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ITepconanus
YK 619(092)

K 85-JIETUIO TIPOP®ECCOPA A.T. IITAXOBA

Cepreii Buxtopouu llla0ynnn, Ilasen Anapeesuy Ilapmun

Bcepoccuiickuti nayuno-ucciedosamenbCkull 6emepuHapHulil UHCIUmMym namaoocull,
Gapmakonozuu u mepanuu, Boponeoic, Poccus, vnivipat@mail.ru

Anexcero ['aBpunioBuuy lllaxoBy — noKkTOpY Be-
TEepUHAPHBIX HAyK, Ipodeccopy, 3acayKeHHOMY JIesi-
Tento Hayku Poccuiickoit denepanuu, diieH-KOppe-
cnougenty PAH B 2023 roxy ucromHmIOCs 85 et co
JHS POKICHUS.

A. T. lllaxoB poamincs 12 auBaps 1938 rona
B Bepxnem Mamone Boponexckoii ob6nacTu.
B 1955 rony A. I lllaxoB noctymui u B 1960 romy
C OTIIMYHEM OKOHYMII BOPOHEKCKUI 300TEXHHYECKO-
BETEpUHAPHBI MHCTUTYT U pabotan mo 1961 roma
BETEpUHAPHBIM BpauyoM paloOHHOH BeTiedeOHH-
usl ¢. I'pemsube Boponexckoii obnactu, ¢ 1961 mo
1963 rox — 3aBeAyIONIMM BETEPUHAPHBIM Y4aCTKOM
B ¢. Kocrenku Boponexckoit o61acTm.

B 1966 rony OokOHYHMJI OYHYIO acHHUpPAHTY-
py npu kadenpe MUKpOOHMOJIIOTHH, SMU300TOIOTHH
BopoHexkckoro cenbCckoxo3aiCTBEHHOTO MHCTUTYTa
nM. K. JI. I'munku. Ilocne okoHYaHUs acUpPaHTYpPBI
¢ 1966 roma paboTai B IOJIPKHOCTH aCCUCTEHTA 3TON
Kadeapsl U 3aM. JieKaHa BeTepuHApHOTO (akynbre-
ta. [lom pyKoBOICTBOM 3aBemyroIIero Kademapoit 3a-
cinyxxeHHoro nesrtens Hayku PCOCP, gokropa Be-
TEpUHAPHBIX HayK, mpodeccopa, WIeH-KOPPECIOoH-
nenta Korosa Bacuius TumodeeBruda OH BBITTOTHILT
u B 1966 roay 3amuTUiI KaHIUIATCKYIO JHICCEpTa-
uuio. B 1970 romy Ol mMpUHAT Ha TOHKHOCTH H. O.
3aB. oThenoM HaydHo-mcciieqoBaTenbCckol BETEpH-
HapHOH ctaniuu . Boponexa. C 1971 o 1978 r. pa-
OoTan 3aBeAylOmMM JlabopaTtopueil Oose3Hel cBU-
Hell Bcecoro3Horo HayuyHO-HCCIEA0BaTENbCKOIO UH-
CTUTYyTa He3apa3HbIX Oose3Hen KUBOTHBIX. C 1978 mo
1994 . 3aB. maboparopreit MEKPOOHOJIOTHH M OHO-
BPEMEHHO 3aMECTUTENEM JUPEKTOpa 10 HayYHOH pado-
Te MHCTUTYTa Beecoro3noro, a 3areM Beepoccuiickoro
Hay4YHO-MCCJIeI0BATENbCKOTO BETEPUHAPHOTO HHCTH-
TyTa MaToJIoTH, (apMaKkoJIOruu u Teparnuu. B 1994—
1995 rr. — npodeccop kadeapbl 3MU300TOJOTHH
BopoHeskckoro rocy1apcTBEHHOTO arpapHOIo yHUBEp-
cutera um. K. JI. I'maaxu. C 1995 mo 2005 1. paboran

© [Mabynun C. B., [Tapmmun I1. A., 2023

JIUPEKTOpoM Beepoccuiickoro HayqHO-UCCIIEI0BATENb-
CKOTO BETEpUHAPHOTO HMHCTUTYTA MaTOJIOTHH, (papma-
kosioruu u tepanuu. C 2005 o 2015 . 3aBexyrouiunii
OTJICIIOM MUKPOOHOJIOTHU, BUPYCOJIIOTUU U UIMMYHO-
norun BcepoccHuiickoro Hay4YHO-HCCIIEI0BATENbCKO-
IO BETEPUHAPHOI'0 MHCTUTYTA MATOJIOTH, (DapMaKoJI0-
TUU U Tepanuu. B HacTosiee BpeMs NNIaBHbINA Hayd-
HBII COTPYIHUK JJA00PATOPUN IMMYHOJIOTHH.

B 1986 rony A. I IllaxoB 3amuTui JOKTOPCKYIO
nuccepranuio Ha Temy: «l[HeBMOHMSI CBUHEH B X031~
CTBaX C MPOMBIIIICHHON TEXHOIOTHEW», a B 1990 romy
eMy IIPUCBOCHO 3BaHUe Ipodeccopa Mo CreHaibHO-
CTH BETEpUHAPHAS MHKPOOHMOJIOTHS, BUPYCOJIOTHS,
SMU300TOJIOTHS, MUKOJIOTHS C MUKOTOKCHKOJIOTHECH
Y UMMYHOJIOTHUSL.

[axoB A. I'. BHEC OTpOMHBIH BKJIaJ] B pa3BUTHE Be-
TEPUHAPHOU 3MU300TOJIOTHH, MUKPOOHOJIOTUH U BUPY-
coyoruu Poccum, coaBTOp METOAMUIECKAX YKa3aHUH 10
MNAarHOCTHKE, TPOMUIAKTHKE U JICICHIIO ITHEBMOHUH
CBUHEH, JKEITyI0YHO-KUIIIEUHBIX U PECITUPATOPHBIX 00-
JIe3HEH MOPOCHT, JKEITYIOUHO-KUIIEYHBIX U PECIUpa-
TOPHBIX OOJIE3HEH TeIIAT, 00JIE3HEeW OPraHOB Pa3MHO-
JKCHHS M MOJIOYHOM JKeJIe3hl CBUHEH; HACTABIICHUI 110
MIPUMEHEHUIO B BETEPUHAPHON MpaKTUKe (hpaan3uHa,
a’po30JIel OJUCTOTO aTIOMHUHUS, JJOMaJIeHa U J01e-
oHwusl, cynbdaneHa u ap. PykoBogun pazpaboTkon
KOHLIETIIIUU HKOJIOT0-aJanTallMOHHOW TEOPUU BO3-
HUKHOBEHUS, PA3BUTHI MACCOBOM MATOJIOTHH U 3aIITHU-
THI 37I0POBBSI JKUBOTHBIX B C.-X. IIPOU3BOJICTBE, KOM-
IJIEKCHOM YKOJIOTHYCCKHU 0€30IIaCHOM CHCTEMBI BETE-
PUHAPHOM 3alllUThI 3I0POBbS KUBOTHBIX. SBIseTCS
COaBTOPOM CHUCTEMBbI BEICHHUSI arpoNpOMBIIIICHHOTO
npou3sBojicTBa Boponexckoi odmactu 10 2010 roxa,
PYKOBOJIUJ KOJUIEKTHBOM IO TOATOTOBKE «CHCTEMBI
BEJCHMS KHUBOTHOBOJICTBa». B COOTBETCTBUH C I1O-
CTAHOBJICHHUEM aJIMUHHUCTpanuu BopoHexckoit 00-
smacta 10 2015 roma BXOOWiI B coCTaB IIrada 1o He-
JIONYIIEHHUIO Trpunmna (KJIaCCUYeCKON 4yMbl) ITHII,
apUKaHCKOM YyMbl CBUHEH W Ype3BbIUaiiHON NPOTH-
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K 85-nemuto npogpeccopa A. I’ [llaxosa

BOBMHU300TUYECKON KOMUCCHH, SIBIISJICS YJIEHOM CEK-
UM HAyYHOTO 0OECIICUCHUsT Pa3BUTHUS OTPACIH JKH-
BoTtHOBOncTBa HTC [lemapTrameHTa arpapHoi mo-
TUTUKU U KOHCYJIBTaTUBHOTO COBETa YIPaBJIEHUS
BeTepuHapnu BopoHekckoit obmactu. bomee 58 met
MOCTOSIHHO OKa3bIBAET HAYYHO-KOHCYIBTATUBHYIO I10-
MOIIb KHBOTHOBOIUECKHM XO3SICTBaM Pa3IMUYHBIX
PErHOHOB | o0nacTeil. 3acnyKeHHBIH JesTeNb HayKH.
Harpaxnaen 3nakom «M3obperarens CCCP», mena-
nssmu CCCP u BAHX. On sBnseTcs aBTopoMm Oosee
500 Hay4HBIX TPYIOB, B TOM 4uciie 24 KHUT U Opo-
nrrop U 45 aBTOPCKHUX CBHJIETEIHCTB Ha M300peTe-

Husa. Im noxarorosneno 40 kanauaaTtoB U 12 gokTto-
poB Hayk. Ha mpoTshKeHUN MHOTHUX JIET SBISIETCA PY-
KOBOIUTENEM | 0CyTapCTBEHHBIX U BEIOMCTBEHHBIX
HUP. ITpodeccop A. I'. IlIaxoB Ha TPOTSKESHIH MHO-
CUX JIET ABIAETCS YWieHOM OTAEICHUS CENbCKOXO035 M-
cTBeHHbIX Hayk PAH, nuccepTalluOHHBIX COBETOB IO
3allIUTe NOKTOPCKUX U KAHIUJATCKUX TUCCEpTaluit
npu BHUBU naronorun dapmMakonoruu u Teparuu.
Hayunas >pyauius, IpUHIUTHATIFHOCTh U TpeboBa-
TebHOCTEH Tpodeccopa A. I'. [llaxoBa codeTaroTcs
C UYTKOCTBIO U OT3bIBUMBOCTBHIO, YTO CHHCKAJIO EMY
[TyOOKOE YBaYKEHHE KOJIUIET U ITMPOKYIO U3BECTHOCTb.

NHOOPMAILIMA Ob ABTOPAX
C. B. IllabynnH — 1OKTOp BETEpHHAPHBIX HayK, podeccop, akanemMuk PAH, HaydHBII pyKOBOAUTEIb HHCTUTYTA;
I1. A. ITapmuH — TOKTOp BETEpHHAPHBIX HAYK, Mpodeccop, ANPEKTOP HHCTHTYTA.

Crarbg noctynuna B pegaxknuio 03.04.2023 .

BerepunapHsrii hapmakomornaeckuii BeCTHHK o No 2 (23) « 2023 9



Bulletin of veterinary pharmacology « 2023 « No. 1 (22)
IO OO RO OO OO RO OO OO OO OO OO OO OO OO RO OO OO O O O

Personal article
UDC 619(092)

ON THE OCCASION OF THE 85™ ANNIVERSARY SINCE
THE BIRTH OF ALEKSEY GAVRILOVICH SHAKHOV

Sergey Viktorovich Shabunin, Pavel Andreevich Parshin

All-Russian Veterinary Research Institute of Pathology, Pharmacology

and Therapy, Voronezh, Russia, vnivipat@mail.ru

Aleksey Gavrilovich Shakhov, Doctor of Veterinary
Sciences, Professor, Honored Scientist of the Russian
Federation, Corresponding Member of the Russian
Academy of Sciences, has celebrated his 85" birth-
day in 2023.

A. G. Shakhov was born on January 12, 1938
in Verkhniy Mamon, Voronezh region. In 1955,
A. G. Shakhov entered and in 1960 graduated with
honors from Voronezh Zootechnical Veterinary
Institute and worked until 1961 as a veterinarian at
the district veterinary clinic in Gremyachye village,
Voronezh region. From 1961 to 1963, A. G. Shakhov
was the Head of the Veterinary Department in Kostenki
village, Voronezh region.

In 1966, he completed full-time postgradu-
ate studies at the Department of Microbiology,
Epizootology of Voronezh Agricultural Institute
named after K. D. Glinka. After graduating from post-
graduate school in 1966, he worked as a Teaching
Assistant of this department and Deputy Dean of
the Veterinary Faculty. Under the guidance of Kotov
Vasily Timofeevich, Head of the Department, Honored
Scientist of the RSFSR, Doctor of Veterinary Sciences,
Professor, Corresponding Member, A. G. Shakhov de-
fended his Candidate thesis. In 1970, he was accepted
to the position of the Acting Head of the Department
of the Research Veterinary Station in Voronezh. From
1971 to 1978, he worked as the Head of the Laboratory
of Pig Diseases of the All-Union Scientific Research
Institute of Noncontagious Animal Diseases. From
1978 to 1994, A. G. Shakhov was the Head of the
Laboratory of Microbiology and at the same time
Deputy Director for Scientific Work of the All-Union
Institute, and then the All-Russian Veterinary Research
Institute of Pathology, Pharmacology and Therapy.
In 1994—1995, A. G. Shakhov was a Professor of
the Department of Epizootology, Voronezh State
Agricultural University named after K. D. Glinka.

© Shabunin S. V., Parshin P. A., 2023
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From 1995 to 2005, A. G. Shakhov worked as the
Director of the All-Russian Veterinary Research
Institute of Pathology, Pharmacology and Therapy.
From 2005 to 2015, he was the Head of the Department
of Microbiology, Virology and Immunology of the All-
Russian Veterinary Research Institute of Pathology,
Pharmacology and Therapy. Currently, A. G. Shakhov
is a Chief Scientific Associate of the Laboratory of
Immunology.

In 1986, A. G. Shakhov defended his Doctoral
thesis on the topic Pig Pneumonia on the Farms with
Industrial Technology, and in 1990 he was awarded the
title of Professor in Veterinary Microbiology, Virology,
Epizootology, Mycology with Mycotoxicology and
Immunology.

A. G. Shakhov made a huge contribution to the
development of veterinary epizootology, microbiol-
ogy and virology in Russia, co-author of guidelines
for the diagnosis, prevention and treatment of pneu-
monia in pigs, gastrointestinal and respiratory diseas-
es of piglets, gastrointestinal and respiratory diseas-
es of calves, diseases of the reproductive organs and
mammary gland of pigs; instructions on the use of
Fradizin, aerosols of aluminum iodide, lomaden and
dodeconium, sulfalene and others in veterinary prac-
tice. He supervised the development of the concept
of ecological-adaptive theory of the emergence, de-
velopment of mass pathology and protection of ani-
mal health in the agricultural production, an integrat-
ed environmentally friendly system of veterinary an-
imal health protection. A. G. Shakhov is a co-author
of the system of conducting agro-industrial produc-
tion in Voronezh region until 2010, led the team for
the preparation of the Livestock Management System.
In accordance with the decree of the administration of
Voronezh Region, until 2015 he was a member of the
staff for the prevention of influenza (classical plague)
of poultry, African swine fever and the emergency an-
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On the occasion of the 85th anniversary since the birth of Aleksey Gavrilovich Shakhov

ti-epizootic commission, was a member of the scien-
tific support section for the development of the live-
stock industry of the S&TC (NTS) of the Department
of Agrarian Policy and the Advisory Council of the
Veterinary Administration of Voronezh Region. For
more than 58 years, A. G. Shakhov has been constantly
providing scientific and advisory assistance to livestock
farms in various regions. A. G. Shakhov is an Honored
Worker of Science. A. G. Shakhov was awarded the
badge Inventor of the USSR, medals of the USSR and
VDNKh. He is the author of more than 500 scientif-
ic papers, including 24 books and brochures, and 45
copyright certificates for inventions. A. G. Shakhov

prepared 40 Candidates and 12 Doctors of Sciences.
For many years he has been the Head of state and de-
partmental researches.

For many years, Professor A. G. Shakhov is a
member of the Department of Agricultural Sciences of
the Russian Academy of Sciences, dissertation councils
for the defense of doctoral and candidate theses at the
All-Russian Veterinary Research Institute of Pathology,
Pharmacology and Therapy. Scientific erudition, ad-
herence to principles and exactingness of Professor
A. G. Shakhov are combined with sensitivity and re-
sponsiveness, which earned him a deep respect from
his colleagues and a wide popularity.
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S. V. Shabunin — Doctor of Veterinary Sciences, Professor, Academician of the RAS, Academic Director of the
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P. A. Parshin — Doctor of Veterinary Sciences, Professor, Director of the Institute.
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UCCJIEJJOBAHMUE BJIUSAHUSA MUTOMUIIMHA
HA YPOBEHB ITOBPEXXJEHU MUTOXOHJIPUAJTBHON
JJHK Y MBIIIEW IN VIVO

JOmutpuii Uropesuu lla6anos ™, N'asimna AnarosibeBHa Bocrpounsiosa’,
EBrenuii Bmagumuposuu Muxaiijsos®, Muxania FOpbreBud ChIpOMATHHKOB™ ™,
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AHHoTanus. B naHHOM HCcile10BaHUHM HAMH IIPOBOIMIIOCH N3YYEHHE BIUSHUS POTHBOOITYXOJIEBOIO aHTHOHNO-
trka — muroMunHa C (MMC) Ha nenoctHOcTs MuTOXOHApHaIbHOH JJHK (MT/IHK) KiteTok medeHn MeTomoM
KOJIMYECTBEHHON monmmepasHoi nenHoi peaknuu (Q-PCR) i 9acToTy BCTpedaeMOCTH S)PUTPOIIUTOB C MUKPO-
SpaMi B KOCTHOM MO3Te MBILIEH! in vivo. B okcriepuMeHTe y4acTBOBAJIM 3 TPYNIbI MBIILIEH: KOHTPOJIbHAS U JIBE
OTIBITHBIE, KOTOPBIE MTOTYyYaIl OMHOKPATHYIO BHYTpHOpromuHHY0 nHBeKnio MMC B o3e 6,0 1 10,0 Mr/kr (n = 6
Ha Kak1yto rpyniry). [Toka3aHo oTCyTCTBHE BIMSHUS MUTOMULIMHA Ha YPOBEHb MUTOXOHIPUAIIBHOTO OHOTeHe3a
B KJICTKaX IEYEHH MBIIICH PH HHTPANIepUTOHEAIbHOM BBEIEHUH Ipenapata B 1o3ax 6,0 u 10,0 mr/xr. OOHapy-
JKEHO TOBBITIIeHHe KomdecTsa moBpexaennii MTIHK B 3,4 (p < 0,05) u 6,4 (p < 0,05) paza npu amImuduKanum
¢parmentoB MT/IHK B yuactkax, kogupyronwx 12S u 16S pPHK u JI-mieTsro COOTBETCTBEHHO y MBIIIEH, MOy~
gapmux MMC B no3e 10,0 mr/kr. I[Tpu 3Tom BBenerne MMC BrI3biBasio yBenudenue B 3,4 pasa (p < 0,05) gacrto-
THI TOJMXPOMATO(MMIIBHBIX SPUTPOITUTOB C MUKPOSIIPAMU B KOCTHOM MO3Te MBIIIeH yxe B 1o3e 6,0 mr/kr. ITomy-
YeHHBIE JaHHBIE TI03BOJISIOT MIPEAIOJIaraTh OOJIBIIYIO YyBCTBUTEIBHOCTD KJICTOK KOCTHOTO MO3Ta K MyTar¢HHO-
My perictButo MMC. Takum o6pa3om, mokazano moBpexaenne MTIHK mox neiicteBuem MMC in vivo, 9Tto

BHOCHT JOMOJTHATEIGHBIN BKJIAl B H3yYeHHE MEXaHU3MOB MyTareHHO! aKTHBHOCTH JAHHOTO aHTHOMOTHKA.
Kurouessle ciioBa: MutomunuH C; TeHOTOKCHYHOCTD; IIEYSHB; KOCTHBIA MO3T; MBITIH; MUTOXOHApHadsHas JTHK,

MUKPOSIIEPHBIN TECT

[Tonnep:kanne MeT0CTHOCTH MUTOXOHIPUAIILHO-
IO FeHOMa SIBJISIETCS HEOOXOIMMBIM YCJIOBHUEM [UIS
MIPaBUJIBHOTO (DYHKLIMOHUPOBAHUS MUTOXOHAPUHH.
W3-3a BBICOKOW KOHIIEHTPALMH aKTUBHBIX (POPM KHC-
nopoaa (ADK), reHepupyeMbIX MyTeM OKHUCINTENb-
Horo (ochopunupoBaHusi, MUTOXOHIPHATIBHBIHN Te-
HOM CHJIBHO TIOABEPYKEH OKHCIUTEIBHOMY CTPECCY,
YTO MOJKET BbI3bIBATh [IOBPEIKACHUS MUTOXOHIPHAIIb-
ot JIHK (MtIHK) 1 MmuToXOHIpHaIpHBIE 0ONE3HN
[1]. MuToXOHApHaIbHBIE OOJIE3HU NPUBOIST K Hapy-
meHusM cuate3a ATD, B pe3yasrare 4ero B MepByko
o4epeb CTpaJaroT Hanbojee YIHEPro3aBUCHMBbIE TKa-
HU, TaKWe KaK HepBHas M Mblme4yHas [2]. beuio mo-
Ka3aHo, YTO MOBpexJieHne MuToxoHapuainsaon JJHK

CBSI3aHO CO CTAPEHHEM, a TAKXKE C MHOTOYUCIIEHHBIMU
3a00seBanus, BKIIOYas HEHpOAeTeHepaTuBHbIE pac-
cTpoiicTBa U pax [1].

Mutomuiina C (MMC) — oiH U3 aHTUOHOTUKOB,
MOJYYUBIINX NPUMEHEHHE B KIIMHUYECKOM Tepanuu
MAIMEHTOB C 3JI0Ka4eCTBEHHBIMH HOBOOOPA30BaHUSI-
M [3]. Haxomsch BO BHYTPUKIETOUHBIX KOMIIAPTMEH-
tax, MMC MeTabonu3npyeTcs BOCCTAaHOBUTEILHBIMU
(bepmenTamu ¢ oOpazoBanueM ankuinupoBanHon JTHK
n AOK nocpecTBOM peakiui OKUCIUTEIbHO-BOCCTA-
HOBUTENBHBIX ITUKIOB [4]. AxtuBupoBanHbsii MMC
ANKHIUPYET T'yaHuH B N2-1TOJIOKEHUH ¢ 00pa30BaHu-
eMm moHoaanykroB JIHK u, xak ciencrBue, mpoucxo-
IUT (OpPMUPOBAaHUE BHYTPULIETIOUEYHBIX U MEXKLEIIO-
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yeuHbIx cimnBoK JIHK ammyxros [5]. [pyrue makpo-
MoneKybl, Takne kak PHK, 6enkn nmm gaxxe Mt IHK
TaKKe MOTYT CIIy’KUTbh MUIIEHBI0 1111 MMC ¢ pe3yib-
TUpYIOLIeH HUTOTOKCHYHOCTHIO [3]. MMC Taxxe Mo-
JKeT OBITh UCIIOIB30BaH KaK MOJICJIbHBII MyTareH B Hc-
CJIEZIOBAaHMAX MYTareHHOCTH M aHTUMYTareHHOTO JIei-
CTBHUS HOBBIX JICKaPCTBEHHBIX COCTABOB [6].

Xots Bzanmonerctsue MMC c siaeproit JIHK mu-
poko u3yuanocs, B3aumozeiicrsue Mt/IHK ¢ MMC
B HACTOSIEE BPEMsSI HE JOCTAaTOYHO M3y4yeHo. B To
BpeMs, KaK H3BECTHO, YTO TOKCHYECKOe JeHcTBUE
MMC, nytem oOpa3oBanus aaaykroB saepHoi JJHK
¢ MMC He B HONHON CTEeneHH OOBSCHSIET UTOTOK-
CUYHOCTB, orocpenoBannyro MMC. Takum obpazom,
nospexaenue MT/IHK mMoxer urpats cyiiecTBeHHy0
poib B MMC-nHynipoBaHHON IUTOTOKCUYHOCTH [ 7].

Kpome Toro, pazpaboTaHo HECKOIBKO METOJIOB ISt
obnapyxerus nospexxaeHHoN MT/IHK, HO 3TH MeTombI
SBJISIFOTCS TTOJYKOJIMYECTBEHHBIMHM M 4acTO He o0a-
JIAI0T 10CTaTOYHOU 4yBCTBUTENBHOCTHIO [1]. B cBsizn
C 3TUM OLIEHKA OTHOCHUTENILHOTO YPOBH:I MTOBPEXKICHUN
mTIHK naaymmpyemoro MMC ¢ ncrionip3oBaHHEM aM-
iH(UKALUY TIOIUMEPa3HON IIEIHON PeakIuu B pe-
ansHOM BpeMenu (Q-PCR) ¢dparmento mT/IHK pa3s-
JIMYHOW JUTMHBI MOKET MPENICTABIATE HHTEPEC B CBA3U
C YTOUHEHUEM TOKCHYHOCTH M MEXaHU3MOB MyTareH-
HOTO JIeHCTBHUS NMPOTHUBOOIIYXOJIEBOTO Tpernapara in
vivo [1]. [ToaTomy 1ienbro Hatiel padoThl SIBUIOCH U3-
yueHue nospexaenus Mt/ IHK rpenaparoM-aikuisTo-
poM — muToMUIIMHOM C y MbIIIEi.

MATEPHUAJIbBI U METOJbI
HNCCJEJOBAHUM
OkcnepuMeHTallbHas paboTa ObLIa MPoBe/ieHa Ha
0aze maboparopuu MOKIMHUICCKUX HCCIICIOBAHUI
Y MOJICITUPOBAHUS OMOJIOTHUECKUX CUCTEM U BUBAPHS

OI'bHY «BHUBUII®uT» B cooTBeTCTBHH C TpebO-
BaHHMSIMU JICHCTBYIOLIMX MEXIYHAPOIHBIX U POCCHUM-
CKHUX 3aKOHOJIATENbHBIX aKTOB U «PyKoBOICTBa IO IPO-
BE/ICHUIO JTOKITMHUYECKUX HCCIIEI0BAaHNH JIEKapCTBEH-
HBIX CPENICTBY [ 8], a Taroke TpeOoBaHN OMO3THYECKON
KOMHUCCUHM MHCTUTYyTa. B kauecTBe OMOJIIOrHYEeCKUX
TECT-CUCTEM MCIIOJIb30BAIN KIMHUYECKH 310POBBIX
MOJIOBO3PEIBIX OENbIX 0SCHOPOIHBIX MBIIIEH-CaM-
nos passenenus Busapus OI'GHY « BHUBUIIOuT».
UccnenyembiM o0bekToM ciryxuiau obdpasisr JJHK
MEYeHN ¥ TPerapaTsl KIETOK KOCTHOTO MO3Ta MBI-
e, MOABEpTHYTHIX BO3AeHCTBII0O MuToMuimaom C
(Kuoga, SImonws).

Jns mpoBefeHNs 3KCIIEPUMEHTANIBHON paboThI
06110 cPOPMUPOBAHO 3 TPYIIIBI OETIBIX OECTTIOPOTHBIX
MBIIIei-caMIIoB 10 6 T B KakKA0i Maccoit 18—20 .
JKMBOTHBIE KOHTPOJIBHOM TPYIIIbI OTYy4aId BHYTPU-
OpIOIINHHYIO MHBEKLUIO H30TOHUYECKOIO PacTBOpPa
xyopuaa Hatpus B oobeme 0,2 mi (rpymnma 1). Mprmram
rpynisl [l uaTpaneputonensHo sBoana MMC B noze
6,0 mr/kr B o6beme 0,2 mit. B rpynme 111 mpiam BBo-
nuay BHyTpuOpromuraao MMC B go3e 10,0 Mr/kr
B ooveMme 0,2 M. Yepes 24 4 mociie HHBEKIINH K-
BOTHBIX BBIBOJWJIM M3 HKCIIEPUMEHTA MEPEIO3UPOB-
kot CO,. OTOupasu TKaH! IIEYEHU U KOCTHOTO MO3Ta.

Jlnst onpenenenus yposHs nospexaeHnii B MTJIHK
HCIIOIB30Bad MoaudumupoBanHelii Mmeton Q-PCR
[9, 10]. Cxemarnyeckoe n300pakeHre MPUHIINTIA aHA-
JIM3a MpeAcTaBlIeHo Ha pucyHke 1. JlaHHbIN MeTox 1o-
3BOJISIET MIPOBOIUTH CeUU(UIHOE AJIsl MTOCIIEA0BA-
TEJIbHOCTH OOHApy’KeHHE M TOYHYIO KOJMYECTBEHHYIO
OLICHKY IIOBPEKACHUHN B AJIMHHBIX y4acTKaX MUTOXOH-
npuanbhbix JJHK [9, 10]. JIiist 5TOro BhIAEISIINA TOTab-
uyto JIHK 13 50 Mr neueHu MbIel MCCIeayeMbIX TPYIIT
npu oMot Habopa [TPOBA-I'C (AHK-texnonorus,
Poccust), cnemys MHCTPYKIIMY TPOU3BOAUTEIISL.

G0 ™ —> r * — / -
RGNS DGEN — /) N &
o 4000 n. n. Tlsk1B :f’
- X
SAGRGDIN. —> — 2 J A~
B £
“I | TP TS|

Puc. 1. Cxemarndeckass wutiocTpanus ananusa. Beigenenas Mt/IHK, moBpexaenHas (BBepXy) WU HEMOBpe-

KaeHHast (BHU3Y). HemoBpexxnennas nmocienoBareabHocTh MTJIHK mmmao# 1000—4000 1. H. yCIenHo aMIuin-

(unmpyeTcs, Torna Kak HEKOTOpbIe TUIIBI TTOBpexaeHu win momudukanuii JJHK HapymaroT umm 3amensisor

TILIP peakiuro, 4TO BBIABISIETCS 110 CHIDKeHHOM (uyopectiennuu (FL). Kopotkue ¢parmenTs! pazmepom 40—

70 1. H. coy)KaT TaJOHHBIMH MaTpHUIAMH. YBeJIHUeHHE MoBpexaeHnid nian mogudukanuii Mt/ IHK nmpusomut
K MoBbIIIeHHBIM 3HaYeHMsIM ACq (cripaBa) [9]
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KonunuectBo mospexaenunit Mt IHK usmeps-
mu ¢ omotipio Q-PCR mmHHBIX (hparmMeHTOB € HC-
rostb3oBarmeM 1P cmecu 5x qPCRmix-HS SYBR
(«EBporen», Poccust) Ha ammumdukarope DTlite 4
(«JIHK-Trexnomorus», Poccuus) [10].

Pacuer nospesxnennii MT/{HK npoBounm B yuact-
kax, konupytomux 12S u 16S pPHK (125—16S)
u JI-etin (D-1oop), MposSIBISABIIINX HAUOOIBIITYTO TyB-
CTBUTEJIBHOCTB K MOBPEXICHUIO, C UCTIOIb30BaHUEM
oIy OIIMKOBaHHKIX paHee rpaiiMepos [ 10]. KomamuectBo
nospexaeHnii B MTAIHK Hopmuposanu Ha 10 000 nap
HYKJICOTH]IOB (II. H.) 110 (hopMyJIie:

D mtDNA — (1_2—(Azlnmmblﬁ —AKopOTKHﬁ)) X
xmanmuHa ¢pparmenta (1. 1.)/10 000,

rae D mtDNA — konuuectBo nospexaenunit MmtIHK
Ha 10 000 n. H.; Anuaabli — pasHuna Mexay Cq
KOHTPOJIBHBIX W OIBITHBIX JUIMHHBIX (DPAarMEHTOB;
AxopoTkuii — pasnuna Mexay Cq KOHTPOJBHBIX
Y OTIBITHBIX KOPOTKHX (pparMenTos [11]. 3a KoHTpOIH-
HBIH mokasarenb Cq MPUHIMAIN KOJTHYECTBO TTOBpPe-
sknenuit B MT/IHK mbimeit u3z rpynmet 1. Pacuer xo-
JIMYECTBA OBPEKIEHNUN TPOBOIMIIN C IIOMOUIBIO TIPO-
rpammHoro obecneuerus Microsoft Excel (Microsoft;
CIIA).

N3mepenue xonnuectra konuid MTIHK nipoBoiu-
i ¢ momotiwsio Q-PCR, ncnone3ys ¢pparment mt/IHK

1,80
1,60 |
1,40 |
1,20
1,00
0,80
0,60
0,40
0,20 -
0,00

Hopsaanneii yposens
s IHEK & nevenn

«16S-Nd1» u snepubiii ren Gapdh B kauecTBe pede-
penca [10, 11]. HopmanuzoBauusiii yposerb MT/JHK
otHocutenbHO saepHoi JIHK paccuntriBancs mo dop-
myie: 2024C0 1],

[IpuroroBnenune mpenaparoB KJIE€TOK KOCTHO-
ro MO3ra Juisi NpOBEAEHUS MUKPOSIEPHOIrO Te-
CTa MPOBOJUIIN COTIIACHO peKoMeHmarusm [8, 12].
HccnenoBanne MUKpOTIpenapaToB Ha 9acTOTY BCTpPe-
YaeMOCTH IOJINXPOMATO(DMIBLHBIX SPUTPOLIUTOB C MHU-
kpostapamu (MAIIX D) npoBoauu ¢ TOMOLIBI0 MUKPO-
ckona buockon-1 (JIOMO, Poccus) nmpu yBennueHun
x1000. [lns ompexnesieHUs] 4acTOThI MOJHUXPOMATO-
¢unpHBIX 3puTporUToB (ITX3) moacunteBamu 2000
kiretok. CootHommenue [1X3 kK HOpPMOXPOMHBIM pH-
tpoumtam (IIXD/HD) onpenensu Ha 500 kiretok [§].

JL1st cpaBHEHUSI HCCIIELyeMBbIX TPYII HCIIOIb30Ba-
1 U-tect MaiiHa — YUTHH C IOMOILBIO IIPOIPAMMBbI
STATISTICA 10 (Statsoft, CLLIA).

PE3YJBTATHI HCCJEJTOBAHUN

B xone skcmepuMeHTa Hamu Oblia ompenerne-
Ha xonuiHOCTh MT/IHK B KjeTkax meyeHH MbIlIei
(puc. 2A). Mcxoas U3 NOTy4eHHBIX JaHHBIX pUMe-
nenne MMC B no3e 6,0 u 10,0 MI/Kr cTaTHCTHYECKH
3HAYMMO HE BIIASIIO HA YPOBCHH MUTOXOHIPHAILHO-
ro OmoreHe3a B KJIETKaX IIEYCHU MBIIIEH BCEX HCCIIe-
JTyeMBIX TPYIIIL.

1125-165 *

B D-loop

Kaovim e rwo monpesennii s LK

T T LT

Puc. 2. KonnuectBo MUTOXOHIPHI B 00pasiax neueHu Moiiiei (A4) u yposenb nospexaenuid MtIHK na 10 000 1. H.
OTHOCHTEJIBHO MBIILIEH TPyIITbl KOHTPOII (5):

I — >XMBOTHBIE IPYHIBI HEraTUBHOTO KOHTpoist (03 MMC); /] — Mbiiu, nonyuusiire nabekuno MMC B 1o3e 6,0 Mr/kr;

11l — mpimy, nonyuuBinue uabekuto MMC B no3ze 10,0 mr/kr; 12S—16S — yuactok mtIHK, komupyrommii rersr 12S—16S

pubocom; D-loop — yuacrok mtIHK, xonupyrouumii obnacts J{-netwm; * — craTUCTHYECKH 3HAYMMOE OTIIMYUE OT HEeraTHB-
Horo kouTposrs (rpynmna I) mpu p < 0,05; M + SE — cpennee apudmeTnieckoe + ctanaapTHas ommoka

HWccnenosanne reHoTokcndeckoro neiictsust MMC
B no3e 10,0 mr/kr (rpymnma I11) BeIsiBUIIO yBenn4eHue
noBpexaenns MTIHK (puc. 2B). Tak xonngecTBo 1mo-
BpexaeHnii MtIHK na 10 000 n. 1. B rpynne III cocra-
Buio 3,4 + 0,4 (p <0,05) u 6,4 £ 0,6 (p <0,05) oTHO-

CHUTEIILHO, IIPUHSTOTO 32 HOJIb, YPOBHS IOBPEKACHUN
mT/IHK B rpymnme kouTpons (rpymma I) Bo ¢pparmen-
tax 12S-16S u D-loop coorBercTBeHHO. [Ipm 3TOM
BHyTpuOprommHHas nabekust MMC B noze 6,0 mr/kr
(rpynma 1) He BBI3BIBaa CTATUCTHYECKHA 3HAYMMOTO
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noBbIeHNs1 ypoBHs noBpexaennii MtIHK Bo ¢dpar-
MeHTe 12S-168S, cocraBuBmrero 1,3 = 1,5, u Bo ¢par-
menTe D-loop, paBrHoTO 2,5 £ 2,1.

2,5

#

2

-
[%2]

—
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JImst omeHKW AeCcTabUIN3UPYIONMIETO BIUSHUS
MMC Ha saepHBIf TEHOM HaMH H3yYeHA YacTOTa
MATIXD B kocTHOM MO3Te MbITeH (Puc. 3A).

m_
S0 ¢ - I #*
= 1

40 - I
F
30 -
220 -

10

0

b

Puc. 3. Yacrora nonnxpomMaTopuiIbHBIX SPUTPOLUTOB C MUKPOsIIpaMu (A4) M OTHOIIEHHE MOJIUXPOMATOPHIBHBIX
SPUTPOLIUTOB K HOPMOXPOMHBIM (5) B KOCTHOM MO3Te MBIIIEH, NCCIIEAyEMBIX IPYIIIL:

I — KUBOTHBIC IPYNIIBI HeraTUBHOTO KOHTpoiist (6e3 MMC); /] — wmpiu, nonyuuBiive nabekinio MMC B 1o3e 6,0 Mr/kr;

III — mpimy, nonyuuBinue nabekno MMC B no3e 10,0 mr/kr; MSITIXD — vacToTa monuxpomMarouiibHbIX SPUTPOLIUTOB

¢ MuUKposiipamu, %; [TXD/HD — oTHOILIEHHE TOIUXPOMATO(UIBHBIX IPUTPOLIUTOB K HOPMOXPOMHBIM; * — CTaTUCTHYECKU

3HAYMMOE OTIIMYHE OT HeraTuBHOro koHTpous (rpymna I) npu p < 0,05; M + SE — cpennee apudmernyeckoe + craHgapTHast
ommoka

Yacrora MAIIXD y KUBOTHBIX U3 IPYMIBI KOH-
tpos (rpymma ) cocrasmsma 0,5 £ 0,1 %. B rpymme 11
u 1l ona Bozpacrana B 3,4 (p < 0,05) u 2,8 (p < 0,05)
paza g0 1,7+ 0,1 % u 1,4 £ 0,2 % cOOTBETCTBEHHO
OTHOCHUTENBHO 9acToTel MAITXD KoHTpONIBHOM IpyTI-
nbl. [Ipu stom [TX3/HD B rpynme 111 cHmkanocs Ha
13,2 % (p < 0,05) 10 39,9 + 3,8 % OTHOCHUTEJIBHO Mbl-
el rpynnsl [, y KoTopsix mois [1X3 B kocTHOM MO3-
re cocrasisina 45,5 £ 1,3 %. B rpynme II [1X3/HD
coctaBisuio 45,8 + 1,4 % 1 HEe UMEJIO CTaTUCTHYCCKHU
3HAYMMBIX OTIIMYUI OT JAHHOTO ITOKAa3aTeNsl y MbIIIel
rpynmnsl 11. Mensiiee ysennuenne yactorsl MAIIXD
B rpynne [II OTHOCUTENBHO IPyIIIbI KOHTPOJIS MOKET
ObITb 00BsICHEHO cHMIXKeHueM ponu [1XD B kocTHOM
MO3I€ B CBSI3U ¢ TOKcHueckuM gerictuem MMC.

Psi1 aBTOpOB MOJAraroT, 4T0 U3MEHEHNE KOITNHHO-
cti MT/IHK MoxeT ObITh OTBETHOU peakiiueli Ha BO3-
JeHCTBHE CTPECCOBBIX (PAKTOPOB M CIIY)KUT MapKe-
POM MUTOXOHJIPHAITLHONW TOKCHYHOCTH B TKaHsX [13].
ITosTomy Omu3kme 3HadeHus KonmuitHoctr MT/IHK xite-
TOK IT€4EHH MBILIEN BCEX IPYII MOTYT CBUAETENLCTBO-
Barb 00 orcytcTBuM BausiHusg MMC B uccienyembix
J103aX Ha YPOBEHb MHUTOXOHPUAIBHOTO OHOTeHe3a.
KocBeHHO 3TH 1aHHBIE TOATBEPIK1AI0TCS HCCIIeI0Ba-
HUSIMH, KOTOpbIe TTOKa3bIBaloT, 4T0 MMC oxa3biBaeT
TKaHecrneun(puyHoe BO3JEHCTBUE, OLEHUBAEMOE I10
HapyIICHUIO OMOHEPTeTUKN U CHUKCHUIO YPOBHS
AT® B knerkax [7]. Tak BHyTpuOpIOIIMHHOE BBE/IC-

arne MMC He PUBOAMIIO K CHUKCHHIO ypOoBHSI ATD
B TKaHAX MEYSHH MBIIIEH NpHU BHYTPUOPIOITHHHOM
BBeneHnu MMC B go3e 1o 10,0 Mr/kr, JaHHBIA OKa-
3aTesb JOCTOBEPHO YMEHBIIANICA TOJNBKO MPHU J03HU-
poske 20,0 mr/kr [7].

[Tomy4ennbpie HaMU JaHHBIE 00 YBETHUCHUH KOJTH-
yecTBa nospexaeHuit MT/IHK B kieTkax neueHu Mbl-
meit MMC yacTHYHO HaXoJsT NOATBEPKICHUE B HE-
KOTOPBIX MCCIEAOBAHUAX Ha KyJIbTypax KieTok. Tak
U3BeCTHO, uTo B3aumonericteue MMC ¢ mTIHK npu-
BOJIUT K U3MEHEHUIO KOH(POPMAITUH OT CBEPXCKPYUCH-
HOH K penakcupoBaHHOH kosbleBod MT/IHK B kiter-
KaxX KaplIMHOMBI MOJIOUHOM kesie3bl EMT6 y Mblneit.
DTO B3aUMOJECHCTBUE MOXXET BbI3BaTb MUTOXOHAPU-
ANBHYI0 AUCQYHKITUIO, TPUBOJIIYIO K MTOTEPE KIle-
touHoro AT® [14]. Penakcanus mt/IHK u3 cynepcnu-
paNU3UPOBAHHON (HPOPMBI MOXKET TPOUCXOIUThH B Pe-
3yJIbTaTe OJAMHAPHBIX WK JBOWHBIX pa3pbeiBoB JJTHK
[0l I€UCTBUEM MOBPEKIAIOIINX HYKICHHOBBIE KUC-
JIOTHI ar€HTOB WJIM B Pe3ylibTare paboThl CUCTEM pe-
napauuu [15]. OnHako Apyroe ucciieoBaHUE Mpoje-
MOHCTPHPOBAJIO OJIM3KHIA K HYJIEBOMY YPOBEHb IIOBpE-
xaeHnil MT/IHK B KynbType KJIETOK paka MOJIOUHON
xkene3sl yenoBeka MCF-7 mpu nx uakyOarmu ¢ MMC.
[Ipu 3TOM aBTOPBI IENAIOT 3aKIIOYEHUE O HE J10CTa-
TOYHON 4yBCTBUTEIBLHOCTU IMPUMEHIEMOTO UMHU MeE-
toga Q-PCR ¢ ammnudukanueid pparMmeHTa paBHOTO
npuMepHo nojosuHe Mosekynsl MT/IHK (8900 m. 1.)
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it oOHapyxkenus: noppexxaennii MmTIHK, namynu-
posanabix MMC [16]. B To Bpems, kak aMImuduIm-
pyemble HaMu (parMeHThl MEHBILIETO pa3Mepa paHee
[IPOAEMOHCTPHPOBAIIN CBOXO UyBCTBUTEIBHOCTH K IT0-
Bpexxaenuto MT/IHK non aeicTBreM cBOOOAHBIX pa-
JuKanoB [11], 4To MO3BOIMIIO IETEKTUPOBAThH YBEIH-
yenne ypoBHs nospexaenuit Mt/IHK B 3,4 u 6,4 pa3
OTHOCHUTEIILHO KOHTPOJIBHOHN T'PYNIIBI IIPU BBEACHUU
MMC B no3ze 10,0 MI/KT y MBIIIIEH.

OcTaeTrcs HEN3BECTHBIM MEXaHU3M MOBPEXKIEHUS
Mt IHK nog nefictBuem MMC, noCKOIbKY HCIOB3Ye-
MBI HAMH METOJ1 HE MO3BOJISIET ONPEAETUTh THII I10-
BpexacHus JJTHK [16]. BmecTe ¢ Tem, ycTaHOBICHHAS
paHee BbICOKasi 4yBCTBUTENHHOCTD yuacTka MTJIHK,
coJeprKamero J[-neTmo K OKUCIUTEIbHOMY MOBpE-
xkaenuto ADK [1], mo3BonsieT npeanonaraTs 3aMeT-
Heiid Bkiag ADK, mpoxyuupyembsIx npu mMeTadbou-
yeckoi aktuBanmu MMC B nopexaennn MT/HK,
YTO, OJTHAKO TPeOyeT MOATBEPKIACHHUS B TATbHEUIIIIX
HCCIIEJOBAHUAX.

[Ipu 3TOM, MUKpOSAJEPHBINA TECT B KIETKAX KOCT-
HOTO MO3ra MBIIIEH MOKa3ajl 3HaUUMOE yBEJINYEHHE
MAIIXD npu BHyTpHOpromrHHOM BBeaeHnn MMC
yake B 03¢ 6,0 Mr/kr. JlaHHOE SIBJICHUE, BEPOSTHO, MO-
JKeT OBITh CBsi3aHo c nerictBueM MMC Ha snepHYIO
JHK, o0Opa3oBaHneM KOBAJIEHTHBIX CIIHBOK MEXIY
HuTsimu sieproit JIHK u, xak ciencteue, 6oee BbICO-
Kol qyBcTBUTENBHOCTH siiepHOM [IHK k MyTarenHoMy
neiicteuro MMC [3]. [Tockonbky hopMUpOBaHHE MU-
KposiJiep B KJIETKaX CBSI3aHHO C HEBKJIIOUEHHEM XPO-
MOCOM HJIM X ()PArMEHTOB B SIPO JOUCPHUX KIIETOK,
KoJbLeBble MoeKybl MTIHK He nprHuMaroT yyactust
B ¢opmupoBanuu Mukposiaep [17]. Takum obpaszom,
MUKpPOSZEPHBIN TECT MPEACTABISAET JOTOIHUTEIBHYIO
uHpopmarro 00 MMC-1HIyIUpOBaHHOM MOBPEK/IC-
HUH TEHEeTUYECKOTO ammapara kietok [18]. Hpyroit
MIPUYUHON MOXKET SIBIISATHCSI OTVINYHME B UyBCTBHTEIb-
HOCTHU Pa3jIMYHbIX TKaHEH (KOCTHOIO MO3ra U Iede-
HU) K MIOBPEXKICHUIO, MHAyIupoBaHHOMY MMC [7].

3AKJIIOYEHHUE

Hamu ObU10 TIpOBEAECHO HCCIIEOBAHUE BIMSHUS
MMC Ha nenocraocth MTJIHK kiteTok rmeuenu u ya-
CTOTY 9PUTPOLUTOB C MUKPOSAIPAMHU B KOCTHOM MO3Te
MbIiei in vivo. Ilokazano orcyrctsue BnustHust MMC
Ha YpOBEHb MUTOXOHAPHAIBHOTO OMOTeHe3a B KIIETKaX
TICUEHU MBIIIEH TP WHTparepuTOHeaIbHOM BBeJIe-
HuU nipenapara B 1o3ax 6,0 u 10,0 mr/xr. OOHapyXEeHO
MOBbIIIIEHHE KoJnuecTBa noppexaenuit Mt/IHK B 3,4
u 6,4 paza npu ammuudukanuu parmentoB Mt/ IHK
B yyacTkax, kogupytomux 12S n 16S pPHK u JI-nemto
COOTBETCTBEHHO Yy MbIlIei nonyuasmux MMC B o3e

10,0 mr/kr. [Tpu aTom BBeneHrie MM C BBI3BIBAIIO yBe-
ymaenne yacToTsl MAITXD B KOCTHOM MO3Te MBITIICH
yke B 03¢ 6,0 mr/kr. [lony4yeHHbIe JaHHBIE TTO3BOJIS-
IOT TIPE/IIoiararh OOJIBIIY YYBCTBUTEIILHOCTD KJIe-
TOK KOCTHOTO MO3Ta K TOKCH4IecKoMy AeicTBruio MMC.
Taxum o6pazom, metomom Q-PCR mamu mokazano mo-
Bpexaenue MT/IHK non nedictrBuem MMC in vivo,
YTO BHOCHUT JOTMOJHUTEIbHBIN BKJIaJ B U3yUEHUE Me-
XaHU3MOB MYTareHHOTO JICHCTBYSI JAHHOTO aHTHONO-
Ttuka. Kpome Toro, 3T naHHbIe, BEPOSITHO, TIO3BOJIST
KCMONb30BaTh u3yueHue 1einoctaocty MTJJHK npu
MMC uHIYIHPOBAaHHOM TeHETHUECKOW HECTa0MITBHO-
CTH in Vivo B KauecTBe yI00HOTO MHCTPYMEHTA OIICH-
KU MyTareHHOTO U aHTUMYTAareHHOI'O ICUCTBUS HOBBIX
JIEKapCTBEHHBIX cpeacTB. OHAKO JOCTHXKCHUE HITOU
3ama4n TpedyeT NaabHEHIITNX NCCISIOBAHUMN IS 1O~
HAMaHUs MeXaHu3MoB MMC-uHAYyITHPOBAHHOTO T10-
Bpexaeanst MTIHK u onpenenenns Tkanecnenudud-
HOCTH TaKOT'O BO3JICHCTBHS.
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Abstract. In this research, we studied the effect of the antitumor antibiotic mitomycin C (MMC) on the integri-
ty of mitochondrial DNA (mtDNA) of liver cells by quantitative polymerase chain reaction (Q-PCR) and the fre-
quency of occurrence of erythrocytes with micronuclei in the bone marrow of mice in vivo. The experiment in-
cluded 3 groups of mice: control and two experimental, the animals of which were administered a single intra-
peritoneal injection of MMC at a dose of 6.0 and 10.0 mg/kg (n = 6 for each group). Mitomycin was shown to
have no effect on the level of mitochondrial biogenesis in mouse liver cells after intraperitoneal administration of
the drug at doses of 6.0 and 10.0 mg/kg. An increase in the amount of mtDNA damage by 3.4 (p < 0.05) and 6.4
(p <0.05) times was found during amplification of mtDNA fragments in the regions encoding 12S and 16S rRNA
and the D-loop, respectively, in mice treated with MMC at a dose of 10.0 mg/kg. At the same time, the adminis-
tration of MMC caused an increase by 3.4 times (p < 0.05) in the frequency of polychromatophilic erythrocytes
with micronuclei in the bone marrow of mice already at a dose of 6.0 mg/kg. The data obtained suggest a great-
er sensitivity of bone marrow cells to the mutagenic action of MMC. Thus, mtDNA damage under the action of
MMC in vivo has been shown, which makes an additional contribution to the study of the mechanisms of this an-

tibiotic mutagenic activity.

Keywords: Mitomycin C, genotoxicity, liver, bone marrow, mice, mitochondrial DNA, micronucleus test

Maintaining the integrity of the mitochondrial ge-
nome is essential for the proper functioning of mito-
chondria. Due to the high concentration of reactive
oxygen species (ROS) generated by oxidative phos-
phorylation, the mitochondrial genome is highly sus-
ceptible to oxidative stress, which can cause mitochon-
drial DNA (mtDNA) damage and mitochondrial dis-
eases [1]. Mitochondrial diseases lead to disturbances
in ATP synthesis, as a result of which the most ener-
gy-dependent tissues, such as nervous and muscle tis-
sues, suffer first of all [2]. Mitochondrial DNA damage
has been shown to be associated with aging as well as
numerous diseases, including neurodegenerative dis-
orders and cancer [1].

Mitomycin C (MMC) is one of the antibiotics that
have been used in the clinical therapy of patients with
malignant neoplasms [3]. Being in intracellular com-
partments, MMC is metabolized by reducing enzymes

with the formation of alkylated DNA and ROS through
the reactions of redox cycles [4]. Activated MMC al-
kylates guanine at the N2 position with the formation
of DNA monoadducts and, as a result, the formation
of intrastrand and interstrand crosslinks of DNA ad-
ducts occurs [5]. Other macromolecules such as RNA,
proteins or even mtDNA can also be targeted by MMC
with resulting cytotoxicity [3]. MMC can also be used
as a model mutagen in studies of mutagenicity and
antimutagenic activity of new drug formulations [6].

Although the interaction of MMC with nuclear
DNA has been widely studied, the interaction of mtD-
NA with MMC is currently not well understood. While
it is known that the toxic effect of MMC, through the
formation of adducts of nuclear DNA with MMC, does
not fully explain the cytotoxicity mediated by MMC.
Thus, mtDNA damage may play a significant role in
MMC-induced cytotoxicity [7].
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In addition, several methods have been developed
to detect damaged mtDNA, but these methods are
semi-quantitative and often lack sensitivity [1]. In this
regard, the assessment of the relative level of mtDNA
damage induced by MMC using real-time polymerase
chain reaction (Q-PCR) amplification of mtDNA frag-
ments of various lengths may be of interest in connec-
tion with the specification of the toxicity and mecha-
nisms of the mutagenic action of the anticancer drug
in vivo [1]. Therefore, the objective of our work was
to study mtDNA damage by the alkylator drug mito-
mycin C in mice.

MATERIAL AND METHODS

Experimental work was carried out on the basis of
the Laboratory of Preclinical Studies and Simulation
of Biological Systems and the Vivarium of FSBSI
“ARVRIPP&T” in accordance with the requirements
ofthe current international and Russian legislative acts
and the Guidelines for Conducting Preclinical stud-
ies of Drugs [8], as well as the requirements of the
bioethical commission of the institute. As biological
test systems, we used clinically healthy sexually ma-
ture white outbred male mice bred in the vivarium of
FSBSI “ARVRIPP&T”.

The objects under study were liver DNA samples
and specimens of bone marrow cells from mice ex-
posed to Mitomycin C (Kyowa, Japan).

For experimental work, 3 groups of white outbred
male mice were formed, 6 animals each, weighing
18—20 g. The animals of the control group received
an intraperitoneal injection of isotonic sodium chlo-
ride solution in a volume of 0.2 ml (group I). Mice of
group II were intraperitoneally injected with MMC at
a dose of 6.0 mg/kg in a volume of 0.2 ml. In group
III, mice were injected intraperitoneally with MMC at
a dose of 10.0 mg/kg in a volume of 0.2 ml. 24 h after
the injection, the animals were taken out of the exper-

Loy,

iment by an overdose of CO,. Liver and bone marrow
tissues were collected.

To determine the level of damage in mtDNA, a
modified Q-PCR method was used [9, 10]. A schemat-
ic representation of the analysis principle is shown in
Fig. 1. This method allows for sequence-specific de-
tection and accurate quantification of damage in long
regions of mitochondrial DNA [9, 10]. To do this, to-
tal DNA was isolated from 50 mg of the liver of mice
of the studied groups using the PROBA-GS kit (DNA-
technology, Russia), following the manufacturer’s in-
structions. The amount of mtDNA damage was mea-
sured using Q-PCR of long fragments using PCR mix-
ture 5x qPCRmix-HS SYBR (Evrogen, Russia) on a
DTlite 4 amplifier (DNA-technology, Russia) [10].

Calculation of mtDNA damage was performed in
regions encoding 12S and 16S rRNA (12S-16S) and
D-loop, which showed the highest sensitivity to dam-
age, using previously published primers [10]. The
amount of damage in mtDNA was normalized per
10.000 base pairs (bp) according to the formula:

D mtDNA = (1_27(A10ng - Ashort))><
xfragment length (bp)/10.000,

where D mtDNA is the amount of mtDNA damage
per 10.000 bp; Along is the difference between Cq of
control and experimental long fragments; Ashort is
the difference between Cq of control and experimen-
tal short fragments [11]. The number of lesions in the
mtDNA of mice from group I was taken as the con-
trol index Cq. The calculation of the number of le-
sions was performed using Microsoft Excel software
(Microsoft; USA).

The mtDNA copy number was measured by
Q-PCR using the mtDNA fragment “16S-Nd1” and the
nuclear gene Gapdh as a reference [10, 11]. The nor-
malized level of mtDNA relative to nuclear DNA was
calculated using the formula: 20249 [11].
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Fig. 1. Schematic illustration of the analysis. Isolated mtDNA, damaged (top) or undamaged (bottom). Undamaged

mtDNA sequence 1000—4000 bp long is successfully amplified, while some types of DNA damage or modifica-

tion disrupt or slow down the PCR reaction, which is detected by reduced fluorescence (FL). Short fragments

40—70 bp in size serve as reference matrices. An increase in mtDNA damage or modification leads to increased
ACq values (right) [9]
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The preparation of bone marrow cell specimens for
the micronucleus test was carried out according to the
recommendations [8, 12]. The study of microspecimens
for the frequency of occurrence of polychromatophilic
erythrocytes with micronuclei (MPCE) was carried out
using a Bioscope-1 microscope (LOMO, Russia) at a
magnification of x1000. To determine the frequency of
polychromatophilic erythrocytes (PCE), 2000 cells were
counted. The ratio of PChE to normochromic eryth-
rocytes (PChE/NE) was determined per 500 cells [8].

The study groups were compared using the Mann-
Whitney U-test using the STATISTICA 10 program
(Statsoft, USA).

STUDY RESULTS
During the experiment, we determined the copy
number of mtDNA in mouse liver cells (Fig. 2A).
Based on the data obtained, the use of MMC at a dose
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of 6.0 and 10.0 mg/kg did not statistically significant-
ly affect the level of mitochondrial biogenesis in the
liver cells of mice of all studied groups.

A study of the genotoxic effect of MMC at a dose
of 10.0 mg/kg (group I1I) revealed an increase in mtD-
NA damage (Fig. 2B). So the amount of mtDNA dam-
age per 10.000 bp in group Il was 3.4 = 0.4 (p < 0.05)
and 6.4 £ 0.6 (p <0.05) relative to the level of mtD-
NA damage taken as zero in the control group (group
I) in fragments 12S-16S and D-loop, respectively. At
the same time, intraperitoneal injection of MMC at a
dose of 6.0 mg/kg (group II) did not cause a statistical-
ly significant increase in the level of mtDNA damage
in the 12S-16S fragment, which was 1.3 £ 1.5, and in
the D-loop fragment, equal to 2.5 +£2.1.

To assess the destabilizing effect of MMC on the
nuclear genome, we studied the frequency of MPCE
in the bone marrow of mice (Fig. 3A).

1125-165 *

=

B D-loop

Amount of milNA damage

- S e R oW & W &

Fig. 2. Number of mitochondria in mouse liver samples (4) and the level of mtDNA damage per 10.000 bp rela-
tive to the mice of the control group (B):

I — animals of the negative control group (without MMC); /] — mice injected with MMC at a dose of 6.0 mg/kg; //] — mice

injected with MMC at a dose of 10.0 mg/kg; 12S—16S, mtDNA region encoding 12S—16S ribosome genes; D-loop, mtDNA

region encoding the D-loop region; * — statistically significant difference from the negative control (group I) at p < 0.05;
M + SE — arithmetic mean + standard error

The frequency of MPCE in the animals from the
control group (group I) was 0.5 + 0.1 %. In groups 11
and I11, it increased by 3.4 (p < 0.05) and 2.8 (p < 0.05)
timesto 1.7 £ 0.1 % and 1.4 + 0.2 %, respectively, rel-
ative to frequency of MPCE in the control group. At
the same time, PChE/NE in group III decreased by
13.2 % (p <0.05) to 39.9 + 3.8 % relative to the mice
of group I, in which the proportion of PChE in the bone
marrow was 45.5 £ 1.3 %. In group II, PChE/NE was
45.8 £ 1.4 % and had no statistically significant differ-
ences from this indicator in mice of group II. A small-
er increase in the frequency of MPCE in group III rel-
ative to the control group can be explained by a de-
crease in the proportion of PChE in the bone marrow
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due to the toxic effect of MMC. Some authors believe
that changes in the mtDNA copy number may be a re-
sponse to stress factors and serve as a marker of mito-
chondrial toxicity in tissues [13].

Therefore, similar values of the mtDNA copy num-
ber of mouse liver cells of all groups may indicate the
absence of an effect of MMC at the studied doses on
the level of mitochondrial biogenesis. Indirectly, these
data are confirmed by studies that show that MMC has
a tissue-specific effect, assessed by disruption of bio-
energetics and a decrease in the level of ATP in cells
[7]. Thus, intraperitoneal administration of MMC did
not lead to a decrease in the level of ATP in the liver
tissues of mice with intraperitoneal administration of
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MMC at a dose of up to 10.0 mg/kg, this indicator sig-
nificantly decreased only at a dosage of 20.0 mg/kg [7].

Our data on an increase in the amount of mtDNA
damage in the liver cells of MMC mice are partially
confirmed in some studies on cell cultures. Thus, the
interaction of MMC with mtDNA is known to lead to
a conformational change from hypercoiled to relaxed
circular mtDNA in EMT6 mammary carcinoma cells
in mice. This interaction can cause mitochondrial dys-
function leading to loss of cellular ATP [14]. Relaxation
of mtDNA from a supercoiled form can occur as a re-
sult of single or double DNA breaks under the action
of agents damaging nucleic acids or as a result of re-
pair systems [15]. However, another study demonstrat-
ed near-zero mtDNA damage in cultured MCF-7 hu-
man breast cancer cells when incubated with MMC. At
the same time, the authors conclude that their Q-PCR
method with amplification of a fragment equal to ap-
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proximately half of the mtDNA molecule (8900 bp)
is not sufficiently sensitive to detect mtDNA damage
induced by MMC [16]. While smaller fragments am-
plified by us previously demonstrated their sensitivity
to mtDNA damage caused by free radicals [11], which
made it possible to detect an increase in the level of
mtDNA damage by 3.4 and 6.4 times relative to the
control group when MMC was administered at a dose
of 10.0 mg/kg in mice.

The mechanism of mtDNA damage under the ac-
tion of MMC remains unknown, since the method we
used does not allow one to determine the type of DNA
damage [16]. At the same time, the previously estab-
lished high sensitivity of the mtDNA region contain-
ing the D-loop to oxidative ROS damage [1] suggests a
significant contribution of ROS produced during MMC
metabolic activation to mtDNA damage, which, how-
ever, requires confirmation in further studies.
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Fig. 3. Frequency of polychromatophilic erythrocytes with micronuclei (4) and the ratio of polychromatophilic
erythrocytes to normochromic ones (B) in the bone marrow of mice of the studied groups:

[ — animals of the negative control group (without MMC); I/ — mice injected with MMC at a dose of 6.0 mg/kg; I/ — mice

injected with MMC at a dose of 10.0 mg/kg; MPCE — frequency of polychromatophilic erythrocytes with micronuclei, %;

PChE/NE is the ratio of polychromatophilic erythrocytes to normochromic ones; * — statistically significant difference from
the negative control (group I) at p < 0.05; M + SE — arithmetic mean + standard error

At the same time, a micronucleus test in mouse
bone marrow cells showed a significant increase in
MPCE with intraperitoneal administration of MMC
already at a dose of 6.0 mg/kg. This phenomenon can
probably be associated with the action of MMC on nu-
clear DNA, the formation of covalent crosslinks be-
tween nuclear DNA strands, and, as a result, a higher
sensitivity of nuclear DNA to the mutagenic action of
MMC [3]. Since the formation of micronuclei in cells
is associated with the non-inclusion of chromosomes
or their fragments in the nucleus of daughter cells, cir-
cular mtDNA molecules do not take part in the forma-
tion of micronuclei [17]. Thus, the micronucleus test
provides additional information on MMC-induced
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damage to the genetic apparatus of cells [ 18]. Another
reason may be the difference in the sensitivity of dif-
ferent tissues (bone marrow and liver) to damage in-
duced by MMC [7].

CONCLUSION

We have studied the effect of MMC on the integrity
of mtDNA of liver cells and the frequency of erythro-
cytes with micronuclei in the bone marrow of mice in
vivo. MMC was shown to have no effect on the level
of mitochondrial biogenesis in mouse liver cells after
intraperitoneal administration of the drug at doses of
6.0 and 10.0 mg/kg. An increase in the amount of mtD-
NA damage by 3.4 and 6.4 times was found during am-
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plification of mtDNA fragments in the regions encod-
ing 12S and 16S rRNA and the D-loop, respectively,
in mice treated with MMC at a dose of 10.0 mg/kg. At
the same time, the introduction of MMC caused an in-
crease in the frequency of MPCE in the bone marrow of
mice already at a dose of 6.0 mg/kg. The data obtained
suggest a greater sensitivity of bone marrow cells to the
toxic effect of MMC. Thus, using the Q-PCR method,
we have shown damage to mtDNA under the action of
MMC in vivo, which makes an additional contribution
to the study of the mechanisms of the mutagenic ac-
tion of this antibiotic. In addition, these data are like-
ly to make it possible to use the study of the integrity
of mtDNA in MMC-induced genetic instability in vivo
as a convenient tool for assessing the mutagenic and
antimutagenic effects of new drugs. However, achiev-
ing this goal requires further research to understand
the mechanisms of MMC-induced mtDNA damage
and determine the tissue-specificity of such an effect.
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CIIOCOBb HOJIYYEHMU A TPEITAPATOB XPOMOCOM
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Annotanmsi. [{[uTorenetnueckre UCCIeA0BaHUs HE TEPSIOT aKTYalIbHOCTH P UCIIONB30BAaHUU B YKHBOTHOBOJI-
ctBe. B X071 paboThI OBUIN MPUMEHEHBI Pa3IMUHbIE CIIOCOOBI HAHECEHHMS CYCIIeH3UHU KIIETOK XPOMOCOM Ha CTEK-
na (Cyxue, ropsiune M BIa)KHbIE OXJIAKACHHBIC), HEOOXOJMMBIE ISl TIOCIISTYIOIIEro MPOBEICHUS KapHOTHITIYe-
ckoro uccnenosanus u ananuza FISH y sxuBotHbIX. PaboTa Obla BeITIONIHEHA Ha K03ax (1 = 24) u oBuax (n = 32),
cozeprkanxcs Ha puznonornyeckom asope PI'BHY OULL BXKa um. JI. K. Dpuera. Marepuanom uccnenosa-
HUH CITy)KHJIa KPOBb XXMBOTHBIX. KauecTBo mosydeHHbIX MeTa]a3HbIX IUIACTHHOK OLEHUBAJIH ITPHU TOJICYETE 00-
IIEr0 YMCJIa XPOMOCOM C YETKUM M300pa’KeHHEM Ha Ka)KJIOM ITPEAMETHOM cTekiie. Pesynbrarsl ncciejoBaHnit
oOpabarbiBany ¢ ucnonb3oBanueM nporpammsl VideoTest Kapuo 3.1. Hanecenue cycrnieH3nn KJIETOK Ha cyXoe
ctekio (1 BapumaHT) MHOIZIA CONPOBOXKIANIOCH IPUCYTCTBHEM B 00pasiie 00JIOMKOB XpoMocoM. PackarnbiBanne
YKMJIKOCTH Ha CYyXO€ CTEKJIO HaJl IUTAMEHEM CIIMPTOBKH (2 BapHaHT) HE IMO3BOJIMIIO TIOJTyYHTh JKEIAEMOT0 Pe3yilb-
TaTa, T. K. IPOUCXOIMIIO CBOPAYMBaHKE Kallellb K ee HeHTpy. Vcroap30Banne BIaKHBIX CTEKOJ, COAEPIKAIIXCs
B MOpO3HMIbHOHI Kamepe B 70 %-0M 3TUI0OBOM CHHUPTE JO MOMEHTA HAHECEHHsI Ha HUX KJIETOYHOH cycneHsuu (3
BapUaHT) TI03BOJIMJIO MOIYYUTh MAKCHMAJILHOE «PacIIacThIBAHIE» XPOMOCOM, XOPOLIHH pa30poc Ha IOBEpXHO-
CTH 1 OTCYTCTBHE HAJIOKCHUH. B 3aBUCMMOCTH OT BH/ja HCCIIETyeMbIX KUBOTHBIX Ka4€CTBO, OIyYCHHBIX IIpe-
11apaToB OTIIMYAJIOCh M MPH HCIOJIB30BAHUH BIAXHBIX CTEKOJI MPOIEHTHOE COOTHOIICHUE Y OBEI] COCTABMIIO
91,95 %, a y k03 — 96,45 %. ®axkTop NoIy4eHUs MpenaparoB XpOMOCOM ONTUMAJIBHOTO KaueCTBA COCTABHI
82,86 % (P < 0,001). Takum 00pa3om, HaMITyUIIIHE PE3YBTaTh ISl IPUTOTOBICHHS MeTa(a3HbIX IUTACTHHOK OII-

TUMaJIBHOTO Ka4eCTBa OBIJIO MPH HAHECEHNWH CYCIEH3MH KJIETOK Ha BIAXXHYIO TOBEPXHOCTb.

KaioueBble ciioBa: muMQOIUTEI, KyJIbTypa KIETOK, KDOBb, OBIIbI, KO3bI, )XHBOTHBIE, XPOMOCOMBI, IINTOTCHETHKA,
Metadazubie mactuaky, FISH (duryopecuentnas rudpuanzanms).

Baaromapuocthb: pabora BeimoiHeHa B pamkax ['3 0445-2021-0005 npu ¢punaHCcOBOH moaaepxke GyHaaMeH-

TaJbHBIX HAYYHBIX HcclieoBaHui MunoOpHayku PO

J1s kKapTUpOBaHUS M CPABHUTEIBLHBIX HCCIIEI0BA-
Huii ucnons3zoBanue FISH ¢ 3oupamu umeer psin npe-
umymiecTs [1, 2]. HemanoBakHoe 3Ha4eHHUE STOT Me-
TOJ UMEET ISl KICHTH(OUKALIUH, & TAKOKE ONPeIeTICHUSI
PETHOHOB XPOMOCOM, TIPUBOISIINX K PA3IMIHBIM aHO-
ManusiM [3, 4]. HoBble MoneKysipHbIe METOMIBI HICH-
TU(DHUKAITUH XPOMOCOM C MOMOIIBI0 (IIYyOpPECIIeHT-
Hoii rubpuauzaunu in situ (FISH) c ucnonszoBanuem
JIOKyc-crienn(pUUHBIX 30HIOB MO3BOJSIOT ONpee-
JIATH TPAHCIIOKAIIMHU KaK Yy JIIOJIeH, TaK U y dKHUBOTHBIX.
[Tomyuenue mpenapaToB XpOMOCOM HEOOXOAMMO ISt
MTOCJIETYIOIET0 TPOBEACHHS THOPUAN3AIUY in Situ
1, I03TOMY, 0c000€ BHIMaHUE HEOOXOJUMO YIIEIHTh
HWMEHHO 3ToMy (akTy. J[aHHbIE 0 XpOMOCOMax ycIell-
HO IIPUMEHSIOTCS B MCCIIEIOBAHUSIX, CBA3aHHBIX C BH-
JIOBBIM POJICTBOM HJIH MEKBUIOBBIMUA OTHOIICHUSIMHU
[5, 6]. OcHOBHAS T1E/Tb MONYYCHUS CYCIICH3UH JCIIS-

© Hogsroponosa U. I1., 2023

HIUXCS KJIETOK, colepkamux metadasHble XpOMO-
COMBI, 3aKJTFOUAETCS B MPHUTOTOBJICHHUH TPEIapaToB
¢ OOJIBIIINM YHCIIOM XOPOIIO PACTIPABICHHBIX XPOMO-
coM [7—9]. Crenienb pa3zdbpoca XpoMOCOM Ha TIPeaMeT-
HOM CTEKJIE — OCHOBHOM KPUTEPHUH MPHU MOATOTOBKE
nperaparoB. HemanoBaxxHbIM (hakKTOPOM, BIHSFOIIIAM
Ha Ka4€CTBO ¥ KOJIMIECTBO MUTOTHUYECKUX ITACTUHOK,
HAa Tare pacKanbIBaHUs Ipernapara sBIseTCsi CKOPOCTb
WCTIapeHUs, TOIOTPEBA WK OXJIAXKICHUS CTeKon. Ha
JaHHOM 3Tale XpoMOCOMBI MOT'YT OBITh BBIMBITEI CO
crekon [10]. Metacda3Hoe pacrookeHne XpoMOCOM
B ONTHYECKOM IT0JIe MUKPOCKOMa U 0e3 HaloXeHU!
CUUTACTCS HJICATBHBIM ISl HCCIICIOBAHUH.

Iens Hamiero ucciaenoBaHMs HaIlpaBieHa Ha BbI-
0op crocoba HaHECEHUS CYCIICH3MHM XPOMOCOM Ha
CTEKJIO ¥ TOTy9E€HNH MaKCHMATbHOTO KOJIMIeCTBA pac-
MIpaBIEHHBIX MeTa(ha3HbIX TUIACTHHOK.
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MATEPHUAJIBI U METO/bI
HUCCJIEJOBAHUM

Ot60p npo6 kposu. MccnenoBanus ObLIM poBee-
HBI Ha K03aX (1 = 24) u oBuax (n = 32), copepammxcs
Ha QU3HONIOTHYECKOM JBOpe DenepabHOro HCCIIEN0-
BaTEILCKOTO IEHTPa KUBOTHOBO/ICTBA HMEHH aKajie-
muka JI. K. Opucra. 11 mpoBeaeHMs UCCIIeTOBAHII
TIpeIBapUTEIHHO OTOMPAIH KPOBB B OTHOPA30BBIE TIPO-
OMpKHU C rernapruHOM BaKyyMHOW cHUCTeMbI Vacuette
(«GreinerBio», ABcTpusi) mepes yTPEHHUM KOPM-
JICHUEM JKMBOTHBIX ITyTeM IPOKOJIAa SPEMHON BEHHBI.
O06pa3up! kpoBHu ocTaBisnu Ha 1,5—2 49 mpu 4 °C,
3areM reHTpudyruposanu 10 mua mpu 1000 06/MuH.

[Tonmy4enue KynbTypbl Ki1eTOK TuMdornuToB. Yepes
2 4 mocye B3SATUSL KPOBH TPOBOAMIN MOATOTOBKY IS
KyJIETUBHPOBAHUS KJIETOK JIUM(OIMTOB U OCAXKCHUE
KJIETOK KpOBH pacTBopoM (ukona («buonor», Poccus).
OTtOupanm 3 M1 B3BECH TIUMQOITUTOB M HACTaWBaIIN Ha
(huxon (B kommuecTBe 1 MiT). B X0ze skciepuMeHTalb-
HOU paboThI paHee OBLIH OMpe/eNieHbl ONTHMATbEHBIC
YCIIOBHSL, KOHLIEHTPALUH U PACTBOPBI LIS KyJIETUBHPO-
BaHUsI M MOTy4YeHUs MeTa]a3zHbIX MITACTUHOK OBEIl M KO3
[11]. Cmech 1 KynbTUBHPOBAHHSI COCTOUT U3 5 MIT ITH-
tarenbHOM cpeapl RPMI 1640 («ITanDxoy», Poccus),
50 mxim ®TA u 55 mxir CoA, 40 MKII TeHTaMHITMHA
(«ITarDx0», Poccus). [Tocne TiiarenpbHOTo epemMenin-
BaHUS B CTEpUIIbHBIE (MIAKOHBI JOOABIISLIIN 2 MIT B3Be-
CH JIMMQOIMTOB U TOMEIIAIN B TEPMOCTAT MPH TEM-
neparype 37,4 °C ma 72 4. Ha 70 4 Kyn6TUBHPOBAHUS
B KyJIBTYPaTbHYTO CMECH TOOABIISUTH KOJIXHITHH (80 MKIT)
(«ITarDxo», Poccust), 3aTeM MTPOBOAMIA THIIOTOHUYE-
CKYI0 00paboTKy (AMCTUIITMPOBAHHOW BOION) U (prKCa-
LU0 KJIETOYHOM B3BecHu pacTBopoM Kapnya (3 : 1 meta-
HOJI U YKCyCHas Kuciora («Xummeny, Poccus).

IToaroroBka npemnapaToB XxpoMocoM. B Haimx uc-
CIIeIOBaHUAX OBLTO PACCMOTPEHO 3 BapHWaHTa HaHe-
CEHUS KJIETOYHOMW CYCIIEH3UH Ha CTEKJIO. [ sapuaHnm:
YHCTOE CYXO€ CTEKNO; 2 apuanm: 4YUCToe 00e3Ku-
PEHHOE CTEeKJIO yAEepKUBAJIM HaJl IIJIaMEHEM TOPEeIKU
JIO TIOJTHOTO WCHApeHUs KUIKOCTH; 3 eapuanm: 4u-
CTBIE CTEKJIa XPaHWJIA B MOPO3HUIIKE (TIPH TEMIIEpaType
—8 °C) B 70%-HOM 3THIIOBOM CITUPTE U TIEPEJT UCTIOIb-
30BaHUEM WX OTIONIACKHMBAIU B XOJIOTHOW JUCTHILIH-
poBaHHOM Bojie. Bo Bcex citydasx CycleH3HIO KIETOK
Hanocwu ¢ BbicoThl 30—40 cm. Ilocne vero npena-
paThl BHICYIIIMBAJIN HA BO3/LyXE U ITPOBOIMIN IIPU He-
00XOIMIMOCTH OKpaIINBaHUE TIPENapaToB.

WUnentndukanus xpomocoM. MaeHTudukarmto
npenaparoB XpoMOCOM NpoBoAuiiu B 20 MeTadazHbIX
TUTACTMHKAX Ha Ka)JIOM MPEIMETHOM CTEKJIe U 00pa-
OarbIBaJi C UCIOJIb30BaHUEM mporpamMmbl VideoTest
Kapwo 3.1. bt mpoBenieH moacyeT o0IIero yncia Xpo-

MOCOM C YETKHM H300pakeHHEM Ha Ka)JI0M IIpeIMeT-
HOM cTekJie. DOTOCHhEMKY OCYILECTBIISUIN TPU TTOMOIIH
kamepsl Anbsramu 3M Iluke n Mukpockona AnsramMu
BH1O1 (Poccust), n3obpaxenns oOpadarsBain C TMO-
Moripio mporpamMmbl AltamiStudio 3.4.0. (yBennue-
Hue x100).

Craructnyeckuil ananus. [lomyueHHble TaHHbBIE
ObLTH 00paboTaHbI TPU NOMOIIH KOMIIBIOTEPHOMU MPO-
rpammbl SPSS Statistics 23.0.

PE3VJbTATBI UCCJIEJOBAHUSA
N OBCYKJIEHUSA

OcHOBHasl 1IeJTb HAIIETO HKCIIEPUMEHTA 3aKII0da-
Jach B Coco0e HaHEeCEHHS CyCIIEH3UH Ha CTEKJIa IPH
Pa3HBIX YCIOBUAX (CyXHe, TOPAYHE U BIIAXKHBIE OXJa-
JKJICHHBIC) JUISA TIOyYeHHUS MPEeraparoB, UCIOIb3ye-
MBIX JUIS IIUTOT€HETHYECKOTO aHaIM3a >KUBOTHBIX.
OCHOBHOE yCIIOBHE TIOTYUYEHHS XOPOIIUX M YETKHUX
[pernapaToB XpOMOCOM C MaKCUMaJIbHBIM KOJIMYeE-
CTBOM KIICTOK 3aKJIFOYaeTCs B XOPOILIEM COCPeaoToue-
HHH Ha CTCKJIC, MUHUMAaJIbHOM KOJIMYCCTBEC HaJIOKSHUH
¥ MaKCUMAaJIbHOM WX «pacIuiacThiBaHNI». Hanecenne
KJIETOYHOH CYCTIEH3UH Ha CTEKJIO TIPH TIOTy9IEHHH TTpe-
[apaToB XPOMOCOM SIBJISIETCSI OJTHUM K3 BaXKHBIX II1a-
roB. C 3Toll 1enpi0 HEOOXOAMMO ONTHMHU3UPOBAThH
YCJIOBUSL, KOHTPOIUPYIOIIME BIAKHOCTh U TEMIIEPATy-
py. ust onipeieneHyst KauecTBa XpOMOCOM OTIpeIelisi-
JU CTIeyTOIIre KPUTEPHH: He TTOIHBIA Habop XpoMo-
COM, OTCYTCTBHE pa3dpoca XpoOMOCOM, MHOXKECTBEH-
HBIC HAJIOKEHUSI XPOMOCOM, ITperapar ¢ eANHUYHBIMH
HaJIOXKCHUAMU U MCTa(ba3HI)Ie IJIaCTUHKH OIITUMAJIb-
HOTO KadecTBa (TOJIHBIH HA0OP XPOMOCOM, XOPOIIIee
pacIuiacTeiBaHHE M OTCYTCTBHE HAJIOXKCHUH ).

