHAa aHTHOKCHIAHTHOH 3aIUTHI (AKTUBHOCTD [ITyTa-
THOHIIEPOKCHa3bl, KaTaTajaa3bl U CyIepOKCHIUCMY-
Tazbl) IPOBEIEHO B COOTBETCTBUH € «MeTOINIEeCKIMU
HOJIO’KEHUSIMHU 110 U3yUEHHMIO IIPOLIECCOB CBOOOIHOpA-
JIMKAJIbHOTO OKUCIICHUS M CUCTEMBbl aHTUOKCHIAHTHOM
3allIUThl Opranusmay [5].

[TonnmepasHyIo LEHYI0 peakiuio OCYIECTBIIA-
nu Ha npubopax Bio-Rad CFX 96 (Bio-rad, CIIA),
Rotor-Gene 6000 (Corbett Research, ABctpanus)
n DTLite 4S1 (JIHK-Texuomnorus, Poccus) ¢ rotoBoit
KOMMepYecKku JocTynHou cMmechio mns PCRSX qP-
CRmix-HS LowROX (EBporen, Poccust). Beinenenue
totanbHOM PHK ocymecTBieno nabopom «PHK-
Oxcrpan» (Cunron, Poccus) mo yTBepKIeHHON HH-
crpykumu. Onenky kagectsa Boinenennoit PHK mpo-
BOJIMJIH C TTOMOIIIBIO 351eKTpodopesa B 2 % arapo3HoM
rene. MccnenoBanue nposoaunu nocpencrtsom I11IP-
aHanm3a ¢ jobasnenneM kpacutens SYBR Green. s
OIIEHKH JKCIIPECCHN U3y4YaeMbIX T€HOB HCIOIb30Ba-
Jlach MaHEH CIeNU(UYHBIX TPaiMepOB JIsl UCCIIE0-
BaHMS yPOBHEH SKCIPECCUU I'€HOB, OTBETCTBEHHBIX 32
WMMYHHTET 1 0OMeH BetecTs (Tadm. 1).

ITpu mpoBeneHUU cTaTHUCTHUYECKON 00pabOTKH
JAHHBIX UCIOJIB30BAJIH MTAKET MPUKJIaJHBIX TPOrpaMM
Statistica v6.1. JI71st OlIeHKH JOCTOBEPHOCTH PE3yibTa-
TOB ObLT puMeHeH KpuTepuit CThIofeHTa.

Tadnnua 1
Ipatimepwl, ucnonvzyemuvie npu nocmanogke I[P 6 peanvrnom pemeHu
Ne HazBanue [TocnenoBarenbHOCTb HYKJIEOTHIOB
1 SOD1f GAGACCTGGGCAATGTGACT
SOD1r CTGCCCAAGTCATCTGGTTT
) GPX1f CAGGTACAGCCGTCGCTTTC
GPX1r AAAATCCCGAGAGTAGCACTGTAAC
3 CATf CTTGGAACATTGTACCCGCT
CATr GTCCAGAAGAGCCTGAATGC
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PE3YJIBTATHI UCCJEJOBAHUMI

B pesynbrare mpoBeieHHOTO HCCIIE0BAaHUS yCTa-
HOBJIEHO, YTO NpUMeHeHue npenapara [Ipoctumyn un-
OyLUPYeT MOBBILIEHHUE AKTUBHOCTH NIy TaTHOHIIEPOK-
cunassl (I'TIO) — cenenocopepxariero pepmenta, ka-
TaJIU3UPYIOLIETO MpeBpalleHue MePOKCHIa BOJOPOAA
Y OpraHUYeCcKHX THAPOTEPOKCUIOB J0 THAPOCOEIH-
Hennit (puc. 1). Tak, B 00enx UCCIETyeMBIX TPYIITax
Iepes NepeBoAOM Ha JOpallBaHUe OTMEUaeTCs yBe-
JINYEHUE €€ aKTUBHOCTU: B 3,5 pa3a B ONBITHOU IpyII-
1e, B 2,2 — B KOHTPOJILHOH TPyIIIe OTHOCUTEIBHO (o-
HOBOTO HCCIIEIOBAHHS, YTO 00YCIIOBIEHO TIOJITOTOBKOM
JKUBOTHBIX K OTheMy. J{ajiee 1mo Xxomy orbITa mponucxo-
JIUJIO IOCTETIEHHOE CHIDKEHNE aKTUBHOCTH (pepMeHTa.
[Tocne nepeBona Ha AopamuBanue akTuBHocTh ['TIO
B ONBITHOM rpymme Obiia Bole Ha 69,6 % (p < 0,05)
OTHOCHUTEIBHO TPYMITBI KOHTPOJIS.

[Ipu uccnenoBaHWM aKTUBHOCTH KaTasla3bl
(K® 1.11.1.6), mpensaTCTBYIONIEH HAKOTJICHHUIO B KJIET-
Kax IEePEeKUCH BOAOPOa, ObUIO OTMEUEHO PE3KOE CHU-
KEHUE aKTUBHOCTH JAaHHOTO ()epMEHTa B OIBITHOM
rpymmne yepe3 12 4acoB 1ocie MocieAHero NpuMeHe-
Hus npenapara [Ipoctumyn Ha 40,1 % (p < 0,05) or-
HOCHTEITLHO TIOKa3aresnel ¢poHa. B To »xe Bpemst B KOH-
TPOJIHOM TPYTIIE JaHHBIN TTOKA3aTe b CHU3UIICS JTUIITb
Ha 4,2 % (puc. 2). [lepen oTbeMOM B ONIBITHOM TPyTI-
Ile PErUCTPUPOBAJIM YBEIWYCHNE aKTUBHOCTH Kara-
nassl Ha 22,1 % (p < 0,05). Ilocne nepeBopa Ha 10-
palyBaHue aKTUBHOCTh KaTaja3bl B ONBITHON M KOH-
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TPOJILHOM IpyIiIe He UMeJIa JJOCTOBEPHBIX Pa3IUYUH.
[Tocne npumenenus npenapara [Ipoctumyn Habmroma-
JIOCh CHM)KEHUE aKTHBHOCTH KaTanas3bl B CHIBOPOTKE
KpPOBH, YTO MOXET yKa3bIBaTh Ha MOBLIIICHHBIN pac-
X0J1 hepMEeHTA MPY HEUTPATU3AIIUH HAKOTUICHHBIX ITep-
BUYHBIX TIPOAYKTOB MIEPOKCHUIAITIHN BCICACTBUE TEX-
HOJIOTHYECKOTO CTpecca.

UccnenoBanne cynepoxcuaaucmyrtassl (CO/)
(Kd 1.15.1.1), 3arnMaroinieii IeHTpaibHOE MECTO B CH-
creme ()epMEHTHON aHTUOKCUIAHTHOM 3all[UThI Opra-
HU3Ma (puc. 3), MOKa3aJIo yBEIHMUCHUE €€ AKTUBHOCTH
B KOHTPOJIBHOM M ONBITHOM IpyIIax 0 NepeBoia Ha
7,2 u 17,8 %, COOTBETCTBEHHO, OTHOCUTEIEHO (hOoHA.
[Ipu nepeBone Ha gopamuBanue akTuBHOCTH COJ]
B 00eux rpynmnax cHusmiach Ha 4,5 u 12,7 %. ITocne
MEePEeBO/Ia Ha JOPAIIMBAHUE B KOHTPOJIBLHOM TPYIIIE OT-
MeuaJiv MOBBIIIICHIE aKTUBHOCTH (pepMeHTa Ha 16,1 %
OTHOCHTEIHHO MOKa3areliel 10 mepeBoa.

B TO e Bpems B ONBITHOM IpyNIe YBEIUYECHUE
cocTtaBmio 2,2 % OTHOCUTEIBHO IOKa3aTelIe 10 1e-
peBoga. [Ipu sToM mocne mepeBoia Ha AOpalluBa-
HUE Pa3HUIIA MKy KOHTPOJIEM U OIBITOM COCTAaBU-
ma 23,4 % (p < 0,05).

bromapkepamu 1S O1IEHKH OKHCITUTEIIBEHOTO CTa-
Tyca CBUHEH SIBIISIOTCSI aHTHOKCHIaHTHBIE (DePMEHTHI,
takue kak ['TIO, koTopas criocoOHa BOCCTaHABIUBATh
MEPEKUCh BOAOPOAA U OPTaHUUYECKUE THAPOIEPOKCH-
JIbI, TOMOTast KOHTPOJIMPOBATH AKTUBHBIC (DOPMBI KHC-
mopona (ADK) [6, 7].

[Tpu neperone ITocne nepesona

B OnbiTHas === KoHTponsHasn

Puc. 1. lunamuka akruBHocTH ['TIO y IOpOCST B TeUEHNE ONBITAa, MKMOJIb BOCCT INTyT./JT'MUH

M + m (cpenHee apupmeTnUecKoe + omrbKa CpeaHero apuphMeTHIECKOro)
" CTAaTUCTUYECKH 3HAUMMbIE pasaudust npu p < 0,05 OTHOCHUTENLHO KOHTPOJILHOM IPYIIITBI
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50

_ _—

Mou 124 I[1pu nepesone IMocne nepesosa
B OnuiTHas = KoHTponsHas

Puc. 2. I[I/IHaMI/IKa AKTUBHOCTH KaTaJIa3bl Y IOPOCAT B TCUECHUE ONbITAa, MKMOJIb BOCT. HCpCKI/ICI/I/ JI"'MHH

M + m (cpenHee apupMeTHIECKOE + OMIHOKa CPEAHETO apu(PMETHICCKOTO)
" CTATHCTUYECKH 3HAUMMBIE pa3ianyus pu p < 0,05 OTHOCHTEIHLHO KOHTPOJIBHOMN IPyIIIIbI

Do 124 [Ipu neperone [locne nepesona

B OnertHas == KoHTponeHas

Puc. 3. lunamuka akrusHOCcTH COJl y MOPOCST UCCIICMYEMbIX TPYII B TCYCHHE OIBITA, €1.aKT./MIr Hb

M £ m (cpenHee apudpMeTrdecKoe + omroKa cpeiHero apuhMeTHIecKoro)
* CTaTUCTUYECKH 3HAYMMBbIC pasanyust npu p < 0,05 OTHOCHTEIBHO KOHTPOJIBHOI TPYIIIEL

AxtuBHocTh ['TIO ucnons3yercs B KauecTBe UH- AKTHBHOCTh M JKCIpeccHs 3THX (epMeHTOB
JIUKaToOpa aHTUOKCUIAHTHOTO ctaryca, CO/] sieisiercss  0OBIYHO UCIOJIB3YETCsI B KAueCTBE aHTHOKCHJIAHT-
Ba)KHBIM (DEPMEHTOM, KOTOPBIH KaTaJIM3UPYET IUCMY-  HBIX OHOMAapKEpOB, MMOCKOJIbKY OHU SIBJISIFOTCS TIEp-
TaIHIO CYTIEPIePOKCH/IA B KUCIOPO U TIEPOKCHJI BO-  BBIM OTBETOM Ha OKHCIIUTEIEHBIN BBI30B, SBIISSCH TIpe-
JOpOJIa, a Karaja3a KaTalIn3upyeT MpeBpalleHue rep-  BEHTUBHBIM THUTIOM aHTHOKCHIAHTHOW CETEBOM CHC-
OKCHJIa BOAOPOZA B BOY U KHCIIOPO. TeMsl [8].
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[Tpu GOHOBBIX MCCIENOBAHUSIX YPOBHSI DKCIIpec-
CHM I'€HOB aHTHOKCHJIAHTHOTO CTaTyca HauboJee akx-
THUBHO KCIIPECCUPOBAJICS T€H DIyTaTHOHIIEPOKCHIA-

3b1 1 (GPx1): on Obu1 B 15,5 pa3 akTuBHEE KaTasiasbl
(CAT) u B 26,1 paza Gosnpiie ypOBHS SKCIIPECCHH CY-
nepokcuamucmyTassl 1 (SOD1) (puc. 4).

GPX1 —
SOD1
CAT
I
0 5 10 15 20 25 30

OTHOCHTENBHBIH YPOBEHB IKCIIPECCHH

Puc. 4. Dxcnpeccyst TeHOB aHTHOKCHIAHTHOTO CTaTyca IMOPOCAT IPpU (JOHOBOM HCCIICIOBAaHUH

Uepes 12 yacoB mocie MOBTOPHOTO MPUMEHE-
Hus nipeniapara [IpocTumMyn oTMedeHo, 4To dKCIpec-
cus rera CAT B OIIBITHO#H TpyIIIIe UMeJIa TCHICHIIUIO
K CHIxkeHuto Ha 83,1 %, B cpaBHEHMH € IPYIIION KOH-
Tposst. YUepes 48 yacoB mocie NOBTOPHOTO PUMEHE-
Hus npenapara [IpocTUMyn B ONBITHOW Ipymre 1o
CPaBHEHHMIO C KOHTpoJIeM akTuBHOCTh reHa CAT Tak-
JKe HaOJIIo/1aach TEHACHIIUS K CHIDKEHUIO B 3,2 pas3a
OTHOCHUTEIFHO KOHTPOJIBHON I'pynmbl. AKTUBHOCTH
rera SOD1 dgepe3 12 gacoB nocie npuMeHEeHHS IIpe-
napara [Ipoctumyn He mpeTeprienia 3HAYUTENbHBIX W3-
MEHEHHUH, IPU 3TOM YPOBEHb €r0 SKCHPECCHH Yepes3
48 yacoB 0CTOBEpHO MoBBIcHIICS HA 67,4 % (p < 0,05)
OTHOCHTEJIHHO KOHTPOIBHOH TPyITEl. OTHOCUTEIHHO
OCTaJIbHBIX TE€HOB HAOJIONATACh TEHJCHIUA K ITOBBI-
HmIeHuio akTuBHOCTH reHa GPx1 B ombITHOW rpyn-
e yepes 12 yacoB mocie NpUMEHEHHs penapara Ha
81,6 % B cpaBHEHUU ¢ KOHTPOJIEM, a uepe3 48 Jacos
IOCJIe MPUMEHEHSI akTUBHOCTH reHa GPx1 moctoBep-
HO cHu3mnack Ha 35,7 % (p < 0,05) B cpaBHEHHH C KOH-
TpOIBHOH Tpymmoit (puc. 5—7). Uepes 48 gacos mo-
CJie TIOBTOPHOTO MTpUMEHeHus rpenapara [ [poctumyn
nucOasiaHe B CUCTEME aHTHOKCHAHTHOHN 3alUThI CO-

XpaHsUICs, OJHAKO Ha MEPBYIO «POJIb» BMECTO I'eHa
GPX1 Bermen ren SOD1, koTOpEIi B CBOIO OYepennb
MHTUOUPYET 3aporpaMMHUPOBAHHYIO KJICTOYHYIO TH-
0eJb, YTO Ha HAIl B3MVIS CBS3aHO C MHIYLUPOBAHU-
€M 3alIUTHO-NIPUCIIOCOOUTENBHBIX U KOMIIEHCATOP-
HBIX peakuuii opranusma [7, 9.

HOZIO6HI)IC W3MCHCHUA Ha HAalll B3ITIA 1 MOTYT CBU-
JIETEIHLCTBOBATE 00 00IIEeM HAPYIICHUH OKUCTUTEITb-
Horo OanaHca Ha (oHe cTpecc-(paKTopa, TAKOTO Kak Ie-
perpyniupoBKa >KUBOTHBIX, KOTIa SKCIIPECCUS OHUX
TEHOB CHIDKAETCS, YTO JIUILAET OPraHU3M BO3MOXKHO-
ctu HeliTpanuzoBarb ADK, B pesynbrare 4ero pa3su-
BACTCs OKUCIUTEIBHBINA CTPECC IPH I10JIaBICHUN aH-
THUOKCHUIAHTHOM 3aLUTBI, @ SKCIIPECCHUS IPYTUX FEHOB
nosbimaercs (B cayyae ¢ GPX1) B pamkax KomrieH-
CaTOPHOM peakLuy AJsl KyTMPOBAHUS JECTPYKTHBHO-
ro aeiictBusi AOK u coxpaHeHHss aHTUOKCUAAHTHOU
CHCTEMBI B KOPPEKTHO (YHKIIHOHHPYIOIIEM COCTOSI-
Huu [10—12].

[Ipemapar [IpocTrmMysn criocoOCTBYeT JaHHOMY HH-
ruOMpOBaHUI0 HeraTuBHbBIX npoueccoB ADK u mox-
JepKaHUI0 aHTHOKCHJIAHTHOW 3aIIMTHl Ha JOJKHOM
YPOBHE 3a CYET aHTHPaIUKAILHON aKTUBHOCTH, KOTO-
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pyto obecrieunBaeT KOMIUIeKC BUTaMHHOB A, E u C,  JTaHTHYIO CHCTEMY, TOCKOJIbKY B HECKOJIBKHX HCCIIENIO-
BXOIAIINX B €T0 COCTaB. BO3MOXXHO, peKOMOMHAHT-  BAaHUSX IMOKa3aHa MHIYKIHS 9K30T€HHBIMU HHTEpde-
HbI€ IUTOKHUHBI TUIA |, BXOZAIIKE B €10 COCTaB, TAKKE ~ POHOMHM 3KCIPECCHU OENIKOB aHTHOKCHIAHTHOH 3a-
OKa3bIBAalOT MOIYJIMPYIOIEe NEMCTBHE Ha aHTUOKCH-  IMTHI [ 13, 14].

CAT

g omr JENE-
=
oo
< xonrpoms [ =
g omsir NS
ol
~ xonrpors | =

0 0,05 0,1 0,15 0,2 0,25 0,3

OTHOCHTENIBLHBIH YPOBEHb IKCIIPECCHH
Puc. 5. Dxcnpeccns rena CAT mociie mpumeneHus npemapara [Ipoctumyn
*

s omn I ———
=
oo
% xompors I

' *
g onur N e ——————
=
ol
~ xorrpors [

=

0,02 0,04 0,06 0,08 0,1 0,12 0,14
OTHOCHTENBHBIH YPOBEHB IKCIPECCHH

Puc. 6. Dxcrpeccus rera SOD1 mocne npumenenwii mpenapata [Ipoctumyn

* CTaTHCTHYECKH 3HAYMMBbIE pasmuams mpu p < 0,05 OTHOCHTENBHO KOHTPOIBHOI TPYIIIbE Yepe3 48 1 oKCriepuMenTa
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KOHTPOJIb
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OTHOCHTENBHBIH YPOBEHB IKCIIPECCHH

Puc. 7. Dxcrpeccns rera GPX 1 mocne npumenenus mpenapara [Ipoctumyn

* CTaTHCTHYECKH 3HAYMMBbIe pasanyust mpu p < 0,05 OTHOCHUTENHHO KOHTPOIBHO TPYIIIIbI

3AKJIIOUEHUE

[lepeBon Ha nmopamuBaHHE SBISETCS TEXHOJO-
THYECKHM CTpecC-(PaKTOpoM, KOTOPBIH CIOCOOCTBY-
€T UCTOUICHHIO ()EPMEHTATUBHOTO 3BEHA CHUCTEMBI
AQO3 1 pa3BUTHIO OKCHJIATUBHOI'O CTpEcca y KUBOT-
HBIX. HOJIy‘-IeHHI)Ie HaMH OAHHBIC ITOKa3bIBAKOT, 4YTO
npemapar [IpocTumyn oka3piBaeT aHTHOKCHUIAHT-
HBIH 32 EKT 3a cueT coaepKaHus B COCTaBE BUTAMU-
HOB, OONAJAfOIINX aHTHPAJAUKAIBLHOW aKTHBHOCTHIO
B OTHOILLCHHUH MPOLYKTOB HNEPEKUCHOTO OKUCIICHUS.
AHTHOKCHaHTHAS CHCTEMA ITOPOCST OIBITHOM TPYTITBI
obecrieunBaa ooee 3P GEeKTUBHYIO 3alIUTY 110 CPaB-
HEHUIO C KOHTPOJIbHOM rpynnoi. Bo3moxxHo, /1 Boc-
CTaHOBJICHHUS aHTHOKCHIAHTHOTO cTaTyca Tpedyercs
OoJibllIe BPEMEHHU U JaJIbHEHIINE UCCIICIOBAHMS.
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ASSESSMENT OF THE EFFECT OF THE DRUG PROSTIMUL
ON THE ANTIOXIDANT PROTECTION SYSTEM
OF PIGLETS UNDER TECHNOLOGICAL STRESS
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Abstract. The article presents the results of studies on the effect of the complex drug Prostimul containing re-
combinant type I cytokine B and vitamins A, E and C on the enzymatic link of antioxidant protection, as well as
the relative level of expression of genes of the antioxidant status of piglets against the background of technolog-
ical stress caused by weaning them from sows. The drug Prostimul was administered to the piglets of the exper-
imental group (n = 15) on day 15—16 of life intramuscularly at a dose of 1.0 cm? per 10 kg of live weight twice
with an interval of 48 hours. According to the results of the studies, it was established that the drug Prostimul had
an antioxidant effect due to the content of vitamins with antiradical activity against peroxidation products. The
antioxidant system of the body of the piglets of the experimental group provided more effective protection, com-

pared to the control group.

Keywords: piglets, Prostimul, antioxidant system, enzymes, gene expression, technological stress, weaning stress

Technological stress in animal husbandry is a se-
rious problem that reduces the rate of the industry de-
velopment and causes significant economic damage to
agriculture. It is believed that the stress reaction is in-
evitably associated with the activation of free radical
oxidation processes and the accumulation of a large
number of by-products in the body, usually against
the background of a depressive state of the antioxi-
dant defense system. These products are toxic com-
pounds with a high reactivity. It is their effect on an-
imal cells and tissues that is currently considered a
trigger in the development of many pathologies [1].
Against the background of a pronounced physiologi-
cal exhaustion under the effect of stress factors on the
body of productive animals, it is necessary to carry
out pharmacological correction aimed at eliminating
the effects of free radical reactions, oxidative imbal-
ance in the body [2]. The use of drugs containing vi-
tamins in cattle under technological stress to correct
stress conditions contributed to the normalization of
cortisol levels in the blood, thereby providing an an-

ti-stress effect. The drugs affected the activity of anti-
oxidant enzymes and the amount of glutathione in the
blood, which ultimately led to a decrease in the amount
of diene conjugates, malondialdehyde and fluorescent
Schiff bases in the blood [3]. According to our previ-
ous studies, it was found that the use of Prostimul in
piglets under sow had a positive effect on the antiox-
idant status, which had a positive effect on the adap-
tive abilities of the piglets’ body [4]. To summarize
the above, it is worth noting that the study of the ef-
fect of complex drugs based on interferons and vita-
mins on the antioxidant defense system under techno-
logical stress remains relevant.

The objective of the studies was to assess the ef-
fect of Prostimul on the antioxidant defense system of
piglets under technological stress.

MATERIAL AND METHODS
For the experiment to assess the effect of the drug
Prostimul on the enzymatic link of the immune sys-
tem, the relative level of expression of genes of the an-
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Assessment of the effect of the drug Prostimul on the antioxidant protection system of piglets under technological stress

tioxidant status of piglets during the critical period of
rearing (weaning and transfer to rearing), 30 animals
aged 15—16 days were selected at an industrial pig
breeding farm in Voronezh region.

The work was carried out in accordance with the
requirements of current international and Russian leg-
islative acts on the humane treatment of animals used
for scientific purposes, as well as the Institute’s com-
mission on bioethics.

At the age of 15—16 days, blood was taken from
piglets (n = 30) for baseline testing before being trans-
ferred to the rearing group. After that, the animals were
divided into two groups of 15 animals each (experi-
mental and control).

On day 15—16 of life, the animals in the experi-
mental group (n = 15) were given Prostimul intramus-
cularly at a dose of 1.0 cm® per 10 kg of live weight
twice with an interval of 48 hours. The piglets in the
control group (n = 15) were not given the drug.

