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AHHOTALMA

AkTyanbHocTb. WHTpaHaTansHas rvnokcus nnopa Betpevaetcs B 10-15% Bcex GepemeHHocTen n obycnosnusaeT 23% MepTBo-
POXOEHWI 1 CMepTel AeTel B paHHEM HeoHaTarnbHOM nepuoge. B nutepatype OTCYTCTBYIOT CrielyanmanpoBaHHble Bronornyeckue
MOZENEN Pa3BUTUS ATOr0 NaTONOTMYECKOr0 COCTOSHMS.

Llenb uccnepoBaHusi — NpoBECTW CPABHUTENLHBIN aHaNN3 CHOPMUPOBAHHOCTM BHYTPUYTPOOHON MMMOKCIW NMOAA Y KPbIC MPW rno-
©apuyeckom, runepkanHUYECKU-TUMOKCUYECKOM M reMYeckom crnocobe ee hopMUPOBaHKS.

Martepuansi u meToabl. iccnenoBaHiie BbINONHEHO HA GECNOPOAHBIX KpbicaX-CaMKkax BO3pacToM 3 MecsLa, KoTopble Ha 9-12-i1 aHu
recTalum nogeepranu exesHeEBHOMY BO3AEACTBMIO rinobapuyeckoii runokcun (bapokamepa, Bbicota 9000 M, akcnosuumus 30 MuH),
runokcum repmoobbema (akcukatop o6bemom 300 Mn, akeno3nums 30 MUH) UK TUCTOTOKCUYECKOM TMMOKCUN (BHYTPUMBILLIEYHOE BBE-
LEHe LMaHMCTOro HaTpus B 4o3e 5 Mr/kr). Hekponcuio npoBoaunu Ha 19-i fieHb recTalum nocne 3BTaHa3uu B YrNEKUCIIOTHON Kamepe.
OMBproHbI drkeuposanu B 96% ataHone 7 aHew, 3atem norpyxanu B 1% pacteop KOH Ha 1-2 cyTok. OkpalumBaHue OKOCTEHEBLUMX
y4acTKOB CKeneTa NpoBOAUIN B LLENOYHOM rMULEPUH-an13apuHoBOM pacteope. [1nogbl n3yyanu nog MUKPOCKOMOM MK YBENYEHN
x15. YuuTbiBanu aHomanuu ckeneta, Konn4ecTBO TOYEK OKOCTEHEHNS B PA3NNYHBIX KOCTHbIX 00pa3oBaHusiX.

PesynbTathbl. [MnepkanHuyeckas 1 rucTOTOKCMYECKas rTMNOoKCUs NPUBOAUIN K TUNOTPOMM, CHUXas Ha 28-32% BenuumHy npupocTa
Macchl Tena XMBOTHbIX BO BpeMsi DepemeHHoCT. OTMEYanuCh U3MEHEHMS NNaLeHTbl (CHUKEHWE MacChl) M 3MOPUOHOB (CHUXEHUE B
2-3 pasa mMacchl nnoga, Ha 15% — KpaHuokayaanbHoro pasmepa, Ha 35-45% — cymmapHOil AnvHbI 3a4aTKOB ANUHHBIX TPY6YaThIX
KOCTel, KonmyecTBa To4ek OcCUMKaLMmu B 3a4aTkax MEMKIMX KOCTeN).

BhiBogbI. BnnsHiie runepkanH1M4eckon rmnokcumn Ha aMOopuoH Obino 6onee cnadbiM, YeM npu runobapruyeckoit rtnoKCuu, a npu rneTo-
TOKCUYECKON TMMOKCMM — Bosiee BbIpaKEHHBIM. [Inst KONMYECTBEHHON OLLEHKI CTENEHW NOBPEXAEHNS IMOPUOHOB NMpU BHYTPUYTPOO-
HOW rMMOKCUM B DOMEANLIMHCKUX UCCMeA0BaHNSX MOXeT ObITb MCMOMb30BaHa paspaboTaHHas annbHas Lkana.

KntouyeBble cnoBa: BHYTpVIyTp06HaFI TMNOKCKA nnopaa, 6VIOMO,£l€J'IVIpOBaHVIe, TMNOKCMYECKaaA MTMNOKCUA, TMCTOTOKCUYECKasa rMnoKcu4,
MapKepbl NpeHaTanbHOro NoBpeXaeHnA
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ABSTRACT

Background. Intrapartum fetal hypoxia occurs in 10-15% of all pregnancies and accounts for 23% of stillbirths and deaths in the early
neonatal period. The literature lacks specialized biological models of the development of this pathological condition.

The aim of the study was to comparatively analyze the formation of fetal intrauterine hypoxia in rats under hypobaric, hypercapnic-
hypoxic and hemic modes of its formation.

Materials and methods. The study was performed on 3-month-old female mongrel rats, which on days 9-12 of gestation were exposed
daily to hypobaric hypoxia (barocamera, altitude 9000 m, exposure 30 min), hypoxia of the germarium (300 mL exciter, exposure
30 min) or histotoxic hypoxia (intramuscular injection of sodium cyanide at a dose of 5 mg/kg). Necropsy was performed on day 19 of
gestation after euthanasia in a carbon dioxide chamber. Embryos were fixed in 96% ethanol for 7 days, then immersed in 1% KOH
solution for 1-2 days. Staining of ossified skeletal parts was carried out in alkaline glycerol-alizarin solution. Fruits were examined under
a microscope at a magnification of x15. Skeletal anomalies, the number of ossification points in different bone formations were taken
into account.