Crout OoTMETHTH, YTO TIpH | BapmaHTe (Cyxoe
CTEKII0) TP HAHECEHUHW CYCIIEH3MHU Ha CTEKJIO He
BCEI/ia yIaBaloCh 1OCTUYb OKUIAEMOI0 pe3yJibTara.
Habmronanock oOpazoBaHue 0ejioro Hajera B BHUJIC
OYepTaHus BHICOXIIIEH Karuld, pa3opoc XpoMOCcOoM ObLT
OTpaHWYEeH, B HEKOTOPBIX IMpemnapaTax BCTPEYAIUCH
MHOYKECTBEHHBIE 00JOMKH MeTa(a3HBIX TUIACTHHOK,
a TaKKe HEeJOCTAaTOYHOE KOJIM4ecTBO Meradas (Hu3-
KWW MUTOTHYECKUI UHICKC).

PackarnpiBanue >kuIkoCcTH BO 2 BapuaHTe (Ha CTEK-
JI0O HAHOCWJIM CYCIICH3HIO HaJl TIAMEHEM TOPEJIKH)
HMHOT/Ia COMTPOBOXKIATIOCH 3(PPEKTOM «CBOpAUNBAHUSDY
Karenb (CoOupanich B eHTp Karuu). [Ipu aTom, Kak
Y TIPU APYTUX BapuaHTaX HAaHECEHUS KYJIbTYphI Kie-
TOK, CTEKJIa OBLIM YHCTBIMH U 00€3KUPEHHBIMH.

Hcnonp3oBanue BIaKHBIX CTEKOI (3 BApUaHT), CO-
JEPIKaITUXCs B MOPO3IIIbHOM Kamepe B 70 %-oM 3Tu-
JIOBOM CIIHPTE 0 MOMEHTA HAHECEHUs Ha HHX KJe-
TOYHOU CYCIIEH3WH, TIO3BOJIMIO JOCTUYh HAMITYYIITUX
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pe3y/IbTaToB IIPU MOTy4YeHUH MeTa(a3HbIX IUIACTUH.  BaHUE» XPOMOCOM, UX XOPOLIMi pa30poc Ha MOBEpX-
[Tpu 3TOM HaOIIOATOCh MAKCUMAIIBHOE «PACIUIACThI-  HOCTH CTEKJIa U OTCYTCTBHE HaJlOKeHHH (puc. 1).

/g E
Puc. 1. I[Ipemaparsr xpomocom (yB. X100, ummepcusi):

HE3HAYUTEIIbHBIC HATOXKEHUSI XPOMOCOM Y OBLIBI (A); MHOXKECTBEHHbIE HAJIOXKEHUS XPOMOCOM Yy K03blI (5); HEMOHbIH HadOop
XPOMOCOM Y KO3bl (B); HenonHbli pa3dpoc xpomocoM y oB1bl (I7); mpenapar Merada3HbIX XpOMOCOM Yy OBIbI (/); npenapar
XpOMocoM y Ko3na (E)

26 Berepunapnsrit papmakonorndecknit BecTHUK « Ne 2 (23) « 2023

Cnocob nonyuenus npenapamos Xpomocom

CTOUT TaKkKe OTMETUTh, YTO B 3aBUCUMOCTH OT
BHJIA MCCIIEJYEMbIX KHBOTHBIX KaueCTBO, MOJTYy4CH-
HBIX TIPENapaToB TAK)Ke OTINYANoCh. Tak, IpU HC-
0JIb30BaHUM | BapuaHTa (CyXHe CTeKJia) mpenaparsl
ONTUMAJIBHOTO KauecTBa y oBel coctaBuin 15,07 %,
y k03 31,03 %; 2 BapuaHTa (HarpeBaHUe HaJl IIaMe-
HeM ropenkn) — 10,00 1 6,06 % u 3 BapuanTa (Brax-
HbIe cTekna) — 91,95 n 96,45 %.

[Ipu rcrop30BaHUH TOPSTYUX CTEKOJT IPOIIEHTHOE
OTHOIIIEHUE MeTa(a3HbIX TNIACTHHOK OBLIIO MHHUMAJTh-
HBIM 1 Y OBEIl, U y KO3, & TAK)KE Y HUX HE BCTPEUYAIUCH
npenaparbl ¢ HemoJHbIiM HabopoMm. Vcmonb3oBanue
BJI2YKHBIX CTEKOJI UCKITIOYAJIO BCTPEIaeMOCTh MHOXKE-

CTBEHHBIX HaJIOKeHU . [1o pe3ynbraTam JucrepcruoH-
HOTO aHalin3a ObLTH BBISIBJICHBI JIOCTOBEPHBIC IAHHBIC
B 3aBHCHUMOCTH OT HCIIOJIb3yEMbIX BAPHAHTOB CTEKOJI
(P <0,001). Cuna BnusHus B OONbIICH CTEIICHHU 3a-
BUCHT OT (DaKkTOpa MOJTyUeHHs IPENapaToB XOPOIIETro
kauecTBa (82,86 %).

Brun ipoBeieHs! MapHbIe CPABHEHUS ONITUMAIIb-
HOTO TIOJYYEeHHS XPOMOCOM ¥ ¢ HEOOIBIIMMHU HAJIO-
JKEHHSIMH B 3aBUCHMOCTH OT BapHaHTa HCIOJIb30Ba-
HUs cTekon (Tadm. 1).

JlocToBepHbIe 3HaUeHHS OBLIH MOTYYESHBI IPH HC-
MOJIb30BaHMHM BJIAXKHBIX CTEKOJI 110 3THM H3y4YaeMbIM
npusHakam (P < 0,05).

Taéauna 1
Ilapnvle cpasnenust kawecmea npenapamos 6 3a6UCUMOCHU OM CROCOOA NOLYYeHUsI CIEKOL
PasHOCTH 95 % moBepuT. UHTEPBAI
Kauectso IIpusnax 3aBuC. mepeMeH.
CpeAHHX MUH. MakKc.
Cyxue Topstune 2,28 £ 1,64 1,29 5,85
OnTuMa. Topstune 12,75+ 1,82" 8,79 16,71
Brnaxusie
Cyxue 10,47 £1,26" 7,73 13,22
Topsiune 1,83 £1,38 1,17 4,83
OntuMmann. Cyxue
¢ HEOOJIBII. HAJIO- Biaxxnsle 2,58 £1,06" 0,28 4,89
JKCH.
Topstane Bnaxxusie 0,75+ 1,53 2,57 4,07
*P<0,05

Koaddunuent Bapuaryu kadecTBa mnpemnaparon
B 3aBHCHMOCTH OT HCIIOJIb3yEMOTO METOJa C ONTH-
MaJbHBIM Ka4eCTBOM TPU HCIIOJI30BAHUH BIIAYKHBIX
CTEKOJI COCTABUII 12, ¢ HEOOIBIITMMH HATOKCHUIMU —
54,86 (Tabu. 2). [TokasaTenu npenaparoB B 3aBUCMO-

CTH OT UCHOJIb3YEMOT0 cr1oco0a IpecTaBIeHbI B Ta0-
mune 2. CpeaHue 3HaYEHUSI CTEKOJ ONTHMAJIbHOTO
KauecTBa y ko3 Obu1o Bbile (Ha 1,0), B TO BpeMs Kak
MaKCHMaJIbHbIC 3HaUEHHsI ObLTH MPAKTHYECKH OJMHA-
KOBBIMH y 00OUX BHJIOB.

Tadauna 2
Tokazamenu kauecmsa npenapamos 6 3a6UCUMOCIU OM UCNONIb3YEMO20 MeMood
KauecTBo Crioco6 CpenHue 3HaYCHUS CraHmapTHOE OTKIIOHEHUE

Cyxoit 3,78 2,33

OnTumManbHBIH Topsiunmii 1,50 0,71

Brnakusrii 14,25 1,71

Cyxoit 4,33 2,06

OnTrMabHBINA ¢ HEOOJBIIL. Topsanii 2.50 0.71
HAJIOKCHUSIMU

Braxusrit 1,75 0,96

Berepunaphsiii papmakonorndecknii BecTHUK « Ne 2 (23) « 2023 27



U. I1. Hoseopooosa

B xoze skcniepuMenTa, HalpaBIeHHOTO Ha YITyd-
[IeHNE KaueCTBa MPEenapaToB XpOMOCOM H OTIpe/ieie-
HUS ONTHUMAJIbHBIX YCIIOBUH HAaHECEHHUS Ha CTEKJIO,
OBLIO BBISBICHO, YTO HAWIYYIIUE PE3YIBTAThl ObLTH
MIOJTyYEHBI TIPU UCTIOJIH30BAHUHU BIIAYKHBIX XOJIOIHBIX
CTEKOJI.

Haubonee mpocTbIM 1 OBICTPBIM CHIOCOOOM, HC-
TOJTE3YEMBIM TIPH MOTYYEHHUH TIPETapaToB XPOMOCOM
C IETBI0 aHaJN3a KapUOTHUIIOB JKUBOTHBIX, SIBIISETCS
KyJBTHBHPOBAaHNE KIETOK KPOBH (JISHKOIIUTOB TIEPH-
(hepuyeckoii kpoBu). J1ist mosryueHust 00IBIIOTO KOIH-
YyecTBa MeTagasHbIX IIIACTUHOK BAKEH KaXKJIbIi dTal
KapHOJIOTMYECKOTO aHain3a, B T. Y. TMOJTOTOBKA TKa-
Helt u ctekoi. C. W. Shao ¢ npyrumu ucciemoBaress-
mu (2010) paccmarpuBaiii BOIIPOC 0 HEOOXOMMOCTH
pa3paboTku A3((HEKTUBHOTO METOJIA IIOATOTOBKH XPO-
MOCOM JIJISl IUTOTCHETUUECKUX UccaenoBanui [12].

MeTox monydeHHs IpernaparoB MUTOTHYECKUX
XPOMOCOM 3aKJTFOYAIOTCSI B HAHECEHUH KJIETOYHOH CyC-
MIEH3WH Ha TIOBEPXHOCTH MPEAMETHBIX CTEKOJ C T0-
CJIEIYIOLINM BBICYIITUBaHHEM Ha Bo3nyxe. Hanecenue
KJISTOYHOM CYCIIEH3UHU Ha CTEKJIO TIPH TIOITYICHHUH IIpe-
[1apaToB XPOMOCOM SIBJISIETCS OJTHUM M3 BaXKHBIX II1a-
roB. HexkoTopsle nccnenoBareny moMeIaoT B3Bech Ha
MIPEeIMETHOE CTEKJIO M JIal0T BOBMOXKHOCTH (hUKCATO-
py ucnaputbes. [locme 3Toro XpoMoCOMBI CTaHOBSIT-
Csl HETIOJIBUKHBIMH F XOPOIIO 3a()UKCHPOBAaHHBIMHU Ha
MMOBEPXHOCTH CcTeKIa. Mcnapenue dpukcaropa BiuseT
Ha Ka4ecTBO (MKCAlUK KJICTOYHOH B3BECH M PaCIO-
JIOKeHHE XPOMOCOM Ha Tpenapare. ImMenHo, mosro-
My, HEOOXOJIMO ONTHMH3HPOBATEH yCIOBHS, KOHTPO-
JTUPYIOIIHAE BIAKHOCTh U TEMIIEPATypPy MIPH MOTyde-
HUU TIpenapaToB XOPOIIETO Ka4ecTBa.

Ha sTane HaHeceHUs KJIETOYHOW CYyCIICH3UU Ha
CTekJia ObLIO MPOBEIEHO HECKOIBKO MOAM(DUKAIIHIA:
CyXHe CTeKJIa, TOpSTIUe CTEKIIa, BBICYIIIEHHBIE HaJI I1a-
MEHEM TOPENIKH W XOJIOJHBIE BIAXXHBIE CTEKIIa, Xpa-
Husrecs B 70 %-0M 3TUI0BOM CIIUPTE B MOPO3HIIKE.

[Ipu mageHny Karuim KJIETOYHOH CyCIICH3WH Ha
CTEKJIO TIPOUCXOJUT pa3pylIeHUE KICTOYHBIX WU
SIIEPHBIX 000JI0YEK U BBHICBOOOKICHHE XPOMOCOM.
Brickixanne mpemnapara o0OecriednBaeT MpHUKpeIuIe-
HHE XPOMOCOM K CTEKITy. XpOMOCOMBI JIOJIKHBI pac-
TIOJIAraThCs B OTHOM MJIOCKOCTH JJOCTATOYHO CBOOO/-
HO OJIHA OT IPYTO#H, OBITh KOHTPACTHBIMH U UMEThH UeT-
KHE KOHTYpBI. J[JI1 KapUOTUITUPOBAHUS HEOOXOIUMO
BbIOMpaTh MeTada3HbIC MJIACTHHKH ¢ MUHUMAJIbHBIM
YUCIIOM HAJIOXKEHUH XPOMOCOM.

G. P. Di Meo ¢ komteramu (2011) mpu cpaBHATETb-
HBIX UCCIIEIOBAHUSX TeHHBIX KapT OBEIl, KPYITHOTO PO-
raTroro CKoTa 1 OyMBOJIOB C HCIIOJIb30BAaHHEM aHAIN3a
FISH u conocTaBneHnn ux ¢ XxpoMOCOMaMH YETIOBEKa

(HSA2q, HSA3, HSA21 u HSA1q) npumeHnstiu crio-
c00 HaHECEHWsI KIIETOK Ha YMCTHIE U BIIAYKHBIE CTEKIIA,
KOTOpBIE 3aTeM BBICYIIMBaIN U XpaHuiau npu —20 °C
JI0 IPOBEICHUS THOpuIu3anuu in situ [13].

C. Tynerenos (2011) B cBoeit paboTe s IPUTO-
TOBIIEHUS TIpeTIapara XpOMOCOM OBEIl TOPOJIBI Kazax-
CKHW apXapoMepHHOC HAaHOCHII B3BeCh (PMKCHPOBAH-
HBIX KJIETOK Ha OXJaXXJIEHHOE MPEIMETHOE CTEKIIO
Y TIOCJIE ATOTO BBICYIIUBAJI €TI0 HaJl MJIaAMEHEM CITUp-
TOBKH [14]. TakuM ke IPOTOKOJIOM IOJIH30BATUCH
A. Tannuzzi co cBonmu nccnegosarensimu (2013) npu
ITUTOTEHETHIECKIX HUCCIIEIOBAHUSAX OBEIl, BBIPAICH-
HBIX B I0KHOW MTanuu, u naabHEHIIero npoBeaeHUs
mertona FISH [15].

Jl1st n3ydeHns HIUTOreHETUYECKOU XapaKTePUCTU-
ku oBell Vizianagaram . S. Kumar ¢ npyrumu yueHbI-
MU (2014) momMerany CycrieH3uI0 XpOMOCOM Ha TIPeI-
BapHUTEIHHO OYHINEHHBIE 1 BHICYIIICHHBIE Ha BO3IyXE
crekna [16].

A. Karami ¢ xomteramu (2015) nis npuroTtosiie-
HUSI TIPETapaToB XpOMOCOM PBIO HAHOCHIIM KIIETOY-
HYIO CYCIIEH3HMIO Ha BIQKHOE CTEKJIO, XpaHHUBIIEECs
B ciupTe. MakcuMaabHOTO pa3dpoca XpoOMOCOM J0-
OMBAIIMCH TYyTEM CIIMPAIICBHTHOTO BpAIleHHs CTEKIIa
10 4acoBoil crperke [8].

G. Pandya c yyensimMu (2016) npu uccnenoBanu-
X, IPOBOAAUMBIX Ha OyHBOJIAX, TOTOBUJIM MpENaparhl
METOZOM BO3AYIIHOHM CYIIKH HaJ IITAaMEHEM TOpel-
kn. CyCIieH31I0 KJIEeTOK HAaHOCHIIH Ha BIIAYKHBIE CTEK-
J1a, 3aTeM OBICTPO MPOITYCKAIN HaJl TNIAMEHEM TOped-
KU U1 oKpamuBanu [17].

IIpu nuTorenernyeckom uccienosanuu V. Genu-
aldoa u npyrux uccnenosareneit (2018) ncuezarommx
TOpoa CBUHEH, MpokuBaromux B FOxHOM Ameprke
u Vtanim, KJIeTOYHYTO CyCIIEH3UIO HAHOCHIIH Ha BIIaXK-
HBIC U TeTUIble ipeaMeTHbIe cTekna [18]. S. Albarella
¢ xouteramu (2019) npoBOAMIN IIUTOTCHETHYECKUN
aHaJu3 OBeIl 0 cxoxkel Metoauke [19].

Jl1g mpoBeieHus TeHeTHYECKOTo aHalln3a XpOMOo-
coMm y ko3 mopoasl Carmypo G. Ciptadi ¢ npyrumu wuc-
cnemoBaressivu (2019) uconb30BaIi HAHECSHHE KiTe-
TOK KyJIbTYpBhl Ha UHCTBhIE cyxue cTekna [20].

[Ipu cpaBHUTENBHOM HCCIEAOBAaHUU LIUTOTEHE-
THYECKOTO MPOQHIS KPYIHBIX ONbIX HOPKIIUPCKUX
noMecHsIx cBuHel V. Harshini ¢ mccienosarensiMu
(2019) HaHOCHITM TOMOTEHHYIO KJIETOUHYIO CYCIICH-
3MI0 Ha BIQXKHBIE OXJIAXKJEHHBbIE cTekna. [Ipu stom
CTEKJIA yAEePKUBAIH 1oA yriioM 45° [21].

Jnst oOHapyXeHHsI XpPOMOCOMHBIX abeppanuit
y kopoB A. P. Amancio ¢ apyrumu ydenbimu (2019)
HAHOCHJIM CYCIIEH3HMIO KJIETOK Ha TIPEAMETHOE CTEeK-
JI0 HaJT BOJSTHOM Oanei (Temmeparypa 60 °C). 3o mo-
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Cnocob nonyuenus npenapamos xpomocom

3BOJIMJIO TOJIYYUTh IMPenapaThl XOPOIIET0 KauecTBa
JUTSL IMTOTCHETUYECKUX UCCIICAOBAHUI MPHU OIpeie-
JICHUU MPUYUH HU3KOH PENpOnyKTUBHOH (QYyHKIHUU
JKUBOTHBIX [22].

KadecTBo mpenaparoB OLEHUBAIOT C YYETOM 00-
0CcOo0NIeHHOCTH MeTa(a3HbBIX TUIACTHHOK JAPYT OT APY-
ra, uX LEJI0CTHOCTH, YSTKOM OKPAaCKH XPOMOCOM, MX
CPeIHEH CTeneHH KOHJICHCAIUMH, JOCTATOYHOI'O0 pa3-
Opoca B npenenax MeTadha3HON MITACTUHKHA U HEOOIIb-
moro KomudecTna (1—2) B3aMMHBIX TTOTICPEYHBIX Ha-
JIOKCHUH.

[IpoBeneHHbIC HAMU UCCIICAOBAHUS, YKa3bIBAIOT
Ha TO, YTO XOPOIIHU# pa30poc XpOMOCOM Ha Iperapare
OBLJI TOTYYEH MTPH MCTIOb30BAaHUH CIIEAYIOIIEH METO-
JIUKW: HAHECEHNE CYCIIeH3HUH KIIETOK C BBICOTHI 40 cM
Ha BJIAXKHBIE OXJIAXKJICHHBIC CTEKJa, XPaHUBIIHECS
B MOpo3uike B 70%-HOM 3TUIOBOM CIUPTE C MOcCe-
JIYFOIIIUM BBICYIITMBAHUEM CTEKOJ Ha Bo3ayxe. C mo-
MOII[bIO METO/Ia, OIIMCAHHOTO BhIIlIE, METa(a3HbIC I1J1a-
CTHUHKH OTJIMYAJIUCh XOPOIIUM pacipeaeaIeHHeM, 10-
3BOJISTIOIIAM HACHTH(DHUITPOBATH HAOOPHI XPOMOCOM
U ONTHMAJILHBIM MUTOTHYECKHM HHAeKkcoM (10—15
MmeTadas Ha CTEeKIIe).

3AKJIIOYEHUE

Takum 00pa3oMm, POBEJICHHBIE HAMHU UCCIIEI0-
BaHUS, YKa3bIBaIOT HA TO, YTO HamOoiee d(h(heKTnB-
HBIM CITOCOOOM PACKAIbIBAHUSI TOMOTCHHOMN KIIETOY-
HOW CyCIICH3MM Ha CTEKJIO IS MOJYyYEHUS MUTOTH-
YECKUX KJIETOK ¥ BU3YyaJIM3alUU XPOMOCOM SIBJISUIOCH
HCIOJIB30BaHNEC BJIAXKHBIX OXJIAKACHHBIX CTEKOJI, Xpa-
HUBIIIAXCS B MOPO3WIHHOHN Kamepe B 70 %-oM aTuio-
BOM CITUPTE C TIOCJICAYIOIINM BBICYIITUBAHUEM CTEKOJ
Ha Bo3tyxe. OCHOBHBIM IIPEUMYIIIECTBOM ITOTO METO-
Jia SIBJISICTCSI MUHUMAJTbHAS IIOTEPsI XPOMOCOM BO Bpe-
M IIPUTOTOBJICHUS IPETIAPATOB, ITOBLIMICHUE ITPOLICH-
Ta MeTada3HbIX MIACTHHOK ¥ ONTUMATBHBIN pa3opoc
XPOMOCOM Ha CTEKJIE.
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METHOD OF OBTAINING CHROMOSOME PREPARATIONS
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L. K. Ernst, v. Dubrovitsy, Podolsk, Russia, novg-inna2005@yandex.ru

Abstract. Cytogenetic studies do not lose their relevance when used in animal husbandry. In the course of the
work, various methods of applying a suspension of chromosome cells to glasses (dry, hot and wet cooled) were
used, which are necessary for subsequent karyotyping and FISH analysis in animals. The work was performed on
goats (n = 24) and sheep (n = 32) kept in the physiological yard of Federal Research Center for Animal Husband-
ry named after Academician L. K. Ernst. Animal blood served as the research material. The quality of the obtained
metaphase plates was evaluated by counting the total number of chromosomes with a clear image on each slide.
The research results were processed using the VideoTest Karyo 3.1 software. The application of a cell suspension
on dry glass (variant 1) was sometimes accompanied by the presence of chromosome fragments in the sample.
Pipetting the liquid onto dry glass over the flame of an alcohol lamp (variant 2) did not allow us to obtain the de-
sired result, because droplets rolled toward its center. The use of wet glasses kept in a freezer in 70 % ethanol un-
til the cell suspension was applied to them (variant 3) made it possible to obtain the maximum “spreading” of
chromosomes, a good spread on the surface and the absence of overlaps. Depending on the type of animals stud-
ied, the quality of the preparations obtained differed, and when using wet glasses, the percentage ratio in sheep
was 91.95 %, and in goats — 96.45 %. The factor for obtaining optimal quality chromosome preparations was
82.86 % (P < 0.001). Thus, the best results for the preparation of metaphase plates of optimal quality were when
applying the cell suspension to a wet surface.

Keywords: lymphocytes, cell culture, blood, sheep, goats, animals, chromosomes, cytogenetics, metaphase plates,
FISH (fluorescent hybridization).
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For mapping and comparative studies, the use of
FISH with probes has a number of advantages [1, 2].
This method is of no small importance for the identifi-
cation and determination of chromosome regions lead-
ing to various anomalies [3, 4]. New molecular meth-
ods for chromosome identification using fluorescent in
situ hybridization (FISH) with locus-specific probes
allow the detection of translocations in both humans
and animals. Obtaining chromosome preparations is
necessary for the subsequent in situ hybridization and,
therefore, special attention must be paid to this fact.

Chromosome data are successfully used in stud-
ies related to species relationships or interspecies rela-
tionships [5, 6]. The main goal of obtaining a suspen-
sion of dividing cells containing metaphase chromo-
somes is to prepare preparations with a large number
of well-arranged chromosomes [7—9]. The degree of
scatter of chromosomes on a glass slide is the main cri-
terion in the preparation of preparations. An import-
ant factor affecting the quality and quantity of mitot-

© Novgorodova I. P., 2023
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ic plates at the stage of pipetting the preparation is the
rate of evaporation, heating or cooling of the glass. At
this stage, the chromosomes can be washed from the
slides [10]. The metaphase arrangement of chromo-
somes in the optical field of the microscope and with-
out overlaps is considered ideal for research.

The objective of our study is to choose a method
for applying a suspension of chromosomes to glass
and obtaining the maximum number of straightened
metaphase plates.

MATERIAL AND METHODS

Blood sampling. The studies were carried out on
goats (n = 24) and sheep (n = 32) kept in the physio-
logical yard of Federal Research Center for Animal
Husbandry named after Academician L. K. Ernst. For
research, blood was preliminarily taken into dispos-
able tubes with heparin of the Vacuette vacuum sys-
tem (GreinerBio, Austria) before the morning feeding
of animals by puncturing the jugular vein. Blood sam-
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ples were left for 1.5—2 h at 4 °C, then centrifuged
for 10 min at 1000 rpm.

Obtaining a culture of lymphocyte cells. Two
hours after blood sampling, preparation for culturing
lymphocyte cells and sedimentation of blood cells with
fikol solution (Biolot, Russia) were carried out. Three
(3) ml of a suspension of lymphocytes were taken and
layered on ficol (in the amount of 1 ml). In the course
of experimental work, optimal conditions, concentra-
tions and solutions for cultivating and obtaining meta-
phase plates of sheep and goats were previously de-
termined [11]. The culture mixture consisted of 5 ml
of RPMI 1640 nutrient medium (PanEco, Russia), 50
ul of PHA and 55 pl of CoA, and 40 pl of gentamicin
(PanEco, Russia). After thorough mixing, 2 ml of a
suspension of lymphocytes was added to sterile flasks
and placed in a thermostat at a temperature of 37.4 °C
for 72 hours. Colchicine (80 ul) (PanEco, Russia) was
added to the culture mixture for 70 hours, then hypo-
tonic treatment (with distilled water) and fixation of
the cell suspension with Carnoy’s solution (3 : 1 meth-
anol and acetic acid (Khimmed, Russia).

Preparation of chromosome preparations. In our
studies, we considered 3 variants for applying a cell
suspension to glass. Variant 1: clean dry glass; Variant
2: clean, fat-free glass was held over the burner flame
until the liquid completely evaporated; Variant 3: clean
glasses were stored in a freezer (at —8 °C) in 70 % eth-
anol and rinsed in cold distilled water before use. In all
cases, the cell suspension was applied from a height
of 30—40 cm. After that, the preparations were dried
in air and, if necessary, the preparations were stained.

Identification of chromosomes. ldentification of
chromosome preparations was carried out in 20 meta-
phase plates on each slide and processed using the
VideoTest Karyo 3.1 program. The total number of
chromosomes was counted with a clear image on each
slide. Photography was carried out using the Altami 3M
Pix camera and the Altami BIO1 microscope (Russia),
images were processed using the AltamiStudio 3.4.0
software (magnification x100).

Statistical analysis. The obtained data were pro-
cessed using the SPSS Statistics 23.0 computer pro-
gram.

RESULTS AND DISCUSSION
The main objective of our experiment was to ap-
ply the suspension on slides under different conditions
(dry, hot and wet cooled) to obtain preparations used
for cytogenetic analysis of animals. The main condi-
tion for obtaining good and clear preparations of chro-
mosomes with the maximum number of cells is good
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placing on the glass, the minimum number of over-
laps and their maximum “spreading”. The application
of the cell suspension to glass during the preparation
of chromosome preparations is one of the important
steps. To this end, it is necessary to optimize the condi-
tions that control humidity and temperature. To deter-
mine the quality of chromosomes, the following crite-
ria were determined: incomplete set of chromosomes,
no scatter of chromosomes, multiple overlaps of chro-
mosomes, preparation with single overlaps, and meta-
phase plates of optimal quality (complete set of chro-
mosomes, good spreading and no overlaps).

It should be noted that in variant 1 (dry glass),
when applying the suspension to glass, it was not al-
ways possible to achieve the expected result. The for-
mation of white plaque in the form of an outline of a
dried drop was observed, the scatter of chromosomes
was limited, in some preparations there were multi-
ple fragments of metaphase plates, as well as an in-
sufficient number of metaphases (low mitotic index).

Pipetting the liquid in variant 2 (a suspension was
applied to the glass over the flame of a burner) was
sometimes accompanied by the effect of “folding”
drops (they gathered in the center of the drop). In this
case, as in other variants of cell culture application,
the slides were clean and fat-free.

The use of wet glasses (variant 3), kept in a freez-
er in 70 % ethanol until the cell suspension was ap-
plied to them, made it possible to achieve the best re-
sults in obtaining metaphase plates. At the same time,
the maximum “spreading” of chromosomes, their good
spread on the glass surface and the absence of over-
laps were observed (Fig. 1).

It is also worth noting that, depending on the type
of animals studied, the quality of the preparations ob-
tained also differed. So when using variant 1 (dry glass-
es), the optimal quality preparations in sheep amount-
ed to 15.07 %, in goats — 31.03 %; variant 2 (heating
over the burner flame) — 10.00 % and 6.06 %, and vari-
ant 3 (wet glasses) — 91.95 % and 96.45 %. When us-
ing hot glasses, the percentage of metaphase plates was
minimal in both sheep and goats, and they did not meet
preparations with an incomplete set. The use of wet
glasses excluded the occurrence of multiple overlaps.

Based on the results of the analysis of variance, re-
liable data were revealed depending on the glass types
used (P < 0.001). The strength of influence largely de-
pends on the factor of obtaining good quality drugs
(82.86 %). Pairwise comparisons were made of op-
timal chromosome acquisition and with minor over-
lap depending on the use of the glass types (Table 1).
Significant values were obtained using wet glasses for
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these studied traits (P < 0.05). The variation coefficient
of the quality of preparations depending on the method

used with optimal quality when using wet glasses was
12, with minor overlaps — 54.86 (Table 2).

Fig. 1. Preparations of chromosomes (X 100, immersion):

minor overlap of chromosomes in a sheep (4); multiple overlap of chromosomes in a goat (B); incomplete set of chromosomes
in a goat (C); incomplete spread of chromosomes in a sheep (D); preparation of metaphase chromosomes in a sheep (£);
preparation of chromosomes in a goat (F)
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Table 1
Paired comparisons of the quality of preparations depending on the method of obtaining glasses
95 % confidence interval
Quality Feature Dep'e Illjd' Mean difference

variap. min. max.

Dry Hot 228+ 1.64 1.29 5.85

Optimal Hot 12.75+1.82" 8.79 16.71
Wet

Dry 10.47 £1.26" 7.73 13.22

Hot 1.83+1.38 1.17 4.83
. . Dry

Optimal with Wet 2.58 = 1.06' 0.28 4.89

minor overlaps
Hot Wet 0.75+1.53 2.57 4.07

" P<0.05

The indicators of preparations, depending on the
method used, are presented in Table 2. The average val-
ues of glasses of optimal quality in goats were higher
(by 1.0), while the maximum values were almost the
same in both species.

In the course of an experiment aimed at improv-
ing the quality of chromosome preparations and de-
termining the optimal conditions for applying to glass,
it was found that the best results were obtained when
using wet cold glasses.

Table 2
Quality indicators of preparations depending on the method used
Quality Method Mean value Standard deviation
Dry 3.78 2.33
Optimal Hot 1.50 0.71
Wet 14.25 1.71
Dry 4.33 2.06
Optimal with minor Hot 250 071
overlaps
Wet 1.75 0.96

The simplest and fastest method used in obtain-
ing chromosome preparations for the analysis of ani-
mal karyotypes is the cultivation of blood cells (leu-
kocytes of peripheral blood). To obtain a large number
of metaphase plates, each stage of karyological analy-
sis is important, including fabric and glass preparation.
C. W. Shao et al. (2010) considered the need to devel-
op an effective method for preparing chromosomes for
cytogenetic studies [12].

The method of obtaining preparations of mitotic
chromosomes consists in applying a cell suspension to
the surface of glass slides, followed by drying in air.
The application of the cell suspension to glass during
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the preparation of chromosome preparations is one of
the important steps. Some researchers place the sus-
pension on a glass slide and allow the fixative to evap-
orate. After that, the chromosomes become immobile
and well fixed on the glass surface. Evaporation of the
fixative affects the quality of fixation of the cell sus-
pension and the arrangement of chromosomes on the
preparation. That is why it is necessary to optimize the
conditions that control humidity and temperature in or-
der to obtain good quality preparations.

Several modifications were made at the stage of ap-
plying the cell suspension to the slides: dry slides, hot
slides dried over a burner flame, and cold wet slides
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stored in 70 % ethanol in a freezer. When a drop of cell
suspension falls on glass, the cell or nuclear membranes
are destroyed and chromosomes are released. Drying
of the preparation ensures the attachment of chromo-
somes to the glass.

Chromosomes should be located in the same plane
rather freely from one another, be contrasting and
have clear contours. For karyotyping, it is necessary
to choose metaphase plates with a minimum number
of chromosome overlaps.

G. P. Di Meo et al. (2011), in comparative stud-
ies of sheep, cattle and buffalo gene maps using FISH
analysis and matching them to human chromosomes
(HSA2q, HSA3, HSA21 and HSA1q), used the meth-
od of applying cells to clean and damp slides, which
then dried and stored at —20 °C until in situ hybrid-
ization [13].

S. Tulegenov (2011) applied a suspension of fixed
cells to a cooled glass slide and then dried it over the
flame of an alcohol lamp to prepare a preparation of
chromosomes from Kazakh Archaromerinos sheep
[14]. The same protocol was used by A. [annuzzi et al.
(2013) during cytogenetic studies of sheep raised in
southern Italy and further FISH method [15].

To study the cytogenetic characteristics of Viziana-
garam sheep, 1. S. Kumar et al. (2014) placed a sus-
pension of chromosomes on previously cleaned and
air-dried glasses [16].

A. Karami et al. (2015) applied a cell suspension
to wet glass kept in alcohol to prepare preparations of
fish chromosomes. The maximum scatter of chromo-
somes was achieved by clockwise spiral rotation of
the glass [8].

G. Pandya et al. (2016) in the studies conducted
on buffaloes prepared preparations by air drying over
a burner flame. The cell suspension was applied to
wet glasses, then quickly passed over a burner flame
and stained [17].

In a cytogenetic study by V. Genualdoa et al. (2018)
of endangered pig breeds living in South America and
Italy, the cell suspension was applied to wet and warm
glass slides [18]. S. Albarella et al. (2019) performed
a cytogenetic analysis of sheep using a similar tech-
nique [19].

To conduct a genetic analysis of chromosomes in
Sanduro goats, G. Ciptadi et al. (2019) used the appli-
cation of culture cells on clean dry glasses [20].

In a comparative study of the cytogenetic profile
of large white Yorkshire crossbred pigs, V. Harshini et
al. (2019) applied a homogeneous cell suspension to
wet chilled slides. In this case, the glasses were held
at an angle of 45° [21].
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To detect chromosome aberrations, A. P. Amancio
etal. (2019) applied the cell suspension to a glass slide
over a water bath (temperature 60 °C). This made it
possible to obtain good quality preparations for cyto-
genetic studies in determining the causes of low repro-
ductive function of animals [22].

The quality of preparations is assessed taking into
account the isolation of metaphase plates from each
other, their integrity, clear coloration of chromosomes,
their average degree of condensation, sufficient spread
within the metaphase plate and a small number (1—2)
of mutual transverse overlaps.

Our studies indicate that a good scatter of chromo-
somes on the preparation was obtained using the fol-
lowing technique: applying a cell suspension from a
height of 40 cm to wet chilled slides stored in a freez-
er in 70 % ethanol, followed by drying the slides in
air. Using the method described above, the metaphase
plates were well distributed, allowing the identifica-
tion of chromosome sets and an optimal mitotic index
(10—15 metaphases on glass).

CONCLUSION

Thus, our studies indicate that the most effective
method of pipetting a homogeneous cell suspension
onto glass to obtain mitotic cells and visualize chromo-
somes was to use wet chilled glasses stored in a freez-
er in 70 % ethanol, followed by drying the glasses on
air. The main advantage of this method is the minimal
loss of chromosomes during the preparation of prepara-
tions, the increase in the percentage of metaphase plates
and the optimal spread of chromosomes on the slide.
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AHHoTanusl. B craree mpencraBieHbl pe3yinbrarthl d3GGEKTHBHOCTH IPUMEHEHHUs npenapara «XpoMakcy st
KOPPEKIIMH MeTabOoIMYeCcKOro cTaTyca y oBel ¢ ocreonucTpodueit. «XpoMakcy sSBISETCS HCTOYHHKOM XpOMa,
KOTOPBII HTpaeT BAXKHYIO POJIb B SHEPTETHIECCKOM 0OMEHE, B YaCTHOCTH, yYaCTBYET B KOHTPOJIE PELETITOPOB HH-
CyJHMHa U OOMEHE TIIIOKO3bI, SBISETCS aKTHBATOPOM OOMEHa OENKOB M (PEPMEHTOB, PEryIUPYIOIINX BEIPAOOTKY
9HEPIHH U3 YIIICBOIOB, XXHPOB U OENKOB. M cIbITaHHS MPOBOMIINCH HA OBLAX Ky4yT'YPOBCKOW MOPOJBI C KIIMHH-
YEeCKUMH NMPU3HAKAMHU HapYIICHUs] 0OMEHa BELIECTB — OCTEOAUCTPOodHs. B pesynbrare NpoBeJCHHBIX UCITBITA-
HUH, ¥ OBell ¢ ocTeonucTpodueil ObUIO yCTAHOBICHO KyITIMPOBAaHUE aHEMHH, YTO COIPOBOXKAAIOCH YBEITMYCHH-
eM COJiep)KaHHe FeMOINIOONHA U SPUTPOLIMTOB, ONITHMH3UPOBAHHE MUHEPAILHOTO OOMEHa, 32 CYET MOBBIIICHUE
COJleprKaHUsl KalbLUsl M YMEHBLICHHS KOJIMUeCTBA HeOpranmdeckoro gocdopa u ypoBH: menouHoi Gpocdarassbl.
Hopmanmuzanms cokpanienus pyona, pH pyOLoBoro coaepkumoro, od1ast KUCIOTHOCTD M MOABHKHOCTh HH]Y-
30pHH, YTO CBHICTEIHCTBOBAIO O BOCCTAHOBJICHHE €ro (DyHKIIMOHAIBHOTO COCTOSIHUS y OBell. TakuM 00paszoM,
npuMeHeHne «XpoMakcy B TedeHre 30 THEH B 103€ 5 T' Ha TOJIOBY NPUBENIO K CTAOMITH3aHMH METaO00IHMIEeCKOro
craryca (MHHEpaIhbHOTO 0OMEHA) Y OBEIl C OCTCONUCTPO(HEH.

KoaroueBble ciioBa: oBIa, METabOIM3M, OCTCOAUCTPO(HS, AlUI03, XPOM, pyoder

CoxpaHeHne MPOAYKTUBHOTO 370POBbS CEIIbCKO-
XO3SIICTBEHHBIX JKUBOTHBIX PEaM3yeTCs] B KOIMYe-
CTBE, KaueCTBE U OMOJIOTUYCCKOM MOIHOIEHHOCTHU
MPOIYKTOB KUBOTHOBOJACTBA. DTO OMpPENENseT KO-
HOMHUYECKYIO 3PPEKTUBHOCTD BEICHUS JKUBOTHOBO/I-
CTBa, OJaromoiyd4uie, 310pOBbE HACENEHUS U, B IIe-
JIOM, TIPOJIOBOJILCTBEHHYIO 0€30TaCHOCTh CTPaHBI.
310pOBbE M MPOYKTUBHOCTH OBEIl HEIIOCPEICTBEH-
HO CBSI3aHO C MHTCHCHUBHBIM TEUCHUEM IPOIIECCOB
oOMeHa BEIIeCTB M MO3TOMY INIABHBIMU KPUTEPUSIMU
OTICHKU COCTOSTHUS X 37IOPOBBS SIBIISIOTCS TTOKa3aTe-
JI FHTEHCUBHOCTH TTPOIIECCOB BCEX BUIOB OOMEHA Be-
IIECTB, BBISIBJICHHE PAHHUX TOKITMHAYECKUX (JOHO30-
JIOTUYECKHX ) HAPYIICHUH WX TEUEHUs, ONpe/IeICHIe
WCTUHHBIX IIPUYUH JJIs1 UX CBOCGBPEMEHHOT'0 YCTpaHe-
HUS U BOCCTAHOBJICHUS 310pOBbs [1—5, 7—10, 12].

Hapymenust oOMeHa BEmecTB y KUBOTHBIX —
OJTHA M3 OCTPEHIINX MPOOIIEM B COBPEMEHHOM JKHUBOT-
HOBOJICTBE MHOTHX CcTpaH. Hapymenus merabonusma

BBI3BIBAIOT CTPYKTYpPHbIC U3MECHEHHUSI BO BCEX Opra-
HaX U CUCTEMax U CHIDKAIOT CITIOCOOHOCTH K pean3a-
MUY CBOWCTBEHHBIX UM (DU3UOJIOTUICCKUX (DYHKIIHA.
J1J151 CBOEBPEMEHHOTO MPEAYTIPEIKICHNS ¥ yCTPAHCHUSI
paccTpOUCTB B OOMEHE BEIIECTB U 0OCCIICUCHHUS OTI-
TUMAaIIbHOTO METa0OIMYECKOTO CTATyCa U MPOTyKTHB-
HOTO 3/I0POBbS JKUBOTHBIX, HECOOXOIUM MOCTOSHHBIH
KOHTPOJIb 338 COCTOSTHUEM >KHBOTHOTO, NPOBEJICHUE
NpO(QUIAKTHYSCKUX, B CIydasX KIMHUYECKOTO MPO-
sBIeHUs1 — aucnancepusanus. Lupoxo pacmipocrpa-
HEHHBIM 3a00JIeBaHIEM HapyIIeHHsI 0OOMEHa BEIIECTB
Y MPOJAYKTHBHBIX KABOTHBIX SIBJISETCS OCTEOUCTPO-
¢us. Ilarorenes ocreonucTpouu CBSA3aH ¢ HApYIIIe-
HUEeM oOMeHa Kajblus U Gocdopa, U CIOKHBIM Me-
XaHU3MOM PEryJsIUU METa00IM3Ma ITUX DJIEMEHTOB,
B KOTOPOM BKHYIO POJIb HTpaeT Kalbimdepo, rop-
MOHBI IIIUTOBUIHON JKele3bl (MapaTHPEOUINH, Kallb-
IUTOHUH ), QYHKIIMOHAIBHBIE COCTOSHUE KUIICUHUKA,
MOYEK, MTEYCHH, U Psi APYrux daktopos. Hapymenne
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peryisiiun hochopHOro oOMeHa BiiedeT 3a co00it Ha-
pYIICHHE KalblMEeBOro W HaoOopoT. [Ipu ckapmiu-
BaHUU KHCJIBIX KOPMOB M M30BITOYHOM IMOCTYIICHUN
¢ kopmamu (ocdopa pa3BUBaeTcs alua03Has hopma
ocreoaucTpoduu. B 3TOM cityuae B KpOBH yBEIHYH-
Baercs conaepkanre nonos HPO,, uto conposokiaet-
Csl aIlMI030M ¥ TIOBBIIICHHEM TOPMOHAILHON aKTHB-
HOCTH NapaliuTOBUAHBIX xene3. [log BiusHUEM ma-
parropMoHa yMmeHbIIaercs peabcopoumst docdaTo
MMOYEYHBIMU KaHAIbIIAMU ¥ YBEINYUBACTCS BEIJIETIC-
HHUE UX ¢ MOYoH. [omMeocTas mogaepKuBaeTcs B 3TOM
ciyvae MmoOwim3anuel pocdaroB U3 KOCTHON TKaHU.
Opnnako BMecte ¢ pochopom M3 KOCTHOH TKaHU W3-
BJIEKAeTCS M KaJIbIHH, ColepsKaHne KOTOPOTO B KPO-
BH MOKET OKa3aThCsl BeChbMa BBICOKUM. [loy BiusHU-
€M Tapar-ropMoHa pa3pyIIatoTcs OCTEOIUTHI U OCTE0-
0J1aCTBl, ¥ YBETMUMBAETCS KOJIMYECTBO OCTEOKIIACTOB,
YTO BEJIET K pe30pOLIMH 1 IEMHHEPAIH3aIuU KOCTHOH
Tkanu [3, 10, 11].

CymiecTByeT MHOKECTBO JICUCOHO-TIPO(HIIaKTH-
YECKUX CPEJICTB, MPUMEHEHHE KOTOPHIX JTACT ITOJIOKH-
TeNbHBIN 3 (eKT B HOpMaTM3ai 0OMEHHBIX IIPOLec-
COB, OIHUM U3 KOTOPBIX SIBIISIETCS KOPMOBasi XpOMCO-
nepkamasi qodaBka «XpoMakcy. CocTtaB KOpPMOBOI
nmob6aBku «XpoMaxkcey: mpormonar xpoma 0,4—0,6 %,
pornMoHoBas kuciora 6omee 7,0 %, IPONMMICHTIIH-
koiib 0,1—0,5 % 1 HanoJHUTENb — OKCHJI KPEMHUS
10 100 %. Conepxanue xpoma He Mmeree 1000 mr/kr.
Xpom o0pazyet aMmpoTepHbIE COSTUHEHHUS, T. €. MOJKET
MIPOSIBIISITh KaK ILEJIOYHBIE, TAaK U KUCIOTHBIE CBOM-
crBa. Hanbonee ycTOHYMBBIMU TPUPOIHBIMU CUHTA-
toTCs (POPMBI TPEX U MIECTHBAJIEHTHOTO XpoMa. Torbko
TpexBaieHTHbIH xpoMm Cr™ mpencrasisieT coOoi He-
3aMEHUMBII 2JIEMEHT MU TAHUS OpTaHU3Ma JKHBOTHBIX
1 4esloBeKa, a mectuBajaeHTHeid Cr'® obmagaeT Tok-
CHUYECKUM JIeMCTBUEM. B yclloBHSIX cTpecca CTENeHb
ycBoeHHs Xxpoma magaet Ha S0—70 %; mpu HegocTar-
K€ MarHus U KallbIHs CTETICHb YCBOCHHS XpoMa IMpo-
MOPIIMOHANFHO cHIKaeTcs. Kaxmas monexyma dep-
MEHTA TTOJKEITYTOYHOM Kee3bl TPUIICHHA COICPIKUAT
OJIMH aTOM TPEXBAJIECHTHOTO XpoMa. DIEMEHT y4acT-
BYET B KUIIICYHOM IHUIIIEBAPCHUH, SIBJISSACH aKTHBHBIM
LEHTPOM TPHUIICHHA. BXOIUT B cOCTaB OpraHuuecKoro
KOMILUTeKca — ojuronentuaaxpomoxyand (LMWCr)
[14, 15, 18—21, 23, 24].

XPpOMOIYITHH — 3TO COCTaBHAs 4acTh OEIIKa ChI-
BOPOTKH KPOBH, KOTOPBIH MOJyYeH IMyTeM KOHKYPH-
PYIOLIEro BKJIFOYCHHUS B TpaHC(HEPUH BMECTO XKeJie3a
aroMa xpoma. XpoM, KaK aKTHBHAs 9aCTh XPOMOYJH-
Ha CBS3BIBACTCS C PEIENTOPAMH MTOBEPXHOCTH KIETOK
n oopazyet ATP rmpoToHOBYIO IToMITY, KOTOpasi Crioco0-
CTBYET MPOHUKHOBEHHIO BHYTPh KJIIETKH OOJBIIION 110

pasMepy MOJICKYJTbI HHCYJUHA. JTO MMPUBOIUT K CyIIIe-
CTBEHHOMY BO3PAaCTaHUIO YyBCTBUTEIHHOCTH KIIETOK
K JICHCTBHIO MHCYJIMHA U YCUJIMBAET MPOHUKHOBEHUE
[TIOKO3BI B KIIETKY. XpOM y4acTBYyeT B CHHTE3€ Oell-
koB, HakaruBaetcs B PHK kietkax neuenu, odecre-
YXUBACT PEryJIALINIO CUHTE3a ) KUPHBIX KHUCJIOT U XOJIC-
CTeprHa. YCWIIMBAET YTHIIN3AIINIO HEOEITKOBOTO a30Ta
B OpraHW3Me JKBa4HBIX U CHHTE3 UMMYHHBIX OEJIKOB,
MTO3UTHBHO BIUSIS HA UMMYHHBIE PEaKIINN )KHBOTHBIX
[6, 13, 22].

Beenenue 6MOIOCTYITHOTO XpOMa B PAIIMOH CEJlb-
CKOXO3SIMCTBEHHBIX JKUBOTHBIX, NITULBI U PAaCTylICIO
MOJIOZHSKA, CITOCcOOCTByeT Oosee 3pPeKTHBHOMY HC-
TTOJIb30BAHMIO YHEPTUM KOPMOB, BIIOCIIEICTBUH, YBE-
JIMYSHHIO ITPOTyKTUBHOCTH M ITPUBECOB, a TAKKE YITyd-
HICHHUIO TI0Ka3aresieil 370pOBbsi M BOCIPOU3BOJICTBA
[6,9, 14, 16, 17, 21—23].

Lemnpro Hamero uccie10BaHus SBUJIOCHh H3YUCHNE
BIUSTHUS TIperapara « XpoMakcy Ha MeTaOOoTIIe CKIi
CTaTyc y OBeIl C OCTeoancTpodueit.

MATEPHUAJIBI U METO/IbI
HUCCJUEJOBAHUSA

Pabota BrITIONIHEHA B YCIOBHSIX Kadeapsl Tepa-
muu ¥ papmakogorum, yaeOHO-HAYIHO-HUCCIEIOBA-
TEIHCKOTO IEHTPA KUBOTHOBOJICTBA (haKysIbTETa Be-
TEpUHAPHON MEIULMHBI U TEXHOJIOTHH KUBOTHOBOI-
cTBa BopoHexCcKoro rocynapcTBeHHOTO arpapHoOro
yHuBepcureTra uMenu umaneparopa Ilerpa Iu ®I'BHY
«Bcepoccuiickuii HayuHO-UCCIE0BaTEIbCKUN Be-
TepUHAPHBIA MHCTUTYT MATOJOTHH, (hapMaKoJIOTHH
U Teparvm.

Jnst mpoBeneHust oneita OblIa chopMupoBaHa
rpymrna oBell Ky4yrypoBcKoi mopossl (7 = 10) ¢ kinu-
HUYECKUMHU ITPU3HAKaMU HapylIeHHst 0OOMeHa BEIIECTB
(ocreomucTpodus), maccoir 30—35 Kr B Bo3pacTe
11—12 mecsueB. JKUBOTHbIE COAEPKAIUCH B THUIIO-
BBIX IIOMEIIEHUSIX BUBAPHS CKYYeHHO, 0€3 aKTUBHOTO
MouuoHa. Ha Bpems skcriepuMeHTa JKUBOTHBIE OBbLIH
TIOMEIIIEHBI B OTAETbHBIE ceKuu. Kopmienne ocyrie-
CTBIISJIOCH C IPIMEHEHNEM CHIIOCHO-KOMOBOTO U 0ap-
JITHOM THIIOB.

[TocTaHOBKY ArarHo3a OCYyIIECTBISLTH KOMILIEKC-
HO C yYeTOM JJaHHBIX aHAMHE3a, KIIMHUYECKON KapTh-
HBI U J1a0OPaTOPHBIX UCCIEOBAaHUHI KPOBH M pyOLIO-
BOTO cozepkumoro. B teuenue 30 cyTok B paryoH
OBIIaM (B CMECH C MIIEHUYHBIMU OTPYOsSMHU) exe-
JTHEBHO JTOOABISUTA 5 T Ha TOJIOBY KOPMOBOW H00aB-
ku «XpoMaxcy. EsxkeTHEBHO B X071€ OIIbITa 32 OBIIAMHU
Besin HaOmoneHust. KnmHnueckoe cocTosiHUE KUBOT-
HBIX OLIEHUBAIIH TI0 aIllIETUTY, YITUTAHHOCTH, aKTUBHO-
CTH, KBa4YK{ M YUCITy pyOIIOBBIX COKpAIIEHUH.
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Jiist n3yyenust oOMeHa BEIIECTB y OBELl HAMH ObUTH
MIpOaHaJIM3UPOBAHBl MOP(OIOrHUecKrue U ONOXUMU-
YeCKHe MOKa3aTeIr KPOBH OMBITHBIX JKUBOTHBIX 10
U TIOCTIe CKapMITUBAHUSI KOPMOBOW TOOABKH, COTJIAC-
HO METOJiaM, IpeJICTaBIeHHbIM B «MeTosbl BeTepu-
HapHOW KIMHUYECKOHW JTab0opaTOpHON THATHOCTHKH:
CrpaBounuk / oz pen. [Ipod. U. I1. Kongpaxuna. —
M.: Konoc, 2004. —520 c.». KonndecTBo 3puTpoIu-
TOB, JICHKOIIUTOB, TEMOTJIIOOMHA HAa TeMaToJIoThye-
ckoM ananmzarope «ABX Micros 60». Onpenenenne
TTIOKO361, ACAT, AITAT, XOJI€CTEPHH, MOUYCBHHBI TIPO-
BOJMJIM XUMHUYECKUM METO/IOM C IIOMOIIBIO HA0OpOB
Vital-nuarnoctuxk Ha criektpodoromerpe 119-5300B,
KaJblMs U Heoprannieckoro ¢pocdopa Ha OUOXUMU-
yeckoM aHanu3arope HumaStar 600, oOmuii Gerrok
¢ nomonipio pedpakromerpa RHC-200/ATC, COD-
meTozioM 110 [TaH4ueHKOBY.

PyOnoBoe conep’umMoe mosryqain METOJ0M 30H-
aupoBaHust. [ oueHKH GU3NUECKUX 1 XUMUYECKUX
CBOMCTB pyOI[OBOTO MHUIIEBAPEHUsI OTOMPATU COACP-
KHMOE pyOl1a, OTIBITHBIX )KUBOTHBIX, B 00beMe 100 Mt
JUTSL KaXXJIOW MPOOBI JI0 M TI0CJe CKapMJIMBAaHUS W3-
yqaeMoil KopMOBO# 100aBKkH. OIEHHBAIH I[BET CO-
JEePKUMOTro0, 3amax, KOHCHCTEHIMIO — OpraHoJIel-
tuaecku, pH-merpom pH-150MU, oburyro kucnot-
HOCTb — TUTPOBaHUEM ¢ TToMoIIbI0 1 % cnupToBOTrO

pactBopa ¢enondranenna u 0,1 H. pacTBOpoMm el
KOTO HaTpa, aKTUBHOCTBH PyOLIOBOH MUKPOQIOPHI 110
Hupkceny u Xodpupeky, MUKPOCKOIINEH Ompeaessuii
pasMep U HOABUKHOCTb HH(Y30PHI.

PE3VJIBTATHI UCCJIEJTOBAHUM
U OBCYXKJIEHUA

'V oBell ONBITHOM I'PYyIIIbI OTMEYAIOCH YTHETEHUE
(amaTust), CHMKEHUE W M3BpAIleHHE allleTHTa, CKpe-
KeTaHue 3y0aMH, yIIUTAHHOCTb Y OBJICTBOPUTEIIbHAS,
AJIOTICLIMU Ha OTAEIbHBIX yYacTKax Teja, IEPCTHBIHI
MIOKPOB MaTOBBIH, HEITPOU3BOJIbHBIE COKPAILICHUS OT-
JeNTBHBIX TPYIIIT MBILIL, TUIOTOHHS pyOna (1—2 cokp.
3a 2 MUH. ), HaOJTI0/1aI0Ch 3aMe/IJIEHNE KBaIKH, COKpa-
IICHUE KOJIMYECTBA KBAYHBIX IEPUOJIOB U TIOSBICHNE
moHoca (KOHCHCTEHITHSI KaJIOBBIX Macc — 1,2 Gaya).
Jlo ckapMimBaHHS KOPMOBOU 100aBKH «XpoMakcy
HEKOTOpbIE MOKA3aTeIH KPOBU OMBITHBIX >KUBOTHBIX
MMEJY OTKJIOHEHUSI OT (PM3HOJIOTHUECKHX IpaHull. Taxk,
y oBell ¢ ocTeoaucTpodueli copepikanne reMorioou-
Ha 1 3PUTPOIMTOB HAXOAMIOCH HA HHYKHHUX I'PaHUIaX
pedepeHCHBIX 3HaYE€HHMH, YTO yKa3bIBAa€T Ha BO3MOX-
HOE€ Pa3BUTHE TMIIOXPOMHOW aHEMUH JIETKOW CTere-
HH, KOJTUYECTBO JIEHKOIUTOB ObLI0 HIMKE Ha 27,4 %,
COD y oBer 10 ckapmiuBaHus «XpoMakc» Haxoau-
JI0Ch B Tipezienax GU3HOIOrHYeCcKUX Ipanul] (taom. 1).

Taoauna 1
T'emamonozuueckue nokazamenu Kposu ogey 00 u nocie npumenenus «XpoMaxcy

TMoxasaremn O e — [Mocne npumenenust PedepencHble 3HaYCHUS

P penap npenapara Ha 30 qeHb (mo U. I1. Konppaxuny)
T'emornoOuH, /1 78,8 £2,2 111,2+£23 79—119
OputpouuTsl, 10'%/1 6,7+1,5 9,6 £14 7,0—12,0
JleiikoruTer, 10%/1 4,7+0,7 7,5+0,8 6,0—14,0
COD, MmM/gac 0,62 + 0,25 0,85+ 0,27 0,5—1,5

[Ipu aHanM3e OMOXUMHYECKHX TIOKa3aTenen Kpo-
BU y OBEIl C OCTEONUCTPOUCH BBISIBICHO MOBBIIICH-
HOE B 2,6 pa3a CoepKaHUE HEOPTaHUYECKOTO (oc-
(hopa u noHmwkeHHoe Ha 22,6 % KOJIMYECTBO KaJIbLIUS
(Tabm. 2). BeisBiieHHOE HapyIIeHUE KalbIneBO-hoC-
(hopHOTO OTHOMICHUST 0OYCIOBIEHO AaHTAarOHUCTHUYE-
CKHUM CBOMCTBOM (pocopa — MpemsiTCTBOBaTh Bca-
CBIBAaHUIO KaJIbIIHsL.

VY oBer| ¢ HapyILIeHHEM MUHEPAILHOTO 0OMEHa OT-
MEUEHO MOBBINIEHHE (PEePMEHTATHUBHON aKTHBHOCTHU
AcAT na 39,3 % u AnAT va 42,5 %. YmepeHnHoe paz-
BUTHE CHH/IPOMA ITUTOJTH3a, KOTOPBIN XapaKTepH3yeTcs
TIOBBIIIIEHHON IPOHUIIAEMOCTHEO KIIETOYHBIX MEMOpaH

rernarolyTOB WIK UX pa3pyLICHHEM, IOATBEPIKIAIO
HapyleHne (yHKIHOHAIBHOTO COCTOSHUS MICYSHH.

J1o ckapmiIrBaHUsI KOPMOBO#! 100aBKH «XpoMakcy
npoOBl pyOIIOBOTO CONEPKUMOTO XapaKTepHu30Ba-
JIMCh KOPUYHEBO-OypPBIM LIBETOM, KUCJIBIM, THUJIOCT-
HBIM 3aI1aXOM, C HaJIM4MeM IpuMecH Kopma (Taou. 3).
Otmeueno nonmxkenne pH Ha 18,2 %, moBsieHue 00-
mer kucinorHoctu Ha 20,7 %, 1 HU3Kasg aKTHBHOCTD
MHUKPOOPraHU3MOB pyOlia, npeobiananue UHQY30-
pUi MEJIKHUX U CPEIHUX Pa3MEPOB, C IOHUKEHHOM 110-
JBMKHOCTBIO, UTO yKa3bIBaeT HA HapylLleHue pyouo-
BOTO INHUIIEBAPEHUSI U PAa3BUTHE allMJO3HOH (OPMBI
OCTEOIUCTPOPHH.
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Oxonuyanue Ta0J1. 3

Taonuna 2
Buoxumuyeckue noxazamenu kposu ogey 0o u nocie ckapmausanus «XpoMaxcy
TMokasaten Jlo npHMeHeHNs Mpenapara ITocne npumeHeHus Pedepencurpie 3HaUCHUS
npemnapata Ha 30 qeHb (mo 1. T1. Kongpaxuny)

OO0mmii 6enoK, /1 69,5+22 74,9 £ 3,4 65—75
I'mroxo03a, MOIB/I 2,0+04 3,2+0,5 2,2—33
XomecteprH, MMOJIB/JT 1,63 £0,20 1,35+0,23 1,56—3.36
MoueBrHa, MMOJIB/JT 3,40 +£0,30 3,32+ 0,36 3,3—5,8
Ca, MMOJIB/1I 2,09+0,13 2,90+0,16 2,50—3,13
P, MMOJIB/IT 4,53 +£2.23 1,79 £ 1,13 1,45—1.,84
Ca/P 1:2 29:1,8 2:1
HI®, 06.%CO, 0,85+0,01 0,45+ 0,02 0,4—0,8
AcAT, MM/n-a 2,09 + 0,04 0,49 + 0,06 0,4—1,5
AnAT, MM/1-a 1,14 £ 0,053 0,54 + 0,03 0,3—0,8

[locne mpuMeHeHHs mpenapaTa y OBel ObUIH OT-
MeueHBbI CIIeTyIOIIIe H3MEHEHHUS: HOpMaJIn30Bajcs al-
METUT U KBayKa, MOBBICHIIACH YITUTAHHOCTh, HIEPCT-
HBIM TIOKPOB MPHOOpPET paBHOMEPHBIH U OJIeCTAINN
BHJI. Y KUBOTHBIX YCTAaHOBJICHO yBEIMYCHHE CONIEP-
KaHue TeMonIo0nHa 1 SpuTpounToB Ha 39,4 1 43,2 %
COOTBETCTBEHHO, JISHKOLMTOB Ha 37,3 %, INIFOKO3bI Ha
37,5 %, CHIKEHHUE KOJTMYECTBA HEOPraHUIECKOTO (hoc-
(dopa B 2,5 pa3a, TOCTUTHYB TEM CaMbIM PeEPEHCHBIX
3HaYCHUH, YpOBH meiaodHon hocdarassl B 1,9 pasa,
MOBBIIIEHUE KOHUEHTpauu Kaublus Ha 32,6 %, uto
CII0COOCTBOBAJIO HOPMAITU3AIMH KabIeBO-(pochop-
Horo oTHoweHus (Tadin. 2). B pesynsrare npumene-
Hus «XpoMakcy» oTMedeHo cHIkeHue ypoBHS AcAT
u AAT B 4,3 u 2,1 paza COOTBETCTBEHHO, YTO YKa3bl-
BaJIO HA ONITUMU3AIHIO ()YHKIIMOHATIFHOTO COCTOSHUS
redeHu. Bo Bpems mpoBeeHus MccaeI0BaHuiA MOKa-

3arenu oouiero Oenka, XoJecTeprHa U MOYEBUHBI Ha-
XOJIMITHCH B TIpejiesiax pedepeHCHbIX 3HAUYCHNH.
AHaM3UPYsI OTYYCHHBIC PE3YJbTaThl, CAUTACM,
9TO KOpMOBas qobaBka «XpoMakcy, ¢ JeHCTBYIOIINM
BEILIECTBOM B BHJIE XPOMA, Yepe3 CTUMYJISILIUIO SHEepre-
THYECKOIo 0OMeHa MOBBIILAET OMOIOTHYECKYIO TOCTYTI-
HOCTD KaJIbIIUS, OKA3bIBAsl TEM CaMbBIM MOJIOKUTETBHBIH
TepaneBTUIECKU YPPEKT Ha METAOOINIECKHI CTaTyC
OBeI] ¢ OCTEOMUCTPOdHEHi, UTO coracyeTcs ¢ JIuTepa-
TypHBIME AaHHBIME [1, 4, 18, 20, 21]. Ha 30-ii nens
MIPUMEHEHUs] KOPMOBO# 100aBku «XpoMakey» (huzu-
YeCcKHe U XUMHUYECKHUE TIOKa3aTeIl PyOII0BOTO MUILe-
BapeHUs] JOCTUIIIN (PU3MOIOTHUECKUX TapaMeTpOB.
BoccraHoBiieHa COKpaTHTENbHAS CIIOCOOHOCTH pyOIia,
COZIEPKHMMOE €10 y OBEll CTaJI0 OypO-3€JIeHBIM LIBETOM,
KalIuIeo0pa3HOH KOHCUCTEHIINH, KUCIIOBATO-IIPSTHBIM
3a1axoM, ¢ MPUMEChIO YacTHIl KopMma (Tali. 3).

Taoauna 3

DusuKo-xumuyeckue ceolicmea pyoyo6o2o cooepiIcumozo osey 00 u nocie npumernenus «XpoMarxcy

MHUKPO]IOPHI, MUH

1 2 3 4
3amax Kucnbrif, rHUTOCTHBII Kucnosaro-npsHsIii Kucnosaro-npsHslii
IIpumecu Kopm Kopm YacTuusl KopMa
pH 5,5+0,18 6,9 £0,32 6,5—7,2
OO011ast KUCIOTHOCTD B €11. 11,1 4134 724231 0.6-9.2
TUTpa
AKTHBHOCTB pyOLIOBOH -3 -3 3

OtMmedeHo moBhIIIeHne pH pyOI10BOTO COMEpIKu-
Moro Ha 25,5 %, camkenue Ha 35,1 % o01ei KucioT-
HOCTH, YBEJIMYCHHE B 2 pa3a MOABMIKHOCTUA UH(Y30-

puii ¢ mpeodIagaHueM KpyIHbBIX Gopm (Tadm. 4), 910
YKa3bIBAJIO Ha HOPMATH3AIHNIO (HYHKIIUOHAIEHOTO CO-
CTOsIHUS pyOIia y OBell.

Taoauma 4

Muxpockonusi pyoy06020 codepaicumozo osey 00 u nocie npumenerus «XxpoMaxcy

ITokazarenu Mo npumeHenus npenapara

Tlocne npumenenus
npenapara Ha 30 1eHb

Pedepencubie 3HaUCHUS
(mo 1. I1. Kongpaxumy)

ITocne npumMenenus

PedepeHncHbie 3HAYCHNUS

pyOra 3a 2 MuH.

HMoxazaresm Ao npuMeHeHHA npenapara npemapara Ha 30 J1eHb (o W. T1. Konngpaxuny)
1 2 3 4
KonunyecTBo coxpaieHuit 20401 65402 6

et Kopuuneso-0ypsrit Bypo-3enenslit Bypo-3enensiit
Koncucrennus KammneoOpasnas Kammneo0pasnas KammneoOpasnas
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Pasmep undyzopuit Menkue u cpeHue Cpenuue u KpymHbIe Kpynusie
[MoxBmxHOCTH HHDY30PHH,
2,5+0,23 4,8 +£0,26 5
OaJhI
SAKJIIOUYEHHUE KOpoB 4yepHo-mecTpoii moponsl / E. M. Kucnskosa,

Takum 00pa3zom, MpUMEHEHHE KOPMOBOH J100aBKH
«XpoMakc» conmpoBOKIATIOCh YBEITMUEHUEM COJIEP-
JKaHMe TeMOTTO0OWHA U SPUTPOLUTOB, HOPMaJIH3AI[H-
eil MUHepaJIbHOTO 0OMEHa, BOCCTAHOBIICHUEM (DYHK-
HOHAJIBHOTO COCTOSIHUSI pyOLa, 00y CIOBICHHOE HOP-
Mall3aluen ero cokpaienuii, pH — cogep:xumoro,
o01Iel KUCTIOTHOCTH U MOJIBUKHOCTH HH(Y30pHHL.
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Abstract. The article presents the results of the efficacy of the use of the drug “ChroMax” for the correction of
the metabolic status in sheep with osteodystrophy. “ChroMax” is a source of chromium, which plays an import-
ant role in energy metabolism, in particular, is involved in the control of insulin receptors and glucose metabo-
lism, is an activator of protein metabolism and enzymes that regulate energy production from carbohydrates, fats
and proteins. The tests were carried out on sheep of the Kuchugurov breed with clinical signs of metabolic disor-
ders — osteodystrophy. As a result of the tests, in sheep with osteodystrophy, anemia relief was found, which was
accompanied by an increase in the content of hemoglobin and erythrocytes, optimization of mineral metabolism,
by increasing the calcium content and reducing the amount of inorganic phosphorus and the level of alkaline phos-
phatase. Normalization of rumen contraction, pH of rumen content, general acidity and mobility of ciliates, which
indicated the restoration of its functional state in sheep. Thus, the use of “ChroMax” for 30 days at a dose of 5 g
per animal led to the stabilization of the metabolic status (mineral metabolism) in sheep with osteodystrophy.
Keywords: sheep, metabolism, osteodystrophy, acidosis, chromium, rumen

INTRODUCTION

Preservation of the productive health of farm an-
imals is realized in the quantity, quality and biologi-
cal full-value of livestock products. This determines
the economic efficacy of animal husbandry, well-be-
ing, health of the population and, in general, the food
security of the country. The health and productivity
of sheep is directly related to the intensive course of
metabolic processes, and therefore the main criteria
for assessing the state of their health are indicators of
the intensity of processes of all types of metabolism,
the identification of early preclinical (donosological)
disorders of their course, the determination of the true
causes for their temporary elimination and restoration
of health [1—5, 7—10, 12].

Metabolic disorders in animals are one of the most
acute problems in modern animal husbandry in many
countries. Metabolic disorders cause structural changes
in all organs and systems and reduce the ability to im-
plement their physiological functions. For the timely
prevention and elimination of disorders in the metab-

olism and ensuring the optimal metabolic status and
productive health of animals, constant monitoring of
the animal’s state is necessary, as well as prophylac-
tic, in cases of clinical manifestation, medical exam-
ination. Osteodystrophy is a widespread metabolic
disorder in productive animals. The pathogenesis of
osteodystrophy is associated with impaired calcium
and phosphorus metabolism, and a complex mecha-
nism for regulating the metabolism of these elements,
in which calciferol, thyroid hormones (parathyroidin,
calcitonin), the functional state of the intestines, kid-
neys, liver and a number of other factors play an im-
portant role. Violation of the regulation of phosphorus
metabolism entails a violation of calcium and vice ver-
sa. When feeding acidic feeds and excessive intake of
phosphorus with feeds, an acidic form of osteodystro-
phy develops. In this case, the content of HPO, ions in
the blood increases, which is accompanied by acidosis
and an increase in the hormonal activity of the parathy-
roid glands. Under the effect of parathyroid hormone,
the reabsorption of phosphates by the renal tubules
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decreases and their excretion in the urine increases.
Homeostasis is maintained in this case by the mobili-
zation of phosphates from bone tissue. However, to-
gether with phosphorus, calcium is also extracted from
the bone tissue, the content of which in the blood can
be very high. Under the effect of parathyroid hormone,
osteocytes and osteoblasts are destroyed, and the num-
ber of osteoclasts increases, which leads to resorption
and demineralization of bone tissue [3, 10, 11].

There are many therapeutic and prophylactic
agents, the use of which has a positive effect on the nor-
malization of metabolic processes, one of which is the
chromium-containing feed additive “ChroMax”. The
composition of the feed additive “ChroMax’’: chromi-
um propionate 0.4—0.6 %, propionic acid more than
7.0 %, propylene glycol 0.1—0.5 % and filler — sil-
icon oxide up to 100 %. The content of chromium is
not less than 1000 mg/kg. Chromium forms ampho-
teric compounds, i. e. can exhibit both alkaline and
acidic properties. The most stable natural forms are
considered to be trivalent and hexavalent chromium.
Only trivalent chromium Cr* is an indispensable el-
ement in the nutrition of the organism of animals and
humans, and hexavalent Cr*® has a toxic effect. Under
stress, the degree of absorption of chromium drops
by 50—70 %; with a lack of magnesium and calcium,
the degree of absorption of chromium decreases pro-
portionally. Each molecule of the pancreatic enzyme
trypsin contains one trivalent chromium atom. The
element is involved in intestinal digestion, being the
active center of trypsin. Included in the organic com-
plex — oligopeptide chromodulin (LMWCr) [14, 15,
18—21, 23, 24].

Chromodulin is a component of the blood serum
protein, which is obtained by competing incorpora-
tion of a chromium atom into transferrin instead of
iron. Chromium, as the active part of chromodulin,
binds to cell surface receptors and forms an ATP pro-
ton pump, which facilitates the penetration of a large
insulin molecule into the cell. This leads to a signifi-
cant increase in the sensitivity of cells to the action of
insulin and enhances the penetration of glucose into
the cell. Chromium is involved in the synthesis of pro-
teins, accumulates in RNA cells of the liver, and reg-
ulates the synthesis of fatty acids and cholesterol. It
enhances the utilization of non-protein nitrogen in the
body of ruminants and the synthesis of immune pro-
teins, positively affecting the immune responses of an-
imals [6, 13, 22].

The introduction of bioavailable chromium into the
diet of farm animals, poultry and rearing young ani-
mals contributes to a more efficient use of feed energy,
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subsequently, an increase in productivity and weight
gain, as well as an improvement in health and repro-
duction indicators [6, 9, 14, 16, 17, 21—23].

The objective of our research was to study the ef-
fect of “ChroMax” on the metabolic status of sheep
with osteodystrophy.

MATERIAL AND METHODS

The work was carried out in the conditions of
the Department of Therapy and Pharmacology of
the Educational and Research Center for Animal
Husbandry of the Faculty of Veterinary Medicine and
Livestock Technology of Voronezh State Agricultural
University named after Emperor Peter the Great and
FSBSI “All-Russian Veterinary Research Institute of
Pathology, Pharmacology and Therapy”.

For the experiment, a group of sheep of the
Kuchugurov breed (r» = 10) with clinical signs of meta-
bolic disorders (osteodystrophy), weighing 30—35 kg
at the age of 11—12 months, was formed. The animals
were kept crowded in standard vivarium rooms without
active exercise. For the duration of the experiment, the
animals were placed in separate sections. Feeding was
carried out with the use of a silage-pulp type.

The diagnosis was made in a complex manner, tak-
ing into account the history, clinical picture and labora-
tory tests of blood and rumen contents. For 30 days, 5 g
of the feed additive “ChroMax” per animal was add-
ed to the diet of sheep (mixed with wheat bran) daily.
Every day during the experiment, the sheep were ob-
served. The clinical state of the animals was assessed
by appetite, fatness, activity, cud and the number of
rumen contractions.

To study the metabolism in sheep, we analyzed
the morphological and biochemical blood indica-
tors of experimental animals before and after feed-
ing the feed additive, according to the methods
presented in the “Methods of Veterinary Clinical
Laboratory Diagnostics: Handbook / ed. by Prof.
I. P. Kondrakhin. — M.: Kolos, 2004. —520 p.”. The
number of erythrocytes, leukocytes, hemoglobin —
on the hematological analyzer “ABX Micros 60”. The
determination of glucose, AST, ALT, cholesterol, urea
was carried out by a chemical method using Vital di-
agnostic kits on the PE-5300V spectrophotometer, cal-
cium and inorganic phosphorus — on the HumaStar
600 biochemical analyzer, total protein — using the
RHC-200/ATC refractometer, ESR-method accord-
ing to Panchenkov.

Rumen contents were obtained by probing. To as-
sess the physical and chemical properties of rumen di-
gestion, the rumen contents of the experimental ani-
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mals were taken in a volume of 100 ml for each sam-
ple before and after feeding the studied feed additive.
The color of the contents, smell, texture were assessed
organoleptically, with a pH meter pH-150MI, total
acidity — by titration with a 1 % alcohol solution of
phenolphthalein and 0.1 N. sodium hydroxide solu-
tion, the activity of rumen microflora — according to
Dirksen and Hofirek, microscopy determined the size
and mobility of ciliates.

STUDY RESULTS AND DISCUSSION

In the sheep of the experimental group, depres-
sion (apathy), a decrease and perversion of appetite,
gnashing of teeth, satisfactory fatness, alopecia in cer-

tain parts of the body, dull coat, involuntary contrac-
tions of individual muscle groups, rumen hypotension
(1—2 contr. for 2 min.), there was a slowdown in cud,
areduction in the number of cud periods, diarrhea (the
consistency of feces was 1.2 points). Before feeding
the feed additive “ChroMax”, some blood indicators
of the experimental animals had deviations from the
physiological limits. So in sheep with osteodystrophy,
the content of hemoglobin and erythrocytes was at the
lower limits of the reference values, which indicated
the possible development of mild hypochromic ane-
mia, the number of leukocytes was lower by 27.4 %,
ESR in sheep before feeding “ChroMax” was within
the physiological limits (Table 1).

Hematological blood indicators of sheep before and after “ChroMax” application e
Indictors Beforeusing the drug | 1T 97 e drug on day | Reference values (aord
Hemoglobin, g/L 78.8+2.2 111.2+23 79—119
Erythrocytes,10'%/L 6.7+1.5 9.6+t14 7.0—12.0
Leukocytes, 10°/L 4.7+0.7 7.5+0.8 6.0—14.0
ESR, mm/h 0.62 £0.25 0.85+0.27 0.5—1.5

When analyzing the biochemical blood indicators
of sheep with osteodystrophy, a 2.6-fold increase in
the content of inorganic phosphorus and a 22.6 % de-
crease in the amount of calcium were revealed (Table
2). The revealed violation of the calcium-phosphorus
ratio is due to the antagonistic property of phospho-
rus — to prevent the absorption of calcium.

In sheep with impaired mineral metabolism, an
increase in the enzymatic activity of AST by 39.3 %
and ALT by 42.5 % was noted. Moderate development
of cytolysis syndrome, which is characterized by in-
creased permeability of hepatocyte cell membranes or
their destruction, confirmed the violation of the func-

tional state of the liver.

Biochemical blood indicators of sheep before and after feeding “ChroMax” e
idicators Before using the drug | 17 V918 e drg ondey | Refernce alue accord
1 2 3 4
Total protein, g/L 69.5+2.2 74.9+3.4 65—75
Glucose, mol/L 20+£04 32+0.5 22—33
Cholesterol, mmol/L 1.63 +0.20 1.35+0.23 1.56—3.36
Urea, mmol/L 3.40+0.30 3.32+0.36 33—5.8
Ca, mmol/L 2.09+0.13 290+0.16 2.50—3.13
P, mmol/L 4.53+2.23 1.79+1.13 1.45—1.84
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Table 2 (the end)

1 2 3 4
Ca/P 1:2 29:1.8 2:1
ALP, vol.% CO, 0.85+0.01 0.45+0.02 0.4—0.8
AST, mM/L-h 2.09 +£0.04 0.49 +£0.06 04—1.5
ALT, mM/L-h 1.14+0.053 0.54+0.03 0.3—0,8

Before feeding the feed additive “ChroMax”, the
samples of rumen contents were characterized by a
chestnut-brown color, sour, putrid smell, with the pres-
ence of feed impurities (Table 3). There was a decrease
in pH by 18.2 %, an increase in total acidity by 20.7 %,
and a low activity of ruminal microorganisms, the pre-
dominance of small and medium-sized ciliates with re-
duced mobility, which indicates a violation of rumi-
nal digestion and the development of acidosis form of
osteodystrophy.

After the application of the drug in sheep, the fol-
lowing changes were noted: appetite and cud returned
to normal, fatness increased, the coat acquired a uni-
form and shiny appearance. In animals, an increase in
the content of hemoglobin and erythrocytes by 39.4
and 43.2 %, respectively, leukocytes — by 37.3 %,
glucose — by 37.5 %, a decrease in the amount of in-
organic phosphorus by 2.5 times, thereby reaching the
reference values, the level of alkaline phosphatase —
by 1.9 times, an increase in calcium concentration by
32.6 %, which contributed to the normalization of

the calcium-phosphorus ratio (Table 2). As a result of
the use of “ChroMax”, a decrease in the level of AST
and ALT by 4.3 and 2.1 times, respectively, was not-
ed, which indicated the optimization of the function-
al state of the liver. During the studies, the indicators
of total protein, cholesterol and urea were within the
reference values.

Analyzing the obtained results, we believe that the
feed additive “ChroMax”, with the active substance in
the form of chromium, through the stimulation of en-
ergy metabolism, increases the biological availabili-
ty of calcium, thereby providing a positive therapeu-
tic effect on the metabolic status of sheep with osteo-
dystrophy, which is consistent with the literature data
[1,4,18,20,21].

On the thirtieth day of using the feed additive
“ChroMax”, the physical and chemical indicators of
ruminal digestion reached physiological parameters.
The contractility of the rumen was restored, its contents
in sheep became brown-green, mushy, with sour-spicy
smell, with an admixture of feed particles (Table 3).

Table 3
Physical and chemical properties of the rumen contents of sheep before and after “ChroMax” application
. . After using the drug on day | Reference values (accord-
Indicators Before using the drug 30 ing to I. P. Kondrakhin)
Number of rumen contrac- 20401 65400 6
tions for 2 minutes.
Color Chestnut-brown Brown-green Brown-green
Consistency Mushy Mushy Mushy
Smell Sour, putrid Sour-spicy Sour-spicy
Impurities Feed Feed Feed particles
pH 55+0.18 6.9+0.32 6.5—7.2
Total acidity in units. of titre 11.1+1.34 7.2+231 0.6—9.2
ACth'I'[y of rumen microflo- -3 <3 3
ra, min
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There were noted an increase in the pH of the ru-
men content by 25.5 %, a decrease in the total acidity
by 35.1 %, a 2-fold increase in the mobility of ciliates

with a predominance of large forms (Table 4), which
indicated the normalization of the functional state of
the rumen in sheep.