After determining the baseline indicators, blood
samples for laboratory tests were taken from the an-
imals of each group three times: 12 hours after the
second administration of Prostimul, immediately af-

ter transfer to rearing (upon transfer) and 48 hours af-
ter transfer (after transfer).

The study of the indicators of the enzymatic link of
antioxidant protection (activity of glutathione peroxi-
dase, catalase and superoxide dismutase) was carried
out in accordance with the Methodological Provisions
for the Study of Free Radical Oxidation Processes and
the Antioxidant Defense System of the Body [5].

Polymerase chain reaction was performed on
Bio-Rad CFX 96 (Bio-rad, USA), Rotor-Gene 6000
(Corbett Research, Australia) and DTLite 4S1 (DNA-
Technology, Russia) devices with a ready-to-use com-
mercially available PCR mixture 5X qPCRmix-HS
LowROX (Evrogen, Russia). Total RNA was isolat-
ed using the RNA-Extran kit (Synthol, Russia) ac-
cording to the approved instructions. The quality of
the isolated RNA was assessed using electrophoresis
in a 2 % agarose gel. The study was carried out using
PCR analysis with the addition of SYBR Green dye.
To assess the expression of the studied genes, a panel
of specific primers was used to study the expression
levels of genes responsible for immunity and metab-
olism (Table 1).

Table 1
Primers used in real-time PCR
No. Name Nucleotide sequence
| SODI1f GAGACCTGGGCAATGTGACT
SODI1r CTGCCCAAGTCATCTGGTTT
) GPXIf CAGGTACAGCCGTCGCTTTC
GPXlIr AAAATCCCGAGAGTAGCACTGTAAC
3 CATf CTTGGAACATTGTACCCGCT
CATr GTCCAGAAGAGCCTGAATGC

The statistical data processing was performed us-
ing the Statistica v6.1 software package. The Student’s
t-test was used to assess the reliability of the results.

STUDY RESULTS

The study has shown that the use of Prostimul in-
duces an increase in the activity of glutathione perox-
idase (GPO), a selenium-containing enzyme that cat-
alyzes the conversion of hydrogen peroxide and or-
ganic hydroperoxides to hydrocompounds (Fig. 1).
Thus, in both study groups, before transfer to rear-
ing, an increase in its activity was noted: by 3.5 times
in the experimental group, by 2.2 times in the control
group relative to the baseline study, which was due to
the preparation of animals for weaning. Then, in the
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course of the experiment, there was a gradual decrease
in enzyme activity. After transfer to rearing, GPO ac-
tivity in the experimental group was by 69.6 % high-
er (p <0.05), relative to the control group.

When studying the activity of catalase (KF 1.11.1.6),
which prevents the accumulation of hydrogen perox-
ide in cells, a sharp decrease in the activity of this en-
zyme was noted in the experimental group 12 hours
after the last use of Prostimul by 40.1 % (p < 0.05) rel-
ative to the baseline values.

At the same time, in the control group this indica-
tor decreased by only 4.2 % (Fig. 2). Before weaning,
an increase in catalase activity by 22.1 % (p <0.05)
was recorded in the experimental group. After trans-
fer to rearing, catalase activity in the experimental and
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control groups did not differ significantly. After using consumption of the enzyme during the neutralization
Prostimul, a decrease in catalase activity in the blood  of accumulated primary peroxidation products due to
serum was observed, which may indicate an increased  technological stress.

14 ‘
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0 . . . |
Baseline 12h When transferring  After transferring
W Experimental === Control
Fig. 1. Dynamics of GPO activity in piglets during the experiment, pmol reduced glut./L-min
M £ m (arithmetic mean + error of the arithmetic mean)
" statistically significant differences at p < 0.05 relative to the control group
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Fig. 2. Dynamics of catalase activity in piglets during the experiment, pmol of reduced peroxide/L-min

M + m (arithmetic mean = error of the arithmetic mean)
" statistically significant differences at p < 0.05 relative to the control group

The study of superoxide dismutase (SOD) (Fig. 3), showed an increase in its activity in the con-

(KF 1.15.1.1), which occupies a central place in the trol and experimental groups before the transfer by 7.2
enzymatic antioxidant defense system of the body and 17.8 %, respectively, relative to the baseline. When
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transferred to rearing, SOD activity in both groups de-
creased by 4.5 and 12.7 %. After transfer to rearing,
an increase in enzyme activity by 16.1 % was noted
in the control group relative to the values before the
transfer.

At the same time, in the experimental group, the
increase was 2.2 % relative to the values before the
transfer. Moreover, after the transfer to rearing, the dif-
ference between the control and the experiment was
23.4% (p <0.05).

12h
s Experimental === Control

Baseline

When transferring  After transferring

Fig. 3. Dynamics of SOD activity in piglets of the studied groups during the experiment, act. units/mg Hb

M £ m (arithmetic mean + error of the arithmetic mean)
" statistically significant differences at p < 0.05 relative to the control group

Biomarkers for assessing the oxidative status of
pigs include antioxidant enzymes such as GPO, which
is capable of reducing hydrogen peroxide and organ-
ic hydroperoxides, helping to control reactive oxygen
species (ROS) [6, 7]. GPO activity is used as an indi-
cator of antioxidant status, SOD is an important en-
zyme that catalyzes the dismutation of superperoxide
into oxygen and hydrogen peroxide, and catalase cat-
alyzes the conversion of hydrogen peroxide into wa-
ter and oxygen. The activity and expression of these
enzymes are commonly used as antioxidant biomark-
ers, since they are the first response to oxidative chal-
lenge, being a preventive type of antioxidant network
system [8].

In baseline studies of the expression level of anti-
oxidant status genes, the most actively expressed gene
was glutathione peroxidase 1 (GPx1): it was by 15.5
times more active than catalase (CAT) and by 26.1
times higher than the expression level of superoxide
dismutase 1 (SOD1) (Fig. 4).

Twelve hours after repeated administration of
Prostimul, it was noted that the expression of the CAT
gene in the experimental group tended to decrease by

Bulletin of Veterinary Pharmacology « No. 1 (30) « 2025

83.1 %, compared to the control group. Forty-eight
hours after repeated administration of Prostimul, the
activity of the CAT gene in the experimental group
also tended to decrease by 3.2 times, compared to the
control group.

The activity of the SOD1 gene did not change sig-
nificantly 12 hours after administration of Prostimul,
while its expression level significantly increased by
67.4 % (p <0.05), compared to the control group in
48 hours. Regarding the remaining genes, there was
a tendency for the activity of the GPx1 gene to in-
crease in the experimental group by 81.6 % 12 hours
after administration of the drug, compared to the con-
trol, and in 48 hours after administration, the activity
of the GPx1 gene significantly decreased by 35.7 %
(p <0.05), compared to the control group (Fig. 5—7).
48 hours after repeated use of the drug Prostimul, the
imbalance in the antioxidant defense system remained,
but the SOD1 gene took over the first “role” instead of
the GPX1 gene, which in turn inhibited programmed
cell death, which in our opinion was associated with
the induction of protective-adaptive and compensato-
ry reactions of the body [7, 9].
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Fig. 4. Expression of genes of antioxidant status in piglets during baseline study

CAT

0 0.05 0.1

0.15 0.2 0.25 0.3

Relative expression level

Fig. 5. Expression of the CAT gene after the use of the drug Prostimul

In our opinion, such changes may indicate a gen-
eral disturbance of the oxidative balance against the
background of a stress factor, such as the rearrange-
ment of animals, when the expression of some genes
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decreases, which deprives the body of the ability to
neutralize ROS, resulting in oxidative stress when an-
tioxidant defense is suppressed, and the expression of
other genes increases (in the case of GPX1) as part of
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a compensatory reaction to stop the destructive effect
of ROS and maintain the antioxidant system in a prop-
erly functioning state [10—12]. The drug Prostimul
contributes to this inhibition of negative ROS process-
es and maintaining antioxidant protection at the prop-
er level due to the antiradical activity provided by the

complex of vitamins A, E and C included in its com-
position. Perhaps, the recombinant type I cytokines in-
cluded in its composition also have a modulating ef-
fect on the antioxidant system, since several studies
have shown the induction of expression of antioxidant
defense proteins by exogenous interferons [13, 14].

SOD1

experiment

48 h

l *
*

control

experiment

12h

control

0 0.02 0.04

0.06

0.08 0.1 0.12 0.14

Relative expression level

Fig. 6. Expression of the SOD1 gene after the use of the drug Prostimul

" statistically significant differences at p < 0.05 relative to the control group in 48 hours of the experiment
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*
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=
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experiment | !
=
control [IES==——

12

0 5 10

15 20 25 30 35

Relative expression level

Fig. 7. Expression of the GPX1 gene after the use of the drug Prostimul

" statistically significant differences at p < 0.05 relative to the control group
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CONCLUSION

Transfer to rearing is a technological stress factor
that contributes to the depletion of the enzymatic link
of the antioxidant protection system and the develop-
ment of oxidative stress in animals. The data we ob-
tained show that the drug Prostimul has an antioxidant
effect due to the content of vitamins in the composi-
tion that have antiradical activity with respect to per-
oxidation products. The antioxidant system of piglets
in the experimental group provided more effective pro-
tection, compared to the control group. Perhaps, more
time and further studies are required to restore the an-
tioxidant status.
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HHOKA3ATEJIN ®YHKIIUNOHAJIBHOI'O COCTOAHMUA
QPUTPOLIUTOB BEPEMEHHBIX KOPOB
IIPYU PA3BUTHUU DMBPUOIIATHUI
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AHHOTanms1. B crarbe npeacTaBieHbl MaTepraiibl M3yUeHNs (PyHKIMOHAIBHOTO COCTOSIHUS SPUTPOLUTOB Oepe-
MCHHBIX KOPOB IIPH PAa3BUTHH Y HUX HapyIIEHUI SMOpHOTeHe3a, IPOSBIIIOMINXCS B (hOPME CHHIIPOMA 3aEPIKKU
Ppa3BUTHS IUIOJA. YCTAHOBJICHO, TP PA3BUTHN SMOPHOIIATHI Y MOJIOUHBIX KOpoB B 60—75 nHelt OepeMeHHOCTH
cpeziHee coepyKaHne reMorIoOnHa B SpUTPOIHMTaX cocTasisieT 16,0 nr 1 MeHee, CpeaHssi KOHICHTPALS TeMOo-
m1o0uHa B apuTponnTax — 32,3 1/11 1 MeHee, IUpPUHA pacipeaeneHus sputpounto — 25,9 % u donee, ypo-
BEHb remMouin3a 3puTporutos B 0,45 % pactBope NaCl — 92,2 % u 6onee. B 135—150 nneii recramyum npu pas-
BUTHH SMOpHOTIATHII CpetHee coep)kaHue reMOITIO0NHa B PUTPOLIUTAX HAXOAUTCS Ha ypoBHe 17,1 nir n MeHee,
Cpe/Hss KOHLEHTPALMSI TeMOITIOONHA B 3pUTpoLTax — 33,5 I/ 1 MeHee, IUpPUHA PacIpeieNICHNs] SPUTPOLIH-
TOB — 27,6 % u 6omee. B 200—210 mHE# ocoKHEHHOE TEUCHHE OEPEMEHHOCTH, COTIPOBOXKIAOIIESE THIIOKCH-
e 1mI0/1a, XapaKTepU3yeTcsl CHIKEHHEM CPETHETO COZIepKaHuUsI TeMOIIo0nHa B 3puTponuTax 1o 17,7 nr u me-
Hee, CpelHel KOHIIEHTpauy reMOIIo0nHa B SpUTPOLUTax 10 33,5 I/11 ¥ HUKe, [IPY TOBBIIICHUN IIUPUHBI pac-
TIPE/ICIICHHsT SPUTPOLUTOB 10 28,5 % m Gonee n ypoBHs remonu3sa sputpountoB B 0,45 % pactBope NaCl no
98,1 % u Oosee. YcTaHOBIICHHBIE PA3IN4Ms (YHKINOHAIBHBIX CBOMCTB 3PUTPOINTOB SBIISIOTCS OHUMH U3 TIPEI-

pacrionararomux (GakTopoB Pa3BUTHS SMOPHOIATHH y KOPOB.
KuaioueBble ci10Ba: KOpOBbI, 0EPEMEHHOCTD, SMOPHOTIATHHI, SPUTPOLIUTEI, (PYHKINOHAIFHOE COCTOSTHHE

Cpeau >MOpuONATHil, TPHHOCSIIMX 3HAYUTEIb-
HBIE SKOHOMUYECKUE OTEPH ISl MOJIOYHOTO JKHUBOT-
HOBOJICTBA, 3HAUYUTENBHBIH y/IEIbHBIA BEC IPUXOIUT-
Csl Ha CHH/IPOM 33JICP)KKH Pa3BUTHSI IUIOJA, PETUCTPH-
pyromuiics y 24,8—36,9 % OepeMeHHbBIX )KHUBOTHBIX
[1,2].

B ocHOBe pa3BuTHs HApYyIICHHUH PAaHHETO YMOPHO-
reHe3a HaXOAWTCS AnucOaJaHC MOJOBBIX TOPMOHOB,
TIPOSIBIISIIOIIUICS THITONIPOTECTEPOHEMHUEH, YTO TIPH-
BOJMT K CHIDKCHHIO MHTCHCUBHOCTH MPOIIECCOB KPO-
BOCHAO)KEHHs Pa3BUBAIOLIECTOCS SMOPHUOHA U 33/1ePK-
Ke ero pa3sutus [3, 4].

HewmanoBaxHoe 3Ha4YeHNE Ha XapaKTep TeIECHNS re-
CTaIlM OKa3bIBAET COCTOSIHUE TOMEOCTaza OepeMeH-
HOT'0 JKHBOTHOT'O, B TOM YHCJIE CTPYKTYPHO-(DYHKIIHO-
HaJIbHBIC CBOMCTBA 3PUTPOLIUTOB. B mocnennee Bpems
9THM (POPMEHHBIM DIIEMEHTAM YJIEJISIeTCsI Bce OOJIbIIe
BHHMAHHUSI, TOCKOJIBKY SPUTPOLIUTHI SBJISIOTCS HAn00-
jee 0OBEKTHBHBIM ITOKA3aTeNIeM, XapaKTePU3YIOIINM

peaknuio opraHu3Ma Ha HeOJIarompusSTHBIE BO3/EH-
CTBUS TATOTEHHBIX (haKTOpoB [3, 6].

CBOIiCTBa SPUTPOLIMTOB OIPEACIISIOTCS COCTOSIHHU-
€M HX IJIa3MOJIEMMBI, SIBJISIONICHCS OCHOBHBIM dJie-
MEHTOM, YYaCTBYIOIIMM BO BCEX MPOLECCAX UX KH3-
HezmeaTenbHOCTH. [11a3monemMma obecriednBaeT BHY-
TPUKJIETOYHBIM roMeocTa3 3puTpouToB. biaromaps
TUTa3MOJIEMME 3PUTPOIUTHI COXPAHSIOT CBOKO IIETI0CT-
HOCTB U (popMy, 00JIaJaf0T BO3MOXKHOCTBIO K 00paTH-
MO JieopMaliy MPH MPOXOXKICHUN Yepe3 KaruJl-
JISIPBI U TIOPBI BEHO3HBIX CHHYCOB ceJe3eHKu [7, 8, 9].

Y4uThIBas MHOTOIPAHHOCTH CBOMCTB 3PUTPOLIH-
TOB, X 3HAUEHUE JIJIs 00ECTIEYeHHS MPOIIECCOB HKH3-
HEJNIeTeIbHOCTH, H3yYeHHE MToKa3aTenei nx (PyHKIno-
HAJILHOTO COCTOSIHUSI SIBJISIETCS aKTyaJIbHBIM U TPeOy-
€T BCECTOPOHHETO U3yUYeHUsl.

Hesap uccienoBaHuii — U3y4uTh I1OKA3ATEIN
(YHKITMOHATIEHOTO COCTOSTHHS dPUTPOIUTOB Oepe-
MEHHBIX KOPOB TIPH Pa3BUTUU Y HUX SMOPHOIIATHIA.
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MATEPUAJ U METOJbI
HUCCJIEJOBAHUM

HccnenoBanus BbINONIHEHBI HA 48 KOpoBax ToJI-
IITHHCKON TOPOJBI KPYITHOTO POTATOrO CKOTa JIBYX
x0351cTB Boponexckoit u OprnoBckoil obnacTei.
KopoBsl B 2 Mecsilia 0epeMEHHOCTH ObUIH Pa3JIe/ieHbI
Ha JIBE TPYMIIBL: (PU3HOIIOTHYECKOE TeUeHHEe OepeMeH-
HOCTH (1 = 28) M CHHIPOM 3aJCPKKH Pa3BUTHS I1JI0-
na (n = 20). JlnarHocTrka 3aIep>KKH pa3BUTHS ILI0AA
IIPOBE/IEHa B COOTBETCTBHUH C pa3paOOTaHHBIMH KPH-
tepusimu [ 10].

OT Bcex JKUBOTHBIX, BKJIFOYCHHBIX B OIIBIT, OTO-
Opanb! TPOOBI KPOBHU ISl IPOBEACHNUS JTAOOPATOPHBIX
WCCIIeIOBaHMI: Cpe/lHee co/ep)KaHne reMoroOnHa
B DPUTPOIINTE, CPEIHSISI KOHIIEHTPAIUS TeMOTTIO0HA
B 9PUTPOLIUTE, IIMPHHA PACTIPECIICHUS SPUTPOLIUTOB,
ypOBEHb reMomu3a 3putporutoB B 0,45 % pactBope Ha-
Tpus xiopuaa (NaCl). JlabopatopHbie ucciie1oBaHUs
npoBesieHb! B 60—75, 135—150 u 200—210 gHeii Oe-
PEMEHHOCTH Ha TeMaTOIOTHIeCcKoM aHamm3aTope «ABX
Micros 60». UccienoBanue CTpyKTYypHO-(YHKITHO-
HaJIBHBIX CBOMCTB SPUTPOLMTOB MIPOBEACHO C MOMO-
1IbI0 (POBOTO aBTOMATHUECKOTO METO/Ia HHTET Paib-
HBIX PUTPOTPaAMM, allPOOHPOBAHHOTO B J1a00paTOpHH
JMOKITMHUYECKHX MCCIISIOBAHUI F MOACTMPOBAHUS OHO-
noruueckux cucteM OPI'BHY « BHUBUIIDOUT.

[TomydeHHbI THPPOBOI MaTepHal MMOIBEPTaln
CTaTUCTUYECKOI 00pabOTKeE C UCTIOIb30BaHUEM TTaKEeTa
MPUKJIAIHBIX nporpaMm Statistica 6.0. Paznuuus cuu-
TaJu CTaTUCTHUSCKH 3HauMMbIMU Tipu P < 0,05. Jlms
OTIpe/IeNIeHNsI CTATHCTUIECKON 3HAYNMOCTH MEXTPYTI-
TTOBBIX PA3IIMYHI U JJ151 OIEHKH BIMSHUS CPOKOB TecTa-
LMY HA OCMOTUYECKYIO PE3UCTEHTHOCTH IPUTPOIIUTOB
KPOBH CTEJIbHBIX KOPOB MPOBOAMIIM JABYX(aKTOPHBIH
mucniepcuonnblil ananmu3z (MANOVA — Multivariate
Analysis of Variance).

PE3YJIBTATBI HCCJIEJOBAHUM

Cpennee conepkaHue reMorIoONHa B 3pUTPOLIUTAX
SIBJISICTCSI OJTHAM U3 TIOKA3aTeJICH, CBUIICTEITLCTBYOIIAX
0 pa3BuThH aHeMuil. CHIKEHUE JaHHOTO MOKa3aTesst
XapaKTEPHO JIJIs TUITOXPOMHBIX M MUKPOILIUTAPHBIX aHe-
Mui. YcTaHoBieHo (puc. 1), 4To y KOpOB € CHHAPOMOM
3aJIep KKK pa3BUTHs 1uiofa B 60—75 nHel 6epeMeHHO-
CTH CpEJIHEE COJIep KaHIe TeMOIIO0MHA B SPUTPOIIUTAX
Ha 8,5 % Hwxke (P < 0,05), yem ripu puznonoruueckon
recraiuu, B 135—150 gueit — ua 9,5 %, 8 200—210
maeir — Ha 11,5 % (P < 0,05). Mexny conepkanuem
reMOTIIOOMHA B DPUTPOIUTAX W PA3BUTHEM CHHIPOMA
3aJIep KKH IIJI0/1a yCTAaHOBJIEHA TIOJIOKUTEIbHAS KOppe-
asituBHas cBsizb — 7 = +0,88 (P < 0,01). Koo puument
netepmuHaimu coctasmset 0,77.

CpenHsis KOHIIEHTpAIHs TeMOTIIO0HMHA B SPUTPOLH-
TaX XapaKTepHU3yeT HACBIIIEHHE YPUTPOIIUTOB TEMOTIIO-
OMHOM, YTO SIBIISIETCS] OAHUM M3 TIOKa3arelel, CBHUIe-
TENLCTBYIOIIMM 00 00ecTieYeHUH Pa3BUBAIOLIECTOCS 3a-
POABIIIIAa TUTATETLHBIMH BEIIECTBAMHU U KHUCIIOPOIOM.
‘YcTaHoBIeHO (pHC. 2), 9TO CPEIHSST KOHIICHTPAITHS Te-
MOTTIO0MHA B dpuTpormTax B 60—75 mHei recrammu
MIPU OCJIOKHEHHOM €€ TEUEHUH HAXOIUTCs Ha YPOBHE
32,3 r/n, uto Ha 6,4 % MeHblIIe, YeM pH pU3noIornde-
CKOM TeueHnr OepeMeHHOCTH, B 135—150 naeit — Ha
7,5 %, B 200—210 gueii — Ha 7,4 %. CHuxeHUEe KOH-
[IEHTPAIH TEMOTTIOOMHA B DPUTPOIIUTAX ITPH OepeMeH-
HOCTH SIBIIIETCSI ONHUM W3 (DaKTOPOB, CIIOCOOCTBYFO-
HIMX Pa3BUTHIO CUHIPOMA 331€PKKH C SIBICHUSMH THII-
oxcun. Koaddumment xoppensiuun cocrasisier +0,93
(P <0,01), koappurment nerepmunaimu — 0,86.

[upuna pacnpeneneHuss SPUTPOIUTOB SBIIIET-
csl TIOKazaTeJieM KOJMYEeCTBa aHOMAIIFHBIX 10 pa3Me-
py kierok. [Ipu marojsormyeckoMm TeueHHH OepeMeH-
HOCTH B (hOpMe CHHAPOMA 33/ICPXKKH Pa3BUTHSA TUIOA
B 60—75 nHeil mmpuHa pacnpeesieH s 3pUTPOLIUTOB
B 1,3 paza (P < 0,01) GomnbIie 1o cCpaBHEHHUIO C (HU3HO-
Joruveckoit recrarueit (puc. 3), B 135—150 mueit —
B 1,3 paza (P <0,05), B 200—210 nueit — B 1,4 paza
(P <0,001). YBenuueHnue MUPHUHBI paclpereiIcHUs
SPUTPOLIMTOB HA PAHHUX CPOKAX I'eCTALUH MOXKET CBU-
JIeTeIbCTBOBATh O CHM)KEHUH KPOBOCHAOKEHHUS pas-
BHBAIOIIETOCS IJI0/Ia M PA3BUTHH CHHAPOMA 3aJepPiK-
Ku. Mexay HMUPUHON pacnpesieiieHus: SpUTPOIUTOB
Y pa3BUTHEM CHHJIPOMA 3aJIEPXKKH IUI0/Ia YCTaHOBJIE-
Ha OTpUIaTesIbHas KoppeisTuBHas cBa3b — r = —0,89
(P <0,001). KoahpunmeHt gerepMuHaLiK COCTABIISI-
et 0,79.

OmHUM W3 WHTETPUPOBAHHBIX IMOKa3aTelel, Xa-
PaKTepU3YIOMHX (PYHKIOHAIEHBIE CBOHCTBA DPUTPO-
LIUTOB, SIBIISIETCA ypOBEHb uX remMonusa B 0,45 % pac-
TBOPE HATPHsl XJIOpUAa, KOTOPBIA MEHSAETCS IPH Pa3-
JIMYHOM XapakTepe TeUeHUs: OepeMeHHOCTH (puc. 4).
[loBbIIeHNe YPOBHS TeMOJIN3a SPUTPOIUTOB HAOIMIO-
JTaeTCs Ha PaHHUX dTarax SMOpPHOTreHe3a Py OCIIOXK-
HEHHOM TEYEHWH TrecTaluu. Eciu ypoBeHb reMonu3a
sputpouutos B 0,45 % pactBope NaCl B 60—75 nneit
OepemeHnHOCTH cocTaBisieTcst 92,2 % U BbIIIE, TO KH-
BOTHOE UMEET BBICOKYIO CTEIIEHb BEPOSTHOCTH Pa3BH-
TSI OCJIOKHEHHOW TrecTanuu B Gopme cHHIpoMa 3a-
nepxku rona. B 135—150 greit 6epeMeHHOCTH TaH-
HBIW TTOKa3aTebh He UMEET CYIIECTBEHHBIX Pa3Inyuid
Mmexay rpynnamu. B 200—210 nHei 6epeMeHHOCTH
JUTS OCJIOKHEHHOTO €€ TeUEHHsI XapaKTepHO MOBBIIIe-
HUE YPOBHS remonu3a sputpouutos B 0,45 % pactBo-
pe NaCl mo 98,1 % u 6omee (KOIPPHUITHEHT KOPPEIIs-
mu » = —0,74, nerepmunaruu — 0,54).
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Puc. 2. CpenHss KOHIICHTpANHS TEMOTIIOONHA B SPUTPOIIUTAX KOPOB MPH PA3INIHOM XapaKTepe TeUeHUs oepe-

Takum o0pazom, MapKkepaMu pa3BUTHS SMOpHOTIa-
THH y MOJIOYHBIX KOPOB B 60—75 nHel OepeMeHHOCTH
MOTYT CIIY’)KUTB: CpE/IHEe Cco/lepKaHue TeMOTIo0nHa
B apuTpouuTtax 16,0 nr u meHee, cpeHsst KOHIIEHTpa-

MEHHOCTH, I/JI

3AKJIIOYEHHUE HIMPUHA PacTIpeAeeHHs S3pUTPOUnTOB — 25,9 % 1 60-

LUs TeMOTTIOOMHA B 3pUTpoLTax — 32,3 I/ ¥ MEHee,  HHU3MOB Pa3BUTHUS SMOpPHONATHI.
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Jiee, ypoBeHb remoiuza sputporutoB B 0,45 % pac-
tBOope NaCl— 92,2 % u 6onee. 3menenus GyHKImo-
HAJILHBIX CBOWCTB PUTPOIIMTOB B IIEPBbIC JBa MECSIIA
0epEeMEHHOCTH SIBJISIFOTCS OJJHUM M3 ITyCKOBBIX MeXa-
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Puc. 4. Yposens remosnza spurpountoB kposu B 0,45 % pactBope NaCl npu pa3nuuHOM XapakTepe TedeHHs
OepeMEHHOCTH Y KOPOB, %

B 135—150 gueit recranuu, 0ClIOKHEHHONW CHH-
JPOMOM 33JIEP’KK1 PA3BUTHS 11011, CPETHEE CozlepKa-
HHE TeMOTIIOONHA B DpUTPONHUTAX cocTapiser 17,1 nr
Y MEHee, CPeIHsS KOHIICHTPANNs TeMOTIIOOMHA B 9pH-
TpouuTax — 33,5 /1 u MeHee, IMpPUHA pacrpeese-

HUs dpuTpouuToB — 27,6 % u Gonee. B 200—210
JTHEH OCIIOKHEHHOE Te4eHHe OepeMEeHHOCTH Xapak-
TEPU3YETCs] CHUIKCHHEM CPEIHEr0 COIepIKaHHs Te-
MOTJIOOMHA B 3pUTponHTax 1o 17,7 r u MeHee, cpe/-
Hell KOHIIEHTPAIMW TeMOIJTIO0NHA B SPUTPOIIUTAX O
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33,5 r/n v HIDKe, IPU TOBBIIICHUH HIMPUHBI pacrpeie-
JICHUS SPUTPOIHUTOB 10 28,5 % 1 6ojiee, ypoBHS reMo-
nm3a sputpounToB B 0,45 % pactBope NaCl 10 98,1 %
u OoJiee, 4TO MPUBOUT K CHUYKEHUIO HHTEHCUBHOCTH
pocTa 1y0/1a ¥ pa3BUTHIO BHYTPUYTPOOHON TUIIOKCHU.
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INDICATORS OF THE FUNCTIONAL STATE OF
ERYTHROCYTES OF PREGNANT COWS DURING
THE DEVELOPMENT OF EMBRYOPATHIES
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Abstract. The article presents the material on the study of the functional state of erythrocytes of pregnant cows
during the development of embryogenesis disorders, manifested in the form of fetal intrauterine growth restric-
tion syndrome. It has been established that during the development of embryopathies in dairy cows at 60—75
days of gestation, the mean cell hemoglobin is 16.0 pg or less, the mean cell hemoglobin concentration is 32.3 g/L
or less, the RBC distribution width is 25.9 % or more, the erythrocyte hemolysis level in a 0.45 % NaClI solution
18 92.2 % or more. At 135—150 days of gestation, in case of the embryopathies development, the mean cell he-
moglobin is at the level of 17.1 pg or less, the mean cell hemoglobin concentration is 33.5 g/L or less, the RBC
distribution width is 27.6 % or more. At 200—210 days, complicated pregnancy (gestation) accompanied by fe-
tal hypoxia is characterized by a decrease in the mean cell hemoglobin to 17.7 pg or less, the mean cell hemoglo-
bin concentration — to 33.5 g/L and below, with an increase in the RBC distribution width to 28.5 % or more and
the level of erythrocyte hemolysis in a 0.45 % NaCl solution — to 98.1 % or more. The established differences
in the functional properties of erythrocytes are one of the predisposing factors for the development of embryop-

athies in cows.

Keywords: cows, gestation, embryopathies, erythrocytes, functional state

Among embryopathies that cause significant eco-
nomic losses for dairy farming, a significant propor-
tion falls on the intrauterine growth restriction syn-
drome (IUGRS), registered in 24.8—36.9 % of preg-
nant animals [1, 2].

The basis for the development of the early em-
bryogenesis disorders is an imbalance of reproduc-
tive hormones, manifested by hypoprogesteronemia,
which leads to a decrease in the intensity of the blood
supply processes of the developing embryo and a re-
striction in its development [3, 4].

The state of homeostasis of a pregnant animal,
including the structural and functional properties of
erythrocytes, has an important effect on the nature of
the gestation course. Recently, more and more atten-
tion has been paid to these formed elements, since
erythrocytes are the most objective indicator charac-
terizing the body’s response to the adverse effects of
pathogenic factors [5, 6].

The properties of erythrocytes are determined by
the state of their plasma membrane, which is the main

element involved in all processes of their vital activity.
The plasma membrane ensures intracellular homeosta-
sis of erythrocytes. Thanks to the plasma membrane,
erythrocytes retain their integrity and shape, and have
the ability to reversibly deform when passing through
the capillaries and pores of the venous sinuses of the
spleen [7—9].

Considering the versatility of the properties of
erythrocytes, their importance for ensuring vital pro-
cesses, the study of indicators of their functional state
is relevant and requires comprehensive study.

The objective of the research is to study the indi-
cators of the functional state of erythrocytes of preg-
nant cows during the development of embryopathies
in them.

MATERIAL AND METHODS
The research was conducted on 48 Holstein cows
from two farms in Voronezh and Orel regions. The
cows were divided into two groups at 2 months of ges-
tation: physiological gestation (n = 28) and fetal in-
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trauterine growth restriction syndrome (n = 20). Fetal
growth restriction was diagnosed according to the de-
veloped criteria [10].

Blood samples for laboratory tests were obtained
from all animals included in the experiment: the mean
cell hemoglobin, the mean cell hemoglobin concen-
tration, the erythrocyte/RBC distribution width, the
erythrocyte hemolysis level in a 0.45 % sodium chlo-
ride (NaCl) solution. Laboratory studies were conduct-
ed at 60—75, 135—150 and 200—210 days of gesta-
tion using the hematology analyzer ABX Micros 60.
The study of the structural and functional properties
of erythrocytes was conducted using the digital auto-
matic method of integral erythrograms, tested at the
Laboratory of Preclinical Studies and Simulation of
Biological Systems of FSBSI “ARVRIPP&T™.

The obtained digital material was subjected to
statistical processing using the Statistica 6.0 software
package. The differences were considered statistical-
ly significant at P < 0.05. To determine the statistical

significance of intergroup differences and to assess the
effect of gestation periods on the osmotic resistance of
erythrocytes in pregnant cows, a two-factor analysis
of variance (MANOVA — Multivariate Analysis of
Variance) was performed.

STUDY RESULTS

The mean cell hemoglobin is one of the indica-
tors indicating the anemia development. A decrease in
this indicator is characteristic of hypochromic and mi-
crocytic anemia. It has been established (Fig. 1) that
in the cows with fetal intrauterine growth restriction
syndrome at 60—75 days of gestation, the mean cell
hemoglobin is by 8.5 % lower (P < 0.05) than during
physiological gestation, at 135—150 days — by 9.5 %,
at 200—210 days — by 11.5 % (P < 0.05). A positive
correlation was established between the mean cell he-
moglobin and the development of fetal intrauterine
growth restriction syndrome — = +0.88 (P < 0.01).
The coefficient of determination is 0.77.
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Fig. 1. Mean cell hemoglobin in cows in case of various types of gestation course, pg

The mean cell hemoglobin concentration charac-
terizes the saturation of erythrocytes with hemoglobin,
which is one of the indicators indicating the provision
of the developing embryo with nutrients and oxygen.
It has been established (Fig. 2) that the mean cell he-
moglobin concentration at 60—75 days of gestation
with a complicated course is at the level of 32.3 g/L,
which is by 6.4 % less than in case of a physiologi-
cal gestation course, at 135—150 days — by 7.5 %,
at 200—210 days — by 7.4 %. A decrease in the cell

Bulletin of Veterinary Pharmacology « No. 1 (30) « 2025

hemoglobin concentration during gestation is one of
the factors contributing to the development of fetal in-
trauterine growth restriction syndrome with hypoxia.
The correlation coefficient is +0.93 (P < 0.01), the co-
efficient of determination is 0.86.

The RBC distribution width is an indicator of the
number of abnormally sized cells. In case of patholog-
ical gestation in the form of fetal intrauterine growth
restriction syndrome, the RBC distribution width is
by 1.3 times (P < 0.01) greater at 60—75 days, com-
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pared to a physiological gestation (Fig. 3), by 1.3 times
(P <0.05) greater at 135—150 days, and by 1.4 times
(P <0.001) greater at 200—210 days.

An increase in the RBC distribution width at
the early stages of gestation may indicate a de-
crease in the blood supply to the developing fetus

38
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and the development of intrauterine growth restric-
tion syndrome. A negative correlation was found be-
tween the RBC distribution width and the develop-
ment of intrauterine growth restriction syndrome —
r=-0.89 (P <0.001). The coefficient of determination
was 0.79.
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Fig. 2. Mean cell hemoglobin concentration in cows in case of various types of gestation course, g/L
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Fig. 3. RBC distribution width in cows in case of various types of gestation course, %
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One of the integrated indicators characterizing
the functional properties of erythrocytes is the level
of their hemolysis in a 0.45 % sodium chloride solu-
tion, which changes in case of various types of ges-
tation course (Fig. 4). An increase in the erythrocyte
hemolysis level is observed at the early stages of em-
bryogenesis in case of a complicated course of ges-
tation. If the erythrocyte hemolysis level in a 0.45 %
NaCl solution at 60—75 days of gestation is 92.2 %
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or higher, then the animal has a high probability of a
complicated gestation development in the form of fe-
tal intrauterine growth restriction syndrome. At 135—
150 days of gestation, this indicator does not have sig-
nificant differences between the groups. At 200—210
days of gestation, complicated gestation is character-
ized by an increase in the level of erythrocyte hemoly-
sis in a 0.45 % NacCl solution to 98.1 % or more (cor-
relation coefficient » = —0.74, determination — 0.54).
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Fig. 4. Erythrocyte hemolysis level in a 0.45 % NaCl solution in cows in case of various types of gestation course, %

CONCLUSION

Thus, the markers of embryopathy development
in dairy cows at 60—75 days of gestation can be the
mean cell hemoglobin of 16.0 pg or less, the mean
cell hemoglobin concentration of 32.3 g/L or less, the
erythrocyte distribution width of 25.9 % or more, the
erythrocyte hemolysis level in a 0.45 % NaCl solution
0f 92.2 % or more.

The changes in the functional properties of eryth-
rocytes in the first two months of gestation are one of
the triggers for embryopathy development. At 135—
150 days of gestation complicated by fetal intrauterine
growth restriction syndrome, the mean cell hemoglo-
bin is 17.1 pg or less, the mean cell hemoglobin con-
centration is 33.5 g/L or less, and the erythrocyte dis-
tribution width is 27.6 % or more.

At 200—210 days, complicated gestation is char-
acterized by a decrease in the mean cell hemoglobin
to 17.7 pg or less, the mean cell hemoglobin concen-
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tration — to 33.5 g/L or less, with an increase in the
erythrocyte distribution width to 28.5 % or more, the
erythrocyte hemolysis level in a 0.45 % NaCl solu-
tion — to 98.1 % or more, which leads to a decrease
in the intensity of fetal intrauterine growth and the de-
velopment of intrauterine hypoxia.
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BUOUH®OPMATUUYECKU AHAJIN3
AMMHOKHUCJOTHBIX HOCJEJOBATEJBHOCTEN
WHTEPJIENKNHA-4 MJIEKOITATAIOIINX

Hapbst Bukroposra Konbuiea®™, Makcum Hocudosuy [MoranoBuy,

Baagumup Antonosu4 IlpokyeBuny

Benopycckuii zocydapcmeennwiii ynueepcumem, Munck, Benapyco, kopyleva.d@gmail.com™

Annoranus: [Ipy cpaBHEHIH aMHHOKHUCIIOTHBIX TIOCTICIOBATEIFHOCTEH IUTOKUHA MHTepaeHkuH-4 (MJI-4) mie-
KOITMTAIOIINX (YesIOBEK, OBbIK, OBIIA, JIOMIAIb, CBUHBS, KPBICA, MBI, cCOOaKa, KOIIKa) YCTAHOBJICHA HICHTUYHOCTh
KITFOYEBBIX aMUHOKHUCIIOTHBIX O0cTaTkoB nepBoro (Glu-9) u Broporo (Arg-88) kiacTepoB, OTBEHAIONIHNX 3a B3aH-
MOZIEHCTBHE KKIO0T0 BUIOCTICIN(UUSCKOTO IUTOKMHA ¢ COOCTBEHHBIM perentopoM. [Ipn 3ToM KonmmuecTBo co-
BITQ/IAIOIINX AMUHOKHCIIOTHBIX OCTAaTKOB B OEJIKOBBIX MOCIIEIOBATEIBHOCTSIX YEJIOBEKA 1 )KUBOTHBIX HE ITPEBBI-
maet 60 % u sBasercst MakcuManbHbIM ¢ MJI-4 cBunbn — 59,6 %. Hanboipiast HIieHTHYHOCTh aMHUHOKHUCIIOT-
HBIX nocnenoBarensHocTeid MJI-4 (92 %) u KoHCepBaTUBHOCTH 3aMEH XapaKTepHa ISl OTHOCHTEIBHO OJTM3KUX

10 TIPOUCXOXKICHUIO TAPHOKOIIBITHBIX (OBIK, OBIIA).

KiaroueBrble ciioBa: HHTCpJ’IeﬁKHH-4; MHOXCCTBEHHOC BbIPABHUBAHUC, peKOM6I/IHaHTHLII\/‘I OcIIoK.

PexoMOMHAaHTHBIE IUTOKWHBI (CUTHAIBHBIE MO-
JIEKYJTBI), MTOJTyYeHHBIE ONOTEXHOIOTHYECKUM CII0CO-
0O0M, HaXOAT BCE OOJIBIIIee MPUMEHEHHE B PA3THIHBIX
CEKTOpax MeIUITUHBI U BeTepuHapuu. [[uToknHbI 00-
JaJat0T MHOKECTBOM OMOJIOTHUECKUX aKTHBHOCTEH,
MIPOSBJISIONIMXCS Yepe3 B3aUMOAEHCTBHE CO CIelH-
(pryecKUMU KIETOYHBIMH TTOBEPXHOCTHBIMHU peller-
Topamu. B pesynbrare Takoro B3auMoJeHCTBUS MPO-
WCXOJUT aKTHUBAIUs MyTel Tepenadn CUTHajIa U pe-
TYJSIAS SKCIIPECCHH KOHTPOIMPYEMBIX TeHOB. Tak,
unrepiaelikui-4 (1J1-4), oTHoCsIMiACS K IPOTHBOBOC-
MAJUTETFHBIM IIUTOKMHAM, CIIOCOOEH PEeryaupoBaTh
BBIPa0OTKY aHTHUTEIN, TEMOII0A3, BOCMAJIeHHne, obec-
TeYnBaeT pa3BuTHE dPPEKTOPHBIX T-KIETOUHBIX OT-
BETOB, SIBJISISICH POCTOBBIM (PaKTOPOM It B-KieTok.
Kpome toro, NJI-4 yBennunBaeT UTOTOKCUYECKYIO
AKTUBHOCTH JTUM(OIUTOB U MOHOLIMTOB, YCHUJIHBA-
eT (QyHKIMOHATBHYIO aKTUBHOCTh MUEJIOMTHBIX KJIIe-
oK. Dddexrsr NJI-4 Ha HE TEMONOITHUESCKHUE KIICT-
KU BKJIFOYAIOT YCHJICHHE XeMoTakcuca (hubpoodia-
CTOB WM aJIT€3UBHOCTH JHJIOTEIHAIBHBIX KIIETOK IS
T-mumdonutos [1—3]. NJI-4 HeoOxouM JI1st UHAYK-
LMW U COXpaHEHUsI UMMYHHOro orBeta Il Tumna u, B oc-
HOBHOM, ITPOAYIIPYETCS UMMYHHBIMH KJIETKaMH, Ta-
KUMH Kak T-muMOIHTHI, Ty9HbIE KIETKH, 6a30()niIsl
u 03uHO(WIHI [1].

WHatepneiikun-4, BiepBbie onmucanubiii B 1981 1,
MpeAcTaBIsieT cO00i CeKpeTHPyeMbl ITUTOKUH
Maccorr 17,5 x/la (BKJIroUYass CUTHAIBHBIA TEMTHT
~2,5 kJla). Ctpykrypa uenoBeueckoro MJI-4 B HaTHB-
HOM COCTOSIHUH CTa0MIIM3UPOBaHA TPEMSI IUCYIbPHI-
HBIMH CBSI3IMH, 00Pa3yOIIUMHI KOMITAKTHYO IJI00YJ1Y,
MIPENICTABICHHYIO YETHIPEMS O-crirpaismu (A, B, C,
D) [1]. B caiitax cBs3wsIBaHms denaoBedeckoro MJI-4
CO CBOUM PELENTOPOM MPUCYTCTBYIOT 3 BBICOKOKOH-
CepBaTUBHBIX yyacTka — KjacTepa. [lepBrIit kitactep
nokanuzoBad B oonact Glu-9, rie kapOookcunar npu-
HUMAeT TPH CBS3M OT penentopubix Tyr-13, Tyr-183
u Ser-70. s GopMHUPOBAHUS CBSI3H C PELICTITOPOM
Glu-9 nomkeH MOMOIHUTENBHO MPABUIBLHO OPHUEH-
TUPOBAThCA B caliTe CBSI3bIBaHMS OCTATKOM Asn-89
uHTepieiikuHa. Bropoit kinacrep chopMupoBaH Bo-
Kpyr MOHHOM mapbl Arg-88 cO CTOPOHBI MOJEKYIbI
NJI-4 u Asp-72 co CTOPOHBI €T0 perenTopa U OKpy-
JKeH a’mudaTHdecKuMu TpynmnamMu. TpeTuil kiactep
(hOpMHPYIOT aMUHOKHCIOTHBIE OCTAaTKH MOJIEKYIIbI
NJI-4 Arg-81, Arg-85, GIn-78 u peentopHbie OCTaT-
k1 Asp-66, Asp-67, Asp-125, xoTopsie He MOTYT (op-
MHUPOBAThH MPOYHBIC BOAOPOIHBIC CBSI3HU, TaK KaK T'€O0-
METpPHS TAaKOTO B3aMMO/ICHCTBUS Oy/IeT CyIeCTBEHHO
OTIIMYATHCSA OT CTAHJIAPTHOTO JTOHOPHO-AKIIETITOPHO-
ro B3aumoeicTBus sp>-tuna. OTcrofa ClienyeT Bbl-
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BO/I, UTO TPETUH KJIacTep He y4yacTBYeT B CTaOMIIN3a-
LMW KOMILJIEKCA, a €T0 3aJadya COCTOUT B YCKOPEHHUHU
00pa3oBaHMS KOMILJIEKCA 3a CYET ANIEeKTpOocTaThye-
CKOTO KOHTPOJISI CBSI3BIBAHUS JIUTAHJA C PELENTOPOM
[4]. CraHoBUTCSL OUYEeBUAHA BEIyIlas Pojb IMEPBOrO
1 BTOPOTO KJIacTepa B JOPMUPOBAHUH KOMILJIEKCA Me-
Ky MHTEpIIeHKNHOM-4 YeJloBeKa U ero perienTopoM,
HEOOXOMUMOTO TSI OCYIECTBICHUS d(h(HEKTOB neii-
CTBUS IUTOKUHA. [10-BHIUMOMY, TOXOXKYIO CTPYKTYP-
HO-(DYHKITHOHAITLHYIO OPTaHU3AIHIO CIIEIyeT OXKUIATh
U JUISI UHTEPIEUKUHOB-4 APYTUX MIICKOITUTAIOLIUX.

ITo npuynHE CUCTEMHOrO XapakTepa JEeUCTBUS
LMTOKMHA Ha OPTaHW3M JOCTATOYHO CIIOXKHO OIpe-
JIETATH TEPATTEBTUICCKYIO POJIb JIeYeOHO-TIpOdHIaK-
THYECKUX TIPerapaTroB Ha OCHOBE MHTEpieHKnHa-4,
OJTHAKO pa3pa0OTKH B ATOM HAIIPABJICHHUU BEIyTCS.
Tak, B 2017 rogy rpymnmna uccienoBaresneil npeacra-
BHJIA SKCIIEPUMEHTANIbHYIO paboTy € MCIIOIB30BaHH-
€M WHBEKIIMOHHOTO TMpernapara Ha OCHOBE MBIITHHO-
ro NJI-4 nns nedeHus nHpapKTa MEOKapaa B MOICITH
in vivo (MbIIN). Y4eHbIe OTMETHIIN, YTO KOHTPOJIH-
pyemast pa3oBasi JIOKaJbHasl TOCTABKa BBICOKOM 103bI
gucrtoro NJI-4 moxet Ob1Th 3 hekTHBHOI A71s1 ycTpa-
HEeHHs ToCeAcTBUI nHapkTa Muokapa [S]. B apy-
TOM 3KCHEPUMEHTE in Vivo 3apETUCTPUPOBAHO, UTO
NJI-4 moxeT 3D (peKTUBHO BOCCTAaHABIMBATH KJIETOU-
HBI IMMYHHUTET IIPH 0YKOTOBBIX TIOPAKEHUSIX H BO3-
JCHCTBUM 3TAHOJA 32 CUET CIIOCOOHOCTH MOJLYIHPO-
Bath ypoBeHnb MJI-6 [6]. B 2020 romy rpynma KuTai-
CKUX YYEHBIX 3asIBHJIa O BO3MOKHOCTH PACCMOTPEHUS
WNJI-4 B xagecTBe peryasaTopa MeTa0oIu3Ma ISl Jie-
YEHUSI OKUPEHUS U ero ocyiokHeHui [7]. Iloxke mo-
SIBUJIMCH MCCIICIOBAHMUS, JOKa3bIBaroIye 3PPeKTHB-
HocTh mpuMmeHeHus MJI-4 kak mpoTUBOBOCHATUTENb-
HOTO areHTa u MOJIYJsITOpa ocTeorenesa [8].