Table 4
Microscopy of rumen contents of sheep before and after “ChroMax” application
. . After using the drug on day | Reference values (accord-
Indicators Before using the drug 30 ing to I P. Kondrakhin)
Size of ciliates Small and medium Small and medium Large
Mobility of ciliates, points 2.5+0.23 4.8+0.26 5
CONCLUSION 7. Lopatin V. T. Comparative therapeutic efficacy of

Thus, the use of the feed additive “ChroMax” was
accompanied by an increase in the content of hemoglo-
bin and erythrocytes, normalization of mineral metab-
olism, restoration of the functional state of the rumen,
due to the normalization of its contractions, pH of its
content, total acidity and mobility of ciliates.
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NPUMEHEHUE BUTAMUHA E B KOMILIEKCHOM
TEPAIIUU 3ABOJIEBAHUM )KUBOTHBIX U YEJIOBEKA
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Annoranusi. Butamun E — dusnonorndecknit antnokcunant. CHHTETHUECKH TTOJTydaeMblii BUTAMUH SIBIISICTCS
CMechio 8 cTepeon3oMepoB (anbda-, bera-, ramMmma-, IeNbTa-TOKO(EpoIIoB U ainbda-, beTa-, raMMa-, IeIbTa-TOKO-
TPHUEHOJIOB), OJJHAKO HanOONBIINKM MHTEpeC mpeacTasiseT npupoaabiii RRR-anbga-Tokodeporn, obnagarommii
Oosee BBICOKOH akTUBHOCTEIO [ 1, 2]. Llenms 0630pa — 0000IIUTE OTIBIT MPUMEHEHUS alb(ha-ToOKO(epora Kak MOIII-
HOTO QHTHOKCHJIAaHTA C HU3KOH TOKCHYHOCTBIO IS JISUCHHS M TPOGHIIAKTUKHI PA3IMYHbIX 3a00seBanui. MHoro-
YHCIIEHHbIE NCCIICIOBAHMS JI0Ka3all, YTO OKCHAAHTHBINM CTPECcC UTPAaeT BXKHYIO POJIb B ITATOT€HE3¢ MHOTHX 3a-
OoJieBaHU, TPUBOJUT K MCTOIICHUIO aHTHOKCHAAHTHBIX CUCTEM U HAaKOIUICHUIO TPOYKTOB IEPEKHCHOTO OKHC-
JCHUS JTUNUAO0B. B CBS3M ¢ 3TUM OompaBaaHO NMPUMEHEHHE AaHTHOKCHIAHTOB B KIMHUYECKOW IPAKTHKE.
[Ipenapars! BuTamMuHa E mMpoko MpUMEHSIOTCS B MEIUIMHE U BeTeprHapuu. [IoHnManne nx MexaHn3ma Jieu-
CTBUS M 0COOCHHOCTEH MeTab0IM3Ma He0OX0MMO JIJTS IOy YCHHSI XKENAeMOT0 TepareBTHIeckoro addexra u rmpe-
OTBpAILCHHS Pa3BUTHS HEXesaTeIbHbIX 3 (dexToB. JlokazaHa adpdexTuBHOCTS anbda-Tokodepora npu HapyIIe-
HUH CTIepMaToreHe3a U OBOTCHE3a, XPOHUUECKOHW MOYEYHOH HEAOCTATOYHOCTH, He(poIuTHa3e, OPOHXHATBHON
acTMe, aTOITMYECKOM JepMaTUTe U akHe y yeloBeka. JKMBOTHBIM IIpenaparsl BuTaMuHa E Ha3HawyaroT npu Hapy-
IIEHUH PETPOIYKTUBHOM (DYHKIINH, TenaToqucTpoduH, 3a00JIeBaHUAX IIUTOBUIAHON KeJIe3bl M IPYTHX IaToJIo-
rudeckux cocrosHusAX. [Ipu Henocrarke BuTamuHa E cTpamaer npeskie BCcero pernpoyKTUBHAS CHCTEMa, a TaK-
K€ OpraHbl U TKaHH, KOTOpPbIC B HAMOOJIBIICH CTEIICHN TOJBEPKEHBI OKHCIUTEIFHOMY CTPECCy: LEHTpabHas
HEepBHasI CHCTEMa, CKeJIeTHasi MyCKyJIaTypa, SHIOKPHHHAs CUCTEMa, CepAlle, eYeHb U KpoBb. [lepeno3npoBka
anb(a-Tokoepona XxapakTepu3yeTcsi BOSHUKHOBEHUEM CITa00CTH, COHIIMBOCTH, TOITHOTHI, PBOTHI 1 ANAPEH, KPO-
BOM3JIMSHUN B CETUATKY I71a3a MIIM MO3T, pa3BUTHEM YHTCPOKOJINTA U CETICHCA.

KuroueBble ciioBa: BuramuH E, anbda-Tokodeposr, aHTHOKCHIAHT, KITMHUYECKOE IIPUMEHEHHNE, THITOBUTAMUHO3,

nepeao3npoBKa

HemanoBaxHyro poIib B TaTOreHe3e pa3indHbIX 3a-
0oJIeBaHM JKUBOTHBIX M YEJIOBEKA UTPAET OKUCITUTEIb-
HBII cTpecc. [loBbimenHoe 00pa3oBaHue CBOOOTHBIX
paIvKaioB B OpraHu3Me BhI3bIBACT TOBPEXIeHNE OHO-
JIOTHYECKUX MEMOpaH, U3MEHSET CTPYKTYpPY OpraHu-
YECKUX COCTMHEHHIA, YTO BE/IET K HApYIIeHHIO (DyHK-
IMOHAJILHOTO COCTOSIHUS KJeToK. [loBpexmatomemy
JICHCTBHIO CBOOOJIHBIX PAIUKAIOB IIPOTHBOCTOUT aH-
TUOKCUAaHTHas cuctema [3]. HemoctaTok aHTHOKCH-
JTAHTOB MOXKET ITPUBECTU K HAPYIIICHHUIO META00IM3Ma
¥ pabOTHI OTAECNBHBIX OPTAHOB U CHCTEM.

Jlokazano, 4To HapymieHue Oananca CBOOOAHOPA-
JIUKAJILHOTO OKHCIICHHS ITPUBOTUT K POCTY 3a00JIeBae-
MocTH [3] U naxke rudenu opraHu3Ma. AKTUBU3ALUS
AHTUOKCHUJIAHTHBIX CUCTEM IPEIOTBPAIIaCT BO3HUK-
HOBEHHE TSDKEJIBIX ITOCIICICTBUH 1 YITyUIIaeT COCTOSI-
HUE OpTaHu3Ma IpH y)Ke UMEIOITeiics maromorun [4].

© Tepynosa JI. K., Aayunna A. B., 2023

B cBsi3u ¢ 3THM TeMa aHTUOKCUIAHTHOW Teparuu
0CTaeTCsl aKTyaJlbHOM KakK JUIsl Bpauyel-IPaKTUKOB,
TaK M JUIs uccaenonareieii. Buramun E, saBisionimii-
Csl €CTECTBEHHBIM aHTHOKCHIAHTOM, OKa3bIBAET HE
TOJTFKO aHTHOKCHIAHTHOE JIEHCTBUE, HO U yYaCTBYET
B CHHTE3€ TeMa 1 TeMCOoJIepKaInuX epMeHTOB (IITO-
XPOMOB, Karaja3bl, IEPOKCHUIA3bl), a TAKKE TEMOTIIO-
Oouna u muoriioduna. [Ipu 3ToM OH yyacTByeT B TKa-
HEBOM JIbIXaHUH, TPOJUPEPATUBHBIX U METa0OINYE-
ckux nporeccax. CTUMYIHUPYSI CHHTE3 CTPYKTYPHBIX,
(hepMEHTHBIX ¥ COKPATUTENBHBIX OEITKOB MBITIIEYHON
TKaHH, YIy4lIaeT COKPAaTUMOCTh MUOKAp/ia, CHUKAET
noTpeOHOCTH B Kucaopoe. Llenb 00630pa — 0600mmTh
OIBIT IPUMEHEHUS BUTaMHUHa E B KOMIIEKCHO Tepa-
Uy 3a00JIeBaHUI JKUBOTHBIX U YEJIOBEKA.

Butamun E (Toxodepor) — nmpupogHsiii aHTHOK-
CUJAHT [5] ¢ HU3KOH TOKCUYHOCTBIO [6]. OH mpencTas-
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JISIET COOOM rpyIIly U3 BOCBMH KHPOPACTBOPUMBIX CO-
eNMHCHMI: anb(ha-, 6eTa-, raMmma-, JebTa-Tokodepo-
JIOB U anb(a-, OeTa-, raMmMa-, JeJIbTa-TOKOTPUCHOJIOB
[7]. MeTomoM XUMHUYECKOTO CUHTE3a BUTAMHUH TOJTY-
yeH B 1938 rony.

TOKOTPUEHOJIBI OTIIMYAKOTCS OT TOKO(PEPOJIOB Ha-
JITYUEeM JTBOWHBIX CBsI3eit B 00K0BOii 1ienu (puc. 1) [2].
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Onnako HauOoOJbIIEH aKTHBHOCTBHIO OOJagaer
RRR-anbda-rokodepon (puc. 2).
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Puc. 2. Crpoenue RRR-ansda-roxodeposa

I'unoBuramuno3 E. OCHOBHBIM ITPOSIBJICHUEM He-
JocTarka BuTamuHa E B opraHu3me sBsieTcs OBHIIIIe-
HUE IPOHUIIAEMOCTH KJIETOUHBIX MEMOpaH, B KOTOPBIX
HAKaIUIMBAIOTCS TPOJIYKTHI IEPEKUCHOTO OKUCIICHUS
JIMIUI0B. B KpOBM MpH 3TOM IOBBIIIAETCS YPOBEHb
(hepMeHTOB (amaHWMHaAMHUHOTpaHC(Epas3bl, KPeaTHH-
(hocoxuHazel, actapraraMuHOTPaHC(Epasbl U Ip.).

Kimanueckas kapTiuHa aBuTamuHO3a E oueHb pas-
HOOOpa3Ha — OT MBIIICYHON TUCTPOdUH, OecTIonHs
[8], anemum [6] mo HeKpo3a nieduenu [9] ¢ suIEDaTo-
massieit [8]. Tak kak ceprie SBISETCS MBIIICTHBIM
OpraHoM, TO TIpX HelocTaTke BuTamuHa E Bo3HHUKaeT
JUCTPO(US HE TOJBKO CKEJIIETHBIX MBIIII, HO U MUO-
kapaa. CyliecTBEHHbIC HAPYIICHUS MPOUCXOAST CO
CTOPOHBI HEPBHOW U SHIOKPUHHOM CUCTEM, B TOM YHC-
JIe TIMUTOBUTHOM JKee3sl [§].

CornacHO MEAMITMHCKOW CTaTHCTHKE, OT HEHO-
cTarka ButamuHa E dare Bcero cTpajaroT Jronu, Ha-
XOMSIIUECS Ha TEPPUTOPHUSIX, KOTOPBIC 3arps3HEHBI

PaaMOHYKINIAMH, WU YK€ TIOCTOSHHO KOHTaKTHPY-
IOIIMe ¢ XUMUYECKUMHU TOKCHMKaHTAMH, TaK KakK Tpu
5TOM B UX OpTaHHU3ME IOBBIIIAETCS YPOBEHb CBOOOI-
HBIX paguKayioB [6]. OueHb peaKo BCTpedaeTcs aBUTa-
MUHO3 E, B 0OCHOBHOM TIpH THIIOTPO(GUH, KOTIA OUCHb
TUIOXO pa3BUTa MOAKOXKHAsA KJeTyaTka, I7ie JaHHBIN
BHUTaMHH 1 HakaruinBaeTcsa. OCHOBHBIM KITMHIUYECKAM
CHUMIITOMOM TUTTOBUTAMUHO3A SBIIETCS TEMOIU3 DPH-
TPOLIUTOB € MOCNIEAYIOIIeH anemuei [6].

I'mnepButamuno3 E. B cBsi3u ¢ Tem, uyto 6enku
TICUEHH, KOTOPBIE CBA3BIBAIOT TOKO(epos (Tokodepos-
CBSI3BIBAIOIIME OCIIKH ), UMEIOT OTIPE/ICIICHHBIN ITPEIeIT
M0 CBA3BIBAHUIO BUTAMHUHA W €r0 BKJIIOUEHHUIO B CO-
cra JITIOHII (siummonpoTewHOB OYeHh HU3KOH TIIOT-
HOCTH), BUTAMHH 00JaJlaeT KpailHe HU3KOH TOKCHY-
HOCTBIO MIPHU 3HAYUTEIHHOM MPEBBILICHUH 103 U U~
TenbHOCTH BBeZieHHs (10—20-kpaTHOM K CyTOYHOMN
moTpeOHOCTH) [6].

K OCHOBHBIM KITMHHYECKUM TIPOSBIICHUSM OTPaB-
JeHHsI TOKO(eposia aleTaroM OTHOCSTCS MBITIeY-
Has cnabocth [10], mMoOBEIIEHHE KPOBSHOTO JaBiie-
HUs [6], KpOBOM3IUAHUS B paziauuHble opransl [10].
OMOIHMOHAIbHBIE HAPYILICHUS U OOJIE3HEHHOCTh MOJIOU-
HBIX JKE€JIe3 MOTYT BO3HUKHYTH BCJIEICTBHE N3MEHEHHUS
YPOBHS psijia TOPMOHOB, HalIpUMep, TAPECOUTHBIX [11].
Kpome Toro, mpu AnmuTeIhHOM IPUMEHEHUH BUTAMH-
Ha E B OospIinx 103aX BO3MOXKHO Pa3BUTHE TPOMOO-
30B M TIOBBIILIEHUE YPOBHS XosecTeprHa B Kposu [11].

Meta6oau3m Butamuna E. Buramun E nocry-
MaeT B )KEITYI0YHO-KUIIIEIHBIN TPAKT U TIOIBEPraeTcs
TUAPOJIU3Y 3CTEPA30H U JIUIA30M, IOCIIE YETO OH BCa-
CBIBAa€TCSl B KHIIIEUHUKE U B COCTaBE XMIJIOMHUKPOHOB
(X™m) mocrynaet B kpoBb U iMQy. Tokodepoiisl TpaHc-
NOPTUPYIOTCS B TieueHsb, rae RRR-anbda-Toxodepo,
00J1a 1AM HanOOJIBIIIEH aKTUBHOCTBIO, COCIHHS-
ercst ¢ TO-cBs3pIBafOIIIME (TOKO(EPOJICBI3BIBAO-
TUMH ) OerTkaMi. JlaHHbIe OSITKH BHOBB BBIBOIST 3TOT
BUTaMUH B KpoBb B coctase JITIOHII. B mia3me kpo-
BU rpoucxoaut ooMeH ButamuaoM E mexny JITTOHIT
u JITTHII, a Taxxke JIIIBII, uto oOecrneurnBacT OagaHc
KOHIIeHTpaluu BuTaMuHa E B kpoBu. B Tkanu xe Bu-
TaMUH MOXXET MOCTyHaTh 4epe3 PerenTOPHO-OTO-
cpenoBaHHbIM Mexanu3M — B coctase JIITHIIL, B3au-
MOJIEMCTBY C COOTBETCTBYIOIMMHM PELENTOPAMH;
a TaKoke uepes (hepMeHTaTHBHO-0MOCPEJOBAaHHBIH Me-
XaHU3M, KOTOpBIH 3aBucUT oT JIITJI (sTumonpoTenHIn-
na3bl). Jlaaabiii pepMeHT BRICBOOOXKTACT BUTAMUH U3
xunomukpoHoB u JITTOHII, mocie gero RRR-anmsha-
TOKO(EpOJI MOCTYIaeT B IKCTPANIEYCHOUYHBIE TKaHU
U opransl myTeM naccuBHoi auddysuu [12]. He Bco-
CaBIIMECS B KUIIEYHUKE TOKO(PEPOIbI yIaTISIOTCS U3
opranusMa (puc. 3) [6].
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Puc. 3. Mera6onm3m ButamuHa E [6]

Hapymenune nunuaHoro ciekrpa KpoBH, epMeH-
TOIATHH, OOYCIIOBJICHHBIC MATOJIOTHYECKUM TpoLec-
COM WJIM TeHETHYECKHMH 0COOCHHOCTSIMH OpPTaHU3Ma,
a TaKoKe JI03bI U ITUTEITLHOCTD Kypca JIeYeHUSI MOTYT
BJIMSITH HAa MeTa0OJIM3M U YCBOEHHE BUTaMuHa E, n3-
MeHsis ero o0 3 dekt u pe3ynbrar Teparnuu [ 13].

Aub(da-Tokopepos kKak KOMITOHEHT KOMILIEKC-
HOll Tepamuu. B HacTosiiee Bpems JokazaHa 3¢-
(heKTHBHOCTH TIPUMEHEHHS TIperaparoB BUTaMuHa E
B KOMIUTEKCHOW TE€PANTNH Pa3TMIHBIX TaTOJIOTUIECKIX
COCTOSIHUH y JIFOAEH U )KUBOTHBIX.

Tak, HanpuMep, IPH U3yYeHUH JTUTHAMUKH CBOOO/I-
HOPAJUKaIbHBIX MPOLECCOB OKUCIUTEILHOW MOAM-
(ukanmy OeNKOB B TIIa3Me KPOBHU Y KPBIC ITPH CTPEC-
COI€HHOM BO3JECHCTBUM YCTaHOBJIEH BBIPAXKCHHBII
AHTHOKCHIAHTHBIN 2 ekt anmbda-Tokodepona B KoM-
riekce ¢ nukiogeponom. [lpu sTom B cTpeccupoBan-
HOM IpyIIe OTMEUYEHO CHUKEHUE KOJIMYECTBA aJIbJie-
TH]I- U KETOHIUHUTPOPEHWITHIPa3oHOB. [1o MHEHHIO
aBTOPOB, HUKIOPEPOH B YCIOBHAX KOMILJICKCHOU Te-
panuu OKa3bIBaeT MPOTEKTHBHOE JIEHCTBHE HA aHTH-
OKCHIAHTHYIO cucteMy [14].

[Ipu HapymeHnn penpoyKTHBHOHN (DYHKIIMH BO3-
HUKAaeT BOIPOC O BO3MOXHON HEXBaTke BUTaMuHa E
B OpraHM3Me, TaK KaK ONBITHI Ha KUBOTHBIX JOKa-
3BIBAIOT, YTO TMNMOBUTaMMHO3 E mpuBoauTt x abop-
TaM y CaMOK ¥ TIOPaKEHUIO CEMEHHHKOB Yy CaMIIOB.
Bocnonnenue Henocrtarka ButramuHa E Hopmanusyet
COCTOSIHHE JJAaHHOW CHUCTEMBI OpraHM3Ma. JTOT Hay4-
HBIH (hakT OBbLT ycTaHOBIIEH e1e B 19 Beke, Koraa npu

KOPMJIEHUHU KPBIC LEIbHBIM MOJIOKOM M 3€PHOBBIMU
KyJBTYypaMH € 3eJICHBIMH JIUCThSIMHU BOCTIPOU3BEICHHE
MTOTOMCTBA COXPAHSIIOCH, B TO BPEMS KaK y KpbIC, TTH-
TAFOIIUXCS TOIBKO IETBHBIM MOJIOKOM, OBIJIO OTMEYe-
HO CHIDKEHHUE PENPOAYKTUBHOM (YHKIIUHU, YTO OBLIO
CBSI3aHO C OTCYTCTBUEM B HeM BuTtamuHa E [8].

Jlokazana 3PEeKTHBHOCTh KaK HApYyKHOTO, TaK
Y BHYTPEHHET0 IPUMeHeHUs BuTaMuHa E B Komriexc-
HOW Tepanuy aTouYecKoro AepMaTuTa U akHe y Je-
teu [15, 16], Bkirodaroied aHTUTMCTaAMUHHbBIC U Ce-
JaTuBHBIE penapartsl. [1o MEeHMIO psiga aBTopoB [15],
3 PEKTUBHOCTB KpeMa, COJIepKaIero BHICOKUHN Mpo-
1neHT BuTamuHa E, oOyciioBieHa OMOJOrHYeCKUMU
CBOHMCTBaMHU JTAHHOTO BUTaMUHA. AJb(}a-Torohepos
SIBIISIETCS] YKUPOPACTBOPUMBIM COETUHEHHEM, OJaro-
Japst YeMy IPOHHUKAET BHYTPh KIIETOK, CTAOMITH3UPY-
eT MeMOpaHbl, CTUMYJUPYET pernapaTUBHbIC MPOLEC-
CBbl U CHHTE3 pAfa GpepMeHTOB (TepoKcHaa3bl, Kara-
JIa3bl U 1Ip.).

[Ipu poBeneHNN MCCIICTOBAHKN 1O OIICHKE (-
(heKTUBHOCTH TIPUMEHEHUS TOJMHEHACHIIEHHBIX
KUPHBIX KUCIIOT U aHTUOKCHJIAHTOB TIPU aKHE y Ta-
LIUEHTOB OTMEYEHO YBEIMYEHHE B CHIBOPOTKE KpO-
BH KOHIIEHTPAIIMN MaJOHOBOIO JHAaIbJAETHIA U JHe-
HOBBIX KOHBIOTATOB, a TAK)Ke€ CHUKEHNE YPOBHS IITy-
TaTHOHTIEPOKCHIA3bl M KaTaia3bl 0 HavYaja JedeHus,
YTO CBHJIETEIHCTBYET O PAa3BUTHU «OKUCIHUTEIHHO-
ro cTpeccay Ipu JaHHoM 3aboneBanuu. [Ipu npueme
BuTaMuHa E 1 NOJIMHEHACKIIICHHBIX KUPHBIX KHCIIOT
y MAIMEeHTOB C JIETKUM U CPETHETAKENIBIM TeUEeHUEM
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0oJie3HN HAOMIOAAIOCH YITYYIICHHUE COCTOSIHUS: JIJIH-
TEIHHOCTH JICUCHUST COKPATHIIACH, & KAYECTBO JKH3HU
B TIpoIIecce MpueMa IpenapaToB U MOCIE BHI3OPOB-
JICHUS yIy4Iuuaocs [16].

Brurouenne anbda-Tokodeporna B KOMIUIEKCHYIO
Tepanuto cudmiuca o 0,2 T 18a paza B IcHb BMECTE
C UMMYHOMOJYJISITOPOM HEOBUPOM M SKCTCHITHIITTHOM
CIOCOOCTBOBAJIO YIYUIIEHUIO KIIMHUIECKUX CHMITTO-
MOB 3a0051eBaHMs yKe Ha 4 JIeHb, B TO BpeMs Kak Ipu
TEpanvy TOJHKO aHTUOMOTHUKOM PEe3yNbTaT JISYeHUs
oTMedasu B Oojee rmo3aHuii cpok [17].

[Tpu u3y4eHnn BO3MOKHOCTH KOPPEKITUH CBOOOI-
HOPAJNKAIBHOTO CTaTyca Mpy OPOHXHAIBLHONW acTMe
YCTaHOBIIEHO, YTO PUMEHEHNE TOKo(epoa ciemyer
CUMTATh YCIICUTHBIM TPH JIETKOM T€USHHU 3a00eBa-
HUS1, TOT/IA KaK TPy 00JIee TSHKEIOM TeUSeHHH OPOHXH-
AJIBHOU acTMBI CBOOOTHOPAIUKAIbHBIN CTATyC HE ya-
BAJIOCH MOJHOCTBHIO CKOPPEKTHPOBATh, YTO TpeOOBa-
710 HA3HAYCHUS IPYTUX AHTHOKCHUIAHTOB B COUCTAHUH
C BHYTPUCOCYIUCTHIM JIa3epHBIM O0TyYeHHEM KPOBH.
ABTOPBI CYATAIOT OTIPABIAHHBIM BKITFOYCHHE BUTAMHU-
Ha E B KOMIUIEKCHYIO TEpaIHI0 CPEeIHETSIKEN0H Qop-
MbI OPOHXHUAJIBHOM aCTMBbI JIUIIb MAIUEHTaM CO CTa-
*eM 3abosieBanus cBbilIe 10 J1eT, y KOTOPBIX CHIKEHO
conepkanne BuTamuHa E, o01iero mysna u akTHBHBIX
AHTHOKCHIAHTOB [18].

B MenuiiiHe N3BECTHBI CITydau YCIIEITHOTO IPUMe-
HeHUs BUTaMuHA E B KOMIUIEKCHOM Teparu O0JIbHBIX
C TEPMUHAJIBHOM CTaJAMEN XPOHUUECKOM II0YEYHOM He-
JIOCTaTOYHOCTH, Y KOTOPBIX BBISIBIICHBI MEMOPaHO/IC-
crabunmsupyromue HapymeHus. [Ipu BBenennn anb-
(ha-Toxodepora («IBurom» KRKA) B mo3ax mo 200 mr
u 300 Mr B cyTKU B TeueHHE 4 HEAENb Yy MalUEHTOB,
MOJTYYAIOIINX 3aMECTUTEIIbHYIO TEPAIUIO, BBISBICHO
YMEHBIIICHUE BBIPAKCHHOCTH OCHOBHBIX KIMHHUYE-
CKHX CHHJIPOMOB (aCT€HO-BET€TaTUBHOTO, TUCIICTICH-
YECKOT0, TEMOPPArnIecKoro), CHMKEHNE WHTEHCHB-
HOCTH TIEPEKHCHOTO OKWCIICHHS JIUIMUIOB, YIydIle-
HUE MEPEeHOCUMOCTH remoauanusa [19].

Y kpbic siuanE Wistar MOIeTupoBad He)POITUTH-
a3 IMyTeM NepopabHOTO BBeACHUS | % STUICHIIIUKO-
JIs1, TIOCJIE YEeTO KPBICHI MOTYYaIH SKETHEBHO BHYTPh
MAaCJISTHBIN pacTBOP ajib(a-ToKodepora arerara B 103¢
300 mr/kr. [Ipu uzyueHnn MOPQOIOTHIECKON CTPYK-
TYpBI TIOYEK U aKTUBHOCTH TIPOIIECCOB CBOOOIHO-pa-
JMUKaITbHOTO OKUCJICHHS YCTAHOBJICHO, UTO BBEJCHUE
anb(a-rokodepoia alerara npu HedpoiuTHasze 00-
Jler4aeT TedeHue 3a00JIeBaHMs, TaK KaK yMEHBIIaeT
OKCHJIATUBHBIN CTPECC B TKaHIX MOYEK, CIIOCOOCTBY-
€T pereHepaliy 1 yIyqieHuro (PyHKITMOHAIBHOHN aKk-
TUBHOCTH YPOTEJIHS, YMECHbBILIAET YHCIO H Pa3Mepbl
KaMHel B moukax [20].

DKCTIepUMEHTaJIbHO TIOATBEPIKIAeHA POJIh BUTA-
MuHa E B mpeioTBpalieHun runeparperainui TpoMoo-
IIUTOB, KOTOPAsi MOXKET MPUBECTH K PA3BUTHUIO aTePO-
ckiepo3a. Butamun E ymeHbIaet BEIpabOTKy TPOM-
OOKcaHa, KOTOPBIT BHI3BIBACT CIUIIAHKE TPOMOOITUTOB
[21]. TIpu aTOM aHTHOKCHIAHTHAS POJIb BUTaMHUHA E
B TIPEIOTBPAIICHUH HEOIAarONpUATHBIX UCXOJ0B TIPH
CEPICUHO-COCYANCTHIX 3a00IEBaHUSX SBIISICTCSI CIIOP-
HOW, TaK KaK OJTHY MCCIICIOBATEIH ITOITBEPKIAIOT €€,
a ipyrue orsepraror [22].

JlokazaHo KapIHOTPOTEKTUBHOE ACHCTBHE allb-
¢da-Toxkodepona mpu runotupeode. Ha madboparop-
HBIX KpbIcax Bucrap, MomBeprHYTHIX THPEOHUIKTO-
MUU, YCTAHOBJICHO, YTO MPHU BBEJCHWU BuTamMuHa E
TaKUE U3MECHECHHS B MUOKAp/IE, KaK HAPYIICHUE TeMO-
JTIUHAMHKH, TPOPUKU U CTPYKTYPhI KAPTUOMHUOIIUTOB,
CHIDKEHHE TIPOIIECCOB PeTapanuy 1 Ae30pTaHnu3aus
CO CTOPOHBI COEIMHHUTEIHFHOW TKAaHU, WHTEPCTHIIN-
aJBHBIN OTEK MOSBISLTUCH MTO3KE Ha JIBE HEJIENH, YeM
Y )KMBOTHBIX, HE MMOJIyYaBIIUX JaHHBIM Mpernapar mno-
cJe TUpeouadKTOMuUu [23].

A. JI. ScensiBckas ¢ coaBTopamu (2014) m3ygana
BiHstHUE BUTaMyHa E 11 sMokcunmHaa Ha MOp(hoIoruio
IIUTOBHU/THOM JKEJIE3bI B YCIOBUIX MMMOOMITN3AIINOH-
HOTO cTpecca. B pe3ynbrare uccienoBaHus OTMEYe-
HO, YTO MPU CTPECCOBOM CUTYAIUU Y KPBIC IPOUCXO-
JTIUT CHUYKEHUE BBICOTHI TAPEOUIHOTO SITUTEIIHS U TLI0-
11411 THPOLIUTOB, YBEITMUYCHHUE TIOMIAAN (DOJLUTUKYIIOB
1 (POIITHKYIISIPHOTO KOJIJIOWA, YTO CBHIETEIBCTBYET
00 yrHeTeHnn (DyHKIHUN MIATOBHUTHOM xkeresbl. [Toce
MpUMEHEHUs anb(a-ToKopepoa U SMOKCUITHHA BBICO-
Ta TUPSOUTHOTO AIUTEIIUS U IIONIA (b TUPOI[UTOB YBE-
JMYUITUCH, & TUIOUIA](h QOJUTHKYJIOB U (POILTHKYIISIPHO-
TO KOJUTOWJA, HAIIPOTHB, YMEHBITIIACh. AKTHBHOCTH
ITUTOBHIHOM JKeJIe3bl Bo3pocia [24].

3acaykuBaroT BHUMaHus uccnenosanus JI. 1. Op-
keHoBO# (2013). [Tocne TUPEOUIPKTOMUH Y KPBIC IIPO-
BEJICH aHAJIM3 TePANICBTUYCCKON A3PPEKTUBHOCTH pa3-
JINYHBIX aHTUOKCHUJIAHTOB C TUCTOJIOTMYECKON OIIEHKOM
runoranamyca. llpu nmpuMeHeHHH aHTHOKCHUIAHTOB
TIepBhIe TIPU3HAKH THIIOTHPE03a TOSMBIBIINCH MTO3KeE,
9YeM Y KHBOTHBIX, KOTOPbIE X HE IOJy4ald, IIOJHAS
KapTHHA THIIOTHPEO3a TaKKe pa3BUBaiach MO3JIHEE,
YTO FTOBOPHUT O CHIKCHHUH TSDKECTHU IMMOBPEIKICHUS TH-
rmoTajylaMyca U HeHpOIpOTEKTOPHOM JICHCTBHH IpeTia-
paToB, B ToM 4yucie BuramuHa E [25].

Nwmerorcs nannbie, uto BuTamMuH E obmagaer u po-
THUBOBOCIANUTENBHBIM AeiicTBUEM [26]. OH BoccTaHaB-
JIUBACT KJICTOYHBIC UMMYHHBIC PEaKI[UH U BHIPAOOTKY
HMHTEpJICHKNHA-2, @ B BBICOKHX J103aX CTUMYJIHPYET
npommdeparmro T-xenmepos [27]. MccnenoBanme cuH-
JIpoMa IIPHOOPETEHHOTO UMMYHOIE(HHUIINTA Y MBIIIICH
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HpumeHeHue sumamutra E 6 komniekcHol mepanuu 3a001e8aAHULL HCUBOMHBIX U YELOBEKA

C UCTIOJIb30BaHUEM | 5-KpaTHOTO yBEIMYECHUS COACPIKa-
HUs BUTaMHUHA E B panioHe moka3aao HOpMaInu3aiuio
ToKasarene NMMYHHOTO cTaryca [28]. B HacTostee
BpeMsi I0Ka3aHo, 4TO BUTaMUH E ctuMynupyer rymo-
PajbHBIA U KJICTOUHBIA UMMYHHBIA OTBET, TOBBILLIAET
(aronmurapHyto QYHKINIO, aKTHBH3UPYET BHIPAOOTKY
AHTUTEJ MPHU BakuuHauu [21].

ITo MHenuto psaa aBTopoB [29], BBeAeHNE BUTA-
MuHa E B paliioH npoayKTUBHBIX dKUBOTHBIX [TO3BOJIS-
€T MOBBICUTh UX MPOAYKTUBHOCTb U YITYUIIUTh Kaye-
CTBO IPOAYKTOB KUBOTHOTO POUCXOKACHHUSI, TAK KaK
IIPU 3TOM CHIKAETCS OKUCIICHUE JINTTHU/IOB B MBIIIIIIAX,
SIax ¥ MOJIOYHBIX TPoAyKTax. Meroluecs JaHHbIe
CBHJICTEIHCTBYIOT O TOM, 9YTO OHOJOCTYITHOCTh TPO-
JTyKTOB KUBOTHOTO TTPOMCXOKICHHSI, 00OTAIEHHBIX
BUTaMUHOM E, MOXET CIyXUTh HEOLICHUMBIM IIpe-
UMYIIECTBOM JIJISl IOTPEOUTENEH, 0COOCHHO B PETHO-
Hax ¢ OrPAHUYCHHBIMHU PECYypCaMH, TJI€ BBICOKA CTe-
MIeHb PUCKa HeIOCTaTKa BuTaMuHa E.

3AKJIIOYEHHUE

Taxkum 00pazoM, pe3ynbTaTbl MHOTOUUCIEHHBIX
WCCIIEZIOBAHUI, NIPE/ICTaBICHHBIE B JIUTEpAType, CBU-
JETEIbCTBYIOT O TOM, UTO JeuuuT BuTamuna E y xu-
BOTHBIX U YEJIOBEKA BCTPEYAECTCS JOBOJIHHO PEIKO.
[IpuamHO# 3TOTO Yalie ciayKaT IpHOOpEeTEeHHBIC 3a-
OoJsieBaHMS, IPU KOTOPBIX YXYALIAETCSl YCBOCHNUE BU-
TaMHHA WK HapyLIaeTcs )KUPOBOH 0OMEH C yTpaToi
CHOCOOHOCTH K YCBOCHHUIO skupa. [1pu BBeieHnu B op-
raHu3M BUTaMuH E IefCTByeT Kak NepBast TMHUS 3a1y-
ThI OT TIEPEKNCHOTO OKUCIIEHUS TUITKUA0B. braromgaps
CBOCH aKTUBHOCTH IO YJAJICHUIO ITEPEKUCHBIX paJH-
KaJIOB OH TaK)Ke 3aIlIMIIAET OJIMHEHACHIIIEHHBIE )KUP-
HBIE KUCIIOTBI, IPUCYTCTBYIOLINE B MEMOpaHHBIX (oc-
¢donmumuaax u nunonporenHax miasmsl [30]. Hapsnoy
C aHTHOKCHJAHTHBIM JielicTBHEM BUTaMuH E BbImosn-
HSIET JIpyrHe BaKHble (DYHKIUU B OpraHU3Me: MOJ-
JIEP’KUBAET MBIIICYHBIN TOHYC, OCTPOTY 3pEHUs, UM-
MYHHYIO PEaKTHBHOCTb, PEryIUpYIOUIy0 (PyHKIHIO
HEPBHOU CUCTEMBI U PEIPOAYKTHBHYIO CIIOCOOHOCTD.
OTcyTCcTBUE AOCTYIMHBIX OMOMapKEPOB MOTPEOICHHS
U ctaryca BuTamuHa E 3aTpynHseT OLeHKy CBA3H €ro
COJIEpXKaHMS B OpTraHU3Me C BOZMOXKHBIMU KIIMHUYE-
ckumu ucxomamu [21]. OgHako, HeCMOTpPS Ha HEKOTO-
PYIO IPOTHBOPEUUBOCTD JaHHBIX, IPEUMYILIECTBA BH-
TaMuHa E npu BKJIFOUEHUM €r0 B KOMIUIEKCHYIO Tepa-
MU0 3200JIEBaHUH CYIECTBEHHO MPEBBIMIAIOT PHUCK
HEXeJareIbHbIX 3PPEKTOB.
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Abstract. Vitamin E is a physiological antioxidant. Synthetically obtained vitamin is a mixture of 8§ stereoiso-
mers (alpha-, beta-, gamma-, delta-tocopherols and alpha-, beta-, gamma-, delta-tocotrienols), however, natural
RRR-alpha-tocopherol, which has a higher activity, is of greatest interest [1, 2]. The objective of the review is to
summarize the experience of using alpha-tocopherol as a powerful antioxidant with low toxicity for the treatment
and prevention of various diseases. Numerous studies have shown that oxidative stress plays an important role in
the pathogenesis of many diseases, leads to the depletion of antioxidant systems and the accumulation of lipid
peroxidation products. In this regard, the use of antioxidants in clinical practice is justified. Vitamin E drugs are
widely used in medicine and veterinary medicine. Understanding their mechanism of action and metabolic char-
acteristics is necessary to obtain the desired therapeutic effect and prevent the development of undesirable effects.
The efficacy of alpha-tocopherol in case of violation of spermatogenesis and oogenesis, chronic renal failure,
nephrolithiasis, bronchial asthma, atopic dermatitis and acne in humans has been proven. Vitamin E drugs are pre-
scribed for animals in case of reproductive function violation, hepatodystrophy, thyroid diseases and other patho-
logical states. With a lack of vitamin E, the reproductive system suffers primarily, as well as organs and tissues
that are most susceptible to oxidative stress: the central nervous system, skeletal muscles, endocrine system, heart,
liver and blood. An overdose of alpha-tocopherol is characterized by the occurrence of weakness, drowsiness,
nausea, vomiting and diarrhea, hemorrhages in the retina or brain, the development of enterocolitis and sepsis.
Keywords: vitamin E, alpha-tocopherol, antioxidant, clinical use, hypovitaminosis, overdose

Oxidative stress plays an important role in the
pathogenesis of various animal and human diseases.
The increased formation of free radicals in the body
causes damage to biological membranes, changes the
structure of organic compounds, which leads to a vi-
olation of the functional state of cells. The damaging
action of free radicals is opposed by the antioxidant
system [3].

The lack of antioxidants can lead to disruption of
the metabolism and functioning of individual organs
and systems.

It has been proven that the imbalance of free rad-
ical oxidation leads to an increase in morbidity [3]
and even death of the organism. Activation of antiox-
idant systems prevents the occurrence of severe con-
sequences and improves the state of the body with an
existing pathology [4].

In this regard, the topic of antioxidant therapy re-
mains relevant for both practitioners and researchers.
Vitamin E, which is a natural antioxidant, not only has
an antioxidant effect, but also participates in the syn-
thesis of heme and heme-containing enzymes (cyto-
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chromes, catalase, peroxidase), as well as hemoglobin
and myoglobin. At the same time, it participates in tis-
sue respiration, proliferative and metabolic processes.
By stimulating the synthesis of structural, enzymatic
and contractile proteins of muscle tissue, it improves
myocardial contractility and reduces the need for ox-
ygen. The objective of the review is to summarize the
experience of using vitamin E in the complex therapy
of animal and human diseases.

Vitamin E (tocopherol) is a natural antioxidant [5]
with low toxicity [6]. It is a group of eight fat-solu-
ble compounds: alpha, beta, gamma, delta tocopher-
ols and alpha, beta, gamma, delta tocotrienols [7]. The
vitamin was obtained by chemical synthesis in 1938.

Tocotrienols differ from tocopherols by the pres-
ence of double bonds in the side chain (Fig. 1) [2].

However, RRR-alpha-tocopherol has the highest
activity (Fig. 2).

Hypovitaminosis E. The main manifestation of
vitamin E deficiency in the body is an increase in the
permeability of cell membranes, in which lipid peroxi-
dation products accumulate. In the blood, this increas-
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es the level of enzymes (alanine aminotransferase, cre-
atine phosphokinase, aspartate aminotransferase, etc.).
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Fig. 1. Structure of tocopherol and tocotrienol

The clinical picture of hypovitaminosis E is very
diverse — from muscular dystrophy, infertility [8],
anemia [6] to liver necrosis [9] with encephaloma-
lacia [8]. Since the heart is a muscular organ, with a
lack of vitamin E, dystrophy occurs not only in skel-
etal muscles, but also in the myocardium. Significant
disturbances occur in the nervous and endocrine sys-
tems, including the thyroid gland [8].
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Fig. 2. Structure of RRR-alpha-tocopherol

According to medical statistics, vitamin E deficien-
cy most often affects people who are in areas that are
contaminated with radionuclides, or who are constant-
ly in contact with chemical toxicants, as this increases
the level of free radicals in their body [6]. Vitamin E
deficiency is very rare, mainly in case of hypotrophy,
when subcutaneous tissue, where this vitamin accu-
mulates, is very poorly developed. The main clinical
symptom of hypovitaminosis is erythrocyte hemoly-
sis followed by anemia [6].

Hypervitaminosis E. Due to the fact that liv-
er proteins that bind tocopherol (tocopherol-binding
proteins) have a certain limit on the binding of the vi-
tamin and its inclusion in the composition of VLDL
(very low density lipoproteins), the vitamin has ex-
tremely low toxicity with a significant excess of dos-
es and duration of administration (10—20 times to the
daily requirement) [6].
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The main clinical manifestations of tocopherol
acetate poisoning include muscle weakness [10], in-
creased blood pressure [6], and hemorrhages in vari-
ous organs [10]. Emotional disorders and soreness of
the mammary glands can occur due to changes in the
level of a number of hormones, such as thyroid [11].
In addition, with long-term use of vitamin E in large
doses, thrombosis and an increase in blood cholester-
ol levels may develop [11].

Metabolism of vitamin E. Vitamin E enters the
gastrointestinal tract and undergoes hydrolysis by es-
terase and lipase, after which it is absorbed in the in-
testine and enters the blood and lymph as part of chy-
lomicrons (Chm).

Tocopherols are transported to the liver, where
the most active RRR-alpha-tocopherol combines with
TPh-binding (tocopherol-binding) proteins. These pro-
teins again bring this vitamin into the blood as part of
VLDL. In blood plasma, vitamin E is exchanged be-
tween VLDL and LDL, as well as HDL, which ensures
the balance of vitamin E blood concentration. In tis-
sues, the vitamin can enter through a receptor-mediated
mechanism — as part of LDL, interacting with the cor-
responding receptors; and also through an enzyme-me-
diated mechanism that depends on LPL (lipoprotein li-
pase). This enzyme releases the vitamin from chylomi-
crons and VLDL, after which RRR-alpha-tocopherol
enters extrahepatic tissues and organs by passive dif-
fusion [12]. Tocopherols not absorbed in the intestine
are removed from the body (Fig. 3) [6].

Violation of the blood lipid spectrum, fermentop-
athy caused by a pathological process or genetic char-
acteristics of the body, as well as the dose and duration
of treatment can affect the metabolism and absorption
of vitamin E, changing its overall effect and the result
of therapy [13].

Alpha-tocopherol as a component of complex
therapy. At present, the efficacy of the use of vitamin
E drugs in the complex therapy of various patholog-
ical states in humans and animals has been proven.

For example, when studying the dynamics of free
radical processes of oxidative modification of proteins
in blood plasma in rats under stress exposure, a pro-
nounced antioxidant effect of alpha-tocopherol in com-
bination with cycloferon was established. At the same
time, in the stressed group, a decrease in the amount
of aldehyde and ketone dinitrophenylhydrazones was
noted. According to the authors, cycloferon under con-
ditions of complex therapy has a protective effect on
the antioxidant system [14].

In case of the reproductive function violation, there
arises the question of a possible lack of vitamin E in
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the body, since experiments on animals prove that hy-
povitaminosis E leads to abortion in females and dam-
age to the testes in males. Compensation for the lack
of vitamin E normalizes the state of this body system.
This scientific fact was established in the 19™ century,
when feeding rats with whole milk and cereals with
green leaves, the reproduction of offspring was main-
tained, while in rats fed only whole milk, a decrease
in reproductive function was noted, which was asso-
ciated with a lack of vitamin E [8].

The efficacy of both external and internal use of
vitamin E in the complex therapy of atopic dermatitis
and acne in children [15, 16], including antihistamines
and sedatives, has been proven. According to some au-
thors [15], the efficacy of a cream containing a high
percentage of vitamin E is due to the biological prop-
erties of this vitamin. Alpha-tocopherol is a fat-solu-

Esterase

Vitamin E Vitamin E +
—

Excreted with leces and urine

ble compound, due to which it penetrates into cells,
stabilizes membranes, stimulates reparative process-
es and the synthesis of a number of enzymes (peroxi-
dase, catalase, etc.).

When conducting studies to evaluate the efficacy
of the use of polyunsaturated fatty acids and antioxi-
dants in patients with acne, an increase in the blood se-
rum concentration of malondialdehyde and diene con-
jugates was noted, as well as a decrease in the level of
glutathione peroxidase and catalase before the start of
treatment, which indicated the development of “oxida-
tive stress” in case of this disease. When taking vita-
min E and polyunsaturated fatty acids in patients with
mild and moderate course of the disease, an improve-
ment was observed: the duration of treatment was re-
duced, and the quality of life during the administration
of drugs and after recovery improved [16].
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Fig. 3. Metabolism of vitamin E [6]

The inclusion of alpha-tocopherol in the complex
therapy of syphilis at a dose of 0.2 g twice a day, to-
gether with the immunomodulator neovir and exten-
cillin, contributed to the improvement of the clinical
symptoms of the disease already on day 4, while with
antibiotic therapy alone, the result of treatment was
noted at a later date [17].

When studying the possibility of correcting the free
radical status in case of bronchial asthma, it has been
found that the use of tocopherol should be considered
successful in case of the mild course of the disease,
while in case of the more severe course of bronchial
asthma, the free radical status could not be complete-
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ly corrected, which required the appointment of oth-
er antioxidants in combination with intravascular la-
ser blood irradiation. The authors consider it justified
to include vitamin E in the complex therapy of mod-
erate bronchial asthma only in patients with a disease
experience of more than 10 years, who have a reduced
content of vitamin E, the total pool and active antiox-
idants [18].

In medicine, there are cases of successful use of
vitamin E in the complex therapy of patients with end-
stage chronic renal failure, who have membrane-desta-
bilizing disorders. With the introduction of alpha-to-
copherol (“Evitol” KRKA) at doses of 200 mg and
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300 mg per day for 4 weeks in patients receiving re-
placement therapy, a decrease in the severity of the
main clinical syndromes (astheno-vegetative, dys-
peptic, hemorrhagic), a decrease in the intensity lipid
peroxidation, improved hemodialysis tolerance [19].

In Wistar rats, nephrolithiasis was simulated by
peroral administration of 1 % ethylene glycol, after
which the rats received an oily solution of alpha-to-
copherol acetate at a dose of 300 mg/kg daily peroral-
ly. When studying the morphological structure of the
kidneys and the activity of free-radical oxidation pro-
cesses, it has been found that the introduction of al-
pha-tocopherol acetate in case of nephrolithiasis fa-
cilitates the course of the disease, as it reduces oxi-
dative stress in the tissues of the kidneys, promotes
regeneration and improves the functional activity of
the urothelium, reduces the number and size of kid-
ney stones [20].

The role of vitamin E in the prevention of platelet
hyperaggregation, which can lead to the development
of atherosclerosis, has been experimentally confirmed.
Vitamin E reduces the production of thromboxane,
which causes platelet aggregation [21]. At the same
time, the antioxidant role of vitamin E in preventing
adverse outcomes in case of cardiovascular diseases is
controversial, since some researchers confirm it, while
others reject it [22].

The cardioprotective effect of alpha-tocopherol in
case of hypothyroidism has been proven. On Wistar
laboratory rats subjected to thyroidectomy, it was found
that with the introduction of vitamin E, such changes
in the myocardium as a violation of hemodynamics,
trophism and structure of cardiomyocytes, a decrease
in repair processes and disorganization of the connec-
tive tissue, interstitial edema appeared two weeks lat-
er than in the animals who did not receive this drug
after thyroidectomy [23].

A. L. Yasenyavskaya et al. (2014) studied the effect
of vitamin E and emoxypine on thyroid gland morphol-
ogy under conditions of immobilization stress. As a re-
sult of the study, it has been noted that under a stress-
ful situation in rats, there is a decrease in the height of
the thyroid epithelium and the area of thyrocytes, an
increase in the area of follicles and follicular colloid,
which indicates inhibition of thyroid gland functions.
After the use of alpha-tocopherol and emoxypine, the
height of the thyroid epithelium and the area of thyro-
cytes increased, while the area of follicles and follic-
ular colloid, on the contrary, decreased. The activity
of the thyroid gland increased [24].

The studies of L. D. Erkenova (2013) deserve at-
tention. After thyroidectomy in rats, the analysis of the
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therapeutic efficacy of various antioxidants was car-
ried out with a histological assessment of the hypothal-
amus. When using antioxidants, the first signs of hy-
pothyroidism appeared later than in the animals that
did not receive them; the full picture of hypothyroid-
ism also developed later, which indicated a decrease
in the severity of hypothalamus damage and the neu-
roprotective effect of drugs, including vitamin E [25].

There is evidence that vitamin E also has an an-
ti-inflammatory effect [26]. It restores cellular immune
responses and the production of interleukin-2, and at
high doses stimulates the proliferation of T-helpers
[27]. A study of the acquired immunodeficiency syn-
drome in mice using a 15-fold increase in the content
of vitamin E in the diet showed normalization of the
immune status [28]. It has now been proven that vi-
tamin E stimulates the humoral and cellular immune
response, increases phagocytic function and activates
the production of antibodies during vaccination [21].

According to a number of authors [29], the intro-
duction of vitamin E into the diet of productive animals
can increase their productivity and improve the qual-
ity of animal products, since lipid oxidation in mus-
cles, eggs and dairy products is reduced. Evidence sug-
gests that the bioavailability of animal products for-
tified with vitamin E can be an invaluable benefit to
consumers, especially in resource-limited areas where
there is a high risk of vitamin E deficiency.

CONCLUSION

Thus, the results of numerous studies presented in
the literature indicate that vitamin E deficiency in an-
imals and humans is quite rare. The reason for this is
more often acquired diseases, in case of which the ab-
sorption of the vitamin worsens or fat metabolism is
disturbed with a loss of the ability to absorb fat. When
administered to the body, vitamin E acts as the first line
of defense against lipid peroxidation. Due to its perox-
ide radical scavenging activity, it also protects polyun-
saturated fatty acids present in membrane phospholip-
ids and plasma lipoproteins [30]. Along with the an-
tioxidant action, vitamin E performs other important
functions in the body: it maintains muscle tone, visu-
al acuity, immune reactivity, regulates the function of
the nervous system and reproductive capacity. The lack
of available biomarkers of vitamin E intake and status
makes it difficult to assess the association of its con-
tent in the body with possible clinical outcomes [21].
However, despite some inconsistency of data, the ben-
efits of vitamin E when included in the complex ther-
apy of diseases significantly exceed the risk of unde-
sirable effects.
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CTPYKTYPA 3ABOJIEBAEMOCTHU KOPOB (HETEJIEHN)
B TPETBEM TPUMECTPE BEPEMEHHOCTH
N 3HAYEHUE 'ECTO3A B EE POPMUPOBAHUU
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papmaxonozuu u mepanuu, Boponesc, Poccus, exterapi@yandex.ru®™
" Canxm-Ilemepbypeckuil 20Cy0apcmeennblil YHUGEPCUmMen

semepuraprotl meouyunsi, Cankm-Ilemepoype, Poccus

Annoranusi. C 1eJIbI0 U3Y4YeHUs CTPYKTYPhI 3200JIeBAEMOCTH TIATOJIOTHH TPETHETO TPUMECTpa OEpEeMEHHOCTH
npoBeneHo oOcenoBanue Hetenei (n = 225) u kopoB (n = 507) co cpokom mepuox 10 ponos u 60 mHEH moce.
OO01m1as 3200J1eBa€MOCTh )KUBOTHBIX B TEYEHUE TPETHETO TpUMecTpa OepeMeHHOCTH cocTaBmia 37,2 %, Ipu 3TOM
MOHOHO30J0THsI HaOmonaeTcst y 13,0 %, a MOJMHO30JIOTHST COOTBETCTBEHHO y 24,2 % oOcienoBaHHbIX. [ecTo3
JquarHoctupoBain y 12,4 % ot Bcex 00ciIen0BaHHbIX )KUBOTHBIX. [Ipr 3TOM recto3 KOHCTaTUPOBAIM B BHJE MO-
HOHo30s10run y 1,6 % 1 B coueranuu ¢ Apyrumu narogorusmMu — y 10,8 % xuBoTHBIX. JlaHHAs MaTONOTUs MO-
JKET BO3HHKATh KaK Y 3/I0POBBIX, TaK U Ha ()OHE Y)Ke CYIIECTBYIONIMX 3a00JICBaHUH, HA IPAKTHKE 3TO IIPEUMYIIe-
CTBEHHO 0OJIE3HU MEYEHH, TIOUEK U CUCTEMBI KpOBH. [1pu 3TOM, HEOIAronpusATHBINA aHaMHE3 3HAaYUTEIbHO TTOBbI-
LIaeT PUCK Pa3BUTHUS I'€CTO3a, a TSHKECTh TEUEHUS! U MCXOJl €r0 B 3HAYMTEIBHOW CTEIEHH 3aBUCUT OT HAJINYUS
1 BBIP@)KEHHOCTH COITYy TCTBYIOIIMX MATOJIOTHH, T. €. €ro0 KOMOPOUTHOCTH. BBIsIBIIEHO, UTO TecT03 yuacTByeT B hop-
MHPOBaHHH CIIO)KHONH MHOTOYPOBHEBOW NATO(MH3HOIOTMYECKON MEKCUCTEMHOM HHTETpallii B OpraHUu3Me, JIeKa-

meﬁ B OCHOBC pa3BUTUA KOMOp6PIZ[HOI7[ 11aToJIOTHuH.

KJiioueBble ¢JI0Ba: KOPOBBI, HETEH, OEPEMEHHOCTh, CTPYKTYpa 3a00JI€BAEMOCTH, KOMOPOUIHOCTE, T€CTO3, IKC-

TparcHuTaljlbHasd NaToJI0TuA

3110pOBbE JKUBOTHBIX SIBJISICTCS OCHOBHBIM (DaKTO-
POM, JIMMUTHPYIOLIUM YPOBEHb MX MPOAYKTHBHOCTH
1 3QGhEeKTUBHOCTH IENEBLIX WHBeCTHIHHA. [Ipu 3TOM
0c000€ X03sICTBEHHO-9KOHOMHYECKOE 3HAUYCHHIE UMe-
0T TTaTOJIOTHH, BO3HUKAIOIINE B pe3yabTaTe HapyIle-
HUS OOMEHA BEILIECTB B CHCTEME MaTh-TUIAIICHTA-TIIO/,
OJTHO# 13 (POPM TIPOSIBIICHUSI KOTOPOTO SIBJISICTCS TECTO3
(mpeoxnammncus) [ 1—4]. Hecmotps Ha oueBuaHbIE 10-
CTIDKEHUS B 00J1aCTH M3yYeHUs MaToreHes3a, JHarHo-
CTHKH U IPOPMITAKTUKH TTPEIKIIAMIICHH HAOIII0MaeTcs
MIPOrPEeCcCUPOBaHUE TAHHOW MIPOOIIEMBI, YTO, BEPOSITHO,
00yCJIOBJIEHO MHTEHCU(DUKAITUEH CKOTOBOJICTBA, KOTO-
POE COMPOBOXKIACTCS MOBBIIIICHUEM (DYHKIIMOHATIBHOM
HArpy3KH Ha OPraHH3M JKMBOTHBIX C COOTBETCTBYIO-
UM PUCKOM MOP(POPYHKITHOHATHHBIX HAPYIICHIH
CHCTEMBI MaTh-TUTalieHTa-oxn [S]. OueBHaHA HEOO-

XOJUMOCTb PACIIMPEHUs] TPAKTOBKH IaToreHe3a Te-
CTO3a U TIOUCKA HOBBIX MOIXO/IOB K PEIICHUIO TAHHOW
npo6neMsl. OHIM M3 TIEPCIEKTUBHBIX HAITPABICHUI
HAyYHOTO TIOMCKa 0a3MpyeTcs Ha TOM, YTO BEIyIIHM
CHUMIITOMOM TOKCHKO3a OEpeMEHHBIX SIBJISIETCS TOJIU-
OpraHHHasl HEIOCTaTOYHOCTb, T. €. IaHHAas aTOJIOTHSI
MMeeT MOIMMOPOUTHEIH XapakTep [6—S8]. st pa3pa-
OOTKH COOTBETCTBYIOIIETO HHHOBALIMOHHOTO ITOJX0/1a
HEOoOXOIMMO pacIIMpeHHe HAINX 3HAaHUH CTPYKTYPBI
3a00J1eBaeMOCTH OEpPEMEHHBIX M MEXaHH3MaX (hOPMH-
POBaHus KOMOPOUAHOTO MPOUIIS TIepUHATAILHOH Ma-
Tojoruu. st pa3paboTKu COOTBETCTBYIONIETO HHHO-
BaI[MOHHOTO MOAX0JIa HEOOXOMMO pacHIMpeHue Ha-
X 3HAHUH CTPYKTYPHI 3200J1€BaEMOCTH OEPEMEHHBIX
1 MexaHn3Max (popMUpPOBaHUS KOMOPOUIHOTO TIPOQH-
JIs IEpUHATAIbHOM MaTOJIOTHH.
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Lenbro paboThI SBISIIOCH M3YUYCHHE CTPYKTYPbI
3200JIeBAEMOCTH HETEJIeH U KOPOB TPEThEro TpHMe-
cTpa OepeMEHHOCTH U OIICHKU B €¢ (hOPMHUPOBAHIH
poJH recTosa.

MATEPUAJIBI U METO/bI
HUCCJIEJOBAHUM

C 11e71p10 M3Y4EHHS CTPYKTYPBI TAaTOJIOTHUECKHX CO-
CTOSTHUM OEpEMEHHBIX TPETHETO TPHMECTpa ObIiTa IpoBe-
JIeHa YIITyOJIeHHast TMCTIiaHCcepr3aIys KopoB B 12 cerb-
CKOXO3SIMICTBEHHBIX MPEIIPUSATHSX, CIICIHATH3HPYIO-
LIMXCSl Ha TPOM3BOJCTBE MOJIOKA M PACIIOIOKEHHBIX
B benroponckoit, Boponesxckoi, JInmnenkoii u I IckoBckoit
obmactsax. B o0ciemoBaHHBIX X03SHMCTBAX COAEpIKaT-
Cs1 JKUBOTHBIE HanOoJee pacpoCTpaHEHHBIX B YKa3aH-
HBIX peruoHax P® mopos: kpacHo-TiecTpasi ¥ TONMIITHH-
cKad uepHo-nectpast. B nepuon ¢ 15.11.2021 . mo 25.02.
2022 1. 732 XHMBOTHBIX, B T. 4., 225 Herenei u 507 ko-
OB CO CPOKOM OEPEMEHHOCTH 7 MECSIIEB TIO/IBEPTAIINCH
KOMITIEKCHOMY OOCIIETOBAHHIO, KOTOPOE 3aTEM TTOBTOPSI-
J0ck ¢ uaTepBasioM 10 nHel 10 poaos. C LEIbio OLeH-
KU KJIMHUYECKOTO 3HAUYeHUsI TeCT03a IIOMUMO 00CIIes1o-
BaHUS B TIEpUOJ OEpPEeMEHHOCTH, KIIMHUYECKOe HaOmo-
JIeHue coxpaHsuiock erte 60 aHel nocne orena.

[Ipu mpoBenennu 0OCIeTOBaHUS )KUBOTHBIX HC-
MTOJTE30BANA TPATUIIMOHHBIE KITHMHUYECKHE H WHCTPY-
MEHTaJIbHbIE METO/IbI HccieqoBanus. JlaboparopHsie
HCCIIEI0BaHMSI KPOBU, MOYH M COZIEP’KMMOT0 PyOLia mpo-
Benensl B benlJI ®I'BY « BHUN3X» (. benropon),
OI'BOY BO «CII6I'YBM» (r. Cankr-IlerepOypr)
nu ®I'bHY « BHUBUII®uT» (1. Boponex). s cau-
JKEHHSI PUCKa KIMHUYECKON OMIMOKA TPOBOAMIIHN KO-
MHUCCUOHHOE 00CJIeIOBaHHEe C Y9aCTHEM BETEpHHAp-
HBIX CIIELUAUCTOB C OMBITOM PabOTHI HE MEHee 3 JeT
1 Hay4HBIX COTPYIHUKOB Y3KOH CIICIMAIIU3ALINH, a TaK-
K€ MCITOJIb30BAIT COOTBETCTBYIOIIYIO METOINIECKYIO
mureparypy [9—12]. Anddhepennumariis 60IbITHHCTBA
3a00J1eBaHUi1 OCYIIECTBIISUIA HA OCHOBAaHUH CTICITU(H-
YECKHUX KIMHUYECKUX CHMIITOMOB HJIM CHHIPOMOB,
HO TP BBISBIICHUU aHEMHH, ['€CTO3a, ATOJIOTHH TIe-
YEHH, TIOUEK W MPE/KETYIKOB TaK)Ke YUUTHIBAIU pe-
3yJABTaThl HHCTPYMEHTAIBHBIX HCCIICOBAHUI U Jia-
OoparopHOro aHanm3a Onomarepuana. Tak, HaTUJwe
recTo3a KOHCTaTUPOBAIH IIPU COYETaHUHU OTEKOB, I10-
BBIIIICHUS co/iepkaHust Oenka B moue (> 0,3 r/i), cu-
cToaudeckoro (> 135,0 MM pT. CT.) U AUCTOIUYECKOTO
(= 55,0 MM pT. CT.) apTepHaIBHOTO AaBieHUS. | enaTos
JIMarHOCTUPOBAIIH Y KOPOB C TIOBBIIIICHHBIM COJICpIKa-
HUeM obmero ommupyouHa (> 18,0 MxM/1), xonecTe-
puHa (= 5,5 MM/11), aKTHBHOCTH B KPOBH acriapTaTaMu-
Horpancgepasa (= 100,0 E/x), ananunamuHoTpanc-
(depaza (> 40,0 E/x), rammarnyramuHTpanchepasbt

(> 25,0 E/im), menounoii docdarassr (>200,0 E/m)
u copouronaeruaporenassl (> 1,5 E/i). Ha 3a0oneBa-
HUE TI0YEK YKa3blBaJI0 HAIWYKME B HELEHTPUPYTUPO-
BaHHOH Moue OakTepuypuu (HUTPUTOB > 1,6 MM/n),
TIOBBINICHHBIH YPOBEHb JIeUKouToB (> 10,0 Ki1/mMK),
puTpoUTOB (> 5,0 KII/MKII), yBEeIHMYEHUE KOHIICH-
Tpauuy B KpoBU KpeatnHuHa (> 150,0 MxM/i1) n/unu
M3MEHEHHE COOTHOIIIEHHUS a30Ta MOYEBUHBI M Kpea-
tuHrHA (> 100 nm < 40). Hannune aHemMuu KoHCTa-
TUPOBAJM IPH YMEHBIICHUH B KPOBH TIOKa3aTeiel re-
marokpura (< 25,0), remonioouna (< 85,0 r/i) u ero
coneprkanms B aputponurax (< 16,0 nr). Hapymenue
(dbyHKIMN pyOIia ¢ aluI0THYECKON TeHACHITUEH ara-
THOCTHPOBAJIY MIPU YMEHBIIEHUH YacTOThI COKpalle-
Huil pyoua (< 2,0/2 mun), Benmunnbl pH (< 5,0 exn)
u xonmuectBa uHpy3opuit (< 80,0 Thic/MIT), HO yBe-
JUYCHUST COJCPIKAHUSI MOJICKYN CpPeHEH MacChl
(>2,0 ycn. en.) B conepxkumom py6rma. Ilpu ocrteo-
JTUCTPO(UU TOMUMO COOTBETCTBYIOIINX KIIMHIYECKUX
MPU3HAKOB HAOJIOAAIM YMEHBLICHUE COJEPIKAHUS
Kajpuus B KpoBH (< 1,8 MM/11) 1 yBenn4yeHne akTUB-
HOCTH IHIesiouHol (ocdarassl (> 200,0 E/n). Ha Ha-
JUYrEe KeT03a YKa3bIBAJIO TIOBHIIIEHHBIA YPOBEHD Ke-
TOHOBBIX TeJ B KpoBH (> 0,08r/1m) 1 moue (> 0,06 r/m).
PesynbraTsl 00c1e10BaHNS JKUBOTHBIX OBLIH ITOJT-
BEPrHYTHI CTaTUCTUYECKON 00paboTKe, B paMKax Ko-
TOpPOH onpenesin 1050 (%) KOHKPETHOM MaToIOTUH
B aHAJU3UPYyeMO BBIOOpKE. AHAIHM3 KIMHHYECKOTO
3HAYEHUS T€CT03a MPOBOIMIH C TIOMOIIBIO CTATUCTH-
YECKHUX METONIOB OIICHKH PHCKA C PacdeTOM OTHOCH-
TEJILHOTO PUCKa, €r0 AWara3oHa U JJOCTOBEPHOCTH.

PE3YJIBTATHI UCCJIEJOBAHUM
U OBCYXKIAEHUE

CtpykTypa 3a001€BaeMOCTH KOPOB (HETEICH)
B TPEThEM TPUMECTPE OEPEMEHHOCTH IIpEJICTaBICHA
B Tabnuie 1, U3 TaHHBIX KOTOPOH BUIHO, YTO O0IIast
3a00JIeBaeMOCTh KHBOTHBIX cocTaBwia 37,2 %, npu
3TOM MOHOHO30J10TUs Habronaercs y 13,0 % Bcex 00-
ciea0BaHHbIX WK Y 34,9 % O0JIbHBIX, a TIOJTMHO30J10-
rusy 24,2 % u 65,1 % coOTBETCTBEHHO.

YV Hereneil oOmias 3a00J€Ba€MOCTh COCTABIISIET
29,8 %, oiHy MaTONOT IO AUarHoctTupoBanu y 43,3 %
OonbHBIX. [Ipu 3TOM Hambosee 4acTo BCTPEUArOTCs
anemust (13,4 % ot Bcex OONBHBIX), OOJIE3HN OPTaHOB
neixanus (9,0 %) u nmegern (9,0 %). Y 56,7 % nere-
JIell OTMEUEHO HaIMYhe HECKOJIBKHX CaMOCTOATENb-
HBIX Oone3Hei. U3 unciia Hanboee pacpocTpaHeH-
HBIX COYETaHUN MOXKHO OTMETUThH OOJIC3HH OPraHOB
neixanus + anemust + remaros (11,9 % ot Bcex 60ib-
HBIX), renaro3 + recto3 (10,4 %), anemus + renaro3
(7,5 %) n 6one3nu mouek + recros (7,5 %).
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Taoanuna 1

Pezynvomamur kiunuyeckoeo obciedosanus nemenei u kopos 7—9 mecsyes bepemennocmu
CocTostHHE 300POBBS Herenn (n = 225) Kopogsr (n =507)
Knuamuecku 3mopoBbIe, TOI 158 302
Bonbnble Beero, ron 67 205

CrpykTypa 3ab0meBaeMOCTH
MoHOHO03010THS, TOJT
Bonesnu neuenu (remaros) 6 14
I'ecto3 4 8
Octeomuctpodust 0 5
Bone3nu opranoB apixanus (dMduzema, OpoHXHT, 6 7
ITHEBMOHWUS)
AHnemus 9 11
Bosesnu cepana (Muokapao3, MHOKapanopuopos) 0 6
Bosnesnu npemkenynkos (auao3 pyoua, rumoToHus ) 9
TIPEIKETYTKOB)
Bonesnu nouex (Hedput, Hehpo3, ypOLUCTHT) 2 3
Jpyrue natonorun 1 3
ITonuuo3zonmorus

Bosie3Hn opraHoB JbIXaHUs, TeIATO3 U aHCMHUSI 8 9
Bone3nu opranoB AbIxaHusi, U MOYEK 4 5
AHeMHUs U Trenaros 5 35
I'enato3 u recto3 7 23
I'enaro3, recro3 u anemust 4 18
Amnewmusi, 60JIe3HU cepana 0 15
Bonesnn nouek (HeppuT, He(HPO3, YPOIUCTHUT), TECTO3 5 3
Bonesnn nouek (Hepput, HeHPO3, YPOIIUCTHT), TEIATO3 3 16
1 TECTO3
Bonesnn npemkenynkos (amumo3 pyora, THIOTOHUS ) 1
TIPEKEITYAKOB ), TEMaTo3
Hpyrue couetanust 0 4

Y xopoB B Bo3pacte ot 3,0 mo 8,5 j1eT B mepuoma
3arycka (7 MecsieB 6epeMEeHHOCTH) o0rias 3aboJe-
BaeMOCTh okazajnach paBHa 40,4 %. [Ipu aToMm MOHO-
HO30JI0THI0 JuarHoctupoBanu y 31,2 % OONbHBIX.

Y HuX Hanbojee YacTo BCTPEUANUCH OONIE3HU Teue-
Hu (6,8 % ot Bcex OonmbHBIX), aneMus (5,4 %), 6ones-
HU npemkenyakoB (4,4 %) u rectos (3,9 %), pexe —
Ooe3nu opranos apixanus (3,4 %) u cepaua (2,9 %).
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KomopOuasbiii mpouib MaTtojorud OblJI OTMEUYEH
y 67,8 % OONBHBIX, Y KOTOPBIX HAUOOJIEe 9acToO OT-
Medaiu codeTanne anemus + remaros (17,0 % ot Bcex
0onpHBIX), Tenaro3 + recro3 (11,2 %), remaros + re-
cto3 + anemus (8,8 %), recro3 + remaro3 + 00JC3HH
nouek (7,8 %), u anemust + 6onesnu cepaua (7,3 %).

I'ecto3 nmuarnoctupoBamu y 12,4 % ot Bcex 00-
CJIEZIOBaHHBIX. JlaHHYIO MATONIOTHIO KOHCTATHPOBAIN
B BUJIe MOHOHO3010THH Yy 1,6 % 1 B coueTanuu ¢ apy-
rumu natosoruaMu — y 10,8 % xuBoTHBIX. [ecT03
muarnoctupoBanu y 10,2 % Bcex o0cie[0BaHHBIX He-
tenert u 'y 34,3 % ot yucna 6onbHBIX. B BUje MOHO-
MaTOJIOTHH MPEIKIAMIICUIO KOHCTaTHpoBaIn y 1,8 %
Bcex Herelel u 6,0 % oT uncia O0JIbHBIX, a B CoUe-
TaHUU C JIPyTUMHU OOJIe3HSIMU COOTBETCTBEHHO y 8,4
1 28,4 % xUBOTHBIX. Y KOPOB 00111251 320071€Ba€MOCTb

recto3om coctaBuna 13,4 %. Jlons maTonoruu B CTpyK-
Type 3aboneBaeMocTr Obiia paBHa 33,2 %, mpu 3TOM
B BHJIC OT/JEIIbHOW MATOJOTHH €€ [UArHOCTHPOBAIN
y 1,6 % Bcex oOcnenoBaHHbIX Uy 3,9 % OONBHBIX,
a ero CoYeTaHue C JPyruMu OOJIe3HSIMHU HaOIFoIaIN
cootBeTcTBeHHO y 11,8 11 29,3 %.

Pesynbrarhl peTpOCIEKTUBHOIO aHAIM3a COCTOS-
HUS KUBOTHBIX B TIEPUO HAOITIOICHUS TTPECTABICHBI
B Tabnwiie 2, U3 JaHHBIX KOTOPOW BUIHO, YTO MpH Oe-
PEMEHHOCTH OCJIOXKHEHHOM recTo30oM, B 9,6 paza Bo3-
pactaeT 3a00JIeBaeMOCTh KeTO30M. B nanbHeieM
y 9THX KUBOTHBIX B 11 pa3 yarie KOHCTaTUPYIOT Ma-
TOJIOTHYECKHE POJIBI, a B TIEPBHIE [BA MECsAIA JaKTa-
IIUY BBIIE puCK rubenu B 35,4 pa3a, pa3BUTHS THHE-
KOJIOTHUYECKUX M OPTOTIENIECKUX 3a00JIeBaHUH COOT-
BeTcTBeHHO B 11,4 1 9,3 paza.

Taoauma 2
Pesynemamor pempocnekmueroeo aHanu3a KIUHUYECKO20 3HAYEHUsL 2eCOo3d
y Hemerell u KOpog co CpoKkom bepemenHocmu 7—9 mecayes
DHU3NO0IOTHUECKOE COCTOSHUE
CocrostHH€ 3710pOBbs / Bee- Bepemennocts
AOP rO, P Oren Jlakranmsa 0—60 neHb
KOJI-BO TOJI. T7T—9 Mecs1eB
TOJL.

H K I'o H I1P H T'TI OIT I'o

Knunnuecku 310poBbie 460 451 9 0 450 10 430 18 11 1

BonbHbIX recTo3om 91 74 16 1 54 36 23 40 20 7

CrpykTypa 3a0071eBaeMOCTH reCTo3

OM (II0 OCHOBHOMY 3a00JI€BaHHIO)

I'ectos 12 11 1 0 9 3 8 4 0 0
bonesnu nedyenu (remnaros) 30 25 5 0 19 1 1 12 5 )
Y recTo3
I'enaro3, recTo3 u aHeMus 22 18 4 0 11 11 0 13 7 2
Bornesnu nouek (Hedpur, 3 7 1 0 6 > 4 3 1 0
He(po3, YPOLUCTHUT), TECTO3
Bbonesnu nouex (Hedpwur,
He(po3, YPOLUCTHT), TICICHH 19 13 5 1 9 9 0 8 7 3
1 TecTo3

ComnocTaBuMble BapHAHTBl HO30JIOTHUECKONW CTPYKTYPBI
I'enaro3 20 18 2 0 18 2 15 2 3 0
Anemust 20 20 0 19 1 16 0 4 0
AHeMus 1 Temnaros 40 37 5 0 30 10 15 12 12 1

Mpumeuyanue: K — xero3, ['6 — rubens sxuBoTHOT0, H — HOpMa, 3m0poBEIe, I T] — ruHekomorndeckast maToIoT s
(meTpuThl, cyOnHBOMIONNS MaTKH), [IP — marosnorus pooB (3aiepxkanue nociena, TMCKOOpANHHPOBAHHAS POIOBAs JEs-
TesbHOCTB), OIT — 00JIe3HM TUCTANBHOTO OT/ENa KOHEUHOCTEH (TTo0IepMaThT, Oone3Hs MopTernapo)
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[Ipu 3ToM cieyeT OTMETUTh, YTO POJIb FeCTO3a
3aBUCHUT OT HaJIMYMs M XapakTepa COITYTCTBYOIIUX
natoioruii. Tak, y OOJBHBIX TOIBKO T€CTO30M HE OT-
MEYEHO CYIIECTBEHHBIX M3MEHEHUH KIMHHYECKOTO
cTaryca B Iepuoj; OEpeMEHHOCTH, HO BO BpeMs po-
0B Y 25 % 13 uxX 4uclia OTMEUEHBI AaTOJIOTHYECKUE
ponbl B BuIE 3aaepkanus nociuena (16,7 %) u 3aTsok-
HBIX pojoB (8,3 %).

V¥V 33,3 % HOBOTEJIBHBIX KUBOTHBIX OTMEUEHO Pas3-
BUTHE METPUTOB U CYOMHBOMIONMY MaTku. [Ipu aTom
25 % ciydaeB 3To ciIeACcTBUE COOs POIOBOIT AeATEIb-
HOCTH, HO Y 8,3 %, BEpOSTHO, UMEJI0 MECTO HETaTHB-
HOE BJIMSIHHE I'eCTo3a.

I'ecTo3 B coueTannu ¢ APyrumMu OONE3HSIMH OKa-
3aJ1 0oJiee BBIpaKEHHOE BIUSHUE HA KITHHUYECKOE CO-
CTOSIHHE KMBOTHBIX. Tak, B CPaBHEHHUH C HEOCIIOKHEH-
HBIM T'€CTO30M BO3pacTaeT 4acToTa CllydaeB KeTo3a
MIPH €T0 COUETAHUU C TEMaTo30M B 2 pas3a, ¢ 0oe3Hs-
MH nodek — Ha 50,6 %, ¢ renaTo3oM U aHeMHEH —
B 2,2 pa3a W C aHeMHEH, OONEC3HIMH TICUCHH U TI0-
yek — B 3,2 pasza.

Ymcino naToJoruuecKux poJIoB Y AKUBOTHBIX IIEpe-
HECHIMX KOMOPOUIHBIN recto3 B 2,0 pasa BhIlle, 4eM
MOCJIe HEOCIOKHEHHO! ero (hopmbl. CoueTaHHe recTo-
3a C rernaro30M yBEJIHYHNBACT YaCTOTY CIy4acB METPH-
TOB 1 cyouHBOIONMH MaTku Ha 20,1 %, ¢ remaro3zom
U aHemuert — Ha 77,5 %, ¢ Oole3HAMHM MMOUYEK — Ha
12,6 %, ¢ 6oe3HsaMu neueHu U mouek — Ha 33,3 %.

3aboneBaeMOCTh KOHEUHOCTEH y KOPOB TIEpeHeC-
X KOMOp6I/IZ[HI)II‘/‘I T'€CTO3 3HAYUTCIBbHO BBIIIC, YEM
Mocyie HEOCIOKHEHHOW (OPMBI TAaHHOU ITaTOJIOTHH.
OpHAaKo CTOIB K€ BBICOKast 3a007IeBa€MOCTh OTMEYe-
Ha y )KHBOTHBIX C aHeMUe u rermato3om. [loatomy Het
OCHOBaHWUS JUII KOHCTATalliu POJIM T€CTO3a B Pa3BH-
THH OpTOHCI{I/I‘ICCKOﬁ IaToJIOTHUU, PUCK €€ MOABJICHUA
BO3pacCTacT MpU HAJIMYUH aHEMHU U I'€liaTo3a.

B Haem onbITe MBI He HAOJIFOIAJIN CITy4aeB CMEp-
TH IIPU HEOCTIOKHEHHOM TrecTto3e. OHaKo pUcK rube-
JIM BO3pacTan y OOJbHBIX ¢ KOMOPOMIHOW MaToI0Iu-
eil, B 4aCTHOCTH, Y KUBOTHBIX, MIEPEHECIINX I'eCTO3,
OCJIOKHEHHBIN I'elIaTo30M U aHEMUEH.

[MoyueHHbIe HAMU Pe3YJIBTATHI ITOKA3aJIH, UYTO, He-
TEJIM U KOPOBBI B HauaJle TPEThEro TpuMecTpa oepe-
MEHHOCTH MMEIOT Pa3sHOe HCXOAHOE COCTOSHHUE 3710-
POBBs, Ha (POHE KOTOPOrO Y HEKOTOPBIX M3 HUX pa3-
BUBAETCs F€CTO3, KOTOPBIH sBIsieTCsl (DaKTOPOM pHCKa
BO3HMKHOBEHHSI «HOBBIX» ITaTOJIOTHI1 BO BpeMsi Oepe-
MEHHOCTH, POJIOB M MEPBBIX MECSIIEB JIAKTAIIHH.

OnHako rumnoTesa o ToM, 4YT0 BO3HUKHOBEHHUE J0-
MOJTHUTENILHOM NaTOJIOT MU HETaTUBHO BIIMSCT HA KITU-
HUYECKOE COCTOSTHUE OOJIBHOTO HE BBI3BIBACT COMHE-
HUSI, HO TIpelicTaBleHHast (GOpMYIHPOBKA HE J]aeT HaM
HUKaKOW HH(POPMAIIUH O CTETICHH BEPOSITHOCTH IPO-
SIBJICHUS] HOBBIX 3a00JICBAHUI U COOTBETCTBEHHO HET
000CHOBaHHOCTH JICYEOHBIX I TPO(PIITAKTHICCKIX
neiicteuil. [loaToMy ObLIO TPOBEICHO CPaBHEHHE CO-
BOKYITHOCTEH 10 KaueCTBEHHBIM NMPHU3HAKAM — pac-
CUHMTAId OTHOCUTEIBHBIN PUCK ¢ 95 % moBeputemns-
HBIM HHTEpBaiIoM [13].

Ha ocHOBaHMM HaHHBIX O CTPYKType 3aboiieBae-
MOCTH c(hOpMHUPOBAIIN YETHIPEXIIOJIbHbIE TAOINIIBI CO-
NPSHKEHHOCTH TUXOTOMUUYECKHX MPHU3HAKOB. [Ipu aTom
(haxTOpOM pHCKa BO BCEX PACUETHBIX CITydasx ObLI re-
cT03, tuddepeHIraIbHbIM (HaKTOPOM — HATTUIHE WITH
OTCYTCTBHE «HOBBIX) MMATONIOTHI (HOBBIX IPU3HAKOB).