Kpowme Toro, NJI-4 sBisieTcst OMHIM U3 KITFOUEBBIX
UTOKWHOB B TEXHOJIOTHUH CO3JIAHNS OMOMEIMITNHCKIX
kieTouHbIX TpoaykroB (BMKII) Ha ocHOBe neHApUT-
vbix kietok. BMKII Haxonar npuMeHeHue B jeue-
HUU OHKOJIOTMUECKHX U TeHETUYCCKUX 3a00JICBaHMUIA,
0KOTOB, TSKEJION Cep/IeYHOlN HeAO0CTAaTOYHOCTH, UH-
(hapkra MHOKapma, peBMATOUIHBIX apTPUTOB U HEH-
poIereHepaTHBHBIX 3a00JIeBaHUM, TaKMX KakK pacce-
STHHBIN CKIIepo3, Oosie3Hb AJbIreliMepa U 0OJe3Hb
[Tapkuncona [9, 10].

[IpencraBneHHble HaNpaBJIEHHS UCCIIEIOBAHUM B-
JITFOTCS] HOBBIMH M UIMEIOT Ba)KHOE TIPAKTHYECKOe 3Ha-
YeHHe, KaK Il MEAUIWHBL, TaK ¥ JJIsl BETEPUHAPHH.
W3BecTeH mpumMep MpeaioKeHNs NCIIOTb30BAHUS Pe-
KOMOMHAHTHOTO Y€JIOBEUECKOTO (PU) HHTEPICHKIHA-2
B BeTepuHapHbIX nemisax [11]. IIpeanonaraercs, uto
JAHHBIM IIUTOKUH YEJIIOBEYECKOTO TUIA MOXKET OBITh

HIMPOKO MCIOIB30BAH IS UMMYHOTEPAIHH JKUBOT-
HBIX, TIpeoj10JIeBast Oapbep OeTKOBOM BUAOCTICITU(DUY-
HOCTH. YunThIBas ieueOHbIH moteHnman pullJl-4 pac-
cMaTpuBaeTcs MpeoaokKeHne 0 BO3MOKHOM ITPUMe-
HeHuu cyOctaniuu pullJl-4 ana xKoHCTpyupoBaHUS
JIe9eOHO-TIPOPMITAKTHICCKUX MTPETIapaTOB B TOM UHC-
JIE B LIETISIX BETEPUHAPHH.

Ilensro HacTOAIIETO HCCAETOBAHNS IBUIIOCH ITPO-
BeJleHne OMOMH(POPMATHIECKOTO CPABHUTEILHOTO aHa-
JIM3a MOJUIENTHAHBIX mocienoBareilsHocTeir MJI-4
y psaa muekonuratomux. [lo pesymnsraram mccneno-
BaHUS BBICKA3bIBAIOTCS TIPEATIONIOKEHHSI O CTPYKTYP-
HBIX OTIIMUYUAX MHTEPIECHKNHOB THIa-4 MIIEKOIIUTAIO-
HIUX Pa3IMnYHOTO BHUJIA.

MATEPUAJIBI U METO/bI
UCCJIEJOBAHUS

AMPHOKHUCIIOTHBIE TIOCIIEIOBATEILHOCTH WHTEP-
JIEMKUHOB-4 B3sTHI U3 0a3bl maHHbix GenBank, xoabl
nocryna st Homo sapiens (uenosex) — AAA59150.1;
Equus caballus (momanp) — AAG21896.1; Bos tau-
rus (0bik) — AAA30587.1; Sus scrofa (cBuHbs) —
CAA48407.1; Ovis aries (oBma) — AAA31552.1;
Canis lupus familiaris (cobaka) — AAD11563.1; Felis
catus (vomka) — AAB42052.1; Rattus norvegicus
(xpeica cepast) — CAC16091.1; Mus musculus (MpIIb
nomoBas) — AAA39298.1.

MHOXECTBEHHOE BhIPABHUBAHUE aMHUHOKHCIIOT-
HBIX nocnenoBaresbHocTel NJI-4 BBINOMHAIN 1O aro-
putmy ClustalW [12], 1 BU3yanu3npoBais mpu moMo-
M nporpaMmHoro naketa Jalview 2.11.2.7. IIpouent
UJICHTUYHOCTH OIPEIEIISUIA MPU TTOMOIIM aJITOPHUT-

Ma IONAPHOI0 BbIPAaBHMBAHUS IPOrPAMMHOIO IaKe-
ta Jalview 2.11.2.7 [13].

PE3YJBTATBI U UX OBCYXJIEHHUE

C 1emnbIo MPOBEPKU MOTEHUIUATBHON BO3MOKHOCTH
UCIIOJIb30BaHus cyOcTaHIunii uenoBeyeckoro NJI-4 mis
BETEPUHAPHUH TIPOBETTH CPABHEHUE €TO aMUHOKHUCIIOT-
HBIX ITOCIIEAOBATEIIFHOCTEH C MOCICAOBATEIbHOCTS-
MU WHTEPIEHKHHOB-4 HEKOTOPHIX MIIEKOMUTAIOIIIX
(cBUHBS, JIOMIA/b, OBIK, OBIIA, COOAKa, KOIIKA, KPbI-
Ca U MBIIIb).

Jns aHanm3a MCMONIB30BAIU TOIBKO CTPYKTYp-
Hble yacTH nuToknHoB WUJI-4, onpenenstomue QpyHK-
[IHOHATBHYIO aKTHBHOCTH OEJIKOB, CUTHAJIBHBIN TIETI-
THJ] BHEKJIETOYHOH JIOKaJIN3aIiK B BRIPAaBHUBAHUH HE
yuuThIBaIU. B kauecTBe pedeperca ciayxuia nociue-
JIOBaTEILHOCTh AMUHOKHCIIOT YesoBeueckoro NJI-4.

Amnanu3 mokasaj, 4To KOJIMYECTBO IMO3UIUNA CO-
BITQJICHUS] aMHUHOKHUCIIOTHBIX OCTaTKOB B IIPEIICTaB-
JIEHHBIX MMOJIUIIENITUIHBIX nocienoBarensHocTax UJI-4
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JKUBOTHBIX OTHOCHUTEJIBHO Pe(PEPEHCHON HE MPEBbI-
maeT 60 %: 55 % — ¢ oprubum MJI-4; 59,8 % — co
CBHHBIM; 56,6 % — ¢ oBeubuM; 51,9 % — ¢ momia-
JuHBIM; 51,2 % — ¢ komaubnMm; 45,7 % — ¢ codaub-
uM; 43,4 % — ¢ xpbicunbIM; 41,3 % — ¢ MBIIIMHBIM.
Kpome Toro, Bce npoaHan3upOBaHHbIC OCIIKKA OTIIH-
YaroTCsl 10 JIMHE OT pedepeHcHoro Ha 6—21 amu-
HOKHUCJIOTHBIN ocTaToK. Hamboiee OIIM3KUMU 110 KO-
JIUYECTBY aMUHOKHCIIOTHBIX OCTaTKOB YEIOBEYECKO-
MY, OKa3aJIMCh HHTEPICHKUHBI-4 TPBI3yHOB (puc. 1).
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CornacHo JaHHBIM, TPUBEACHHBIM Ha PUCYHKE 1,
nionokernst Glu-9 u Arg-88 sBIAIOTCS MACHTUIHBIMA
JUIS BCEX MCCIICAOBAHHBIX MOCIenoBaTeIbHOCTeH. Ha
OCHOBAaHUU BBICOKOM KOHCEPBATUBHOCTH LIECHTPAJb-
HBIX aMHUHOKHUCIIOTHBIX OCTaTKOB IMEPBBIX IBYX KIa-
crepoB WJI-4 pazauvHbIX MIEKOMUTAIOMIMX MOXKHO
MIPEIIOJIOKHUTD, YTO MEXaHU3M WX CBS3BIBAHMS C pe-
MIETITOPOM OyJIeT aHAIOTHUCH YEIOBEYECKOMY, OTHAKO
y rpe3yHOB Glu-9, nmo-sunmumomy, OyJeT OpueHTHPO-
BaThCS APYTUM aMUHOKHUCIOTHBIM OCTaTKOM.

I‘IJl E-'DH' E'}T
FEc REA w;jq.rnumuumc PERTA0QFHAMKY

'H'ﬁrL‘M REGTOLNEKER (G- - -5
._-GIE ‘hlltb RSGMCLNKES /G- -
o, . Ns .. B TEMESL 86 - ----==---
i .l-.:....'*.i.r‘r H-CSH.¥CRG- -~ - oo oo
ol DO PO T —
IERAUXVLQQYKRHORSLIKE. L 56G- - -
Bl . BER. SRk L FPROVPPCLRMKSG - - - - - - - -
RS O
: 27e
REKNSKCSS
LT
H =
LOSETSMS

Puc. 1. MHOXeCTBEHHOE BbIpaBHUBaHNE aMUHOKHUCIOTHBIX MocienoBarenbHocTeit NJI-4

AMIHOKHCIIOTHBIE OCTATKH, KOTOPbIE COBMNAJIAIOT C OCTAaTKaMu uesoBedeckoro MJI-4, 0603HaueHbl TOYKAMHM, TTOKA3aHBbI

TOJILKO HOJIMMOP(HBIE OCTATKHM, 3HAKU TUPE 03HAYAIOT Pa3PbIBbI B BRIPABHUBAHUH. [ Pa/IHEHT CEPOro [[BETA OTPAXKAET CTEIICHb

KOHCEPBaTHMBHOCTH 3aMeH (COBIA/IA0NME AMUHOKHCIIOTHBIE OCTATKN 0003HAYEHbI TEMHO-CEPBIM, KOHCEPBATHUBHbIE (M/ICHTHY-

HbIE 110 CBOWCTBAM) — CEPBIM M CBETJIO-CEPhIM, HEKOHCEPBATHBHBIC U Pa3pbIBbI — OesbIM). JKelThIM 1IBETOM BBIIEICHBI

OCTaTKH IIUCTEHHA, CHHUM — KJIFOYEBbIE aMHHOKUCIOTHBIE ocTaTku nepBoro (Glu-9) u Broporo (Arg-88) kiactepos, Kpac-
HBIM — OCTaTOK acnaparuta-89

B mepBUYHON CTPYKType aHAIM3UPYEMBIX Oell-
KOB pacIoJjoKeHHe Tpex ocTaTtkoB ucrenna (Cys-24,
Cys-46, Cys-99) uieHTH4HO pehepeHCHOMY ISt 00JTb-
ITWHCTBA MOCJIEIOBATEIBHOCTEH, 32 UCKIIFOUCHUEM
nomaauHoro NJI-4, rue B 46 nonoxeHun pacrioyiara-
ercst aprunuH. M3BecTHo, 4yTO B uenoBeueckom MJI-4
ocrarku Cys-46 u Cys-99 popmupyrot nucyabpuaHyro
CBSI3b, CIIEJ0BATEIHHO, MOKHO MPEANOI0KUTH CyIIe-
CTBOBaHUE TAKOBOH U B HCCIIECAYEMBIX )KHBOTHBIX ITH-
TokuHaX [ 14]. [TomoskeHUs APYTHUX OCTATKOB ITUCTEHHA
BO BCEX MPOAHAIM3MPOBAHHBIX TTOCIE0BATEIHHOCTSIX
NJI-4 5xMBOTHBIX HE COBIAAIOT C TAKOBBIMU B IIOCIIE-
JoBarenbHOCTH YenoBedeckoro MJI-4. Kpome Toro, 00-
I[ee KOJTMYECTBO BOZMOXKHBIX JTUCYIIb(UIHBIX CBS3CH
BaphUPYET B MPEICTABICHHBIX OeNkax OT 2 (y KOIIKH
1 c00aKm) 110 3 y IPyTUX KUBOTHBIX.

[TepBuunslie nocnenonarenpnoctu MJI-4 y Heko-
TOPBIX JKUBOTHBIX 00JIa/Iat0T OTHOCUTEIBHO BEICOKOM

CTENEHbI0 WACHTHYHOCTH. [t Oblka M OBIBI (TIap-
HOKOIIBITHBIC) MJICHTUYHOCTh aMUHOKUCIIOTHBIX TI0-
ciIe0BaTeNbHOCTEH oneHuBaeTcs B 92 % (puc. 2, A),
Jutst komrky U cobaku — 80,7 % (puc. 2, b). C apy-
rol CTOPOHBI, MOCJIENI0BATEILHOCTH aMHUHOKHCIIOT
B WJI-4 rppI3yHOB HICHTUYHBI TULIb HA 61 % (puc. 3).

Kak mokazano Ha pucyHke 2, OOJBIIMHCTBO aMH-
HOKHCJIOTHBIX OCTAaTKOB B rocienoBarenpHocTax NJI-4
OBIKa W OBIIBI OJTU3KH TI0 (PU3UKO-XUMHIECKAM CBOH-
CTBaM, NPEACTaBIsisA COOOI HOJSPHbIE HE3apsDKEH-
HbIe (TonoxkeHus 19, 74), MONOKHUTETHHO 3apsKeH-
Hele (nonoxkenus 94, 105) u anudarnueckue (mono-
skerne 48) amMmuHOKHCIOTHL. B monoxenusx 39 u 60
HaOmroaeMast 3aMeHa anuparndecKoil HemoNIsPHOM
AMHMHOKHCJIOTHl Ha IMOJSIPHYIO HE3aPSDKEHHYIO, CKO-
pee Bcero, BHOCUT HECYLIIECTBEHHBIH BKJIa/l B U3MEHE-
HHUE TPETUYHON CTPYKTYpPbI OCIIKOB B BUIY MX PacIio-
JIOKEHHSI B HE MMEIOIINX YIOPSIIOYEHHON BTOPUYHOM

Berepunaphsrii papmakomorndeckuil BecTHHK « Ne 1 (30) « 2025 139



/. B. Konvinesa, M. U. Ilomanosuu, B. A. IIpoxynesuu

CTPYKTypHI yaacTkax mojexyn NJI-4. CnenoBatensHo,
OIIMCAHHBIC 3aMEHBI SBIISIOTCS B BBICOKOI CTEIEHU
(hyHKIIMOHAITBHO KOHCEPBAaTUBHBIMU. O OJIM3KOM 3BO-
JIIOLIMOHHOM POZCTBE MPEACTaBICHHBIX MOJIEKY TaK-
K€ CBUAETEIILCTBYET OJJMHAKOBOE MOJIOKEHUE OCTaT-

KOB IIMCTeHHA. BMecTe ¢ TeM, MpucyTCTBHE B § TIOJIO-
JKeHHH 3aMeHbl Ala-8 Ha OTPULIATEIBLHO 3apPsHKEHHBIN
Glu-8 MoXxeT MOBMHATH Ha CTEpUUECKAE OTHOIICHUS
B [IEPBOM KJIacTepe, 10 NpUUMHE OIU3KOH JIOKaIu3a-
1y K kirodeBomy Glu-9.

A Omaa'l-111
Bage/1-111
Opaa'1-111
Baaw/1-111

g Cobaxa'l-108
Kiomea'] - 104
Cobaxa'l-108
Fiomeea'1- 108

Puc. 2. [TapHoe BEIpaBHHBaHHE aMHHOKHCIOTHBIX TocienoBarenbHocTeld MJI-4 Opika u oBUEI (A), cobaku
n xoukH (5)

I'panueHT ceporo 1BeTa 0Tpa)xxaeT CTEHNEeHb KOHCEPBATUBHOCTH 3aMeH (COBITA/IAFOIINE AMHHOKUCIIOTHBIE OCTATKH 0003HAUCHBI

TEMHO-CEpbIM, KOHCEPBAaTHBHBIE (MICHTUYHEIE 110 CBOHCTBAM) — CEPBIM U CBETIIO-CEPBIM, HEKOHCEPBATHBHBIEC H Pa3phIBBI —

6exbIM). JKenThIM I[BETOM BBIJETICHBI OCTaTKH MUCTEHHA, CHHIM — KIIIOYEBbIe aMUHOKHCIIOTHBIE ocTaTky repsoro (Glu-9)
1 BTOpOTO (Arg) KJ1acTepoB, KPAaCHBIM — OCTATOK acllaparnHa, yJacTBYIOIINII B IPOCTPaHCTBEHHOM opueHTaruu Glu-9

CpaBHEHHE aMUHOKHUCIIOTHBIX MTOCIIE0BATEILHO-
cteit MJI-4 cobaku 1 KOIIKH IEMOHCTPHUPYET OOJIbIIIee
KOJIMYE€CTBO KOHCEPBATUBHBIX M HEKOHCEPBATHBHBIX
3aMEH, PACIIONaraloIIuXCsl BO BCEX CTPYKTYPHBIX dJe-
MEHTaX OeJIKOBBIX MOJIEKYJI, Y€M B ITape MapHOKOIIBIT-
HbIX. Tak, HaOmOMaeMast 3aMeHa TUPO3MHA Ha acrap-
TaT B 70-M HOJIOKEHUN BO BTOPOM KJIACTEPE MOKET I10-
BJIEYb CYILIECTBEHHBIE CTEPUUECKIE HECOOTBETCTBH,
CIOCOOHBIE IPUBECTH K TIOJIHOW MJIM YaCTUYHOM T10-
Tepe XapakTepHbIX Oononormdeckux 3¢ dexron NJI-4
MIpH BBEJICHUH YKMBOTHBIM TIPETIAPATOB HA OCHOBE Ka-
KYIIUXCST «POJICTBEHHBIX)», HO HE TOJIHOCTHIO HUJICH-
TUYHBIX UHTEPJICHKUHOB.

TecTtupoBaHne MEAMIIMHCKHUX NpPENaparoB, U3-
y4eHHEe MEXaHW3MOB JeMCTBUS OTIENbHBIX BEIECTB
in vivo B OOJIBITMHCTBE CIIy4YaeB OCYIICCTBIICTCS Ha
rpeyHax. MccnenoBanme cyocranmuii MJI-4 wve cra-
JIO UCKITFOUEHUEM.

Bwmecrte ¢ TeM, TOIBKO YaCTUYHOE COBIAJCHNUE T0-
JIOKEHUH OCTATKOB IIUCTENHA, HU3KOE CXOJICTBO aMH-
HOKHUCJIOTHBIX TocnenoBatensHocteid MJI-4 genose-
Ka ¥ TPHI3yHOB, JENaeT MOCIeAHNX HE CaMbIM OII-
TUMAaJIBHBIM BBIOOPOM JIJISl TIOJTHOIIEHHOTO aHan3a.
Hanpumep, 3aMeHa oHOM aMUHOKHCIOTHI Asn-89 Ha
CTEpUYECKH OTIMYHBIE CTABUT BOIPOC O BO3MOXKHO-

CTH 3PPEKTUBHOTO B3aMMOJICHCTBHUS MEPBOTO KJia-
crepa NJI-4 ¢ ero perentopom, a MpUCyTCTBUE B 87-M
TTOJIOKCHUHN HU3KOKOHCEPBATUBHBIX aMUHOKHUCIIOTHBIX
3aMEH — M BTOPOTO.

YuuThIBas CymeCTBEHHBIE OTIWYHUS B KOJIHYE-
CTBE M XapaKTepe PacIiONOKEHUS AUCYTb(PHUTHBIX CBSI-
3€ii, a TaK)ke HU3KOE CXOJICTBO aMUHOKHCIIOTHBIX I10-
CJIeIOBATENIbHOCTEN, MOYKHO CJIeNIaTh BBIBOJI, UTO HC-
MOJIb30BaHKE SK30T€HHOT0 yenoBeueckoro WJI-4 s
Tepanny B BETEPUHAPUH, BEPOSITHEE BCETO, HE OyAeT
UMETh OXHJIaeMoro pesynbrara. [Ipu ero mpumene-
HUU BO3MOXKHO NMOTEHIMAIBHOE OTCYTCTBHE HOJK-
HOTO TeparneBTUYeCKoro 3¢ (dekra, pa3BUTUE ajuiep-
THUYECKUX peaKIfii, BOSHUKHOBEHHE MOOOYHBIX OTBE-
TOB OpraHU3Ma.

Taxum 00pa3oM, OTKPBITHIN B TIPOIIIJIOM BEKe de-
noBeueckuit NJI-4 1o cux nop He UMEET NOJHOM Xa-
PaKTEPUCTUKHU OKa3bIBAEMBIX UM OHOJIOTUYECKUX d(-
(eKTOB, IETaTBHBIX 3aKOHOMEPHOCTEH ero AeHCTBUS
1 (QYHKIUOHAIBHOW B3aMMOCBSI3M C JIPYTUMH pery-
JSTOPHBIMHU MOJIEKYJTaMHU B CBSI3M C TEM, YTO aHAIU3
in vivo TIPOBOANUTCS Ha TETEPOIOTUYHBIX OOBEKTaX,
B OOJIBIIMHCTBE CBOEM Ha TPhI3yHaX, IJe HET MOJHO-
TO COOTBETCTBHS MEXJTy IIUTOKHHOM YEJIOBEKa U pe-
LENTOPOM MOJAEIBEHOTO KUBOTHOTO [15].
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Puc. 3. MHOXECTBEHHOE BbIpaBHUBAHUE aMUHOKHUCIIOTHBIX MocienoBarenbHoctelt MJI-4 yenoBeka u rppi3yHOB

I'panmueHT ceporo 1BeTa OTpaxaeT CTENEeHb KOHCEPBATHBHOCTH 3aMeH (COBITAIAfOIINE AMHHOKHCIIOTHBIE OCTATKH 0003HAUCHBI

TEMHO-CepbIM, KOHCEPBATHBHBIE (MICHTHIHBIE TI0 CBOMCTBAM) — CEPBIM M CBETIIO-CEPHIM, He KOHCEPBAaTUBHEIE U Pa3pBIBB —

6exbIM). JKenThIM I[BETOM BEIJIETICHBI OCTATKH MUCTEHHA, CHHIM — KIIIOYeBbIe aMIHOKHCIIOTHBIE ocTaTky mepsoro (Glu-9)
1 BTOpOTO (Arg) KJIacTepoB, KPAaCHBIM — OCTATOK acllaparnHa, yJacTBYIOIINIT B IPOCTPaHCTBEHHO opreHTaruu Glu-9

SAK/IIOYEHUE

AMUHOKUCIOTHBIE mocnenoBarenbHoctu WJI-4
B MPE/ACTaBIEHHBIX B CTaTbe KUBOTHBIX OpraHU3Max
3HAYUTEIHHO OTIMYAIOTCS OT YEJIOBEUECKOH, B CBA3ZU
C 4eM TIpeAroaraeTcs 3arpyiHeHHe UCTIONb30BaHUS
YKa3aHHOTO YEJIOBEYECKOI'0 LINTOKUHA B KAUECTBE Jie-
KapCTBEHHOI'O CPEACTBA ISl BETEPUHAPHOIO MpUME-
HEHUS.

Haubonpmas naeHTHYHOCTh aMHUHOKHCIOTHBIX
MIOCJIE0BATEIBHOCTEH, OTMEUEHA y UYEJIOBEYECKO-
ro NJI-4 co cBunabiM UJI-4 — moutn 60 %. OnHako
B cpaBHEHUU ¢ yenoBeueckuM NJI-4, y cBuHOTO npu-
CYTCTBYIOT CYLIECTBCHHbIC OTINYUS B AJIMHE aMUHO-
KHCIIOTHBIX LIeTIel, caliTaX CBSI3bIBAHMS C PELENTO-
pamMH U CTPYKTypamMH BHE HHX, YTO B COBOKYITHOCTH
CTaBUT MO BOTIPOC BO3MOKHOCTH IPUMEHEHHSI 4eJI0-
Beueckoro MJI-4 maxke mJis 3TOM TPyl JKHBOTHBIX.
Tem He MeHee, OKOHUATENbHOE 3aKIIOUEHUE, ClIeIaH-
HOE TOJIBKO IpH in silico ananu3e TpedyeT onpeaeieH-
Horo moaTBep:kAeHus. HeoOxonuma npoBepka retepo-
JIOTHYECKUX OCIIKOB IO MPHUCYIIUM UM aKTHBHOCTSIM
Ha Ooyiee BHICOKOYPOBHEBBIX CHCTEMaX, B YCIOBH-
SIX in Vitro W in vivo, B TOM YHCJIE HA AJUIEPTEHHOCTb,
MMMYHOTE€HHOCTb, CTA0MIIBHOCTh, TOKCHYHOCTb U JIP.

OTO KacaeTcsl TakkKe BBIBJICHHOTO OTHOCHUTEIb-
HO BBICOKOTO CXO/ICTBA IEPBUYHBIX CTPYKTYP MOJIEKYIT
WMHTEPIICHKUHOB-4 ObIKa U OBIbI. [[0OKUTENBHBIN pe-
3yJIBTaT NOTEHUUAIbHO MOXKET 103BOJUThH IPUMEHSTh
OITMH MpeTiapar Ha OCHOBE pekoMOmHaHTHOTO MJI-4 011-
HOT'O U3 MapHOKOMBITHBIX JIsI JICUCHUSI BOCHATUTEIb-
HBIX peakiuii 000MX OPraHU3MOB.
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Abstract. Comparison of amino acid sequences of the cytokine interleukin-4 (IL-4) of mammals (human, bull,
sheep, horse, pig, rat, mouse, dog, cat) revealed identity of the key amino acid residues of the first (Glu-9) and
second (Arg-88) clusters responsible for the interaction of each species-specific cytokine with its own receptor.
The number of coinciding amino acid residues in the protein sequences of humans and animals does not exceed
60 % and is maximum with porcine IL-4—359.6 %. The highest identity of the amino acid sequences of IL-4 (92 %)
and conservatism of substitutions are characteristic of relatively similar ungulates (bull, sheep).

Keywords: interleukin-4, multiple alignment, recombinant protein

Recombinant cytokines (signaling molecules)
obtained by biotechnology are increasingly used in
various sectors of medicine and veterinary science.
Cytokines have many biological activities that mani-
fest themselves through interaction with specific cell
surface receptors. As a result of such interaction, sig-
nal transduction pathways are activated and the ex-
pression of controlled genes is regulated. Thus, inter-
leukin-4 (IL-4), which belongs to anti-inflammatory
cytokines, is able to regulate the production of anti-
bodies, hematopoiesis, inflammation, ensures the de-
velopment of effector T-cell responses, being a growth
factor for B-cells. In addition, IL-4 increases the cy-
totoxic activity of lymphocytes and monocytes, en-
hances the functional activity of myeloid cells. The
effects of IL-4 on non-hematopoietic cells include in-
creased fibroblast chemotaxis and endothelial cell ad-
hesion to T-lymphocytes [1, 2, 3]. IL-4 is essential for
the induction and maintenance of type Il immune re-
sponse and is primarily produced by immune cells
such as T-lymphocytes, mast cells, basophils and eo-
sinophils [1].

First described in 1981, IL-4 is a secreted cytokine
of 17.5 kDa (including a signal peptide of =2.5 kDa).
The structure of human IL-4 in its native state is sta-
bilized by three disulfide bonds forming a compact
globule represented by four a-helices (A, B, C, D)
[1]. The binding sites of human IL-4 with its recep-
tor contain three highly conserved regions or clusters.
The first cluster is localized in the Glu-9 region, where

the carboxylate accepts three bonds from the receptor
Tyr-13, Tyr-183 and Ser-70. To form a bond with the
receptor, Glu-9 must additionally be correctly orient-
ed in the binding site of the Asn-89 residue of interleu-
kin. The second cluster is formed around the ion pair
Arg-88 on the side of the IL-4 molecule and Asp-72 on
the side of its receptor and is surrounded by aliphatic
groups. The third cluster is formed by the amino acid
residues of the IL.-4 molecule Arg-81, Arg-85, GIn-78
and the receptor residues Asp-66, Asp-67, Asp-125,
which cannot form strong hydrogen bonds, since the
geometry of such interaction will differ significantly
from the standard donor-acceptor interaction of the sp?
type. It follows from this that the third cluster does not
participate in the stabilization of the complex, and its
task is to accelerate the formation of the complex due
to electrostatic control of the binding of the ligand to
the receptor [4]. The leading role of the first and sec-
ond clusters in the formation of the complex between
human interleukin-4 and its receptor, necessary for the
implementation of the effects of the cytokine, becomes
obvious. Apparently, a similar structural and function-
al organization should be expected for interleukins-4
of other mammals.

Due to the systemic nature of the cytokine’s effect
on the body, it is quite difficult to determine the thera-
peutic role of therapeutic and prophylactic drugs based
on interleukin-4, but developments in this direction are
underway. Thus, in 2017, a group of researchers pre-
sented an experimental work using an injectable drug
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based on murine IL-4 for the treatment of myocardial
infarction in an in vivo model (mice). Scientists noted
that controlled one-time local delivery of a high dose
of pure IL-4 can be effective in eliminating the conse-
quences of myocardial infarction [5]. In another in vivo
experiment, it was recorded that IL-4 can effectively
restore cellular immunity in case of burn injuries and
exposure to ethanol due to the ability to modulate the
level of IL-6 [6]. In 2020, a group of Chinese scien-
tists announced the possibility of considering IL-4 as
a metabolic regulator for the treatment of obesity and
its complications [7]. Later, there appeared the stud-
ies proving the efficacy of IL-4 as an anti-inflamma-
tory agent and osteogenesis modulator [8].

In addition, IL-4 is one of the key cytokines in
the technology of creating biomedical cell products
(BMCP) based on dendritic cells. BMCP are used in the
treatment of oncological and genetic diseases, burns,
severe heart failure, myocardial infarction, rheumatoid
arthritis and neurodegenerative diseases such as mul-
tiple sclerosis, Alzheimer’s disease and Parkinson’s
disease [9, 10].

The presented research areas are new and have im-
portant practical significance for both medicine and
veterinary science. An example of a proposal to use
recombinant human (rh) interleukin-2 for veterinary
purposes is known [11]. It is assumed that this hu-
man-type cytokine can be widely used for animal im-
munotherapy, overcoming the barrier of protein spe-
cies specificity. Considering the therapeutic potential
of rhIL-4, an assumption about the possible use of the
rhIL-4 substance for the construction of therapeutic
and prophylactic drugs, including for veterinary pur-
poses, is considered.

The objective of this study was to conduct a bio-
informatics comparative analysis of IL-4 polypeptide
sequences in a number of mammals. Based on the re-
sults of the study, assumptions are made about the
structural differences of type-4 interleukins of mam-
mals of various species.

MATERIAL AND METHODS

Amino acid sequences of interleukin-4 were tak-
en from the GenBank database, accession codes for
Homo sapiens (human) — AAA59150.1; Equus ca-
ballus (horse) — AAG21896.1; Bos taurus (bull) —
AAA30587.1; Sus scrofa (pig) — CAA48407.1;
Ovis aries (sheep) — AAA31552.1; Canis lupus fa-
miliaris (dog) — AADI11563.1; Felis catus (cat) —
AAB42052.1; Rattus norvegicus (gray rat) —
CAC16091.1; Mus musculus (house mouse) —
AAA39298.1.
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Multiple alignment of IL-4 amino acid sequences
was performed using the Clustal W algorithm [12] and
visualized using the Jalview 2.11.2.7 software package.
The percentage of identity was determined using the
pairwise alignment algorithm of the Jalview 2.11.2.7
software package [13].

STUDY RESULTS AND DISCUSSION

In order to test the potential use of human IL-4
substances for veterinary medicine, its amino acid se-
quences were compared with the sequences of interleu-
kins-4 of some mammals (pig, horse, bull, sheep, dog,
cat, rat and mouse). For the analysis, only the structur-
al parts of IL-4 cytokines that determine the function-
al activity of proteins were used; the signal peptide of
extracellular localization was not taken into account
in the alignment. The amino acid sequence of human
IL-4 served as the reference.

The analysis showed that the number of positions
of amino acid residue coincidence in the present-
ed polypeptide sequences of IL-4 from animals rela-
tive to the reference does not exceed 60 %: 55 % —
with a bovine IL-4; 59.8 % — with a porcine one;
56.6 % — with an ovine one; 51.9 % — with a horse
one; 51.2 % — with a feline one; 45.7 % — with a ca-
nine one; 43.4 % — with a rat one; 41.3 % — with a
mouse one. In addition, all analyzed proteins differ in
length from the reference by 6—21 amino acid resi-
dues. The closest in the number of amino acid resi-
dues to the human one were interleukins-4 from ro-
dents (Fig. 1).

According to the data shown in Fig. 1, the posi-
tions of Glu-9 and Arg-88 are identical for all the stud-
ied sequences. Based on the high conservation of the
central amino acid residues of the first two clusters of
IL-4 from different mammals, it can be assumed that
the mechanism of their binding to the receptor will be
similar to that in humans, but in rodents Glu-9 will ap-
parently be guided by a different amino acid residue.

In the primary structure of the analyzed proteins,
the arrangement of three cysteine residues (Cys-24,
Cys-46, Cys-99) is identical to the reference for most
sequences, with the exception of equine 1L.-4, where
arginine is located at position 46. It is known that in
human IL-4, the Cys-46 and Cys-99 residues form a
disulfide bond, therefore, it can be assumed that such
a bond exists in the studied animal cytokines [14]. The
positions of other cysteine residues in all analyzed an-
imal IL-4 sequences do not coincide with those in the
human IL-4 sequence. In addition, the total number of
possible disulfide bonds varies in the presented pro-
teins from 2 (in cats and dogs) to 3 in other animals.
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Bioinformatics analysis of amino acid sequences of mammalian interleukin-4

Human/1-129
Bulb'1-111
Sheep/1-111
Pig/ 1109
Dog/1-108
Cat/1-109
Horse'1-111
Rat/1-123
Mouser1-120

Human/1-12%
Bulb't=11t
Sheep/1-111
Fig/'l-109
Dog'1-108
Cal/1-109
Horse/1-111
Rat/1-123
Mhouse/1-120

Fig. 1. Multiple alignment of IL-4 amino acid sequences

Amino acid residues that match the residues of human IL-4 are indicated by dots, only polymorphic residues are shown,

dashes indicate gaps in the alignment. The gray gradient reflects the degree of conservation of substitutions (matching amino

acid residues are indicated in dark gray, conservative (identical in properties) — gray and light gray, non-conservative and

gaps — white). Cysteine residues are highlighted in yellow, key amino acid residues of the first (Glu-9) and second (Arg-88)
clusters are highlighted in blue, and asparagine-89 residue is highlighted in red

The primary sequences of IL-4 in some animals and dog — 80.7 % (Fig. 2, B). On the other hand, the

have a relatively high degree of identity. For the bull
and sheep (artiodactyls), the identity of amino acid se-
quences is estimated at 92 % (Fig. 2, A), for the cat

4 5

amino acid sequences in rodent IL-4 are only 61 %
identical (Fig. 3).

] [}
A Sheep/1-111 E
Bull/1-111 A

Sheep'1-111
Bulls1-111

Dog/l-10
Catl-109

Dog/1-108
Cat1-109

Fig. 2. Pairwise alignment of amino acid sequences of bovine and ovine IL-4 (4), dog and cat (B)

The gray gradient reflects the degree of conservation of substitutions (matching amino acid residues are shown in dark gray,

conservative (identical in properties) — gray and light gray, non-conservative and gaps — white). Cysteine residues are high-

lighted in yellow, key amino acid residues of the first (Glu-9) and second (Arg) clusters are highlighted in blue, and the aspar-
agine residue involved in the spatial orientation of Glu-9 is shown in red

As shown in Fig. 2, most amino acid residues in
the bovine and ovine IL-4 sequences are similar in
physicochemical properties, representing polar un-
charged (positions 19, 74), positively charged (posi-
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tions 94, 105) and aliphatic (position 48) amino ac-
ids. At positions 39 and 60, the observed substitution
of an aliphatic non-polar amino acid for a polar un-
charged one most likely makes an insignificant contri-
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bution to the change in the tertiary structure of the pro-
teins due to their location in regions of the IL-4 mole-
cules that do not have an ordered secondary structure.
Therefore, the described substitutions are highly func-
tionally conservative. The close evolutionary relation-
ship of the presented molecules is also evidenced by
the identical position of cysteine residues. At the same
time, the presence of a substitution of Ala-8 for nega-
tively charged Glu-8 at position 8 may affect the ste-
ric relationships in the first cluster due to its close lo-
calization to the key Glu-9.

Human/1-129
Rat1-123
Mouse/1-120 HI

EQH
Hnsp

HHH GEG

The comparison of the amino acid sequences of
IL-4 in dogs and cats demonstrates a greater number
of conservative and non-conservative substitutions lo-
cated in all structural elements of protein molecules
than in a pair of artiodactyls. Thus, the observed sub-
stitution of tyrosine for aspartate at position 70 in the
second cluster may entail significant steric inconsis-
tencies that can lead to a complete or partial loss of the
characteristic biological effects of IL-4 when animals
are administered drugs based on seemingly “related”,
but not completely identical interleukins.

by
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Fig. 3. Multiple alignment of amino acid sequences of human and rodent IL-4

The gray gradient reflects the degree of conservation of substitutions (matching amino acid residues are shown in dark gray,

conservative (identical in properties) — gray and light gray, non-conservative and gaps — white). Cysteine residues are high-

lighted in yellow, key amino acid residues of the first (Glu-9) and second (Arg) clusters are highlighted in blue, and the aspar-
agine residue involved in the spatial orientation of Glu-9 is shown in red

Testing of medical drugs, studying the mechanisms
of action of individual substances in vivo in most cas-
es is carried out on rodents. The study of IL-4 sub-
stances was no exception. At the same time, only par-
tial coincidence of the positions of cysteine residues,
low similarity of the amino acid sequences of IL-4 in
humans and rodents makes the latter not the most op-
timal choice for a full analysis. For example, the re-
placement of one amino acid Asn-89 with sterically
different ones raises the question of the possibility of
effective interaction of the first IL-4 cluster with its
receptor, and the presence of low-conservative amino
acid substitutions in the 87" position raises the ques-
tion of the second.

Considering the significant differences in the num-
ber and nature of the arrangement of disulfide bonds,
as well as the low similarity of amino acid sequences,
it can be concluded that the use of exogenous human
IL-4 for therapy in veterinary medicine will most like-
ly not have the expected result. When using it, there
is a potential lack of the desired therapeutic effect, the
development of allergic reactions and the occurrence
of side effects of the body.

Thus, human IL-4, discovered in the last century,
still does not have a complete description of the bio-
logical effects it exerts, detailed patterns of its action
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and functional relationship with other regulatory mol-
ecules due to the fact that in vivo analysis is carried out
on heterologous objects, mostly on rodents, where there
is no complete correspondence between the human cy-
tokine and the receptor of the model animal [15].

CONCLUSION

The amino acid sequences of IL-4 in the animal
organisms presented in the article differ significant-
ly from those of humans, which suggests that it may
be difficult to use this human cytokine as a veteri-
nary drug.

The highest identity of amino acid sequences was
observed between human IL-4 and porcine IL-4 — al-
most 60 %. However, compared to human IL-4, por-
cine IL-4 has significant differences in the length of
amino acid chains, binding sites with receptors and
structures outside them, which collectively calls into
question the possibility of using human IL-4 even for
this group of animals.

Nevertheless, the final conclusion made only by in
silico analysis requires some confirmation. It is nec-
essary to test heterologous proteins for their inherent
activities in higher-level systems, in vitro and in vivo,
including for allergenicity, immunogenicity, stabili-
ty, toxicity, etc.
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This also concerns the relatively high similarity of
the primary structures of the bovine and ovine inter-
leukin-4 molecules that was detected. A positive result
could potentially allow the use of a single drug based
on recombinant IL-4 from one of the ungulates to treat
inflammatory reactions in both organisms.
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Annotanmsi. Llens 1aHHOTO HCCeI0BaHUS 3aKITI0YaIach B U3y4eHHN (POPMUPOBAHUS KOJIOCTPAIEHOTO HIMMYHH-
TeTa U oreHke 2((HEeKTHBHOCTH BaKIMHALIMK Y TEIST C MepUHATAILHOM naronorueil. OObEKTOM HCCIeIOBAHMS
OBbUTH HOBOPOXKJICHHBIC TEJIST, POKJCHHBIX OT 3/I0POBBIX U OOJBHBIX (AHEMUSI 1 TEMaTOIUCTPO(Hs) KOPOB Kpac-
HO-TIECTPO OPOJBL: Tpynna | — KiInHIYecKH 310poBble TensTa (n = §), rpynna Il — Tensra, ¢ anTeHaTanbHON
rurnokcueit (n = 14), rpynna [1l — tensra ¢ anTeHaransHO# renaronuctpodueit (n = 6). Jlnarnos ctaBuin Ha oc-
HOBAaHMM aHaMHE3a KOpPOB-Marepeil M pe3ysbTaToB KIMHHKO-TeMaTo-OHOXMMHUYECKOro 00CiIeIoBaHs HOBOPO-
KJIEeHHBIX TesAT. B 30 nHeBHOM Bo3pacTe TemnsTa noasepranuck ummyHusanuu BakuuHoi « XUTTPABOBUC 4.
Bromnpenapar BBoAMIM BHYTPUMBIIICYHO B 00JIaCTh 1IEH B 00beMe — 3 MJI IBYKpaTHO C MHTEpBajoM 21 NeHb.
Ha 3, 7, 14, 30, 45 u 60 neHp mocie poXx/JCHUS] IPOU3BOIAMIICS OTOOP KPOBH JUIsl ONPECICHUSI TUTPA aHTHUTEI
K BUpycam naparpumni-3 (I1I'-3), nadexkunonnoro punorpaxenta (UPT), BupycHoit nuapen (B/I) u pecnimparop-
HO-cHHIMTHaNIBHOH HHpekunu (PCH). YeranoBieHo, 4To Ha 3 1€Hb MOCIIE POXKICHUS Y TEIAT U3 Tpynnsl I1, Turp
KOJIOCTpaNbHBIX aHTuTeN K Bupycam [11'-3, UPT, B/l u PCU 6but Hmxke Ha 63,0, 54,1, 60,9 1 16,9 % cootBet-
CTBEHHO, YeM Y )KUBOTHBIX rpymnmsl I. Y Temsit u3 rpynms! [11 ceponornueckue nokasaresim KpoB1 ObIIIH TAKUMHU
ke, Kak Uy TesaT u3 rpynns! [. [Ipu BakMHauu Bce dKUBOTHBIX OTMEUANCsS POCT YPOBHS aHTUTEN KO BCEM BH-
PYCHBIM KOMIIOHEHTaM BakLUHBI. OHAKO, Y TENST, MOJIyYE€HHBIX OT KOPOB C dKCTPAareHUTAIbHON MaToJNorueil,
npupoct anTuTen o611 Hioke. B rpymme 11 Tutp anturen k Bupycy I1I'-3, UPT, B/l u PCU okazancs nuxke Ha 78,7,
15,4, 58,3 1 89,3 % cooTBeTcTBeHHO, a B rpymnmne [II — k Bupycy [1I'-3 u UPT na 70,4 u 61,9 % coorBercTBEH-
HO, B CPaBHEHMH C rpynmnoii I.

KuroueBble cioBa: TensATa, HEpUHATAIbHAS 1aTOJIOTUS, KOJIOCTPAIbHBIN UIMMYHHTET, BAKLINHALINS

BBEJJEHUE

HNmMyHOIIpOdMITaKTHKA SBISIETCS OHAM M3 Hau-
Oomnee 3HAYMMBIX MEPONPHSATHIHA, MTOBBIMIAONINX BbI-
JKMBAaCMOCTb HOBOPOXKICHHBIX TCIIAT. I/I3BCCTHO, qTOo
OHU TOABJIAIOTCA Ha CBET CEPOHETAaTUBHBIMHU H3-3a
0COOEHHOCTEH CTPOCHUSI TUIAIICHTHI KPYITHOTO pora-
TOTO CKOTa, KOTOpAsi HEe IO3BOJISET IIepeaaBaTh aHTH-
Tella BBIPaOOTaHHBIE MaTephlo MOTOMCTBY. X mepe-
Jlada TeJsITaM OCYLIECTBIISICTCS 33 CUET MMMYHOIIIO-
OYyJIMHOB COJePIKAIIIXCS B MOJIO3UBE KOPOB-MaTepen.
[Tponecc mepeHoca MMMYHOIIIOOYINHOB Hanbosee

MHTEHCUBEH y TEJST B TEUEHUE NEPBBIX 24—36 ya-
COB MocJie POXKIACHHUS. JJaHHBIH NepHOA TaKKe BaKCH
JUTS1 J)KUBOTHOBOZIOB, TaK KaK MOJIHOLEHHOCTH (POPMU-
pOBaHUS KOJOCTPaIbHOTO HMMYHHUTETa B OONBIICH
CTENEHU olpelesseT Oyayliee pa3BUTHE U COXPaH-
HOCTb 3[0POBbs T€JIEHKA. J{JIsl TOBBILICHUS YPOBHS
KOJIOCTPAJIbHOIO UMMYHHTETA Y TEJIAT MHOTHE KH-
BOTHOBO/Ibl M BETEPUHAPHBIEC CHIELUAINCTHI Iproera-
10T K BaKIIMHAIIMM KOPOB B CYXOCTOMHBIN MEpPHON OT
HanOoJsiee pacpoCTPaHEHHBIX HH(EKINH TaKHX, KaK
naparpun-3, "H()EKIINMOHHbBIN pUHOTPAXENT, BUPYCHAs

© Bbpuraanpos FO. H., Kykos M. C., lllanomunkos . T., Bonkosa U. B., SAkumuyk O. B., Mupomunuenxko I1. B.,

Bacankuna B. M., 2025
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CDOpMupoeaHue KolocmpaibHOcO U NOCMBAKYUHAIbBHO20 UMMYHUmMemda npomue 6upyCHblx qu)em;uzZy mensam...