B rabmure 3 npencrasieH npuMep KOHCTPYKIIUN
COTIPSKEHHBIX MTpU3HAKOB. [Ipn aToM BeIOpaB nudde-
PEHLMAIBHBIM MTPU3HAKOM HAJIMYUE WK OTCYTCTBHUE
B TIEpHO/l OEPEMEHHOCTH KET03a MMeeM JIBe BHIOOp-
Ku: A —0OOJbHBIE OCIIO)KHEHHBIM U HEOCIOKHEHHBIM
recro3oM, b —kimHMuecku 3n0poBsie, C — uMeeTcs
KeT03, J[ — OTCYTCTBYET KETO3.

Taoauma 3

Ilokazamenu CONpANCEHHOCMU NPUHAKOB ons pacdema OnmHOCUmMenIbHo20 pucKka
B603HUKHO6EHUA Kemo3a )y OONILHBIX HEOCTONCHEHHBIM U OCTIONCHEHHBIM 2eCIMO30M

Hammumne nmm orcyteTBue hakTopa pricka (TecTo3)

Hanuuue uin 0TCyTCTBHE JIOMOIHUTEIBHOTO KIIHHAYE-
CKOTO COCTOSTHUSI (KETO3)

C. Nmeercs keTo3 . OTcyTcTBYyeT KeTo3

A. @akrop pucku nmeercs (OOIBHBIE TECTO30M)

17 73

B. ®axrop prcka OTCyTCTBYeT (310POBEIC)

9 451

HpOBe,ZISI pacyeThl, BBIABUIIN, YTO OTHOCHUTEIILHBIN
puck (RR) BO3HUKHOBEHHUS K€T03a y JKHBOTHBIX C Te-
€TO30M (OCIIOKHEHHBIH U HEOCIOKHEHHBIN) paBeH

9,65+ 0,396, T. €., B 9,65 pa3 BhIIIIE, 9YeM y 3I0POBBIX
OepemenHbIX. JloBeputensHbIid nHTEpBa (111) cocTa-
Bua 4,44—20,97, uT0 yKa3bIBaeT Ha JOCTOBEPHYIO CTa-
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TUCTUYECKYIO (KITMHUYIECKYT0) 3HaUMMOCTh (p < 0,05)
1 MOJTBEPKIAET BBICOKUI YPOBEHBb BEPOSITHOCTH Pas3-
BHUTHsI HOBOH IaToJIOTUH (KETO3) MIPH HATWINH (ak-
Topa pucka (recto3). OTHOCHUTENBHBIH PUCK BO3HUK-
HOBCHHMSI TIATOJIOTHU POJIOB M THHEKOJIOTHUSCKHX 3a-
OoseBanuil y OONBHBIX ¢ He AUPPEPEHIUPYEMbIM
recTO30M cocTaBuja cooTBeTcTBeHHO 18,40 £ 0,338
n 12,29 + 0,258, a noBepuTenbHBIN HHTEpBAT 9,480—
35,714 1 7,418—20,358, 4TO yKa3bIBaeT HA 1IO0CTOBEP-
HYIO CTaTUCTHUYECKYIO (KIIMHUYECKYI0) 3HAYMMOCTh
(p <£0,05) n noaTBEpKAAET BEICOKUI YPOBEHB BEPOSIT-
HOCTH Pa3BUTHUS YKa3aHHBIX MATOJIOTUH MTPH HATUYUU
(axTopa pucka (recro3). BepostHOCTh rrbenu KOpoB
B TEUCHHE MEePBBIX 60 THEH JTaKTaINK IePEHECITNX Te-
cTo3 B 35,7 paza Berre (RR = 35,70 + 1,063), uem cpe-
TV )KUBOTHBIX TI0CJI€ HEOCIIOKHEHHOM OEpEMEHHOCTH.
YpoBeHb IOCTOBEPHOCTH M3Y4aeMOTO BIHSIHHUS COOT-
BercTBYeT p < 0.05, Tak KaK JOBEpUTENbHBIA UHTEP-
BaJl HE BKJTFOYAET B ceOs enuaMITy [14].

OTHOCHTENBHBIN PUCK Pa3BUTHS KETO3a Y JKUBOT-
HBIX C COUETaHNEM I'eCT03a 1 Telaro3a OKa3aics paBeH
1,67 £0,785, 1. e., B 1,67 pa3bl BhIIle, 4eM Y OOJBHEIX,
TOJILKO C TiaTrojioruei nedenu. OHAKO, JOBEPUTEIb-
He1it uaTepBan (0,358—7,768) BkiIO4aeT eIUHUILY,
YTO yKa3bIBaeT Ha HeIoCToBepHBIH (p > 0,05) ypo-
BEHb CTATUCTUYECKON 3aBUCUMOCTH. bin3kue 3Haue-
HUSl OTHOCHTEIbHOTO pucka (1,53 +0,617), noBepu-
tenbHoro untepBana (0,456—5,119) u nocroBepHo-
cTH (p = 0,05) c COOTBETCTBYIONIUM HU3KUM YPOBHEM
KJIIMHUYECKOTO 3HAYCHUSI OBLIIM MOJTyUCHBI ITPH OICH-
Ke POJIM TeCT03a B Pa3BUTHH KETO3a MPH €T0 HAJTMINN
y OONIBHBIX C COYETAaHUEM TeraTo3a U aHeMUH.

Y )KMBOTHBIX, IEPEHECIINX OCIOKHEHHBIN TeCTO3,
BBISIBJICHO, YTO TIOSIBJICHUE JIAHHOM [TaTOJIOTUH Y 00JIb-
HBIX remato3oMm B 1,46 pasza (RR =1,467 +0,364)
BBIIIIC BEPOSTHOCTH BOSHUKHOBEHHS IIATOJIOTHYECKHIX
ponoB. OHAKO JaHHAS 3aBHCHMOCTD OKa3a1ach HEMl0-
ctoBepHa (p > 0,05), Tak kak 95 % JIM (0,718—2,994).
Y GONBHBIX, Y KOTOPBIX TUATHOCTHPOBAIIA COUETAHHE
recTo3a, rernaro3a i aHeMHH OTHOCUTEIIBLHBIN PUCK CO-
craBun 2,00 £ 0,347, a JIN 1,013—3,949, uto yka3bI-
BaeT Ha goctoBepHOe (p < 0,05) KIMHUYECKOE 3HAUC-
HHUE TeCTo3a B Pa3BUTHE MATOIOTUU POJOB Y KUBOT-
HBIX C YKa3aHHBIM KOMOPOHTHBIM TIPOQHIIeM OOIE3HH.

BeposiTHOCTh BO3HUKHOBEHUS THHEKOJIOTUYECKIX
3a00JICBaHUIA Y )KUBOTHBIX, Y KOTOPBIX PaHEe TUATrHO-
CTHPOBAJIM COYETaHUE I'eCTO3a C TeNaro30M M C re-
maTo3oM U anemueit poctosepHo (p < 0,05 %) coot-
BercTBeHHO B 4,29 (RR =4,29 + 0,705, A1 1,075—
17,080)u 2,11 (RR =2,11 £ 0,291, AN 1,195—3,736)
pas3 Bblllie, 4YeM y OOJNBHBIX 0€3 TOKCHKO3a OepeMeH-
HBIX.

B Teuenue nepsbix 60 AHEH TaKTAIIUU PUCK YXYI-
IICHUS] KIMHUYECKOTO COCTOSIHHSI U THOENH KOpPOB
0OJIBPHBIX aHEMHUEH W TeraTo30M BBIIIE, €CIIU Yy HUX
B MepuoJl OEPEMEHHOCTH MMOMHUMO YKa3aHHBIX TaTo-
JIOTUH UMETI0 MeCTO recTo3. OaHaKo, HECMOTPSI Ha TO,
YTO TIOKa3aTeJh OTHOCUTEIHHOTO PUCKA Y 3THUX KHUBOT-
HBIX cocTaBui 3,64 + 1,196 auanasoH ero rpaHuil Oka-
3ancs B npenenax ot 0,349 no 37,880, T. €., BIusiHUE
recTo3a Ha PUCK HEOJIArOMpHUsITHOTO MCX0/1a OOJIBHBIX
aHEeMHUEH U TeraTo30M — HeA0CTOBEpHO (p > 0,05).

Taxum oOpa3om, MOTyYeHHBIE HAMH JaHHbIE T0-
Ka3aju, 94TO B TPETbEeM TpUMecTpe OepeMeHHOCTH
y HeTeJel 1 KopoB 0011as 3a001eBaeMOCTh COCTaBH-
na 37,2 %, npu 3TOM HamboJee 4acTo BCTPEYAIOTCS
6omnesnu neuenu (21,6 %), anemust (15,6 %), rectos
(12,4 %), nedponaruu (5,6 %) 1 qUCHYHKINHU MIpea-
xemynkoB (3,3 %). B OonmpmmHCTBE CiTydaeB maTosio-
TUS POTEKAaeT B KoMmopOuaHoi dopme. I'ecTos B co-
YETaHWH C JPYTHUMH 3200J€BaHUSAMHU BCTPEYACTCS
B 6,6 pa3a vaiie, 4YeM B BUJIC OTACIbHOMN MMaTOJOTHUH.
HaubGomnee mmpoko pacmpoCTpaHEHBI €ro COYCTAHUS
¢ aHeMueH, 00JIe3HsIMH TICUeHH 1 TIo4eK. [Ipu sToM Ha-
JIMYYe TeCTO3a Yy HeTeJel U KOPOB, 37I0POBBIX U 0OIh-
HBIX aHEMUEH 1/HITH TeTIaTO30M YBEIHMIUBACT BEPOSIT-
HOCTh BOSHUKHOBEHUSI B TIEpHOJ] OEPEeMEHHOCTH KETO-
3a, BO BpeMs OTeJa — MaTOJIOTHHU POAOB (3aAepKaHue
mocjena, TUCKOOPIUHUPOBAHHAS POJOBAs JEATEIb-
HOCTB), B TeUCHHUE NepBHIX 60 THEH JaKTaIiu — THHe-
KOJIOTHYECKOM MaToIOTHH (METPUTHI, CYOUHBOIIOIINS
MaTKH) W THOETH KUBOTHBIX. [IpoBeast ¢ momMomsio
METOJIOB OLICHKH PUCKa aHAJIU3 TIOTYyUYEHHBIX JaHHBIX,
OBLIO YTOUHEHO KIMHUYECKOE 3HAYCHUE IeCTo3a KaK
(hakTopa OnpeACIAIONIEro BEPOSITHOCTh BO3HUKHOBE-
HUSI BTOPUYHBIX MTaTosioruii. [fokazaHo, 4To pUcK pas-
BUTHS KETO3a Ha (JOHE OCIIOKHEHHOTO W HEOCIIOKHEH-
HOTO I'eCT03a, a TaK YK€ MaTOJIOTHH POJIOB U THHEKOJIO-
TUYECKHX 3a00JIeBaHUI Y KOPOB paHee MEPEeHECIINX
TeCTO3 JOCTOBEPHO BBIIIE, YEM Y 3AOPOBBIX )KUBOTHBIX.
Hanuuue y HeTesel 1 KOpOB B Ha4ajie TPEThEro TPU-
MecTpa 6epeMEeHHOCTH aHEMHH, U €€ COYETaHH C TMa-
TOJIOTHEH MIEYSHH, OKa3bIBAET CYIIECTBEHHOE BITUSHIE
Ha PUCK Pa3BUTHS YKa3aHHBIX BTOPHYHBIX MTATOJIOT HIA.
Bo3HuKHOBEHHE Y STUX JKUBOTHBIX T€CTO3a JOCTOBEP-
HO TIOBBIIIACT YPOBEHb PUCKA PA3BUTHS THHEKOIOTH-
4YeCKUX 3a00JIeBaHUM, a Y OOJIbHBIX C COUCTAHHE aHEe-
MUH 1 TeTaro3a Jaiie BCTpeyaeTcst HaToJI0THs POIOB.
He moaTBepanunock MOCTOBEPHOCTH KIIMHHYECKOTO
3HAYCHUsI TOKCHKO3a OEPEMEHHBIX B IAaTOTCHE3E Ke-
TO3a Ha ()OHE AHEMUH M MATOJIOTHHU [IEUYCHH, a TAKXKE
B BO3HUKHOBCHUU MATOJIOTUU POJIOB Y OOJBHBIX rema-
TO30M. HecMOTpst Ha BBISIBIICHHOE BIUSHUE KaK «49U-
CTOTO», TaK M OCIIO)KHEHHOTO T'eCT03a Ha KIWHUYE-
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CKO€ COCTOSIHHE O€pEeMEHHBIX )KUBOTHBIX, MBI HE BbI-
SABUJIM TOCTOBEPHOI'O YBCIIMUCHUA PUCKOB UX CMEPTH.
Taxoke He OTMEUEHO TaHATOJIOTMYSCKOT0 3HAYECHUS T1e-
PEHECEHHOTO IrecTo3a y KOPOB TOCe OTelNa, XOTS I10-
CcJie KOMOPOUTHOM ero (pOpMBI JIeTATBHOCT COCTaBHIIIA
7,7 %, B TO BpeMs Kak JaHHbIN IOKa3aTeIb CpeIu O0Jb-
HBIX TOJIBKO aHEMHUEH U Tenaro3oM ObL1 paBeH 1,25 %.

Pesynbrarel crarucTHYecKoi 00paboTKM Mmokasa-
TeJel CTPYKTYpPbI 3a00JI€BaeMOCTH IecTo3a TOKa3ajH,
pa3IuYHbIA YPOBEHb €r0 KJIMHUYECKOW 3HAUUMOCTHU
B BO3HUKHOBEHUHM BTOPHYHBIX TATOJOTUI OepeMeH-
HOCTH, POJIOB U MOCIIEpOI0BOro nepuoaa. OaHaxko BO
BCC€X aHAJIM3UPYEMBIX BapUaHTaX BJINAHUC TOKCUKO3a
umeno mecto. [loaToMy mpoBenu pacyeT HHTETpalb-
HOM KIIMHUYECKOH 3HaunMOoCTH. [Ipn »TOM hakTopom
pHCcKa OBUTO HAJIMYHE WITH OTCYTCTBHE KOMOPOHIHOTO
npoduis rectoza. ConocTaBuMble BHIOOPKH COCTOSIIH
U3 TPYII C HAJMYUEM WM OTCYTCTBUEM BTOPHUYHBIX
narojorui (tadmn. 2). Pe3ynpraTsl pacuera mnoxasainm,
YTO B CIIy4asX KOMOPOHUTHOTO IPOQHIISI TeCTO32a PHCK
BO3HMKHOBEHUS KETO3a BO BpeMsi OepeMEeHHOCTH | T1a-
TOJIOTHH POJIOB, a B ITOCIEPOAOBOM ITEPHO/IEC THHEKO-
JIOTHYECKHUX M OPTONEIUUECKUX 3a00IeBaHNM, a Tak-
JK€ yrpo3a yXyAIIEeHUs KINHUYECKOTO COCTOSIHUS U T'U-
Oeru KHUBOTHBIX B 1,874 paza BbIle, 4eM y OOJIbHBIX
¢ HeocnoxkHeHHBIM recto3oM (RR = 1,874 + 0,314, 11
1,013—3,469, p < 0,05).

3AKJ/IIOYEHHUE

IIpoBeneHs! vccie10BaHus 0 U3YUEHUIO pacipo-
CTPaHEHHOCTH U (DOPM TIPOSIBIICHUS TECTO3a Y KOPOB.
IToka3aHo, 4TO AaHHAs ATOJIOTUSI MOXKET BO3HUKATh
KaK y 3/IOPOBBIX, TaK ¥ Ha (JOHE YXKE CYIIECTBYIOIIIX
3a00J1eBaHMIA, Ha MPAKTUKE 3TO MTPEUMYIIIECTBEHHO 00-
JIC3HU TEUCHH, MTOYEK U CUCTEMBI KpoBU. [Ipu sTOM,
HEOJaroNpPUsATHBIM aHAMHE3 3HAYMTEIBHO IMOBBIIIA-
€T PUCK Pa3BUTHS T'eCTO3a, a TSHKECTh TCUCHUS U UC-
XOJl €r0 B 3HAYUTEJBHON CTENEHH 3aBUCUT OT HAJIU-
YUsl U BBIPAKEHHOCTU CONYTCTBYIOLLIUX IATOJIOTUM,
T. €., ero KomopOuaHoCcTU. B CBOIO Ouepenp pa3BuTHE
«IO3JTHETO» TOKCUKO3a Ha (JOHE aHEeMUH U OO0Jie3HeH
MEYCHH TOBHIIIACT PUCK BO3HUKHOBEHUEM BTOPHY-
HBIX TIATOJIOTHH BO BpEeMsI OEpEeMEHHOCTH, HAIpUMED,
KET03a, U OTAAJIEHHBIX NIOCJIEICTBUI B BUJIE aKyllIep-
CKO-THHEKOJIOTUYECKHX 3a0oeBannii. OUueBUIHO, YTO
TeCTO3 Y4acTByeT B (JOPMHUPOBAHUH CIIOKHONW MHOTO-
YPOBHEBOW MaTO(U3HOIOTHICCKON MEKCUCTEMHON
UHTETpaIlii, U3yYCHUE MPOIECCOB BOZHUKHOBEHUS
KOTOPOM SIBJISIETCS MEPCHEKTUBHBIM HAaIlPaBICHUEM
BEeTepUHApHON HayKu. Tak, BHIIBUB MEXaHU3Ma MEXK-
CHUCTEMHOM MaTOreHeTUYeCKOM MHTETpaly U HUBE-
JUPOBAB UX, CHU3UTCS PUCK TeHEpaIn3aluu recTo3a,

MPOTPECCUPOBAHNUS PAaHEE UMEIOIIUXCS U BO3HUKHO-
BEHHEM HOBBIX (BTOPUYHBIX) 3200JI€BaHUH.
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Abstract. To study the incidence structure of the third trimester pathology of gestation, there were examined heif-
ers (n = 225) and cows (n = 507) with a period before calving and 60 days after. The overall incidence of animals
during the third trimester of gestation was 37.2 %, while mononosology was observed in 13.0 %, and polynosol-
ogy in 24.2 % of the examined animals, respectively. Gestosis was diagnosed in 12.4 % of all examined animals.
At the same time, gestosis was stated as mononosology in 1.6 % and in combination with other pathologies in
10.8 % of animals. This pathology can occur both in healthy animals and against the background of already ex-
isting diseases; in practice, these are mainly diseases of the liver, kidneys and blood system. At the same time, an
unfavorable anamnesis significantly increases the risk of gestosis development, and the severity of the course and
its outcome largely depend on the presence and severity of comorbidities. It has been revealed that gestosis is in-
volved in the formation of a complex multilevel pathophysiological intersystem integration in the body, which

underlies the comorbid pathology development.

Keywords: cows, heifers, gestation, incidence structure, comorbidity, gestosis, extragenital pathology

INTRODUCTION

Animal health is the main factor limiting the lev-
el of their productivity and the efficacy of targeted in-
vestments. At the same time, pathologies resulting
from metabolic disorders in the mother-placenta-fetus
system, one of the manifestations of which is gestosis
are of particular economic importance [1—4]. Despite
the obvious achievements in the field of studying the
pathogenesis, diagnosis and prevention of gestosis, this
problem is progressing, which is probably due to the
intensification of cattle breeding, which is accompa-
nied by an increase in the functional load on the animal
body with a corresponding risk of morphological and
functional disorders of the mother-placenta-fetus sys-
tem [5]. There is an obvious need to expand the inter-
pretation of gestosis pathogenesis and search for new
approaches to solving this problem. One of the prom-
ising areas of scientific research is based on the fact
that the cardinal symptom of toxicosis of pregnant an-

imals is multiple organ failure, i. e., this pathology has
a polymorbid character [6—S8]. To develop an appro-
priate innovative approach, it is necessary to expand
our knowledge of the incidence structure of pregnant
animals and the mechanisms of formation of the co-
morbid profile of perinatal pathology. To develop an
appropriate innovative approach, it is necessary to ex-
pand our knowledge of the incidence structure in preg-
nant animals and the formation mechanisms of the co-
morbid profile of perinatal pathology.

The objective of the work was to study the inci-
dence structure of the heifers and cows in the third tri-
mester of gestation and to assess the role of gestosis
in its formation.

MATERIAL AND METHODS
In order to study the structure of pathological states
of pregnant animals of the third trimester, an in-depth
medical examination of cows was carried out at 12 ag-
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ricultural enterprises specializing in milk production
and located in Belgorod, Voronezh, Lipetsk and Pskov
regions. The surveyed farms contain animals of the
most common breeds in these regions of the Russian
Federation: Red-Motley and Holstein Black-Motley.
From November 15, 2021 to February 25, 2022, 732
animals, including 225 heifers and 507 cows with a
gestational age of 7 months, were subjected to a com-
prehensive examination, which was then repeated at
an interval of 10 days before calving. In order to as-
sess the clinical significance of gestosis, in addition to
examination during gestation, clinical observation was
maintained for another 60 days after calving.

During the examination of animals, traditional
clinical and instrumental research methods were used.
Laboratory studies of blood, urine, and rumen con-
tents were carried out at BelTL FSBI “Federal Center
for Animal Health” (FGBI “ARRIAH”) (Belgorod),
FSBEI HE “SPbSUVM?” (St. Petersburg) and FSBSI
“ARVRIPP&T” (Voronezh). To reduce the risk of clin-
ical error, a commission examination was conducted
with the participation of veterinary specialists with at
least 3 years of experience and researchers of a narrow
specialization, and also the relevant methodological lit-
erature was used [9—12]. Differentiation of most dis-
eases was carried out on the basis of specific clinical
symptoms or syndromes, but when anemia, gestosis,
pathology of the liver, kidneys and forestomach were
detected, the results of instrumental studies and labo-
ratory analysis of the biomaterial were also taken into
account. Thus, the presence of gestosis was noted with
a combination of edema, increased protein content in
the urine (> 0.3 g/L), systolic (> 135.0 mm Hg) and
distolic (> 55.0 mm Hg) blood pressure. Hepatosis was
diagnosed in cows with elevated levels of total biliru-
bin (> 18.0 uM/L), cholesterol (> 5.5 mM/L), aspartate
aminotransferase activity in the blood (> 100.0 U/L),
alanine aminotransferase (>40.0 U/L), gammagluta-
mine transferase (>25.0 U/IL, alkaline phosphatase
(>200.0 U/L) and sorbitol dehydrogenase (> 1.5 U/L).
Kidney disease was indicated by the presence of bac-
teriuria in non-centrifuged urine (nitrites > 1.6 mM/L),
an increased level of leukocytes (> 10.0 cells/pl),
erythrocytes (= 5.0 cells/ul), an increase in the blood
concentration of creatinine (> 150.0 uM/L) and/or
a change in the ratio of urea nitrogen and creatinine
(> 100 or <40). The presence of anemia was stated
with a decrease in blood levels of hematocrit (< 25.0),
hemoglobin (< 85.0 g/L) and cellular hemoglobin con-
tent (< 16.0 pg). Violation of the rumen functions with
an acidotic tendency was diagnosed with a decrease
in the frequency of rumen contractions (< 2.0/2 min),
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the pH value (< 5.0 units) and the number of ciliates
(< 80.0 ths/ml), but an increase in the content of me-
dium-weight molecules (> 2.0 c. u.) in the rumen con-
tents. In case of osteodystrophy, in addition to the cor-
responding clinical signs, a decrease in blood calcium
(£ 1.8 mM/L) and an increase in alkaline phosphatase
activity (> 200.0 U/L) were observed. The presence of
ketosis was indicated by an increased level of ketone
bodies in the blood (> 0.08 g/L) and urine (> 0.06 g/L).

The results of the examination of animals were
subjected to statistical processing, within which the
proportion (%) of a specific pathology in the analyzed
sampling was determined. The analysis of the clinical
significance of gestosis was carried out using statis-
tical risk assessment methods with the calculation of
the relative risk, its range and reliability.

STUDY RESULTS AND DISCUSSION

The incidence structure of cows (heifers) in the third
trimester of gestation is presented in Table 1, from the
data of which it can be seen that the overall incidence
of animals was 37.2 %, while mononosology was ob-
served in 13.0 % of all examined or in 34.9 % of sick
animals, and polynosology in 24.2 % and 65.1 %, re-
spectively. In heifers, the overall incidence was 29.8 %,
one pathology was diagnosed in 43.3 % of sick ani-
mals. At the same time, anemia (13.4 % of all sick an-
imals), diseases of the respiratory organs (9.0 %) and
liver (9.0 %) are most common. 56.7 % of heifers had
several independent diseases. Among the most common
combinations, respiratory diseases + anemia + hepa-
tosis (11.9 % of all sick animals), hepatosis + gestosis
(10.4 %), anemia + hepatosis (7.5 %) and kidney dis-
eases + gestosis (7.5 %). In cows aged 3.0 to 8.5 years
during the cow drying off period (7 months of gesta-
tion), the overall incidence was 40.4 %. At the same
time, mononosology was diagnosed in 31.2 % of sick
animals. They most often had liver diseases (6.8 % of
all sick animals), anemia (5.4 %), diseases of the fores-
tomach (4.4 %) and gestosis (3.9 %), less often respira-
tory (3.4 %) and heart diseases (2.9 %). A comorbid pa-
thology profile was noted in 67.8 % of sick animals, in
which the combination of anemia + hepatosis (17.0 %
of all sick animals), hepatosis + gestosis (11.2 %), hep-
atosis + gestosis + anemia (8.8 %), gestosis + hepato-
sis + kidney diseases (7.8 %) and anemia + heart dis-
eases (7.3 %) were most often noted.

Gestosis was diagnosed in 12.4 % of all examined
animals. This pathology was stated as mononosology
in 1.6 % and in combination with other pathologies in
10.8 % of animals. Gestosis was diagnosed in 10.2 %
of all examined heifers and in 34.3 % of the number
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of sick animals. In the form of monopathology, gesto-
sis was noted in 1.8 % of all heifers and 6.0 % of the
number of sick animals, and in combination with oth-
er diseases in 8.4 and 28.4 % of animals, respectively.
In cows, the overall incidence of gestosis was 13.4 %.

The share of pathology in the incidence structure was
33.2 %, while as a separate pathology it was diagnosed
in 1.6 % of all examined and in 3.9 % of sick animals,
and its combination with other diseases was observed
in 11.8 and 29.3 %, respectively.

Results of a clinical examination of heifers and cows with a gestational age of 7—9 months e
Health status Heifers (n = 225) Cows (n=507)

Clinically healthy, animals 158 302

Total number of sick animals 67 205

Incidence structure
Mononosology, animals
Liver disease (hepatosis) 6 14
Gestosis 4 8
Osteodystrophy 0 5
Respiratory diseases (emphysema, bronchitis, pneumonia) 6 7
Anemia 9 11
Heart disease (myocardosis, myocardiofibrosis) 0 6
Diseases of the forestomach (ruminal acidosis, hypoten-
sion of the forestomach) 2 ?
Kidney diseases (nephritis, nephrosis, urocystitis) 2 3
Other pathologies 1 3
Polynosology

Respiratory diseases, hepatosis and anemia 8 9
Respiratory and kidney diseases 4 5
Anemia and hepatitis 5 35
Hepatosis and gestosis 7 23
Hepatosis, gestosis and anemia 4 18
Anemia, heart disease 0 15
Kidney diseases (nephritis, nephrosis, urocystitis), 5 3
gestosis
Kidney 'diseases (nephritis, nephrosis, urocystitis), 3 16
hepatosis and gestosis
Diseases of the forestomach (ruminal acidosis, hypoten-
sion of the forestomach), hepatosis 2 i
Other combinations 0 4
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The results of a retrospective analysis of the state
of'animals during the observation period are presented
in Table 2, from the data of which it can be seen that
during gestation complicated by gestosis, the incidence
of ketosis increases by 9.6 times. In the future, these

animals are by 11 times more likely to have patholog-
ical calvings, and in the first two months of lactation,
the risk of death is by 35.4 times higher, the risk of de-
veloping gynecological and orthopedic diseases is by
11.4 and 9.3 times higher, respectively.

Table 2

Results of a retrospective analysis of the clinical significance of gestosis in
heifers and cows with a gestational age of 7—9 months

Physiological state
State of health / number of Total,
. ani- Gestation 7—9 mths Calving Lactation, d 0—60
animals mals
N K Da N CP N GP oIl Da
Clinically healthy 460 451 9 0 450 10 430 18 11 1
Animals with gestosis 91 74 16 1 54 36 23 40 20 7

Structure of the incidence of gestosis (according to the underlying disease)

Gestosis 12 11 1 0 9 3 8 4 0 0
Liver §1seases (hepatosis) and 30 25 5 0 19 1 1 12 5 )
gestosis
Hepatosis, gestosis and anemia 22 18 4 0 11 11 0 13 7 2
Kidney fihseases (quhrltls, . 3 7 | 0 6 ) 4 3 1 0
nephrosis, urocystitis), gestosis
Kidney diseases (nephritis,
nephrosis, urocystitis), liver and 19 13 5 1 9 9 0 8 7 3
gestosis

Comparable variants of the nosological structure
Hepatosis 20 18 2 0 18 2 15 2 3 0
Anemia 20 20 0 19 1 16 0 4 0
Anemia and hepatosis 40 37 5 0 30 10 15 12 12 1

Note. K — ketosis, Da — death of the animal, N — normal, healthy, GP — gynecological pathology (metritis, uter-
ine subinvolution), CP — calving pathology (retained placenta, discoordinated labor activity), OP — diseases of the dis-

tal portion of the limbs (pododermatitis, Mortellaro disease)

It should be noted that the role of gestosis depends
on the presence and nature of comorbidities. So in the
sick animals with gestosis alone, there were no signifi-
cant changes in the clinical status during gestation, but
during calving, 25 % of them had pathological calv-
ing in the form of retained placenta (16.7 %) and pro-
longed calving (8.3 %).

In 33.3 % of newly calved animals, the develop-
ment of metritis and uterine subinvolution was not-
ed. At the same time, in 25 % of cases this is a conse-
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quence of a labor activity failure, but in 8.3 %, there
was probably a negative effect of gestosis.

Gestosis in combination with other diseases had
a more pronounced effect on the clinical state of ani-
mals. So in comparison with uncomplicated gestosis,
the incidence of ketosis increases when it is combined
with hepatosis by 2 times, in case of kidney diseases —
by 50.6 %, in case of hepatosis and anemia — by 2.2
times, and in case of anemia, liver and kidney diseas-
es — by 3.2 times.
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The number of pathological calvings in animals
undergoing comorbid gestosis is by 2.0 times higher
than after its uncomplicated form. The combination of
gestosis with hepatosis increases the incidence of me-
tritis and uterine subinvolution by 20.1 %, in case of
hepatosis and anemia — by 77.5 %, in case of kidney
diseases — by 12.6 %, in case of liver and kidney dis-
eases — by 33.3 %.

The incidence of limb diseases in cows that suf-
fered comorbid gestosis is significantly higher than af-
ter an uncomplicated form of this pathology. However,
the same high incidence was noted in the animals with
anemia and hepatosis. Therefore, there is no reason to
state the role of gestosis in the development of ortho-
pedic pathology, the risk of its occurrence increases in
the presence of anemia and hepatosis.

In our experiment, we did not observe deaths in
case of uncomplicated gestosis. However, the risk of
death increased in the sick animals with comorbid pa-
thology, in particular, in the animals that had gestosis
complicated by hepatosis and anemia.

Our results have shown that heifers and cows at the
beginning of the third trimester of gestation have a dif-
ferent initial state of health, against the background of

which gestosis develops in some of them that is a risk
factor for the occurrence of “new” pathologies during
gestation, calving and the first months of lactation.

However, the hypothesis that the occurrence of
an additional pathology negatively affects the clinical
state of the sick animal is beyond doubt, but the pre-
sented formulation does not give us any information
about the degree of probability of new diseases man-
ifestation and, accordingly, there is no justification
for therapeutic or preventive actions. Therefore, the
populations were compared by qualitative character-
istics — the relative risk was calculated with a 95 %
confidence interval [13].

Based on the data on the incidence structure, four-
field tables of contingency of dichotomous signs were
formed. At the same time, the risk factor in all calcu-
lated cases was gestosis, the differential factor was the
presence or absence of “new” pathologies (new signs).

Table 3 shows an example of the construction of
linked features. At the same time, having chosen the
presence or absence of ketosis during gestation as a
differential sign, we have two samples: A — sick an-
imals with complicated and uncomplicated gestosis,
B — clinically healthy, C — ketosis, D — no ketosis.

Table 3

Indicators of linked features for calculating the relative risk of ketosis in
the animals with uncomplicated and complicated gestosis

The presence or absence of a risk factor (gestosis)

Presence or absence of an additional clinical state
(ketosis)

C. Presence of ketosis D. No ketosis

A. Presence of a risk factor (animals with gestosis)

17 73

B. No risk factor (healthy)

9 451

After calculations, it has been found that the rel-
ative risk (RR) of ketosis in the animals with gesto-
sis (complicated and uncomplicated) is 9.65 + 0.396,
i. e., by 9.65 times higher than in healthy pregnant an-
imals. The confidence interval (CI) was 4.44—20.97,
which indicated a significant statistical (clinical) signif-
icance (p < 0.05) and confirmed the high probability of
anew pathology (ketosis) development in the presence
of a risk factor (gestosis). The relative risk of calving
pathology and gynecological diseases in the animals
with non-differentiated gestosis was 18.40 + 0.338 and
12.29 + 0.258, respectively, and the confidence inter-
val was 9.480—35.714 and 7.418—20.358, which in-
dicated a significant statistical (clinical) significance
(» £0.05) and confirmed the high probability of these
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pathologies development in the presence of a risk fac-
tor (gestosis). The probability of death of cows, which
underwent gestosis, during the first 60 days of lacta-
tion was by 35.7 times higher (RR =35.70 = 1.063)
than among animals after uncomplicated gestation.
The significance level of the studied effect corresponds
to p <0.05, since the confidence interval does not in-
clude unity [14].

The relative risk of ketosis development in the
animals with a combination of gestosis and hepato-
sis was 1.67 £ 0.785, i. e., by 1.67 times higher than
in the animals with only liver pathology. However,
the confidence interval (0.358—7.768) includes unity,
which indicates an unreliable (p > 0.05) level of sta-
tistical dependence. Close values of the relative risk
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(1.53 £0.617), confidence interval (0.456—5.119) and
significance (p > 0.05) with a corresponding low lev-
el of clinical significance were obtained when assess-
ing the role of gestosis in the development of ketosis,
if present in the animals with the combination of hep-
atosis and anemia.

In the animals that suffered complicated gesto-
sis, it has been found that the occurrence of this pa-
thology in the animals with hepatosis is by 1.46 times
(RR =1.467 £ 0.364) higher than the probability of
pathological calving. However, this relationship was
not significant (p > 0.05), since 95 % CI (0.718—
2.994). In the sick animals which were diagnosed with
a combination of gestosis, hepatosis and anemia, the
relative risk was 2.00 £+ 0.347, and CI was 1.013—
3.949, which indicated a significant (p < 0.05) clinical
significance of gestosis in the development of calving
pathology in the animals with the indicated comorbid
disease profile.

The probability of gynecological diseases occur-
rence in the animals that were previously diagnosed
with a combination of gestosis with hepatosis and
with hepatosis and anemia was significantly higher
(p £0.05 %) by 4.29 (RR =4.29 £ 0.705, C1 1.075—
17.080) and 2.11 (RR=2.11+0.291, CI 1.195—
3.736) times, respectively, than in the animals with-
out gestational toxicosis.

During the first 60 days of lactation, the risk of
worsening the clinical state and death of cows with
anemia and hepatosis was higher, if they had gesto-
sis during gestation in addition to these pathologies.
However, despite the fact that the relative risk index in
these animals was 3.64 + 1.196, the range of its bound-
aries was in the range from 0.349 to 37.880, i. e., the
effect of gestosis on the risk of an unfavorable outcome
in the animals with anemia and hepatosis was not sig-
nificant (p > 0.05).

Thus, our data showed that in the third trimes-
ter of gestation in heifers and cows, the overall inci-
dence was 37.2 %, with the most common liver dis-
eases (21.6 %), anemia (15.6 %), gestosis (12.4 %),
nephropathy (5.6 %) and dysfunction of the forestom-
ach (3.3 %). In most cases, the pathology proceeds in
a comorbid form. Gestosis in combination with other
diseases occurs 6.6 times more often than in the form
of a separate pathology. Its combinations with ane-
mia, diseases of the liver and kidneys are most wide-
spread. At the same time, the presence of gestosis in
heifers and cows, healthy and sick animals with ane-
mia and/or hepatosis, increases the likelihood of ke-
tosis during gestation, during calving — pathology of
calving (retained placenta, discoordinated labor activ-
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ity), during the first 60 days of lactation — gyneco-
logical pathology (metritis, uterine subinvolution) and
death of animals.

After analyzing the data obtained using risk assess-
ment methods, the clinical significance of gestosis as a
factor determining the likelihood of secondary pathol-
ogies was clarified. It has been shown that the risk of
ketosis development against the background of com-
plicated and uncomplicated gestosis, as well as the pa-
thology of calving and gynecological diseases in the
cows that have previously suffered gestosis is signifi-
cantly higher than in healthy animals.

The presence of anemia in heifers and cows at the
beginning of the third trimester of gestation, and its
combination with liver pathology, has a significant ef-
fect on the risk of these secondary pathologies devel-
opment. The occurrence of gestosis in these animals
significantly increases the risk of gynecological dis-
eases development, and in the animals with a combi-
nation of anemia and hepatosis, calving pathology is
more common. The reliability of the clinical signifi-
cance of toxicosis of pregnant animals in the patho-
genesis of ketosis against the background of anemia
and liver pathology, as well as in the occurrence of pa-
thology of calving in the animals with hepatosis, was
not confirmed.

Despite the revealed effect of both “pure” and com-
plicated gestosis on the clinical state of pregnant an-
imals, we did not reveal a significant increase in the
risks of their death. There was also no thanatologi-
cal significance of the previous gestosis in cows af-
ter calving, although after its comorbid form, mortal-
ity was 7.7 %, while this indicator among the animals
with only anemia and hepatosis was 1.25 %.

The results of statistical processing of indicators
of the incidence structure of gestosis showed a differ-
ent level of its clinical significance in the occurrence
of secondary pathologies of gestation, calving and the
postpartum period. However, in all analyzed variants,
the effect of toxicosis took place. Therefore, we cal-
culated the integral clinical significance. The risk fac-
tor was the presence or absence of a comorbid profile
of gestosis. Comparable samples consisted of groups
with or without secondary pathologies (Table 2). The
calculation results showed that in cases of a comorbid
profile of gestosis, the risk of ketosis during gestation
and pathology of calving, and in the postpartum peri-
od of gynecological and orthopedic diseases, as well as
the threat of worsening the clinical state and death of
animals was by 1.874 times higher than in the animals
with uncomplicated gestosis (RR = 1.874 + 0.314, CI
1.013—3.469, p < 0.05).
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CONCLUSION

Researches have been carried out to study the prev-
alence and forms of gestosis manifestation in cows. It
has been shown that this pathology can occur both in
healthy animals and against the background of already
existing diseases; in practice, these are mainly diseas-
es of the liver, kidneys and blood system. At the same
time, an unfavorable anamnesis significantly increas-
es the risk of gestosis, and the severity of the course
and its outcome largely depend on the presence and
severity of comorbidities. In turn, the development of
“late” toxicosis against the background of anemia and
liver disease increases the risk of secondary patholo-
gies during gestation, such as ketosis, and long-term
consequences in the form of obstetric and gynecolog-
ical diseases. It is obvious that gestosis is involved in
the formation of a complex multilevel pathophysiolog-
ical intersystem integration, the study of the process-
es of the occurrence of which is a promising area of
veterinary science. So, by identifying the mechanism
of intersystem pathogenetic integration and leveling
them, the risk of gestosis generalization, progression
of previously existing and the emergence of new (sec-
ondary) diseases will decrease.
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AKTYAJBHOCTDB PABPABOTKHN KOMBUHHUPOBAHHOI'O
PAHO3AKUBJISIIOIIEIO ITPEITAPATA
NJISI BETEPUHAPHOT'O IPUMEHEHUSA U ET'O
NMEPCHNEKTUBHBIA KOMIIOHEHTHBIN COCTAB
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AHHOTaNUsl. 3apEeruCTPUPOBAHHBIE PAHO3AKUBIISIONINE CPEICTBA Ul BETEPUHAPHOTO MIPUMEHEHHSI COCTABIISA-
10T KpalfHe HE3HAUUTENBHYIO JIONIO B 00IIEM aCCOPTUMEHTE IperapaToB — Bcero 2,2 %, ¢ npeoliiaiaHueM BHY-
TPH 3TOH papMaKoTepaneBTHIECKON IPYIITEI MOHOIIPETIAPATOB C OTPAHMYEHHBIMHI BO3MOKHOCTSIMU BO3JCHCTBHS
Ha MHOTO3BEHBEBOI paHeBoil mporiecc. [Ipu 3ToM npeobiamaromuM 1 BOCTpeOOBaHHBIM BHIOM JIEKaPCTBEHHON
(hOpMBI 17151 paHO3aKUBIIFOLIMX TIPENIapaToB CIIyKHUT Masb (1outn 32 %). B crarbe mokasaHbl akTyalbHOCTb, IIpe-
HMMYIIECTBA U [IEIeCO00Pa3HOCTh pa3padOTK KOMOMHUPOBAHHOTO MIPErapara B BHE Ma3H C IO (YHKIHOHATb-
HBIMH CBOWCTBaMH Ha OCHOBE BEILECTB IIPUPOJHOTO U CHHTETHUECKOTO MPOUCXOKACHUS M MOTEHIIMAIBHO CIIO-
COOHBIX BO3/I€HCTBOBATh OJJHOBPEMEHHO Ha MHOTHE IaTOT€HETHUECKHE 3BEHbsI paHEBOTO Iporecca. [Ipencras-
JIeHBl HamboJiee MEepCIEeKTUBHBIC ISl BKIIOUEHHSI B COCTaB pa3pabaTblBaeMOro npenapara aKTHBHBIE
KOMITOHEHTHI — HOCHUTEIN aHTUMHUKPOOHBIX, IIPOTHBOBOCTIAINTENIBHbIX, HEKPOJIUTHUECKIX, AaHTHOKCHJAHTHBIX,
pEereHepupyOIIMX CBOMCTB. Il OTJAEIBHBIX BUIOB PACTUTEIBHOTO CHIPBS, HCIIOIb3yEMOT0O B KaUeCTBE KOMIIO-
HEHTOB pa3padaTbiBacMON Ma3H M HE MPEICTaBICHHOIO (papManeBTHYECKUMH CyOCTaHIIUSIMH, TIPEIBAPUTEIILHO

OBUTH MTOTyYEHBI SKCTPAKTHI.

KaioueBble cioBa: paHa, paHO3KUBIIIOIINE CPEICTBA, KOMOMHUPOBAHHBIN TIpeTapar, Ma3b, SKCTPAKT, PACTH-

TEIBHOEC CBIPLE, OHOJIOTMYECKH aKTUBHBIC BCIICCTBA

OJHUM U3 aKTyaJlbHBIX HallpaBJIICHUH B BETEPHU-
HapHOH (hapMaKOJIOTHH SIBIISIETCS CO3/IaHUE U BHEIpe-
HUE JOCTYITHBIX U BRICOKO3(DPEKTHBHBIX OTEUECTBEH-
HBIX CPEJICTB JUIS JICYCHUS PACIIPOCTPAHCHHBIX CPEIU
JKUBOTHBIX 3a00JIeBaHUN. AHAJIU3 CTAaTUCTUYECKOTO
MaTepuaa mokasaj, 4To B CTPYKType 3a0071eBaeMOCTH
KaK CeJIbCKOXO3SHCTBEHHBIX, TAK M METIKUX JJOMAITHIX
YKUBOTHBIX, 3HAUMMOE MECTO 3aHIUMAIOT TIOBPEXKACHUS
OTAENBHBIX YacTel Tella, MPUBOIAIINE K HAPyIICHUIO
LIEJIOCTHOCTA aHATOMUYECKHUX CTPYKTYp B BUJIC PaH.
Tak, npu 0011IeM ypOBHE TPaBMAaTHU3Ma CEJIbCKOX035IH -
CTBEHHBIX JKHBOTHBIX, Ha paHbl mpuxonutces A0 40 %,
a Cpear IepMaToIOTUYEeCKUX 3a00IeBaHI, paHEeBbIE
narojoruu coctaBisitorT 10—13 % [1].

[To cBoe# ATHONOTHY THITBI PaH OYeHb Pa3HO00-
Pa3HBI: pe3aHble, KOJIOThIC, pyOJIeHbIe, YIINOICHHEIE,
Pa3MO3KECHHbBIC, PBaHbIC, CKAJILITUPOBAHHbBIC, YKYIIICH-
HbI€, OTPaBJICHHbBIE, OTHECTPEIIbHBIC (MyJIEBbIE, OCKO-
JIOYHEIC) U ApyTHE [2].

i co3naHusl paHO3aXUBIIIIOIINX JICKAPCTBEH-
HBIX CPE/ACTB, XapaKTEPU3YIOLIUXCSI IIUPOKUM CIEK-
TpoM apMaKoJIOrHIECKOro JeHCTBUS Ha pa3HbIE 3Be-
HBSI PAHEBOTO MPOLECcCa, BayKHO TTOHUMaHHE 3aKOHO-
MEpPHOCTEH pereHepanuu pad y >KUBOTHBIX [3].

Panbl, SIBISSCH CIIOXKHOM OMOJOTMYECKON CHCTE-
MO, IPOXOISAT B CBOEM Pa3BUTUHU ONPEICIICHHBIE
¢asbl: | — ¢aza Bocnanenus, moapasaesnseMas Ha Ie-
PHOIl COCYAMCTBIX M3MEHCHHH W MEPUOA OUUILEHUS
paHbl OT HeKpoTHueckux TkaHei; Il — dasa perene-
panuu, 00pa3oBaHUs U CO3PEBAHUS IPAHYISIIHOHHON
Tkanaw; [I1 — ¢aza peopranuzariu pyoIa u SIUTEIIN-
3anuu [4].

3agagamu neyenus B | dasze paneBoro mpouecca
ABJISIFOTCSL OTTOP)KEHHE HEKPO3a, dBaKyalHsi PaHeBO-
TO OT/ICIISIEMOTO, YITydlIeHHue TPOPHUKH TKaHeH, 00pb-
0a ¢ uadexnueil. Ha aToM sTame cneayer mpuMeHATh
cpencTBa, obnagaroIIue THAPOGIITLHBIMHA, HEKPO-
JUTUYECKUMH, aHTHOAKTEpHUaIbHBIMU CBOWCTBAMHU.
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3amagamu teuenus Bo 11 haze parneBoro mporecca siB-
nstoTcst 6opbOa ¢ nHGeKIneH, 3amuTa rpanyIsIuii,
CTUMYIISIMSA penapatuBHbIX mponeccos. B 111 dase pa-
HEBOTO Tpoliecca He0OOXOIUMO CTUMYIUPOBATH MPO-
LIECChI pernapanuu 1 snutenusanuu. [Ipu nossiennn
MIPU3HAKOB TEPEX0/ia PAaHEeBOTO IMPOIecca B TPETHIO
(ha3y UCIIONIB3YIOTCS pelapaTUBHBIE CPEICTBA C HE3HA-
YUTEIbHOW OCMOTHYECKOW aKTUBHOCTHIO [5].

PaHbI He TOTBKO CHMKAIOT Ka4eCTBO KU3HU )KUBOT-
HOT'0, CONPOBOXKIAsICh TAKUMH CUMIITOMaMH, KaK 00JTb,
OTrpaHUYEeHHE MOIBUKHOCTHU OT/JENIbHBIX YacTel Tena,
HO U OIIACHBI TAKUMHU OCJIOKHEHUSIMHU, KaK OCTpast Kpo-
BOIIOTEPS], TPABMATUUECKUN LIOK, [IyOOKHE HOBpe-
JKJICHUSI )KM3HEHHO Ba>KHBIX OPraHOB, BTOPHYHOE MH-
¢unupoBanue WM HHPEKIHNOHHBIE OCIOXKHEHUS [6].

Bce ciyualiHo nosry4eHHbIE paHBbI SABISIFOTCS IIEp-
BUYHO OaKTepHaIbHO 3arpsi3HeHHBIMU. B 3101 cBA3H,
pH (hapMaKOKOPPEKIINU paHeBOH HH(EKITHN BETePH-
HapHbIE CHEIUATNUCTBI TPEUMYILIECTBEHHO HCIIONb3Y-
0T XUMHOTEPAIEeBTUUECKNUE CPEACTBA, KAK MECTHO-
0, TaK ¥ CUCTEMHOTO JielicTBUs. OHAKO Mpenaparsl,
HMEIOIINEecs B apceHalle rocyapCTBEHHOTO peecTpa
JIEKapCTBEHHBIX CPEJICTB AJIsl BETEPUHAPHOTO UCIIONb-
30BaHUs, UMEIOT y3KUM CHEKTp MpuMeHeHus. Tak,
TUIIEPTOHUYECKHE PACTBOPBI MM OJHOKOMIIOHEHT-
HBIE COPOCHTHI 00J1a1aI0T XOPOILIUMH COPOLIMOHHBIMH
CBOWCTBaMH, HO HE3HAUUTEIbHBIM aHTUMUKPOOHBIM
neiictBueM. HanpoTuB, aHTUOMOTHKH M aHTUCEIITH-
YecKHe Tpernaparbl, ¢ BBICOKHMU aHTHUMUKDPOOHbI-
MH CBOWCTBaMH, HE 00Jalal0T OCMOTHYECKUM WM
HEKPOJIUTUYECCKUM AercTBHEeM. [Ipu 3TOM KiIMHHYe-
CKUH MOMCK (apMaKOJIOTHYECKHX CPEICTB JOJDKECH
OCYIIECTBIATHCS HE TOJBKO IO ONTHUMAJIbHOMY CO-
CTaBy IpeIaparoB, HO U IO UX JIEKAPCTBEHHBIM (hop-
mam. [Ipenaparsl B Buie MATKUX JIEKAPCTBEHHBIX
(hopMm (Ma3m) UMEIOT MEHBIIE MTOOOYHBIX APPEKTOB,
B TOM YHCJIE CHCTEMHOTO XapakTepa, 6Jaronaps yemy,
UX Yalle BEIOMPAroT [Isl IEeKapCTBEHHOH Tepanuu [7].

B cBsI3u ¢ BhIIENIEpeYUCIIEHHBIM, 11€TbI0 HACTOSA-
IIETO MCCIIEIOBaHMs IBUIIOCH 000CHOBAHHUE IIETIECO-
00pa3HOCTH pa3padOTKH MOTCHIINATLHO TIEPCTICKTHB-
HOT'0 COCTaBa HOBOTO KOMOMHHPOBAHHOI'O PAHO3aKUB-
JISIFOILIETO CPE/CTBA AJISl )KUBOTHBIX, B TOM YHCJIE Ha
OCHOBE MapKETHHIOBBIX HCCIICIOBaHUI PbIHKA BETe-
PHUHAPHBIX NpenapaTroB COOTBETCTBYIOIIEH (papmako-
TepareBTHYECKON TPYTIIHI.

MATEPHUAJIBI U METO/(bI
NCCJIEJOBAHUM
Jlng npoBeieHUsT MOHUTOPUHTAa MUMEIOLUXCS Ha
PBIHKE PAHO3aXKMBIISAIOLINX JIEKAPCTBEHHBIX CPEICTB
WCTIOJIH30BAHbI CTIPABOYHHUKH O(pUITHAIBHON HH(DOP-

Mauuu: ['ocynapcTBEHHBIN peecTp JIeKapCTBEHHBIX
CPEICTB JUIsl BeTepuHapHoro nmpumenenus, VIDAL
BeTEpUHAPHSL, TaHHBIE 00 aCCOPTUMEHTE JIEKapCTBEH-
HBIX CPEJICTB B BETEPHHAPHBIX anTekax I. KpacHomapa.
O06paboTKa JaHHBIX TMPOU3BOAMIIACH C ITOMOIIBIO Ta-
KeTa mporpaMMHOro obecnedeHus Microsoft Office
Excel 2016.

MeTo/pl MCCleIOBaHUSA: aHAJIU3 COBPEMEHHBIX
VMCTOYHHUKOB HAy4HOMH JIUTEpaTypsl 1O (hapMaKoIOTUU
IIPUPOIHBIX U CHHTETUUECKUX KOMIIOHEHTOB, MapKe-
THUHTOBBIE UCCIIEA0BAHNUS, KOHTEHT-aHAJIN3, CTPYKTYP-
HBIH, CPaBHUTENBHBINA, TpaUIEeCKII, METO/IBI CTATH-
CTHUYECKOTO U MaTEMaTH4YE€CKOTO aHaIN30B.

PE3YJBTATHI UCCJEJTOBAHUM

MapKeTHHTOBBIM HCCIIEIOBAHNEM PHIHKA BETEPH-
HapHbIX Ipenaparos B Poccuiickoit denepanyuu, BKIIO-
YeHHBIX B [ OCyIapcTBEHHBIN peecTp JeKapCTBEHHBIX
CPE/CTB BETEPUHAPHOTO MPUMEHEHHS, YCTAaHOBICHO
477 3aperucTpUpPOBAHHBIX PAHO3KUBIISIONINX JIeKap-
CTBEHHBIX IIPENaparoB Jijisl BHYTPSHHETO W HAPYIKHO-
TO IPUMEHEHHS, UTO COCTaBIsAET 2,2 % OT Bcex 3ape-
TUCTPUPOBAHHBIX BETEPUHAPHBIX MpenaparoB B PO.

CerMeHTanus pbIHKa JIEKAPCTBEHHBIX CPEIICTB JISt
JICYCHUSI PaH Yy )KUBOTHBIX IIpeCTaBIeHa IPOU3BOIH-
TeJqsIMH U3 7 cTpaH M BkiItodaeT 19,1 % uMnopTHbBIX
npenaparos (puc. 1).

HecMoTpst Ha 3HAUNTENBHYIO JTOJIO JIEKAPCTBEH-
HBIX CPEJCTB OTEYECTBEHHBIX MPOU3BOJUTEIECH
(80,9 %), eMKOCTb pBIHKa PaHO3KUBIISIIOIIUX IIpe-
aparos, B 1I€JIOM, OCTaeTcsl Hu3koi. Ha pbiHKe BeTe-
PUHAPHBIX PAaHO3KUBIISIONUX MPEIapaToB Mpeoo-
JAat0T MOHOKOMITOHEHTHBIE CPEACTBA MPEUMYIIIe-
CTBEHHO CHHTETHYECKOTO IpoucxoxaeHus (82,9 %).
[Ipenaparsl 00a1al0T Y3KUM CIIEKTPOM JIEHCTBUS
U OTPaHUYHUBAIOTCS OTAEIBHBIMU TEPareBTUUYECKH-
Mu dpPeKkTaMu: aHTUMHKPOOHBIM, aHTHUCCIITUYC-
CKHM, TIPOTHBOBOCIAIUTEIbHBIM WM PeTapaTuB-
HBIM (Tabm. 1).

YcraHoBIIEHO, YTO HanboJee MOIMYJISIPHON B BOC-
TpeOOBAaHHOH B BETEpUHAPHOI NPAKTUKE JIEKapCTBEH-
HoWt hopmoii siBisiroTcst masu (31,9 %) (puc. 2).

Takast hopma xapaxrepuzyercst y100CTBOM PExKH-
Ma MPUMEHEHHS, BEICOKOH BBICBOOOXKIaEMOCTBIO aK-
THUBHBIX BEIIECTB, IPOCTOTOI HAHECEHUSI, [TUTEIHHO-
CThIO CPOKOB XpaHEHHUs. AKTHBHbIE KOMIIOHEHTHI M3
Mas3H, SBISIOIIEICS JIeKapCcTBEeHHON (HOpMOit 1 Ha-
PY’KHOTO MPUMEHEHUSI, B HE3HAYUTEITLHOM KOJTMYECTBE
MOMAaoT B KPOBOTOK M BCACBHIBAIOTCS B OPTaHHU3M
KHMBOTHOTO. DTO M103BOJISIET CHU3UTh MAcIITaObl BO3-
HUKHOBEHWSI U PACIIPOCTPAHEHUS YCTOMYUBOCTH HKH-
BOTHBIX K IPOTHBOMHUKPOOHBIM TIperiaparam, a TakxKe

BerepunapHsrii hapmakomornaeckuii BeCTHHK o No 2 (23) « 2023 77



A. A. Hapgeniox, A. M. Camnues, M. I1. Cemenenxo, K. A. Cemenenko

o0ecreunTh 0€301acHOCTh MPOU3BOACTBA MHIIEBHIX
MIPOAYKTOB (Msica, MOJIOKA), €CIIM PEYb HJIET O IPH-
MEHEHUH PAaHO3aKUBILIOLMIMX CPEICTB B IPOMBILI-
JICHHOM JKMBOTHOBOACTBE. bosee Toro, mectHas ar-
IUTMKaLMs Ipenapara oosee a3 eKkTuBHa, yeM od1iee
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CHUCTEMHOE BO3JICHCTBHE NPHU JICUEHUU paH. B 310l
CBsI3H, IIeecooOpa3Ha pa3paboTka HOBOTO, OOJIaga-
OIIETO Pa3HOCTOPOHHUM TEPAIeBTUIECKUM BO3ZICH-
CTBHEM JIEKAPCTBEHHOTO PAHO3XKHBIISIONIETO CPEJI-
CTBa UMEHHO B ()OpME Ma3H.

2,2% 2,2%

—— 2 O mees 000 s

Poccuss  Hupepnaunet  benapych Ucnanus Benbrus ®pannys T'epmanns
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Oxonuyanue Ta0J1. 1

1

3

bensunmennummina

Tlennken 15 + 15 JIA

DHpodmokcauH

Heodmnokc TabmeTkn

bensunnumerun|3-(Mupucrounia-
MUHO )TIPOTTHJ |aAMMOHUS XJTOPHU/T
MOHOTHUApAT

MHUCTUH®

benkoBo-menTuaHBINA KOMILJIEKC,
I0JIy4YE€HHBIN U3 KOHAULIMOHHON
cpelsl IpH KyIbTHBUPOBAHUN
ME3CHXHUMAaJIbHBIX CTBOJIOBBIX KIIETOK
JIOIIa N

VnerpaCemnn-Xopc®

XJopTeTpaurKInH

Hukio cnpelt, Xunparonuk cupeu,
Yemu cripeit, DopTUKINH cripeit

Komrieke OenkoB, mMpoayupyeMblii
ME3E€HXHMHBIMU CTBOJIOBBIMHU
KJIETKaMU

Penapun-Xennep®

Hxtnon

Ma3sp uxtrosonas 10 %,
Ma3sp uxtroiosas 10 % u 20 %

CrpenTouus

Ma3ss cTpenTonuoBas

JKusniia cocHoBast

ITuxTonn®

Macio nuxToBoe

Ma3sp SxanumMn®

AJTIOMHUHUS OKUCH

Aummocripeit, amomMucnpen

DypannimH, 3TOHU

Panosons

MesxayHapoJHOe HeTaTeHTOBaHHOE

YacroTta BCTPEHYAEMOCTHU aKTUBHOT'O

Codopa sirmoHCKast, KpanuBa JBYIOM-
Has

Cadpomepm HacTOMKa

CynbdaHnmaMug

Terpauunun, [Tpuceinka Dauc

DxuHanes mypnypHas, KaJeHymna

TpaBma-rens

Kapberonenneruaus 6poMug

Centudopt cupeit

Bromacca xuBbIX OakTepuit

brocentna

PactBop Punrepa-Jlokka

PactBop Punrepa-Jlokka

TeTpaunkinH, OKCUTETPAITUKINH

Masp TerpanukiauaoBas 3 %, Teppa-
MUIIMH, JIAMOKCHH-25 cripeid,
Teppamunua adposonb Crpei

Mupamuctun

MUI'CTUM®

ACJI-2®, ACTT-3®

Bbanbzam J{oporosoii®, ACI(-3D —
AHTHCENITUK-CTUMYJISITOP
Hoporoga dpaxius 3

HauMEHOBaHUE KOMITOHEHTA B TOTOBBIX JIeKapcTBeH- | [IpuMephl TOProBhIX HAMMEHOBAHUI
AKTUBHOTO KOMITOHEHTA HBIX CPEJICTBaX
1 2 3

Kacenrypun, I'ekcunepm,
HIaMIIyHb XJIOPreKCHIUHOBBIN

Xnoprexcu s 4 Y P "
OKVET® IllamnyHb j1e4eOHbIN
C XJIOPTEKCHITHOM

Hon 1 PactBop ona cniuptoBoit 5 %

IuHKa okCcHu 1 Ma3sp munkosas 10 %

JIMOKCOMETHITETParuAPO-IHPUMHE Masp, «Jlesomexons,

U, XU10pam (I)GHI/I;KOJI p p 3 Ma3sp «JIeBoMEKOIb-BETY,

’ p Masp JIeBoMeKoITh
N Masb apmaitogaas®

dapmaiiof 1 bap
aHTHUCENTHYeCcKast

[Iporeonutnueckuit

. 1 Nmosnmaza
(hepMEHTHBII KOMIUIEKC
Tononb yepHbIi 2 I'emnioTuH, reMnoTuH

BeH3WIIeHNIMIUTAH, CTPENTOMHULIVH,
Cynb(paHUIaMUL

Tpunmimux

Xopam}eHHUKOII, METHITYpaLIiJ,
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Panocan® nopouiok, Panocan®
Ma3b, Mu3opeH®
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Puc. 2. CermeHTHpOBaHUE AaCCOPTUMEHTA 110 JIEKAPCTBEHHBIM (hopMam

KoMOuHMpOBaHHEIE TIperaparsl 3aHUMAIOT B 00-
mei crpykrype nopsiaka 30 % ot Bcel rpymnimsl pa-
HO3QXMBJISIOUINX CpeAcTB. BmecTe ¢ Tem, 3TOT cer-
MEHT CPEJICTB BETCPUHAPHOH (hapMaKoIOTHH TOJKEH
pa3BuBaThCs Oosee akTUBHO. Beap nMeHHO KoMOMHa-
M1 COYETAIOIINXCS MEeXKAY co00i hapMarieBTUIecKn
1 dapMaKoIMHAMUYECKH aKTUBHBIX BEIIECTB MOXKET
[pHUIaTh HOBOMY pa3pabaThiBaéMOMY JIEKAPCTBEHHO-
MY IIPOIYKTY MOIH(YHKIIMOHABHBIE CBOMCTBA U CIIO-
COOHOCTDH BO3/ICHCTBOBATh HA pa3MYHbIC 3BEHbS I1a-
TOJIOTHYECKOTO PAHEBOTO IpoIecca.

Hamu Oput mpoaHanu3upoBaH KOMIOHEHTHBIN
COCTaB 3apErUCTPUPOBAHHBIX PAHO3KHUBISIOIINX
cpeacTB. AHanM3 MoKaszaji, 4To JAJs MPOU3BOACTBA
78,7 % nexkapcTBEHHBIX INpenapaTroB HCIOJIb30Ba-
JIUCh CUHTETUYECKHE KOMIIOHCHTHI, M JIUIIIb B CTPYK-
Typy 21,3 % cpencTB BonuM HaTypabHbIe KOMIIOHEH-
TBHI PACTHTEIHHOTO HIITU )KHBOTHOTO MPOUCXOXKICHHUS.
Bwmecre ¢ Tem, ecTeCcTBEHHBIE IPUPOTHBIE COETUHEHUS
o0naziaroT psgoM npeumyiiects. Tak, putonpenapa-
THI TI0 CPABHEHHUIO C CHHTETHYECKUMHM JIEKapCTBEH-
HBIMH CPEJICTBaMH, 00JIaIal0T MSTKHM YMEPEHHBIM
BO3JICMCTBUEM Ha OPraHU3M, IOCTENIEHHO, HO CTOMKO
Pa3BHUBAIOIUMCS TepareBTUIecKiuM dhdekrom, nme-
FOT MaJIOE YUCJIO MPOTUBOIOKA3aHUH, HE BHI3BIBAIOT
npuBblkaHus. Ha naHHBII MOMEHT U3BECTHBI IIpU-
pPOJIHBIE COEIMHEHMSI PACTHTENILHOTO MPOUCXOXKIe-
HUS, TaKWe KaK TyOMIIbHBIE BEIIECTBA, TEPIICHOM/IBI,
AKAIIOUIbI, (hITaBOHOUIBI, KOTOPBIE TPOJEMOHCTPH-
pOBalil aHTUOAKTEpPHAILHBIC, IPOTUBOBOCIIATUTEh-
HBIE 1 pereHepupylomue 3pQexTsl. Chlpbe > KUBOTHOTO

MIPOUCXOKICHHUSI TAKKE MPEACTABISET ONPEACTICHHYIO
LICHHOCTDL AJId BETEpHUHAapPUH, OKa3bIBasi aHTUKOAT'yJIn-
pyro1ee, MPOTUBOBOCTIAIUTEIHHOE, TPOTUBOTPOMOU-
YeCKoe, TPOMOOIINTHYECKOE U IPYTHE BUIBI ACHCTBHSL.
[TosTOMY HaTypaabHBIE CHIPbEBbIC KOMIIOHEHTHI 01
JKHBI CTaTh MPUBJICKATEIbHBIM CETMEHTOM JIJISl Ipar-
JIM3aifHa BETepUHAPHBIX MPENaparoB.

BhIMoJIHEHHBIM KOHTEHT-aHaJIU3 aCCOPTUMEH-
Ta 3apETUCTPUPOBAHHBIX BETEPUHAPHBIX IIPETIapaToB
JUISL JIEYEHUS] paH MO MPOU3BOIUTENSIM, JIEKAPCTBEH-
HBIM (hOpMaM | COCTaBYy IOKa3all, YTO HOMEHKJIATY-
pa BETepUHAPHBIX JIEKAPCTBEHHBIX CPEACTB MPU BOC-
MAJTUTENbHBIX U PAHEBBIX OPAKCHUIX BEChbMa OTpa-
HuueHa. [Ipemaparsl, oka3pIBAIOMINE KOMIIJICKCHOE
BO3II€IZCTBPIC Ha pas3IMYHBIC 3Tallbl JICUCHUS PAaHCBO-
ro mpouecca NpakTUYECKU OTCYTCTBYIOT. MmeeT Me-
CTO OIPaHUYEHHBIM ACCOPTHUMEHT MPEnapaTroB Ha OC-
HOBE BEILIECTB KUBOTHOT'O U PACTUTEIBHOTO MMPOUCXO-
saenust. [lpu aTom Hanboee yao0oHoi, 3 hekTuBHON
U BOCTpeOOBaHHOMU JIeKapCTBEHHOH (HOpMOIt sIBIISICT-
csl Masb.

B 271011 cBs131, pa3paboTka HOBOTO JICKAPCTBEHHOTO
mperapara, 00JIaJaroIIero BEIPaKeHHBIM PaHO32)KHB-
JISTFOIIMM JICWCTBUEM U COYETAOIIEro B ceOe KOMOU-
HallUMilo pa3juyHbIX IO CBOUM Q)apMaKOHOI‘I/ILIGCKI/IM
CBOMCTBAM M JKeJIaTeJIbHBIM BUIaM I[CflCTBI/IfI KOMIIO-
HEHTOB, SIBJISIETCS aKTyaJbHOM M CBOEBPEMEHHOM 3a-
Jladell BeTepuHApHOW (apMakoIoTHH U (apMaIiuH.
Taxoi#t mpenapar, Ha HaIll B3IV, JOJDKEH o0Nanarh
AHTHUMUKPOOHBIM JICWCTBUEM, B CBSI3H C KITFOYEBOM PO-
JIbI0 OaKTEepHil B pa3BUTUU PAHEBOTO IMpoliecca, Ipo-
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THBOBOCIIAJIUTEIbHBIM JIEHCTBHEM, BKIIIOYATh B CeOs
AHTUAKCCYIATUBHBIA KOMITOHEHT JIJISi CHSTHUS OTEKa,
CHOCOOCTBOBATh YCKOPEHHOM TpaHyIsIuU U ObICTPO-
MY 3aKUBJICHUIO PaHBbI.

Jna cozmanus mpemnapara, COKpAaImaroiero cpo-
KM JICYCHHUS ¥ KOMIUIEKCHO JIEHCTBYIOIIEro Ha pas-
JUYHBIE a3kl pAaHEBOTO Ipoliecca, B oTene Gapma-
kosornu KpacHomapckoro Hay4HO-HCCIIE0BaTENb-
CKOT'O BETEPUHAPHOTO MHCTUTYTa — 000COOIICHHOTIO
CTPYKTYpHOTo TnozapaszzeneHusi denepaabHOro rocy-
JTAPCTBEHHOTO OIOKETHOTO HAYYHOTO YUPEKICHUS
«KpacHomapckuii HayYHbIH LEHTP MO0 300TEXHUU U Be-
TEpPUHAPHI» OBLT PACCMOTPEH PsiJl BEIIECTB U UCTOY-
HUKOB UX BBIICICHUS PACTUTEIBHOTO U KHBOTHOTO
MIPOUCXOXKJIEHUS, MTOTEHIIUATBHO MPUEMIIEMBIX IS
pellieHus 3TOM 3a1a4u.

B gacTHOCTH, K TepCTIEKTHBHOMY UCTOYHUKY OHO-
JIOTUYECKH aKTHBHBIX BemecTB (BAB) Mo)kHO OTHEC-
T Tononb yepHbld (Populus nigra L.), mouku kotopo-
'O OKa3bIBAIOT BEIPAKEHHOE aHTHOAKTEpHUAIbHOE JeH-
cTBHE. B pamkax psaa uccieoBaHUM IMOYKHU TOIOJS
YEPHOTO OBUTM PEKOMEHIOBAHBI /I UCTIOIH30BAHUS
B METUITMHCKOW TIPAKTUKE UIS JICYSHUS paH pasziind-
HOM sTrosioruu [10].

BocTtpeboBannbiM B MenunuHe bAB sBiseTcs
PUPOHBIN OMO(IABOHOMT IUTHIPOKBEPIETHH, BbI-
JIeJIsieMbIil U3 KOpbI JPEBECHUHBI JUCTBEHHUIIBI CH-
oupckoit (Larix sibirica Ledeb). Cniextp dapmaxoiro-
TUYECKHUX CBOWCTB IWUTHIIPOKBEPIIETHHA BIIEUATIISIET,
TIOCKOJIBKY OH 00J1a/laeT aHTHOKCHJIAHTHBIM, aHTHO-
MIPOTEKTOPHBIM, PET€HEPUPYIOIIUM, TPOTUBOOTEY-
HBIM JIeiicTBHEM. DTOT OMO(IIaBaHOU] TOPMO3UT IPO-
[[ECCHI TEPEKNCHOTO OKUCIICHNUS JTUTH/IOB KJIETOYHBIX
MeMOpaH, MPEMATCTBYET UX Pa3pyIICHUIO U OKa3bIBa-
€T KanuuIIponpoTekTopHoe neictaue [11].

B Mequnune nzsectHa criocooHocts BAB 1ionos
coopsl anoncko# (Styphnolobium japonicum) ycko-
PATH NedeHue pad. Bxoasimuii B cocTas mionoB cogo-
PBI ATIOHCKOM PYTHH, KaK U Apyrue 0no(IaBOHOH B,
o0amaeT OOMMPHBIM CIIEKTPOM ACHCTBHS, B UUCIIC
KOTOPBIX KaNMUISIPOYKPETUISIONIee U aHTHOKCHIAHT-
Hoe. [lyrem cBs3pIBaHUSI CBOOOIHBIX PaJUKaNIOB, Py-
THH OKa3bIBaeT 3allIUTHOE JIEHCTBHE MPHU MOBPEKIe-
HUM TKaHel, MOXKeT UCTOJIb30BaThCs B Kau€CTBE MPOo-
THUBOBOCHAJIUTEIBHOTO CpeNICTBA. B 31Ol CBSA3H, pyTHH,
MOKET OBITh 2((EKTUBEH KaK pereHepaTUBHOE CPe/I-
ctBo [12, 13].

[npokrM CIEKTPOM TEPANIEBTHUECKOTO AEUCTBHH,
MIPEICTABISAIONIMM HHTEPEC C TOUKU 3PEHUS JISUeHUs
paH, obnazarmT He ToJibko BAB pacturtenbHOro mpo-
WCXOXKJIEHUS, HO ¥ )KHBOTHOTO. B wacTHOCTH, Naypu-
HOBasi KUCJIOTA B BUJIE JIMITHTHOTO KOHIIEHTpaTa HEKO-

TOPBIX HACEKOMBIX, 00JaaeT aHTHOAKTepUAIbHBIMH
cBOWCTBaMHU. AHTHOAKTEPHATBHBIN P PEKT TaypHHO-
BOM KHCJIOTBI OBLI IPOTECTUPOBAH CO CTATUCTHYECKH
MOJIOKUTEIBHBIM PE3YIBTATOM Ha PA3IMYHBIX BUAAX
MaTOTEHHBIX OaKTEPHi, TOPAKAIOLINX PACTEHUS, YTO
MO3BOJISICT NPEAIOIOKUTH €r0 3Q(EKTUBHOCTD H IPH
JICYCHUU paH KUBOTHBIX [14, 15].

Jpyrum mpuMepoM BelIecTBa KUBOTHOTO IPO-
WCXOXICHUS, 3aCIIy’KHBAIOIUM BHUMAHHE B KOHTEK-
CTE pacCMaTpHUBAEMON 3aJJa4H, ABJIAETCA KETYTOUHBIN
(epMeHT nencuH, 001aAa0IIMI BEICOKOH MPOTEOIUTH-
YeCcKol akTMBHOCTBIO. OH KaTajau3HupyeT pacileieHue
OCJIKOB M MOJMIENTHIO0B. briarogapsi ’ToMy TMencuH
OJIaronpUsTHO BIMSIET HA PAHEBOW MATOJIOTMYECKHHA
TIpOIIeCC, M CHIDKAET PUCK THOWHBIX OCIIOKHEHNH [ 16].

Hapsiny ¢ mepednciieHHBIMU BBIIIE MHIWBUAY-
aJbHBIMH BEIECTBAMU WJIM HCTOYHUKAMH MTOTyYEHUS
BAB npupojHOoro npoucxoxaeHus, peicTaBisercs
OTIpaBlIaHHBIM BKJIFOYCHHE B COCTaB pa3padarbiBae-
MOTO KOMOMHHPOBAHHOTO CPEACTBAa KOMIIOHEHTA pe-
TeHEPHUPYIOILETo NeMCTBHA, HAIPUMED, BBIIEIEHHOTO
U3 aji03, 00JIEeNUX1, MyMHE.

IIpuBenenHsle BbIlIe U Ipyrue npuponHsie bAB
MOTYT OBITh PACCMOTPEHBI B KaUECTBE aKTUBHBIX KOM-
MMOHEHTOB KOMOWHHMPOBAHHOTO PAaHO3aXHUBIIAIOIIE-
To Tpenapara, BO3MOXHO, B COUETaHUH C CHHTETHYE-
CKUMH (papMaKOJIOTMYECKH aKTUBHBIMU MHIPEANCH-
tamu. Cpenyl mocyieIHUX HauOOJIbIIYI0 3HAYUMOCTD
MOTYT TPE/CTaBIsATh aHTHOAKTEpHAbHBIE CPENICTBA
IIUPOKOTO CIEKTpa NEUCTBUsI, 00IaIaroIINe yCTOM-
YHBOCTBIO K MUKPOOHOM pe3ucTeHTHOCTH. [IpH aTOM
HE CJIEyeT UCKIII0YaTh BO3ZMOKHOCTB UCTIOIb30BAHUS
B COCTaBe Ipenapara TAaKUX PaCTUTEIBHBIX HCTOYHH-
koB BAB ¢ BbIpa)keHHBIMH aHTUMHKPOOHBIMH CBOM-
CTBaMH, KaK 3BKaJIUIIT, KPariuBa, YAUCTOTeN, mandei,
MakJiesi, Ipy YCJIIOBUHM OTCYTCTBUSA Y HUX MECTHO-Pa3-
JIpaXaroIlero AeMcTBus.

Bwmecrte ¢ TeM, clieayeT OTMETUTB, Y4TO JAJIEKO HE
Y BCEX BHJIOB JIEKAPCTBEHHOT'O PACTUTEIBHOTO CBIPbS,
HECMOTPS Ha BCIO LIEHHOCTh COJEPIKAIIMXCS B HHUX
BAB, ecTb BbIllycKaeMble CEpUITHO U TOTOBBIE K BBE-
JICHUIO B JIEKapCTBEHHYIO (GopMy dapmareBThude-
cKHe cyOCTaHIIUU. ITO 00CTOSITEIECTBO OTPaHUINBA-
€T caMy BO3MO)KHOCTh pacCMaTpuBarh 3TH PUTO00H-
€KThl B KaU€CTBE NCTOYHHKA AKTUBHOI'O KOMIIOHEHTA
B KOHCTPYHPYEMOM paHO3aKUBIISIIOIIEM IIpernapare.
B wactHOCTH, 3TO OTHOCHUTCS K TAKUM 3HAYUMBIM JJI51
BKJIIOYEHHUS B pacCMaTpUBAEMbIil Jpar-au3aiiH paHo-
3aKMBIISIONIETO Ipernapara BUIAM PacTUTEIBHOTO
CBIPbsI, KaK IJIOABI COGOPBI U MOYKH TOMos. B 370
CBSI3H, U C YUETOM IUIAHUPYEMOT'O BHJA JIEKAPCTBEH-
HOU (hopMBI — Ma3b M yA0OCTBa BBEIICHHS B HEe aK-
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THUBHBIX KOMIIOHEHTOB, M3 3TUX JBYX (PUTOOOBEKTOB
HaMU ObUTH pa3padoTaHbl SKCTPAKTHI, 7S 4eTo B Ja-
OOpaTOpPHBIX YCIIOBHSIX OblIa MMPUMEHEHA TOCIIEO-
BaTenbHasi 00pabOTKa PaCTUTENBHOTO CHIPhS TITUIIE-
puHOM (hapMaKoIeHHOTO KauecTBa U padMHUPOBAH-
HOM J1€30/10pHPOBAHHOM ITO/ICOTHEYHBIM MACIIOM JJISt
U3BJICYCHUS TIOJSIPHBIX M HETIOJSIPHBIX COCTMHCHUM.

OKCTIEepUMEHTANBHO YCTAHOBIIEHBI CIEIYIONTHE
YCIIOBUS U TIapaMeTPhl TPOBEIEHMS YKCTPAKITMOHHO-
ro TpoIlecca: crnocod dKCTparupoBaHMsl — Marepa-
s, K03((GUIUEHT MOTIONICHUS SKCTparenTa — 2,3
u 2,6 (110 MepBOMY 3KCTPAareHTy — NIHULEPUHY) A
co(opBI U TONOJS, COOTBETCTBEHHO; I'HIPOMO/TYJIb 1O
mmutepury 1 @ 1, mo macoy — 1 : 9 misg o6oux Gputo-
00BEKTOB; TEMIIEpaTypa ¥ BpeMsl SKCTIO3HIINHU C IKC-
Tparentamu — 1untoc 50 °C u 24 yaca (uHTeHcHUKa-
Luel yIbTpa3ByKoBoi 00paboTkoii ¢ yactoroit 20 kIt
U MOITHOCTHIO 250 BT 3KCTPaKIMOHHONW CHUCTEMBI
B mocieaaue 10 MuH. mporecca). CpeaHunii BEIXO ITPO-
IyKTa TOCIie 0CBOOMKICHHS OT PACTUTEIBHOTO HIPO-
Ta cocTaBui okojio 10 yacTeil Ha 1 yacTh B3STOrO pa-
CTUTEJBHOTO CBIPBS, MOCKOJIBKY HUCIOJIb3yeMbIE IKC-
TPareHThl U3 U3BJICUCHUS HE YIAISIIOTCS.

Takum 00pa3om, ¢ TOMOIIBIO ABYX(a3HOU 3KC-
TPaKITHH, OBLIH ITOTyYEHBI TOTOBBIC K BBEJICHHIO B Ma3hb
SKCTPAKTHI C MUPOKUM criekTpoMm BAB u3 o108 co-
(hophI ¥ TIOYEK TOTIOJS.

3AKJIIOYEHHUE

IIpoBeneHHbIN KOHTEHT-aHaIU3 3apEeTrUCTPUPO-
BaHHBIX PAHO3AKUBIIAIOIINX CPEICTB BbISIBUJ HE3HA-
YUTEJIbHYI0 JIOJI0 3TOW (papMakoTeparneBTUYECKON
IpynIsl B OOIIEM aCCOPTUMEHTE IIpernaparoB BeTe-
puHapHOTrO MprUMeHeHust — Bcero 2,2 %. BayTpu ac-
COPTUMEHTHBIN aHAIM3 IPYIBl PAHO3KHUBISIOMINX
CpEJICTB MOKa3aJl, 4To MpeoOa atoniMy B HEW SBIIs-
IOTCSI MOHOIIPENaparhl ¢ COOTBETCTBYIOIUM OTPaHU-
YEHHBIM CIIEKTPOM BO3/ICHCTBUSI HA MHOTO3BECHbEBOM
paneBoii mponecc. [Ipu aToM ycraHOBIE€HO, YTO BOC-
TpeOOBaHHBIM BHJIOM JIEKAPCTBEHHOH (hOPMBI 7151 pa-
HO3QKUBIISIOIINX CPEJCTB CITYKUT Ma3b (ioutH 32 %),
YTO OMPABIAHO C TOYKH 3PEHHSI PETHOHAPHOCTH 3200~
JICBaHUS, 11€JIECO00Pa3HOCTHIO JIOKAJIBHOI'O Tepares-
THUYECKOTO BO3AEHCTBUS, HU3KOH CTETIEHH BCACHIBAHUS
aKTHBHBIX BELICCTB U PHCKa HEXeaTesIbHBIX (hapMma-
KOTOKCHKOJIOTHUECKHMX O0IIECUCTEMHBIX POSIBICHHH.