Japest U pecruparopHO-CHHIIUTHANbHAS HHDEKIHUSI.
Cpennuii neproj noypacraja CbIBOPOTOYHBIX aHTH-
TeJ K IaHHBIM BO30Y/IUTENSIM Y HEBAKITMTHIPOBAHHBIX
TEJAT cocTaBisieT 21—36 qHeil, a Bpemsi 10 X cepo-
HeraruBHoro craryca 123—192 nus [1, 2]. IlosTomy
JUIsi MUHMMHU3AI[MHA BEPOSITHOCTH PAa3BUTHUS pecupa-
TOPHBIX 3a00JIeBaHUIl y TENAT OONBITMHCTBO BETEPH-
HapHBIX CHEIHMAINCTOB MPOBOAAT UX UMMYHHU3AILNIO
B Bo3pacte 1—3 mecsra, BakimHamu « Tpusaky (OKIIT
«CraBponoibckas 6uopadpuka», Pocens), «bosu-
mwi oo FPS LS» (Zoetis Inc., USA), Bosuiuc
Bucrta Once SQ (Intervet Inc. USA), «XUTTPABOBUC
4» (Laboratorios Hipra, S.A., Ucnanus) u ap. Tak
K€ MCCIIEZIOBAaTEeNN YKa3bIBAIOT HA TO, YTO B HACTOS-
mee BpeMda y 26,7 % HOBOPOXKIEHHBIX TENAT Ypo-
BeHb IgG B chiBopoTke < 15 1/11, YTO CBUIETENbCTBY-
€T 0 HeJIOCTaTOYHOCTHU KOJIOCTPaIbHOIO MMMYHHTETA
[3]. BmecTe ¢ 3TUM HEOOXOAUMO OTMETHTD, YTO 20—
70 % TensT poxKIACTCS ¢ HAUTMIHUEM TTaTOJIOTHA aHTe-
HATaJHFHOTO ¥ HHTPAHATAIEHOTO MTPOUCXOXKICHHS (aH-
TeHaTaJbHas rernaToaucTpo(rs, aHTeHaTaTbHAs THII-
OKCHsl, HHTpaHaTanbHasi acUKCHS U 1Ip.), KOTOpPhIE
BHOCSAT OOJIBILION BKJIaJ B CHIKEHHUE JKU3HECTIOCOOHO-
CTH HOBOPOXACHHBIX TeNAT [4—6]. OmHaKo Ha cero-
THSITHANA MOMEHT HET TOJTHOTO MIPEJICTaBICHHS O CO-
CTOSTHIHM IMMYHHOM CHCTEMBI TEJIAT, IEPEHECIINX 3TH
MATOJIOTUYECKUE COCTOSHUSI.

Llenbro gaHHOTO MCCIENOBaHUs SIBUIOCH U3yde-
Hue (HOpPMHUPOBaHUS KOJIOCTPAIBLHOTO MMMYHHUTETA
1 3 (HEeKTUBHOCTH BaKI[MHAILIUH TEIST C IEPUHATAIIb-
HO# matonorueii. [loammanme 3TOT0, IPUOIU3UT HAC
K pa3paboTke 0osee 3pPeKTUBHBIX CTpaTeruii KOHTPO-
JIs1 ¥ IPO(MIIAKTUKY O0JIE3HEW, BKITFOUYAs TPOTPaMMBbI
BaKUUHALUK JUIS1 3TUX KUBOTHBIX.

MATEPHUAJIBI U METO/IbI
HUCCJEJOBAHUM

HccnenoBanne mpoBOANIOCH HA CEIbCKOXO3SMH-
CTBEHHOM NPEANPHUATHH, 3aHUMAIOIIIUMCS MOJIOYHBIM
CKOTOBOJICTBOM. B ombITe ObL10 3a/1€ficTBOBaHO 28 HO-
BOPOKJICHHBIX TEJIAT MOJIyYEHHBIX OT KOPOB KPAaCHO-
MECTPOH MOPOJIBI C Pa3HBIM KIMHUYECKUM CTaTyCOM
BO BpeMms OepeMeHHOCTH. Ha 0OCHOBaHNY 1aHHBIX aHa-
MHE3a KOpOB-MaTepel 1 pe3yabTaToB KIMHUKO-reMa-
TO-OMOXMMHYECKOTO 00CIIEIOBAHMUS HOBOPOXKICHHBIX
TeNAT ObLI0 CHOPMUPOBAHO TPH TPYIITIBI JKUBOTHBIX.

Kpurepuii BkiroueHust B uccienosanue. B rpyn-
y | Borum Temsta (n = §), poXKACHHBIC OT KIIMHIYC-
CKH 3/10POBBIX KOPOB, 0€pEMEHHOCTh M POAIbI KOTOPBIX
nporekanu ¢pusnosnoruuecku. [Ipu poxnennn Tensra
HE MMeNU BPOKACHHBIX MaToJOrui ¥ ObLIM MOPQO-
¢dyHKIMOHANBHO pa3BuThl. B rpymnmy Il Bomutn Temns-

Ta (n = 14), pokIeHHBIE OT KOPOB C COYETAHHOU Ta-
TOJIOTHEH (aHEMUS M TeNaToAUCTPOMHS), pOIIBI KOTO-
peIx mipoTekanu usuonorunyecku. [locie poxaeHus
Y TEJIAT BBISBISUICS [IMAHO3 CIIM3UCTBIX 000JIOUEK 1 3a-
MeJICHHAS peaKIus Ha mumok (> 10 cexkyH), KOHIIeH-
Tparus remonioouna < 100 r/m., runepdepmeHTEMUS
(AcAT > 30 E/n., I'TT > 300 E/m u 1D > 200 E/m).
Takum 00pa3oM, Ha OCHOBaHUH 3TUX JAHHBIX MOXHO
OBLIO YTBEPXKIaTh, YTO ATH TEJSATAa UMEIOT PU3HAKU
MIEPEHECEeHUS] HHTPAHATAIbHOW TUIIOKCHH, CIICICTBHEM
KOTOPOW SIBJIETCS BPOXKACHHAS aHEMUS U TeIaTOMC-
tpodus. B rpymy 111 Bormumm tensta (n = 6), pokaeH-
HBIE OT KOPOB C remarofAucTpoduet, porbl KOTOPhIX
npoTekany pusnonorudecku. [locne poxaeHus y te-
JISIT BBISIBJISITM TEIIATOMETAIUIO U THIIEP()EPMEHTEMULO
(AcAT > 30 E/n., ITT >300 E/n u 11D > 200 E/m),
YTO B COBOKYITHOCTH YKa3bIBAJIO HA HAJTMINC aHTCHA-
TaJILHOH TenaToauCTPOpHUN.

Bce xopossl 3a 60 qHEll 10 oTena nmoaBeprajiuch
MMMYHH3aIM KOMOWHUPOBAHHOW 4-X BaJCHTHOU
BaKI[MHOW MPOTHB WH(EKIIMOHHOTO PUHOTPAXEUTA,
nmaparpurmna-3, BUPyCHON AUapen M PEeCIUPATOPHO-
cunnutraiasHoro Bupyca KPC «XUITPABOBUC 4y
(Laboratorios Hipra, S.A., Micnaaus) ¢ 11eNbt0 MOBBI-
IICHUS YPOBHS aHTUTEI B MOJIO3UBE JIJISl CO3/IAHMS Ha-
MIPSDKEHHOTO KOJIOCTPAIbHOTO UMMYHUTETa Y HOBOPO-
JKICHHBIX. BakI[MHy BBOAMIN BHYTPUMBIIICUHO B 00-
JacTh 11er B 00beMe — 3 MJT IBYKpPaTHO C MHTEPBAJIOM
28—30 gueit. JKuBOTHBIC HAXOAMINCH Ha O€CTIPUBSI3-
HOM COJIEpYKaHWH W TOJyYaJId MOJHOIEHHBIA palu-
OH. Y BCEX KOPOB B pE3yNbTaTe €CTECTBEHHOIO OTe-
Jla Ha CBET MOSBUJIKMCH TelsiTa. [locie Toro kak marb
o0nn3ana HOBOPOXKIEHHOTO TEJIEHKA, ero MoMenain
B OOKC Ha JBa 4aca, rJie IoAIepKMBaIach TEMIIepary-
pa 38,5—40,0 °C. 3arem TeJAT coJiepakKaau B UHAUBHU-
JyallbHBIX TOMHKaX, YCTAHOBIEHHBIX HA OTKPBITOU
IUTOMIAJIKE C TBEPAbIM NokphiTheM. [1nomianka Obuia
3alIMIIeHa OT BETpa ¢ Tpex cTopoH. HeoOxonnumo oT-
METHUTB, UTO BCE TeTsITa uepes 60 MUHYT TOCTIe POXKIe-
HUs nonydanu 1,8—2,0 muTpa MoJI03uBa XOPOIIIETO
kadecTBa. [[oBTOpHOE KOpMIIEHHE MPOBOIMIN YEpe3
6 uacos. Ilocnenyromue 5 nHel MOJIO3UBO-MOJIOKO
BBIMIAMBAJIN 10 2 J1 3 pa3a B IeHb U3 COCKOBOM MOMII-
ku. B Tedenne nmocienyrommx 65 CyTOK UM BEITIauBa-
i cOopHOE MOJIOKO. B Bo3pacte 5—7 mHEH KUBOT-
HBIM HaYWHAJIM CKAPMIIUBATh IIPECTAPTEPHBIN KOMOH-
KOpM C IIEPEXOJIOM Ha cTapTepHbli Ha 50—56 cyTku.
C 9—10 nHeBHOrO BO3pacTa TeJATa UMEIU CBOOOJI-
HBIH IOCTYTI K BOJIC U UX MPUYYAJIH K TIOCJAHHIO CEHA,
a ¢ 64—70 k moemanuio cuioca. B 30 nHeBHOM BO3-
pacre TensTa IoIBeprajiuch UMMYHHN3aIINH BAKIIHHON
«XUITPABOBHUC 4». Ee BBoguiu B 103¢ 3 Ml ABY-
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KpaTHO ¢ uHTepBajoM B 21 nens. [ u3ydenus cre-
IU(PHUECKOTO UMMYHHUTETA Y TEJISIT, HHY[UPOBaHHO-
IO IPUEMOM MOJIO3UBa 1 KOMOMHUPOBAHHOMN BaKITHHOMN
«XUITPABOBUC 4%, mpoBoaunu 0TO0p KPOBU U HC-
CIIJIOBAJIM €€ CBIBOPOTKY Ha HAIMYHME CIIEHU(HIESCKIX
AHTHUTEN K BhIIIEyKa3aHHBIM BO30ynuTesiM. KpoBb ot
TemT mony4danu Ha 3, 7, 14, 30, 45 u 60 nens mocne
POXJIEHUS U3 SPEMHOMN BEHBI C IOMOIIIBIO0 BaKYYMHOM
CHUCTEMBI 3a00pa KPOBH B MPOOUPKH C aKTHBATOPOM
ceeprhiBaeMocTh kpoBu SiO, (Kurait). [Tormyuennas
CBIBOPOTKA TO/IBEPraiach CEpOJOrHUECKOMY HCCIie-
JOBAHHIO JUIsl OTIPEIENICHHUsI TUTpA aHTHTEN K BHUPY-
cam I1I'-3, UPT, B/l u PCH ¢ nomompio Kommepde-
CKHX Ha0OPOB B PEAKIMH TOPMOXKEHHS TeMaT TITFOTHHA-
nnu (PTTA) u peakiny HeTIPsSIMO# TeMarIIOTHHAITAH
(PHTA).

CoOpannble HU(POBbIC JaHHbIE ObLIH TOBEPTHY-
TBI CTATUCTHYECKOMY aHAJIM3y C IPUMEHEHHEM IpO-
rpamMHoro obecriedenust Microsoft Office Excel 2007.
brutn BeIUmCIEHBI cpenHee apudmerndeckoe (M)
u crangapTHas omuobka cpennero (SE). s onenkn
CTaTUCTUYECKON 3HAYUMOCTU Pa3IMUUi MEXIY BBI-
Oopkamu ObLI MPUMEHEH HelapaMeTpUIeCKUi KpuTe-
puit Manna — Yuthu. [Ipu npoBepke CTaTUCTUYECKUX
THITOTE3 UCTIONI30BAJICS YPOBEHb 3HAYUMOCTH 5 %.

PE3YJIBTATHI UCCJEIOBAHUN

Pe3ynbraTsl ceponornyecknux ucciae10BaHni Kpo-
BU TENST C aHTEHATaJIbHOW TenaroaucTpoduen, mo-
KazaJii, 4TO ypoBeHb anTuTeln K Bupycam I11'-3, PT,
B/l u PCHU y 3TuX XUBOTHBIX OBIJT TaKUM K€, Kak
1 Y KIIMHUYECKH 3A0POBbIX. OIHAKO y TEJAT C aHTe-
HAaTaJIbHOW TUTIOKCHEH, YPOBEHb aHTHUTEN K STHM BH-
pycaM okaszaicsd HUXke. Tak TUTp aHTUTEN K BUPYCY
[I'-3 coctaBmi 1 : 853,3 + 196,68, x Bupycy UPT —
1:58,6+ 11,25, kBupycy BL—1 : 40,0 £ 8,0, a k Bu-
pycy PC—1 : 13,3 £2,67. B To BpeMs, KaK y 310po-
BBIX TEJIST COOTBETCTBYIOIIHE TIOKA3aTENIN COCTABIIIN
1:2304,0£256,0,1:127,6+3,23,1:102,4 + 15,68
nl:16,0+0,01. Takum 0Opa3zom, ObLIO yCTaHOBJIE-
HO, YTO Yy TEJIAT C aHTE€HATAJIbHOW TMIIOKCUEHN, TUTP
KOJIOCTpANBHBIX aHTuTen K BUpycam [11'-3, NPT, BJ]
u PCU 6b11 Hke Ha 63,0, 54,1, 60,9 u 16,9 % coort-
BETCTBEHHO.

JlaneHeiiee n3ydeHne TUHAMAKA aHTUTEN y Te-
JAT 13 rpynmsl [ mokasano, 4To TUTP KOJIOCTPAIbHBIX
anturen k Bupycy I1I'-3, UPT, B/] u PCU umen Ten-
JIEHIIAIO0 CHIKEHNUS. B pesynbrare Kk MecsiaHOMY BO3-
pacty, HaOIIOJaTN CHUKEHHUE TUTPa KOJOCTpalb-
HBIX aHTUTEI K BBINIEYKa3aHHBIM BUPYCaM JI0 ypPOB-
Hs 1:1408,0 +£470,3, 1:88,0+24,0, 1:35,6+15,6
u 1:4,0+4,0 coorBercTBenHo (puc. 1). Pacuer paz-

HUIIB! JAHHBIX PE3YJBTaTOB C UCXOAHBIM MX YPOBHEM
MoKa3aj, 4To TUTpP aHturen K Bupycy [1I'-3 cauzmics
Ha 38,9 %, k UPT — na 31,0 %, x BJI — Ha 65,2 %
(P<0,05) u xk PCU — na 75,0 % (P <0,05). Y Te-
JIAT, TPUHECIINX aHTCHATAIBHYIO TUIIOKCHIO, B TE-
YeHHE TEePBOW HEAENH KU3HU HaOII0AaIOCh YBEJH-
yeHue tutpa antuten K Bupycam I1I'-3, UPT u B/]
no ypoBus 1 :2800,0 +£350,54, 1:192,0 40,48
ul:121,6 55,56 coorBercTBeHHO. [lanbpHeliiee Ha-
OMoNIeHUE TIOKa3aJ10, YTO K MECSIYHOMY BO3PACTy y AaH-
HBIX TEJIST YPOBEHb TUTPA aHTUTEN K BUpycy B/l cHu-
x)ancst 1o 1 : 21,3 £ 10,65. Takum obpazom, B cpaBHe-
HUY C TUTPOM aHTHUTEN Ha 7 ICHb )KU3HU OH OBLT HUKE
Ha 82,5 % (P < 0,05). IIpn 3TOM THTp aHTHUTEI K BUPYCY
II'-3 u UPT k MecssuHOMY BO3pACTY TEISAT ObLT BBILIE
ucxogHoro ypoBHs Ha 75,0 % (1 :1493,3 +564,4)
u 82,1 % (1:106,7+21,3) coorBeTcTBeHHO. Taxxe
HEOOXOIMMO OTMETHTH, YTO aHTHUTENA K PEeCIUupaTop-
HO-CUHIIUTHAIbHOM HH(DEKIINN Y JTAHHOU TPYTIITHI KH-
BOTHBIX YK€ UCUE3aJIU K KOHILY BTOPOU HEIeIH 5KU3HU
nocJie poxkaeHus. JJnHaMuKka KoaoCTpalbHbIX aHTUTEN
y TEJIAT C aHTEHATAIbHOU TeraToIucTpod e, xapakre-
pHU30BaIach MHTCHCUBHBIM CHIDKCHUEM aHTHUTEI K BH-
pycy I1I'-3, UPT, Bl u PCH B TeueHue nepBbIX IBYX
Henenb 10 ypoBHs 1 : 1040 = 240,0, 1 : 64,0 22,63,
1:20,0£7,66 u 1:3,2+3,2, B pe3ynbrare 4ero ux
3HAYCHUs1 ObLIIM HYDKE rPyIbl cpaBHeHus Ha 40,9, 42,9,
85,8120,0 %, coorBeTCTBEHHO. B anbHelieM 10 Me-
CSYHOTO BO3PACTa OHHM OCTABAJIHCH NMPUOTHU3IUTETHHO
Ha TOM € ypOBHE.

JlanbHelye uccieo0BaHus MoKa3ain, 9To Y 3710-
POBBIX TEJAT uepe3 15 qHelt mocie BaKIMHAIIMY YBe-
JUYUBAJICS TUTP aHTUTEN K BUpycam WUPT, III'-3,
B/l u PCU. Ilpu sToM HEOOXOAMMO OTMETHUTH, YTO
TUTp anTuTen K Bupycy I11'-3 ysenuanmcs na 42,0 %
(1:2000,0 £ 560,0), a x Bupycy UPT, B/l u PCU1
B 2,1 (1:185,6+45,71), 4,1 (1:196,5+60,0) u 8
(1:64,0 +48,27) pa3 coorBeTcTBeHHO. Uepes 9 nHeit
MOCJe peBaKIMHAIIMY TUTP aHTUTEN K Bupycy I1I'-3
cumkancs Ha 60,0 % (1 : 1800,0 £+ 160,0). ITpu aTom
tutp antuten Kk Bupycy UPT u BJI yBenuumiics na 64,9
(1:208,0+48,0)m33,2% (1:192,0+36,0), a k Bu-
pycy PCU B 3,5 paza (1 : 224,0 + 32,0). Peakuus Te-
JISIT, IEPEHECIINX aHTCHATATBHYIO THIIOKCHIO, Ha BaK-
[MHAINIO OblTIa aHAJIOTUIHOM KUBOTHBIM U3 TPYIIITHI
I, HO ee apdpexTuBHOCTE OB HIOKE. Harmpumep, TUTP
antuten K Bupycy III'-3 cocraBui 1 : 384,0 + 86,6,
K Bupycy UPT — 1:176,0 + 48,0, k Bupycy BJl—
1:80,0=+16,0, a k Bupycy PC — 1 : 24,0 £+ 13,86.
CpaBHeHUE MOKa3ajo, YTO CPETHUIN TP aHTUTEI K BU-
pycam III'-3, UPT, B/l u PCU y tenar u3 rpymmsr 11
obu1 HIbke Ha 78,7, 15,4, 58,3 1 89,3 % cooTBEeTCTBEH-
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HO. B cBo0 04epenp y TessIT, nepeHecIuxX aHTeHaTalb-
HyI0 remaroaucTpoduio, peakuus u d3pPeKTUBHOCTD
BaKLMHALMKU OblIa JIydlle, YeM y TEJST U3 IPYIIIb
II, Ho Xyxe uem y TensaT u3 rpynnsl . Tutp antu-
ten k Bupycy I1I'-3 cocraBun 1 : 533,3 +106,7, x BU-

Tutp anturen k [11'-3
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pycy UPT — 1:256,0 £ 0,001, x Bupycy BI-bC —
1:149,3 £56,4, a x Bupycy PCH — 1 : 85,3 +21,3.
B cpaBaennu ¢ rpymmoit | y maHHBIX TenaT ObLT 10-

CTOBEPHO HMKE TUTpP aHTUTEN K Bupycy 11I'-3 u PCU
Ha 70,4 1 61,9 % (P <0,05).
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Puc. 1. I[I/IHaMI/IKa CHeIlI/I(l)I/I‘IeCKOFO HMMYHUTETA Yy 3JOPOBBIX TCJIIAT U NIEPECHECIIUX IMEPUHATATIBHYTO MMATOJIOTUIO

OBCYXIAEHUE

[IpoBeneHHbIe HCcIeI0OBAHNS TOKA3AIH, YTO y Te-
JISIT, TTOTyYEHHBIX OT KOPOB € IKCTPareHUTaILHOM Ta-
TOJIOTHEN, UMEIOTCSI HAPYIIEHUS KOJIOCTPAITBHOTO UM-
MyHUTeTa. B yacTHOCTH 3TO HaOMIOMAeTCA y TENsT,
POXIEHHBIX OT KOPOB ¢ aHeMueil. Panee mpencras-
JICHHBIE HAMH JaHHBIE TAKXKe MMOKA3aJIH, 9YTO MOJIO3H-
BO OT TaKMX KOPOB MeHee 00TraTo IMMYHOIJIOO0yTHHA-
Mmu [7]. Takxe HEOOXOIMMO OTMETHTh, YTO 3a4ACTYIO

TEJISITa, POKICHHBIC OT TAKUX KOPOB, IIEPEHOCST aHTE-
HaTaJbHYIO TUTIOKCHIO M HHTPAHATAIHHYIO aC(PUKCHIO.
Cepueii uccneoBaHUN T0Ka3aHO, YTO TaHHbIE IaTo-
JIOTUYECKHE COCTOSHHSI CHUYKAIOT aOCOPOINIO KOJIO-
CTpaJIbHBIX UMMYHOTI00ynHOB [§—11]. B cBotO 0Oue-
peab y TENSIT, OTYyYEHHBIX OT KOPOB C TeMaTOIUCTPO-
(bueit, cHIKeHHE a0COPOITHH UMMYHOTTIOOYITHHOB HE
HaOroanack u OblUa HASHTHYHA YPOBHIO TEISAT PO-
JKICHHBIX O0e3 maTtonoruil. JlaapHeree HaOmoneHne
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3a epUOIOM ToJTypacnajia creuGpuIecKinx aHTUTeN
k Bupycam [1I'-3, IPT, Bl u PCU noxkaszamn, 4to y 3110-
POBBIX TEJAT OH ITPoxoaAMII okoj10 30 IHEH, YTo corlia-
CyeTcs C JaHHBIMU Psiia aBTOPOB [ 1, 2]. AHanoruuHas
TeHJCHIMS HAOIIOAIaCh U y TEIISIT, PO’KACHHBIX OT KO-
poB ¢ renaroauctpoducii. OnHaKo, HEOOXOIUMO OTME-
TUTh, YTO y TEJIAT, IEPEHECIINX aHTEHATAIbHYIO TUII-
OKCHI0, K KOHILY II€pBOM HEAEIM KU3HU HAOII0AaI0Ch
YBEJIMUYECHUE TUTpa aHTUTEeN K Bupycam [II-3, UPT
u B/I-BC. IlonoOHbBIE (heHOMEHBI MOTYT HAOIIONATh-
cs B ABYX ciydasax. [lepBoe, 3T0 Ipoa0KUTENbHOE
KOpMJIEHHE TIEPEXOAHBIM MOJIOKOM, KOTOpOE B Tede-
HUE TpeX JHEH TOCTOBEPHO yBEINYNBAET KOHIIEHTPa-
LU0 UIMMYHOIJIOOYJIMHOB B CBIBOPOTKE KPOBHU HOBOPO-
JKAeHHbIX TesT [ 12, 13]. Bropoe, 3T0 KOHTaKT ¢ BUpYy-
caMH, IMPKYJIUPYIOIMMH BHYTpH npeanpustus. Tak
B MCCJIEIOBaHUH, ITPOBEJICHHOM HayUHBIM KOJIJIEKTH-
BoM BO miaBe ¢ Windeyer M. C. ObLIO 1MOKa3aHO, YTO
MepPBOHAYATBHBII TUTP AaHTUTET HOBOPOXKICHHBIX Te-
JISIT, HE MeLIaeT BEIPpaOOTKE aHTUTEN MPH UX 3apake-
HuM Bupycami [ 14]. Takum 06pa3zoM, HOBOPOXKICHHBIE
TEINATa, POKICHHBIC B YCIOBHSIX THIIOKCHH, 00JIa1al0T
HU3KHM YPOBHEM KOJOCTPaJIbHOTO HMMYHHUTETA, YTO
He 1Mo3BoJisseT UM 3((HEKTUBHO 3aIUINATHCS OT BH-
pycHbIx uwHekui. [logTBepKAcHNEM 3TOTO OBLIO
yBEIMYEHHUE TUTpa aHTuTea K Bupycam I1I'-3 u UPT
Ha 75,0—82,1 % B TeueHue NepBOro Mecsla KU3HU.

JlanbHelmme uccleoBaHus MMOKa3aiu, 4ToO BCE
IPYNIbI )KUBOTHBIX, Y4aCTBOBABIINX B HKCIIEPUMEH-
Te, OTPEearupoBaId POCTOM YPOBHS aHTHUTEN KO BCEM
BUPYCHBIM KOMIIOHEHTaM BakLUHBI. OHAKO, CTOUT
OTMETHUTb, YTO Y TEJIAT U3 IpyHIbl | ypoBeHb aHTHTEN
k Bupycy I1I'-3 cnavana nossicuics Ha 42,0 %, a 3aTeMm
cuuswics Ha 10,0 %. D10, BEpOsSTHO, CBSI3aHO C HE-
Tpanu3anreil N30BITOYHOTO KOJIMYecTBa aHTUTEN ca-
MO BaKI[MHOM, KaK 3TO YaCTO MPOUCXOAUT IIPU BaAK-
LUHALUH Ha (JOHE BBICOKOTO YPOBHS KOJIOCTPAJIbHBIX
anTuren [14]. Tak »xe Obu10 3aMedeHo, 4To 3P eKTnB-
HOCTh UMMYHM3AIUH TEJIAT, POJUBIINXCS OT KOPOB
C OKCTpareHUTAIbHOW MaTONIOTHEH, OblIa HUXKE, YeM
y TEJST OT 3J0POBBIX KOPOB. DTO, BEPOSTHO, CBSI3aHO
C TeM, UTO Y TEJIAT, POXKACHHBIX OT KOPOB C TUTIOKCH-
el U/Win TenaToaucTpoduei, 4acTo HaOIIOTACTCS aH-
TeHarajbHas renaroguctpodus [4]. B HopMe, B KoHIIE
MIepBOM HEIENH )KU3HHU Y HOBOPOXKJIEHHBIX TEJAT Ha-
YHHAETCS MPOLECC CTAHOBICHUST OETOKCHHTE3UPYIO-
1iei GpyHKINH MIeYSHH, KOTOPBIX ITOTHOCTBIO 3aBepIlia-
eTcs B 5—6 MecssaHoM Bospacte. OmHako, Ipy HaJTH-
YUH IenaTogucTpoduy y HOBOPOXKICHHBIX TEJIAT 3Ta
¢bynkust cHmkaercs [15]. Oto, B cBOIO odepens, co-
3[a€T PUCK PAa3BUTHUS BTOPHYHOTO HMMYHOJACPHLIUTA
1 cHIWKaeT d3PPEeKTUBHOCTh BAKIIMHOMPOPUIAKTHKH

y Tenst. TakuM 00pazoM, MOXKHO TIPEITOI0KHUTh, YTO
BEISIBJICHHBIE UMMYHOJIOTHYECKHE OCOOCHHOCTH Te-
JIAT ¢ aHTEHATaJbHOW MATOJOTHEN MOBBILLIAIOT BEPO-
STHOCTh BOBHUKHOBCHHS Y HUX 3a00JICBaHUM, B 4aCT-
HOCTHU PECIUPATOPHOM IMaTOJIOTUU BbI3BIBAEMOM BU-
pycamu I1I'-3, UPT, Bl u PCU.

3AKJITIOYEHUE

HccnenoBanus mokasaiu, 4To y TEJAT ¢ TeprHa-
TAJILHBIMH MATOJIOTHSMH CYIIECTBYET PUCK HAPYILICHUSI
(hopMHUPOBAHUS KOJIOCTPATHFHOTO UMMYHHUTETA. DTOT
PHCK OCOOEHHO BBICOK Y TEJISAT, KOTOPbIE NIEPEHECIIH
THITOKCHIO. Takske ObLTO YCTaHOBIIEHO, YTO dPPEKTHUB-
HOCTb BaKIMHAIMHU Y TEJIAT CHUKACTCS IPU HATTMYUH
Y HAX B aHAMHE3€ aHTeHATaJIbHOM TMITIOKCUH 1 TeaTo-
Jctpoduu. ITO yKa3pIBaeT Ha HEOOXOIUMOCTD pa3pa-
OOTKH ¥ IPUMEHEHUSI CIICIIMATBHBIX MTOJXO0JIOB K BaK-
LUHALUY TAKUX TEJIAT, @ TAK)KE HAa BAKHOCTD yUeTa ux
MepUHATAIBHOTO aHAMHE3a PH IJIAHUPOBAHHUH U TIPO-
BE/ICHUH BaKLUHALIMH.
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Abstract. The objective of this research was to study the formation of colostral immunity and assess the effica-
cy of vaccination in the calves with perinatal pathology. The object of the study were the newborn calves born
from healthy and sick (anemia and hepatodystrophy) Red-Motley cows: group I — clinically healthy calves (n = 8),
group II — calves with antenatal hypoxia (n = 14), group III — calves with antenatal hepatodystrophy (n = 6).
The diagnosis was based on the history of the mother cows and the results of clinical, hematobiochemical exam-
ination of newborn calves. At the age of 30 days, the calves were immunized with the vaccine HIPRABOVIS4.
The biopreparation was administered intramuscularly in the neck area in a volume of 3 ml twice with an interval
of 21 days. On days 3, 7, 14, 30, 45 and 60 after birth, blood was collected to determine the titer of antibodies to
parainfluenza-3 (PI-3), infectious bovine rhinotracheitis (IBR), viral diarrhea (VD) and respiratory syncytial vi-
rus (RSV). It had been found that on day 3 after birth, the titer of colostral antibodies to PI-3, IBR, VD and RSV
in the calves of group II was by 63.0, 54.1, 60.9 and 16.9 % lower, respectively, than in the animals of group I. In
the calves of group III, the serological blood indicators were the same as in the calves of group I. During vacci-
nation, all animals showed an increase in the level of antibodies to all viral components of the vaccine. Howev-
er, in the calves obtained from the cows with extragenital pathology, the increase in antibodies was lower. In group
I1, the antibody titer to the PI-3 virus, IBR, VD and RSV was lower by 78.7, 15.4, 58.3 and 89.3 %, respectively,
and in group III, it was lower to the PI-3 virus and IBR by 70.4 and 61.9 %, respectively, compared to group I.

Keywords: calves, perinatal pathology, colostral immunity, vaccination

INTRODUCTION

Immunoprophylaxis is one of the most signifi-
cant measures increasing the survival rate of the new-
born calves. It is known that they are born seronega-
tive due to the structural features of bovine placenta,
which does not allow the transfer of antibodies pro-
duced by the mother to the offspring. They are trans-
ferred to calves due to immunoglobulins contained in
the colostrum of mother cows. The process of immu-
noglobulin transfer is most intense in calves during
the first 24—36 hours after birth. This period is also
important for livestock breeders, since the complete-
ness of colostral immunity formation largely deter-
mines the future development and health of a calf.
To increase the level of colostral immunity in calves,

many livestock breeders and veterinary specialists re-
sort to vaccinating cows during the dry period against
the most common infections such as parainfluenza-3,
infectious rhinotracheitis, viral diarrhea and respirato-
ry syncytial virus. The average half-life of serum an-
tibodies to these pathogens in unvaccinated calves is
21—36 days, and the time to their seronegative status
is 123—192 days [1, 2].

Therefore, to minimize the likelihood of respi-
ratory diseases development in calves, most veter-
inary specialists immunize them at the age of 1—3
months with the vaccines Trivak (FSOE Stavropol
Biofactory, Russia), Bovi-Shield Gold FP5 L5 (Zoetis
Inc., USA), Bovilis Vista Once SQ (Intervet Inc. USA),
HIPRABOVIS4 (Laboratorios Hipra, S.A., Spain), etc.
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The researchers also point out that currently 26.7 % of
the newborn calves have a serum IgG level of < 15 g/L,
which indicates insufficient colostral immunity [3].

At the same time, it should be noted that 20—70 %
of calves are born with pathologies of antenatal and
intranatal origin (antenatal hepatodystrophy, antenatal
hypoxia, intranatal asphyxia, etc.), which make a sig-
nificant contribution to the decrease in the viability of
the newborn calves [4—6]. However, at the moment
there is no complete picture of the state of the immune
system of calves who have suffered from these patho-
logical conditions.

The objective of this research was to study the
formation of colostral immunity and the efficacy
of vaccination of calves with perinatal pathology.
Understanding this will bring us closer to the devel-
opment of more effective strategies for disease con-
trol and prevention, including vaccination programs
for these animals.

MATERIAL AND METHODS

The study was conducted at an agricultural enter-
prise specialized in dairy cattle breeding. The experi-
ment involved 28 newborn calves obtained from Red-
Motley cows with different clinical status during gesta-
tion. Based on the anamnesis of the mother cows and
the results of the clinical and hematobiochemical ex-
amination of the newborn calves, three groups of an-
imals were formed.

Inclusion criterion for the study. Group I includ-
ed the calves (n = 8) born from the clinically healthy
cows, whose gestation and birth were physiological.
At birth, the calves had no congenital pathologies and
were morphofunctionally developed. Group Il includ-
ed the calves (n = 14) born from the cows with com-
bined pathology (anemia and hepatodystrophy), whose
birth was physiological. After birth, the calves showed
cyanosis of the mucous membranes and a slow reac-
tion to a pinch (> 10 seconds), hemoglobin concen-
tration < 100 g/L, hyperenzymemia (AST > 30 U/L,
GGT > 300 U/L and ALP > 200 U/L). Thus, based on
these data, it could be argued that these calves have
signs of intranatal hypoxia, the consequence of which
is congenital anemia and hepatodystrophy. Group I11
included the calves (7 = 6) born from the cows with
hepatodystrophy, whose calving proceeded physiologi-
cally. After birth, hepatomegaly and hyperfermentemia
(AST>30U/L, GGT > 300 U/L and ALP > 200 U/L)
were detected in the calves, which together indicated
the presence of antenatal hepatodystrophy.

All cows were immunized with a combined quad-
rivalent vaccine HIPRABOVIS4 (Laboratorios Hipra,
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S.A., Spain) against infectious rhinotracheitis, parain-
fluenza-3, viral diarrhea and bovine respiratory syncy-
tial virus 60 days before calving in order to increase
the level of antibodies in colostrum to create intense
colostral immunity in newborns.

The vaccine was administered intramuscularly in
the neck area in a volume of 3 ml twice with an in-
terval of 28—30 days. The animals were kept loose
and received a complete diet. All cows gave birth to
calves as a result of natural calving. After the mother
licked the newborn calf, it was placed into a box for
two hours, where the temperature was maintained at
38.5—40.0 °C.

Then the calves were kept in individual hous-
es installed on an open area with a hard surface. The
area was protected from the wind on three sides. It
should be noted that all the calves received 1.8—2.0
liters of good quality colostrum 60 minutes after birth.
Repeated feeding was carried out in 6 hours. The fol-
lowing 5 days, colostrum-milk was fed 2 liters 3 times
a day from a nipple drinker.

During the next 65 days, they were fed collected
milk. At the age of 5—7 days, the animals began to be
fed pre-starter compound feed, switching to starter on
day 50—56. From the age of 9—10 days, the calves
had free access to water and were accustomed to eating
hay, and from 64—70 days — eating silage. At the age
of 30 days, the calves were immunized with the vaccine
HIPRABOVISA4. It was administered at a dose of 3 ml
twice with an interval of 21 days. To study the specif-
ic immunity in calves induced by the intake of colos-
trum and the combined vaccine HIPRABOVIS4, the
blood was collected and its serum was examined for
the presence of specific antibodies to the above-men-
tioned pathogens.

Blood from calves was obtained from the jugular
vein using a vacuum blood collection system in test
tubes with a blood coagulation activator SiO, (China)
ondays 3, 7, 14, 30, 45 and 60 after birth. The obtained
serum was subjected to serological testing to determine
the titer of antibodies to PI-3, IBR, VD and RSV us-
ing commercial kits in the hemagglutination inhibi-
tion reaction (HAIR) and the indirect hemagglutina-
tion reaction (IHAR).

The collected digital data were subjected to statis-
tical analysis using Microsoft Office Excel 2007 soft-
ware. The arithmetic mean (M) and standard error of
the mean (SE) were calculated. The nonparametric
Mann — Whitney test was used to assess the statisti-
cal significance of differences between samples. A sig-
nificance level of 5 % was used when testing statisti-
cal hypotheses.
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STUDY RESULTS

The results of serological studies of the blood of
calves with antenatal hepatodystrophy showed that the
level of antibodies to the PI-3, IBR, VD and RSV in
these animals was the same as in clinically healthy an-
imals. However, in the calves with antenatal hypox-
ia, the level of antibodies to these viruses was low-
er. Thus, the titer of antibodies to the PI-3 virus was
1:853.3+196.68,tothe IBR virus— 1 : 58.6 &+ 11.25,
to the VD virus — 1 :40.0 £ 8.0, and to the RSV —
1:13.3 £2.67. While in healthy calves the correspond-
ing figures were 1 :2304.0 +256.0, 1:127.6 +3.23,
1:1024+15.68and1:16.0=+0.01. Thus, it was estab-
lished that in the calves with antenatal hypoxia, the titer
of colostral antibodies to the PI-3, IBR, VD and RSV
was lower by 63.0, 54.1, 60.9 and 16.9 %, respectively.

Further study of the dynamics of antibodies in
the calves from group I showed that the titer of co-
lostral antibodies to the PI-3, IBR, VD and RSI tend-
ed to decrease. As a result, by the age of one month,
a decrease in the titer of colostral antibodies to the
above-mentioned viruses was observed to the level of
1:1408.0+470.3,1:88.0+24.0,1:35.6+15.6and
1:4.0+4.0, respectively (Fig. 1). Calculation of the
difference between these results and their initial level
showed that the titer of antibodies to the PI-3 virus de-
creased by 38.9 %, to IBR — by 31.0 %, to VD — by
65.2 % (P < 0.05) and to RSV —Dby 75.0 % (P < 0.05).
In the calves who experienced antenatal hypoxia, an
increase in the titer of antibodies to the PI-3, IBR, and
VD viruses was observed during the first week of life
to a level of 1:2800.0 +£350.54, 1:192.0+40.48
and 1:121.6 + 55.56, respectively. Further observa-
tion showed that by the age of one month, the level of
titer of antibodies to the VD virus in these calves de-
creased to 1 : 21.3 + 10.65. Thus, in comparison with
the titer of antibodies on day 7 of life, it was lower
by 82.5 % (P < 0.05). Moreover, the titer of antibod-
ies to the PI-3 virus and IBR by the age of one month
in calves was higher than the initial level by 75.0 %
(1:1493.3 £564.4) and 82.1 % (1 :106.7 +21.3),
respectively. It should also be noted that antibodies
to respiratory syncytial infection in this group of an-
imals had already disappeared by the end of the sec-
ond week of life after birth. The dynamics of colos-
tral antibodies in the calves with antenatal hepatodys-
trophy was characterized by an intensive decrease in
antibodies to the PI-3 virus, IBR, VD and RSV during
the first two weeks to the level of 1: 1040 + 240.0,
1:64.0+£22.63,1:20.0+7.66 and 1:3.2+3.2, as
a result of which their values were lower than in the
comparison group by 40.9, 42.9, 85.8 and 20.0 %, re-
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spectively. Subsequently, up to one month of age, they
remained approximately at the same level.

Further studies showed that the titer of antibodies to
the IBR, PI-3, VD and RSV increased in healthy calves
15 days after vaccination. It should be noted that the ti-
ter of antibodies to the PI-3 virus increased by 42.0 %
(1:2000.0 £ 560.0), and to the IBR, VD and RSV —
by 2.1 (1:185.6+45.71), 4.1 (1:196.5 £ 60.0) and
8 (1:64.0 +48.27) times, respectively. Nine days af-
ter revaccination, the titer of antibodies to the PI-3 vi-
rus decreased by 60.0 % (1 : 1800.0 + 160.0). The titer
of antibodies to the IBR and VD viruses increased by
64.9 (1:208.0 £48.0) and 33.2 % (1 : 192.0 + 36.0),
and to the RSV — by 3.5 times (1 : 224.0 + 32.0). The
reaction of the calves who suffered antenatal hypoxia
to vaccination was similar to that of the animals from
group I, but its efficacy was lower. For example, the ti-
ter of antibodies to the PI-3 virus was 1 : 384.0 + 86.6,
to the IBR — 1:176.0 +£48.0, to the VD virus —
1:80.0+16.0,andtothe RSV —1 :24.0 +13.86. The
comparison showed that the average titer of antibodies
to the PI-3, IBR, VD and RSV in the calves from group
II was lower by 78.7, 15.4, 58.3 and 89.3 %, respec-
tively. In turn, in the calves who had antenatal hepa-
todystrophy, the response and efficacy of vaccination
was better than in the calves from group I, but worse
than in the calves from group 1. The titer of antibodies
to the PI-3 virus was 1 : 533.3 + 106.7, to the IBR —
1:256.0 £0.001, to the VD — 1 : 149.3 + 56.4, and
to the RSV — 1:85.3 £21.3. In comparison with
group I, these calves had significantly lower titers of
antibodies to the PI-3 virus and RSV — by 70.4 and
61.9 % (P <0.05).

DISCUSSION

The studies have shown that the calves born from
the cows with extragenital pathology have impaired
colostral immunity. In particular, this is observed in
the calves born from the cows with anemia. Our previ-
ously presented data also showed that colostrum from
such cows is less rich in immunoglobulins [7]. It should
also be noted that the calves born from such cows often
suffer from antenatal hypoxia and intranatal asphyxia.
A series of studies have shown that these pathological
conditions reduce the absorption of colostral immuno-
globulins [8, 9, 10, 11]. In turn, in the calves obtained
from the cows with hepatodystrophy, a decrease in the
absorption of immunoglobulins was not observed and
was identical to the level of the calves born without pa-
thologies. Further observation of the half-life of spe-
cific antibodies to the PI-3, IBR, VD and RSV showed
that in healthy calves it was about 30 days, which was
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consistent with the data of a number of authors [1, 2].
A similar trend was observed in the calves born from
the cows with hepatodystrophy. However, it should be
noted that in the calves who suffered antenatal hypox-
ia, by the end of the first week of life, an increase in
the titer of antibodies to the PI-3, IBR and VD viruses
was observed. Similar phenomena can be observed in
two cases. The first is a prolonged feeding with tran-
sitional milk, which reliably increases the concentra-
tion of immunoglobulins in the blood serum the new-
born calves for three days [12, 13]. Secondly, it is a
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contact with viruses circulating within the enterprise.
Thus, in a study conducted by a research team headed
by Windeyer M. C. it has been shown that the initial
antibody titer of the newborn calves does not interfere
with the production of antibodies when they are infect-
ed with viruses [14]. Thus, the newborn calves born in
hypoxic conditions have a low level of colostral immu-
nity, which does not allow them to effectively protect
themselves from viral infections. This was confirmed
by an increase in the antibody titer to the PI-3 and IBR
viruses by 75.0—82.1 % during the first month of life.
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Fig. 1. Dynamics of specific immunity in healthy calves and those who have suffered perinatal pathology

Further studies showed that all groups of animals
participating in the experiment responded with an in-
crease in the level of antibodies to all viral compo-
nents of the vaccine. However, it is worth noting that
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in the calves from Group I, the level of antibodies to
the PI-3 virus first increased by 42.0 %, and then de-
creased by 10.0 %. This is probably due to the neu-
tralization of excess antibodies by the vaccine itself,
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as often occurs during vaccination against the back-
ground of a high level of colostral antibodies [14]. It
was also noted that the immunization efficacy of the
calves born from the cows with extragenital pathology
was lower than that of the calves from healthy cows.
This is probably due to the fact that the calves born
from the cows with hypoxia and/or hepatodystrophy
often have antenatal hepatodystrophy [4]. Normally,
at the end of the first week of life, the newborn calves
begin the process of establishing the protein-synthe-
sizing function of the liver, which is fully completed
at the age of 5—6 months. However, in the presence
of hepatodystrophy in the newborn calves, this func-
tion decreases [15]. This, in turn, creates a risk of the
secondary immunodeficiency development and reduc-
es the efficacy of vaccination in calves. Thus, it can be
assumed that the identified immunological features of
the calves with antenatal pathology increase the like-
lihood of diseases development, in particular, respira-
tory pathology caused by the PI-3, IBR, VD and RSV.

CONCLUSION

The studies have shown that the calves with peri-
natal pathologies have a risk of impaired colostral im-
munity. This risk is especially high in the calves who
have suffered hypoxia. It has also been found that the
efficacy of vaccination in calves decreases if they have
a history of antenatal hypoxia and hepatodystrophy.
This indicates the need to develop and apply special
approaches to vaccination of such calves, as well as
the importance of taking into account their perinatal
history when planning and implementing vaccination.
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YCJOBUA NTYBJINKAILINU
U MMPABUJIA O®OPMJIEHUS CTATEN

YBAKAEMBIE KOJIJIET'A!

Penakuus sxypHana «BerepunapHbiii hapMakolOrHuecKuii BECTHUK» Bcepoccuiickoro HayqHO-HUCCIEe0-
BaTeIbCKOTO BETEPHHAPHOTO NHCTUTYTA MATOJIOTHH, (hapMaKoJIOTHH U Tepanuu Poccenbxo3akagemMun npuria-
mIaeT HayYHBIX COTPYAHHUKOB, ITPETIOIAaBATEICH By30B, CONCKATENEH YUEHBIX CTEIIEHEH U MPAKTUKYIOLINX CIIe-
LUAJIMCTOB JJIsl MYOJIMKALUK PE3yIbTaToB 3KCIEPUMEHTAIBHBIX UCCIEIOBAaHUN, TEOPETHUECKUX U 0030PHBIX
CTaTeH, KacarolKXcs aKTyaJlbHBIX BOPOCOB BETEPUHAPHOH (papMakosoru.

Leunb s)xypHana «BerepuHapHbiil (hapMakoIoruueckuii BECTHUK» — MPEICTaBICHUE OCHOBHBIX HaIlpaBJie-
HUI pa3BUTHsI BeTepUHAPHOU (papMaKoIIOTHH, IPUBJICYCHNE BHUMAHUS HAyYHBIX PAOOTHHKOB U CIIELIUAIIUCTOB
K aKTyaJbHBIM TIpo0OIeMaM, POIBMKEHE MHHOBAIIMOHHBIX pa3paboToK.

OCHOBHBIE TeMaTHYeCKUE HAIPABICHUS KypHaIa:

1. DxcniepuMeHTaNbHAS HapPMaKOJIOTHSL.

2. Knununueckast papmMakoinorusi.

3. buoxumuueckas 1 MOJIEKYJIIpHas (GapMaKoJIOTHS.

4. dapmarus.

5. HoBele JiekapCTBEHHBIE CPEIICTBA U NIPENAPAThI Ul TEPAUU U IPOPUIAKTUKY OONIE3HEH.

6. CpezncrBa 300TUTHEHBI, AE3UH(EKLUH, JE3MHCEKIUH U IepaTU3aLuy.

7. JleueOHBIE MPEMUKCHI U KOPMOBBIE 100ABKH.

8. [Tatodusmnonorus, narToOMOXUMHS U SKCIIEPUMEHTAIbHAS TePaTTHS.

Temarnueckoe coepxkaHue )KypHaJIa MOKET MEHSTHCS B 3aBUCMMOCTH OT TEKYIIUX 3a/1a4 HAYKH U [IPAKTUKU.