Ha ocHOBaHUH TPOBEIEHHOTO KPUTUYECKOTO aHa-
JIM3a PhIHKA 3apETUCTPUPOBAHHBIX JUIs BETEPUHAPHOIO
[IPUMEHEHUs JIEKapPCTBEHHBIX CPEIICTB PAaHO3AXKUBIISIO-
LIET0 ACHCTBHSA ITOKAa3aHbl AKTYaIbHOCTb, IPEUMYILIe-
CTBa W I1IeJIECO00Pa3HOCTh pa3pabOTKH KOMOMHHPO-
BaHHBIX MIPENapaToB, COUETAIONINX B ce0e aKTUBHEIC

BEIIECTBA MPUPOJHOTO ¥ CHHTETHYECKOTO MPOUCXO-
JKJICHHS U TIOTEHIMATBHO CIIOCOOHBIX BO3/ICHCTBOBATh
OJTHOBPEMEHHO Ha MHOTHE MMaTOrC€HETUYCCKIE 3BEHBS
paneBoro mnpouecca. K pa3paboTke KOMOWHUPOBaH-
HOT'O PaHO3XKHBIISIOIIETO MpernapaTa MpeCTaBICHbI
HanboJiee MepCIeKTUBHBIC ISl BKIFOYCHHUS B €0 CO-
CTaB aKTUBHBIC KOMIIOHEHTHl — HOCHTEIH aHTHMHU-
KPOOHBIX, TPOTHBOBOCIATHTEIbHBIX, HEKPOIUTHYEC-
CKHUX, PEreHEPUPYIOIINX U AHTHOKCHIAHTHBIX CBOMCTB.
HpI/I OTOM JI1 OTACJIBHBIX BUJOB PACTUTCIILHOI'O ChI-
Pbsi, KCIIOIB3YEMOTO B KAY€CTBE KOMIIOHEHTOB pa3pa-
OaTpIBaeMOil Ma3| 1 HE TIPEICTaBICHHOTO (hapMarieB-
THYCCKUMH CyOCTaHIMSAMH, TPEABAPUTEIHHO OBbLIH
MOJTYYEHBI IKCTPAKTHI.
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RELEVANCE OF THE DESIGN OF A COMBINATION
WOUND HEALING DRUG FOR VETERINARY USE AND
ITS POTENTIAL COMPONENT COMPOSITION

Alina Andreevna Parfenyuk, Abdulmutalip Magametovich Sampiev,
Marina Petrovna Semenenko™, Kseniya Andreevna Semenenko

Krasnodar Scientific Center for Zootechnics and Veterinary Medicine, Krasnodar, Russia, sever291@mail.ru®™

Abstract. Registered wound healing agents for veterinary use make up an extremely small share in the total range
of drugs (only 2.2 %), with a predominance of monodrugs with limited effects on the multi-link wound process
within this pharmacotherapeutic group. At the same time, ointment is the predominant and popular type of dos-
age form for wound healing drugs (almost 32 %). The article shows the relevance, advantages and expediency of
designing a combination drug in the form of an ointment with polyfunctional properties based on substances of
natural and synthetic origin and potentially able to act simultaneously on many pathogenetic links of the wound
process. The most promising active components for inclusion in the composition of the designed drug are pre-
sented — carriers of antimicrobial, anti-inflammatory, necrolytic, antioxidant, regenerating properties. For cer-
tain types of plant materials used as components of the designed ointment and not represented by pharmaceuti-

cal substances, extracts were previously obtained.

Keywords: wound, wound healing agents, combination drug, ointment, extract, plant material, biologically ac-

tive substances

One of the current trends in veterinary pharmacol-
ogy is the design and implementation of affordable and
highly effective domestic drugs for the treatment of
diseases common among animals. An analysis of the
statistical material showed that in the structure of the
incidence of both farm and small domestic animals, a
significant place is occupied by damage to individual
parts of the body, leading to a violation of the integri-
ty of the anatomical structures in the form of wounds.
So with the general level of injuries of farm animals,
wounds account for up to 40 %, and among dermato-
logical diseases, wound pathologies account for 10—
13 % [1].

According to their etiology, the types of wounds
are very diverse: cut, stab, chopped, bruised, crushed,
torn, scalped, bitten, poisoned, gunshot (bullet, shrap-
nel) and others [2].

To design wound healing drugs characterized by
a wide range of pharmacological effects on different
parts of the wound process, it is important to under-
stand the patterns of wound regeneration in animals [3].

Wounds, being a complex biological system, go
through certain phases in their development: I — the
phase of inflammation, subdivided into the period of

vascular changes and the period of cleansing the wound
from necrotic tissues; Il — phase of regeneration, for-
mation and maturation of granulation tissue; [II — the
phase of scar reorganization and epithelialization [4].

The objectives of treatment in the first phase of the
wound process are the rejection of necrosis, the evac-
uation of wound discharge, the improvement of tissue
trophism, and the fight against infection. At this stage,
agents with hydrophilic, necrolytic, antibacterial prop-
erties should be used. The tasks of treatment in the II
phase of the wound process are the fight against in-
fection, the protection of granulations and the stimu-
lation of reparative processes. In the III phase of the
wound process, it is necessary to stimulate the process-
es of reparation and epithelization. When signs of the
transition of the wound process to the third phase ap-
pear, reparative agents with insignificant osmotic ac-
tivity are used [5].

Wounds not only reduce the quality of life of the
animal, accompanied by symptoms such as pain, lim-
ited mobility of certain parts of the body, but also dan-
gerous complications such as acute blood loss, trau-
matic shock, deep damage to vital organs, secondary
infection or infectious complications [6].
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All accidental wounds are primarily bacterially
contaminated. In this regard, when pharmacocorrect-
ing a wound infection, veterinary specialists main-
ly use chemotherapeutic agents, both local and sys-
temic. However, the drugs available in the arsenal of
the state register of medicinal products for veterinary
use have a narrow range of applications. Thus, hyper-
tonic solutions or one-component sorbents have good
sorption properties, but a slight antimicrobial effect.
In contrast, antibiotics and antiseptics, with high anti-
microbial properties, do not have an osmotic or necro-
lytic effect.

At the same time, the clinical search for pharmaco-
logical agents should be carried out not only in terms
of the optimal composition of drugs, but also in terms
of their dosage forms. Drugs in the form of soft dos-
age forms (ointments) have fewer side effects, includ-
ing systemic ones, due to which they are more often
chosen for drug therapy [7].

In connection with the above, the objective of this
study was to substantiate the feasibility of designing a
potentially promising composition of a new combined
wound healing agent for animals, including on the ba-
sis of marketing research on the market of veterinary
drugs of the corresponding pharmacotherapeutic group.

MATERIAL AND METHODS

To monitor wound healing medicines available

on the market, reference books of official informa-
tion were used: the State Register of Medicines for
100.0% -
90.0% -

80.9%
80.0% -
70.0% -
60.0% -
50.0% -
40.0% -
30.0% -

20.0% -

10.0% - 4.2% 4.2%

Veterinary Use, VIDAL Veterinary Medicine, the data
on the range of medicines in veterinary pharmacies in
Krasnodar. Data processing was carried out using the
Microsoft Office Excel 2016 software package.

Research methods: analysis of modern sources of
scientific literature on the pharmacology of natural
and synthetic components, marketing research, con-
tent analysis, structural, comparative, graphic, meth-
ods of statistical and mathematical analysis.

STUDY RESULTS

A marketing study of the veterinary drugs market
in the Russian Federation included in the State Register
of Veterinary Medicines identified 47 registered wound
healing drugs for internal and external use, which was
2.2 % of all registered veterinary drugs in the Russian
Federation.

The market segmentation of medicines for the
treatment of wounds in animals is represented by man-
ufacturers from 7 countries and includes 19.1 % of im-
ported drugs (Fig. 1).

Despite a significant share of medicines of do-
mestic manufacturers (80.9 %), the market capacity
of wound healing drugs, in general, remains low. The
market of veterinary wound healing drugs is dominat-
ed by monocomponent drugs of predominantly syn-
thetic origin (82.9 %). The drugs have a narrow spec-
trum of action and are limited to individual therapeu-
tic effects: antimicrobial, antiseptic, anti-inflammatory
or reparative (Table 1).

4.2% 2.2% 2.2% 2.2%

0.0% L L

Russia Netherlands Belarus

a e - -

Spain Belgium France Germany

Fig. 1. Producing countries of medicines for the treatment of wounds in animals, represented on the Russian
market
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Table 1

Wound healing drugs in the Russian Federation included in the State Register of Medicinal Products for Veterinary Use

International non-proprietary name of
active ingredient

Frequency of the active ingredient
occurrence in finished medicinal

Trade name examples

products
1 2 3
Casepturine, Hexiderm,
Lo Chlorhexidine shampoo, OKVET®
Chlorhexidine 4 Medicated shampoo with chlorhexi-
dine
Iodine 1 Alcoholic iodine solution 5 %
Zinc oxide 1 Ointment zinc 10 %
. s . Ointment «Levomekol»,
CD}:E) );:Eeth}ggits;rlahydro-pyr1m1d1ne, 3 Ointment «Levomekol-vety,
p Ointment Levomekol
Pharmaiod | Phgrma{odlc ointment®
antiseptic
Proteolytic enzyme complex 1 Imosimasa
Poplar black 2 Gempotin, gempotin
Benzylpenicillin 1 Penikel 15+ 15 LA
Enrofloxacin 1 Neoflox tablets
Benzyldimethyl[3-(myristoylamino)
propyl]Jammonium chloride monohy- 1 MISTIN®
drate
Protein-peptide complex obtained
from a conditioned medium by 1 UltraCell-Horse®
culturing horse mesenchymal stem
cells
. Cyclo Spray, Hipratopic Spray,
Chlortetracycline 4 Chemi Spray, Forticline Spray
Complex of proteins produced by 1 Reparin-Helper®
mesenchymal stem cells
Ichthyol ointment 10 %,
Ichthyol 2 Ichthyol ointment 10 % and 20 %
Streptocide 1 Streptocid ointment
Pine resin 1 Pihtoinum®
Fir oil 1 Ointment Jahalimp®
Aluminum oxide 2 aluspray, aluminumspray
Furatsilin, ethonium 1 Ranosol
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Table 1 (the end)

1 2 3
Sophora japonica, stinging nettle 1 Safroderm-tincture
Sulfanilamide 2 Tetracilin, Edis Powder
Echinacea purpurea, calendula 1 Trauma gel
Carbetopendecinium bromide 1 Septifort spray
Biomass of living bacteria 1 Bioseptin
Ringer-Locke solution 1 Ringer-Locke solution
Tetracycline ointment 3 %,
Tetracycline, oxytetracycline 4 Terramycin, Limoxin-25 Spray,
Terramycin Aerosol Spray
Miramistin 1 MIGSTIM®
Balm Dorogovoy®, ASD-3F — Anti-
ASD-2F, ASD-3F 2 septic-stimulant
Road faction 3
Benzy}pemcﬂhn, streptomycin, | Tricillin
sulfanilamide
Chloramphenicol, methyluracil, 3 Ranosan® powder, Ranosan®
lidocaine ointment, Mizofen®

It has been established that the most popular and
demanded dosage form in veterinary practice are oint-
ments (31.9 %) (Fig. 2).

B Solution for external use
H Tincture

m Suspension

m For injection

Powder

31.90%

This form is characterized by the convenience of
the application mode, high release of active substanc-
es, ease of application, and long shelf life.

® Ointment

H Gel

® Shampoo
Suspension

m Aerosol

8.50%  8.50%

25.40%
J I 4.20% 4.20% 4.20% 2.10%
[ | L —
R

5.30% 6.30%
e > & S & & 5 >
S c’}& X B Qo d\,\o B 4@6 o%o
& . . o3
&S S & & g & S d
%0\0 o < %&Q & 4\*‘\ K R ¥
Q

Fig. 2. Segmentation of the assortment by dosage forms
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The active ingredients from the ointment, which is
a dosage form for external use, enter the bloodstream
in a small amount and are absorbed into the animal’s
body. This makes it possible to reduce the scale of the
emergence and spread of animal resistance to antimi-
crobial drugs, as well as to ensure the safety of food
production (meat, milk), when it comes to the use of
wound healing agents in industrial animal husbandry.
Moreover, local application of the drug is more effec-
tive than the general systemic effect in the treatment of
wounds. In this regard, it is expedient to design a new
medicinal wound healing agent with a versatile thera-
peutic effect in the form of an ointment.

Combination drugs occupy about 30 % of the en-
tire group of wound healing agents in the overall struc-
ture. At the same time, this segment of veterinary
pharmacology products should develop more active-
ly. After all, it is the combination of pharmaceutically
and pharmacodynamically active substances that com-
bine with each other that can give a new drug prod-
uct being designed multifunctional properties and the
ability to influence various parts of the pathological
wound process.

We have analyzed the component composition
of the registered wound healing agents. The analy-
sis showed that synthetic components were used for
the production of 78.7 % of drugs, and only 21.3 % of
drugs included natural components of plant or animal
origin. However, natural compounds have a number of
advantages. Thus, phytodrugs, in comparison with syn-
thetic drugs, have a mild, moderate effect on the body,
a gradually but steadily developing therapeutic effect,
have a small number of contraindications, and are not
addictive. At the moment, natural compounds of plant
origin are known, such as tannins, terpenoids, alkaloids,
flavonoids, which have demonstrated antibacterial, an-
ti-inflammatory and regenerating effects. Raw materi-
als of animal origin are also of some value for veter-
inary medicine, providing anticoagulant, anti-inflam-
matory, antithrombotic, thrombolytic and other types
of action. Therefore, natural raw materials should be-
come an attractive segment for veterinary drug design.

The performed content analysis of the range of reg-
istered veterinary drugs for the treatment of wounds
by manufacturers, dosage forms and composition has
shown that the range of veterinary drugs for inflamma-
tory and wound lesions is very limited. There are prac-
tically no drugs that have a complex effect on various
stages of the wound process treatment. There is a lim-
ited range of drugs based on substances of animal and
plant origin. At the same time, the most convenient, ef-
fective and popular dosage form is an ointment.
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In this regard, the design of a new drug that has a
pronounced wound healing effect and combines a com-
bination of components that differ in their pharmaco-
logical properties and desirable types of action is an
urgent and timely task of veterinary pharmacology and
pharmacy. Such a drug, in our opinion, should have
an antimicrobial effect, due to the key role of bacte-
ria in the development of the wound process, anti-in-
flammatory action, include an anti-exudative compo-
nent to relieve edema, promote accelerated granula-
tion and rapid wound healing.

To design a drug that reduces the duration of treat-
ment and has a complex effect on various phases of
the wound process, a number of substances and sourc-
es of their isolations of plant and animal origin, po-
tentially acceptable for this task were considered at
Krasnodar Research Veterinary Institute — a separate
structural subdivision of the Federal State Budgetary
Scientific Institution “Krasnodar Scientific Center for
Zootechnics and Veterinary Medicine”.

In particular, black poplar (Populus nigra L.), the
buds of which have a pronounced antibacterial effect,
can be attributed to a promising source of biological-
ly active substances (BAS). In a number of studies,
black poplar buds were recommended for the use in
medical practice for the treatment of wounds of vari-
ous etiologies [10].

BAS in demand in medicine is the natural bio-
flavonoid dihydroquercetin, isolated from the bark
of Siberian larch (Larix sibirica Ledeb). The range
of pharmacological properties of dihydroquercetin is
impressive, since it has an antioxidant, angioprotec-
tive, regenerating, anti-edematous effect. This biofla-
vonoid inhibits the processes of lipid peroxidation of
cell membranes, prevents their destruction and has a
capillary-protective effect [11].

In medicine, the ability of biologically active sub-
stances of Japanese Sophora (Styphnolobium japon-
icum) fruits to accelerate the healing of wounds is
known. Rutin, which is part of the Japanese Sophora
fruit, like other bioflavonoids, has a wide spectrum of
action, including capillary-strengthening and antiox-
idant. By binding free radicals, rutin has a protective
effect on tissue damage and can be used as an anti-in-
flammatory agent. In this regard, rutin can be effective
as a regenerative agent [12, 13].

A wide range of therapeutic action, which is of in-
terest from the point of view of wound treatment, is
possessed not only by biologically active substances
of plant origin, but also of animal origin. In particular,
lauric acid, in the form of a lipid concentrate of some
insects, has antibacterial properties. The antibacterial
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effect of lauric acid was tested with a statistically posi-
tive result on various types of pathogenic bacteria that
infect plants, which suggests its efficacy in the treat-
ment of animal wounds [14, 15].

Another example of a substance of animal origin
that deserves attention in the context of the problem un-
der consideration is the gastric enzyme pepsin, which
has a high proteolytic activity. It catalyzes the break-
down of proteins and polypeptides. Due to this, pep-
sin favorably affects the wound pathological process
and reduces the risk of purulent complications [16].

Along with the above individual substances or
sources of obtaining biologically active substances of
natural origin, it seems justified to include a regener-
ating component in the composition of the designed
combined agent, for example, isolated from aloe, sea
buckthorn, mummy.

The above and other natural biologically active
substances can be considered as active components of
a combination wound healing drug, possibly in combi-
nation with synthetic pharmacologically active ingre-
dients. Among the latter, broad-spectrum antibacteri-
al agents with resistance to microbial resistance may
be of the greatest importance. At the same time, the
possibility of using plant sources of biologically ac-
tive substances with pronounced antimicrobial prop-
erties, such as eucalyptus, nettle, celandine, sage, ma-
clay, should not be excluded as part of the drug, pro-
vided that they do not have a local irritating effect.

At the same time, it should be noted that not all
types of medicinal plant raw materials, despite the
value of the biologically active substances contained
in them, have mass-produced and ready-to-use phar-
maceutical substances. This circumstance limits the
very possibility of considering these phytoobjects as a
source of the active component in the designed wound
healing drug. In particular, this applies to such import-
ant types of plant raw materials for inclusion in the drug
design under consideration, such as the fruits of sopho-
ra and poplar buds. In this regard, and taking into ac-
count the planned type of dosage form — an ointment
and the convenience of introducing active components
into it, we designed extracts from these two phytoob-
jects, for which, under laboratory conditions, sequen-
tial processing of plant materials with glycerin of phar-
macopoeial quality and refined deodorized sunflower
oil was used to extract polar and non-polar compounds.

The following conditions and parameters of the
extraction process were experimentally established:
extraction method — maceration, absorption coeffi-
cient of the extractant — 2.3 and 2.6 (according to the
first extractant — glycerin) for sophora and poplar, re-
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spectively; hydromodulus for glycerin 1 : 1, for oil —
1 : 9 for both phytoobjects; temperature and exposure
time with extractants — plus 50 °C and 24 hours (in-
tensification by ultrasonic treatment with a frequen-
cy of 20 kHz and a power of 250 W of the extraction
system in the last 10 minutes of the process). The av-
erage yield of the product after being freed from veg-
etable meal was about 10 parts per 1 part of the taken
plant material, since the extractants used are not re-
moved from the extract.

Thus, with the help of a two-phase extraction, ex-
tracts with a wide range of biologically active substanc-
es from the fruits of sophora and poplar buds, ready for
introduction into the ointment, were obtained.

CONCLUSIONS

The content analysis of registered wound healing
agents revealed an insignificant share of this pharma-
cotherapeutic group in the total range of veterinary
drugs — only 2.2 %. Within the assortment analysis of
the group of wound healing agents showed that mono-
drugs with a correspondingly limited range of effects
on the multi-link wound process are predominant in it.
At the same time, it has been found that an ointment
(almost 32 %) is a popular type of dosage form for
wound healing agents, which is justified from the point
of view of the regionality of the disease, the expedien-
cy of local therapeutic effects, a low degree of absorp-
tion of active substances and the risk of undesirable
pharmacotoxicological system-wide manifestations.

Based on the critical analysis of the market of
wound healing drugs registered for veterinary use,
the relevance, advantages and expediency of design-
ing combination drugs that combine active substanc-
es of natural and synthetic origin and are potentially
capable of simultaneously affecting many pathogenet-
ic links of the wound process are shown. For the de-
sign of a combination wound healing drug, the most
promising active components for inclusion in its com-
position are presented — carriers of antimicrobial, an-
ti-inflammatory, necrolytic, regenerating and antioxi-
dant properties. At the same time, for certain types of
plant materials used as components of the designed
ointment and not represented by pharmaceutical sub-
stances, extracts were previously obtained.
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AnHoTanmsl. B crarbe npescTaBieHbl pe3yabrarhl pparMeHTapHOr0 MapKETHHIOBOTO HMCCIIEOBAHMUSI aCCOPTH-
MEHTa aHTHCENTUYECKHUX U JIe3MH(HULIUPYIOIINX CPEJICTB JUIsl BETEPUHAPHOTO IPUMEHEHHMS, CYLIIECTBYIOIX B Ha-
cToslIee Bpemst Ha MpoduiibHOM pbiHke Poccuiickoit denepanuu. JlanHoe uccienoBanue mpoBeaeHo st obec-
HeYeHUs! TOTPEOHOCTH 1IEJIEBOr0 NOTPEOUTEIBCKOTO phiHKA. [IpoBe/ieH aHaIn3 phIHKA M3y4aeMbIX IPernapaTroB
o (bapMaKOTepaHeBTl/I‘-IeCKI/IM rpynrnam, Yucj1y BXOAAIUX B COCTAB LEJIEBLIX IPOAYKTOB aKTUBHBIX BEIIECTB, OT-
HOIICHHIO K CTPaHe NPOU3BOMUTEIISI, KOMIIAHUH-IIPOU3BOIMTEIIO, BUY JIEKAPCTBEHHOW (DOPMBI, TIEPHO/Y Peru-
cTpauuy 1 00beKTaM BeTepuHapHOro npuMmeHeHus. [loiyueHHbIe JaHHbIE T03BOJIST 00ecreunuTh HHGpOPMHUPOBaH-
HOCTb PO(MIBHBIX CIEIUAINCTOB, PACHIUPUTH UX MPOPECCHOHANBHBII KPYTro30p H, KaK CIEACTBHE, YIyUlINTh
KOOPJIMHAIMIO MaTePHAIbHBIX, TPYAOBBIX U (JMHAHCOBBIX aKTHBOB BETEPUHAPHOI OpraHuU3aliy U €€ JesITeJIbHO-

CTHU B IICJIOM.

KoroueBble cjioBa: aHTHCENITUUECKUE CPEJICTBA, A€3HH(PHULINPYIOLINE CPEACTBA, MAPKETHHIOBBIE NCCIIEI0BAHUS

BBEJAEHUE

MapKeTHHTOBOE HCCIIEJOBAHHE PBIHKA JIeKap-
CTBEHHBIX M POJCTBEHHBIX MPOIYKTOB Ype3BbIYAM-
HO 3HAYUMBI JUIsl BETEPUHAPHH, T. K. OHH TO3BOJISIFOT
o0ecreunTh UHPOPMUPOBAHHOCTH MPOPHITBHBIX CIie-
muanucToB. [Ipoucxoaut pacmmpenue ux npodec-
CHOHAJIBHOTO KPYro3opa, 4To HampsMyIo yiaydiiaeTt
KOOPJIMHAIMIO MaTepUabHBIX, TPYAOBBIX U (HHAH-
COBBIX aKTHBOB BETEPHHAPHOI OpraHU3aluH, CONCH-
CTBYET YJAYUYLICHHUIO JESTEIbHOCTH BETEPUHAPHBIX
(hupmM B LIeIIOM.

Crenyer HallOMHHTB, YTO B cooTBeTCTBHH ¢ De-
JepaIbHBIM 3aKkoHOM OT 12 ampens 2010 . Ne 61-D3
«O0 oOpamieHnN JeKapCTBEHHBIX CPE/ICTBY», BETE-
pHUHapHasi anTe4yHas OpraHu3alys — OpraHu3aIys,
CTPYKTYpHOE MoApa3ieeHIe BeTepUHAPHON OpraHu-
3aI[UH, OCYIIECTBISIONINE POSHUYHYIO TOPTOBIIIO Jie-
KapCTBEHHBIMH ITpeTiaparaMi, B T. 4. JUCTAHIIUOHHBIM

Croco00OM, XpaHEHHE, U3TOTOBJIEHNE U OTILYCK JIeKap-
CTBEHHBIX IIPENApaToOB Ul BETEPUHAPHOTO IPUMEHE-
HUS U POACTBEHHBIX MPOIYKTOB [1].

Ha cerogusmnmii ness rog B Poccun 3apeructpu-
poBaHo 2022 BeTepHHAPHBIX JIEKAPCTBEHHBIX ITpenapa-
Ta, 3414 KopMOBBIX 100aBOK 1 127 apMarieBTHIECKUX
CyOCTaHLMM JUIs1 U3TOTOBJICHUS BETEPUHAPHBIX IIperia-
patoB [2]. Poccus pacnionaraet BCeMU OTEUECTBEHHbBI-
MU aHaJIOTaM1 BOCTPEOOBAHHBIX BETEPHHAPHBIX Ipe-
naparos, ux BBo3 B 2022 rogy He orpannuuBaics [3].

B cBoto ouepenp, peanusMu HaCTOAIIETO BpeMe-
HU SIBJISIFOTCS] BBICOKUHM TEMIT pOCTA TIOTOJIOBBS CENlb-
CKOXO3SIMICTBEHHBIX U JOMAIIHHX KUBOTHBIX. BMecTe
C TeM 3aKOHOMEPHO PacTeT CIPOC HA BECH CIIEKTP Be-
TEpUHAPHBIX NPENapaToB, B T. Y. aHTUCENTHYECKUX
U JIe3UHQHUIUPYIOMNX cpeacTB. PocT morpebneHus
Ha3BaHHOM MPOIYKIMH JJIS BETEPUHAPHUHU, B CBOIO
ouepeslb, ONpeeNsieT pa3BUTHE LENEBONW MPOMBIII-
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NeHHOW mHppacTpyKTyphl [4, 5, 6]. C 1 sHBaps mo
1 urons 2022 roma B Poccun mpoussenero 107 mui-
JINOHOB YITAKOBOK BETEPUHAPHBIX ITPEIapaToB, BKITIO-
Yasi aHTHCENTUKU U Je3nHpekranTs! (Ha 30 % 00mb-
1e, ueM roj Hazan) [3].

Cy1ecTByeT TpaJIMIIMOHHBIH HA00pP OJHOKOMIIO-
HEHTHBIX aHTHUCEIITUKOB M JIE3MH(DEKTAHTOB, UMEIO-
IUX OIpEIeICHHBIC OTPAaHUICHHSI TIPH HCTIOIH30Ba-
HHUH W3-332 BBICOKOW TOKCHYHOCTH, a TaKXe COBpe-
MEHHBIE MHOTOKOMITOHEHTHBIE MTPeraparhl MUPOKOTO
cnekTpa aercTBus. D(PPEeKTUBHOCT U MUPOTA TIPU-
MEHEHHSI aHTUCENITUYCCKUX U JIC3UH(OUIUPYFOIIUX
CPE/CTB HANPSMYIO 3aBUCHT OT YMCJIa aKTUBHBIX Cy0-
craHuui B npenapare. [Ipu ucnoib30BaHUKM MHO-
TOKOMITOHEHTHBIX CPEACTB YCTOWYMBOCTH MUKPO-
OpPTraHu3MOB K HUM MuHUMH3Hupyetcs [7, 8]. Tak,
pa3paboTaHbl Je3UHPUIUPYOIINE TPENaparhl ¢ Ipo-
JIOHTUPOBAHHBIM JICHCTBUEM, KOTOPBIC PEaIbHO yBE-
JINYMBAIOT SMOPHOHAJIbHY O )KU3HECITOCOOHOCTD MTH-
el [8, 9]. CnemyeT OTMETHTD, UTO 70 HACTOSIIIETO Bpe-
MEHU HEU3yUeHHBIM OCTACTCS aCCOPTUMEHT I[ENIEBhIX
MIPOAYKTOB.

Takum 00pa3oMm, IEJIbI0 TaHHOW PabOTHI SIBU-
JIOCh UCCIIEIOBAaHUE aCCOPTUMEHTA aHTHUCETTHUYC-
CKHX CPEICTB U JIe3MH()EKTAHTOB /Il BETEPUHAPHO-
TO IPUMEHEHUS, 3apETHCTPUPOBAHHBIX HA TEPPUTOPUHT
Poccwiickoit @enepanuu, st oOecrieueHus moTpeo-
HOCTH LIEJIEBOTO IMOTPEOUTEIHCKOTO PHIHKA.

MATEPUAJIBI U METO/ bl
UCCJIEJOBAHUM

[IpoBeneHs! riccnenoBaHUA acCCOPTHUMEHTA aHTH-
CEeNTHYECKUX U AC3UHPUITMPYIOIIUX CPEJCTB [Tl BE-
TEPUHAPHOTO IPUMEHEHMS], 3aPETUCTPUPOBAHHBIX HA
teppuropuu Pocculickoil @eaepanuy U MOCTynaro-
IIUX B ONTOBYIO M PO3HUYHYIO alITEYHYIO CETh CTpa-
HEI B iepuoxn ¢ 2012 mo 2022 tT.

B pamkax mccnemoBaHus HCIIOIB30BaHBI TPATUIIN-
OHHBIE TIOAXO/IBI K COOpy MH(pOPMAIIUU: TaK Ha3bIBae-
MO€ «KaOMHETHOE UCCIIeIOBAHNE» HITH aHAIN3 HCTOY-
HUKOB HH(POPMAIIH OTKPBITOTO TOCTYIIA — JICIOBBIE
n crnenuanu3upoBanasie CMMU (rieqaTtHble n dJeK-
TPOHHEIE), peKIaMHBIC U HH(POPMAIIMOHHBIC MaTepra-
JIBI KUTPOKOBY» MPO(HUIFHOTO PhIHKA, aHATUTHYECKHE
1 0030pHBIE CTaThH, AaHHbIEC PaHEee IPOBEICHHBIX Map-
KETHHTOBBIX MCCIIEIOBaHUI B MpeIMEeTHOW 00acTH,
MaTepuabl OTPACIIEBBIX YUPEKICHUH, OITyOIMKOBaH-
HBIE TaHHBIC TOCYIaPCTBEHHBIX OpTraHoB [2, 10—16].

B nccnenoBaHumM NMpUMEHEHBl ClEAyOUIHE
METOJIBI:

« KoHTeHT-aHanN3 — KOJIMYECTBEHHBIN aHaJIN3
TEKCTOB U TEKCTOBBIX MAaCCHBOB C IEJIBIO MOCIETYIO0-

el comep KaTeIbHON WHTEPITPETAIlNU BBISBICHHBIX
YHUCJIOBBIX 3aKOHOMEpHOCcTeH [17].

o CTpyKTypHBIH aHaJIN3 — HCCIEI0OBAHNUE CHCTe-
MBI C IIOMOIIBIO €€ TPahuIecKOro MOJIEILHOTO MPe-
CTaBJICHUS, KOTOPOE HauWHaeTcsi ¢ odIiero od3opa
W 3aTeM JeTAIM3UPYyeTCs, IpHodpeTast uepapxmdae-
CKYIO CTPYKTYpPYy CO BCE OOJBIINM YHCIOM YPOBHEH
[18].

 I'paduueckuii ananuz — mpencTaBieHne JaH-
HBIX B TpaQUIeCKOM BH/IE ¥ X TIOCIIEAYIOIAst HHTEP-
nperanus [19]. B uccnenoBanuu B T. 4. UCTIOIB30BaH
WHCTPYMEHT «JlenecTkoBas AuarpaMmMay Iiis ToCTpoe-
HUSI MHOTOKPHTEPHAIEHOU MOJIEIIH.

o AHaIUTHYECKOE HCCIIEJOBaHNE — AETAIBHOE
UCCIIEIOBaHKE TPOUCXOASIIUX MTPOLIECCOB U ABICHUH,
MyTh [TO3HAHMS CKJIAABIBAIOIINXCS TEHACHIINHN U 3aK0-
HOMepHocTeH [20].

PE3YJBTATHI UCCJIEJOBAHUN
X OBCYXKJIEHUE

AHTHCENTHYECKNE U AC3MHPHULUUPYIOIINE CPea-
ctBa ¢ 2020 roga ctanu ogHON W3 HanboJee BOCTpe-
OOBaHHBIX KaTErOPHii TOBAPOB M PE3KO YBEINIHUBIIIM-
Csl PBIHKOM JUTSI IPOU3BO/IUTEINEH.

W3-3a maHgemMun OHU SIBUJINCH KaTeropuel ToBa-
POB TIepBOH HEOOXOOMMOCTH BO BcexX cdepax, B T. U.
B BETEpHUHAPHH.

Kakue TeHeHIIMM phIHKA 3TON KAaTErOpUU IPOTyK-
TOB CETOJHS, KaK MEHSETCS] CETMEHTAINs PhIHKA U Ha
MIPOYre BOIIPOCHI, OTBEYAIOT MPEJICTABICHHBIC HIDKE
PE3yNBTaThl MPOBECHHOTO (PParMEHTAPHOTO MapKe-
THUHTOBOTO MCCIIEI0BaHMUSL.

B xone nccnenosanus copMupoBaH HHHOpMAIH-
OHHBII MacCHB JJaHHBIX 00 aHTHCENTHYCCKHUX U JIe3-
WHOUIIPYIOMNX CPECTBaX. BBISABIEHO, UTO CTPYK-
Typy accoptuMeHTa GopMupytoT 37 dapmarieBTude-
ckux kommanuit U 80 ToproBeix HanmeHoBanu# (TH),
BCE U3 KOTOPBIX SIBISAIOTCS Mpernaparamu Oe3peren-
TYpPHOTO OTITyCKa.

WccnenoBan acCOpTUMEHT TpEnaparoB MO YHC-
JIy aKTHBHBIX CYOCTaHIIMH, MPUCYTCTBYIOINX B CO-
crage (puc. 1).

YcTaHOBIIEHO, YTO MOHOKOMIIOHEHTHBIE ITPETapa-
ThI coctaBistoT 63 TH — 79 %; koMOMHUPOBaHHbBIC
(maOrokomnonentHeie) — 17 TH—21 %. Takum 06-
pa3oM, MOATBEPKAeH (aKT MPHUOPUTETHOCTH MOHO-
KOMITOHEHTHBIX aHTHCETITUIECKUX CPEJICTB U JIe3HH-
(hekTOpOB Ha OTEUECTBEHHOM PHIHKE.

[Ipoananu3upoBaH acCOPTUMEHT aHTHCENTHYE-
CKUX U Je3UHQHULIUPYIOUINX CPENICTB, UCTIONB3YEMBIX
B BEeTEpUHAPHON MPAKTHUKE, B 3AaBUCUMOCTH OT CTpa-
HBI IPOU3BOAUTENS (pHcC. 2).
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Puc. 1. Pacnipenenienune 1eseBbIX CPEICTB B 3aBUCMOCTH OT YHCIIa (hapMaKoJIOTHUECKH aKTHBHBIX CyOCTaHIIU
B cocrase, %
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Puc. 2. CeFMCHTaHI/IH PbhIHKA TEJIEBLIX CPEACTB B 3aBUCUMOCTHU OT CTPaHbl IPOU3BOAUTECIIA, %

BrIsiBIICHO, YTO JIEKAPCTBEHHBIE Mpemaparhl
Poccuiickoro npousBoacta coctapisitor 54 TH —
80 %; benprun — 9 TH — 12 %; ®panuun — 1
TH — 1 %; Utanmuun — 1 TH — 1 %; bonrapun —
1 TH — 1 %; Yexun — 2 TH — 3 %; Benrpun — 1
TH — 1 %; Pecny6nuxu benapyce — 1 TH — 1 %.
TakuM 00pa3oM, ONMpeeNicHO JOMHUHHUPOBAHUE POC-

CHICKHUX LIEJICBBIX ITPEIapaToB Ha OTEYECTBEHHOM I10-
TPEOUTENBECKOM PBIHKE, YTO KAPIUHAIBHO OTIMYAETCS
OT CUTyalluu TpexJjeTHel naBuoctu [21].

Ha namr B3misiz, croKuBIIascs KapTUHA MPEXIE
BCEro OIIpe/e/ieHa BHELIHETIOJUTHYECKOH CUTyalu-
el — CaHKLMOHHOM NOJUTUKON psAZla HEAPYKECTBEH-
HBIX CTpPaH.
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ITo 3T0i1 npu4MHE POCCUNCKUI PBIHOK JIMIIWIICS
YacTH MPO(UITEHBIX UMITIOPTHBIX MPOIYKTOB, HO B TIPO-
THBOBEC 3TOMY aKTHBHU3HPOBAIHNCH OTEYECTBEHHBIC
MTPOM3BOIUTENN AaHTUCENITUYECKUX U Je3UHPUITUPY-
IOIUX CPEACTB, MPOU30IIIO PACIIMPEHHE UX «TOPT-
(et TOBapOB» U HapallMBaHUE 0OBEMOB BBITYCKae-
MOH IPONYKIIHH.

Jlanee ObLT WICCIIEIOBAH CETOMHAIITHUN acCOpPTH-
MEHT aHTHCENTHYECKNX W AE3UH(PEKTOPOB, UCTIONb-
3yeMbIX B BETCPHUHAPHOW MPAKTHKE, B 3aBUCUMOCTH
OT KOMIIAaHUH-TIPOU3BOUTENS (pUC. 3).

Brissneno, uto AO 3aBon «Betepunapusie mpe-
napatel» npousBoanut 13 TH 3armmaer 16 % accop-
tuMenTa; Kommanus «DeLavalNVy — 6 TH — 7 %;
000 «HUTA-DAPM» u OO0 «HBL] Arposer3aiura
C-II» —4 TH —5 %; dapmarnieBTHUECKUE KOMIIAHUH:
AO «Arpobuomnpom», «CID LINES NV/SA», OO0
«HIIO «JIuxom», 3AO «HIIIT «Dapmaxc», OO0 HIIII
«Arpodapm», O00 «CITA3-papm» — 3 TH — 4 %;

Jpyrue papm. KOMIaHHK

3A0 «Pocserdapm»

“Bioveta, a.s.”

3AO0 «buollpo»

00O «Bettopr»

000 dupma «buoXumdapm»
3AO ITuenoBoauslii koMOuHAT «KOIOMEHCKUI
000 «I'pynma ®okuHa»

OKII «ApmaBupckast 6ropabdpukar
000 «CIIA3-dpapm»

OOO HIIII «Arpodapm»

3A0 «HIIIT »®apmaxcy

000 «HIIO «JIuxom»

“CID LINES NV/SA”

AO «Arpobuornpom»

00O «HBIL] Arpoger3amuta C-I1.»
000 "HUTA-D®APM»

“DeLaval NV”

AO 3aBox «BereprHapHbIe IpenapaTsh)

¢dapmanesrryeckue komnannn: OKIT « ApmaBupcekas
omodadbpukay, OO0 «I'pynnma dokuua», 3A0
[TuenoBoauniii komOuHar «Koomenckuii», OO0
®upma «bnoXum®Papm», OO0 «Berropr», 3A0
«buollpo», «Bioveta, a. s.», 3A0 «Pocserdapm» —
2 TH — 3 % wccrnenoBaHHOTO acCOpTUMEHTa; (ap-
MmaneBTrnueckue komnanuu: OO0 «AB3 C-IIy,
000 «I'mmmokpary, OO0 «ABunerna», OO0
«CAHBETIIPEITAPAT-TIJTFOC», OOO «Toprossiit
nom «buArpox», OO0 «Arpocepsuc», OO0 «llamakcey,
«VETOQUINOL S.A.», OO0 «TOII-BET», UII
«BUK — 3mopoBbe xuBOTHBIX», « VETPROM
AD», «Pernix Pharma Gyogyszergyarto Kft.», OOO
«®apmllpomBer», OO0 «buo ®apm l'apanTy,
3A0 «BuBaton», «HauptPharmalLatinaS.r.l.», OOO
«@apmbuomencepsucy, AO «MEIAXUM», OO0
«Oprnonumepcunre3 CII0» mpeacTaBieHbl OJHUM
TOPTOBBIM HAMMECHOBAaHHWEM M 3aHUMAOT 10 1 % oT
aCCOPTHMEHTA.

,00%

pomaxu

0,00% 2,00% 4,00% 6,00% 8,00%10,00%d 2,00%d 4,00%d 6,00%d 8,00920,00%

Puc. 3. CCFMCHTaI_[I/IiI PBIHKA LEJICBBIX CPEACTB B 3aBUCUMOCTH OT KOMITAHUU-TIPOU3BOAUTEIIA, %

Takum o6pazom, AO 3aBoj| «BeTepruHapHbie mpe-
raparb» Ha CETONHSIIHUN JACHD SBIISETCS a0COOT-
HBIM JIUAEPOM IIEIEBOTO MPOTYKTOBOTO phIHKA. U, BH-
JTUMO, 3TO He ciry4aitHo. CeromHs 3aBojg — B JTHIEpax

BETEPUHAPHON MPOMBIILIEHHOCTH U HEOJHOKPATHBII
MOOETUTENTh KOHKYPCa « DKCTIOPTEP TOIa», a P Ipe-
[apaTroB, TPOU3BOIUMBIX JAHHBIM MPEANPUSITHEM,
BX0ZAT B «CTo myumnx ToBapoB Poccum» [22].
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CrenyromuM 1maroM ObIT MPOBEACH aHAIN3 HO-
MEHKJIaTyphl aHTHUCENTHIECKUX U ME3MH(PUIUPYIO-
IIMX CPEICTB 10 BUAY (hopM. YCTaHOBJIEHO, YTO MST-
kue Gopmel coctaBisaoT 33 TH — 41 %; xunkue 42
TH — 52 %; tBepapie 3 TH — 4 %; raszoo0pa3Hbie
2 TH — 3 % ot 0011ero Koau4ecTBa UCCICIyeMO-
TO acCOpPTUMEHTA. JJOMUHUpPOBAHNE MSTKUX H JKHII-
KuX (pOopM HECOMHEHHO CBSI3aHO C YIOOCTBOM WX HC-
TTOJTb30BAHMS.

Ha namr B3miisiz1, ciieyeT OTMETHTS, 9TO IS [IOHH-
MaHUs CTPYKTYPBI KaXJJI0r0 CerMeHTa TpeOyeTcs Jie-
TaTbHOC U3YUCHHE BBISIBJICHHBIX IOMUHAHT. M3yueHue
ACCOPTUMEHTA MSITKUX (DOPM OITPEEIIIIIO CICAYIOIIHE
pe3ynbTarel: Ma3u coctaBisioT 27 TH — 82 %; cyn-
no3utopuu — 4 TH — 12 %; reaun — 2 TH, uTto co-
craBiseT 6 % OT 0OIIET0 KONIUYECTBA MATKHX (DOpM.
Mas3u okazanuck 00Jiee IPEANOUTUTEILHBIMU 10 TOU
JKe MPUUMHE — YJI00CTBO B IPUMEHCHHH.

YrmyOneHHoe W3yYeHUE aCCOPTUMEHTA SKHIKUX
(hopM BBISBIII ClIenyIONIME pe3yibTarhl. Tak, dKc-
TPaKTHI JISI HAPYKHOTO TIPUMEHEHHS COCTABIISIOT |
TH — 2,5 %; cycnen3uu — 1 TH — 2,5 %; mamiy-
Hu — 3 TH — 7 %; pacTBOpbI IJ1s1 MECTHOTO U Ha-
pyxHoro npumenenus — 34 TH — 80,5 %; karum

18% ~
16%
14%
12%
10%
8%
6%
4%
2%
0%

16,0%

2022 2021 2020 2019 2018
roa rof rof ros roj

ymmbie — 1 TH — 2.5 %; pacTBOpsI asis mapeHTe-
pansHOro npumenennd — 1 TH — 2,5 %; HacToii-
KM 1711 HapyskHoro npumenenus — 1 TH wmm 2,5 %
0T 00IIEro KOJM4eCcTBa aCCOPTUMEHTA UCCIIeTyEMbIX
dopm.

JloMuHMpOBaHKME PACTBOPOB IJIsI HAPYKHOTO ITPH-
MEHEHHs1, Ha Halll B3TJIS/I, OTIPEIENICHO MX CPAaBHUTEIh-
HO HEBBICOKOW CTOMMOCTBIO.

Ilo mepuoay perucTpalluu aHTUCENTHYECKUX
u fesuHpuupyromux cpeacts B PO onpenenensr cie-
JIyIOIIKe pe3yasTatsl (puc. 4).

Bonpiie Bcero aHTHCENTHYECKUX U JE€3WH-
(GbuUIUpyOMuUX CpeacTB OBIIIO 3apETHUCTPUPOBAHO
B 2018 rony — 13 TH — 16 %; HaumeHbLIEE KOIU-
4yecTBO 3apeructpuposano B 2022 rogy — 2 TH —
3 %; B 2021 romry — 10 TH — 13 %; B 2015 rogy —
9 TH — 11 %; B 2013, 2015 u 2019 romax — mo
8 TH — 10 %; B 2014 romy — 7 TH — 1o 9 %;
B 2020 rory — 6 TH—7 %; B 2017 rony — 5 TH —
6 %; B 2012 rony — 4 TH — 5 %.

Haunnas ¢ 2018 roga HameTHniaach TCHACHIIUS
K CHHKEHMIO Tpoliecca paclIMpeHus CyIeCTBYOIIen
HOMEHKJIaTypHI II€JIEBBIX IPEnapaToB, HO KAPTHHA U3-
MEHWJIACh C YKpeTIeHHeM aHTUKOBUIHBIX Mep.

2017 2016 2015 2014 2013 2012

ron roma rojJ ron rona rom

Puc. 4. CermenTanus pbIHKa IEIEBBIX CPEACTB 110 TOJAM MX PETHUCTPAINH, %

B cBoto ouepenb, MpoBEACHO HUCCICAOBAHUE Ya-
CTOTHI HCTIOTH30BAHMSI TEX MJIM HHBIX IICJIEBHIX Mpera-
paToB P BETePUHAPHOM 00CITY>)KUBAaHUH CEITHCKOXO-
3STICTBEHHBIX, JOMAIITHHUX U IPYTUX TUTIOB )KHBOTHBIX.
BerIsiBIIeHO, 4TO TIpenapaThl ISl CEIbCKOX03HCTBEH-
HBIX JKMBOTHBEIX coctaBisioT 27 TH — 34,0 %; ans
JOMAIITHUX U CEJILCKOXO3SIMCTBEHHBIX — 44 TH —
55,0 %; Tonbko jusa gomamHux 6 TH — 7.5 %; He
BOIIEAIINX B TiepBhIe TpH rpymnmsl — 3 TH — 3,5 %.
[TomoOHas kapTHHA, TT0 HAIlIeMy MHEHHUIO, TTOTHOCTHIO
3aBUCHT OT (DOPMBI IIEIEBOTO MPOIYKTA, ONIPEIEIISFO-

el BOBMOYKHOCTh U yJI00CTBO €ro MCIOJIb30BAHUS.
Jtst BU3yanu3anuy MOyYeHHBIX Pe3yIbTaToB ObLIa
ITOCTPOCHA JIETIECTKOBAs Auarpamma (puc. 5).

HanipecraBinenHoM rpaduke BUIHO, UTO TIOKa3aTe-
1 «bespenenTypHbIi 0TIy CK», « MHOTOKOMITIOHEHTHEIS
COCTaBbI», «PacTBOPBI I HAPY)KHOTO MPUMEHEHUS,
«Ma3zu» ¥, 4T0 0COOCHHO BaXKHO B YCJIOBUSAX UMIIOP-
To3amenleHus, «Poccuiickoro npon3BoICTBa» MOKHO
YBEPEHHO CYHUTATh CTAOWIBHBIMH 3HAYEHUSMHU PbHIH-
Ka aHTHCENTUYECKUX U Je3NHPUIUPYIOIINX CPEICTB
Poccuiickoit denepanuu.
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mazu 82,0%
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MECTHOI'0, HAPY>KHOTO
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80,5% \. ‘
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79,0%
MOHOKOMIIOHEHTHbIE

80,0%
IIpouss. P®
npenapaTbn
16,0% / ' ,»
Oe3penenTypHbIe Peructpanus 2018 rog
100,0%
52,0%
55,0%
Puc. 5. Pacnpenenenue uccneqoBaHHbIX OKa3zateneil, %
SAK/IIOYEHUE

Pe3toMupys BeITIIECKAa3aHHOE, CIIETYET OTMETHUTD,
YTO Ha CETOAHSIIHWUNA JIEHb OCHOBHAS JOJIS OTede-
CTBEHHOTO PBIHKA aHTHCENTHYECKHUX CPEJICTB U J€3-
MH(EKTOPOB 3aHATA MPOILYKTAMH POCCHHUCKOTO TIPO-
u3BoacTBa — 80 % (mpousBoguTenp-nuaep — AO 3a-
BOJ «Berepunapusie npenapars»). borbImHCTBO U3
HuX (79 %) ABIAIOTCSI MOHOKOMITOHEHTHBIMH (10 JIeHi-
CTBYIOIIIEMY BEIIECTBY) XKUIKHUMU U MATKAMHU (Hop-
Mamu (52 % u 41 % COOTBETCTBEHHO) C JOMUHHPO-
BaHUEM PACTBOPOB ISl MECTHOTO U HAPY>KHOTO ITPH-
menenus — 80,5 %. Cpenu 1eneBsIX MPOAYKTOB
CYIIECTBYIOT TPEMapaThl, NCIOIB3YEMBIC IS CEIb-
CKOXO3SIHCTBEHHBIX )KUBOTHBIX (34,0 %), myst momari-
HUX U CeIhCKOX03CTBEHHBIX (55,0 %), TONbKO Asst
nomarnraux (7,5 %) u ap.

[IpupocT HOBBIX 3apETUCTPUPOBAHHBIX Tperapa-
ToB NaHHbIX rpynn B 2022 roxy cocraBui 3 %, 4To
CymecTBeHHO HIke MakcumyMa 2018 roma (16 %).

[IpoBenennoe hparMeHTapHOE MAPKETHHTOBOE HC-
CJIEIOBAaHUE POCCHICKOTO PBIHKA aHTHUCENTHYECKHX
U Je3UH(OUIUPYIONINX CPEICTB JUISI BETEPUHAPHOTO
[IPUMEHEHUS 110 (PapMaKOTEPaNIeBTUYCCKUM TPYIIIaMm,
YUCIy BXOJSIIUX B COCTaB IEJIEBBIX MPOJAYKTOB aK-
THUBHBIX BEIIECTB, OTHOLICHHUIO K CTPaHE MPOU3BOIH-
TeJst, KOMITAaHUU-TIPOU3BOAMTENIO, BUIY JIEKAPCTBEH-
HOH (hOpMBI, TIEpHOY PETHUCTPAIH U O0bEKTaM Be-
TEPUHAPHOTO NMPUMEHEHUS MO3BOJIIET 00ECIeUnTh

HHPOPMUPOBAHHOCTD MPO(PIIHHBIX CICITHATNUCTOB,
pacuMpuTh UX NpoheCCHOHATBHBIN KPYro3op U, Kak
CJIC/ICTBUE, YAYUIIUTh KOOPAUHAIINIO MATEPUATTBHBIX,
TPYIOBBIX ¥ PHAHCOBBIX AKTUBOB BETEPUHAPHOU Op-
TaHU3AIMU U €€ JICSITCILHOCTU B ICJIOM.
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Abstract. The article presents the results of a fragmentary marketing research of the assortment of antiseptics and
disinfectants for veterinary use currently existing on the profile market of the Russian Federation. This study was
conducted to meet the needs of the target consumer market. The analysis of the market of the studied drugs was
carried out by pharmacotherapeutic groups, the number of active substances included in the target products, the
relation to the country of manufacture, the manufacturing company, the type of dosage form, the period of regis-
tration and objects of veterinary use. The data obtained will ensure the awareness of specialists, expand their pro-
fessional horizons and, as a result, improve the coordination of material, labor and financial assets of the veteri-

nary organization and its activities as a whole.
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INTRODUCTION

Marketing researches of the market of medicinal
and related products is extremely important for veteri-
nary medicine, because they allow to ensure the aware-
ness of specialists. There is an expansion of their pro-
fessional horizons, which directly improves the coor-
dination of material, labor and financial assets of the
veterinary organization, contributes to the improve-
ment of the activities of veterinary firms as a whole.

It should be recalled that in accordance with the
Federal Law dtd. April 12, 2010 No. 61-FZ “On the
Circulation of Medicines”, a veterinary pharmacy or-
ganization is an organization, a structural unit of a vet-
erinary organization that retails medicines, including
by remote means, storage, manufacture and dispens-
ing of medicinal products for veterinary use and re-
lated products [1].

To date, 2022 veterinary medicinal products, 3414
feed additives and 127 pharmaceutical substances for
the manufacture of veterinary drugs have been regis-
tered in Russia [2]. Russia has all domestic analogues
of popular veterinary drugs, their import in 2022 was

not limited [3]. In turn, the realities of the present time
are the high growth rate of the livestock of fram and
domestic animals. At the same time, the demand for
the entire assortment of veterinary drugs, including an-
tiseptics and disinfectants, is naturally growing. The
growth in consumption of these products for veteri-
nary medicine, in turn, determines the development
of the target industrial infrastructure [4—6]. From
January 1, 2022 to July 1, 2022, 107 million packag-
es of veterinary drugs, including antiseptics and dis-
infectants, were produced in Russia (30 % more than
a year ago) [3].

There is a traditional set of single-component an-
tiseptics and disinfectants that have certain limita-
tions in use due to high toxicity, as well as modern
multi-component drugs with a wide spectrum of ac-
tion. The efficacy and scope of application of antisep-
tics and disinfectants directly depends on the number
of active substances in the drug. When using multi-
component agents, the resistance of microorganisms
to them is minimized [7, 8]. Thus, disinfectants with
prolonged action have been designed that actually in-
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crease the embryonic viability of the poultry [8, 9]. It
should be noted that the assortment of target products
remains unexplored so far.

Thus, the objective of this work was to study the
assortment of antiseptics and disinfectants for veteri-
nary use, registered in the Russian Federation, to meet
the needs of the target consumer market.

STUDY METHODS

The studies have been carried out on the assortment
of antiseptics and disinfectants for veterinary use reg-
istered in the Russian Federation and supplied to the
wholesale and retail pharmacy network of the coun-
try in the period from 2012 to 2022.

The study used traditional approaches to collect-
ing information: the so-called “desk research” or anal-
ysis of open access information sources — business
and specialized media (print and electronic), adver-
tising and information materials of the profile market
“players”, analytical and review articles, given earlier
conducted marketing research in the subject area, ma-
terial of industry institutions, published data of state
bodies [2, 10—16].

The following methods were used in the study.

« Content analysis — quantitative analysis of texts
and text arrays for the purpose of subsequent mean-
ingful interpretation of the identified numerical pat-
terns [17].

« Structural analysis — study of the system with
the help of its graphical model representation, which

begins with a general overview and then details, ac-
quiring a hierarchical structure with an increasing num-
ber of levels [18].

 Graphical analysis — presentation of data in a
graphical form and their subsequent interpretation [19].
In the study, among other things, the “Petal diagram”
tool was used to build a multi-criteria model.

 Analytical study — a detailed study of ongoing
processes and phenomena, the way of understanding
emerging trends and patterns [20].

RESULTS AND DISCUSSION

Since 2020, antiseptics and disinfectants have be-
come one of the most sought-after product catego-
ries and a sharply increased market for manufactur-
ers. Due to the pandemic, they have become a catego-
ry of essential goods in all areas, including veterinary
medicine. What are the market trends for this catego-
ry of products today, how is the market segmentation
changing and other questions, are answered by the re-
sults of the fragmented marketing research presented
below.

In the course of the study, an information array of
data on antiseptics and disinfectants was formed. It has
been revealed that the assortment structure is formed
by 37 pharmaceutical companies and 80 trade names
(TN), all of which are OTC drugs.

The assortment of drugs was studied according to
the number of active substances present in the com-
position (Fig. 1).

~79.00%

80.00% 1
60.00%

monocomponent

multicomponent

Fig. 1. Distribution of target funds, depending on the number of pharmacologically active substances in the com-
position, %
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It has been established that monocomponent drugs
account for 63 TN — 79 %; combined (multicompo-
nent) — 17 TN (21 %). Thus, the fact of the priority
of monocomponent antiseptics and disinfectants on the
domestic market has been confirmed.

The assortment of antiseptics and disinfectants
used in veterinary practice was analyzed depending
on the country of manufacture (Fig. 2).

It has been revealed that Russian-made drugs ac-
count for 54 TN (80 %); Belgium — 9 TN (12 %);
France — 1 TN (1 %); Italy — 1 TN (1 %); Bulgaria—
1 TN (1 %); Czech Republic — 2 TN (3 %);

80.00%

80.00%
60.00%
40.00%

20.00%
0.00%

M Sales

Hungary — 1 TN (1 %); the Republic of Belarus —
1 TN (1 %). Thus, the dominance of Russian targeted
drugs on the domestic consumer market has been de-
termined, which is fundamentally different from the
situation three years ago [21]. In our opinion, the cur-
rent picture is primarily determined by the foreign pol-
icy situation — the sanctions policy of a number of un-
friendly countries. For this reason, the Russian market
has lost some of'its core imported products, but in con-
trast to this, domestic manufacturers of antiseptics and
disinfectants have become more active, their “prod-
uct portfolio” has expanded and output has increased.

Fig. 2. Segmentation of the target funds market, depending on the country manufacturer, %

Next, the current assortment of antiseptics and dis-
infectants used in veterinary practice was studied, de-
pending on the manufacturing company (Fig. 3).

It was revealed that JSC plant “Veterinary drugs”
produces 13 TN and occupies 16 % of the assort-
ment; company “DelLaval NV — 6 TH (7 %);
“NITA-FARM” LLC and “NVTs Agrovetzashchita
S-P” LLC — 4 TN (5 %); pharmaceutical compa-
nies: JSC “Agrobioprom”, “CID LINES NV/SA”,
“NPO ‘Likom’” LLC, CJSC “NPP ‘Farmaks’”’, NPP
“Agrofarm” LLC, “SPAZ-pharm” LLC — 3 TN
(4 %); pharmaceutical companies: FKP “Armavir
Biofactory”, “Fokin Group” LLC, CJSC Beekeeping
Plant “Kolomenskiy”, “BioKhimFarm” Firm LLC,
“Vettorg” LLC, CJSC “BioPro”, “Bioveta, a.s.”,

100

CJSC “Rosvetfarm” — 2 TN (3 %) of the stud-
ied assortment; pharmaceutical companies: “AVZ
S-P” LLC, “Hippocrates” LLC, “Avicenna” LLC,
“SANVETPREPARAT-PLUS” LLC, “Trade House
‘BiAgro’” LLC, “Agroservice” LLC, “Tsamaks” LLC,
“VETOQUINOL S.A.”, “TOP-VET” LLC, “VIK —
Animal Health” IE, “VETPROM AD”, “Pernix Pharma
Gyogyszergyarto Kft.”, “PharmPromVet” LLC, “Bio
Pharm Garant” LLC, CJSC “Vivaton”, “Haupt Pharma
Latina S.r.1.”, “Pharmbiomedservice” LLC, JSC
“MEDHIM”, “Orgpolimersintez SPb” LLC are rep-
resented by one trade name and occupy 1 % of the as-
sortment.

Thus, JSC plant “Veterinary drugs” today is the ab-
solute leader in the target food market. And, apparent-
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ly, this is not accidental. Today, the plant is one of the
leaders in the veterinary industry and is a multiple win-
ner of the Exporter of the Year competition, and a num-
ber of drugs manufactured by this enterprise are includ-
ed in the “One Hundred Best Goods of Russia” [22].

The next step was the analysis of the nomenclature
of antiseptics and disinfectants by type of form. It has
been established that soft forms make up 33 TN41 %;
liquid 42 TN — 52 %; solid 3 TN — 4 %; gaseous 2
TN — 3 % of the total amount of the studied assort-

Other pharmaceutical companies

CJSC “Rosvetfarm”

“Bioveta, a.s.”

CJSC “BioPro”

“Vettorg” LLC

“BioKhimFarm” Firm LLC

CJSC Beekeeping Plant “Kolomenskiy”
“Fokin Group” LLC

FKP “Armavir Biofactory”

“SPAZ-pharm” LLC

NPP “Agrofarm” LLC

CJSC “NPP ”Farmaks”

“NPO ”Likom” LLC

“CID LINES NV/SA”

JSC “Agrobioprom”

“NVTs Agrovetzashchita S-P” LLC
“NITA-FARM” LLC

“DeLaval NV”

JSC plant “Veterinary Drugs”

ment. The dominance of soft and liquid forms is un-
doubtedly associated with the convenience of their use.

In our opinion, it should be noted that in order to
understand the structure of each segment, a detailed
study of the identified dominants is required. The study
of the assortment of soft forms determined the follow-
ing results: ointments are 27 TN — 82 %; supposito-
ries— 4 TN — 12 %; gels — 2 TN, which was 6 % of
the total number of soft forms. Ointments turned out to
be more preferable for the same reason — ease of use.

19.00%

B Sales

0.00% 2.00% 4.00% 6.00% 8.00%10.00%d2.00%d 4.00%d 6.00%d 8.00%20.00%

Fig. 3. Segmentation of the target funds market, depending on manufacturer, %

An in-depth study of the assortment of liquid forms
revealed the following results. So, extracts for external
use are 1 TN (2.5 %); suspensions — 1 TN (2.5 %);
shampoos — 3 TN (7 %); solutions for local and exter-
nal use — 34 TN (80.5 %); ear drops — 1 TN (2.5 %);
solutions for parenteral use — 1 TN (2.5 %); tinctures
for external use — 1 TN or 2.5 % of the total assort-
ment of studied forms. The dominance of solutions
for external use, in our opinion, is determined by their
relatively low cost. According to the period of regis-
tration of antiseptics and disinfectants in the Russian
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Federation, the following results were determined
(Fig. 4). Most of all antiseptics and disinfectants were
registered in 2018—13 TN (16 %); the smallest num-
ber was registered in 2022—2 TN (3 %); in 2021—
10 TN (13 %); in 2015—9 TN (11 %); in 2013, 2015
and 2019—8 TN each (10 %); in 2014—7 TN (9 %)
each; in 2020—6 TN (7 %); in 2017—5 TN (6 %); in
2012—4 TN (5 %). Since 2018, there has been a down-
ward trend in the process of expanding the existing as-
sortment of targeted drugs, but the picture has changed
with the strengthening of anti-COVID measures.
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Fig. 4. Segmentation of the target funds market by the years of their registration, %

In turn, there was made a study of the frequency
of use of certain targeted drugs in veterinary care for
farm, domestic and other types of animals. It has been
revealed that drugs for farm animals account for 27 TN
(34.0 %); for domestic and farm — 44 TN (55.0 %);
only for domestic— 6 TN (7.5 %); not included in the
first three groups — 3 TN (3.5 %). Such a picture, in
our opinion, completely depends on the form of the tar-
get product, which determines the possibility and con-

venience of its use. To visualize the results obtained, a
Petal diagram was constructed (Fig. 5).

The presented graph shows that the indicators
“OTC”, “Multicomponent formulations”, “Solutions
for external use”, “Ointments” and, which is espe-
cially important in the context of import substitution,
“Russian production” can be confidently considered
stable values of the antiseptic and disinfectant market
of the Russian Federation.

Ointments 82.0%

Solution 79.0%
for local, monocomponent
external use
80.5%
V]
JSC plant 80'(.)4
« - » made in the RF
Veterinary drugs
16.0%
16.0%

OTC Registration in 2018
100.0%

gg?e’stic animals Liquid DF
52.0%
55.0%

Fig. 5. Distribution of the studied indicators, %
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CONCLUSION

Summarizing the above, it should be noted that
today the main share of the domestic market of anti-
septics and disinfectants is occupied by Russian-made
products — 80 % (leading manufacturer — JSC plant
“Veterinary drugs”). Most of them (79 %) are mono-
component (according to the active substance) liquid
and soft forms (52 % and 41 %, respectively) with the
dominance of solutions for local and external use —
80.5 %. Among the target products, there are drugs
used for farm animals (34.0 %), for domestic and farm
(55.0 %), only for domestic (7.5 %), etc.

The increase in new registered drugs in these
groups in 2022 was 3 %, which was significantly low-
er than the maximum in 2018 (16 %).

The conducted fragmentary marketing research
of the Russian market of antiseptics and disinfectants
for veterinary use by pharmacotherapeutic groups,
the number of active substances included in the tar-
get products, the relation to the country of manufac-
ture, the manufacturing company, the type of dosage
form, the period of registration and objects of veter-
inary use allows to ensure the awareness of special-
ists, expand their professional horizons and, as a re-
sult, improve the coordination of material, labor and
financial assets of the veterinary organization and its
activities as a whole.
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AHHOTanumsl. PacnpocTpaHeHHO! U CJIOKHO pelaeMoi mpoOieMoil, NpuBosIeil K BO3HUKHOBEHUIO SKOHOMH-
YeCcKoro yliep0a B COBpEMEHHOM CEIbCKOM XO3HCTBE BCEr0 MUPA, MO-TMPEKHEMY OCTAETCsI 3arpsI3HEHHE TIPOJI0-
BOJIbCTBEHHBIX KYJIBTYp MHUKOTOKCHHaMH. CyIIECTBYeT psili 0CO00 ONAaCHBIX MHKOTOKCHHOB, B YHCJIO KOTOPBIX
BXOJUT TPUXOTELIEHOBBIM MUKOTOKCHH — T-2 TokcuH. B ¢Bf3M ¢ HapyIIeHHeM TeXHOJIOTHi nepepaboTKy, 3aro-
TOBKH, TPAHCIIOPTUPOBKU U XPaHEHUS KOPMOB JTaHHBII MUKOTOKCHH MOXKET ITOMACTh 4epe3 MPOIYKIUIO KHUBOT-
HOBOJICTBA U IITHIIEBOJICTBA B OPTaHU3M YeJIOBEKa, YTO MPECTABIIET AT Hero yrpo3y. Bosaeiictue T-2 Tokcu-
Ha Ha OPraHu3M B II€JIOM MPHBOIUT K KIETOUYHOH T'MOEIN B KPOBETBOPHBIX M MIMMYHOKOMIIETEHTHBIX OpraHax,
YTO CONIPOBOXKAAETCSI HU3MEHEHUSIMH I'eéMaToJIOrMYeCKOM KapTHHBI KPOBH, YTHETeHHEM HUMMYyHUTeTa. Beiencraue
9TOTO, LIEJIBI0 MCCIIEIOBAHMS SIBISICTCS] U3yYEHNE COCTOSHUSI €CTECTBEHHOM PE3UCTEHTHOCTU OEIbIX KPbIC TTOJ
neiictBuem T-2 TOKCHHA NPH JIEYSHUU CHIBOPOTKOH, copeprkaliieii MonukiIoHalIbHbIe aHTUTeNna. B xoxe uccneno-
BaHMUs crioco0a MpOopUIAKTHKYI U JICUSHNUs MUKOTOKCHKO3a, HA OCHOBAaHUH aHaJIM3a JICHKOIIUTOI PaMMBbl, MOP(O-
JIOTMYECKOTO aHaJi3a CelIe3eHKH, ITapaMeTpoB Heclenn(puuecKoi pe3uCTEeHTHOCTH, ObL1a ycTaHOBIeHa Y dek-
TUBHOCTbh IIPUMEHEHUS CHIBOPOTKH, COZiepsKaliel MOIMKIOHAIbHbIE aHTUTeNa Ha koHbIorat T-2-bCA.

KuaroueBble c10Ba: MUKOTOKCHHBI, T-2 TOKCHH, TIOJIMKIIOHAIbHBIE aHTUTEIA, CHIBOPOTKA, KPICHI, HecTieruduye-
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CKHI UMMYHMTET

ITo nanubM IIpOgOBOILCTBEHHOW U CEIIBCKOXO-
3siicTBeHHOM opranm3anuu OObeamHEeHHBIX Harumit
(DPAO), okomo 25 % TPOAOBONBCTBEHHBIX KYIBTYP
BO BCEM MUPE 3apa’KeHbl MUKOTOKCHHAMHU [ 1—7], uTo
MIPUBOJIUT K 3HAYUTEIILHBIM SIKOHOMUYECCKUM ITOTEPSIM.
T-2 TOKCHH OTHOCHUTCSI K TPHXOTECIICHOBBIM MHUKOTOK-
CHHAM THUIIA A U SBJISICTCS OJJTHMM W3 CaMbIX OIMACHBIX
TOKCHHOB JIJIS 3I0POBBS KUBOTHBIX [ 8, 9]. JlaHHBII MU-
KOTOKCHH TIPEJICTABIAET YTPO3y W JUIS JIFOJIeH, ToTa-
Jlasi TI0 MUIIIEBOH IIeTI B UX OPTraHU3M, YTO BIIOCIIE]-
CTBHH Yepe3 MHTMOMPOBAHUE CUHTE3a OeJTKa BhI3BIBACT
MOpaKEHUE KENMYTOUHO-KHILIEYHOTO TPaKTa TOKCH-
YeCKOH ayleyTckoi 0oJe3HbI0 U Oose3nbio Kammaa-
bexka [10]. T-2 TOkCHH Tak»e BBI3BIBACT aIlONTO3 Kle-
TOK, B TOM YHCJI€ B KDOBETBOPHBIX U UMMYHOKOMIIE-

TEHTHBIX OpraHax — TUMyce u cene3enke [11—14].
JlaHHBII IPOLIECC COMTPOBOKIAETCI UBMEHEHUSIMHU Te-
MAaTOJIOIMYECKOH KapTHHBI KPOBH (JICHKOLIUTOIICHUS,
aHeMHUs1, TPOMOOLIUTONICHHUS U JIP. ) U TIPOSIBIICHUEM UM-
MYHOCYTIpeCCOpHOM akTuBHOCTH [ 15, 16]. Kak 1 6osib-
NIMHCTBO MUKOTOKCHHOB, T-2 TOKCHH HapyIIaeT CTPyK-
TYpY CIU3UCTBIX 000JI0YEK, OIIOCPELOBAHHO OTPHLIA-
TEJIBHO BIMSAET Ha COCTOSIHUE 001IeH PE3UCTEHTHOCTH
JKUBOTHBIX K [TATOT€HHBIM MHKPOOPraHU3MaM M cIie-
IU(PUUECKUM areHTaM, KOTOPYIO ONpPEAEISIIoT Hectie-
nupHUUECKue TYMOpPaJbHbIC W KIECTOUHBIE (aKTOPHI.
VYdeHble BO BceM MHpPE HIYT YPPEKTUBHBIC CITOCOOBI
neyeHus U npodunakTuky T-2 TOKCHKO3a JKUBOTHBIX.
B xone noucka pa3zpaboTaHbl pa3IMYHbIE METObI CHU-
JKeHUSI KOJIMYECTBA KaK CAMHX MHUKOTOKCHHOB B KOp-
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Max, TaK U BBI3BAHHBIX UMH TOKCHYECKUX IPPEKTOB
B OpraHW3Me, B TOM YHCJIe U HA UMMYHHYIO CHCTEMY.
Cpeny maHHBIX HayYHBIX Pa3pabOTOK HET CIIOco00B
npodUIaKTUKY U JICYCHHSI, OCHOBOM KOTOPBIX SIBJISI-
€TCsl CHIBOPOTKA, COAEpIKaIlas Crenn(puuecKue Kom-
MMOHEHTHl UMEHHO K camoMmy T-2 tokcuny. K Takum
KOMITOHEHTaM MOXXHO OTHECTH TOJINKJIOHAJIbHBIE aH-
TUTEJA C OBIYBUM CBIBOPOTOYHBIM aJIbOyMHUHOM, IIO-
JiydeHHbIE K T-2 TOKCHHY, UTO U ONPEEIUIIO 1I€JIb Ha-
LIMX UCCIICAOBAHUH.

Lenbto uccnenoBanus ABUIOCH U3yYEHUE COCTOS-
HUS €CTECTBEHHOM PE3UCTEHTHOCTH OENbIX KPBIC MO
neiictBueM T-2 TOKCHMHA MPH JIEYEHUU CHIBOPOTKOM,
cozeprKalleil OJIMKIIOHAIbHbIE aHTUTEIA.

MATEPHUAJIBI U METO/bI
HUCCJEJOBAHUM

Jlyg mosrydeHust ChIBOPOTKH, COZIeprKalliei monu-
KJIOHAJIbHBIC aHTHTEIIA, CAMIIOB OCJIBIX KPhIC UMMYHH-
3UPOBaAIN KOHBIOTaTOM T-2 TOKCHHA C OBIYEUM CBIBO-
potounbM anbOymMuHOM (BCA) 110 TpeXKkpaTHoii cxeme
HMMYHU3ALUK ¢ UHTEpBasioM 3 Henenu. s nepBoit
MMMYHH3alUH TOTOBIJIM CYCIIEH3MIO, COCTOSIIYIO U3
kouwtorara T-2-BCA, pactBopa Punrepa, moaHoro
ajbroBaHTa OpeitHa.

Jns mocneayronmx MMMYHH3aIUH UCTIOIB30BaIN
HenousHbId agbroBanT @peitnaa. Ha 14 cytku ot mo-
ClIeJTHEW MHBEKIIUU OT UCCIEAYEMBIX KPBIC METOJIOM
JeKaUTalul OTOMPAITU KPOBb, a TAKIKE OTIISIISUIN Chl-
BOPOTKY CTaHJIAPTHBIM METO/IOM.

J1st TOCTaHOBKH AKCIIEPUMEHTA OBLITO CHOPMHUPO-
BaHO 4 rpynmsl Oenbix kpeic Maccoit 130,0—140,0 r
10 TIPUHITUITY aHAJIOTOB, UCTIONB3YS B KAYECTBE KPH-
Tepust popMHUpOBaHUs Maccy Tena ¢ pazHuuei = 10 %,
10 8 KHUBOTHBIX B KaXK/101. JKUBOTHBIE OBLIM TOJTyYe-
sbl 13 nuToMHrka ®T'BHY « ®IITPE-BHUBN» u ne-
pen BBEICHHEM B DKCIIEPUMEHT MPOXOAMIHN JIByXHE-
JIENBHBIN TIepro] aKKJIIMMaTH3aIMH B yCIOBHUSIX BH-
Bapusi. Bo BpeMsi akkIMMaTU3aIul U SKCIIEPUMEHTa
KPBICBI UMENTM CBOOOIHBIA AOCTYI K BOAE U KOPMY.
Coneprxanne, KOpMIEHHE U MAHUITYIISIIUH TIPOBOIMIIN
B COOTBETCTBHH C MIPUHIIUITAMH JIA0OPATOPHON TIPaK-
tuku B Poccniickoit @enmeparum [17].

[lepBas rpynmna >KHBOTHBIX ObLIa KOHTPOJIbHAS,
KpbIcaM BTOPOW Ipynmnbl BBOAWIN T-2 TOKCHH B 103€
1/10 JIZL,, TpetTbst OmbITHAs IPYIIIA OTy4Yala MUKO-
TOKCHH B TOM 7K€ J103€ U JIEUeHNE — UHBEKIINU CBIBO-
potku 0,3 cM? Ha KT Macchl Telna, CoaeprKallei moJu-
KJIOHAJIbHBIE aHTUTENIA B Hayase OIbITa U TIOBTOPHO
Ha 10 u 20 cyTKH 3KCTIepUMEHTa, YeTBEPTOH HHBEITH-
POBAaIK CBIBOPOTKY OT MHTAKTHBIX OEJIBIX KPBIC B aHA-
JIOTUYHOM J103€ U IO TOM K€ cXeMe.

B koHme skcnepuMeHTa Mo 6 KpBIC C TPyI-
MBI YMEPIIBISIIIA METOJIOM JICKAIUTAIlMA U OTOHMpa-
JIU KPOBB IS TEMATOJIOTUYECKUX U UMMYHOJIOTHYe-
CKHX HCCJIEOBAaHUH, a TaKKe 00pa3Ilbl BHYTPEHHUX
OpraHoB JJIsl MPOBEACHUSI THCTOIOTUYECKUX HCCIIe-
JoBaHUH. JIJIs TUCTOJIOrMYECKHUX MCCIIeI0BAaHUN 00-
pasiiel OpraHoB (puKcUpoBaiu B OydhepHOM pacTBOpe
10%-n0r0 (hopmanmHa, 3aTeM 00€3BOKUBAIIN 1 OCYIIIe-
CTBIISTH 3aJIMBKY B MapaduH 1o cxeme BonkoBoit —
Enenkosa (1996). Oxpacky rucronpenaparos npo-
BOJMJIM TeMAaTOKCUIMH-303uHOM 1o ['anzeny [18].
I'mcronmornyeckue cpe3bl MPOCMaTPUBAIN B CBETO-
BoM MuKkpockore Leica DM 1000 ¢ nudpoBoit kame-
poii Leica DFC320 (I'epmanmst).

st 3aTpaBKU AKUBOTHBIX UCIIOJIb30BaIU T-2 TOK-
CHH KPHCTAJIIMYECKOH (hOpMBI TPOU3BOACTBA Sigma-
Aldrich (CLIA). Mopdonornueckuii aHanu3 Kpo-
BU MPOBOJWIM Ha T€MAaTOJOTUYECKOM aHAJIN3aTope
«Mythic 18 Vety» (®pannus). bakrepunuanyo ak-
THBHOCTEL CBIBOpOTKH KpoBH (BACK) ompenemnsian
no Meronuke CmupHoBoii O. B., Kyzpmunosoii T. A.
(1966) [19], muzonumuyto aktuBHOCTH (JIACK) He-
¢denomerpuueckum metogom no Jopodeituyky B. T.
(1968) [20], daromuTapHy0 aKTUBHOCTH JICHKOITH-
ToB (DA), nanexc (PU) mo meronmmke Koct C. A.,
Crenko M. U. (1968) [21]. JlefikoruTapHyto dhopmy-
Ty OTpPEAeIsIN MyTeM TOJCYeTa OTASIbHBIX (hOpM
JIEWKOLIUTOB B OKpalIeHHbIX 110 PomanoBckomy-I num3e
Ma3Kax KpOBH, 3aTE€M PACCUUTHIBAIH JICHKOIIUTAPHEIC
WHJICKCHI [22].

[TomyueHHBIE SKCTIEPIMEHTATBHBIE TaHHBIE 00pa-
OarpIBasI OOIIETIPUHITHIM METOIOM BapHAIIMOHHON
CTaTUCTUKU C IPUMEHEHUEM KPHUTEPHUsS 10CTOBEPHO-
cti 10 CTBIOACHTY C UCTIONB30BAaHUEM CIIELUAIBHBIX
nporpamwm [23, 24].

PE3YJIBTATHI HCCJIEJOBAHUM

Bonbiryro posb B cCOXpaHEHUH BHE- i BHYTPHKIIE-
TOYHOTO TOMEOCTa3a OPraHu3Ma >KMBOTHBIX UTParOT
JICHKOIUTHI, YYaCTBYIOIIHE B O0C3BPSIKUBAHUU Pa3-
JIMYHBIX TOKCHHOB KaK 3K30T'€HHOI'0, TaK M DHJIOICH-
HOTO TPOUCXOKICHHS.

AHamM3 TaHHBIX JICHKOITUTAPHOTO TIPOMHIIST Kpo-
BU (B TOM YHCIIE JEHUKOIIUTAPHBIX HHJICKCOB) SIBIISICT-
Csl OJTHUM U3 UHCTPYMEHTOB OLICHKU CTCIICHU BBIpa-
>KEHHOCTH DHJIOTCHHON MHTOKCHUKAIIMU B OpraHU3Me
JKUBOTHBIX U YEJIOBEKA, U ITO3BOJISIET CYIUTh O padoTe
AMMYHHOUW CHCTEMBI, COCTOSTHUH (HOPMHUPOBAHUS He-
crienpUUecKuX aJanTalMoHHbIX peaknuit [25]. Ho
[IOMHMMO 3HAaYeHHsI YMCJIa JIEHKOLUTOB, BaXKHBIM CIIE-
U(pUIECKUM MapKEPOM aKTHBHOCTH BOCHAIUTEIILHO-
TO MpoIiecca SBISETCS UCCIEA0BAHNE IPYTUX TTOKa3a-
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TeJielt JTIEHKOLUTAPHOTO 3BEHA, KOTOPBIE MOT'YT OBIThH
OoJiee YyBCTBUTEIBHBIMU U crien(UIHbIMU [26].

B tabnuue | mpeacraBieHbl JaHHBIE JIEHKOTpaM-
MBI U TIOJICUETA JICHKOIUTAPHBIX MHACKCOB B KPOBH
0eJIBIX KPBIC B YCIOBUSAX YKCHEPUMEHTAIBHOTO MU-
KOTOKCHKO3a Ha (DOHE JICUCHHSI CBIBOPOTKAMU, COAEP-
JKAIUMHU HOJMKIOHAJIBHBIC aHTUTENA.