YCJIOBUA TYBJIUKALIMHU

ABTOpaM HE0OXOIMMO NPEIOCTABUTH B PEAAKIIMIO CIICAYIOINE MAaTepPHAIbL:

1. Crarpio, 0hOpMIICHHYIO B COOTBETCTBHH C TpeOoBaHUSIMH, Ha mouTy vetfarm.journal@yandex.ru
(«B pemakuuto )xypHana «BeTepruHapHbIi (apMaKOIOrHYECKHIH BECTHUKY ).

Marepuai, npemiaraeMblid s MyOIUKalyy, T0JDKEH OBITh TIIATENIFHO OTPEIAKTHPOBAH M NMOANMCAH
BCEMHU aBTOPAMHU.

Crarbu, HanpasJsieMble B PEIAKLUI0, IPOXOIAT PELIEH3UPOBAHUE U BBIHOCATCS HA PACCMOTPEHUE PEIKOII-
nerun. [Ipu HE0OXOANMOCTH peaKuys CBA3bIBACTCS C aBTOPaMH 110 TejeoHy MM 3JIeKTpoHHOH noure. 1o
pesynbrataM 00CyKACHUS] IPUHUMACTCS PEIIeHHE O BO3MOKHOCTH BKJIIOUEHHUS CTaThbU B JKypHaJl, 00 OTKasze
WM 10paboTke.

Crarbs, HanlpaBlieHHAs] aBTOPY Ha JOPa0OTKY, TOKHA OBITH BO3BPAIICHA B HCIIPABICHHOM BH/IE B MaKCH-
MaJILHO KOPOTKHE CpokH. K pyKkomnrcn HeoOX0anMO MPUIIOKUTH TUCBMO OT aBTOPOB, COJIEPIKAIIE OTBETHI Ha
Bce 3ameudanust. Ctarbsi, TpeOyrolias IOBTOPHON 10padOTKH, paccMaTprBaeTcs Kak BHOBb ocTynusas. [1pu
9TOM JaTOM MOCTYIUICHHSI CYUTAETCS Jara MOJIyYeHHs PEAAKLIUEH OKOHYATeIbHOTO BAPHAHTA CTAaThU.

[Inata ¢ aBTOpOB 32 MyOJINUKAIMIO HE B3UMACTCSL.

ABTOpPCKOE BO3HATPAXKICHUE 32 pPa3MEIlCHUE CTaTel B MEYaTHON U DJICKTPOHHON BEPCHUHU >KypHaIa aBTO-
pam crareil He BBITUIAYMBACTCSL.

Marepuaiibl, HOCTYIMBIINE B PEAAKLNIO, aBTOPAM HE BO3BPAILAIOTCSL.

2. Ceenenmus 00 aBTOpax:

damuusi, UMs1, OTIYECTBO

VYuyeHas cTeneHb

VYueHoe 3BaHUE

JlomKHOCTD

[TonHoe Ha3BaHUE OpraHu3aluu

Anpec, Tenedon, e-mail

OtaenbHO HEOOXOIUMO yKa3aTh JIMLO U €ro KOHTaKTHBIE JaHHBIE, C KOTOPBIM peAakuus OyJeT BeCTH mepe-
TOBOPBI M TIEPETINCKY.
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3. HampagsiieHue oT y4upex/ieHus, B KOTOPOM BBITIOJIHEHA paboTa 110 opme:

B penakuuto xxypHana
«BerepuHapHBIH (hapMaKOJIOTHUESCKUH BECTHUK

[pomnry (mpocum) omyOIMKOBATh B OTKPHITOH ITeYaTH MOFO (HAIIy ) CTAaThIO «

».

Marepuaisl CTaThH YaCTHYHO WM TIOJTHOCTHIO He OBUTH paHee OmyOITHKOBAHBI .

ABTOPBI TOATBEPKIAIOT JOCTOBEPHOCTh M OPUTHHATIHLHOCTH MAaTePUAIIOB, H3JIOKEHHBIX B CTAThE; JAFOT
cornacue Ha cOop, 00pabOTKy U pacIipoCTpaHEeHNE CBOMX IEPCOHATIBHBIX JAHHBIX B COOTBETCTBHH C TPEOO-
BanusmMu denepanbuoro 3akoHa Ne 152-03 ot 27 urons 2006 roga «O nepcoHaNbHBIX TaHHBIX»; TapaHTU-
PYIOT, UTO HE HAPYyIIAOT HUYBUX aBTOPCKUX IPaB; HE BKIIFOYAOT MaTepUAIIb, HE TIOJIekKAIUe K ITyOlTuKa-
LIMM B OTKPBITOM N€YaTh B COOTBETCTBUHU C JIEUCTBYIOIIMM 3aKoHOAaTenbcTBOM Poccuiickoit @enepanuu.

BwmecTe co cTaTtheil aBTop mepenaet penakiiuy Ha HeOTPaHUICHHBIN CPOK CIISAYIONINE TIpaBa: MpaBo Ha
pasMeIeHne, BOCIIPON3BEICHNE U PaCIIPOCTPAaHEHUE CTAThH JIFOOBIM CITOCOO0OM; TIPaBO Ha IMepepaboTKy cTa-
ThY ¥ BHECEHHE N3MEHEHHI B CTaThIO; MPaBO Ha MMyOJIMYHOE UCIIOIB30BAHUE MaTePHANIOB CTaThH U JE€MOH-
CTpaIrio UX B MH(OPMAIIMOHHBIX, PEKIAMHBIX U MPOYHX IIEIISAX.

Taxke aBTOPBI MOJTBEPIKAAIOT, YTO COMIACHBI C MPABIIIAMH PEIAKIUH TI0 MTOJTOTOBKE PYKOITUCH K U3-
nanuto. [Tocne myOnukanuu ee NUTUPOBAHKE BO3MOXKHO TOJIBKO CO CCBUIKOHM Ha *KypHal «BeTepuHapHbIi
(hapMaKoJIOrMueCKUN BECTHUKY.

MOANHUCH (OAMUCH) aBTOpa (aBTOPOB) bamMums, UMs, OTYECTBO

[oanucs (moammcn) 3aBEPSIIO.

nonnuck 1 @O nuua, 3aBepuBILIETO NOAIUCH
ML.II. opranuzanun
« » I.

* Ecin ObLIn 0Hy6J’II/IKOBaHLI YaCTUYHO, TO YKa3aTb Ha3BaHUC U3J1aHUs, I'O[ BbIITYCKa, HOMCP, CTPAHUIIbI.

Jis yckopeHus Iy OIMKaIUy CTaThH B PEAKIINI0 HEOOXOAMMO MTPEIOCTABUTD PEIICH3UIO JJOKTOpa HAYK, 3a-
BEPEHHYIO B OTJIEJIC KaJ[POB 10 MECTY paboThI.

ITPABHJIA O®OPMJIEHUA CTATEN

TexcT craren 06BeMoM 710 15 cTpaHuIl mpegocTasisgercs B mporpamme Microsoft Word: mpudt — Times
New Roman, keribp — 14 1T, MeXXCTpOUHBI HHTEpBal — 1,5, ab3amubrii orctyn — 1,25, 6e3 nmepeHocoB. Dop-
MaT cTpaHuIlbl — A4; 1ost: IeBoe — 3 CM, BEpXHEe, IIPaBoe U HIDKHEE — 2 CM.

DJeMEeHTaMU M3/1aTeNIbCKOro O(OPMIICHHUS CTATeH SIBIISIFOTCS:

— CBejieHus 00 U3/IaHUH, B KOTOPOM OIyOJIMKOBaHA CTaThs;

— Ha3BaHUE pyOPUKH WU pa3nesia u3IaHus;

— THII CTaThu (Hay4YHas CTaThs, 0030pHAs CTaThH, PEJAKIIHOHHAS CTAThs, AUCKYCCHOHHAS CTaThs, IIEPCOHA-
JIUY, pEIaKTOPCKAs 3aMeTKa, PEIICH3Ms Ha KHUTY, PEIICH3HsI Ha CTAaThIO, CIIEKTAKIIb U T. I1., KPaTKOE COOOIIICHUE);

— WHJICEKC YHHUBepCalIbHOU necatuuHoi kinaccudukanuu (YK);

— 1udposoii naenTudurarop oobekra (Digital Object Identifier — DOI); ero mpusogsat mo 'OCT P UCO
26324 u pacnonaratot nocie uanekca YK otnenpHON cTpokoit cieBa. B konme DOI Touky He cTaBsT;

— 3arvyaBHe CTaThH;

— TIOJ3aTOJIOBOYHEIE TAHHBIE CTATHH;

— cBejieHus 00 aBTope (aBTopax);
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— aHHOTaIus (pe3ome);

— KJIFOYEBBIC CJIOBA (CIIOBOCOYCTAHHMS);

— OJIarogapHOCTH;

— 3HaK OXPaHbI aBTOPCKOTO MPaBa;

— TIepEYCHb 3aTEKCTOBBIX OMOMMOrpadMuecKuX CChUIOK;

— CBEJCHUS O IPOAOJKEHUH WM OKOHYaHUH CTaThy;

— TpUJIOKEHNE (TTPUIIOKEHHS);

— TIPUMEYaHus;

— JaTa MOCTYTUICHHUS PYKOIIMCH B PEIAKITNIO U3/IaHuUs, 1aTa O00pEHHS TTOCIIe PEIIeH3UPOBaHUS, 1aTa MPH-
HSATHUS CTAaThU K OITyOJIMKOBAHHUIO.

JIONOTHUTENBHO MOTYT OBITH IPUBEACHBI:

— Oubnuorpaduueckas 3aruch Ha CTaThIO JUIsl TAJIBHEHIIIETO IIUTHPOBAHUS;

— CBEJICHUS O BKJIJIE KaXKJIOTO aBTOPA, €CIIU CTaThsl IMEET HECKOJIBKO aBTOPOB;

— yKa3zaH#e 00 OTCYTCTBHH WM HATMYNN KOH(DIMKTA HHTEPECOB U AETATIM3AIHS TAKOTO KOH(IIMKTA B CITy-
Yae ero HaJTuJusl.

CJoBa 1 CJI0BOCOUYETAHUS B AJIEMEHTAX M3/1aTeIbCKOr0 O(OPMIICHHUS CTaTbU HE COKPALIAIOT, KpOME CBejie-
HUI 00 yueHOH CTENeH! U 3BaHUU aBTOpa, CJIOB U CJIOBOCOYCTAHUN B OMOIHOTrpaduyecKiX CChUIKAX U CIIHC-
kax mo I'OCT 7.11, TOCT P 7.0.12.

OCHOBHO# TEKCT CTaThH MOXET ObITh CTPYKTYPHUPOBAH U COCTOSITH U3 CIEIYIONIIX YaCTeH:

— BBEJICHHUE;

— TEKCT CTaTbH (C BBIICIICHHEM pa3/ienoB «MaTtepuaiibl 1 MeTOAb, «Pe3ynbrareny, «O0cyKIeHue» u ap.);

— 3aKJIIOYCHHE.

JlonyckaeTcsi ieJieHue OCHOBHOTO TEKCTa CTaThH Ha TEMAaTHUECKUE PYOPHKH U TOIPYOPUKH.

Haamucu u moanucy K WUTIOCTPATUBHOMY MaTepually MPUBOJIAT Ha SI3BIKE TEKCTa CTaThU M, KaK IPaBHIIO,
MOBTOPSIFOT HA aHDIIMHCKOM si3bIKe. OCHOBHOM TEKCT CTAaThU B M3IAHHUH MOXKET OBbITh TOJILKO Ha OJTHOM SI3BIKE.
CMemmuBaTh B OHOM cTaThe TEKCT Ha JABYX S3bIKAX HE JIOIYCKaeTCsl.

J10 OCHOBHOTO TEKCTa CTaTbU MPUBOJIAT Ha S3BIKE TEKCTa CTAThH U 3aT€M MOBTOPSIOT HAa AaHTIINHACKOM SI3bI-
Ke CIICIYIOLINE SIEMEHTHI U3/1aTeIbCKOT0 OOPMIICHHUS: CBEICHHSI 00 N3aHNH, B KOTOPOM OITyOJIMKOBaHa CTa-
Thsl, HA3BaHHE PYOPHUKH WK pa3Jielia, THII CTaThH, €¢ 3aryIaBhe 1 MM03aroJ0BOYHbIE JaHHbIE, OCHOBHBIE CBEIC-
HUS 00 aBTO-pe (aBTOpax), aHHOTAIUIO, KITFOUEBBIC CJIOBA, OJIarolapHOCTH, OMOIHOrpaduIecKyIo 3auch s
nuTHpoBaHwms. ViMeHa IpUBOAAT B TpaHCIUTEpHUpoBaHHO# popme Ha matuauIe o ['OCT 7.79 wmm B ToM dop-
Me, B KaKOH €e yCTaHOBHII aBTOP WIJIM PEeIaKINs U3/TaHusl.

[Tociie 0CHOBHOTO TEKCTa CTaThU MPUBOJIAT HA SI3bIKE TEKCTA CTAThU U 3aTEM MOBTOPSIOT HA aHTIIMACKOM
SI3BIKE CIIEAYIOIINE AIEMEHTHI U3/1aTeIbCKOTO 0(OPMIICHUS: IOTIOTHUTENIBHBIE CBEACHUS 00 aBTOpe (aBTOpaXx),
CBEJICHHSI O BKJIAJIC KayK/I0TO aBTOPa, YKa3zaHHe 00 OTCYTCTBUH WM HATMYMH KOH(IMKTA HHTEPECOB U IeTalH-
3aIUs TAKOTO KOH(IIUKTA B CITydae ero HaJi4usl, a TAKKe JIaThl HOCTYIUICHUS PYKOIIMCH B PEIaKIINIo, 01o0pe-
HUS TIOCTIE PEIICH3UPOBAHMS, TPUHATHUS CTATHHU K OITyOIIMKOBAHUIO.

OcHOBHBIE cBeZIeHHS 00 aBTOPE COJepKar:

— UM, 0TYECTBO, (haMUIIHIO aBTOpa (MTOJTHOCTHIO);

— HaWMEHOBaHWE OpraHu3aiuy (YUpeKJIeHus), ee MoApa3aeieHus, rae padoTaeT Wiu yauTcs aBTop (0e3
0003HauCHUsI OPraHU3aMOHHO-TIPaBoBOM (hopmMbl ropuanueckoro jiuma: ®I'BYH, ®I'BOY BO, [TAO, AOuT. 1.);

— aJpec opraHu3aiy (YIpexkJIeHus ), ee TOoIpa3IelieHus, I71e paboTaeT Uil YIUTCs aBTOp (TOPOJ] M CTPaHA);

— DJICKTPOHHEIH azxpec aBTopa (e-mail);

— oTKpeITHI HaeHTH(HKaTOop yueHoro (Open Researcher and Contributor ID — ORCID) (mipu Hamu-
yun). AJipec opranusanuu (yU4pexIeHus), rie padoTaeT UM YYUTCS aBTOP, MOXKET OBITh YKa3aH B MOTHOU
(dbopme. DIEKTPOHHBIN aJIpec aBTOpa NPUBOIAT O€3 cIoBa «e-maily, mocse MeKTPOHHOTO ajjpeca TOYKY He
craear. ORCID npuBozstT B hopme ammekrpoHHOTO anapeca B ceti MuTepHeT. B xone ORCID Touky He cra-
BaT. HamMmenoBaHnne opranuzanun (yIpekXIeHUs), € aapec, aeKTpoHHbi aapec 1 ORCID aBropa oTaemsioT
IpyT OT ApyTa 3arsThIMH.

B ciydae, xoryia aBrop paboTtaeT (YUUTCs) B HECKOJIBKUX OpraHU3aIHsIX (YIPEKISHHIIX ), CBEICHUS O KaX-
JI0M MecTe paboThI (yueObl), YKa3bIBalOT IIOCJIE MUMEHHU aBTOpa Ha Pa3HbIX CTPOKAX M CBSA3BIBAIOT C IMEHEM C IO~
MOIIBIO0 HAJCTPOYHBIX TUPPOBBIX 0003HAYCHHIA.
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Ecnmu y craThbu HECKOJIBKO aBTOPOB, TO CBEACHUS O HHUX MPHUBOIAT C YUYETOM HIIKECIIEAYIOIINX MPaBHUIL
Hmena aBTOPOB PUBOJIST B IPUHITONW UMH TIOCIIEI0BATEIIBHOCTH.

ABTOp, OTBETCTBEHHBIH 32 MIEPEIUCKY, U €r0 AIICKTPOHHBIN aJpec MOTYT ObITh 0003HAYEHBI YCIOBHBIM U30-
OpaskeHHEM KOHBEPTA, B AJIEKTPOHHBIX U3AHUAX — TAKKE U IPYTUMH CPEACTBAMU, PEATU3YEMBIMH TPOTPAMM-
HBIM O0ecIieueHrEeM ITyONUKAMK U3AaHHsL.

Bo3MoxHO nprBeieHNE IIEKTPOHHOTO aJpeca TOJIBKO OJHOTO aBTOPa, C KOTOPBIM IIAHUPYETCS Mepernuc-
Ka, MJIH OT/ICIbHOE yKa3aHUe aBTopa JIJIsl KOPPECIOHACHIINH IO opMe: « ABTOp, OTBETCTBEHHBIH 3a Mepermc-
ky:» («Corresponding author:y).

JlommoTHUTETFHBIE CBEIEHUS 00 aBTOpe (aBTOpax) MOTYT CONIEPKaTh:

— TIOJIHBIC MMEHA, OTUeCTBa U pamunuy, snekTpornbie ajapeca 1 ORCID aBTopoB, eciii OHU HE YKa3aHbI
Ha MEepBOil MOJI0CEe CTAThH;

— YYCHBIC 3BaHMS;

— Y4YCHBIC CTCIICHH;

— npyrue, kpome ORCID, mexmyHapomHble HIeHTH(OUKAIIMOHHBIE HOMEPa aBTOPOB. [lomoTHUTETEHBIE
cBesieHns1 00 aBTope (aBTOpax) MPHUBOAT C MpeaNIecTByOmnUMHU cioBamu «Hpopmanmst 06 aBTope (aBTo-
pax)» («Information about the author (authors)») u yka3eiBaroT B KoHIle cTaThu ociie « CIIMCKa HCTOYHHKOBY.

Caezenust 0 mecte padoThl (yueosl), anekrpornbie aapeca, ORCID aBTOpoB yKka3bIBalOT MOCIIE UMCH aB-
TOPOB Ha Pa3HBIX CTPOKAX U CBSI3BIBAIOT C IMEHAMH C TIOMOIIBIO HAJICTPOYHBIX U(POBLIX 0003HaYeHNH H-
nekc YJIK pacriomaraeTcst B IeBOM BepXHEM YIITy 0e3 a03aIlHOTO OTCTYIIA.

Janee Oe3 ab3aIlHOTO OTCTYIIA PACIIONAraeTCsl HA3BAaHHUE CTAThU — 3aNIaBHBIMU OyKBaMU, OTYKUPHBIM
HIpUQTOM, BHIPABHUBAHHUE T10 LICHTPY.

damuusi, UMs1, 0TYECTBO aBTOpa — 03 a03aIHOTro OTCTYIA, IO IIEHTPY, CTPOYHBIMU OyKBaMH, TIOJTY>KUP-
HBIM IIpHdTOM.

Annoranuio Gopmupytor mo F'OCT P 7.0.99. O6bem anHoTanmu He npesbimiaet 250 cios. [lepen anHoTa-
[UeH TIPUBOIAT CIIOBO « AHHOTAITH) («Abstract).

KiroueBble ciioBa (CIIOBOCOYETAHHS) TOJKHBI COOTBETCTBOBATH TEME CTAThU M OTPAXKATh €€ MPEIMETHYIO,
TEPMHHOJIOTHUYECKYI0 005acTh. He ucmnomb3yoT 00001IeHHbIe 1 MHOTO3HAUHBIE CJI0BA, & TAKIKE CIIOBOCOYETA-
HUS, COAEPIKAIINE TPUYACTHBIE 00OPOTHI.

KonudecTBo KITFOUEBBIX CJIOB (CIIOBOCOYETAHU ) HE JJOJDKHO OBITH MEHbIIE 3 U 0oJibine 15 ciioB (ci10Boco-
yetaHuit). VIx mpuBoaaT, peasapsis cioBamu «Kirouessie cioBa:» («Keywords:»), U OTAEISIOT APYT OT IpY-
ra 3ansThIMH. [1oce KITF0YeBbIX CIIOB TOUKY HE CTaBST.

[Mocne KITIOUEBBIX CIJIOB TPUBOAAT CJIOBA OJaroIapHOCTH OPraHU3alUsIM (YUPEkKICHHUSIM ), HAyYHBIM PYKO-
BOJUTEISIM U IPYTHM JIUIAM, OKa3aBIIIKM TIOMOIIb B MOJITOTOBKE CTAThU, CBEJICHUS O IpaHTax, (PUHAHCHPOBA-
HUH TIOATOTOBKH M MyONMKAIK CTAaThU, IPOEKTaX, HAy4HO-UCCIIeJ0BATEIbCKUX Pa0d0Tax, B paMKaX MM 110 pe-
3yJBTaTaM KOTOPBIX OIyOJIIMKOBaHA CTAThSI.

OTH CBEJIeHUs IPUBOJISIT C NPEAIISCTBYIONIMM clIoBoM «biaronapHoctu:». Ha aHmmiickoM si3bIKe clioBa
OIarolapHOCTU MPHUBOJAT MOCIE KIFOYEBBIX CIIOB HA aHDIMKUCKOM SI3bIKE C MPEIIICCTBYIOIUM CIIOBOM
«Acknowledgments:».

TekcT cTaTby JOIKEH BKIIIOYaTh BBeACHHUE (0€3 yKa3aHUs HAa3BaHHS pasiena), MaTepHajbl 1 METOABI, pe-
3yJIBTaThl UCCIE0BAHMMA, 00CYKACHUE U BBIBOJBI (3aKITIOUCHHE).

bubnuorpaduueckyro 3anuch Juist MpucTaTeitHoro oudauorpaduyeckoro crnucka coctapisitor mo 'OCT
7.80, TOCT P 7.0.100.. Cchutkn Ha MCTOYHUKH JIAIOTCSA TI0 TEKCTY QPO B KBaJPaTHBIX CKOOKaX M yKa3bIBa-
IOTCSI B TIOPSIJIKE IIATUPOBAHUS. B crMCKe UTEpaTyphl xKelnarebHO Hanndue kKak MuUHUMYM 20 % nHOCTpaH-
HBIX UCTOYHHKOB U BKJIFOYCHHUE B CIICOK COBPEMEHHBIX aBTOPOB.

Tabmuubl 10KHBI OBITH BITONHEHB! B Microsoft Word u conepxarh craTucTHuecKn 00paboTaHHBIN Ma-
tepuan. Kaxxaas Tabnuna JomKHa UMETh HOMEP, TEeMaTHYECKHH 3ar0JIOBOK M CCBHUIKY B TEKCTE.

I'paduxu, muarpammbl, pUCYHKH u (poTtorpaduu HeoOXOAUMO MPENOCTABIATH B popmMare jpeg, tif mim gif
(c paspemenunem He MeHee 300 TOYCK) C COOTBETCTBYIOIIUMH TTOITUCSIMA U TTPOHYMEPOBAHHBIMH.

CokpaliieHusl TEePMUHOB, OTIIUYHBIC OT HOPMUPOBAHHBIX, JIOJDKHBI TPUBOJUTHCS TOJNBKO MOCIE YIOMIHA-
HUS B TEKCTE MX MOJHOTO 3HAUCHHS.

Enununet usmepenuii narorca B cooTBeTcTBUU ¢ MesxknyHapoanoi cucremoit CU mo 'OCT 8.417—2002
«EnVHMIIBI BETUYUHY.
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