B neiixorpamme HaOIIOqaTH 3HAYUTEIBHBIC U3ME-
HEHUSI, YTO CBUJICTEIBCTBYET O BO3JCHCTBUU MUKOTOK-
CHHA Ha KJIETKH KPOBHU M OPTraHbI JIEHKOI033a, a TaK-
)K€ TOBOPHUT O HAJMYUK MPU3HAKOB 3HJIOTEHHOW HH-
TOKCHKAIIU{ B OPraHu3Me KpBbIC.

Wnpexc Kpedea (MK) nnm velirpodmnbHO-mMpo-
LUTAPHBIA WHAEKC — 3TO OTHOILLICHHE OOILETo YHcIia
HEUTPO(DUIIOB K YUCTY TUMQPOIHUTOB KpoBU. MHIEKC
OTpaykaeT COOTHOIIICHHUE HeCTIeU(UUECKOH U CTIeIH-
(hrgeckoit 3amuThI Oprann3Ma. T-2 TOKCHH pa3pyIiaro-
i€ IeUCTBYET Ha KJIETKU KPOBU U OpraHbl JEHKOMOd-
3a, IIPY TOM BO3HHUKAET COCTOSIHHE MMMYHOIC(HILIUTA,
MMEET MECTO OBITh KaK MaCCHpOBaHHas THOeIb TUMQO-

IIMTOB, TaK U HapyIIeHHe mpoiiecca tuMdornodsa [27,
28]. Tak, uanexc Kpebca Bo Bropoii rpyrre Obu1 B 3,4
pasa Boitte (p <0,01), yem B rpymnmne KOHTPOJIs, IpU
[IPUMEHEHUH TEPAluU B TPEThEH IPYyIIIE JAHHBIHI 110-
Kazarenb 0wl BeIe B 1,47 pasa, uetBepToit — 1,6 paza
(p <0,05).

Heiirpodubl urpaioT ogHy U3 KIIOYEBBIX POJEH
B peanu3aluu Hecrenupruieckoi pe3uCTEeHTHOCTH Op-
raHu3Ma M HapylIeHHE WX COAEpXKaHHs MOXKHO pac-
CMaTpHUBAaTh KaK OJHY U3 IPHYNH XPOHHU3AINH BOCTIA-
nenus. Mi3sMeHeHne Komm4decTBa HeHTpoPIITEHBIX Tpa-
HYJIOLUTOB IPUBOJUT K JIET€HEPATUBHOMY SIEPHOMY
C/IBHTY BJIEBO U JIEHKOLIUTAPHOMY C/IBUTY KIJIETOK KpO-
BU, SIBJISISICH CJIEZICTBUEM Pa3BUTHS YHIOT€HHON HHTOK-
cukaiuu. Vcroiienue OCHOBHON NMOMYJISLUU JEHKO-
LIMTOB MepUpEepUIECKON KPOBH — CETMEHTOSIEPHBIX
HEUTPO(DUIIOB IPUBOIUT K aKTUBALIMK BTOPOH JIMHUH
3amuThl — JIuMpouuToB. Peseps numdonurapHoro
3BeHa He Oe3rpaHnyeH, YTO IPOBOLMPYET YMEHBILICHUE
coziepKaHus TMM(OLUTOB B EpUPEPUIECKON KPOBH.

Tabmuna 1
Jletixoepamma kposu benvix Kpvic 8 xooe skcnepumenma (M +m; n = 6)

IToxa3arens 1 rpynmna 2 rpynmna 3 rpynna 4 rpymmna
Jletikorutsl, 109/1 14,00 + 1,00 9,32+ 1,10™ 11,56 = 0,90 9,80 + 0,80"
bazoduisl, % 0 0 0
Dosunopuisl, % 1,22+0,29 2,22 £0,43" 3,20+ 0,64 2,4+047
E:gf;;;iﬁ“fze 0+0 742,15 32+1,18" 6+ 2,46"
}Clee;f;:;‘;ﬁfp;"‘e 34,8 + 3,84 56,4+5,12" 40,00 + 0,05 51,00+ 6,23
Jlumorutsr, % 60+ 0,79 32+6,12" 50,6 + 7,29 38 +8,15"
MouoruTsl, % 4+£0,81 2,4+0,69 3,0+1,12 2,6 £ 0,98
HK 0,58 £0,01 1,98 £0,42" 0,85+ 1,06 1,50+ 0,37
JIMn 0,53 +0,01 1,73 +£0,35™ 0,76 + 0,82 1,33+0,36"

AN 0,11 +£0,05 0,17 +£0,02" 0,16 £ 0,03 0,17 +£0,02°
NCJIK 0,56 £ 0,07 1,91 +£0,38" 0,87 +£ 0,54 1,46 +0,39"
Ju 1,72 £ 0,06 0,50 +£0,26™ 1,17 £0,28 0,67 +0,33"
NCHM 8,70 £ 0,46 26,42 £5,51™ 14,40 £ 8,12 21,92 +£3,18™
HCJIM 15,00 + 0,33 13,33+£0,41" 15,87 £ 0,49 14,62 £ 0,52

" p<0,05

" p<0,01 — B cpaBHECHHH C IPYIIIOI KOHTPOJIS
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JleiikouuTapusrit naaexc (JIM) — ato oOparHbIit
rokasareib uHiuekey Kpebca u mpeacrasisier coboit
oTHomIeHne KonndecTna (%) TuMGOIHUTOB K HEUTPO-
(bmmam (manovKosiepHbIe, CETMEHTOSAEPHBIE), a TaK-
K€ OTpakaeT B3aMMOOTHOIIECHHSI TYMOPAIbHOIO U KJie-
TOYHOTO 3BEHbEB MMMYHHOH cUcTeMbl. JncOanaHc
JAHHOTO B3aMMOOTHOIIECHHS ObUI MEHEe BhIpaKeH
B IpyTIIe, T/I€ TPOBOIMIIN TEPAITHIO CEIBOPOTKOH.

Tak, JIN B nelikorpaMMe KpbIC BTOPOM I'pyIIbl
OTHOCHUTENIFHO JTAaHHBIX KOHTpPOJIA ObLT HUXKE B 3,44
pasa (p <0,01), Tpetbeit B 1,47, uerBeproit — 2,58
paza (p <0,05).

Jleiikorutapuerii nHAeke nHTOKCHKanuu (JIMN)
(%) mpencraBnseT coboil OTHOIIEHHE KIIETOK, YPO-
BEHb KOTOPBIX TMOBBIIIAETCS MPHU BOCMAITUTEIHHBIX
nponeccax (HeHTpOPUIbHBIX JEHKOLUTOB), K KIIET-
KaM, KOJIMYECTBO KOTOPBIX MPU ITUX MPOIIeccax CHU-
xaercs (uMdonrTamMm, MOHOIIUTAM, 303UHO(MIAM).
[MoBsirrenue nmoka3zaress JIMM Ha hoHe HU3KOTO YPOB-
HS JIGHKOIIUTAPHOTO WH/IEKCA OTHOCUTEIFHO TPYIITIHI
KOHTPOJISl YKa3bIBaeT Ha PA3BUTHE UMMYHOE(DHUITUT-
HOT'O COCTOSIHUSI ¥ TTOBBIIICHUH CTEIICHU HIOTC€HHON
MHTOKCUKAIIUU Y dKUBOTHBIX, OTPABIEHHBIX MUKOTOK-
cuHamu. JIMU B nelfikorpamme KpbIC BTOPOW I'PYIIIBI
OB BBINIC OTHOCHTEIHHO JTaHHBIX KOHTPOJS B 3,26
pasa (p <0,01), Tperseit B 1,43, weTBeproit — 2,5
paza (p < 0,05).

SAnepusiii uanexc Hamrasuana [N J1. (IM) — a3to
OTHOILIEHHE 00111ero KonryecTBa (%) MOHOLIMTOB H Ia-
JIOYKOSAZIEPHBIX HEUTPO(PUIOB K YPOBHIO CEIMEHTO-
SITEPHBIX HEUTpOodmIoB. LlUToNM3 cerMeHTOS IepHBIX
HEHTPO(UIIOB U pereHepanys MajsouKosIePHbIX HeH-
TPO(QHIOB U MOHOITUTOB MPUBOJUT K OMOJIOKEHHUIO
nomyssuu HelTpodpmioB. Ho monoabie GopMbr Heil-
TPO(DHUIIOB HE MOTYT MOJHOIEHHO (PYHKIIMOHUPOBATH,
MIPOLYyIIMPOBATh aH/I€3UHBI, HO COAEPKaT MEHBIIIE CTIe-
IM(UIECKUX TPaHyll, KOTOPBIE BKIIOYAIOT B CBOM CO-
CTaB aHTUMEMATOPhI K COOTBETCTBEHHO CHIIKAIOT d(h-
(bekTUBHOCTH (haronuTo3a, 4To CrIocoOCTBYET XPOHHU-
3anuu BocnaneHnus. [Ipu cpaBHenun M xUBOTHBIX
OTIBITHBIX M KOHTPOJIBHOW TPYIII YCTaHOBJIEHO, YTO
JTAHHBIN MTOKa3aTelh CTATUCTHYECKH 3HAYMMO BO3pa-
CTaeT B TPYyIaxX KPbIC, I7Ie TPABHWIA MUKOTOKCHHOM
6e3 neuennus (p < 0,01), u T/1e TSN MUKOTOKCHKO3
WHTAKTHOU ChIBOPOTKOW Ha 54 % (p < 0,05), B TO Bpe-
Msl Kak, I7I€ JIEYUJIM MOJUKIOHAIBHOW ChIBOPOTKOM,
JTAaHHOE 3HaueHHe ObIJIO BhIIIe Ha 45 % 10 CpaBHEHHUIO
C TaHHBIMU KOHTPOJISL.

JIumdonuTo- 1 MOHOIIMTOTICHHSI TAK)KE CKa3aIach
Ha uHeKce casura neikonutoB kposu (MCJIK), uto
npuseno k ero yeenuuenuto. UCJIK mpencrasiser
co00H OTHOIIIEHNE CYyMMBI 203UHOPUIIOB, 6a30(HIOB

U HEHTpOoQUIIOB (MaJOUKOsAACPHbIE + CETMEHTOSACP-
HBIE) K CyMMe MOHOITUTOB 1 InMporuToB (%) U xa-
pakTepu3yeT COOTHOIICHHWE IPaHYJOLUTOB U arpa-
HYJIOUUTOB. [IpH MHKOTOKCHKO3€ PETUCTPHUPOBAIH
YBEJIMYECHHE TaHHOTO ITOKA3aTels U3-3a Pa3BUTHS UH-
tokcukanuu. Taxk, Benmanaa MCJIK 2 rpyrimbl mpeBsI-
1iana nokasarelb rpymmsl KouTposs B 1,6—3.4 pasa
(» <0,01), roe MakcMMabHOE 3HAYEHUE OBLIO B TPYII-
ne 6e3 JICUeHHSI.

B Hamem skcriepuMeHTe Mpu MUKOTOKCHUKO3€E Ha-
omogam TUMGOITUTO- U MOHOIIUTOTICHUIO, TEM WH-
TepecHee NaHHbIE MO0 MHIEKCY COOTHOLICHMS JINM-
¢oumros u MmononutoB (MCJIM), KOTOpHI OTpaskaeT
B3auMooTHOIEeHUs appexkropHoro u 3dexropHo-
IO 3B€HbEB MMMYHOJIOTHYECKOTO Tpoliecca U Mpea-
cTaBIsieT co0ol Oananc MexIy TUM(GOLUTAMH U MO-
HOIUTaMU. MOHOIIUTBI TIPU JICHCTBHUH TOKCHHOB MU-
TPUPYIOT B TKaHU opraHu3Ma u auddepeHnupyrorcs
B MakpoQaru, 1 COBMECTHO € TUM(OLUTAMH YIACTBY-
IOT B [IPOLIECCE PACIIO3HABAHUS AHTUTCHOB. 3HAYCHHUE
JTAHHOTO TOKa3ares IPU MUKOTOKCHKO3€ COCTAaBUIIO
13,33 £ 0,41 (p < 0,05) u rpyrie TeYeHUS HHTAKTHOU
CBIBOPOTKOH IPH MUKOTOKCHKO3€e 14,62 + 0,52, mpoTHB
15,00 + 0,33 B rpymnmne KOHTPOJIS, IPHU JICUCHUH TIOJTHU-
KJIOHQJILHOW CHIBOPOTKON M3MEHEHHUS] HOCHIIM MEHEe
BBIPQKCHHBIN XapakKTep.

Wupekc cooTHOWIEHNsT HEUTPOPUIOB U MOHOIIH-
ToB (MICHM) roBOpHUT O COOTHOIIIEHUU KOMITOHEH-
TOB MUKpodararpHo-MakpodaraabHONH CHCTEMEI.
Bennunna UICHM pocTtoBepHO M3MEHsIach B XOI€
9KCMEPUMEHTAILHOTO MUKOTOKCHKO32 BO BTOPOH rpyI-
e B CTOPOHY YBEJIHWYEHHS [0 CPABHEHHUIO CO 3Haue-
HUEeM KoHTposd B 3 pasa (p <0,01), B Tperseil npu
JICYEHUHU TIOJIUKJIOHAIBHON ChIBOPOTKOM B 1,7 pasa,
Y TIPU JICYEHWU WHTAKTHOM CBIBOPOTKOM — 2,5 pasa
(» <0,01). BeposTHO, 3T0 00YCIIOBIEHO TEM, YTO BE-
OYUIYIO POJib B Peaju3alid BOCHAINTEIBHOTO Mpo-
Hecca urpaau HeUuTpoQuIIbL.

JlefikonuTorpaMma v pacCUdTaHHbIE JIEHKOLIUTAP-
HbI€ NHIEKCBI Y JICUEHHBIX )KUBOTHBIX TOBOPSIT O CHU-
JKEHHH YPOBHS S9HJOTOKCUHOB, BOCCTAHOBJICHUH (DyHK-
LHUOHAJIBHBIX BO3MOXKHOCTEH CUCTEMbl IMMYHHUTETA.

['ymMopanbHbIe U KIETOYHBIE 3BEHBs HECTICU(H-
YECKOIr0 MMMYHUTETA SIBJISIOTCSL IEPBOM JIMHUEH 3a-
ITUTHI U ICHCTBYIOT B TCUCHUE BCETO MTeproaa 60phObI
opraHusMa ¢ TOKCMHaMu. OT UX COCTOSIHHS 3aBUCST
KJIMHUYECKUN CTAaTyC ¥ MPOLYKTUBHOCTh )KUBOTHBIX.
s aHanm3a COCTOSHUSI TYMOPaJbHOH aKTHBHOCTH
€CTeCTBEHHOI'0 MMMYHHUTETa OBUIN TIPOUCCIICTOBAHBI
TaKue TOKa3aTeN KaK JTM30LUMHAs, OaKTepUIHTHAS
u (harorTapHas akTUBHOCTH U (ParomuTapHbIA WH-
nekc (tabm. 2).
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Taoauna 2
Tokazamenu necneyughuueckoil pesucmenmuocmu 6envlx Kpvic 6 xooe skcnepumenma (M +m; n = 6)
I'pynna
ITokazarenn
1 3 4

DA, % 64,30 3,22 51,88 £3,24" 57,74 + 3,96 54,53 +£2.99"
oUn 7,15+£0,74 5,75+0,72 6,45 +0,84 6,09 £ 0,78
JIACK, % 40,56 + 2,16 33,75+ 1,92° 37,40 + 2,00 35,94 +2,18
BACK, % 22,44+ 0,81 17,86 £ 0,74™ 20,17 £ 0,82 18,76 £ 0,90™

" p<0,05

ok (V3
p <0,01 — B cpaBHEHMHU C IPyNIOI KOHTPOIIS

[lox metictBuem T-2 TokcuHA y (arounuTapHBIX
KJIETOK MPOMCXOAMIIO HapyleHne QyHKIMOHAIBHBIX
CBOWCTB, YTO MPOSIBUJIOCH B U3BMEHEHUH Y HUX MUTpa-
ITUOHHOMW, XEMOTAaKCUUECKOW, aire3UBHOM, pepMeHTa-
THBHOU M OAKTEPUIIUTHON aKTUBHOCTH. YBEIIHMUCHUE
HE3aBEePILIEHHOCTH (haroLuTo3a crrocoOCTBOBAJIO CHU-
JKEHUIO (paronuTapHoro nuaekca. Hetpoduisl kpsic,
noiy4aBiinX T-2 TOKCHH, MOKa3ajdl 3HAYUTEIbHOE
CHIDKEeHUE (ParonuTapHON aKTUBHOCTH 110 CPABHEHHIO
C TaKOBOM y KPBIC KOHTPOIBHOM rpymnmsl Ha 19,3 %
(p <0,05), mpuMeHeHne JTe9eHus] TPUBOIIIO K BOC-
CTAHOBJICHHUIO JJAHHOTO MOKa3areis. AHaJIOrHYHas
TEHJIEHIIMS POCIIEKUBAIACh IPH ompeneneHnn da-
TOIMTAPHOTO MHJEKCA.

JImzomum mpencrasiser coboit pepment (are-
TUWIMYypPaMuzas3a), KOTOPbIil y4acTByeT C CEKpeTop-
HBIMH HMMYHOIVIOOY/IHHAMU B (JOPMUPOBAHUHU MECT-
HOT'O IMMYHHTETA, CTUMYJISIIUH (harouuro3a HeuTpo-
¢unoB u Makpodaros, MpoOsIBISET AHTUMUKPOOHOE
JIeiCTBUE Uepe3 pa3pylieHUE JHUITOMOIUCaXapHIHBIX
MOBEPXHOCTHBIX CIIOEB KJIETOYHBIX CTEHOK OaKTepHil.

AKTHBHOCTb JIM30LIMa B ChIBOPOTKE KPOBH XKH-
BOTHBIX TOKCHYECKOH (BTOPOH) IpyNIbl IO CpaBHE-
HUIO C KOHTPOJIBHOW rpymmnoi Obuia Hike Ha 16,8 %
(p <0,05) B rpymme, TA€ JCUYUITH CHIBOPOTKOH C TIOTH-
KJIOHAJILHBIMHU aHTuTelamu Ha 7,8 %. Tak kak JIn30-
LM [pU MH(EKIMOHHBIX 3200JIEBAHUSX CTUMYIHPYET
mpouecchl Garonuros3a, COOTBETCTBEHHO €ro CHUXKe-
HHE 00yCIaBIMBaeT UMMYHOCYIIPECCUBHOE JICHCTBHIE
MHUKOTOKCHHOB.

W3-3a neiicTBUs MUKOTOKCHHA HA OEJIKOBBIE KOM-
MOHEHTBHI, TAKHUE KaK MpocThie Oenku (TpancdeppuH,
UHTEPPEPOH, JTU30IIUM, HHTePIICHKHH-1, -6, -8, mak-
TodeppuH, (haKkTOp HEKPO3a OIyXoiH, (pHOPOHEKTH-
HBI, ()AaKTOP aKTHBALMH TPOMOOLUTOB), OCIKH OCT-
poti ¢a3el Bocnanenus: (puOpUHOTeH, ranTorioouH,

C-peakTHBHBIH O€JNOK M JIp.), CIOKHBIE OCTTKU (KOM-
MJIeMeHT, (puOPUHOTENTHABI), TPOUCXOAUT CHUXKE-
HUEe OaKTepUITUIHOM akTHBHOCTH ChIBOpOTKH (BACK),
KOTOpasi BOCCTaHABIMBaeTcs Ha (oHe yieueHus. Taxk,
cHmkenne bACK nmMeno omnume ot 3Ha4eHus rpyn-
Bl KOHTPOJISt BO BTopo# rpymme Ha 20,4 % (p < 0,01),
B Tpetheit — 10,1 %, yerBeproii 16,4 % (p < 0,01).
[Tpr MHUKOTOKCHKO3€ TIPOMCXOIUT MOOWIIN3AIUS
aJlalTalMOHHBIX MEXaHU3MOB B OpPraHU3Me, UTO IPH-
BOIUT K AECTPYKTHUBHBIM M3MEHEHUSM B KPOBETBOP-
HBIX opraHax. [Ipu uccienoBaHUU THCTOIIOTHYECKUX
MIPEenapaToB CENe3eHKH KPBIC 2 TPYIIIHI BEISIBICHO CHHU-
JKCHUE TIOJIHOKPOBHSI KPACHOM IyJIbIIbI, Oeriast myJbia
paspekeHa BOKpYT COCYJI0B, CKOIIJICHUE TUM(OIUTOB,
eMHUYHBIE (POJITUKYIIOTION00HBIE CTPYKTYpHI (puc. 1).

Puc. 1. Cenezenka KpbICH TpU T-2 MHKOTOKCH-
KO3€, OKpacka reMaTOKCHINHOM DpinXa ¥ 503UHOM
BOIHBEIM. YBenmnuenne x20

AHaJIOTUYHBIE U3MEHEHUS MPOCIEIKUBAINCH
B TPYIIIE KPBIC, IJI6 MUKOTOKCHKO3 JICYMIN MHTAKT-
HOW CHIBOPOTKOH (pHC. 2).
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Puc. 2. Cenesenxa kpsichl pu T-2 MHUKOTOKCH-

K03€ Ha (hOHE JICUCHHs WHTAKTHON CBHIBOPOTKOM,

OKpacKa réMaTOKCHJINHOM Dpiuxa 1 503MHOM BOJI-
HBIM. YBenuueHue x20

B cenesenke KpbiC nepBOM U TPEThEW rpyIn Ha-
OIOATOTCS PU3HAKK TIOJTHOKPOBHSI KPACHOW TTYITb-
Ibl, B O€JIOH IynbIle MIPU3HAKOB PA3PEKEHUS CTPYK-
Typbl HE 00HapykeHo (puc. 3, 4).

Puc. 3. Cenesenka npu T-2 MUKOTOKCHKO3€ Ha

(G oHE JICYCHHUS CHIBOPOTKH, COACPIKAIICH MTOJH-

KJIOHAJIbHBIC aHTHTENIa. OKpacka reMaTOKCHIHHOM
Dpnuxa, 203WHOM BOJIHBIM. YBenuueHue x20

3AK/IIOYEHUE

Taxum oOpa3oM, B HalleM HCCIETOBaHUH ObLTH
MMOATBEPXKACHBI JaHHBIE 0 UMMYHOZIEIPECCUBHOM
nerctBun T-2 TOKCHHA, MPOSIBISIFOIIMMCS YTHETCHU-
eM (haKTOPOB KJIIETOYHOTO ¥ TYMOPAJILHOTO UMMYHH-
terta. [lokazaHa 3HAYMMOCTH IPOTHO3UPOBAHUS HAPY-
IIEHUM UMMYHHOM CUCTEMBI 110 Pe3yJibTaTaM OLEHKH

KJIOHaJIbHBIE aHTUTeNa K KoHbtoraty T-2 — BCA Ha
OCHOBAHUM aHAJIN3a JIEHKOLIMTOIPaMMbI, MOP(OIJIOTH-
YECKOI'0 aHAJIM3a CEJIC3CHKH, TapaMeTpoB Hecrenudu-
YECKON PE3UCTEHTHOCTH.

Puc. 4. Cenezenka KpbpIChl OHOJIOTHYECKOTO KOH-
Tpoist. Okpacka TeMaTOKCHIIMHOM Dpinxa, 031-
HOM BOIHBIM. YBennueHue x20
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Abstract. Contamination of food crops with mycotoxins remains a common and difficult problem that leads to
economic damage in modern agriculture around the world. There are a number of particularly dangerous myco-
toxins, including trichothecene mycotoxin — T-2 toxin. Due to the violation of the technologies for processing,
harvesting, transporting and storing feeds, this mycotoxin can enter the human body through livestock and poul-
try products, which poses a threat to it. The effect of T-2 toxin on the body as a whole leads to cell death in he-
matopoietic and immunocompetent organs, which is accompanied by changes in the hematological blood picture
and suppression of immunity. Therefore, the objective of the research is to study the state of natural resistance of
white rats under the effect of T-2 toxin when treated with serum containing polyclonal antibodies. During the study
of the method for the prevention and treatment of mycotoxicosis, based on the analysis of leukocytogram, mor-
phological analysis of the spleen, parameters of nonspecific resistance, the efficacy of the use of serum contain-
ing polyclonal antibodies to the T-2-BSA conjugate was established.

Keywords: mycotoxins, T-2 toxin, polyclonal antibodies, serum, rats, nonspecific immunity

According to the Food and Agriculture Organization
of'the United Nations (FAO), about 25 % of food crops
worldwide are contaminated with mycotoxins [1—7],
which leads to significant economic losses. T-2 tox-
in belongs to type A trichothecene mycotoxins and is
one of the most dangerous toxins for animal health [8,
9]. This mycotoxin also poses a threat to humans, en-
tering their body through the food chain, which sub-
sequently causes damage to the gastrointestinal tract
by toxic Aleutian disease and Kashin-Beck disease
through inhibition of protein synthesis [10]. T-2 toxin
also causes cell apoptosis, including in hematopoiet-
ic and immunocompetent organs (thymus and spleen)
[11—14]. This process is accompanied by changes in
the hematological blood picture (leukocytopenia, ane-
mia, thrombocytopenia, etc.) and the manifestation of
immunosuppressive activity [15, 16]. Like most my-
cotoxins, T-2 toxin disrupts the structure of mucous
membranes, indirectly negatively affects the general
resistance of animals to pathogenic microorganisms
and specific agents, which is determined by nonspecif-

ic humoral and cellular factors. Scientists around the
world are looking for effective ways to treat and pre-
vent T-2 toxicosis in animals. During the search, vari-
ous methods have been developed to reduce the amount
of both mycotoxins themselves in feed and the toxic ef-
fects they cause in the body, including on the immune
system. Among these scientific developments, there
are no methods of prevention and treatment, the ba-
sis of which is serum containing specific components
specifically for T-2 toxin itself. These components in-
clude polyclonal antibodies with bovine serum albu-
min obtained to T-2 toxin, which determined the pur-
pose of our research.

The objective of the research was to study the state
of natural resistance of white rats under the effect of
T-2 toxin in the treatment with serum containing poly-
clonal antibodies.

MATERIAL AND METHODS
To obtain serum containing polyclonal antibodies,
male albino rats were immunized with a conjugate of
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T-2 toxin with bovine serum albumin (BSA) accord-
ing to a three-fold immunization scheme with an in-
terval of 3 weeks. For the first immunization, a sus-
pension was prepared consisting of T-2-BSA conju-
gate, Ringer’s solution, complete Freund’s adjuvant.
Freund’s incomplete adjuvant was used for subse-
quent immunizations. On day 14 from the last injec-
tion, blood was taken from the studied rats by the de-
capitation method, and the serum was also separated
by the standard method.

For the experiment, 4 groups of white rats (8 ani-
mals in each) weighing 130.0—140.0 g were formed
according to the principle of analogues, using body
weight with a difference of + 10 % as a criterion for
formation. The animals were obtained from the breed-
ing nursery of FSBSI “ARVRIPP&T” and before be-
ing introduced into the experiment, they underwent a
two-week period of acclimatization in vivarium con-
ditions. During acclimatization and the experiment,
the rats had free access to water and food. Keeping,
feeding and manipulations were carried out in accor-
dance with the principles of laboratory practice in the
Russian Federation [17].

The first group of animals was a control group,
the rats of the second group were injected with T-2
toxin at a dose of 1/10 LD, , the third experimental
group received mycotoxin at the same dose and treat-
ment — injections of serum 0.3 cm® per kg of body
weight containing polyclonal antibodies at the begin-
ning of the experiment and again on days 10 and 20
of the experiment, the fourth was injected with serum
from intact white rats at a similar dose and according
to the same scheme.

At the end of the experiment, 6 rats per group were
sacrificed by decapitation and blood was taken for he-
matological and immunological studies, as well as sam-
ples of internal organs for histological studies. For his-
tological studies, organ samples were fixed in a buffer
solution of 10 % formalin, then dehydrated and em-
bedded in paraffin according to the Volkova-Eletskov
scheme (1996). Histological specimens were stained
with hematoxylin-eosin according to Hansen [18].
Histological sections were examined under a Leica
DM 1000 light microscope with a Leica DFC320 dig-
ital camera (Germany).

For priming the animals, T-2 toxin of the crystal-
line form manufactured by Sigma-Aldrich (USA) was
used. Morphological blood analysis was performed
on a Mythic 18 Vet hematological analyzer (France).
The serum bactericidal activity (SBA) was determined
by the method of Smirnova O. V., Kuzminova T. A.
(1966) [19], lysozyme activity (SLA) — by the neph-
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elometric method according to Dorofeychuk V. G.
(1968) [20], leukocyte phagocytic activity (LPA),
phagocytic index (Phl) — according to the method
of Kost S. A., Stenko M. I. (1968) [21]. The leuko-
cyte formula was determined by counting individual
forms of leukocytes in blood smears stained accord-
ing to Romanowsky-Giemsa, then leukocyte indices
were calculated [22].

The obtained experimental data were processed
by the generally accepted method of variation statis-
tics according to the Student’s criterion of reliability
using special programs [23, 24].

STUDY RESULTS

An important role in maintaining extra- and intra-
cellular homeostasis of the animal body is played by
leukocytes involved in the neutralization of various
toxins, both exogenous and endogenous origin.

The analysis of blood leukocyte profile data (in-
cluding leukocyte indices) is one of the tools for as-
sessing the severity of endogenous intoxication in the
body of animals and humans, and makes it possible
to judge the work of the immune system, the state of
formation of nonspecific adaptive reactions [25]. But
in addition to the value of the number of leukocytes,
an important specific marker of the activity of the in-
flammatory process is the study of other indicators of
the leukocyte link, which may be more sensitive and
specific [26].

Table 1 presents the data of the leukogram and the
calculation of leukocyte indices in the blood of white
rats under conditions of experimental mycotoxicosis
during treatment with sera containing polyclonal an-
tibodies.

Significant changes have been observed in the
leukogram, which indicates the effect of mycotoxin
on blood cells and leukopoiesis organs, and also in-
dicates the presence of signs of endogenous intoxica-
tion in the body of rats.

The Krebs index (KI) or neutrophil-lymphocyte
index is the ratio of the total number of neutrophils to
the number of blood lymphocytes. The index reflects
the ratio of nonspecific and specific body defense. T-2
toxin has a destructive effect on blood cells and organs
of leukopoiesis, resulting in a state of immunodeficien-
cy, both massive death of lymphocytes and a violation
of the process of lymphopoiesis [27, 28].

Thus, the Krebs index in the second group was by
3.4 times higher (p < 0.01) than in the control group;
with the use of therapy in the third group, this indi-
cator was by 1.47 times higher, the fourth — by 1.6
times (p < 0.05).
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Blood leukogram of white rats during the experiment (M +m; n = 6) fabled
Indicators Group 1 Group 2 Group 3 Group 4

Leukocytes, 10°/L 14.00 + 1.00 9.32+1.10" 11.56 £0.90" 9.80 + 0.80"
Basophils, % 0 0 0 0
Eosinophils, % 1.22+0.29 2.22 £0.43 3.20 £ 0.64* 241047
Stab neutrophils, % 0+0 7+£2.15" 32+£1.18 6+ 2.46*
Sﬁﬁgi}(‘f@d neutro- 34.8 +3.84 56.4+5.12" 40.00 £ 0.05 51.00 + 6.23°
Lymphocytes, % 60 £ 0.79 32 +6.12" 50.6 £7.29 38 £ 8.15"
Monocytes, % 4+0.81 2.4 +0.69 3.0+£1.12 2.6 £0.98
KI 0.58 £ 0.01 1.98 £ 0.42* 0.85+1.06 1.50 £ 0.37*
LII 0.53+0,01 1.73 £ 0.35* 0.76 + 0.82 1.33 £ 0.36"
NI 0.11 £ 0.05 0.17 £ 0.02* 0.16 £ 0.03 0.17 £0.02*
LSI 0.56 +0.07 1.91 £ 0.38 0.87 +0.54 1.46 + 0.39
LI 1.72 £ 0.06 0.50 +0.26 1.17+0.28 0.67 +0.33"
INMR 8.70 £ 0,46 26.42 +5.51 14.40 + 8.12 21.92+3.18"
ILMR 15.00+0.33 13.33+0.41" 15.87+0.49 14.62 +£0.52

" p<0.05
" p <0.01 — in comparison with the control group

Neutrophils play one of the key roles in the imple-
mentation of nonspecific resistance of the body and the
violation of their content can be considered as one of
the causes of chronic inflammation. A change in the
number of neutrophilic granulocytes leads to a degen-
erative nuclear shift to the left and a leukocyte shift of
blood cells, and is a consequence of the development of
endogenous intoxication. Depletion of the main popu-
lation of peripheral blood leukocytes (segmented neu-
trophils) leads to the activation of the second line of
defense — lymphocytes. The reserve of the lympho-
cyte link is not unlimited, which provokes a decrease
in the content of lymphocytes in the peripheral blood.

The leukocyte index (LI) is the inverse of the Krebs
index and is the ratio of the number (%) of lympho-
cytes to neutrophils (stab, segmented), and also reflects
the relationship between the humoral and cellular links
of the immune system. The imbalance in this relation-
ship was less pronounced in the serum group. Thus,
LI in the leukogram of the rats of the second group
compared to the control data was by 3.44 times low-
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er (p <0.01), the third — by 1.47 times, the fourth —
by 2.58 times (p < 0.05).

Leukocyte intoxication index (LII) (%) is the ra-
tio of cells, the level of which increases during inflam-
matory processes (neutrophilic leukocytes), to cells,
the number of which decreases during these processes
(Ilymphocytes, monocytes, eosinophils). An increase in
the LII index against the background of a low level of
the leukocyte index relative to the control group indi-
cates the development of an immunodeficiency state
and an increase in the degree of endogenous intoxi-
cation in the animals poisoned with mycotoxins. LII
in the leukogram of rats of the second group was by
3.26 times higher than the control data (p < 0.01), the
third — by 1.43, the fourth — by 2.5 times (p < 0.05).

Nuclear index of Dashtayants G. D. (NI) is the ratio
of'the total number (%) of monocytes and stab neutro-
phils to the level of segmented neutrophils. Cytolysis
of segmented neutrophils and regeneration of stab neu-
trophils and monocytes leads to the rejuvenation of the
neutrophil population. But young forms of neutrophils
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cannot fully function, produce defensins, but contain
fewer specific granules, which include antimediators
in their composition and, accordingly, reduce the ef-
ficacy of phagocytosis, which contributes to chronic
inflammation. When comparing the NI of the animals
from the experimental and control groups, it was found
that this indicator increased statistically significantly
in the groups of rats, where mycotoxin was inoculated
without treatment (p < 0.01), and where mycotoxico-
sis was treated with intact serum by 54 % (p < 0.05).
At the same time, in the treatment with polyclonal se-
rum, this value was higher by 45 %, compared to the
control data.

Lymphocyto- and monocytopenia also affected the
blood leukocyte shift index (LSI), which led to its in-
crease. LSl is the ratio of the sum of eosinophils, baso-
phils and neutrophils (stab + segmented) to the sum of
monocytes and lymphocytes (%) and characterizes the
ratio of granulocytes and agranulocytes. In case of my-
cotoxicosis, an increase in this indicator was recorded
due to the development of intoxication. Thus, the value
of LSI in group 2 exceeded that of the control group by
1.6—3.4 times (p < 0.01), where the maximum value
was in the group of animals without treatment.

In our experiment, in case of mycotoxicosis, lym-
phocyto- and monocytopenia was observed, the more
interesting are the data on the index of the lympho-
cyte-to-monocytes ratio (ILMR), which reflects the
relationship between the affector and effector links of
the immunological process and represents a balance
between lymphocytes and monocytes. Monocytes un-
der the action of toxins migrate into body tissues and
differentiate into macrophages, and together with lym-
phocytes participate in the process of antigen recog-
nition. The value of this indicator in mycotoxicosis
was by 13.33+0.41 (p <0.05) and in the treatment
group with intact serum in case of mycotoxicosis —

by 14.62 £0.52, against 15.00 £ 0.33 in the control
group, in the treatment of polyclonal serum changes
were less pronounced.

The index of neutrophil-to-monocyte ratio INMR)
indicates the ratio of the components of the micro-
phage-macrophage system. The value of INMR signifi-
cantly changed in the course of experimental mycotox-
icosis in the second group towards an increase in com-
parison with the control value by 3 times (p <0.01),
in the third group when treating with polyclonal se-
rum — by 1.7 times, and when treating with intact se-
rum — by 2.5 times (p < 0.01). This is probably due
to the fact that neutrophils played a leading role in the
implementation of the inflammatory process.

The leukocytogram and calculated leukocyte in-
dices in the treated animals indicate a decrease in the
level of endotoxins, restoration of the functionality of
the immune system.

Humoral and cellular links of nonspecific immu-
nity are the first line of defense and act throughout the
entire period of the body’s struggle with toxins. The
clinical status and productivity of animals depend on
their state. To analyze the state of humoral activity of
nonspecific immunity, such indicators as serum lyso-
zyme, bactericidal and phagocytic activity and phago-
cytic index were studied (Table 2).

Under the effect of T-2 toxin, functional properties
of phagocytic cells were impaired, which manifested
itself in a change in their migratory, chemotactic, ad-
hesive, enzymatic and bactericidal activity. An increase
in the incompleteness of phagocytosis contributed to a
decrease in the phagocytic index. Neutrophils of rats
treated with T-2 toxin showed a significant decrease
in phagocytic activity compared to that in control rats
by 19.3 % (p < 0.05), treatment led to the restoration
of this indicator. A similar trend was observed when
determining the phagocytic index.

Indicators of nonspecific resistance of white rats during the experiment (M +m; n = 6) fable
Group
Indicator
1 2 3 4
LPA, % 64.30 £3.22 51.88 £3.24" 57.74 £3.96 54.53 £2.99"
PhI 7.15+0.74 5.75+£0.72 6.45+0.84 6.09 +£0.78
SLA, % 40.56 +2.16 33.75+£1.92° 37.40 £2.00 3594 +2.18
SBA, % 22.44 +0.81 17.86 £0.74™ 20.17 £0.82 18.76 = 0.90™
" p<0.05

" p <0.01 — in comparison with the control group
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Lysozyme is an enzyme (acetylmuramidase),
which is involved with secretory immunoglobulins in
the formation of local immunity, stimulation of phago-
cytosis of neutrophils and macrophages, exhibits an
antimicrobial effect through the destruction of lipo-
polysaccharide surface layers of bacterial cell walls.

The serum lysozyme activity of animals of the
second group (T-2 toxicosis) was lower by 16.8 %
(p <0.05), compared with the control group. In the
group of rats treated with serum with polyclonal anti-
bodies it was lower by 7.8 %. Since lysozyme in case of
infectious diseases stimulates the processes of phago-
cytosis, its decrease causes the immunosuppressive ef-
fect of mycotoxins, respectively.

Due to the action of mycotoxin on protein com-
ponents such as simple proteins (transferrin, interfer-
on, lysozyme, interleukin-1, —6, —8, lactoferrin, tu-
mor necrosis factor, fibronectins, platelet activating
factor), acute phase proteins of inflammation (fibrin-
ogen, haptoglobin, C-reactive protein, etc.), complex
proteins (complement, fibrinopeptides), there is a de-
crease in the bactericidal activity of serum, which is re-
stored during treatment. Thus, the decrease in SBA in
the animals of group 2 differed from that of the control
group by 20.4 % (p < 0.01), in the third — by 10.1 %,
the fourth — by 16.4 % (p < 0.01).

In case of mycotoxicosis, adaptation mechanisms
are mobilized in the body, which leads to destructive
changes in the hematopoietic organs. In the study of
histological specimens of the spleen of rats of group
2, a decrease in the plethora of the red pulp was re-
vealed, the white pulp was rarefied around the ves-
sels, the accumulation of lymphocytes, and single fol-
licle-like structures (Fig. 1).

Fig. 1. Rat spleen with T-2 mycotoxicosis, stained
with Ehrlich’s hematoxylin and aqueous eosin.
x20 magnification
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Fig. 2. Rat spleen in case of T-2 mycotoxicosis

against the background of treatment with intact

serum, stained with Ehrlich’s hematoxylin and
aqueous eosin. x20 magnification

Similar changes were observed in the group of
rats where mycotoxicosis was treated with intact se-
rum (Fig. 2).

In the spleen of the rats of the first and third groups,
signs of plethora of the red pulp are observed, in the
white pulp there are no signs of rarefaction of the struc-
ture (Fig. 3, 4).

o
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Fig. 3. Spleen in case of T-2 mycotoxicosis against
the background of treatment with serum containing
polyclonal antibodies. Stained with Ehrlich’s he-

matoxylin and aqueous eosin. x20 magnification

CONCLUSION

Thus, our study confirmed the data on the immu-
nosuppressive effect of T-2 toxin, manifested by the
inhibition of factors of cellular and humoral immuni-
ty. The importance of predicting disorders of the im-
mune system based on the results of the assessment
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of leukocyte indices is shown. The efficacy of the use
of serum containing polyclonal antibodies to T-2-BSA
conjugate was established based on the analysis of leu-
kocytogram, morphological analysis of the spleen, pa-
rameters of nonspecific resistance.

Fig. 4. Rat spleen of biological control. Stained
with Ehrlich’s hematoxylin and aqueous eosin.
x20 magnification
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Annotanmsi. CTaTbst OCBAIICHA N3YYCHUIO YPOBHS IIUTOKHHOBOTO MPOGIIIS co0aK, OOIBHBIX OCTPBIM I'acTpo-
SHTEPHUTOM, B 3aBUCUMOCTH OT HaIU4HsI OOJIEBOTO CHHAPOMA. MccnenoBaHus MPOBEIeHBI Ha 0a3e KIIMHUKH BETe-
puHapHOW MeauUMHBI «BeTmacTep» Ha cobakax, KOTOPBIM Ha OCHOBAaHWH KOMILICKCHOW AUArHOCTHKH OBLI TO-
CTaBJICH AMArHO3 OCTPbIA TaCTPOIHTEPUT ATMMEHTAPHON NPpHPobl. JKHBOTHBIC paclpeaeieHbl Ha TP IPYIIIIBL:
repBast (KOHTPOJIbHAS ) — KIMHUYIECKH 30POBEIC (1 = 15), BTopast — KHUBOTHEIC C TACTPOIHTEPUTOM, Oe3 OoJe-
BOTO cuHIpoMa (1 = 14), TpeThsi — KHUBOTHBIE C TACTPOIHTEPUTOM, OCIIOKHEHHBIM OOJIEBBIM CHHAPOMOM (11 = 17).
[MoBperxaeHne TKAHEH KETyTOYHO-KHIICYHOr0 TPAKTa IPU OCTPOM FaCTPOIHTEPHUTE Y COOAK 3aITyCKaeT MpoLec-
CBI CHHTE3a IIPOBOCIATUTENBHBIX IUTOKWHOB U (DOPMUPOBAHUE MECTHBIX M CHCTEMHBIX BOCHAJIHUTEIBHBIX peaK-
uid. [TokazaHo, 4TO y OOJIBHBIX OCTPBIM raCTPOIHTEPUTOM COOAK, OCIOKHEHHBIX OOJICBBIM CHHIPOMOM, IPOUC-
XOIUT BBIPAXKEHHOE JOCTOBEPHOE U3MEHEHHE IUTOKHHOBOTO MPOQHIIS, O CPABHECHUIO C KOHTPOIBHO TPYIIIOH.
VY GonbHBIX CO0aK ¢ HAMYUEM OOJIEBOTO CHH/POMA yCTAaHOBICHO JIOCTOBEPHOE MOBBIIICHUE ITPOBOCATUTENb-
HBIX IIMTOKHHOB: (paKkTOpa HEKpo3a OMyXOJU-0, HHTepIeHKUHA-4, HHTepIIeHKrHA-6, HHTep(hepOHa-y, HHTEpIICH-
KuHa- 1o ¥ nHTepneiiknHa-8. B 3Toil CBsI3M cTereHb NOBBIMICHNUS YPOBHS LINTOKMHOB Y OONBHBIX raCTPOIHTEPH-
TOM CO0aK MOYKHO HCIIOJIb30BaTh KAK MapKep CTEIICHHU TSDKECTH TCUCHUsI OOJIC3HU.

KuroueBble ciioBa: cobaku, OCTPbI racTPOIHTEPHUT, IUTOKAHOBBIN NPOQUIIb, MATOreHe3, AUArHOCTHKA

OcCTpBIii TaCTPOIHTEPUT IPEACTABIISAET COOOH BOC-
MAJIUTENIbHBINA MPOIECC, OXBAThIBAIOIIUN CIUZUCTYIO
000JI0UKY U Ipyrue TKaHH KeITyaKa 1 TOHKOTO OT/eNa
KHILIEYHUKA, KOTOPOE CONPOBOKIAETCS HapyIIEHUEM
MIPOLIECCOB MUIIEBAPEHUs,, MOTOPHOM, BcachIBaTEb-
HOM, CEKpETOPHOM, 3aIIIUTHOM 1 SKCKPETOPHOH (PyHK-
ui, 00JIEBBIM CHHIPOMOM, JETHIPATAIICH U HHTOK-
cukanuei [1—>5]. JlaHHas GoJie3Hb TOBOJBHO YacTO
peructpupyercst y codak, 0COOCHHO MOJIOAOTO BO3-
pacTa ¥ cBA3aHa ¢ aJMMEHTAPHBIMHU 3THOJOTHYECKH-
MU Qakropamu. B amarnHoctrdeckoM mporecce mpH
JTAHHOM MaTOJIOTUH Ba)KHO KOHCTaTHPOBaTh HEMH(DEK-
LUOHHYIO IPUPOAY, IIyTEM UCKIIOUEHHS BO3MOKHBIX
WH(MEKINOHHBIX W TIapa3uTapHBIX 3a0oneBaHmid (Ha-
[IpUMep, MApBOBUPYCHBIA SHTEPUT, KulIeuHas (op-
Ma YyMBbI IUIOTOSITHBIX, TOKCOKapo3, TOKCACKAPUI03
uT a.)[2,6—9].

BocnanurensHblil npoLecc, KOTOPbI BO3HUKA-
€T B JKEIyI0YHO-KHIIEYHOM TPAaKTe UMEET HE TOIBKO

JIOKJIbHBIA XapakTep, HO U CUCTEMHO BO3JIEUCTBYET
Ha BeCh Opranmn3M. BocnanurenbpHbIe TPOIYKTHI I Me-
JTUATOPBI BRI3BIBAIOT CHHIPOM SH/IOTEHHOW MHTOKCHKA-
K y 00JbHBIX XKHUBOTHBIX [ 10]. HeliposnmokpunHast
Y UMMYHHAsI CHCTEMa TaK)Ke BOBJIEKAETCS B MATOJO-
rudeckuii mpomecc [6, 11].

MHTepneKuHbl UrparoT BaXKHYIO POJIb B AKTUBA-
ud ¥ uddepeHnpoBKe UIMMYHHBIX KIIETOK, a TaK-
JKe B iposndepaluu, CO3pPEeBaHUN, MATPALIAN U a/ire-
3um [ 12—15]. OHu Tarke 00J1aIar0T IPOBOCTIAIUTE b=
HBIMH 1 IPOTHBOBOCTIATUTEILHBIME CBOMCTBaMH [ 16].
CrenoBarenpHO, OHA U3 OCHOBHBIX (DYHKITUN HHTEP-
JIEHKUHOB 3aKITFOYAeTCsl B MOILYJISIIIAH POCTA, T de-
PEHIIMPOBKYU U aKTHBAIUW KJIETOK-TIPEIIICCTBEHHHUI
JICWKOLIMUTON0A3a, TPOMOOLIUTOI033a, SPUTPOLIUTOIIOD-
3a BO Bp€Ms BOCHAJIMTEIIbHBIX © UMMYHHBIX peaKHI/Iﬁ.
WHTEepneKUHBI COCTOST U3 OOJBIION TPYTIIHI OSJIKOB,
KOTOpPBIE MOTYT BBI3bIBATh MHOKECTBO PEAKIIMIA B KIIET-
Kax ¥ TKaHSIX ITyTEM CBS3BIBaHUS C BEICOKOA()(DUHHBI-
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MU perienTopamMu Ha TOBEpXHOCTH KieToK. OHM 00J1a-
JTAIOT KaK MapakKpUHHOM, TaK M ay TOKPUHHOU (PyHKITH-
eil. Takum oOpa3zom, 11000 BOCTIATUTENIBHBIH poLiece
He 00xoauTcst 6e3 akTUBHOTO BOBJICUCHHUS B MATOTe-
HE3 OCHOBHOM 00JIe3HU UMMYHHO# cuctemsl [17, 18].

AKTUBH3AIINST CHCTEMBI IMTOKUHOB WT'PaeT BaXK-
HOE 3Ha4YCHHE B ITaTOT€HE3€ Pa3BUTHS FaCTPOIHTEPH-
Ta, TIPU DTOM OCIIOKHEHHE TacTPOIHTEPUTA Y coOaK
OCTPBIM OOJIEBBIM CHHAPOMOM MOKET OKa3bIBaTh J10-
MOJIHUTEIbHOE CTUMYJIUPYIOIIEE BIUSHHUE Ha INTOKHU-
HOBBIH Tpo¢ k. CleayeT OTMETUTD, YTO HCCIIe0Ba-
HUS 110 U3YYCHUIO UTOKUHOBOTO MPOQHIIS y OOTBHBIX
y co0ak OCTpPBIM TaCTPOIHTEPUTOM paHee He MPOBO-
qick. JlerampHOe M3y4YeHHE JaHHBIX MaTOTCHETH-
YeCKHUX 0COOCHHOCTEH MIMMYHHOBOCIIAIUTEIBHBIX pe-
aKLIM{ TpU OCTPBIX BOCHAIUTEIBHBIX 3a00JI€BaHUIX
JKEITy0YHO-KHUIIIEYHOTO TPaKTa OyAeT co3/aBaTrb OC-
HOBY JUJISl BHEPEHHS HOBBIX TUATHOCTHYECKUX U Te-
pareBTUYECKUX CTPATETHid B IPAKTHIECKYIO BETEPH-
HApHYIO MEIUIIHY.

Lenv uccnedoganus — N3y4YUTh LUTOKHMHOBBIH
po(uIib CHIBOPOTOK KPOBU COOAK, OOJIBHBIX OCTPHIM
racTPOIHTEPUTOM, B 3aBUCHMOCTH OT HATMIHS OCIIOXK-
HEHU B BHJIE O0JIEBOTO CHHAPOMA.

MATEPHAJIBI U METO/IbI
HUCCJIEJOBAHUM

HccnenoBanus mpoBeeHb Ha 0a3e KIMHUKU Be-
TepUHApHON MenuiuHbl «Betmactep» (MockoBckas
obmacte, T. Pamenckoe). Mogens nuccieqoBaHus —
KJIMHUYECKOoe HaOIIogaTeabHoe, THI «Clydyaii-KoH-
Tposib». OOBEKTOM HCCIENOBaHUS CIIYKWIN cOOaKH,
KOTOpPBIM Ha OCHOBaHUM KOMIUIEKCHOW JHarHOCTUKU
OBLJI TOCTABJIEH JUArHO3 OCTPBINA FACTPOIHTEPUT AU~
MEHTapHOU mpUpobl. JJuarHocTuuyeckuii MOUCK mpu
OCTPOM IaCTPOIHTEPUTE OCYILECTBIISIN KOMIIJIEKCHO
C YUYETOM JIaHHBIX AHAMHECTHYECKUX JAaHHBIX, TIa-
TENBHOTO (PU3MKAIBHOTO 00cienoBanus, MOpgoo-
THYECKOTO M OMOXMMHUYECKOT0 aHaIn3a KpOBH, 0030p-
HOM a0/TOMUHAIBHOM peHTTeHOTpap Uy 1 YIbTPACOHO-
rpaduu. MccienoBanus IpoBeeHbI Ha TPEX TPyMIax
co0ak: mepBasi (KOHTPOJbHAS) — KIMHUYECKH 3710-
poBele (n = 15), BTOpasi — *HUBOTHBIE C FaCTPOIHTE-
putoM, 6e3 6oneBoro cuHapoma (n = 14), a TpeTbs —
JKUBOTHBIE C TACTPOIHTEPUTOM, OCIIOKHEHHBIM OoJte-
BBIM CHHZIPOMOM (1 = 17). B OnIbITHBIE 1 KOHTPOJIBHYIO
IPYMIIBI BKJIIOYEHBI COOAKHU € UCIOIb30BaHUEM ITPUH-
LIUIIa aHaJoroB (BO3pacT 2—5 JIeT, NpeICcTaBUTEIH
KapJMKOBBIX U MEJKHX MOPOJ, Macca Tena 3—~O Kr).
JKuBOTHBIX IOAOMpaNK B HCCIIEOBAHUE 110 MEpe TO-
CTYIUICHHS UX BETEPUHAPHYIO KIMHUKY C 00513aTelb-
HBIM yY€TOM KPUTEPHEB BKIIOUCHHS U UCKITIOUCHHSL.

Kputepuu BKITIOUEHUS: aTMMEHTAPHBIE (PaKTOPHI
pHcKa (HapyIeHHs peKUMa KOPMIICHHS, pe3Kasi cMe-
Ha palroHa, oeJanue rpyooro KopMa, KOCTEH U T. 11.),
HaJM4YUe KITMHUYECKHX, 1a00paTOPHBIX, YABTPACOHO-
rpaduyecKux, peHTTeHOrpapUIECKUX TPU3HAKOB OCT-
pOTO TacTPOIHTEPHUTA.

Kpurepun uckitodeHus: ayTOMMMYHHBIE Hapy-
LIEHNS JKEJTy0YHO-KHUILIEYHOTO TPaKTa, XpOHUUECKHe
(bopMbI racTpodHTEpUTa, MH(EKITUH (TapBOBUPO3, FH-
TepuTHas opMa IyMBI IUTOTOSTHBIX, KOPOHABUPO3),
MTOJIOXKHUTEIHHBIE TTAPA3UTOIOTMUECKHE KOTTPOIOTHYe-
CKHE TECTBI, CHHIIPOM MaJIbJIUT€CTHH U MaIbabCcopO-
LIUU, KOPMOBAsI aJICPTHsl, BTOPHYHBIN TACTPOIHTEPHT,
BO3HHKIIUI Ha (JOHE MHOPOAHBIX TEJ WU OIyXOJei
KEJyJIKa U KUIICUHHUKA.

Knuanueckoe oOcieoBanme mpoBOAMIH 110 CTaH-
napTHO# Metoauke. OeHKY 00IeBOTO CHHAPOMA TIPO-
BOJMIIN 110 4-0anbHO# mikaie [16].

HccnenoBanus HUTOKMHOBOTO MPOQUIS Mpo-
BOJWIM Ha TutaHmetHoM (ortomerpe Multiskan FC
CO BCTPOEHHBIM IeiikepoM Ha 96 JTYHOK TpU CIEK-
TpaJibHOM Jiuanas3one 450 HM ¢ UCTIOJIL30BAaHUEM UM-
MYHO(GEPMEHTHBIX TECT CHCTEM IS OTpeeIeHUs
KOHIEHTpaluH (PakTopa HEKpo3a OMyXOJIH-0., HHTEp-
neiiknHa-4, uHTepieiikuHa-6, natepdpepoHa-y, uH-
TepieiikuHa- 1 o, natepneiikuaa-§ (OO0 «lutoxuny,
Poccutickas @eneparnus).

Bce crarnctudeckue pacyeTsl MPOBOAMIIH B ITPO-
rpammMe Statistica 7.0. Ha nepBom stane nudposoit ma-
Tepua MoBEprajii OLEHKE Ha HOPMaJIbHOCTH 1O Me-
tony lanupo — Yunkca. Ha Bropom 3tare olieHuBa-
JIU CTaHJapTHBIE JAaHHBIE ONHCATENFHONW CTaTUCTUKU
(M — cpemneapudMeTHIECKOE, M — CpETHEKBAIpa-
THYecKas ommoka, 95 % A1 — 95 % noBeputenbHbINA
uHTepBai). Ha TpeThem 3Tane oCyIiecTBIsIIH omap-
HOE€ CPaBHEHHUH TPyl o MeToay MaHHa — YHTHHU.
Pasuuiy mexay nokasarensiMH KOIIEK pa3InYHBIX
TPYII CUUTATHU J0CcTOBepHOU TipH p < (0,05.

PE3YJIBTATHI HCCJIEJOBAHUM
U OBCY/XKIEHUE

OcHoBHas xajio0a BiagenbleB OOJBHBIX cO0aK
ObLIa CBSi3aHA C Pa3BUTHEM OCTPOTO JKEITYTOYHO-KH-
IIEYHOTO paccTpoicTBa. Y cobak MepBOW TPYMIIBI
OCTPBI AIMMEHTAPHBIN (HEMH(PEKITMOHHEIH ) TacTpo-
SHTEPUT XapaKTEPHU30BAJICS CIEAYIOMIEH KIMHUYe-
cKkoil kapTuHoii: BsnocThb (100 %), ymepeHHOE yrHe-
tenue (85,7 %) unm 6ecnokoricto (14,3 %), muapest
(100 %), pota (100 %), cyodedprbHast (57,1 %) um
(hebpunbHas muxopanka (42,9 %), CHUKEeHHnEeM Typro-
pa xoxu (92,9 %), a Taxke yMEPEHHOM TaxuKapAnen
(42,9 %). Y >kUBOTHBIX JaHHOH IPYII OTMEYalH JIer-
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KO€ HarpsKeHue Tena, IpoKb, He3HAYUTEIbHBIHN JTUC-
KOM(OPT MpH HaTbIANN OPIOMIHON CTEHKH H TIO-
CKyJIUBaHHE. Y >KMBOTHBIX BTOPOM I'pyHIbl OCTPHIi
racTPOSHTEPUT MIPOSBIISICS PE3KUM O0JIEBBIM CHHAPO-
Mom. Otmedanu peskoe yraerenue (100 %), orcyT-
CTBHE peaKiMy Ha BHEIIHUE pazapaxkutenn (88,2 %),
3HAYNTENIbHOE HAIPSHKEHNE MBIIII OPIOIIHOTO Ipecca
IIPU NaJIbIALUK OPraHOB OPIOIIHON II0JIOCTH, BBIHY-
JKICHHYIO JISKauyo 1103y. HekoTophle ;kMBOTHBIE ATON
rpymmst (11,8 %) nposBisiian arpeccuio Mpu nasjiblia-

UM U ayCKYJIBTA[H OPIOIIHOM CTEHKH. Y BceX co0ak
OTMEYaJIl YMEPEHHYIO TaXUKAPIUI0, TAXUIIHOI, CHU-
JKEHUE Typropa KoXH, pBOTY U AMAPEI0, aHOPEKCHIO,
noTtepro mMaccsl Tena. Y 76,5 % cobak BTOpoii rpyn-
TIbI KOHCTATUPOBAIU PeOpuiibHY O U Y 23,5 % cyOhed-
PWIBHYIO JIUXOPAJIKY.

Pesynbrarhl Miccie0BaHuUs TI0 U3YUEHHIO CHIBOPO-
TOYHOM KOHIICHTPALMH IUTOKUHOB Y COOaK OOJIBHBIX
OCTPBIM T'aCTPOIHTEPUTOM, B 3aBUCUMOCTH OT HaJlu-
yust 00JIEBOTO CHHAPOMa, IPUBEICHBI B TaOIHLIE.

Tabnnna
Lumoxurnogulii npoghune npu cacmposnmepume codax 6 3a8UCUMOCMU
Om cmeneHu 8bIPaAdiCeHHOCU 601e6020 CUHOPOMA
Mokasatens Crarucruyueckue 1 ombITHas TpymIa 2 ombITHAs TPyMIa 3 ombITHAs TpyMIa
rapameTpel (n=15) (n=14) (n=17)
M=m 53+0,7 19,9+ 1,7 346=25
®dakTop HEKpo3a CEE
OITyXO0JTH-0,, TIT/cM?
95 % A1 3,9—6.,8 16,3—23,6 29,3—39,9
i
. M+m 177,3 + 14,9 594,9 +30,3" 1021,0 76,4
WnTepneiikun-4, oaa
nr/cm?
95 % A1 145,3—209,2 529,5—660.,4 859,0—1182,9
:|: Aok
. M+m 248,3+ 12,6 722,4 + 34,8 15981 £74,1
WnTepneitkun-6, soo
i/ em?
95 % 1 221,3—275,4 647,3—7917,5 1440,9—1755,2
:l: ek
M+m 56,1 +6,8 188,8 +7,6™ 2916 £10,1
WnTepdepon-v, ooo
i/ em?
95 % A1 41,6—70,6 172,4—205,2 270,1—313,1
:l: ko
. M+m 1,3+£0,3 2,7+0,1™ 3,5%0,3
Wntepneiikun-1a, oaa
r/ em?
95 % A1 0,6—1,9 2,4—3,0 4,8—6,2
§ M<m 1.140,1 53403 14,209
WnTepneiikun-§, oo
r/cm?
95 % A1 0,8—1,4 4,7—5,9 12,3—16,0

Ipumeyanne: M — cpegneapupmMeTHuecKoe, m — CpeJHEKBaApaTHYecKyto ommodka, 95 % /11 — 95 % nosepu-

TeJbHBINA HHTEPBAI
*p<0,05
" p<0,01

" p<0,001 — K0CTOBEPHOCTH Pa3HHIIBI MEXKTy ONBITHBIME IPYIIIAMH 1 KOHTpoJIeM (KpuTepuii ManHa — YUTHN)

= p<0,05
2= p < 0,01

asap < 0,001 1OCTOBEPHOCTH PA3HUIIBI MKy OIBITHBIMHU Ipynnamu (kputepuii Manna — YuTHu)
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W3 naHHbIX TaOIUIBI, BUAHO, YTO y OOJIBHBIX OCT-
PBIM TaCTPOIHTEPUTOM COOAK, HEOCIOKHEHHBIM 00-
JIEBBIM CHHIPOMOM, IO CPABHEHHIO C KOHTPOJIBbHOM
TpyHIoH, mpoucxoauiio gocrtosepHoe (p < 0,001) mo-
BBIILICHHE KOHIIEHTpauuu (hakropa HEKpO3a OIyXo-
nu-a (B 3,75 pasza), unrepneiikuna-4 (3,35 pasa), un-
TeprneiikuHa-6 (2,91 pasza), uatepdepona-y (3,37 paza),
uHTepieiikuHa-la (B 2,08 pasa) u mHTEpiciiknHA-8
(8 4,81 paza).

B crIBOpoTKax KpoBH OOJNBHBIX OCTPBIM TacTpo-
9HTEPHUTOM COOAK C BEIPAKEHHBIM OOJIEBBIM, 110 CPaB-
HEHHIO ¢ KOHTPOJILHOM IpyMIoii, ycTaHOBIEHO Oosiee
BBIP@XCHHOE M3MEHEHHUE ITUTOKMHOBOTO TPOQWIIS:
(hakTOp HEKPO3a OMyXOJIH-0. MOBRICHICS B 6,52 pa3a
(p £0,001), naTepneitkna-4 — B 5,78 paza (p < 0,001),
HHTEpIeHKNH-6 — B 6,43 paza (p < 0,001), uarepde-
poH-y — B 5,20 paza (p < 0,001), uarepierikun- 1o -B
4,23 paza (p < 0,001) u unTepneiikun-8 — B 12,9 paza
(» <0,001). Y GonbHBIX COOaK ¢ HATMYUEM 0OJICBOIO
CHHJIPOMA, TT0 CPAaBHEHUIO C TAKOBBIMHU C 0¢300JIeBEIMH
(hopmMaMu racTpo’HTEpUTA, YCTAHOBIICHBI OOJIee BbI-
COKHMe 3HaueHUs (hakTopa HeKpo3a omyxonu-a (B 1,74
pasa), unrtepineiikuna-4 (1,72 paza), uarepiaeiikuna-6
(2,21 paza), uarepdepona-y (1,54 pasza), HHTEpIICHKH-
Ha-la (B 2,04 pa3a) u unTepiciikuna-8 (B 2,68 paza)
B CBIBOPOTKE KPOBHU IIPU HAUBBICIIEM YPOBHE CTaTH-
ctuaeckoit 3HaunMocTH (p < 0,001).

lacTposHTEpHT Y COOAK SIBIISIETCS PACTIPOCTPAHEH-
HOU TpoONIEeMOii, CBI3aHHOM C aIMMEHTAPHBIMU (aK-
TOpaMH pHCKa (pe3koe U3MEHEHHUE palioHa KopMIie-
HMSI, HApYIIEHUsI peKUMa [IpueMa KopMma, rpyoble Kop-
Ma, OEAaHue KOCTEH, pa3rpbl3aHye MajoueK U T. 11.).
TpaBMUPYOIINH MOBPEKAAIONINN (HAKTOP IPUBOIUT
K aKTHBHU3ALUH U PA3MHOKEHHIO YCIIOBHO-IIATOTCHHBIX
MHUKpOOpraHu3MoB. CHcTeMHasi BOCTIaTUTeNbHAs pe-
aKIMsl ¥ ISTHPATalis OpTaHU3Ma SIBIISIFOTCS BaXKHBI-
MU [IaTOT€HETUYECKUMHU 3BEHbSIMH PA3BUTHUS OCTPOTO
ractposHtepura [1, 10, 14].

VY cobak, OONBHBIX TACTPOIHTEPUTOM, TIPOUCKXOAUT
JOCTOBEpHOE YBEJIMUEHHUE CHIBOPOTOYHOM KOHIICHTpa-
K (haKTopa HEKpo3a OIyXOJH-0L, OMOJIOTHIECKHUE I-
(heKTBI KOTOPOTO BKIIIOYAIOT AKTUBAIIMIO JIPYTHX KIle-
Tok (Makpogaros, T-kieTok, B-kieTok), BEIpaboOTKy
NPOBOCTIIAIUTENbHBIX LIUTOKUHOB (MHTEepIeHKuHa- 1
1 —6) ¥ XeMOKHHOB (MHTEpJICHKNHA-8), IKCIIPECCUIO
MOJIEKYJIbl aATe3UH, HHTUOMPOBAHUE PETYIATOPHBIX
T-KkI1eTOK, TPOIYKIHUIO MATPUKCHON METaIIONPOTEH-
Ha3bl ¥ MHAYKIHIO arronTo3a [16].

BoneBoil cuHIpOM SIBJISIETCS] OJHUM M3 MPU3HA-
KOB BOCHAJICHUSI ¥, OYEBUIHO, TIOJIOKUTEIBHO KOppe-
JIMPYET CO CTENEHBIO TSHKECTH MOBPEKICHHS TKAHEH.
BosieBoil cCUHIPOM IpU racTPOIHTEPUTE HMPUBOAUT

K Oolree BBICOKMM KOHIIEHTpanusM (pakropa HEKpO-
3a OITyXOIIU-0 B CBIBOPOTKE KPOBH OOJBHBIX COOAK.

VY cobak mpu 0CTPOM TaCTPOIHTEPHUTE B CHIBOPOT-
K€ KPOBH JIOCTOBEPHO MOBHIINIAETCS KOHIEHTpalys UH-
tepieiikuta-4. Ciieayer OTMETUTh, 4TO T-TuM(OLUTHI
CHHTE3UPYIOT WHTEPICHKUH-4, KOTOPBIH IeHCTBYET
Kak Ha B-, Tak u, cooctBenno, Ha T-kierku. [Tomumo
3TOTO, UHTEpJICHKUH-4 SABIsAACH (pakTOpoMm pocTa
B-knetok BeI3biBaeT BhIOOp m3oTHmoB Ig E u Ig Gl.
Wntepneiikun-4 Taxxke o0ycnaBnuBaeT 1upGpepeHim-
poBKy u nmponudeparuio Th2, nHrHONpYyeT, omocpe-
IOBAaHHYIO HHTEP(HEPOHOM, aKTHBAITUIO MaKpoQaron
[1, 6]. HamMu noka3aHo, 4TO OCIO)KHEHHE OCTPOro Ia-
CTPO3HTEpUTA OONEBBIM CHHIPOMOM MPUBOJHT K 0O-
Jiee BBICOKOM MPOAYKIINN UHTEpIIeHKHHA-4.

WHnTepnelknH-6 J0CTOBEPHO MOBBIIMIAETCS B ChI-
BOPOTKE KPOBHU COOAK, OOTBHBIX OCTPBIM TaCTPOIHTE-
putoM. T- 1 B-mumdorutsl, GruOpodiracTel B MaKkpo-
(baru BeIpa0aThIBAIOT HHTEPIEUKHUH-6. B-1rM]oruTe
Y TeNaTOLUTHI SIBISIIOTCS €0 OCHOBHBIMU MHIICHSIMHU.
[NepBuunbie 3 deKTs JAHHOTO HIUTOKWHA BKITFOUAIOT
TG PepeHIIUPOBKY B-KIIETOK ¥ CTUMYJISIIIMIO OEIKOB
octpoii assr [11].

[Tpn BocTianuTeThHOM 1 UMMYHHOM OTBETE MaKpo-
(baru, KpynHbIe rpaHyIsIpHbIE JIUMGOUUTHI, B-KiteTky,
SHIOTENHH, PUOPOOIACTHI 1 ACTPOLIUTHI CEKPETHPYIOT
MHTEPIJICHKNH- 1, KOTOPBI BHI3bIBAET aKTHBALIMIO JIM-
(OLUTOB, CTUMYIISIIIUIO Makpo(daros, MOBBIICHHYIO
aJIre37I0 JICHKOIUTOB / DHIOTENHS, TIOBBIIICHNE TEM-
MepaTypsl U3-3a CTUMYJISIIUN TUIIOTAIaMyca 1 BBIJIe-
neHus 6enkoB ocTpoit ¢assl neueHslo [14]. B Hamem
HCCJICZIOBAHUM YCTAHOBJICHO, YTO y CO0aK, OOJIbHBIX
racTPOIHTEPUTOM HAOIIONAETCS JOCTOBEPHOE MTOBHI-
IIIeHWEe KOHIIEHTPAIUW WHTEepJIeHKHHA-10, MTpH 3TOM
00JIeBOI CHHIPOM MPHUBOAMUT K O0JIee BBHICOKOW €Tro
nponykiuu. THTephepOHbI IPOSBIISTIOT IMMYHOMOTY -
npytomue 3)HEKThl, HTHULUUPYS CUTHATbHBIC KacKa-
JIbl, KOTOPBIE MPUBOJSAT K 9KCIIPECCUU TEHHBIX MTPOIYK-
TOB, TAKMX KaK TJIaBHBIN KOMIUIEKC THCTOCOBMECTH-
MoCTH Kjacca 1, mukportooynua B2 u npyrue [10].

YV cobax mpu OCTPOM raCTpOIHTEPUTE HAMH BBISIB-
JICHO JIOCTOBEPHOE MOBBIIIICHNE KOHIICHTPAIIH UHTEP-
¢epona-y. boneBoi cuHAPOM OKa3bIBaeT Oosee BhIpa-
JKEHHOE CTUMYJIMPYIOIee BIUSHUS HAa CUHTE3 UHTEP-
(depoHa-y y 00JIbHBIX FACTPOIHTEPUTOM COOAK.

V cobak, 00TBHBIX OCTPHEIM TaCTPOIHTEPUTOM
JTOCTOBEPHO TIOBBIIIAETCS KOHIICHTPAIUS HHTEpIICH-
KHHa-8, KOTOPbI BBIPa0AaThIBAIOT MOHOLUTH U (u-
Opobnactbl. Ero 0CHOBHBIMH MHIICHSAMH SIBISIFOTCS
HeHTpod b, 6a30(pUIIbL, TY4YHBIC KIETKH, Makpopa-
T'fl ¥ KepaTnHOUUTHL. OH BBI3BIBAET XEMOTAKCUC HEH-
TpOo(HIIOB, aHTHOTEHE3, BRICBOOOKICHHE CYITEPOK-
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CHJIa U BBICBOOOXK]IEHHE I'paHyll THCTaMHHA 0a30(u-
namu [6].

Taxum 06pa3zom, TOBpPEXIECHIE TKAHEH KeIya0d-
HO-KHIIEYHOTO TPAKTa MPH OCTPOM TacTPOIHTEPH-
Te y cobak 3aIrycKaeT MpOoLEecchl CHHTE3a MMPOBOCIIa-
JUTETBHBIX UTOKWHOB M ()OPMUPOBAHHSI MECTHBIX
U CHUCTEMHBIX BOCHAJIUTENbHBIX peakuuil. boiesoit
CHHJIPOM SIBIIIETCS] OTHUM U3 IIPU3HAKOB BOCIIAJICHUS
1 KOPPEIUPYET CO CTENEHBIO TSKECTU MOBPEKICHUS
TkaHed. OUeBUIHO, UTO arpecCUBHBIA BBIOPOC MpPO-
BOCTIAJIUTEIBHBIX [TUTOKMHOB Y OONBHBIX TaCTPOIH-
TEPUTOM COOAK MPH OCIOKHEHUH OCTPBIM OOJIEBBIM
CHUHJIPOMOM CBHJIETEJILCTBYET O 00Jiee MHTEHCHUB-
HOM TOBPEKICHUH TKaHEW 1 BOBJIEYEHUH UMMYHHBIX
1 ayTOUMMYHHBIX IIPOIIECCOB B IMaTOJIOTMYECKUH TIPO-
recc, 4to Tpeldyer Oosee AeTalbHOTO AajJbHEHIIEro
n3ydeHusi. CTeneHb MOBBIIMIEHNS] YPOBHS INTOKMHOB
y OOJIBHBIX FACTPOIHTEPUTOM COOAK MOYKHO HCTIONB30-
BaTh KaK MapKep CTETIeHH TSHKECTH TEUSHHS OOJIE3HH.

3AKJIIOUEHUE

B narorenernueckoM npoguiie pazBUTHI OCTPOTO
HEUH(EKIIMOHHOTO TaCTPOdHTEpUTA y cobaKk ocoboe
MECTO 3aHMMAET aKTUBHU3AIMS MPOBOCIAIUTEIHHBIX
IUTOKWHOB. HeoOX0AMMO OTMETHTH, 4TO OCIOXKHE-
HHUE TaCTPOIHTEPUTA Y COOAK OCTPHIM OOJIEBBIM CHH-
JPOMOM MOXET BHOCHUTH JAOTIOJIHUTEIBHOE CTUMYIIHU-
pyroliee BIMsIHAE HA LIUTOKUHOBBIA MPO(UIb CHIBO-
POTOK KpPOBH.

Tak, B CBIBOPOTKaxX KPOBU OOJBHBIX OCTPHIM Ta-
CTPOIHTEPHUTOM COOAK, OCIIO)KHEHHBIM OOJICBBIM CHH-
JIPOMOM, KOHCTaTHPOBaJIN O0Jiee BBIPAKEHHOE JOCTO-
BepHoe (p < 0,001) n3MeHeHrnEe TUTOKUHOBOTO MTPOQU-
7s1: (pakTOp HEKpo3a OMyXOJH-0. MOBBICHICS B 6,521
pasa, untepiueiikun-4 — B 5,781 pasa, uHTEpIC-
kuH-6 — B 6,431 pasa, uarepdepon-y — B 5,201 pa3sa,
uHTepiekuH- 10 — B 4,231 pa3a, HHTePICHKUH-8 —
B 12,91 pa3za, npu cpaBHEHUU C KOHTPOJIBHOU rpyI-
noi. OTMeueHo, 4To y OOJIBHBIX COOAaK TPEThEH OIIBIT-
HOW TPYMIIBI, IPH CPABHEHHUHU C KUBOTHBIMH BTOPOM
TPYIIIEL, TPOHCXOaANT Oostee nHTeHcuBHBIH (p < 0,001)
BBIOPOC MTPOBOCTIATIMTENBHBIX IIATOKUHOB: (DaKTOp HE-
Kpo3a omyxoiu-a (B 1,74 pazat), narepneiikua-4 (1,72
paszat), uaTepieikun-6 (2,21 pasa?), uHTEpPEepOoH-Y
(1,54 pazat), unrepneiikun-1ao (B 2,04 pazat), uatep-
neiikun-8 (B 2,68 pazat). B 370l cBsI3u mony4eHHbIE
JTAHHBIE JIOTIOJTHSIOT ATOTCHETHUYECKYIO KApTHHY TPH
OCTPBIX BOCIIAJIUTEIbHBIX 3a00JICBAHUSAX KEIYI0UHO-
KHLIEYHOT'0 TPAKTa y COOAK, YTO CO3AAET HPEANOChLI-
KU JJ1s1 BHEAPEHUSI HOBBIX TUarHOCTHUECKUX U Tepa-
MIEBTUYECKUX KPUTEPHEB B PAKTUIECKYIO BETCPHHAP-
HYIO TaCTPOIHTEPOJIOTHIO.

CIIMCOK UICTOYHUKOB

1. Malewska K. Treatment of inflammatory bowel dis-
ease (IBD) in dogs and cats / K. Malewska, A. Rychlik,
R. Nieradka, M. Kander // Pol. J. Vet. Sci. — 2011. —
v. 14(1). — p. 165—171. — DOI: 10.2478/v10181-011-
0026-7

2. Allenspach K. Current diagnostics for chronic en-
teropathies in dogs / K. Allenspach, J. P. Mochel // Vet. Clin.
Pathol. — 2022. — v. 50(Suppl 1). — p. 18—28. — DOLI:
10.1111/vep.13068

3. Kwoxun C. J]. JIlunamMuka KIMHHKO-OMOXHUMHYECKHX
nokasateneil KpoBH MPH KOPPEKIHK OOJIEBOr0 CHHAPOMA
npenaparamu «l'abanentun» u «dDnekconpopen» /
C. . Kimrokun, B. B. Canaytun, H. A. Ilynoskus, C. E. Ca-
naytuHa // Yuensle 3anucku KasaHckoil rocyaapcTBeHHON
akazieMuy BeTepuHapHoi mequuuHbl M. H. 3. baymana. —
2021. — T. 245. — Ne 1. — C. 76—81. — DOI:
10.31588/2413-4201-1883-245-1-76-82

4. IOnoawbaes 10. A. OcobeHHOCTH QyHKIMOHAIBHO-
IO COCTOsIHMS opraHu3ma osell mpu crpecce / 10. A. FOn-
namobaes, 0. A. Baruukos, I1. A. Pynenxo, A. A. Pynen-
ko // BectHuk Poccuiickoro yHuBepcurera aApyxO0bl Hapo-
JoB. Cepusi: ATpoHOMUS U ’KMBOTHOBOACTBO. — 2022, —
T. 17. — Ne 2. — C. 193—202. — DOI: 10.22363/2312-
797X-2022-17-2-193-202

5. Rudenko P. Characteristic, evolution and influence
on epizootic process of microorganisms in biocenoses of
livestock farms / P. Rudenko, A. Strizhakov, A. Rudenko,
I. Bondareva, E. Notina, I. Bykova, T. Dryemova, V. Lut-
say, N. Ivanov, N. Sakhno, P. Meshcheryakov // European
Journal of Molecular & Clinical Medicine. — 2021. —
8(2). — p. 1865—1877.

6. Unterer S. Acute Hemorrhagic Diarrhea Syndrome
in Dogs/S. Unterer, K. Busch // Vet. Clin. North. Am. Small
Anim. Pract. — 2021. — v. 51(1). — p. 79—92. — DOI:
10.1016/j.cvsm.2020.09.007

7. Walker D. Canine inflammatory bowel disease /
D. Walker, O. Garden, K. Allenspach // Vet. Rec.—2007. —
v. 160(16). — 560. — DOI: 10.1136/vr.160.16.560-a

8. Ilasnosa A. B. AHTHUOMOTHKOPE3UCTEHTHOCTh Oak-
TCPUAJIBHBIX IMMATOICHOB, U30JIUPOBAHHBIX OT KUBOTHBLIX
B YCJIOBUSIX BeTepUHAPHBIX KIMHUK Jlyrancka / A. B. I1as-
noBa, H. B. [lumenos // Berepunapusi, 300TexHust U 61o-
texHonorus. — 2020. — Ne 2. — C. 38—43. — DOLIL:
10.26155/vet.z00.b10.202002006

9. Onv-Cebaeti A. M. LlupkynsiuuoHHas TenaTonUTHAs
npousBoanas MukpoPHK kak puarHoctuueckuii Gnomap-
Kep KeITYHOKaMeHHOM Oone3nu y codak / A. M. Dnb-Ceba-
eit, I1. H. Abpamos // Berepunapuslii Bpau. — 2020. —
Ne 2. —C.64—73.—DOI: 10.33632/1998-698X.2020-2-
64-73

10. Alves F. Canine parvovirus: a predicting canine
model for sepsis / F. Alves, S. Prata, T. Nunes, J. Gomes,
S. Aguiar, F. Aires da Silva, L. Tavares, V. Almeida, S. Gil //
BMC Vet. Res. — 2020. — v. 16(1). — 199. — DOI:
10.1186/s12917-020-02417-0

124 BerepunapHsiii apmakomoruaeckuii BeCTHUK o No 2 (23) « 2023

Lumoxunoswiti npoghuns npu popmuposanuu 601€6020 CUHOPOMA y cobax, OOILHBIX OCMPLIM 2ACTPOIHMEPUNOM

11. Dinesh N. Preliminary evaluation of serum zonulin
in canine chronic enteropathies / N. Dinesh, J. E. Slovak,
C. Kogan, J. J. Kopper // J. Small Anim. Pract. — 2022. —
v. 63(9). — p. 679—685. — DOI: 10.1111/jsap.13506

12. Bamnuxog 0. A. KnuHUKO-TepaneBTUYECKOE 3HA-
YCHUC MI/IKpO6I/IOTLI npu THOMHO-BOCIIAJIMTENILHBIX rnporec-
cax y xuBoTHbIX / FO. A. Batuuxkos, Il. A. Pynenko,
A. A. Pynenxo, E. B. Kynuxos, B. 1. Ky3uenos, C. b. Ce-
ne3HeB // MexIyHapoJHbIH BECTHUK BETEPUHAPHH. —
2021.—Ne 1.—C. 286—291.— DOI: 10.17238/issn2072-
2419.2021.1.286

13. Gainor K. Novel Cyclovirus Species in Dogs with
Hemorrhagic Gastroenteritis / K. Gainor, Y. S. Malik,
S. Ghosh // Viruses. —2021. —v. 13(11). —2155. — DOI:
10.3390/v13112155

14. Amorim I. Canine Gastric Pathology: A Review /
I. Amorim, M. A. Taulescu, M. J. Day, C. Catoi, C. A. Reis,
F. Carneiro, F. Géirtner // J. Comp. Pathol. — 2016. —
v. 154(1). —p. 39—37.—DOI: 10.1016/j.jcpa.2015.10.181

15. Dema A. A comprehensive molecular survey of vi-
ral pathogens associated with canine gastroenteritis /
A. Dema, M. R. Tallapally, V. K. Ganji, B. Buddala, H. Kodi,
A. Ramidi, N. R. Yella, K. Putty // Arch. Virol. — 2023. —
v. 168(2). — 36. — DOI: 10.1007/s00705-022-05674-6

16. Kolodziejska-Sawerska A. Cytokines in canine in-
flammatory bowel disease / A. Kotodziejska-Sawerska,
A. Rychlik, A. Depta, M. Wdowiak, M. Nowicki,
M. Kander // Pol. J. Vet. Sci. — 2013. — v. 16(1). —
p. 165—171. — DOI: 10.2478/pjvs-2013-0025

17. Bamnuxog 0. A. Ouenka 3p(heKTUBHOCTH Teparin
KOMIICHCHPOBAHHOTO THCOAKTEPHO3a KUIIICTHHKA Y KOIIIEK /
1O0. A. Batnukos, I1. A. Pynenxko, H. C. byrpos, A. A. Py-
JeHko // Arpaphast Hayka. — 2022. — Ne 1. — C. 24—
29. — DOI: 10.32634/0869-8155-2022-355-1-24-29

18. Schmitz S. S. Value of Probiotics in Canine and Fe-
line Gastroenterology / S. S. Schmitz // Vet. Clin. North.
Am. Small Anim. Pract. — 2021. — v. 51(1). — p. 171—
217.— DOI: 10.1016/j.cvsm.2020.09.011

NHOOPMAIIMA Ob ABTOPAX

A. Kynpuna — acnupa#r;

9.

A. A. PyneHKko — J0KTOp BETEpUHAPHBIX HAYyK, podeccop;

B. U. JIynaii — 10KTOp BETEPHHAPHBIX HAYK, podeccop;

I1. A. PyneHko — 1OKTOp BEeTepUHAPHBIX HAYK, BEILyIUI HAyYHBIH COTPYAHUK.

Cratbs noctynuia B pegaxmuio 20.03.2023 r.

BerepunapHsrii hapmakomornaeckuii BeCTHHK o No 2 (23) « 2023 125



Bulletin of veterinary pharmacology « 2023 « No. 1 (22)
IO OO RO OO OO RO OO OO OO OO OO OO OO OO RO OO OO O O O

Original article
UDC 636.09:616.34—002.153:636.7

CYTOKINE PROFILE DURING THE FORMATION OF PAIN
SYNDROME IN DOGS WITH ACUTE GASTROENTERITIS
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Abstract. The article is devoted to the study of the level of the cytokine profile of dogs with acute gastroenteri-
tis, depending on the presence of pain. The studies were carried out on the basis of “Vetmaster” clinic of veteri-
nary medicine on dogs that, on the basis of complex diagnostics, were diagnosed with acute gastroenteritis of an
alimentary nature. The animals were divided into three groups: the first (control) — clinically healthy (n = 15),
the second — the animals with gastroenteritis without pain (n = 14), the third — the animals with gastroenteritis
complicated by pain (n = 17). Damage to the tissues of the gastrointestinal tract in case of acute gastroenteritis in
dogs triggers the synthesis of pro-inflammatory cytokines and the formation of local and systemic inflammatory
reactions. It has been shown that in the dogs with acute gastroenteritis, complicated by pain, there is a pronounced
significant change in the cytokine profile, compared with the control group. In the sick dogs with pain, a signifi-
cant increase in pro-inflammatory cytokines was found: tumor necrosis factor-a, interleukin-4, interleukin-6, in-
terferon-y, interleukin-1a and interleukin-8. In this regard, the degree of increase in the level of cytokines in dogs
with gastroenteritis can be used as a marker of the disease severity.

Keywords: dogs, acute gastroenteritis, cytokine profile, pathogenesis, diagnosis

Acute gastroenteritis is an inflammatory process
that involves the mucous membrane and other tissues
of the stomach and small intestine, which is accompa-
nied by a violation of the digestive processes, motor,
absorption, secretory, protective and excretory func-
tions, pain syndrome, dehydration and intoxication
[1—S5]. This disease is often recorded in dogs, espe-
cially young ones, and is associated with alimentary
etiological factors. In the diagnostic process for this
pathology, it is important to ascertain the non-infec-
tious nature by excluding possible infectious and par-
asitic diseases (for example, parvovirus enteritis, the
intestinal form of canine distemper, toxocariasis, tox-
ascaridosis, etc.) [2, 6—9].

The inflammatory process that occurs in the gastro-
intestinal tract is not only local in nature, but also sys-
temically affects the entire body. Inflammatory prod-
ucts and mediators cause endogenous intoxication syn-
drome in sick animals [10]. The neuroendocrine and
immune systems are also involved in the pathological
process [6, 11].

Interleukins play an important role in the activation
and differentiation of immune cells, as well as in prolif-

eration, maturation, migration and adhesion [12—15].
They also have pro-inflammatory and anti-inflammato-
ry properties [ 16]. Therefore, one of the main functions
of interleukins is to modulate the growth, differentia-
tion and activation of precursor cells of leukocytopoie-
sis, thrombocytopoiesis and erythrocytopoiesis during
inflammatory and immune responses. Interleukins con-
sist of a large group of proteins that can cause a vari-
ety of reactions in cells and tissues by binding to high
affinity receptors on the surface of cells. They have
both paracrine and autocrine functions. Thus, any in-
flammatory process is not complete without active in-
volvement in the pathogenesis of the underlying dis-
ease of the immune system [17, 18].

Activation of the cytokine system plays an import-
ant role in the pathogenesis of the gastroenteritis de-
velopment, while the complication of gastroenteritis in
dogs with acute pain syndrome can have an addition-
al stimulating effect on the cytokine profile. It should
be noted that researches on the study of the cytokine
profile in dogs with acute gastroenteritis have not been
previously conducted. A detailed study of these patho-
genetic features of immune-inflammatory reactions in

© Kuprina E. A., Rudenko A. A., Lutsay V. L., Rudenko P. A., 2023

126

Bulletin of Veterinary Pharmacology « No. 2 (23) « 2023

Cytokine profile during the formation of pain syndrome in dogs with acute gastroenteritis

case of acute inflammatory diseases of the gastrointes-
tinal tract will form the basis for the introduction of
new diagnostic and therapeutic strategies in practical
veterinary medicine.

The objective of the research was to study the blood
sera cytokine profile of dogs with acute gastroenteri-
tis, depending on the presence of a complication in the
form of pain syndrome.

MATERIAL AND METHODS

The studies were carried out on the basis of
“Vetmaster” clinic of veterinary medicine (Moscow
region, Ramenskoe). The study model is clinical ob-
servational, case-control type. The object of the study
were dogs, which, on the basis of complex diagnos-
tics, were diagnosed with acute gastroenteritis of an
alimentary nature. Diagnostic search for acute gastro-
enteritis was carried out in a complex manner, taking
into account the data of anamnestic data, a thorough
physical examination, morphological and biochemi-
cal blood tests, plain abdominal radiography and ul-
trasonography. The studies were carried out on three
groups of dogs: the first (control) — clinically healthy
(n =15); the second — the animals with gastroenteritis,
without pain (n = 14); and the third — the animals with
gastroenteritis complicated by pain (n = 17). The dogs
were included in the experimental and control groups
using the principle of analogues (age 2—>5 years, rep-
resentatives of dwarf and small breeds, body weight
3—6 kg). The animals were selected for the study as
they were admitted to the veterinary clinic, subject to
mandatory inclusion and exclusion criteria.

Inclusion criteria: alimentary risk factors (viola-
tions of the feeding regimen, abrupt change in diet,
eating roughage, bones, etc.), the presence of clini-
cal, laboratory, ultrasonographic, radiographic signs
of acute gastroenteritis.

Exclusion criteria: autoimmune disorders of the
gastrointestinal tract, chronic forms of gastroenteritis,
infections (parvovirus, enteritis form of canine distem-
per, coronavirus), positive parasitological scatologi-
cal tests, maldigestion and malabsorption syndrome,
food allergy, secondary gastroenteritis caused by for-
eign bodies or tumors of the stomach and intestines.

Clinical examination was carried out according to
the standard method. The pain syndrome was assessed
on a 4-point scale [16].

Cytokine profile studies were performed on a
Multiskan FC plate photometer with a built-in shak-
er for 96 wells at a spectral range of 450 nm using en-
zyme immunoassay systems to determine the concen-
tration of tumor necrosis factor-o, interleukin-4, inter-
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leukin-6, interferon-y, interleukin-1la, interleukin-8
(LLC “Tsitokin”, Russian Federation).

All statistical calculations were performed using
the Statistica 7.0 program. At the first stage, the dig-
ital material was evaluated for normality using the
Shapiro-Wilk test. At the second stage, standard data
of descriptive statistics were evaluated (M - arithme-
tic mean, m — standard error, 95 % CI — 95 % con-
fidence interval). At the third stage, pairwise compar-
ison of groups was carried out according to the Mann-
Whitney method. The difference between the indices
of cats of different groups was considered significant
at p <0.05.

RESULTS AND DISCUSSION

The main complaint of owners of sick dogs was
associated with the development of acute gastrointes-
tinal disorder. In the dogs of the first group, acute al-
imentary (non-infectious) gastroenteritis was char-
acterized by the following clinical picture: lethargy
(100 %), moderate depression (85.7 %) or anxiety
(14.3 %), diarrhea (100 %), vomiting (100 %), subfe-
brile (57.1 %) or febrile fever (42.9 %), decreased skin
turgor (92.9 %) and moderate tachycardia (42.9 %). In
the animals of this group, slight body tension, trem-
bling, slight discomfort during palpation of the ab-
dominal wall and whining were noted. In the animals
of the second group, acute gastroenteritis was mani-
fested by a sharp pain syndrome. A sharp depression
(100 %), no response to external stimuli (88.2 %), sig-
nificant tension of the abdominal muscles during pal-
pation of the abdominal organs, and a forced lying pos-
ture were noted. Some animals of this group (11.8 %)
showed aggression during palpation and auscultation
of the abdominal wall. All dogs had moderate tachy-
cardia, tachypnea, decreased skin turgor, vomiting and
diarrhea, anorexia and weight loss. In 76.5 % of the
dogs of the second group, febrile fever and in 23.5 %
subfebrile fever were noted.

The results of the research on the study of the se-
rum concentration of cytokines in the dogs with acute
gastroenteritis, depending on the presence of pain, are
shown in the Table.

From the table data, it can be seen that in the dogs
with acute gastroenteritis, uncomplicated pain syn-
drome, compared with the control group, there was a
significant (p < 0.001) increase in the concentration of
tumor necrosis factor-a (by 3.75 times), interleukin-4
(by 3.35 times), interleukin-6 (by 2.91 times), inter-
feron-y (by 3.37 times), interleukin-1a (by 2.08 times)
and interleukin-8 (by 4.81 times). In the blood sera of
the dogs with acute gastroenteritis with severe pain,
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compared with the control group, a more pronounced
change in the cytokine profile was found: tumor necro-
sis factor-a increased by 6.52 times (p < 0.001), inter-
leukin-4 — by 5.78 times (p < 0.001), interleukin-6 —
by 6.43 times (p < 0.001), interferon-y — by 5.20 times
(p £0.001), interleukin-10.— by 4.23 times (p < 0.001)
and interleukin-8 — by 12.9 times (p < 0.001). In sick

dogs with the presence of pain, compared with those
with painless forms of gastroenteritis, higher values of
tumor necrosis factor-a (by 1.74 times), interleukin-4
(by 1.72 times), interleukin-6 (by 2.21 times), inter-
feron-y (by 1.54 times), interleukin-1a (by 2.04 times)
and interleukin-8 (by 2.68 times) in serum at the high-
est level of statistical significance (p <0.001).

Table
Cytokine profile in case of canine gastroenteritis depending on the pain syndrome severity
. . Experimental group 1 | Experimental group 2 | Experimental group 3
Indicator Statistical parameters (n=15) (n=14) (n=17)
- 34.6+£2.5™
Tumor necrosis M+m 53+0.7 19.9+1.7 o
factor-a, pg/cm®
95 % CI 3.9—6.8 16.3—23.6 29.3—39.9
M+m 1773+ 149 594.9 +30.3"™ 1021.0=76.4
Interleukin-4, pg/cm?
95 % CI 145.3—209.2 529.5—660.4 859.0—1182.9
M+m 24834126 7224+348" 198.1 = 74.1
Interleukin-6, pg/cm?
95 % CI 221.3—275.4 647.3—797.5 1440.9—1755.2
M+ m 56.1+6.8 188.8+ 7.6 2916+ 10.1
Interferon-y, pg/cm?
95 % CI 41.6—70.6 172.4—205.2 270.1—313.1
5.5+£0.3™
Intel‘leukin-la, M+m 1.3i0.3 2.7i0.1 von
pg/cm?
95 % CI 0.6—1.9 2430 4.8—6.2
M+m 1.1£0.1 53+£0.3™ 142 inog
Interleukin-8, pg/cm?
95 % CI 0.8—1.4 4.7—5.9 12.3—16.0

Note. M — arithmetic mean, m — standard error, 95 % CI — 95 % confidence interval

"p<0.05
" p<0.01
= p<0.05
% p<0.01

" p <0.001 — significant difference between the experimental groups and control (Mann — Whitney test)

esap < 0.001 significant difference between the experimental groups (Mann — Whitney test)

Gastroenteritis in dogs is a common problem as-
sociated with nutritional risk factors (drastic change in
diet, eating disorders, roughage, eating bones, chewing
sticks, etc.). A traumatic damaging factor leads to the
activation and reproduction of conditionally pathogen-
ic microorganisms. Systemic inflammatory response
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and body dehydration are important pathogenetic links
in the development of acute gastroenteritis [1, 10, 14].
In the dogs with gastroenteritis, there is a significant
increase in the serum concentration of tumor necrosis
factor-a, the biological effects of which include the ac-
tivation of other cells (macrophages, T-cells, B-cells),
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the production of pro-inflammatory cytokines (inter-
leukin-1 and -6) and chemokines (interleukin-8), ex-
pression of the adhesion molecule, inhibition of regu-
latory T cells, production of matrix metalloproteinase,
and induction of apoptosis [16]. Pain is one of the signs
of inflammation and, obviously, positively correlates
with the severity of tissue damage. Pain syndrome in
case of gastroenteritis results in higher serum levels
of tumor necrosis factor-a in sick dogs.

In the dogs with acute gastroenteritis, the blood se-
rum concentration of interleukin-4 is significantly in-
creased. It should be noted that T-lymphocytes synthe-
size interleukin-4, which acts both on B- and, in fact,
on T-cells. In addition, interleukin-4, being a B-cell
growth factor, causes the selection of Ig E and Ig G1
isotypes. Interleukin-4 also causes differentiation and
proliferation of Th2, inhibits interferon-mediated ac-
tivation of macrophages [1, 6]. We have shown that
pain syndrome complication of acute gastroenteritis
leads to higher production of interleukin-4.

Interleukin-6 significantly increases in the blood
serum of the dogs with acute gastroenteritis. T- and
B-lymphocytes, fibroblasts and macrophages produce
interleukin-6. B-lymphocytes and hepatocytes are its
main targets. The primary effects of this cytokine in-
clude B cell differentiation and stimulation of acute
phase proteins [11].

In an inflammatory and immune response, macro-
phages, large granular lymphocytes, B cells, endothe-
lium, fibroblasts and astrocytes secrete interleukin-1,
which causes lymphocyte activation, macrophage stim-
ulation, increased leukocyte/endothelial adhesion, fe-
ver due to hypothalamic stimulation, and release of
acute phase proteins by the liver [14]. In our study, it
has been found that in the dogs with gastroenteritis,
there is a significant increase in the concentration of
interleukin-1a, while the pain syndrome leads to its
higher production. Interferons exhibit immunomodu-
latory effects by initiating signaling cascades that lead
to the expression of gene products such as class 1 ma-
jor histocompatibility complex, microglobulin B2 and
others [10].

In the dogs with acute gastroenteritis, we found
a significant increase in the concentration of interfer-
on-y. Pain syndrome has a more pronounced stimulat-
ing effect on the synthesis of interferon-y in the dogs
with gastroenteritis.

In the dogs with acute gastroenteritis, the concen-
tration of interleukin-8, which is produced by mono-
cytes and fibroblasts, significantly increases. Its main
targets are neutrophils, basophils, mast cells, macro-
phages and keratinocytes. It induces neutrophil che-
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motaxis, angiogenesis, superoxide release, and release
of histamine granules by basophils [6].

Thus, damage to the tissues of the gastrointestinal
tract in case of acute gastroenteritis in dogs triggers
the synthesis of pro-inflammatory cytokines and the
formation of local and systemic inflammatory reac-
tions. Pain is one of the signs of inflammation and cor-
relates with the severity of tissue damage. Obviously,
the aggressive release of pro-inflammatory cytokines
in the dogs with gastroenteritis complicated by acute
pain syndrome indicates more intense tissue damage
and the involvement of immune and autoimmune pro-
cesses in the pathological process, which requires more
detailed further study. The degree of cytokine eleva-
tion in the dogs with gastroenteritis can be used as a
marker of the disease severity.

CONCLUSION

In case of the pathogenetic profile of the develop-
ment of acute non-infectious gastroenteritis in dogs,
activation of pro-inflammatory cytokines occupies a
special place. It should be noted that the complication
of gastroenteritis in the dogs with acute pain syndrome
can introduce an additional stimulating effect on the
cytokine profile of blood sera. Thus, in the blood se-
rum of the dogs with acute gastroenteritis complicat-
ed by pain, a more pronounced significant (p < 0.001)
change in the cytokine profile was noted: tumor necro-
sis factor-a increased by 6.521 times, interleukin-4 —
by 5.781 times, interleukin-6 — by 6.431 times, inter-
feron-y — by 5.201 times, interleukin-1a — by 4.231
times, interleukin-8 — by 12.91 times, when com-
pared with the control group. It was noted that in the
sick dogs of the third experimental group, when com-
pared with the animals of the second group, there was
amore intense (p < 0.001) release of pro-inflammato-
ry cytokines: tumor necrosis factor-o (by 1.74 times?),
interleukin-4 (by 1.72 times?), interleukin-6 (by 2.21
times?), interferon-y (by 1.54 times?), interleukin-1a
(by 2.04 times?), interleukin-8 (by 2.68 times?). In this
regard, the data obtained complement the pathogenet-
ic picture in case of acute inflammatory diseases of the
gastrointestinal tract in dogs, which creates prerequi-
sites for the introduction of new diagnostic and thera-
peutic criteria in practical veterinary gastroenterology.

REFERENCES
1. Malewska K. Treatment of inflammatory bowel dis-
ease (IBD) in dogs and cats / K. Malewska, A. Rychlik,
R. Nieradka, M. Kander // Pol. J. Vet. Sci. — 2011. —
v. 14(1). — p. 165—171. — DOI: 10.2478/v10181-011-
0026-7

129



E. A. Kuprina, A. A. Rudenko, V. I. Lutsay, P. A. Rudenko

2. Allenspach K. Current diagnostics for chronic en-
teropathies in dogs / K. Allenspach, J. P. Mochel // Vet. Clin.
Pathol. — 2022. — v. 50(Suppl. 1). —p. 18—28. — DOI:
10.1111/vep.13068

3. Klyukin S. D. Dynamics of clinical and biochemical
blood indicators during the correction of pain syndrome with
drugs “Gabapentin” and “Fleksoprofen” / S. D. Klyukin,
V. V. Salautin, N. A. Pudovkin, S. E. Salautina / Uchenye
zapiski Kazanskoy gosudarstvennoy akademii veterinarnoy
meditsiny im. N. E. Baumana (Transactions of Kazan State
Academy of Veterinary Medicine named after N. E. Bau-
man). — 2021. — V. 245. — No. 1. — P. 76—81. DOL:
10.31588/2413-4201-1883-245-1-76-82

4. Yuldashbaev Yu.A. Features of the functional state of
the organism of sheep under stress / Yu.A. Yuldashbaev,
Yu.A. Vatnikov, P. A. Rudenko, A. A. Rudenko // Vestnik
Rossiyskogo universiteta druzhby narodov. Seriya:
Agronomiya i zhivotnovodstvo (Bulletin of the Peoples”
Friendship University of Russia. Series: Agronomy and an-
imal husbandry). — 2022. — V. 17. — No. 2. — P. 193—
202. — DOI: 10.22363/2312-797X-2022-17-2-193-202

5. Rudenko P. Characteristic, evolution and influence
on epizootic process of microorganisms in biocenoses of
livestock farms / P. Rudenko, A. Strizhakov, A. Rudenko,
I. Bondareva, E. Notina, I. Bykova, T. Dryemova, V. Lut-
say, N. Ivanov, N. Sakhno, P. Meshcheryakov // European
Journal of Molecular & Clinical Medicine. — 2021. —
8(2). — p. 1865—1877.

6. Unterer S. Acute Hemorrhagic Diarrhea Syndrome
in Dogs /S. Unterer, K. Busch // Vet. Clin. North. Am. Small
Anim. Pract. — 2021. — v. 51(1). — p. 79—92. — DOI:
10.1016/j.cvsm.2020.09.007

7. Walker D. Canine inflammatory bowel disease /
D. Walker, O. Garden, K. Allenspach // Vet. Rec.—2007. —
v. 160(16). — 560. — DOI: 10.1136/vr.160.16.560-a

8. Pavlova A. V. Antibiotic resistance of bacterial patho-
gens isolated from animals in the conditions of veterinary
clinics in Lugansk / A. V. Pavlova, N. V. Pimenov // Veter-
inariya, zootekhniya i biotekhnologiya (Veterinary science,
zootechnics and biotechnology). — 2020. — No. 2. —
P. 38—43. — DOI: 10.26155/vet.z00.bi0.202002006

9. El-Sebaey A. M. Circulating hepatocyte derivative of
miRNA as a diagnostic biomarker of cholelithiasis in dogs /
A. M. El-Sebaey, P. N. Abramov // Veterinarnyy vrach (Vet-
erinarian). — 2020. — No. 2. — P. 64—73. — DOLI:
10.33632/1998-698X.2020-2-64-73

10. Alves F. Canine parvovirus: a predicting canine
model for sepsis / F. Alves, S. Prata, T. Nunes, J. Gomes,
S. Aguiar, F. Aires da Silva, L. Tavares, V. Almeida, S. Gil //
BMC Vet. Res. — 2020. — v. 16(1). — 199. — DOI:
10.1186/s12917-020-02417-0

11. Dinesh N. Preliminary evaluation of serum zonulin
in canine chronic enteropathies / N. Dinesh, J. E. Slovak,
C. Kogan, J. J. Kopper // J. Small Anim. Pract. — 2022. —
v. 63(9). — p. 679—685. — DOI: 10.1111/jsap.13506

12. Vatnikov Yu.A. Clinical and therapeutic significance
of microbiota in case of purulent-inflammatory processes
in animals / Yu.A. Vatnikov, P. A. Rudenko, A. A. Ruden-
ko, E. V. Kulikov, V. I. Kuznetsov, S. B. Seleznev // Mezh-
dunarodnyy vestnik veterinarii (International Bulletin of
Veterinary Medicine). — 2021.—No. 1.—P.286—291. —
DOI: 10.17238/issn2072-2419.2021.1.286

13. Gainor K. Novel Cyclovirus Species in Dogs with
Hemorrhagic Gastroenteritis / K. Gainor, Y. S. Malik,
S. Ghosh // Viruses. —2021. —v. 13(11). —2155.—DOI:
10.3390/v13112155

14. Amorim I. Canine Gastric Pathology: A Review /
I. Amorim, M. A. Taulescu, M. J. Day, C. Catoi, C. A. Reis,
F. Carneiro, F. Gértner // J. Comp. Pathol. — 2016. —
v. 154(1). —p. 39—37.—DOI: 10.1016/j.jcpa.2015.10.181

15. Dema A. A comprehensive molecular survey of vi-
ral pathogens associated with canine gastroenteritis /
A. Dema, M. R. Tallapally, V. K. Ganji, B. Buddala,
H. Kodi, A. Ramidi, N. R. Yella, K. Putty // Arch. Virol. —
2023. — v. 168(2). — 36. — DOI: 10.1007/s00705-022-
05674-6

16. Kolodziejska-Sawerska A. Cytokines in canine in-
flammatory bowel disease / A. Kotodziejska-Sawerska,
A. Rychlik, A. Depta, M. Wdowiak, M. Nowicki,
M. Kander // Pol. J. Vet. Sci. — 2013. — v. 16(1). —
p. 165—171. — DOI: 10.2478/pjvs-2013-0025

17. Vatnikov Yu.A. Evaluation of the efficacy of thera-
py for compensated intestinal dysbacteriosis in cats / Yu.A.
Vatnikov, P. A. Rudenko, N. S. Bugrov, A. A. Rudenko //
Agrarnaya nauka (Agrarian science). — 2022. — No. 1. —
P. 24—29. — DOI: 10.32634/0869-8155-2022-355-1-24-
29

18. Schmitz S. S. Value of Probiotics in Canine and Fe-
line Gastroenterology / S. S. Schmitz // Vet. Clin. North.
Am. Small Anim. Pract. — 2021. — v. 51(1). — p. 171—
217.— DOI: 10.1016/j.cvsm.2020.09.011

INFORMATION ABOUT THE AUTHORS

E. A. Kuprina — Postgraduate student;

A. A. Rudenko — Doctor of Veterinary Sciences, Professor;

V. I. Lutsay — Doctor of Veterinary Sciences, Professor;

P. A. Rudenko — Doctor of Veterinary Sciences, Principal Scientific Associate.

The article was submitted 20.03.2023.

130

Bulletin of Veterinary Pharmacology « No. 2 (23) « 2023

Berepunapnsiit papmaxonornueckuii BecTHUK o 2022 « Ne 4 (21) « C. 131—136
O IO OO OO OO OO OO OO OO OO OO OO OO OO OO RO O R R R

Hayunas crares
YIAK 619:[571.17:577.175.14:618.7]:636.4
DOI: 10.17238/issn2541-8203.2023.2.131

B3AUMOCBSA3b TOPMOHAJBHON U IUTOKUHOBOU
PET'YJALNINUAU Y CYITIOPOCHBIX CBUHOMATOK
NPV BOSHUKHOBEHUWHY MNOCJIEPOJIOBBIX 3ABOJIEBAHUN

Jlapuca IOpreBna Camnuna®™, Anexceii l'aspusiosuy Illaxos,
HOmnsa IOpseBna Bragumuposa, l'asmna Bacniasesna Hukonenko,

Kpuctuna OJieroBHa AkyJjioBa

Bceepoccutickuil HayuHo-uccie008amenbCKull 6emepuHapHblil UHCIMUNYn namonocuu, Gapmaxonocuu
u mepanuu, Boponeoic, Poccuiickas @edepayus, e-mail: l.yu.sashnina@mail ru®=

AHHoTanus. B ctarbe mpeacTaBieHbl pe3yIbTaThl U3yUeHHsI B3aUMOCBSI3U IPOBOCIATUTENBHBIX IIUTOKUHOB: UH-
TepreiikuHa- 1 3, akTopa HeKpo3a OIMyX0IH—0, TIPOTHBOBOCIAIMTEILHBIX MEIUATOPOB: HHTEPIICHKNHA-4, HHTEP-
nelikuHa-10 1 FOpMOHOB: KOPTHU30J1a, IPOTECTEPOHA U 3CTPATUOIA Y CYTIOPOCHBIX CBUHOMATOK KJIIMHUUYECKH 3]10-
POBBIX M 3a00JIEBIINX TTOcie onopoca. KpoBb jurst nccnenoBanuii Opanm 3a 5—7 qHel 10 oceMeHeHust 1 Ha 38—
40, 78—81 muu cynopocHocTH. [locne ornopoca 1o pe3ynbraraM peTpoCIeKTHBHOTO aHaIN3a )KUBOTHBIE OBbLIN
paszaeneHsl Ha 2 TPyNNbl: KIMHUYECKH 310POBBIE U € MOCIEPO0BOI naroiorueil. B pesynsrare mpoBe1eHHOTO
KOPPEISIIIMOHHOTO aHanu3a 1o CriupMeHy y CBUHOMAaTOK 00EHX TPyl YCTaHOBJICHA IOCTOBEPHAs B3aHMOCBSI3b
MeX/ly U3yUeHHBIMH MOKa3aTesIIMU. B rpymnmne cBHHOMATOK ¢ MOCIEPOA0BON MAaTONOTUEN MEX Ay MoKa3aTeIsiMU
LIUTOKMHOBOTO ¥ TOPMOHAJIBHOTO CTaTyca BBISBIEHA MONOXKUTENbHAs Koppensanus nporecrepona ¢ ®HO-a, oT-
punarebHas MeX Ty dcTpaaroniom u MJI-4 u orcyTcTBHE accomanuii Mex Iy KOpTU30iI0M 1 iuroknHamu UJI-13
n NJI-10, mporecreporom u NJI-4, sctpagnonom n NJI-1p. [lonydyeHnHsie naHHbIE CBUACTEILCTBYIOT O HapyIIIe-
HUH B3aNMO/ICHCTBUS IMMYHHOH M 9HIIOKpUHHOHU CHCTeM, OajiaHca Ipo- M MPOTHBOBOCTIAINTEIBHBIX IINTOKUHOB

Y CBUHOMATOK C HOCJ'ICpOZ[OBOﬁ MaTOJIOTHEH.

KiroueBrnlie ciioBa: CBUHOMATKH, CYITIOPOCHOCTb, HUTOKUHBI, CTCPOUIHBIC TOPMOHLBI, KOPTHU30J1, TOCJICPOAOBAA

HaToJIOT U, KOPPLCIALUA

Benymyto pons B obecnieueHnn (pU3NOIOTHYE-
CKOI'0 TEYEHHUS CYIIOPOCHOCTH UIPAET UMMYHO3HIO-
KPHHHAs PETYISLUS, KOMIIOHEHTBI KOTOPOH B3aHMO-
JEHCTBYIOT MO MPUHLIMITY MPSIMOI 1 0OpaTHOH CBS3H,
U o0ecrneynBaoT MOPQOIOTHIECKUE, UMMYHOJIOTH-
YeCcKHe U aJanTallOHHO-KOMIIEHCATOPHbIE M3MEHe-
HMsI, HAlIpaBJICHHBIE Ha CO3/1aHKE YCIIOBUIL U151l pa3BU-
Ty wioaoB [1]. [Ipu aToM TecHas CBSA3b UMMYHHBIX
Y 9H/IOKPUHHBIX MEXaHHU3MOB PETYIIALNN TOME0CTa3a
onpenenseT KIMHUYECKNE TPOSABICHUS pa3BUBILINXCS
HapyIlIeHUi, B TOM YHCIIe U BOSHUKHOBEHHE ITOCIIEePO-
JIOBOM ITaTOJIOTHU.

KitoueByro ponb B pa3BUTHUH BOCHAIUTEIbHO-
IO MPOLECCa UTPArOT IUTOKMHBI — MEANATOPBI MEK-
CHUCTEMHOT'O B3aMMOJICHCTBHS, yYACTBYIOLIUE B PETY-
JSIMM TIPOLIecca OIUIOAOTBOPEHHS, (OPMUPOBAHHUS
U Pa3BUTHSI OPTraHOB IIOJOB, MOJATOTOBKU K OMOPO-
cy. B Teuenne cynopocHOCTH Ka)IOMy MEPHOIY CO-
OTBETCTBYET ONPEIeJICHHbII INTOKUHOBBIN IPO(PUIIb,

OTpa’KaroIUil B3aMMOOTHOILLICHUS B CUCTEME «MaTh-
VIO U MEXaHU3MbI HEHPOT'yMOPAIbHON PETYIISALIUY.
B HacTosiee BpemMsi yCTaHOBJICHO, YTO B Havaje Cy-
MMOPOCHOTO Mepuoja JUIsl yCHEIHON MMIUTAaHTalluU
W TJIaleHTaluy HeoOXoauMa MOBBIIIIEHHAsT BBIPaOOT-
Ka TIPOBOCTIAJINTEIHHBIX IIUTOKWHOB U MPeo0Iaanne
Th1 kneTouHOr0 MMMYHHTETA, B JAITBHEUIIIEM IIUTO-
KUHOBBIM 0aJlaHC CMEIIaeTcsl B CTOPOHY MMMYHOCY-
MIPECCOPHBIX MEANATOPOB, HHAYyLHpYIomux Th2 nm-
MYHHBIN OTBET [2, 3].

Hapsy ¢ nurokuHaMu 3HAYUTENFHOE PETYIATOP-
HOE BJIMSIHUE OKa3bIBAIOT CTEPOUIHBIE TOPMOHBI: KO-
THU30J1, IPOre€CTEPOH, CTPAANOI, KOTOPbIE BbIpadaThl-
BAIOTCS ¢ y4yacTueM ()eTOIUIAIleHTaAPHOTO KOMITJICKCA.
Onu o6ecnieunBaroT pyHKIMOHAIBHYIO T dhepenima-
L0 SH/IOMETPHAIBHBIX CTPYKTYP, MOOUITH3AIIMIO SHEP-
TeTUYECKUX PECYPCOB M IMMYHOCYIIPECCHIO B (hopMHu-
pYIOILEHCs cucTeMe MaTb-3apOAbILI-IUION, HEOO0X0au-
MBIX JIJISl UMITTAHTAIAN 1 TUTAleHTaIue SMOpHoHa [4].
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MHoro4nciaeHHbIe paOboThl B 00JIACTH TYMaHHON
MEJIUIMHBI 110 U3YYSHUIO B3aUMOCBSI3U MEXK/Ty IIUTO-
KMHaMM ¥ TOPMOHAMH, a TaKXKe MEXAYy IIpo- U Mpo-
THUBOBOCIIAJIUTEIbHBIMU MEAMATOPAMH, IPOLYLIUPYe-
MBIMH pa3uaHbIME cyonomymsusiMu T-kmnetok (Th1/
Th2) [5—7], yka3bIBaloT Ha aKTyaJIbHOCTh aHAJIOTHY-
HBIX UCCIICIOBAaHUI B BETEPHUHAPHH.

B cBs31 € BBIIIECKA3aHHBIM LIEIbIO UCCIETOBAHUN
CTaJja OLleHKa TOPMOHAJIBHOTO U IUTOKMHOBOTO CTaTy-
ca CBUHOMATOK B TIEPHOIBI 10 OCEMEHEHUSI M CYTIOPOC-
HOCTH M U3y4YCHHE KOPPEISILIUOHHBIX CBSI3EH MEXKIY
mpo- (UJI-1B3, ®HO-0)) ¥ npoTUBOBOCTATUTEILHBIMU
(1JI-4, NJI-10) uuToKMHAMH ¥ TOPMOHAMH: KOPTH-
30JI0M, IPOr€CTEPOHOM, 3CTPATHOJIOM Y CBUHOMATOK
KJIMHAYECKH 340POBBIX U C pa3BUBILEICS NaTOIOTHU-
el mociie omnopoca.

MATEPHUAJIBI U METO/ bl
UCCJIEJOBAHUM

Ji1s IpoBeIeHSI KiCCIICTOBAHMA OBLITH TIOA00PAHBI
KITMHIAYECKH 37I0POBBIE CBHHOMATKH TOMECHBIX TIOPOT
3—4 omopoca (rn = 12) B mepuo rociie orbemMa nopo-
cs1T. ONBIT IPOBOIUIIN B COOTBETCTBUU C TPpeOOBaHUsI-
MU JCHCTBYHOUIUX MEXIYHAPOAHBIX U POCCHUUCKUX
3akoHonaTeNbHbIX akToB ([upexruBa 2010/63/EU
ot 22.09.2010, EBponeiickoii korBeniuu (ETS123),
Strasbourg, 1986), a Taxke TpeOOBaHMIT KOMUCCUHI
o Ouostuke ®I'BHY «BHUBUII®uT» (nmpoTokon
Ne 1-02/23 ot 10.02.2023 ). YpoBeHb HUTOKHHOB:
unTepneiikuna-1p (UJI-1p), hbakropa Hekpo3a ormyxo-
m-o (PHO-a), marepneiikuna-4 (MJ1-4), uarepneiiku-
Ha-10 (MJI-10), ¥ TOpMOHOB: KOPTH30J1a, IIPOTeCTepOHa
Y 3CTPaUOoIIa ONPE/ISIISLTN B KPOBU OT CBHHOMATOK 32
5—7 nueit no ocemenenus, Ha 38—40 u 78—=81 cyr-
KU CyTIOPOCHOCTH METOJIOM UMMYHO(EPMEHTHOTO aHa-
nu3a (MDA) ¢ mocneayronmm yaeToM pe3ysibTaToB Ha
criekTpodoromeTpe « YHUIIIaH-TM» B COOTBETCTBHH
C YTBEP)KICHHBIMH HACTABJICHUSMHU K JIMArHOCTHYC-
CKUM Habopam.

[Tocne momy4eHus pe3yasTaToB ObLT TPOBEICH pe-
TPOCIIEKTUBHBIN aHaIN3, B X0JIe KOTOPOTO, B 3aBHCH-
MOCTH OT XapakTepa TeUeHHs y CBHHOMATOK T10CIIepo-
JTIOBOTO TIEpHOIa, )KUBOTHBIX Pa3/IEIIIIN Ha 2 TPYIIIIHL:
I (n=7) — cBUHOMATKH, OCTABIIHECS KIMHHYECKU
310poBbIMHU, I (7 = 5) — KHUBOTHBIE, Y KOTOPBIX T10O-
clie 0Iopoca PErUCTPUPOBAIIA OCTPBIN THOMHO-KaTa-
panbHbIN dHAOMETPUT U MMA (MeTpuT-MacTUT-ara-
JIAKTHIO).

CrarucTUYecKuil aHaIHU3 MONYYeHHBIX JaHHBIX
U JIOCTOBEPHOCTh Pa3IMYUN OCYIIECTBISUIH C TI0-
MOIIBIO MPUKJIAJHBIX KOMIIBIOTEPHBIX MPOTPaMM
«Statistica 10.0» (Stat Soft Inc., CIIIA) u Microsoft

Excel. Pe3ynbrarsl nccnenoBaHuii mpeacTaBICHBI
B dopmare Me (Q25 %; Q75 %), rne Me — meana-
Ha, Q25 % u Q75 % — xBaptuinu. OLeHnBalIach 3Ha-
YUMOCTb Pa3IMYMid BHYTPH TPYIIT U MEKAY TPYIIaMH
¢ momoibio kpurepusd Manna — Yutau. Haubonee
Ba)KHBIMM CUMTAJIM Pa3Id4Msl MEXIY I10Ka3aTess-
MU CO CTEIIEHBIO JOBEPUTEIBLHONW BEPOATHOCTH 95 %
u Beiie (p < 0,05).

Mexay BCEMH HCCIIENyEeMbIMH MOKa3aTeIsIMU
OTIpeAeIsU KOdYPPUIMEHT PAHTOBON KOPPEISIIIHH
CripMeHa, MoKa3bIBAIOIINIA CTENCHB 3aBUCHMOCTH O/1-
HOTO IpU3HAaKa oT Apyroro. Jlis OLeHKH CUJIbl B3au-
MOCBSI31 HCIIOJIb30BAJIM LKAy Yemmoka, Ipu KOTOpOi
r,=0,7—1,0 — COOTBETCTBYET BBICOKOH CHIIE KOpPE-
wsanmm, r, = 0,3—0,7 — cpennen, r = 0,1—0,3 — cra-
00 crite KOppesHH.

PE3YJIBTATHI UCCJIEJOBAHUM
N OBCYXKIAEHUE

IIpu cpaBHUTETHPHOM aHAJIN3E COAEPIKAHMS IIUTO-
KHHOB YCTaHOBJICHO, YTO YK€ IO OCEMEHEHHS y CBH-
HOMATOK C TIOCJIEPOJIOBOM MATOIOTHEH yPOBHH IPOBOC-
NaTUTEBHBIX UTOKWHOB U IPOTHBOBOCTIAIUTEIBHBIX
MEIMaTOPOB OTIMYAIHNCH OT X COACPKAHUA Y KIMHU-
YEeCKH 37I0POBBIX KHBOTHBIX (TalIMI. 1).

Tax xommuecto UJI-1 n ®HO-a, sBastonmxcs
KITFOUeBBIMH IINTOKWHAMH BOCITaJICHH S, OBIJIO BBIIIIE HA
17,91 16,0 %, a 11JI-4 u 1JI-10, oka3pIBaromux OpoTHU-
BOBOCITAJIMTENILHOE JicHicTBHUE, HIbke Ha 14,1 1 9,5 %.
BrIsBiIeHHBIE pa3InYMsl COXPAHSINCH U B IEPUOJ CY-
nopocHocth: Ha 38—40 nuu yposuu UJI-18 u ®HO-a
MIPEBBIIIANTA aHAJOTHYHBIE MTOKA3aTEeTH KUBOTHBIX
nepBol rpynmnsl Ha 21,4 u 30,0 %, a Ha 78—81 cyt-
ku: Ha 18,8 u 18,5 %. Konuentpanuu 1MJI1-4 u NJI-10
octaBaynuch Huxke Ha 14,8 u 13,2 % (38—40 nHn);
nHa 14,9 u 13,7 % (78—81 cyTku) COOTBETCTBEHHO.

[Ipeobnamanne MUTOKWHOB, MHAYIIUPYIOIINX pa3-
BHUTHE BocTIasieHUs U T hepeHITIpoBKY TUMGPOIIUTOB
o Th-1- ¢eroTuy Hax Meauaropamu, oOecriedrBa-
IOLIMMH aKTHBALMIO HIMMYHOCYTpeccopHbIx Th-2 —
TUM(OIHUTOB y 3a00JIEBIINX CBUHOMATOK TOBIIHUSIIO
Ha TIOBBIIIIEHUE 3HAYEHHs INTOKUHOBOTO MHJIEKCa BO
BCE TIepuonbl uccienoBanus B 2,7; 1,4 u 1,5 paza mo
CPaBHEHHIO C €r0 3HaYEHNEM Y 3I0POBBIX CBUHOMATOK.

TopmoHanbHbIN cTaTyC, HaXOASIIUKUCA B TECHOU
B3aMMOCBSI3H C IIUTOKHMHOBBIM NMPO(UIEM, Y CBHHO-
MAaTOK C IIOCJIEPONOBOI MAaTOJIOTHEH, 110 CPABHEHUIO
C TaKOBBIM y 3/TOPOBBIX KHUBOTHBIX, XapaKTeprU30Ba-
Cs1 TIOBBIIIIEHHBIM KOJIMYECTBOM KopTu3oia Ha 14,6 %
JI0O OCEMEHEHHsSI M CHHKEHHEM eTr0 KOHIICHTpAIlH Ha
8,91 10,8 % na 38—40 u 78—81 qHM cynopocHOCTH
COOTBETCTBEHHO (TabI. 2).
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Taonauna 1
L{umoxunoswitl npoghunb CGUHOMAMOK
Jlo oceMeHeHus Cpok CynopoOCHOCTH, CYyTKU
[Tokazarenu T'pynna
38—40 78—81

I 5,6 [3,4; 4,5] 7,0 [6,9;7,3] 6,4 [5,9;6,7]
WJI-1p, or/mn

I 6,6 [6,33;7,2] 8,5 [8,4:8,5]" 7,6 [7,4;,7,71"

I 2,5[1,8;2,2] 3,0[2,7;3,6] 2,7[1,8;3.,4]
®HO-a, rr/mi

I 2,912,8;2,9] 3,9[3,8:4,0]" 3,2 [3,0:3,7]

I 6,1 [5,9;6,4] 6,7 [5,4;8,1] 7,11[6,5;7,6]
WNJI-4, nr/mn

I 5,2 [4,8;5,6]" 5,7 [5,0;6,5] 6,1 [6,0;6,5]"

I 6,3 [5,9;6,6] 6,8 [6,3;7,2] 7,316,7;8,1]
NJI-10, r/mir

I 5,7 [5,4;5.9] 5,9 [5,2;6,0]" 6,3[6,1;6,7]"

I 0,6 [0,4;0,5] 0,8 10,7;0,8] 0,6 [0,6;0,7]
U Th1/ Th2

II 1,6 [1,9;2,0]° 1,1 [1,0;1,2] 0,9 [0,8;0,91™

IIpumeuanue: 3HaYCHUS TIpeACTaBIeHbI B BUjae Me [Q25;Q75]

I rpynima — 310poBbIe )KUBOTHBIE; I Tpymima — 3a0oJeBIre mocie 0nopoca CBUHOMATKH
* p<0,05—0,001 OTHOCHTEIBHO 3J0POBBIX )KUBOTHBIX
“p <0,05—0,001 oTHOCUTENHHO MPEABIIYIIETO IEPHO/IA

Tadauma 2
Topmonanvhbvlii cmamyc c6UHOMAMOK
o ocemeHenus CpoK CyIIOpOCHOCTH, CYyTKH
[okazarenu I'pynna
38—40 78—81

TporecTepon, I 6,4 [5,7;7,2] 81,0 [74,6;89,7]" 107,1 [103,2;111,4]"
HMOJB/TT I 6,1 [5,6:6,9] 75,8 [71,9;79,6]" 96,2 [90,4;101,2]

I 3,3 [2,9;4,0] 3,2 [2,7;3,6] 3,8 [3,6:3.,9]
DcTpaauon, HMOJIb/ I

I 2,6 [2,7;3,2] 2,7 [2,4;3,1] 2,7[2,1;3,0]°
Tporectepon/ I 1,8 [1,7;2,0] 26,3 [22,1;28,8]" 29,9 [29,2;30,4]
3CTPajHoN 1l 2,5[1,9;3,1] 28,3 [25,6; 29,41 36,4 [29,0;41,4]

I 198,8 [155;232] 265,3 [197;313]* 273,9 [197;329]
Kopruzomn, HMoib/1

I 227,9 [182;268] 241,6 [236;275] 244,2 [231;257]

IIpumeuaHue: 3HaUCHUS TIpeaCcTaBiIeHb B Bujae Me [Q25; Q75]

I rpynma — 3mopoBele KUBOTHEIE; I rpymma — 3a0oseBmue mocie onopoca CBUHOMATKA
* p <0,05—0,0010THOCHUTENBHO 30POBBIX KHBOTHBIX
* p <0,05—0,001oTHOCHTETHHO MPEABIAYIIETO TIEPHOIa
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KopTtuzon, akTuBHO y9acTBYIOUTUI B MO AEpKa-
HUU HEUPOIHIOKPUHHOM PErysiiuy I10JIOBOTO LIUKJIA
[8], ctocoOcTBYeT (pru3moNOTHYECKOMY TEUSHHIO Oe-
PEMEHHOCTH, OKa3bIBAET PETYITHPYIOIIEe BO3ICHCTBIE
Ha COCYIUCTYIO CHCTEMY, 00eperaeT OpraHu3M OT BO3-
HUKHOBCHHA BOCHAJIUTCIIbHBIX ITPOLECCOB 1 B03Heﬁ-
cTBUS CTpeccoB [ 7]. CHIKEHHE KOTMIeCTBa KOPTH3071a
y 3a00JIeBITNX CBUHOMATOK MOYKET CBH/ICTEIbCTBOBATh
00 yrHeTeHHH OOMEHHBIX MTPOIECCOB U (DeTOoIIaeH-
TapHON HEJ0CTaTOYHOCTH, a TaKXXe CIOCOOCTBOBATh
BO3HUKHOBEHHIO MIATOJIOTUH BO BPEMsI CYITIOPOCHOCTH
1 TI0CJIe Onopoca.

Copnepxanue TporecTepoHa, 00ecreunBaroIero
B (U3NOIOTUYECKUX KOHIIEHTPAIUSAX CEKPETOPHYIO
1 TpopUIeCcKyIo GYHKIINIO MaTKH, U dCTPaNoia, He-
00XOAMMOTO JJIsSi COXPAHEHUS U MOJJCPKAHUS CYIIO-
POCHOCTH, Y CBUHOMATOK C TIOCJIEPOJIOBO# ITaTOJIOTHEH
OBLIIO HUKE BO BCE CPOKM MCCiieoBanus Ha 4,7; 6,4;
10,2 % u na 15,6; 21,2; 28,9 % COOTBETCTBEHHO, 110

CpaBHCHUIO C X KOJNYECTBOM Y 3JO0POBbIX CBUHOMA-
ToK. [ Ipn 5TOM 3HaYeHHNE COOTHOIIEHHS TPOTeCTEPOH/
ACTpaanoi y HUX ObLIO BhITIe Ha 38,9; 7,6 1 38,9 % co-
OTBETCTBEHHO, YTO yKa3bIBaeT Ha Mpeo0IIajaHue mpo-
TeCTePOHEMHUU B H3YUCHHBIC ITEPHOJIBI.

Jly1s yCTaHORBJIGHUS CYIIECTBYIOIIUX B3aUMOCBS-
3€i UCCleNyeMBbIX MOKa3aTelleld MPOBEIN PaHTOBBIM
KOPPETSIMOHHBIN aHanmu3 1o Crimpmeny (puc. 1), ko-
TOPBIN TIOKa3aj HaJIM4YWEe OTPUIIATEIHHON KOppeIs-
[IMOHHOW CBSI3U B 00X TpyMIax MEXIy KOPTH30-
soM # actpaauonoM (r =—0,72 n —0,40), kopTuzoaom
u iporecteporoM (7 = —0,54 1 —0,58), 1 MOTOKHUTETTB-
HOW acCOIMAaINU MEX Ty POTECTEPOHOM H 3CTPaINO-
noM (r = 0,70 u 0,54). OnHako, y 3a00JIE€BIINX CBHHO-
MaTOK CTENEeHb BBIPAKCHHOCTH KOPPEISIIIAA MEXITY
KOPTHU30JIOM U ICTPATUOJIOM, a TaKXKe MPOTrecTepo-
HOM U ACTParoyioM Obuta Hrke Ha 44,4 u 22,9 % co-
OTBETCTBEHHO I10 CPABHEHUIO C MOKA3aTEIIIMHU 3/[0PO-
BBIX KHBOTHBIX

KopTuzon

CTpagnon *inl'[pﬂrewepon

3,[[0 POBBIE CBHHOMATKH

Koptuzon

(_

AcTpaanon porecTepoH

CBHHOMATKH
C MOCIEPOAOBOI MATOJIOTHEH

Puc. 1. B3aumocBsi3b TOpMOHAJIBHON M IUTOKMHOBOM PEryNSLMU B IEPUOJ cynopocHocTH (p < 0,05)

[pumeyanue: (+) — noaoXUTEIbHAS KOPPEIALNSA
(—) — oTpunarenbHas KOppessiiusi

[Ipu omeHke BIWSHUS YPOBHS TOPMOHOB Ha JKC-
IIPECCHIO ITATOKWHOB B TEUEHHE CYIIOPOCHOCTH Y 3]10-
POBBIX CBHHOMATOK YCTAHOBJICHA IMOJIOKUTEIbHAS
B3auMocBs3b kopruzona ¢ UJI-1P (» = 0,47) u UJI-10
(r=10,30); mporecrepona ¢ JI-4 (r = 0,41) u orpuna-
TeIbHAsT KOPPEISus Mexay dcTpanuonom u UJI-13
(r=-36). B To:xe Bpems y 3a00JIEBIITUX ITOCIIE OTIOPO-
ca CBHHOMATOK MEXTy TAHHBIMH TIOKa3aTeIISIMHU OTCYT-
CTBOBaJIa BEIPAKCHHASI B3AUMOCBSI3b, [TPH 3TOM Y HUX
ObLI1a BBISIBICHA MTOJIOKUTENbHASI KOPPEIISILIUS MEXKTY
nporecrepoHoM U ®HO-a (= 0,32) u oTpunarensb-
Hass — Mexay dctpaaunonom u UJI-4 (r =-0,40).

[Tpu n3yueHnn B3anMOCBs3€i IUTOKMHOBOTO TIPO-
(bniist y 370pOBBIX U BIIOCIIEACTBHU 3a00JIEBIINX JKH-

BOTHBIX OTMEUEHO HAJIMYHUE TOJIOKUTEIEHOW KOppe-
nsiun Mexny MJI-1B u ®HO-a (r=0,36; »=0,30),
WII-1B u UJI-10 (r = 0,51; » = 0,50) COOTBETCTBEHHO.
ITpu 3TOM y 310pOBBIX CBUHOMATOK YCTAHOBJICHA ITPSi-
Mmas B3aumocssss UJI-4 ¢ MJI-1B (r=0,51), PHO-a
(r=20,67) u WI-10 (»=0,55); u ®PHO-a ¢ UJI-10
(r=0,64).

Y )KUBOTHBIX 00CHX TPYIIIT BBISIBIICHA OTPUIIATEIb-
Hasi KOPPEJISIUsl CPOKa CYIIOPOCHOCTH C KOHIICHTPA-
el koptuzona (» = —0,75; r = —0,49) 1 TOAOKUTEIB-
Has CBSI3b C comepykanueM mporecrepona (» = 0,70;
r=0,54) u sctpanuona (r = 0,94; » = 0,81), koTopbie
ObLTH HanboJIee BRIPAXKEHHBIE Y 31I0POBBIX )KUBOTHBIX.
Kpome Toro, y KITMHUYECKH 370POBBIX CBHHOMATOK
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YCTaHOBJIEHA O0paTHasi KOPPEIAIUSI MEXKIY KOInde-
ctBoM MJI-1B u cpokom cynopocHoct (r = —0,30), 9To
COOTBETCTBYET KOHIICTIIIH «OePEeMEHHOCTh Kak (peHo-
MmeH Th-2» npu KOTopoit oTMedaeTcsi JOMUHHPOBAHHE
MIPOTHBOBOCHATUTEIBHBIX IIATOKMHOB U CHH)KEHHE CO-
JiepKaHus TIPOBOCTIATIUTEILHBIX METUATOPOB C Teye-
HUeM OepeMeHHocTH [2, 3].

BrisiBIICHHBII OBBILIEHHBIH YPOBEHb NPOBOCHA-
JUTETHHBIX U TOHIKEHHOE COJIepKaHNe MTPOTHBOBOC-
MAJIUTENbHBIX [IUTOKUHOB 10 OCEMEHEHHUS U B MEPH-
0] CYIIOPOCHOCTH Y BIIOCJICICTBUH 3a00JICBIINX CBU-
HOMATOK CBHJIETEIILCTBYET O MPEAPACTION0KEHHOCTH
K Pa3BUTHIO BOCTIATUTEIHHBIX MTPOIIECCOB. IMMyHHBIE
MeXaHU3MBI HTPAIOT PEMIAIONIYI0 POJIh BO B3aUMOOT-
HOLICHUSX «MAaTh-IJIOA», P 3TOM TOPMOHBI Oepe-
MEHHOCTH WHIYLIHPYIOT U3MEHEHHUs B MOIMYJIALMIX
U (QYHKIHUAX UMMYHHBIX KJIETOK, CIIOCOOCTBYSI UM-
MYHHOU TOJIEPAHTHOCTH, CHUXKAs dKCIIPECCHIO OC-
HOBHBIX OCJIKOB THCTOCOBMECTUMOCTH TpodhoOia-
CTOM, PEMOJIETTUPOBaHUE TKaHeH 1 anruorenes [9, 10].
I'opMoHasbHBIE U UMMYHHBIE CIBUTH, PETUCTPUPYIO-
HIMecs B MPOLIECCE CYTIOPOCHOCTH Y 3/I0POBBIX JKUBOT-
HBIX, B YaCTHOCTH yBeIHUeHUE KOHIeHTpamu 1JI-4
M CTa0MIIBHO BBICOKHE YPOBHH MTPOT€CTEPOHA MMPHUBO-
JIT K CABUTY UMMYHHOTO Oananca B ctopoHy Th-2
Y eT0 MOJIePIKaHuIO0 J0 TIEpUHATATIFHOTO TIEPHO/IA.

BrlsiBlIeHHBIE KOPPENALUOHHBIE B3aUMOCBSA3H Me-
K1y UI3MEHEHMSAMH B YPOBHSX KOPTH30J1a M IMTOKMHOB
WJI-1p u NJI-10 y KTMHUYECKH 3J0POBBIX CBHHOMATOK
M OTCYTCTBHE HX y 3a00JI€BIINX )KHBOTHBIX, 00YCIIOB-
JIEHBI CITIOCOOHOCTHIO KOPTH30JIa OTBEYaTh (PYHKIINO-
HaJILHOW aKTHBaluel Ha nosblmieHue ypoBHs IL-10
U 3aBUCHUT OT COCTOSIHUSI UMMYHHOU cucTeMbI [11].

TTosiBieHME MPAMON B3aUMOCBSI3H MEKLy MpOTe-
creporoM 1 @PHO-o 1 06paTHOM KOPPETAIUN MEKTY
actpaguonioM U NJI-4 y cBUHOMATOK C TOCIEPOI0-
BOH TaTOJIOTHEH TaK)Ke CBHJETEIHCTBYET O HATMIUN
BOCHAJINTENILHOTO MPOLIECCA B OPTaHU3ME, TOCKOJIBKY
Y KIIMHUYECKH 37I0pPOBBIX CBUHOMATOK YCTaHOBJIEHHBIE
B3aMMOCBSI3H HE BBISBISUINCE.

3AKJIFOYEHUE

[Tomy4yeHHbIE pe3yIbTaThl CBUAETENHLCTBYIOT O BBI-
PpaKeHHOU B3aUMOCBSI3U LIMTOKMHOBOU U SHJOKPUHHON
peryisiuu Bo BpeMs CynopocHOCTH. [Ipu aTom y knu-
HUYCCKHU 3J0POBbLIX CBUHOMATOK OTMCYCHLI ITPAMBIC
1 00paTHBIC KOPPEIISAITUN 3aMETHOH 1 BEICOKOH CTeTe-
HU, a Y )KUBOTHBIX C ITOCJIEPOAOBOM MATOIOTHEH BBI-
SIBIICHBI B OCHOBHOM YMEPEHHEBIE U CIIa0ble KOppes-
uuu. HapyuieHue uim oTCyTCTBHE KOPPEISILUOHHBIX

TEJIBCTBYET O MPOSBICHIUH HMMYHOAEC(PHUIIUTHOTO CO-
CTOSIHUSI, CTIOCOOCTBYIOIIETO K BOBHUKHOBEHHIO T10-
CIIEPOJIOBOM MATOJIOTHH.
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RELATIONSHIP OF HORMONAL AND
CYTOKINE REGULATION IN PREGNANT
SOWS WITH POSTPARTUM DISEASES
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Galina Vasilyevna Nikonenko, Kristina Olegovna Akulova

All-Russian Veterinary Research Institute of Pathology, Pharmacology
and Therapy, Voronezh, Russia, L.yu.sashnina@mail.ru®™

Abstract. The article presents the results of studying the relationship of pro-inflammatory cytokines (interleu-
kin-1p, tumor necrosis factor-a), anti-inflammatory mediators (interleukin-4, interleukin-10) and hormones (cor-
tisol, progesterone and estradiol) in clinically healthy pregnant sows and diseased after farrowing. Blood for re-
search was taken 5—7 days before insemination and on days 38—40, 78—S81 of gestation. After farrowing, ac-
cording to the results of a retrospective analysis, the animals were divided into 2 groups: clinically healthy and
with postpartum pathology. As a result of the correlation analysis according to Spearman, a significant relation-
ship between the studied indicators was established in sows of both groups. In the group of sows with postpar-
tum pathology, a positive correlation of progesterone with TNF-o was revealed between the indicators of cyto-
kine and hormonal status, a negative correlation between estradiol and IL-4 and no associations between cortisol
and cytokines IL-1f and IL-10, progesterone and IL-4, estradiol and IL-1f. The data obtained indicate a viola-
tion of the interaction of the immune and endocrine systems, the balance of pro- and anti-inflammatory cytokines

in sows with postpartum pathology.

Keywords: sows, gestation, cytokines, steroid hormones, cortisol, postpartum pathology, correlation

The leading role in ensuring the physiological
course of gestation belongs to immunoendocrine reg-
ulation, the components of which interact according
to the principle of direct and indirect relationship,
and provide morphological, immunological and adap-
tive-compensatory changes aimed at creating condi-
tions for the development of fetuses [1]. At the same
time, the close connection between the immune and
endocrine mechanisms of homeostasis regulation de-
termines the clinical manifestations of the developed
disorders, including the occurrence of postpartum pa-
thology.

A key role in the inflammatory process develop-
ment belongs to cytokines — mediators of intersys-
tem interaction involved in the regulation of the fer-
tilization process, the formation and development of
fetus organs, and preparation for farrowing. During
gestation, each period corresponds to a certain cyto-
kine profile, reflecting the relationship in the moth-
er-fetus system and the mechanisms of neurohumoral
regulation. It has now been established that at the be-
ginning of the gestation period, successful implanta-
tion and placentation require an increased production

of pro-inflammatory cytokines and the predominance
of Th1 cellular immunity; later, the cytokine balance
shifts towards immunosuppressive mediators that in-
duce a Th2 immune response [2, 3].

Along with cytokines, steroid hormones (corti-
sol, progesterone, estradiol), which are produced with
the participation of the fetoplacental complex, have a
significant regulatory effect. They provide function-
al differentiation of endometrial structures, mobiliza-
tion of energy resources and immunosuppression in
the developing mother-embryo-fetus system, which
are necessary for implantation and placentation of the
embryo [4].

Numerous works in the field of human medicine
on the study of the relationship between cytokines and
hormones, as well as between pro- and anti-inflamma-
tory mediators produced by various subpopulations
of T cells (Th1/Th2) [5—7], indicate the relevance of
similar studies in veterinary medicine.

In connection with the above, the objective of the
research was to assess the hormonal and cytokine sta-
tus of sows in the periods before insemination and
gestation and to study the correlations between pro-
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(IL-1B, TNF-0) and anti-inflammatory (IL-4, IL-10)
cytokines and hormones (cortisol, progesterone, estra-
diol) in clinically healthy sows and with the patholo-
gy developed after farrowing.

MATERIAL AND METHODS

Clinically healthy sows of mixed breeds of 3—4
farrowings (n = 12) were chosen for the research in
the period after weaning.

The experiment was carried out in accordance
with the requirements of the current international
and Russian legislative acts (Directive 2010/63/EU
dtd. September 22, 2010, the European Convention
(ETS123), Strasbourg, 1986), as well as the require-
ments of the Commission on Bioethics of FSBSI
“ARVRIPP&T” (protocol No. 1—02/23 dtd. February
10, 2023). The level of cytokines (interleukin-1
(IL-1B), tumor necrosis factor-o. (TNF-a), interleu-
kin-4 (IL-4), interleukin-10 (IL-10)) and hormones
(cortisol, progesterone and estradiol) were determined
in the blood from sows 5—7 days before insemina-
tion, on days 38—40 and 78—81 of gestation by en-
zyme immunoassay (ELISA) with subsequent consid-
eration of the results on the Uniplan-TM spectropho-
tometer in accordance with the approved instructions
for diagnostic kits.

After receiving the results, a retrospective analy-
sis was carried out, during which, depending on the
nature of the course in sows of the postpartum period,
the animals were divided into 2 groups: I (n=7) —
sows that remained clinically healthy, II (n =5) —
animals, in which after farrowing, acute purulent-ca-
tarrhal endometritis and MMA (mastitis-metritis-aga-
lactia) were recorded.

Statistical analysis of the data obtained and the
significance of differences were carried out using the
Statistica 10.0 software (Stat Soft Inc., USA) and
Microsoft Excel. The research results are presented in
the Me format (Q25 %; Q75 %), where Me is the me-
dian, Q25 % and Q75 % are quartiles.

The significance of differences within groups
and between groups was assessed using the Mann —
Whitney test. Differences between indicators with a
confidence level of 95 % and higher (p < 0.05) were
considered the most important. Between all the stud-
ied indicators, the Spearman rank correlation coeffi-
cient was determined, showing the degree of depen-
dence of one feature on another. To assess the strength
of the relationship, the Chaddock scale has been used,
in which r, = 0.7—1.0 — corresponds to a high cor-
relation strength, r, = 0.3—0.7 — medium, r = 0.1—
0.3 — weak correlation strength.
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RESULTS AND DISCUSSION

A comparative analysis of the content of cyto-
kines found that in the sows with postpartum pathol-
ogy, the levels of pro-inflammatory cytokines and an-
ti-inflammatory mediators differed from their content
in clinically healthy animals already before insemina-
tion (Table 1).

Thus, the amount of IL-1p and TNF-a, which are
the key cytokines of inflammation, was higher by 17.9
and 16.0 %, and IL-4 and IL-10, which have an anti-in-
flammatory effect, were lower by 14.1 and 9.5 %. The
revealed differences persisted during gestation period:
on days 38—40, the levels of IL-1 and TNF-a exceed-
ed those of the animals of the first group by 21.4 and
30.0 %, and on days 78—81 — by 18.8 and 18. 5 %.
The concentrations of [L-4 and IL-10 remained low-
er by 14.8 and 13.2 % (days 38—40) and by 14.9 and
13.7 % (days 78—81), respectively. The predominance
of cytokines that induce the development of inflam-
mation and differentiation of lymphocytes according
to the Th-1 phenotype over mediators that ensure the
activation of immunosuppressive Th-2 lymphocytes in
diseased sows affected the increase in the value of the
cytokine index in all periods of the study by 2.7, 1.4
and 1.5 times compared to its value in healthy sows.

The hormonal status, which is closely related to
the cytokine profile, in the sows with postpartum pa-
thology, compared with that in healthy animals, was
characterized by an increased amount of cortisol by
14.6 % before insemination and a decrease in its con-
centration by 8.9 and 10.8 % on days 38—40 and 78—
81 of gestation, respectively (Table 2).

Cortisol, which is actively involved in maintain-
ing the neuroendocrine regulation of the sexual cy-
cle [8], contributes to the physiological course of ges-
tation, has a regulatory effect on the vascular system
and protects the body from inflammation and stress
[7]. A decrease in the amount of cortisol in diseased
sows may indicate inhibition of metabolic processes
and fetoplacental insufficiency, as well as contribute
to the occurrence of pathologies during gestation and
after farrowing. The content of progesterone, which
provides secretory and trophic function of the uterus
in physiological concentrations, and estradiol, which
is necessary to maintain gestation, in sows with post-
partum pathology was lower in all periods of the study
by 4.7, 6.4, 10.2 % and by 15.6, 21.2, 28.9 %, respec-
tively, compared with their number in healthy sows. At
the same time, the value of the ratio of progesterone/
estradiol in them was higher by 38.9, 7.6 and 38.9 %,
respectively, which indicated the predominance of pro-
gesteronemia in the studied periods.

Bulletin of Veterinary Pharmacology « No. 2 (23) « 2023

Relationship of hormonal and cytokine regulation in pregnant sows with postpartum diseases

Table 1
Cytokine profile of sows
Before insemination Period of gestation, d
Indicators Group
38—40 78—81

I 5.6 [3.4;4.5] 7.0[6.9;7.3] 6.4[5.9;6.7]
IL-1B, pg/ml

I 6.6 [6.33;7.2] 8.5[8.4;8.5]"" 7.6 [7.4,7.71"

I 2.5[1.8;2.2] 3.0[2.7;3.6] 2.7[1.8;3.4]
TNF-a, pg/ml

I 2.9[2.8;2.9] 3.9[3.8;4.01" 3.2[3.0;3.71

I 6.1[5.9;6.4] 6.7 [5.4;8.1] 7.1[6.5;7.6]
IL-4, pg/ml

I 5.2 [4.8;5.6] 5.7 [5.0;6.5] 6.1[6.0;6.5]"

I 6.3 [5.9;6.6] 6.8 [6.3;7.2] 7.316.7;8.1]
IL-10, pg/ml

I 5.7[5.4;5.9] 5.9 [5.2;6.0] 6.3[6.1;6.7]"

I 0.6 [0.4;0.5] 0.8 [0.7;0.8]" 0.6 [0.6;0.7]
Th1/ Th2

I 1.6 [1.9;2.01° 1.1[1.0;1.2] 0.9 0.8;0.91™

Note. Values are presented as Me [Q25; Q75]
Group [ — healthy animals; Group I — diseased sows after farrowing
* p<0.05—0.001 relative to healthy animals
* p<0.05—0.001 relative to the previous period

Hormonal status of sows

Table 2

Before insemination

Period of gestation, d

Indicators Group
38—40 78—81

I 6.4[5.7;7.2] 81.0 [74.6:89.7]" | 107.1[103.2;111.4]
Progesterone, nmol/L

i 6.1 [5.6;6.9] 75.8 [71.9;79.6]* 96.2 [90.4;101.2]

I 3.3 [2.9;4.0] 3.2[2.7;3.6] 3.8[3.6;3.9]
Estradiol, nmol/L

i 2.6[2.73.2] 2.7[2.4;3.1] 2.7[2.1:3.0]°
Progesterone/ I 1.8 [1.7;2.0] 26.3[22.1;28.8] 29.9[29.2;30.4]
estradiol i 2.5[1.9;3.1] 28.3 [25.6; 29.4]" 36.4 [29.0;41.4]

I 198.8 [155;232] 265.3 [197;313]° 273.9 [197;329]
Cortisol, nmol/L

i 227.9 [182;268]" 241.6 [236;275] 244.2 [231;257]

Note. values are presented as Me [Q25; Q75]
Group [ — healthy animals; Group I — diseased sows after farrowing
* p <0.05—0.001 relative to healthy animals
* p<0.05—0.001 relative to the previous period
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To establish the existing relationships of the stud-
ied indicators, a Spearman rank correlation analysis
was performed (Fig. 1), which showed the presence
of a negative correlation in both groups between cor-
tisol and estradiol (» =—0.72 and —0.40), cortisol and
progesterone (» = —0.54 and —0.58), and a positive as-
sociation between progesterone and estradiol (» = 0.70
and 0.54). However, in diseased sows, the degree of
correlation between cortisol and estradiol, as well as
progesterone and estradiol, was lower by 44.4 and
22.9 %, respectively, compared with healthy animals.

When assessing the effect of hormone levels on
the expression of cytokines during gestation in healthy
sows, a positive relationship between cortisol and
IL-1B (= 0.47) and IL-10 (» = 0.30) was established;
progesterone with IL-4 (» = 0.41) and a negative cor-
relation between estradiol and IL-1p ( = —36). At the
same time, in diseased sows after farrowing, there was
no pronounced relationship between these indicators,
while they showed a positive correlation between pro-
gesterone and TNF-a (» = 0.32), and a negative correla-
tion between estradiol and IL-4 (» = —0.40).

Cortisol

(+

INta 1L- 11.-4

Estradiol «—2 Progesterone

Healthy sows

Cortisol

(—.

IL-1f / TNFa  IL-10\gIL-4

-+
Estradiol O, Progesterone

Sows with postpartum pathology

Fig. 1. Relationship between hormonal and cytokine regulation during gestation (p < 0.05)

Note. (+) — positive correlation
(-) — negative correlation

When studying the relationships of the cytokine
profile in healthy and subsequently diseased animals,
a positive correlation was noted between IL-1 and
TNF-o (r=0.36; 7= 0.30), IL-1B and IL-10 (» = 0.51;
r=0.50), respectively. At the same time, in healthy
sows, a direct relationship was established between
IL-4 and IL-1B (»=0.51), TNF-a. (» = 0.67) and IL-10
(r=10.55), and TNF-a with IL-10 (» = 0.64).

Animals of both groups showed a negative correla-
tion between gestation period and cortisol concentra-
tion (r =—-0.75; r =-0.49), and a positive correlation
with the content of progesterone (» = 0.70; r = 0.54)
and estradiol (»=0.94; r=0.81), which were most
pronounced in healthy animals. In addition, in clini-
cally healthy sows, an inverse correlation has been es-
tablished between the amount of IL-1f and the gesta-
tional age (» =—0.30), which corresponds to the con-
cept of “gestation as a Th-2 phenomenon”, in which
there is a dominance of anti-inflammatory cytokines
and a decrease in the content of pro-inflammatory me-
diators during gestation [2, 3].

The revealed elevated level of pro-inflammatory
and reduced levels of anti-inflammatory cytokines be-
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fore insemination and during gestation in subsequent-
ly diseased sows indicates a predisposition to the de-
velopment of inflammatory processes.

Immune mechanisms play a crucial role in the
mother-fetus relationship, while gestation hormones
induce changes in immune cell populations and func-
tions, promoting immune tolerance, reducing the ex-
pression of major trophoblastoma histocompatibility
proteins, tissue remodeling and angiogenesis [9, 10].
Hormonal and immune changes registered during ges-
tation in healthy animals, in particular, an increase in
the concentration of IL-4 and consistently high lev-
els of progesterone lead to a shift in the immune bal-
ance towards Th-2 and its maintenance until the peri-
natal period.

The revealed correlations between changes in the
levels of cortisol and cytokines IL-1p and IL-10 in clin-
ically healthy sows and their absence in diseased ani-
mals are due to the ability of cortisol to respond with
functional activation to an increase in the level of IL-1(3
and depends on the state of the immune system [11].

The appearance of a direct relationship between
progesterone and TNF-a and an inverse correlation be-
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tween estradiol and IL-4 in the sows with postpartum
pathology also indicates the presence of an inflamma-
tory process in the body, since established relationships
were not detected in clinically healthy sows.

CONCLUSION

The results obtained indicate a pronounced rela-
tionship between cytokine and endocrine regulation
during gestation. At the same time, in clinically healthy
sows, direct and inverse correlations of a noticeable
and high degree were noted, and in the animals with
postpartum pathology, mostly moderate and weak cor-
relations were revealed. Violation or absence of cor-
relations in the cytokine and hormonal profile in dis-
eased sows after farrowing indicates the manifestation
of an immunodeficiency state that contributes to the
occurrence of postpartum pathology.
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Cpenn Bcex MHPEKIMOHHBIX 3a00JIEBAaHU CEITb-
CKOXO3STCTBEHHBIX JKUBOTHBIX, HAUOOJBIINHN YIeIb-
HBIH Bec 3aHUMArOT OoJe3Hu monofuska. [locne 6o-
JIe3HEeH KeNMyI0uHO-KUILIEYHOTO TpaKTa BTOPOE MECTO
3aHUMAIOT OOJIE3HU JBIXATEJIbHON CUCTEMBI (OKOJIO
30 %). OgauM U3 caMBIX PAcTIPOCTPAHCHHBIX 3a0071e-
BaHMI OPT'aHOB JIBIXaHUS Y MOJIOHSIKA SIBISIETCS OpOH-
xonHeBMOHU. JlaHHOE 3a00IeBaHe HAHOCUT 3HAYH-
TEJbHBIA 9KOHOMUYECKUH y1iepO, CKIIaIbIBalOIINNACS
u3 1esoro paga ¢paxropos. I uMeHHO mOATOMY Clle-
JIyeT MOBBIIATH 3)(HEKTHBHOCTH JIeueOHBIX ¥ TPOdH-
JTAKTHYECKUX MEPOTIPHUSITHH 0 CHIDKEHHUIO 3a001eBae-
MOCTH, OOJIETYeHHIO TSHKECTH TEUCHHS OOJIE3HH U CO-
KpAaIlleHHIO CPOKOB BBI3AOpOBIEHHUS [1, 2].

[TepBonpuunnoil Bo3HUKHOBeHUS 90 % mHEBMO-
HUH Y TEJST SBISIOTCS BUPYCHI, KOTOPHIC BBI3bIBASI
WHQEKIMOHHBIN MPOoIlecC B MAaKpOOPraHu3Me, co3/1a-
10T ONpefieNIeHHbIE YCIIOBUS JUTS )KU3HEACSI TETFHOCTH
B HeM 0aKTepuii, YTO IPUBOAMT K OCIIOKHEHHUIO BUPYC-
Horo 3a0oneBanus. Pons BupycoB B narorenese OpoH-
XOITHEBMOHUI CBOANTCS K UMMYHOCYTIPECCUU U BO3-
JEHCTBUIO Ha KIIETKHU STMHUTEIHS PECIIUPATOPHBIX ITy-
Teil. B nH(EKIMOHHBIN TPOIIECC MOTYT BOBJIEKATHCS
MacTePeIUTbl, CATbMOHEIIIBI U IPYTHE MUKPOOPTaHN3-

Mbl. CMemaHHble (JOPMBI THEBMOHHUH BEChMa Pa3HO-
00pa3Hbl ¥ MIHPOKO PACIIPOCTPAHEHEI, @ B YCIOBHSIX
MIPOMBIIINICHHOTO >KUBOTHOBOJICTBA MPU 3HAUUTEIIb-
HBIX KOHIICHTPAIUSAX >KUBOTHBIX HA OIHON TEPPUTO-
pHUH, BOBMOXXHOCTh CMEIIaHHBIX (POPM 3HAYUTEITHHO
BO3pacTaer [3, 4].

Pecrimparoprpie 0071€3HN MOIIOJIHSAKA KPYITHOTO
pOraToro CKOTa HaHOCAT OTPOMHBIM YIKOHOMHUYECKUN
y1epO MPOMBIIIUIEHHOMY CKOTOBO/ICTBY. Bo3Oyurenu
9TUX 00Je3HEeH CIIOCOOHBI BHI3BIBATEH IMMOPAKEHUE pe-
CITUPATOPHOTO TPaKTa U JIUM(OUIHON CHCTEMBI BOC-
MPUUMYHUBBIX )KHBOTHBIX CAMOCTOSITENIEHO (B MOHO-
BapHaHTE), a TAKXKE B PA3IMYHBIX aCCOIMAIIUAX ME-
KAy coboi [5].

[Ipu BCKpBITHUN TPYIIOB )KUBOTHBIX, MTABIIIUX C Pe-
CIIMPATOPHOM MATOJIOTUEN, HAXOAT MHOXKECTBEHHBIE
KPOBOM3JIMSHUS HA CJIM3UCTBIX U CEPO3HBIX MOKPOBAX.
Oco0eHHO MHOTO UX Ha CIU3UCTON TOPTaHH, TPAXEH,
nepukapie. Jlmmdarudeckue y3ibl yBeIHUEHBI, OTCY-
HEI [6]. [Ipu rUCTOTOTUYECKOM HCCIICOBAHIH JIETKUX
BBISIBJISIFOT XapaKTepHbIC MPU3HAKUW yMEpPEeHHOU (u-
Op0o3HOI 1 THOWHOW OPOHXOITHEBMOHHH: aJTbBEOIISIP-
HBIE TIEPETOPOIKH YTONIIEHBI M3-3a OOMIIBHOM KIIeTO4-
HOW MH(PHUIBTPAIUH, B IPOCBETAX alIbBEOJ TAK)KE BH-
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3yalu3upyeTcs HHQUIBTPAIHS ITOTUMOP(OsIepHBIMA
HelTpoduamu u HakorieHne pudpuHa [7].

HecmoTps Ha 10cTaTOYHO IUPOKYIO pacupocTpa-
HEHHOCTb PECTIUPATOPHON MAaTOIOTHH, JaHHBIE O TH-
CTOJIOTUYECKOU CTPYKTYpE TTAPEHXUMATO3HBIX OPTaHOB
’KUBOTHBIX Ha (hOHE BUPYCHO-0aKTepHaIbHOM HHPEK-
UM IPAKTHYECKH OTCYTCTBYIOT.

Llenbio nccienoBanus IBUIOCH U3YyYEHHUE MATO-
Mop(donornueckux U3MEHEHUH MapeHXUMATO3HBIX
OpraHoB TEJAT NMpH (UOPUHO3HO-THOWHON OpOHXO-
MTHEeBMOHUH.

MATEPMAJIBI U METOIbI
HUCCJIEJOBAHUSA

B oHOM M3 KHUBOTHOBOJYECKUX XO3SUCTB MO-
JIOUHOTO HarpaBjieHUsi BopoHexckoi obmactu pe-
THUCTPUPOBAIN PECITUPATOPHYIO MMATOJIOTHIO Y TEIIST.
OTMeuan MoBkIIIeHUE TeMITepaTypsl Tena 1o 41,2 °C,
THOMHO-KaTapaibHbIe UCTCUCHUE U3 HOCOBBIX XOJIOB,
KaIens, naaex. [Ipu ayroncuu maBumx TemsT Bo3pa-
ctoMm 35—45 nueit (n = 4) orOupanu oOpasIbl MapeH-
XMMaTO3HBIX OPTaHOB JJIsl THCTOJIIOTHYECKOTO HCCIIe-
JTIOBaHUS 110 OOLICTIPUHSITHIM THCTOJIOTHIECKUM METO-
nmukaM [8]. Kycouku opranos ¢ukcupoBamucs B 10 %
HelTpanbHOM 3a0ydepeHHoM (opmaTuHe, JHEeTHII-
paTUpOBaIKCh B CITUPTaX BO3PACTAMOIICH KPETOCTH,
3aJMBaJMCh B THCTONOTHYecKuid nmapapun Histomix
(Biovitrum, Poccust). M3 napaduHOBBIX O10KOB Ha MU-
kpotome MIIC-2 u3roraBIuBaInCh CPe3bl TONUHON
3—4 MKM, KOTOpbI€ IOMELIATNCh HA BBICOKOAATr€3U-
BBIC CTEKJIA H OKPAITMBATINCH FeMATOKCHIMHOM-303H-
HOM I10 OOIICTIPUHSITON METOUKE U MOHTUPOBAIUCH
MO/ OAUCTHPOI. ISl M3yueHHs mpenaparoB MpuMe-
HsIcst MuKpockor «Microscreen» (Hospitex diagnos-
tics), pororpaduu OBLIH CIeTIaHBI Ha BCTPOSHHYIO Ka-
Mepy pazpeuieHueM 15 Mmuke.

J1J1s TOCTaHOBKY ¥ MTOJTBEPIKACHUS TUarHo3a Mpo-
BOAMJIOCH MOJIEKYJISIPHO-TEHETHIECKOE M OaKTEepUOII0-
THYECKOE HCCIIEIOBAHMS TATOJIOTMYECKOT0 MaTepHaa,
B pe3yNbTaTe KOTOPHIX OBLIO BBISBICHO HATMUUE BO3-
oymurens Herpesvirus bovis I n cMenrannyro 6axre-
puanbHyto uHpexuto E.coli, Pasteurella multocida,
Enterococcus faecium.

PE3YJBbTATHI UCCJIEJIOBAHUM
N OBCYKJIEHUE

[Tpn mpoBeneHNH BCKPBITHS MABIINX )KUBOTHBIX
OBLJT BBISIBIICH s/l TATOJIOTMYECKUX M3MEHEeHUH. B ner-
KHX TKaHb HMeJla CepOBaTO-CUHIOIIHBIH IIBET, TOBEPX-
HOCTB BHCLEPAIBHON TIEBPHI ObLIa TyCKIIasi, B 00JIa-
CTH BEpXYUICK K MaprueTalbHON YacTH IUIOTHO Crias-
Ha TspKamu (puc. 1).

—

Puc. 1. Craiiku B TpyIHOHN MOJOCTH Y TEIAT, OOITB-
HBIX QHOPUHO3HO-THOWHOW OPOHXOITHEBMOHNUEH

Taxxe obpamanu Ha ceOs BHUMaHHE MEIKHE
(mo 1,5 cMm B amamerpe) cepoBaThle OYaKKH. TKaHb
JIETKUX Ha OULYNb IJIOTHAsI, HAa pa3pe3ax cepoBaTo-CU-
HIOIIHAsI ¢ MHOXECTBOM, NPEUMYIIECTBEHHO OBaJIb-
HOW M OKpymiol (GOopMBbI OYaKKaMH, pazMepamu JI0
1 x 2,5 cm. OTiricaHHBIE BBIIIE 0YaKKH PACTIONArajich
IPyIIIaMH, YaCThIO CIIMBAIIMCH APYT C IPYIoM, 00pasys
MEJIKHE TIOJIOCTH, 3aII0JIHEHHBIE TATYYUM, CIIMBKOOO-
Pa3sHBIM COIEP>KUMBIM 3€JIeHOBAaTOro 11BeTa. KpymHsle
OpOHXH 3alOJTHEHBI MEJTKOMY3bIPUaToOi TATYUeH CIu-
3b10, PACTIOIOKEHHON OOJBIIeH YacThi0 MPUCTEHOY-
HO, B MIPOCBETaX MEJKUX W CPEAHETO Kanubpa OpoH-
Xax — TATy4as CIMBOKOOOpa3Has KUAKOCTH (puc. 2).

TkaHu cepeuHON MBIl ObLIH APSOIBIMH, MO-
BEPXHOCTH dMHKAp/a TyCKIIOH, Ha pa3pe3e — TEMHO-
KpacHasi C MEJIKHMH, €/[Ba 3aMETHBIMH CBETII0-KPACHbI-
MU o4dakkamu pazmepom 10 0,3 x 0,5 cMm. B monoctu
cepAua HaOMoNaIN JKUAKYH TEMHO-KPAaCHYIO KPOBb
1 MHOXECTBO MEJIKUX «CBEPTKOBY, PACIIONOKEHHBIX
MPUCTEHOYHO. DHJOKap/ OJeAHBIN, KJIalaHbl OOBIYHO-
r0 BUJIa, CTBOPKU CMBIKAJIHCH TUIOTHO. B oCTambHBIX
opraHax BHJMMBIX MaTOJOIMYSCKUX U3MEHEHUH MpH
MaKpOCKOTIYECKOM HCCIIEIOBAHIH HE OOHAPYKEHO.

[Ipy rucTONIOrNYECKOM HCCIIEA0BAaHNY JIETKUX Ha-
Omromany BBIpaKEHHOE THOMHOE BOCHAJICHUS C Ya-
CTUYHOM JecTpyKIHeH TKaH! 1 (YOPMUPOBAHUEM MEJI-
KHUX TMOJIOCTEH, 3allOJTHEHHBIX TKaHEBBIM JCTPUTOM
1 CITU3BI0 C TYCTON HEUTPOPIITLHOM HH(UIIbTpaInei.
B npocBeTe OpOHXOB BBISBIISIIN CKOTUICHUE WHMDWITB-
Tpara. IlneBpa Obliia oTeuHast, ¢ IPEPHIBUCTHIMHU ILIA-
cramu (huOpWHA U TYyCTOW HEUTPOMUIHHON WH(UITH-
Tpanuei (puc. 3).
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Puc. 3. ApXUTEKTOHHKA JIETKUX TEJST 00JIbHBIX (PHOPUHO3HO-THONHHOM ITHeBMOHMEH. OKpacka reMaToKCHIIMH-
J03MH:

A — yB. 100x; 5 — yB. 400x; B — yB. 1000x; A — 0oOwmWii BUI; 5 — CTUpaHUE apXUTCKTOHUKHU U3-3a BOCIATUTEIHLHOTO
9KcCyaTa; B — CKOIUICHUE JKHJKOCTH B ajbBEOJIax

B neyenn oOHapyxuBaIn HepaBHOMEPHOE KPOBE-
HAaIloJIHeHHE ¢ OOJbIIel BBIPaKEHHOCTHIO B 00J1aCTH
LEHTPAJIbHBIX BEH, IEPUIOPTAIBHO PACTIONI0KEHHBIE
TeNaToIMThI C BBIPAKEHHOM 36pHUCTOCTHIO LIUTOILIA3-
MbI U C IPU3HAKAMH MEJIKOKANeJIbHOM JKUPOBOM JuC-
Tpodun (puc. 5).

B moukax B ToJII1I€ KOPKOBOTO BEMIECTBA BBISBIIS-
JIM O4ard HEKpOo3a SIUTEIHUS TPEUMYILECTBEHHO TPO-

KCHMaJIbHBIX KaHAJIBIIEB, KITyOOUKH ¢ HEPAaBHOMEPHBIM
KpPOBEHAIIOJHEHHUEM. B MO3roBoM ci10€ KIIeTKH UMETH
0OBIYHOE CTPOCHHUE, COCY/IbI BEHO3HOTO THIIA, [TOJTHO-
KpPOBHBIE, 0COOEHHO B 00J1aCTH MUPAMHJIOK U MeCTax
CKOILJICHHSI COOMPATEIIbHBIX TPYOOUEK.

ITpn mccnenoBanuy TMM(pATHIECKUX Y3JTI0B OT-
MedajH CTepPTYI0 apXUTEeKTOHHKY (puc. 6). KopkoBoe
BEIIECTBO OBLIO MPEACTaBICHO TOMOTeHHOM Maccoii,
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T'YCTO IIEPETIOIHEHHOM KJIETKAMH BOCIIATICHUS — rpa-
HynonutamMu u JuMdornuramu. B koprekce Takxke
BCTPEUATUCH SAMHUYHBIC MAKPO(ArH ¢ BKITFOUCHUSMU
remocuaepuHa. GouKyIsipHbie 00pa30BaHUs HE BH-
3yanusupoainuck. [Ipu nccnemnoBanne Mo3roBoro Be-
niecTBa ObIJIO BBISBJICHO 3aITyCTEBAHUE CHHYCOB M3-32
Yero MeJyJuia BBITISI/IeNa IIOXO0KEH Ha «PEIeToy.

Jlucruna3ust MO3roBOTO BEIECTBA HAPSY CO CTH-
paHreM apXUTEKTOHUKH KOPKOBOTO YKa3bIBAIOT HA M-
MYHOAE(HIIUTHOE COCTOsIHUE oprann3Ma. OmHON U3
MPUYMH 3aI1yCTeBAHUSI MEYJUIbI SIBJISFOTCS TSKEIIbIC
CENTUYECKHUE COCTOSTHUS [9].

[lpu ucciaenoBaHum ceae3eHKH OBIIO BBISB-
JICHO TOJIHOE CTUpaHHe T'PaHMIl KpacHOW u Oe-
JIOW TYJBIBl U HAPYIICHWE apXUTEKTOHUKU OpraHa.

DoumKynspHble 00pa3oBaHUs OEJION MyIIbITBI HE BH-
3yanu3upoBaInCh. Tpadekysapl ObUTH OYeHBb CHUIIHHO
rUNEepTpoGUPOBaHbI U CHIIBHO CAABIUBAH MTAPEHXHU-
My oprana. Karcyna Obua Takke yromnmena. Cocynsl
BCEX KaJIMOPOB OBLIH 3aIyCTEBIIUMU (PHC. 7).

JlaHHOE COCTOSTHHE MOXKET YKa3bIBaTh HA CEPbE3-
HYyI0 TUC(YHKIMIO OpraHa, HHIYIUPOBAHHYIO HH(EK-
nueit. M3-3a orcyTcTBUSI TUMQPOUTHBIX (POILTHKYITOB
CeJie3eHKa He MOXKET JTOJDKHBIM 00Pa3oM BBIIOJIHSTH
3amuTHbIE QyHKIMU. Penykims 6enoi myibnsl siBis-
€TCA CJICACTBUCM UMMYHOCYIIPECCHUU UK UMMYHOIC-
¢urura [10, 11]. Takue n3MeHEHHUs] HEPEIKO BCTpe-
YalOTCSI TIPH TSKEIBIX CENTHYECKUX COCTOSHUSAX, UTO
MOXeET OBbITb 00YyCJIOBJIIEHO BO3/EHCTBHEM TOKCHHOB
OakTepuii HA IMMYHHBIE OPTaHbI.

Puc. 4. CtpykTypHas Opranu3alysi eueHH TesT OONbHbIX (HOPUHO3HO-THOIHOM OpoHxonHeBMOHKeH. Okpac-
Ka TeMaTOKCHIMH-3031H, yB. 1000x:

A — 3acTOi KPOBH B COCYAUCTOM pyciie; b — ruaponudeckast AMCTPOQUs TemaTolUTOB

Puc. 5. ApXUTEKTOHHKA OYEK TEJSIT OONIbHBIX (PUOPUHO3HO-THOWHOI OpoHXONHeBMOHHKEH. OKpacka remMaro-
KCHJIMH-303uH, yB. 1000x:

A, B — mo4ye4Hble KaHaJblla B COCTOSHUH HEKpo3a (CTpernka)
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Puc. 6. CrpykrypHast opranu3zanusi 1MM(paTuueckoro y3iia TessiT OoNbHbIX (HOPUHO3HO-THOWHOM OPOHXOITHEBMO-
Huei. Oxpacka reMaTOKCHINH-2031H:

A, 5 — o6mwuii Bux (yB. 40x); Co — KopKoBoe BelecTBo; Me — MO3roBoOe BEIIECTBO; B — 00uIMii Bu Ha MO3TrOBOE Bellle-

ctBo (yB. 100x); I, /] — 3amycTeBIINe CHHYCHI MO3roBOrO BeliecTBa (TpeyronbHuku) (yB. 400x); £ — KOPKOBOE BEIIECTBO
noxt OonpiiuM yBenuuenueM (yB. 1000x)

Puc. 7. ApXUTEKTOHHKA CENIE3CHKH y TENAT OOJIBHBIX (HOPHHO3HO-THOIHHOM OpoHxomHeBMOHMEH. OKpacka re-
MaTOKCHJIMH-203HH:

A — obmwmii Bux (yB. 40x); 5 — opran Ha yBenmuenun 100x; B — Bua Ha iuMponaHoe obpasoBanue (yB. 400x)
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IIpu rucTOMOrNYECKOM UCCIIEIOBAHUN CEP/ILIA BBI-
SIBJICHBI KapJAMOMUOLIMTHI CO CBETJION LIMTOILIA3MOM,
JIMIICHHOH NOTIEPEYHON HCUEPUEHHOCTH, U YaCTh KJle-
TOK C NPU3HAKaMU TIBIOUATOrO pacmana. B mpyrux

y4acTKax BBISBIISUIM KIETKU C BBIPAKCHHBIMH JIUC-
TPOGUUECKUMHI M3MEHCHHUSMH, COCYIBI BCEX KalH-
OpOB IOJIHOKPOBHBIE, SMUKAPA U 3HA0KapA 6e3 BUAU-
MBIX IPU3HAKOB MATOJIOTMYECKUX U3MEHeHnH (puc. 8).

Puc. 8. ApxuTEKTOHNKA MHOKAp/Ia TEJIAT OOJIBHBIX (PHOPHHOZHO-THOMHON OpoHXOIHeBMOHKEH. OKpacka remaro-
KCHJIMH-3031H, yB. 400x:

A, 5 — miotiepedHsIit cpe3, MOKa3bIBAIOMINI ANCTPOPUIO KAPIHOMHOLIUTOB

3AKJIIOYEHHUE

Takum 00pazom, B JETKUX TENAT OOMBHBIX (hH-
OpHMHO3HO-THOHHOW OpPOHXOIMHEBMOHHEH OTMedain
paciupeHre CTeHOK albBeOoJ BCIEACTBHE JeHKoLu-
TapHOW MH(UIBTPALNHU, TPOCBET OPOHXOB 3aIOJIHEH
netikonutamu. OCTpoe HapyIIeHne KpOBOOOpaIeH s
H3-3a [IPOrPECCUPYIOLIEH CEpIEeUHON MPaBO- U JIEBO-
JKEJTYJI0YKOBOM HEIOCTaTOUHOCTH HPUBEJIO K IOJIHO-
KPOBHIO BHYTPEHHUX OPTaHOB M 0TeKy Jierkux. Co cro-
POHBI CEeNIe3eHKHU U JIMM(PaTHIECKUX y3JI0B BHISIBICHO
CTHpaHNe apXUTEKTOHUKH, OTCYTCTBHE TUM(OUTHBIX
(bomIHKyYIIOB, a TAKXKE OIYCTOILIEHHE TAPEHXUMBI KJle-
TOYHBIMHU 3JIEMEHTaMM, YTO YKa3blBae€T Ha MMMYHO-
ne(UIUTHOE COCTOSIHME OpraHu3Ma TesisiT. B meue-
HU, MIOYKaX U cepaue Obl OTMEUEHBI SIPKO BBIPAXKEH-
HBIE AUCTPO(UUECKUE U JeTeHEPATHBHBIC H3MEHEHUSI.
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Abstract. The article presents the data on the morphological structure of the heart, liver, kidneys, lungs, spleen
and lymph nodes in the calves with fibrinous purulent pneumonia. Organ specimens were fixed in 10 % buffered
formalin, dehydrated in alcohols of increasing strength and embedded in histological paraffin. Histological spec-
imens were stained with hematoxylin and eosin. On the part of the spleen and lymph nodes, the erasing of the ar-
chitectonics, the absence of lymphoid follicles and the devastation of the parenchyma were detected. Degenera-
tion of cells was detected in the heart and liver, fibrinous purulent pneumonia was detected in the lungs.
Keywords: calves, fibrinous purulent bronchopneumonia, histology, parenchymal organs

Among all infectious diseases of farm animals, dis-
eases of young animals occupy the largest share. After
diseases of the gastrointestinal tract, the second place is
occupied by diseases of the respiratory system (about
30 %). One of the most common respiratory diseases
in young animals is bronchopneumonia. This disease
causes significant economic damage, consisting of a
number of factors.

And that is why it is necessary to increase the ef-
ficacy of therapeutic and preventive measures to re-
duce the incidence, alleviate the disease severity and
reduce the recovery time [1, 2].

The underlying cause of 90 % of pneumonia in
calves are viruses, which by causing an infectious pro-
cess in the macroorganism create certain conditions for
the vital activity of bacteria in it that leads to a com-
plication of a viral disease.

The role of viruses in the pathogenesis of bron-
chopneumonia is reduced to immunosuppression
and effects on epithelial cells of the respiratory tract.
Pasteurella, salmonella and other microorganisms can
be involved in the infectious process. Mixed forms of
pneumonia are very diverse and widespread, and in
conditions of industrial animal husbandry with signif-
icant concentrations of animals in one area, the pos-
sibility of mixed forms increases significantly [3, 4].

Respiratory diseases in young cattle cause enor-
mous economic damage to industrial cattle breeding.
The causative agents of these diseases can cause dam-
age to the respiratory tract and lymphoid system of
susceptible animals on their own (in a monovariant),
as well as in various associations with each other [5].

At autopsy of the animal carcasses that died with
respiratory pathology, multiple hemorrhages are found
on the mucous and serous integuments. Especially a lot
of them on the mucous membrane of the larynx, tra-
chea, pericardium. Lymph nodes are enlarged, edem-
atous [6].

Histological examination of the lungs reveals typi-
cal signs of moderate fibrinous purulent bronchopneu-
monia: alveolar septa are thickened due to abundant
cellular infiltration, infiltration of polymorphonuclear
neutrophils and fibrin accumulation are also visualized
in the lumen of the alveoli [7].

Despite the rather wide prevalence of respirato-
ry pathology, there are practically no data on the his-
tological structure of the parenchymal organs of an-
imals against the background of a viral and bacteri-
al infection.

The objective of the research was to study path-
omorphological changes in the parenchymal organs
of calves with fibrinous purulent bronchopneumonia.
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MATERIAL AND METHODS

At one of the livestock dairy farms in Voronezh
region, respiratory pathology was recorded in calves.
An increase in body temperature up to 41.2 °C, puru-
lent-catarrhal discharge from the nasal passages, cough
and death were noted.

During autopsy of dead calves aged 35—45 days
(n = 4), samples of parenchymal organs were taken for
histological examination according to generally accept-
ed histological methods [8]. Organ pieces were fixed
in 10 % neutral buffered formalin, dehydrated in alco-
hols of increasing strength, and embedded in Histomix
histological paraffin (Biovitrum, Russia). Sections of
3—4 um thick were made from paraffin blocks on an
MPS-2 microtome, which were placed on highly ad-
hesive glasses and stained with hematoxylin-eosin ac-
cording to the standard method and mounted for poly-
styrene. To study the specimens, a Microscreen micro-
scope (Hospitex diagnostics) was used; photographs
were taken with a built-in camera with a resolution of
15 megapixels.

To establish and confirm the diagnosis, molecu-
lar-genetic and bacteriological studies of the patho-
logical material were carried out, as a result of which
the presence of the pathogen Herpesvirus bovis I and
a mixed bacterial infection of E. coli, Pasteurella mul-
tocida, Enterococcus faecium were detected.

STUDY RESULTS AND DISCUSSION

During the autopsy of the dead animals, a number
of pathological changes were revealed. In the lungs, the
tissue had a grayish-bluish color, the surface of the vis-
ceral pleura was dull, in the region of the tops to the pa-
rietal part it was tightly soldered with strands (Fig. 1).

Fig. 1. Adhesions in the chest cavity in calves with
fibrinous purulent bronchopneumonia
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Small (up to 1.5 cm in diameter) grayish foci were
also noteworthy. The lung tissue was dense to the touch,
grayish-bluish in sections with many, mostly oval and
round-shaped foci, up to 1 x 2.5 cm in size. The foci
described above were located in groups, partly merg-
ing with each other, forming small cavities filled with a
viscous, creamy greenish content. Large bronchi were
filled with small-bubbly viscous mucus, located most-
ly parietal, in the lumens of small and medium cali-
ber bronchi there was a viscous creamy liquid (Fig. 2).

The tissues of the heart muscle were flabby, the sur-
face of the epicardium was dull, on the cut it was dark
red with small, barely noticeable light red foci up to
0.3 x 0.5 cm in size. Liquid dark red blood and many
small “packages” were observed in the heart cavity
located near the wall. The endocardium was pale, the
valves were normal, the cusps closed tightly. In oth-
er organs, no visible pathological changes were found
during macroscopic examination.

Histological examination of the lungs revealed pro-
nounced purulent inflammation with partial tissue de-
struction and the formation of small cavities filled with
tissue detritus and mucus with dense neutrophilic infil-
tration. In the lumen of the bronchi, the accumulation
of infiltrate was detected. The pleura was edematous,
with discontinuous layers of fibrin and dense neutro-
philic infiltration (Fig. 3).

In the liver, uneven blood filling was found with
greater severity in the region of the central veins, peri-
portally located hepatocytes with pronounced granu-
larity of the cytoplasm and with signs of fine droplet
fatty degeneration (Fig. 4).

In the kidneys, in the thickness of the cortical sub-
stance, foci of necrosis of the epithelium, mainly of the
proximal tubules, glomeruli with uneven blood filling
were detected. In the medulla, the cells had the usual
structure, vessels of the venous type, full-blooded, es-
pecially in the area of the pyramids and places of ac-
cumulation of collector tubules.

When examining the lymph nodes, erased architec-
tonics was noted (Fig. 6). The cortical substance was
represented by a homogeneous mass, densely crowd-
ed with inflammatory cells (granulocytes and lympho-
cytes). The cortex also contained single macrophages
with hemosiderin inclusions. Follicular formations
were not visualized. When examining the medulla, si-
nus desolation was revealed, which made the medul-
la look like a “sieve”.

Dysplasia of the medulla along with the erasure of
the architectonics of the cortical indicate an immuno-
deficiency state of the organism. One of the reasons for
the desolation of the medulla is severe septic states [9].
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Fig. 3. Architectonics of the lungs of calves with fibrinous purulent pneumonia. Hematoxylin-eosin staining:

A — magnification 100x; B — magnification 400x; C — magnification 1000x; 4 — general view; B — erasure of architec-
tonics due to inflammatory exudate; C — accumulation of fluid in the alveoli

When examining the spleen, a complete erasure
of the boundaries of the red and white pulp and a vi-
olation of the architectonics of the organ was detect-
ed. Follicular formations of the white pulp were not
visualized. The trabeculae were very strongly hyper-
trophied and strongly squeezed the parenchyma of the
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organ. The capsule was also thickened. Vessels of all
calibers were empty (Fig. 7).

This state may indicate serious organ dysfunction
induced by infection. Due to the absence of lymphoid
follicles, the spleen cannot perform its protective func-
tions properly. Reduction of the white pulp is a con-
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sequence of immunosuppression or immunodeficien-

severe septic states, which may be due to the effect of

cy [10, 11]. Such changes are often found in case of  bacterial toxins on the immune organs.

Fig. 4. Structural organization of the liver of calves with fibrinous purulent bronchopneumonia. Hematoxylin-eo-
sin staining, magnification 1000x:

A — blood stagnation in the vascular bed; B — hydropic degeneration of hepatocytes

Fig. 5. Architectonics of the kidneys of calves with fibrinous purulent bronchopneumonia. Hematoxylin-eosin
staining, magnification 1000x:

A, B— renal tubules in a state of necrosis (arrow)

Histological examination of the heart revealed car-
diomyocytes with light cytoplasm, devoid of trans-
verse striation, and part of the cells with signs of
clumpy decay.

In other areas, cells with pronounced dystrophic
changes were detected, vessels of all calibers were
full-blooded, epicardium and endocardium without
visible signs of pathological changes (Fig. 8).

CONCLUSION
Thus, in the lungs of the calves with fibrinous pu-
rulent bronchopneumonia, an expansion of the walls
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of the alveoli was noted due to leukocyte infiltration,
the bronchial lumen was filled with leukocytes. Acute
circulatory disorders due to progressive cardiac right
and left ventricular failure led to plethora of inter-
nal organs and pulmonary edema. On the part of the
spleen and lymph nodes, the erasing of the architec-
tonics, the absence of lymphoid follicles, as well as
the devastation of the parenchyma with cellular ele-
ments have been revealed, which indicates an immu-
nodeficient state of the calves’ bodies. In the liver, kid-
neys and heart, pronounced dystrophic and degenera-
tive changes were noted.
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Fig. 6. Structural organization of the lymph node of calves with fibrinous purulent bronchopneumonia. Hematox-
ylin-eosin staining:
A, B — general view (magnification 40x); Co — cortex; Me — medulla; C — general view of the medulla (magnification

100x); D, E — desolated sinuses of the medulla (triangles) (magnification 400x). F— cortex under high magnification (mag-
ni++fication 1000x)

Fig. 7. Architectonics of the spleen in calves with fibrinous purulent bronchopneumonia. Hematoxylin-eosin

staining:
A — general view (magnificamtion 40x); B — organ at magnification 100x; C — view of the lymphoid formation (magnifi-
cation 400x)
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Fig. 8. Architectonics of the myocardium of calves with fibrinous purulent bronchopneumonia. Hematoxylin-eo-
sin staining, magnification 400x:

A, B— transverse section showing dystrophy of cardiomyocytes
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AHHoTanus. B 1aHHO cTaThe NpencTaBIeHb! JaHHbIE 0 H3YYEHUIO KIETOYHOTO ITyJla MUKPOOKPYKEHHUS TeIell
laccainst y mopocsT-runoTpo(MKoB B paHHUN MOCTHATAIBHBINA 1epuo. Jlnarnoctuaecknii yoOoi CyTOUHBIX MO-
pocsiT-runorpodukoB Maccoit Mmenee 800 rp. (n = 5) 1 HOpocIT-HOPMOTPO(DHUKOB (1 = 5) TOTO Ke BO3pacTa, IpH-
HaJUIeXKAalIX CBHHOBOIYECKOMY X03siicTBY Boponexckoit obmactu, 6bu1 poBenieH B nposekropun ®I'BHY
«BHUBUII®OuT». ¥ nopocsaT-HOpMOTPOPHKOB KIETOUHBIH ITyJl MUKPOOKPYKEHHUS TeJIel] ObLT ITPEICTaBIIECH CKOTI-
JICHHEM TUMOIIMTOB M aHTUTCHITPE3EHTUPYIONINX KIETOK B pa3Hoi ctaaun nuddepenunposku. [Tpn nposenennn
ANIEKTPOHHON MUKPOCKOITUHM OTMEYAJIMCh SMUTEINAIBHBIE KICTKU-TTPEAIICCTBEHHUIBI Tesierl. OHM uMenu 00ITb-
110€ OKPYTJIOE SIIPO, COCTOSIIIEE M3 DYXPOMATHHA C OJTHUM-JIBYMsI IIpBIIIKaMu. B THMonnTax XpoMarrH ObLI pac-
TIpe/IeNIeH CKOTUICHHUSIMH 110 TTepu(eprHt 1 B IIEHTpe. B nuTomiasMe BU3yaan3upoBalIich ONTHYECKH IUTOTHBIE MU~
TOXOHAPHHU. Y TIOPOCAT-THIIOTPOGHKOB B Teiblax ['accaist mprcyTCTBOBa KIETOUYHBINH MHQUIBTPAT U 4acTH-
Hasl IECTPYKIUS caMuX Tenel]. TUMOINTBI UMeTH MOP(OIOTHUECKIE U3MEHEH U], 2 IMCHHO IIMKHOTHYHBIC SIIpa,
a 'y ICHAPUTHBIX KJIETOK aTUIIMYHBIC S/IPa, YTO SBISIETCS MPU3HAKOM HMMYHO/IE(HUIINTA.

KaroueBnle cioBa: Tenbua ['accans, TuMyc, MOp(oIOTHs, UMMYHOTHCTOXUMHS MUKPOOKPYKEHHUE, TOPOCATa—

THIIOTPO(HUKH, TOPOCATa-HOPMOTPODUKH.

BaaromapHocTh: paboTa BINONHEHA NpH nojiepkke Poccuiickoro GoHna GyHIaMeTanbHBIX HCCIEI0BAaHNH,

mnpoekT Ne 23-26-00020

l'unorpodust MOpOCT XapaKTepU3yeTCst HEJI0CTa-
TOYHOCTBIO W TOHIKEHHOW MMMYHOOHOIOTHYECKON
PEaKTUBHOCTBIO HOBOPOXACHHBIX KUBOTHBIX, KOTO-
phle yale ApYyrux CTPajaroT pacCTPOMCTBAMMU KETy-
JIOYHO-KHUIIIEYHOTO TPAKTa, OTCTAIOT B POCTE U Pa3BU-
tuu. [Ipu runorpodun cHmkaercs GyHKIMOHATbHAS
AKTUBHOCTD JKeJIe3 BHYTPEHHEH CEKpelHH, 4TO MPH-
BOJINT K YTHETCHHUIO MOP(OIOTHIECKOTO, OMOXIMITIC-
CKOI0 U MMMYHHOTIO cTaryca opranusma [1].

Ocoboe MecTo B IMMYHHOW CHICTEME HOBOPOXK/ICH-
HOTO 3aHMMAaeT BUJIOYKOBAs JKeye3a — TUMYC, HE00-
XOJAUMBIW IS Pa3BUTHs BCE UMMYHHON CUCTEMBI,
a TaKKe JJIs1 CTAHOBJICHHSI M TIOJICPKAHUS UMMYHO-
JIOTUYECKOM KOMITETEHIIMU OpraHu3Ma B JaJIbHEUIIEM
oHTOTeHe3e. Pabodee cocTossHue THMYCca MOATBEPIKIA-
€TCS HaJIMYMEM B JIOJbKaX TUMYCa 4YeTKO 0(hOpMIIeH-
HOTO KOPKOBOTO M MO3TOBOT'0 BEIIECTBa, posudepa-
nued TMMOOJIACTOB, HajduuueM T-ITuM(pOIMTOB, Ma-
kpodaro u crioucTsix Tenern ['accans [2].

B tuMyce mopocaT-runoTpoUKOB BBISBISETCS
JUCIIACTUYECKUI XapaKkTep CTPYKTYPHBIX M3MEHe-
HUM, XapaKTePU3YIOLUICsS YMEHbIIEHUEM J0JICK TH-
Myca, CTUPaHHUEM TPaHMIl MEXAY KOPKOBBIM M MO3-
TOBBIM CJIOSIMH, a TaK)Xe TUIOIIa3ued TMMOIUTOB,
KOTOPbIE MOTYT TIPUBECTH K HAPYLICHUIO €ro (QyHK-
[IMOHMPOBAHUS M BBIKIIOYEHUIO T-KJIETOYHOTO 3BEHA
uMMyHHTEeTA [3].

OnHUM U3 HaNMEHEee U3yYeHHBIX KOMITOHEHTOB TH-
Myca, Kak B HOpMeE, TaK U IIPH pa3IMyHbIX MaTOIOTHSIX
SIBIISIIOTCS TeTbIa ['accanst u mX MUKpOOKpy keHus [4].

B nocnennee BpeMsi yCTaHOBIEHO, YTO JaHHbBIE
CTPYKTYpPBbI IPUHUMAIOT aKTUBHOE Y4aCTHE B IIPOLEC-
cax co3peBaHuH T-perysasiTopos, CHHTE3€ IUTOKHHOB,
AKCIIPECCUU ayTOAHTUTECHOB [5].

Lenb paboTel — M3YyYUTHh MUKPOOKPYKEHHE Te-
nen "accaist B paHHM TOCTHATAJIBHBIN IIEPUOJL Y TO-
POCAT-THIIOTPO(QHKOB.
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MATEPHAJIBI U METO/bI
HUCCJEJIOBAHUM

Juarnoctuyeckuii yOOi CyTOYHBIX TOPOCST-TUIIO-
TpoduKoB ¢ KpuTHueckoi Maccoii menee 800rp. (n = 5)
u nopocsiT-HopmorpodukoB mMaccoit 1100 rp. (n =5)
TOTO K€ BO3pacTa, MPUHAIJIEKAIIIX CBHHOBOIECKO-
MY XO3SIHCTBY BopoHekcKoit 0071acTH, OB TpOBEICH
B nipo3exropun GI'BHY «BHUBUIIOUT».

O6pasupl TuMyca puxcruposaiu B 10 % pactBope
HEUTpambHOro (opManHa, 3aJUBaIH MO0 OOIIETPH-
HATOM MeToJMKe B apaduH U ¢ napapuHOBBIX OI0-
KOB TOTOBHJTH CEPUNWHBIE CPE3BI TONIMHON 3—5 MKM.
s uzyuenust o01ieit Mop(hoIoruaecKoil CTPyKTYphI
opraHa napaguHOBbIE cpe3bl ObUIM OKpAIIEHBI FeMa-
TOKCHIJINH-203HHOM.

J1st ”MMYHOTUCTOXMMHYECKOTO HCCIIEI0Ba-
HUS UCIIOIB30BAIIM KOMMEPUYECKHE MOHOKIJIOHAJb-
uHeie anaTutena (MKAT) x kmacrepy nuddepenu-
poBku CD-3 n PAX-5 (mpomnsBoactBo Novo Castra,
BenmukoOpuranus).

Marepuai (TUMYC) JJ151 IMMYHOTHCTOXUMHYECKO-
ro uccienopanus Gukcuposanu 10 % HeHTpaTbHBIM
3a0ydepeHHbIM (HOpPMaIMHOM B Te€UYCHHE 24 Y, BbI-
MOJIHSJIM CTaHJApPTHYIO 1IpoBoAKy. IloaroToBneHusle
oOpa3ipl TKaHeH 3aJuBall B NapauHOBYIO CPEdy
I'mcTomuke, roTOBUIIN cpe3bl TONIUHON 4 MKM, KO-
TOpBbIE HAHOCWIJIN Ha BBICOKOAATE3UBHBIC CTEKIIA U BbI-
cymmBanu npu Temrneparype 37 °C B tedenue 18 u.
JleMacKkupoBKy ¥ MMMYHOTHCTOXUMHYECKYIO OKpac-
Ky NPOBOJWIN PYYHBIM CIOCOOOM C HCIOJIb30BaHU-
em cucreMbl Bu3yanuzanun NovoLink polymer (Novo
Castra, Benmukoopuranusi). Kontponem peakunu ciy-
JKUJIa HEUMMYHU3UPOBaHHas! ChIBOPOTKa[6].

Marepuain Amsi SJIEKTPOHHOM MHKPOCKOTIHU OBLIT
npoBeneH B 2,5%-HOM TIIIOTapOBOM ajbIeTHe Ha
0,114 M xomnuaHOBOM Oydepe Ha XONoae C MOCT-
¢ukcanueit B 1%-HOM pacTBOpe TETPAOKCH OCMMS
Ha ToM xe Oydepe. OcmomossipHocTh 360 MOCM J10-
CTHTHYTa BBE/ICHHEM Bo BTOpoii pukcarop 0,05 M sxe-
JIE30CUHEPOUCTOTO Kaausi U pacTtBopa Punrepa [7].
Marepwuan ObIT 3aKit0ueH B 31M0H-812. TlomyTonkne
Cpe3bl OBUTH OKpAIeHBI a3yp-2 B COUETaHHUH C (PYK-
CHHOM OCHOBHBIM U MIPOCMAaTPHUBAJIM B CBETOBOM MU-
kpockorie «Leicay. YnsTpaToHKHE cpe3bl TOTOBUIIN Ha
yasrpamukpoTtome Ultracut (Leica), koHTpacTupoBayin
[UTPATOM CBUHIIA M YPAHUJIAIETATOM M TIPOCMATPH-
BaJI B AJIEKTpOHHOM MuKpockorie EM-208 (Philips).

PE3YJBTATHI UCCJEITOBAHUN
N OBCYXKJEHUE
TumMyc opocsAT-HOPMOTPO(UKOB MPEIACTABIISIT CO-
00ii copMUPOBAHHEIN OPTaH ¢ YSTKUMH TPAHUIIAMH

KOPKOBOT'O ¥ MO3TOBOT0 BeliecTBa. CTpoMalbHbIH arl-
mapar >keJie3bl UeTKO AU Opran Ha goau (puc. 1).
B mosroBom Bemniectse (puc. 2) 1o nepudepun BbIsSB-
JISTM TUIEPTPO(PUPOBAHHBIC CBETIIBIC SIUTEIHANb-
HBIE KJIETKH, KOTOPBIE, T0 MHEHHUIO Psijia aBTOPOB SB-
JISII0TCS npeaecTBeHHuuamu tesen ['accans [8—I11].
Tumuyeckre Tenblia 1Mo OOJbIIeH YaCTH ObLTH 3PEITbI-
MH, TaK KaK syIpO Teliblla ObLIO YK€ KepaTHHHU3HPO-
BaHHO. KIJIeTOUHBIH IyJI MUKPOOKPYKEHHUS TeJIeI ObLT
MIPEICTABIICH CKOTUICHHEM THMOIIUTOB U aHTUTCHITPE-
3€HTHPYIONINX KJIETOK B pa3HOi cTaanu auddhepeHtu-
poBku. [Ipu mpoBeieHUH 3NMEKTPOHHONH MUKPOCKOTIHN
OTMEUAJIUCh SIUTEIUANbHBIC KICTKU-TIPEIIICCTBCH-
Hutsl Tesen (puc. 2 ). OHu umenu 00NbIIoe OKPYT-
JI0€ SIAPO, COCTOSIIICE U3 DYXPOMATHHA C OTHUM-IBYMS
sIIpBIIKaMu. B TeMonnTax xpomarwd (puc. 2 J1) Osu1
pacrmpesieNieH CKOTUICHUSIMU TI0 Tiepudepun u B TeH-
Tpe. B nuromnasme BU3yanu3upoBaIUCh ONTHUYECKU
m0THbIe MUTOXOHIpUH. Mccnenosanne UMI'X map-
kepom CD-3 (puc. 2 B) BBISBUIO €IMHUYHBIC MOJO-
KUTENBbHBIC T- KIETKH, pacIlOIOKEHHBIE KaK B HETIO-
CPEICTBEHHOHN OJM30CTH, TaK M OKPY’KAIOIINE CaMU
tenbua. Mccnenopanue mapkepom PAX-5 BbIABUIIO
HaJIMYUE MHUYHBIX (MM PACIOI0KEHHBIX CKOILIE-
HUsIMU) He3penbix B-mumdoruros (puc. 2 E).

Puc. 1. Yerkas rpanuna KOpKOBOrO U MO3TOBOTO
BEIIECTBA TUMYCA y MOPOCIT-HOPMOTPO(HKOB.
Oxkpacka — reMaTOKCHINH-303uH, yB. 100x

[Ipy rUCTOIOrMYECKOM HCCIICAOBAHUU ApPXHUTEK-
TOHUKH TUMYCa MOPOCIT — TUNOTPO(UKOB BBISBIIC-
HO CTHUpPaHWE TPaHMIl KOPKOBOTO M MO3TOBOTO CIIOSI
(puc. 3). B mozroBom cioe, tenbia ['accans Obutn
eIMHUYHBI ¥ HaXOJWINCh B JECTPYKTHBHOH (hop-
Me, a TaKKe B HUX MPUCYTCTBOBAJI KJICTOYHBIA WH-
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¢unerpar (puc. 4 6). BuauMeie BKITIOYEHUS IO J1aH-
HEIM benmoemkuHa A. I, sSBIsUTHCE BTOpPOU cTamueit
paspymenus tenen ['accans [4]. [lomumo HUX, BU-
3yaJIM3UPOBAINCH TUIIMYHBIC TEJbId C KEPATHHOBBIM
SITPOM, COCTOSIIIUM U3 KOHLEHTPUYECKH OPraHHu30-
BaHHBIX MIacTuH. [Ipy mpoBeneHUU ANEKTPOHHOM
MUKPOCKOIIMU B 6J'II/I3.]'I€)KaHII/IX TUMOLUTAX BHU3Yya-
JIM3UPOBAJICS IUKHO3, @ B aHTUI'CHIIPE3EHTHPYIOLINX

KIIeTKax, HapymeHue Gopwmel siaep (puc. 4 T, ).
VIMMyHOTHCTOXMMHMUYECKHE HCCIIEJOBAHMS II0Ka3a-
JIM, 9TO B TEJIbLIAX IPUCYTCTBOBAIN euHUYHbIe CD-3
mumponutel (puc 4 B). Dxenpeccust PAX-5 nokasa-
JI0, UTO KEPATHH TAKXKE CIETKa OKPAIINBAJICS TaHHBIM
mapkepoM (puc. 4 E). Okono camux Temer BH3yalu-
3UPOBAINCH B €AMHUYHOM KoindyecTBe B — mumdo-
uTH [12].

Puc. 2. Tempira ['accans mopocsaT-HOPMOTPODUKOB:

A — Tenbiie [accans 30pOBBIX MOPOCSAT C TUTIEPXPOMHBIM SITPOM, OKPYKEHHBIM O0OKOM 303UHO(PIIHLHOM IIUTOIIA3MBI.

Oxkpacka — reMaTOKCHIMH-303HH, yB. 1000X; b — THMHYECKOe Telblle 0OBIKHOBEHHOTO BHIa. OKpacka — reMaTOKCHIIHH-

903uH, yB. 400x; B — TUMHYecKoe Temblie, okpacka MapkepoM CD-3, yB. 400x; /'— snurenuanbHas KJIETKa-IpeIIIeCTBEH-

nuila tenen [accans (ctpenka), yB. 10 000x; /[ — TUMOIIMTSHI MO SICKTPOHHBIM MHKPOCKOIIOM, , yB. 15 000X; £ — Momomoe
tenble ['accans, okpacka PAX-5, yB. 400x

HOJ’Iy‘-IeHHI:Ie JaHHBIC CBUACTCIILCTBYIOT, YTO IIPU
THHOTPO(UH y TOPOCAT MPOUCXOANT CTUPAHUE IPAHHIL
KOPKOBOI'O M MO3T'OBOTO CJIO$1, & TAKXKE YaCTUYHAs Jie-
cTpykuus tenen ['accans.

3TO XapaKTepu3yeT HaJTMIue JICHKOLUTaPHOU HH-
¢unsTpanyy. TUMOLWTEI U ICHAPUTHBIE KJIETKH UMEIH
CTPYKTYPHO MOP(OJIOTHYECKIE U3MEHEHHUSI, & UMEHHO
[IUKHOTUYHbBIE U aTUIIMYHBIE SAPA, YTO SBJISIETCS IPU-
3HaKOM UMMyHOzedunuTa [13]. DTO MPUBOAUT K TT0-
BBILLICHHOM TpaHC(HOPMALMK U paciiaay HMMYHOKOM-

HETEHTHBIX KJIETOK, YTO B laJIbHEHIIIEM BEJIeT K CHUXKe-
HUIO MMMYHHOM peakiyy. AHaJIOTHYHbIE PE3YIbTaTh
uccienoBanuil ObiTH orydeHs! JKaposeim A. B. ipu
MCCIIeIOBaHUM UMMYHHBIX OPTraHOB IIOPOCST IPH T'U-
notpoduu [14].

ABTOPOM OBLIO IMOKa3aHO CTUPAHKUE MPAHHIIBI KOP-
KOBOT'O ¥ MO3T'OBOTO BEILIECTBA B TUMYCE, YACTUYHbIE
arornTo3sl TUMOILIMTOB M TUCTpOodus U Aepopmanus
tenen [accansa. HlanomuukossiM U. T. u coasTopa-
MU OBUIO YCTaHOBIICHO HAIMYHE MTATOJIOTMYECKUX TH-
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MOIIUTOB y TEJAT PU UMMYyHOAeUIUTE, YTO TaKKe
MOATBEPIKIAET HAPYIIICHNE 3alTUTHBIX (DYHKIIUN y FIC-
CJIelyeMbIX HAMHU )KUBOTHBIX [15].

Pallares F. J. u Gomez S. Takxe yka3bIBaJId, 4TO
IpU THHOTPOGHHU Y OONBIIMHCTBA TOPOCST MPOUCXO-
T arpodust TEMYca, a B Tenbliax ['accans Habmona-
eTcs JIeWKoIUTapHas NMH(PpUIBTPAIHS, a B HEKOTOPHIX
CITy4asix — JlecTpyKuus Tenert [16].

3AKJIIOYEHHUE
IIpoBenenHbIe HCCIENOBAHUS MTOKA3BIBAIOT, YTO
MpU THIMOTPO(UU Y MOPOCIT MPOUCXOAUT Hapylle-
Hue (hopMupoBaHus Tenern [ accans u uX MUKPOOKpPY-
JKEHHsI, YTO OBUIO BUAHO TI0 HAIHYHUIO JICUKOIUTAP-
HOW MH(HUIBTPAIIMKM ¥ TIOSBICHHUIO AaTOJOTHYECKIX

dopm. Ha 570 yKaspiBaeT MOBBIMIEHHAs TPaHC(HOp- Puc. 3. OTcyTCTBHE YETKOM TPAHMIIBI KOPKOBOTO
MalMs U pacnaj UMMYHOKOMIIETCHTHBIX KJIE€TOK, YTO ¥ MO3TOBOTO BEIIECTBA THMYCA y MOPOCAT-THIIO-
B JTAJIbHCHIIEM MPHUBEACT K CHIKCHUIO MMMYHHOTO TpPO(HKOB, OKpacKka — reMaTOKCHIMH-03HH, YB.
oTBeTa M K TNC(HYHKIIMH OpTaHa. 100x

E

Puc. 4. Tensia [accans mopocsAT-rUMOTPO(GHUKOB:
A — rtenbuie [accans, okpacka — reMaToKCHINH-303uH, yB. 1000x; 5 — Tenbie ['accans ¢ ieiikountapHoil MHUIBTpaneH,
OKpacka — reMaTOKCHIINH-303UH, yB. 400x; B — tenble 'accans B Tumyce, okpacka CD-3 mapkepowm; /', /{ — naronorudeckue
(opMBI A1pa B THMOLIMTE U ACHAPUTHOM KIIETKH, Oenast iuHus cooTBeTcTBYET 2000 HM; £ — CKOIUIEHHE NPEAIIEeCTBEHHUKOB
B-nuMbormToB BOKpyT AecTpyKTHBHOTO Tenblia ['accans (cTpernka), okpacka PAX-5, yB. 400x
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MICROENVIRONMENT OF HASSALL’S CORPUSCLES IN
HYPOTROPHIC PIGLETS IN THE EARLY POSTNATAL PERIOD
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Abstract. This article presents the data on the study of the cellular pool of the microenvironment of Hassall’s cor-
puscles in hypotrophic piglets in the early postnatal period. Diagnostic slaughter of daily hypotrophic piglets
weighing less than 800 g (n = 5) and normotrophic piglets (n = 5) of the same age, belonging to the pig breeding
farm of Voronezh region, was conducted in the prosectorium of FSBSI “ARVRIPP&T”. In normotrophic piglets,
the cellular pool of the microenvironment of corpuscles was represented by an accumulation of thymocytes and
antigen-presenting cells at different stages of differentiation. Electron microscopy revealed epithelial progenitor
cells of the corpuscles. They had a large, rounded nucleus composed of euchromatin with one or two nucleoli. In
thymocytes, chromatin was distributed in clusters along the periphery and in the center. Optically dense mito-
chondria were visualized in the cytoplasm. Hypotrophic piglets had cellular infiltrate and partial destruction of
the corpuscles themselves in Hassall’s corpuscles. Thymocytes had morphological changes, namely, pycnotic nu-
clei, and dendritic cells had atypical nuclei, which was a sign of immunodeficiency.

Keywords: Hassall’s corpuscles, thymus, morphology, immunohistochemistry, microenvironment, hypotrophic

piglets, normotrophic piglets.
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Hypotrophy of piglets is characterized by insuf-
ficiency and reduced immunobiological reactivity of
newborn animals, which more often than others suf-
fer from disorders of the gastrointestinal tract, lag be-
hind in growth and development. In case of hypotro-
phy, the functional activity of the endocrine glands
decreases, which leads to inhibition of the morpholog-
ical, biochemical, and immune status of the body [1].

A special place in the immune system of a new-
born is occupied by the thymus gland (thymus), which
is necessary for the development of the entire immune
system, as well as for the formation and maintenance
of the body’s immunological competence in further
ontogenesis. The working state of the thymus is con-
firmed by the presence of a clearly defined cortical and
medulla in the thymus lobules, the proliferation of thy-
moblasts, the presence of T-lymphocytes, macrophages
and stratified Hassall’s corpuscles [2].

In the thymus of hypotrophic piglets, a dysplas-
tic nature of structural changes is revealed, character-
ized by a decrease in thymus lobules, blurring of the
boundaries between the cortical and medulla layers,

as well as hypoplasia of thymocytes, which can lead
to disruption of its functioning and shutdown of the
T-cell immunity [3].

One of the least studied components of the thymus,
both in normal conditions and in case of various pa-
thologies, are Hassall’s corpuscles and their microen-
vironments [4]. Recently, it has been established that
these structures are actively involved in the maturation
of T-regulators, the synthesis of cytokines, and the ex-
pression of autoantigens [5].

The objective of the work is to study the microen-
vironment of Hassall’s corpuscles in hypotrophic pig-
lets in the early postnatal period.

MATERIAL AND METHODS
Diagnostic slaughter of daily hypotrophic piglets
with a critical mass of less than 800 g (n = 5) and nor-
motrophic piglets of the same age weighing 1100 g
(n=15), belonging to the pig farm in Voronezh re-
gion, was conducted in the prosectorium of FSBSI
“ARVRIPP&T”.
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Thymus specimens were fixed in 10 % neutral for-
malin solution, embedded in paraffin according to the
standard method, and serial sections 3—5 pm thick
were prepared from paraffin blocks. To study the gen-
eral morphological structure of the organ, paraffin sec-
tions were stained with hematoxylin-eosin.

For immunohistochemical studies, commercial
monoclonal antibodies (mAbs) to the differentiation
cluster CD-3 and PAX-5 (Novo Castra, UK) were used.

The material (thymus) for immunohistochemical
studies was fixed with 10 % neutral buffered formalin
for 24 h, and standard histological processing was per-
formed. Prepared tissue specimens were embedded in
Histomix paraffin medium, sections 4 um thick were
prepared, which were applied to highly adhesive slides
and dried at a temperature of 37 °C for 18 hours). Non-
immunized serum served as the reaction control [6].

The material for electron microscopy was carried
out in 2.5 % glutaraldehyde in 0.114 M collide buffer
in the cold with postfixation in 1 % tetraoxyosmium
solution in the same buffer.

The osmomolarity of 360 mosm was achieved
by introducing 0.05 M potassium ferricyanide and
Ringer’s solution into the second fixative [7]. The ma-
terial was enclosed in epon-812. Semi-thin sections
were stained with azure-2 in combination with magen-
ta basic and viewed using the Leica light microscope.
Ultrathin sections were prepared on an Ultracut ultra-
microtome (Leica), counterstained with lead citrate and
uranyl acetate, and viewed using the EM-208 electron
microscope (Philips).

RESULTS AND DISCUSSION

The thymus of normotrophic piglets was a formed
organ with clear boundaries between the cortex and
medulla. The stromal apparatus of the gland clearly
divided the organ into lobes (Fig. 1). In the medulla
(Fig. 2), hypertrophied light epithelial cells were de-
tected along the periphery, which according to some
authors are the precursors of Hassall’s corpuscles [8—
11]. The thymic corpuscles were mostly mature as
the nucleus of the corpuscles was already keratinized.
The cellular pool of the microenvironment of corpus-
cles was represented by an accumulation of thymo-
cytes and antigen-presenting cells at different stages
of differentiation. Electron microscopy revealed epi-
thelial progenitor cells of corpuscles (Fig. 2D). They
had a large, rounded nucleus composed of euchroma-
tin with one or two nucleoli. In thymocytes, chroma-
tin (Fig. 2 E) was distributed in clusters along the pe-
riphery and in the center. Optically dense mitochondria
were visualized in the cytoplasm. The study of IMHC
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with the marker CD-3 (Fig. 2C) revealed single posi-
tive T-cells located both in the immediate vicinity and
surrounding the corpuscles themselves. Examination
with the PAX-5 marker revealed the presence of sin-
gle (or clustered) immature B-lymphocytes (Fig. 2 F).

Fig. 1. Clear boundary between the cortical and
medulla of the thymus in normotrophic piglets.
Stained with hematoxylin-eosin, 100x magnification

A histological study of the thymus architecton-
ics in hypotrophic piglets revealed the erasure of the
boundaries of the cortical and medulla (Fig. 3). In the
medulla, Hassall’s corpuscles were single and were
in a destructive form, and they also had a cellular in-
filtrate (Fig. 4B). Visible inclusions, according to
Beloveshkin A. G., were the second stage of the de-
struction of Hassall’s corpuscles [4]. In addition to
them, typical corpuscles with a keratin core consist-
ing of concentrically organized plates were visual-
ized. During electron microscopy, pycnosis was visu-
alized in nearby thymocytes, and in antigen-present-
ing cells, a violation of the shape of the nuclei (Fig. 4
D, E). Immunohistochemical studies showed that sin-
gle CD-3 lymphocytes were present in the corpuscles
(Fig. 4B). Expression of PAX-5 showed that keratin
was also slightly stained with this marker (Fig. 4F).
Near the corpuscles themselves, B-lymphocytes were
visualized in a single amount [12].

The data obtained indicate that in case of hypotro-
phy in piglets, the boundaries of the cortical and me-
dulla are erased, as well as the partial destruction of
Hassall’s corpuscles. This characterizes the presence
of leukocyte infiltration. Thymocytes and dendritic
cells had structural and morphological changes, name-
ly, pycnotic and atypical nuclei, which was a sign of
immunodeficiency [13].
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Fig. 2. Hassall’s corpuscles in normotrophic piglets:

A — Hassall’s corpuscles in healthy piglets with a hyperchromic nucleus surrounded by a rim of eosinophilic cytoplasm.

Stained with hematoxylin-eosin, 1000x magnification; B — thymic corpuscle of an ordinary type. Stained with hematoxy-

lin-eosin, 400x magnification; C — thymic corpuscle, stained with CD-3 marker, 400x magnification; D — epithelial cell-pre-

decessor of Hassall’s corpuscles (arrow), the strip corresponds to 5 pm; £ — thymocytes under an electron microscope, the
strip corresponds to 2000 nm; F'— young Hassall’s corpuscle, PAX-5 staining, 400x magnification

Fig. 3. Absence of a clear boundary between the

cortical and medulla of the thymus in hypotrophic

piglets, stained with hematoxylin-eosin, 100x mag-
nification
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This leads to an increased transformation and dis-
integration of immunocompetent cells, which further
leads to a decrease in the immune response.

Similar research results were obtained by
Zharov A. V. in the study of the immune organs of
hypotrophic piglets [14].

The author showed the erasure of the border of
the cortical and medulla in the thymus, partial apop-
tosis of thymocytes and dystrophy and deformation of
Hassall’s corpuscles. Shaposhnikov I. T. and co-au-
thors established the presence of pathological thymo-
cytes in calves with immunodeficiency, which also
confirmed the violation of protective functions in the
animals we studied [15].

Pallares F. J. and Gomez S. also pointed out that in
case of hypotrophy, thymus atrophy occurs in most pig-
lets, and leukocyte infiltration is observed in Hassall’s
corpuscles, and in some cases destruction of the cor-
puscles [16].
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Fig. 4. Hassall’s corpuscles in hypotrophic piglets:

A — Hassall’s corpuscle, stained with hematoxylin-eosin, 1000x magnification; B — Hassall’s corpuscle with leukocyte in-

filtration, stained with hematoxylin-eosin, 400x magnification; C — Hassall’s corpuscle in the thymus, stained with a

CD-3 marker; D, E — pathological forms of the nucleus in the thymocyte and dendritic cell, the white line corresponds to

2000 nm; F — accumulation of precursors of B-lymphocytes around the destructive Hassall’s corpuscle (arrow), PAX-5
staining, 400x magnification

CONCLUSION

The conducted studies show that in case of hy-
potrophy in piglets there is a violation of the forma-
tion of Hassall’s corpuscles and their microenviron-
ment, which was evident from the presence of leuko-
cyte infiltration and the appearance of pathological
forms. This is indicated by increased transformation
and decay of immunocompetent cells, which will fur-
ther lead to a decrease in the immune response and to
organ dysfunction.
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K 95-JIETUIO TPOPECCOPA B. A. TAPUKOBA

Cepreii Buxktopouu llla0ynnn, Ilagen Anapeesud Ilapmun

Bcepoccuiickuii nayuno-ucciedosamenbCKkull 6emepuHapHblil UHCIMUmym
namonoeuu, Boponesc, Poccus, e-mail: vnivipat@mail.ru

Buranuto Anexcannposuuy IlapukoBy — n0kTO-
Py BeTepHUHApHBIX HayK, Ipodeccopy, 3aCITy’)KEHHOMY
nesitento Hayku Poccutickoit @eneparuu B 2023 romy
UCTIOJHAETCS 95 JeT co IHS pOXKICHHUS.

B. A. TTapuxoB poauncs 12 anpens 1928 rona B nie-
pesue Kopskosenr Cokonbckoro paiiona MBanoBckoi
obnactu. B 1947 rony oxonunin FOpbeBckuii 300TexHH-
yecKo-BeTepuHapHbIi TeXHUKYM. C 1947 o 1953 rox
paboran 3aBeayromuM H. JlaHIeXOBCKUM 300BETEPH-
HapHBIM TIYHKTOM, a 3aTeM TIpejceqareieM KoJrxo3a
«Hosas )Kuznb» MBaHOBCKOI 00MacTH.

B 1953 roay B. A. [lapukoB mocTynuiu
u B 1958 rony ¢ ommunem oxkoHums1 Boponexckuit
300TE€XHUYECKO-BETEPUHAPHBIA HHCTUTYT U padboTai
1o 1963 roxa npenomaBateneM bepe3oBCKOTo CeTbCKO-
XO3HCTBEHHOTO TEXHUKyMa BopoHexckoit obmacTy.

B 1966 rony okoHUYMJI OYHYIO aCIUPAHTYpPy NpHU
Kagenpe aKyluepcTBa, HCKYCCTBEHHOTO OCEMEHEHHUSI
1 OCHOB BeTE€pUHAPHH BOPOHEIKCKOTO CETHCKOX035H-
ctBeHHOro nHctutyTa uM. K. JI. I'munku. ITocne okon-
JaHUs acUpaHTypel ¢ 1966 roma paboTtan B ITOIDK-
HOCTH aCCHUCTEHTa dTOW Kadephl, a 3areM cTapie-
ro npenoaasarens. [1og pykoBoiCTBOM 3aBEYIOIIETO
kadeapoi 3aciyxenHoro aesrenas Hayku PCOCP,
JIOKTOpa BeTepHHApHBIX Hayk AkaTroBa Bacumus
AnexceeBrUa OH BBITONHUI U B 1967 TOMy 3ammThi
KaHUIaTCKYIO TUCCepTaIiio Ha TeMy: «DoHodopes
TETPANUKINHA B TKAHW BBIMEHU U JICUEHUE KaTapaib-
HOTO MacTUTa y KOpoB ynbTpasBykom». B 1971 rogy
ObLT M30paH Ha JOIDKHOCTH JOLEHTa Kadeapsl aky-
IIepCTBa U OCHOB BETEPUHAPHH.

C okTsa6ps 1973 roga paboran 3aBeAyIOMINM
nmabopartopueil MaTOIOTUH MOJOYHOHN JKelle3bl
Bcecoro3noro, a 3atem Becepoccuiickoro HayqHo-uc-
CJIEI0BATENILCKOTIO BETEPUHAPHOTO MHCTUTYTA [1AaTOJIO0-
rd, papMakoIoruu 1 Tepanui. OTHOBPEMEHHO B TeYe-
Hue 4 net (1974—1978) paboran 3aMeCTUTEIIEM JTH-
peKTOpa 1Mo Hay4HOH paboTe HHCTUTYTA.

© [Mabynun C. B., [Tapmmu I1. A., 2023

B 1990 rony B. A. ITapukoB 3amiTiiI JOKTOPCKYIO
JccepTanuio Ha TeMy «Pa3paboTka u coBepIIeHCTBO-
BaHUE METOJIOB IMATHOCTHKH, TEPAITUU U TPOPHIAK-
THKU MacTUTa y KOPOB», a ¢ OKTs10ps 1991 roxa emy
NPUCBOCHO 3BaHME Mpodeccopa Mo CHelHaIbHOCTH
aKyIIepPCTBO U NCKYCCTBEHHOE OCEMEHEHHE.

[TapuxoB B. A. BHEc orpoMHBIN BKJIaJ B pa3BUTHE
BeTEepHHAPHOTO aKymepcTBa Poccun, mm pazpabora-
HBI ¥ BHEJIPSHBI B POU3BOICTBO amaparkl, IPpUuOOpHI
1 Tipenaparkl JUisl AMarHOCTHKY, JISYeHUsI ¥ poduiak-
THUKH MacTUTa y KOPOB, 32 KOTOpPbIE OH Harpax/ieH ye-
teipbMs Menasivu BJJHX CCCP (nBe OpoH30BEIE, Cce-
pebpsHast, 300Tas) u 3HaKoM «3o0perarens CCCPy.
OH sBIszicst apTopoM 6oitee 200 HaydHBIX padoT, 1 Mo-
HOTrpa UK, MHOTOYHCIICHHBIX METOAMYECKIX PEKOMEH-
naruii u 16 nzooperenunii. im moarorosieHo 12 xaH-
JU/1aTOB U 3 JI0KTOpa Hayk. Ha mpoTshkeHuu MHOTHX
JIET SBJISUICS pyKOBOAMUTENEM | OCy1apCTBEHHBIX U Be-
moMmcTBeHHBIX HUP. 3annMarcs miomoTBOpHON Me-
JKAYHAPOIHOU JIEATEIIbHOCTBIO C 3apyOeKHBIMU WH-
CTUTYyTaMH B OOJIACTH BETCPHMHAPHOTO aKyIIEPCTBA
ITonpmm u ['ommangum.

[Ipodeccop B. A. IlaprkoB Ha IPOTSHKEHUH MHO-
TUX JIeT ObUT WwiieHOM ceKiuu OTAeNeHus BeTepuHap-
Ho#t meaummHBl PACXH, nuccepTallmOHHBIX COBETOB
MO 3allUTe JOKTOPCKUX M KaHIUAATCKUX JHCCEpTa-
it npu BHUBU naronorun ¢apmakonorun u Te-
panuu 1 BopoHeXCKOM rocyaapCcTBEHHOM arpapHoOM
yHusepcutere uM. K. J1. I'munkn.

Hayunas spyaunus, NpuHIMIHAAIFHOCTh U Tpe-
o6oBarenpHOCTEL TIpoeccopa B. A. [lapukoBa co-
YETANNCh C YYTKOCTHIO M OT3BIBYMBOCTHIO, BCE ATO
CHHCKaJIO eMy TNIyOOKOe yBa)XCHHE M LIMPOKYIO H3-
BeCTHOCTh. 3aciyru npodeccopa B. A. [lapukosa
B MOATOTOBKE KaJApOB OTMe4eHHbI [loueTHBIM 3Ba-
HHUEeM «3aclyKEHHBIU aesTelb Hayku Poccuiickoit
®denepanym 1 MHOTHMH METaIISTMHU.
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K 95-nemuto npogeccopa B. A. [lapukosa

NHOOPMAILIMA Ob ABTOPAX
C. B. Illabynnn — 10KTOp BeTEpUHAPHBIX HayK, Iipodeccop, akanemuk PAH, HayuHbIi pyKOBOAMTEIb HHCTUTYTA;
I1. A. ITapmun — JOKTOp BETEpPUHAPHBIX HayK, Ipodeccop, AUPEKTOP HHCTUTYTA.
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ON THE OCCASION OF THE 95™ ANNIVERSARY SINCE
THE BIRTH OF VITALIY ALEKSANDROVICH PARIKOV

Sergey Viktorovich Shabunin, Pavel Andreevich Parshin

All-Russian Veterinary Research Institute of Pathology, Pharmacology

and Therapy, Voronezh, Russia, vnivipat@mail.ru

In 2023, it is the 95" anniversary since the birth of
Vitaliy Aleksandrovich Parikov, Doctor of Veterinary
Sciences, Professor, Honored Scientist of the Russian
Federation.

V. A. Parikov was born on April 12, 1928 in
Koryakovets village, Sokolskiy rayon, Ivanovo re-
gion. In 1947, he graduated from Yuryev Zootechnical
and Veterinary Technical School. From 1947 to 1953,
V. A. Parikov worked as the Head of the Zooveterinary
station named after N. Landekhovskiy, and then as the
Chairman of the collective farm “Novaya Zhizn” in
Ivanovo region.

In 1953, V. A. Parikov entered and in 1958 grad-
uated with honors from Voronezh Zootechnical and
Veterinary Institute and worked until 1963 as a Lecturer
at Berezovskiy Agricultural College of Voronezh
Region.

In 1966, V. A. Parikov completed full-time post-
graduate studies at the Department of Obstetrics,
Artificial Insemination and Fundamentals of Veterinary
Medicine of Voronezh Agricultural Institute named
after K. D. Glinka. After graduating from postgradu-
ate school in 1966, he worked as a Teaching Assistant
of this department, and then as a Senior Lecturer.
Under the guidance of Akatov Vasiliy Alekseevich,
Head of the department, Honored Scientist of the
RSFSR, Doctor of Veterinary Sciences, he complet-
ed and in 1967 defended his Candidate thesis on the
topic Phonophoresis of Tetracycline in the Tissues of
the Udder and Treatment of Bovine Catarrhal Mastitis
with Ultrasound. In 1971, he was elected to the post
of Assistant Professor of the Department of Obstetrics
and Fundamentals of Veterinary Medicine.

From October 1973, V. A. Parikov worked as the
Head of the Mammary Gland Pathology Laboratory
of the All-Union and then All-Russian Veterinary
Research Institute of Pathology, Pharmacology and
Therapy. At the same time, he had been working as a

© Shabunin S. V., Parshin P. A., 2023
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Deputy Director for Scientific Work of the Institute for
4 years (1974—1978).

In 1990, V. A. Parikov defended his Doctoral the-
sis on the topic Development and Improvement of
Methods for Diagnosing, Treating and Preventing
Bovine Mastitis, and since October 1991 he was award-
ed the title of Professor in obstetrics and artificial in-
semination.

Parikov V. A. made a huge contribution to the de-
velopment of veterinary obstetrics in Russia, he devel-
oped and introduced into production devices, instru-
ments and designed drugs for the diagnosis, treatment
and prevention of bovine mastitis, for which he was
awarded four medals of the VDNKh of the USSR (two
bronze, one silver, one gold) and the badge Inventor of
the USSR. He was the author of more than 200 scien-
tific papers, 1 monograph, numerous guidelines and 16
inventions. He prepared 12 Candidates and 3 Doctors
of Sciences. For many years he was the Head of state
and departmental researches. He was engaged in fruit-
ful international activities with foreign institutions in
the field of veterinary obstetrics in Poland and Holland.

Professor V. A. Parikov for many years was a mem-
ber of the section of the Department of Veterinary
Medicine of the Russian Academy of Agricultural
Sciences, dissertation councils for the defense of doc-
toral and candidate theses at the All-Russian Veterinary
Research Institute of Pathology, Pharmacology and
Therapy and Voronezh State Agricultural University
named after K. D. Glinka.

Scientific erudition, adherence to principles and ex-
actingness of Professor V. A. Parikov were combined
with sensitivity and responsiveness, all this earned
him a deep respect and wide popularity. The merits of
Professor V. A. Parikov in the training of personnel
were awarded with the Honorary title Honored Worker
of Science of the Russian Federation and many medals.
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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. HampaBnieHne oT yupexaeHus, B KOTOPOM BBITIOJHEHA paboTa 1o (opme:

B penaxuuto xxypHaina
«BeTrepuHApHEIH (hapMaKOIOTHIECKIH BECTHUK

[pomry (mpocum) omyOIUKOBATh B OTKPBITOM ITEYaTH MO0 (HAIITy ) CTAaThIO «

».

Marepualibl CTaThbi YaCTUYHO MJIH TIOJHOCTBIO HE ObLIM paHee OMyOIMKOBaHbI .

ABTOPBI IOATBEPKIAIOT JOCTOBEPHOCTh  OPUTHHATIHFHOCTH MAaTePUAIOB, U3JIOKEHHBIX B CTAThE; JAOT
coryacue Ha cOop, 00padOTKy 1 pacIpOCTpaHEeHHE CBOMX ITEPCOHANBHBIX TaHHBIX B COOTBETCTBUU C TPeOO-
BanusiMu denepanbHoro 3akoHa Ne 152-03 ot 27 urons 2006 roga «O nepcoHaNbHBIX TaHHBIX»; FapaHTU-
PYIOT, UTO HE HAPYIIAlOT HUYbUX aBTOPCKUX IMPaB; HE BKIIFOYAOT MaTepUAIIbI, HE MOJyIeXkaIue K myOuKa-
LMY B OTKPBITOM N€YaTh B COOTBETCTBUHU C JIEUCTBYIOIIMM 3aKOHOAATEIbCTBOM Pocculickoit @eaepanuu.

BwmecTte co cTaTheit aBTop nepemaeT penakiiuy Ha HeOTpaHUICHHBINA CPOK CIICAYIONINE TIpaBa; MpaBo Ha
pa3MeleHne, BOCIPOU3BEICHNE U PACIIPOCTPAHEHUE CTATHH JIFOOBIM CITOCOO0OM; TIPaBO HA IepepadboTKy cTa-
ThU ¥ BHECEHNE U3MEHEHHI B CTAaThIO; IIPABO Ha IMyOIMYHOE UCTIOIH30BAHNE MaTEPHAJIOB CTAThH U JIEMOH-
CTpPaIUIO UX B MHPOPMAIIMOHHBIX, PEKIIAMHBIX M ITPOYUX IIETIAX.

Takoxe aBTOpPBI TOATBEPKIAIOT, YTO COIVIACHBI C MPABUJIAMU PEAAKIIMU M0 MOATOTOBKE PYKOMHUCH K U3-
nanvro. [locne myOnuKauu ee MUTUPOBAHUE BO3MOXKHO TOJIBKO CO CCBUIKOM Ha KypHal «BeTepuHapHbIii
(hapMaKoJIOTrHUeCKHU BECTHUK.

NOANHUCH (MOAMUCH) aBTOopa (aBTOPOB) (bamMuIHs, UM, OTYECTBO

[oamucs (moamnwcn) 3aBEPSIIO.

noanuck 1 ®PUO nuua, 3aBepuBILIEro NOAIUCH
M.II. opranuzanuu
« » I.

* Eciu ObL1d OHy6J’II/IKOBaHH YaCTUYHO, TO YKa3aTb Ha3BaHUC U3J1dHMs, 'Ol BbIITYCKa, HOMCP, CTPAHULIBI.

Jiis yckopeHus Iy OIMKAIIMK CTaThH B PEIAKIINE0 HEOOXOIMMO IIPEI0OCTABUT PEIIEH3UI0 JOKTOPa HayK, 3a-
BEPEHHYIO B OT/IEJIE KaPOB 110 MECTY paboThI.

MPABUJIA O®OPMJIEHUA CTATEN

TekcT crateut 00beMOM 70 15 cTpanwuI npexocTassercs B mporpamme Microsoft Word: mpudt — Times
New Roman, kersib — 14 1T, MeXXCTpOUHBIH HHTEpBaT — 1,5, a03amHslii orctynm — 1,25, 6e3 nepeHocos. Dop-
Mar CTpaHuIbl — A4; ToJsi: ieBoe — 3 cM, BEpXHee, IPaBoe M HUKHEE — 2 CM.

DJIeMEeHTaMU U3/1aTelIbCKOr0 0O(hOPMIICHHS CTAaTe! SIBIISIFOTCSL:

— cBejieHus 00 U3/1aHUH, B KOTOPOM OIyOJMKOBaHA CTAThs;

— Ha3BaHWE PYOPUKH WM pa3jiesia U3IaHus;

— THII CTaThy (Hay4yHast CTaThs, 0030pHAs CTaThH, PEJAKIIOHHAS CTAThs, JUCKYCCHOHHAS CTaThs, IIEPCOHA-
JIUH, PEIAaKTOPCKAs 3aMETKa, PEIICH3HsI Ha KHUTY, PEIIEH3Us Ha CTaTbI0, CIIEKTAKJIb | T. I1., KPaTKOE COOOIIIEHHE);

— WHJEKC YHUBepCcalIbHOU necaTnyHol kiaccudpukammu (YK);

— 1mdposoii naenTudurarop oodbekra (Digital Object Identifier — DOI); ero npusoast mo FOCT P UCO
26324 u pacnonararot nocie uaaekca YK ornenpHON cTpokoit cieBa. B konre DOI Touky He cTaBsT;

— 3arvyiaBWe CTaTbhH;

— TIOJ[3aTOJIOBOYHBIE JIAHHBIE CTAThHH;

— cBezieHus 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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Ecnu y craTtbu HECKOJIBKO aBTOPOB, TO CBEACHUS O HUX MPHUBOIAT C YUETOM HIDKECIICAYIOIIMX MPABHUIL
Vmena aBTOpOB MPUBOST B IPUHIATONW UMH MOCIEI0BATEIbHOCTH.

ABTOp, OTBETCTBEHHBIH 32 IIEPENUCKY, U €T0 AIEKTPOHHBIN apec MOTYT ObITh 0003HaYEHBI YCIOBHBIM HU30-
OpaskeHHEeM KOHBEPTA, B IEKTPOHHBIX U3JIAaHUSX — TAKKE U IPYTUMH CPEACTBAMH, PEATN3yEMBIMH ITPOT PaMM-
HBIM 00CCIICUeHUEM ITyOITMKAIIUN U3TaHS.

Bo3MoxHO IIpHBeeHNE MEKTPOHHOTO aJIpeca TOJIBKO OJHOTO aBTOPa, C KOTOPBIM IIJIAHUPYETCS! IIePEeIuc-
Ka, UM OTAEJIBbHOE yKa3aHUe aBTOpa AJIsl KOPPECHOHACHINH 1O popMe: «ABTOp, OTBETCTBEHHBIH 3a MEpemuc-
Ky:» («Corresponding author:»).

JononauTenbHble cBeleHusT 00 aBTOpe (aBTOpax) MOTYT COJACPKATh:

— TIOJIHBIC MMEHa, OTYecTBa U pamuiny, snekrponHsbie ajapeca u ORCID aBTopoB, eciii OHU HE YKa3aHBbI
Ha MepBOM MOJI0CE CTaThH;

— YUCHBIC 3BaHMUS;

— YYCHBIE CTEIICHH;

— npyrue, kpome ORCID, mexnyHaponHble HACHTU(PHUKAIUOHHBIE HOMEPA aBTOPOB. J{OMONHUTENbHBIC
cBeneHus 00 aBTope (aBTOpax) MPHUBOMAAT C MpeIIeCTByOmUME cinoBamu «MHpopmanus 06 aBTope (aBTO-
pax)» («Information about the author (authors)») 1 yka3sIBaroT B KOHIIE cTaThi mociie « CIUCKa HCTOYHUKOBY.

Ceenenus o MmecTe padoThl (yueOnr), anekrporHsie anpeca, ORCID aBTopoB yka3pIBarOT MOCIE UMEH aB-
TOPOB Ha Pa3HbIX CTPOKAX U CBSI3BIBAIOT C MMEHAMHU C TIOMOILBIO HAJACTPOUYHbIX U(POBEIX 0003HaueHnit 1H-
nexc Y/IK pacrnonaraercst B 1eBOM BEpXHEM yniIy 0e3 a03allHOTO OTCTYTIA.

Hanee 6e3 ab3aiHOTO OTCTYIIA PACIoiaraeTcsl Ha3BaHWE CTaThU — 3arIaBHBIMU OyKBaMu, MOITYKUPHBIM
mpudTOM, BEIpAaBHUBAHUE 10 LEHTPY.

damuius, UMs1, 0TIECTBO aBTOpa — 0€3 a03aIHOTO OTCTYIIA, 110 LIEHTPY, CTPOUYHBIMU OyKBaMH, MOITYKHUP-
HBIM TIPUADTOM.

Amnnoranuio popmupyrot o OCT P 7.0.99. O6bem annOoTanmu He npebiaet 250 cios. [lepen annoTa-
[Mel MPUBOJIAT CI0BO « AHHOTAIU («Abstract»).

KitoueBsle cioBa (c1oBocoveTaHus) TOKHBI COOTBETCTBOBATh TEME CTAThU M OTPaXKaTh €€ MPEIMETHYIO,
TEPMHUHOJIOTHYECKYI0 00nacTb. He mcnonb3ytoT 000011eHHbIe 1 MHOTO3HAYHBIE CIIOBA, 8 TAKXKE CIIOBOCOYETA-
HUS, ColleprKallie IpUYacTHbIE 000POTEHI.

KonmaecTBo KITFOUEBHIX CIIOB (CIIOBOCOUCTAHUI) HE JOKHO OBITH MeHBIIE 3 1 Oobie 15 ¢ioB (c10BOCO-
yeranui). Ix npusonst, npeasapsist cnoBamu «KimoueBbie cinoBa:» («Keywords:»), 1 oTAeISIOT APYT OT ApY-
ra 3ansaTeIMH. [lociie KITI04eBbIX CJIOB TOUKY HE CTaBsT.

[Tocne KIIIOYEBBIX CJIOB NPUBOAST CJIOBA OJIarofapHOCTH OPraHU3alusaM (YUpekKICHHUSIM), HAyYHBIM PYKO-
BOJIMTEINISIM M APYTHM JIMI[AM, OKa3aBIIAM ITOMOILb B TOATOTOBKE CTAaThH, CBEICHHSI O TPaHTax, (PMHAHCHPOBA-
HUH TTOJITOTOBKH M ITyOJIMKAIIMN CTaThH, TPOCKTaX, HAyYHO-HCCIIEI0BATEIbCKAX paboTax, B paMKax WIIH 110 pe-
3yJbTaTaM KOTOPBIX OIyOJIMKOBaHA CTAThsl.

OTH CBeleHHs IPUBOIAT C MPEALIECTBYIOMIMM clIoBoM «bnarogapHoctu:». Ha anmmiickoMm si3bIKe cioBa
051aroapHOCTH MPUBOIAT MOCIE KJIIOYEBBIX CJIOB HAa aHIIMKMCKOM $I3bIKE C MPEILICCTBYIOIIUM CJIOBOM
«Acknowledgments:».

TekcT cTarbu MOJDKEH BKIIIOUATh BBEJACHUE (0€3 yKa3aHUs Ha3BaHUS pasfieiia), MaTepualibl B METOIBI, Pe-
3yIIBTaThl UCCIICIOBAHU, 0OCYKICHHUE U BEIBOJIBI (3aKITIOUCHNE).

bubmmorpaduueckyto 3anuch Uil pucTareitHoro onbmuorpaduyeckoro crmcka cocrapistor no 'OCT
7.80,TOCT P 7.0.100.. Ccpliky Ha MCTOYHUKHU JAIOTCS IO TEKCTY HU(PON B KBaJpaTHBIX CKOOKAX U yKa3blBa-
I0TCS B TIOPSIIKE UTUPOBaHUs. B cricke IuTepaTyphl KenarenbHo Haduyue Kak MUHUMYM 20 % nHOCTpaH-
HBIX UCTOYHHUKOB U BKJIIOYEHHUE B CITMCOK COBPEMEHHBIX aBTOPOB.

TaOunuisl 1O/HKHBI OBITH BBITOJHEHBI B Microsoft Word u conepikaTh cTaTuCTHYECKH 00pabOTaHHbIH Ma-
tepuait. Kaxxnas Tabnuna nosKkHa IMETh HOMEp, TEMAaTUIECKHUI 3ar0JI0BOK U CCBUIKY B TEKCTE.

I'pacpuxn, muarpammel, pucyHku u QoTorpaduu HEOOXOAUMO MPEAOCTABIATE B popmare jpeg, tif mmm gif
(c pazpemiennem He MeHee 300 ToUeK) C COOTBETCTBYIOIIMMHE MOAMUCSIMH U IPOHYMEPOBAHHBIMH.

CokpartieHusi TepMUHOB, OTIIMYHBIC OT HOPMUPOBAHHBIX, TOJKHBI TPUBOJUTHCS TOJIBKO MOCIIE YIOMHHA-
HUSI B TEKCTE UX MTOJTHOTO 3HAYCHHSI.

Enunuier u3mepennii narorces B COOTBETCTBUU ¢ MexayHnapoaaon cucremMoit CU mo 'OCT 8.417—2002
«EauHunp! Benuuun».
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