Results. Hypercapnic and histotoxic hypoxia led to hypotrophy, reducing by 28-32% the value of body weight gain of animals during
pregnancy. There were changes in placenta (decrease in weight) and embryos (2-3 times decrease in fetal weight, 15% decrease
in craniocaudal size, 35-45% decrease in total length of long tubular bone rudiments, number of ossification points in small bone
rudiments).

Conclusions. The effect of hypercapnic hypoxia on the embryo was weaker than in hypobaric hypoxia, and in histotoxic hypoxia it
was more pronounced. To quantify the degree of embryo damage under intrauterine hypoxia, the developed ball scale can be used in
biomedical research.
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AKTYAIIbHOCTb

B cootBeTcTBMM C OnpegeneHnem BcemupHo opraHn3a-
umv 3gpaBooxpaHenus (BO3), runokems nnoga — KOMMIeKe
W3MEHEHW B €r0 OpraHu3Me Moj BIMSHWUEM HeJOCTaTOYHOro
CHabXXeHWS KUCNOPOLOM TKaHel N OpraHoB MM HeagekBaTHOM
yTURM3aLuM MK Kucnopoda. ATo 4YacToe ocrnoxHeHue Oepe-
MEHHOCTM W POJOB OCTAETCS OAHON 13 OCHOBHbBIX NPUYUH MEPT-
BOPOXAAeMoCTh, MrageHJyeckon 3aboneBaemMocTi U CMepTu
[1]. B HacTosiLee Bpems npobnema WHTpaHaTanbHo rMnokeum
noAa OCTaeTcsa KpalHe akTyanbHOW, Tak Kak AaHHas naTono-
IS 3aHWMaeT Befyllee MeCTo B CTPYKType nepuHaTanbHoi 1
HeoHaTanbHOM CMepTHOCTM 1 3aboneBaemocTi, 0bycnoBsnvBas
23% MepTBOPOXAEHUS N CMEPTU AETEN B paHHEM HeoHaTasb-
HOM nepuoae. YacToTa rMnoKcum nnoga 1 achuKkcy HOBOPOX-
AeHHoro cocTaBnseT 4-6%, a no HekoTopbiM AaHHbIM — 10,5%
obuero uucna pogos, v BcTpeyaetcs B 10-15% Bcex 6epeme-
HOCTEMN, a €€ NPOSIBNEHNS 3aBUCAT OT TEYEHNS GEPEMEHHOCTN,
pOJOB, MPUMEHSIEMbIX ONEPaTUBHBIX BMELATENbCTB U APYrnX
takTopos [2, 8, 11]. Mpu BbipaxxeHHOM AeduLmTe KuCnopoaa y
HOBOPOXZEHHbIX pPa3BMBAETCS 3afepkka Uiu HapyLIEHNs ncu-
XOMOTOPHOrO M UHTENNeKTyansHoro passutus [14]. K accoun-
MPOBAHHON C BHYTPUYTPOOHOWN r1MoKCHen Nnoaa naTonorum oT-
HOCSAT pa3nuyHble HEeBPOMOr1YecKne paccTponcTBa, CUHAPOM
rMNepakTUBHOCTY C AePULNTOM BHUMAHUS, Pa3nnyHble NCUXU-
Yeckue 1 peyeBble naTonoruu. K cambiM TSxensIM nocneacTau-
SIM TUMOKCHW MO3ra Miioga OTHOCAT AeTCkni LepebpanbHbiil na-
panud (LU [7, 9].

B oTBET Ha BO3geiCTBNE OMpefeneHHbIX MPUYKH, BbI3bl-
BalOWMX JednunT KUCnopoaa, 3anyckatoTcsl MexaHn3Mbl KOM-
neHcalum, HanpasneHHble Ha NoAAepXaHue afekBaTHOM OKcu-
reHaLuu opraHuama nnoga. K HAM 0THOCAT NOBbILLEHWE CKOPO-
CTW NMnaLeHTapHOro KpoBoobpaLLEHUs, TMNepnasmio NNogHoM
YacTu NnaueHTbl, yBENMYEHNe eMKOCTU KanunmspHoro pycna
W yCWNeHMe KpPOBOTOKA MNofa, YTO MPUBOAMT K YBEMUYEHWHO
4acToTbl CepAeyYHbIX COKpalleHuin. YvaleHue cepaLlebuenns
NoAa — BaXHENLLNA NpU3HaK HauMHaroLencs rmnokemn. Ecnm
MpUYMHA TUMOKCUW He NMKBWAWPOBaHa, BO3HWKAEeT heTonna-
LieHTapHas He[oCTaTOMHOCTb — OCHOBa Pa3BUTUS XPOHWYe-
CKOW runokcun nnopa. [lanee B natoreHe3e XpPOHUYECKON (BHY-
TPUYTPOBHOI) TMNOKCN MOXKHO BbIAENUTL TPU 3BEHA.

[Jeduunt Kkucnopoga BbI3bIBAET aKTUBALMKO KOpbl Hag-
MOYEYHUKOB MNofa, COMPOBOXAAIOLLYIOCS MOBbILUEHHON Bbl-
paboTKOM KaTexonaMUHOB ¥ MOCTYMIIEHNEM MX B KPOBEHOCHOE
pycno, 4to 0bycnoBnMBaeT nepepacnpeneneHne KpoBu, Ha-
NpaBMEHHOE Ha YCUNeHNe KpOBOODOPALLEHNS B KN3HEHHO BaX-
HbIX OpraHax (ceppLe, Moa3r). BcriegcTere 3TOro MoBbILLAETCS
apTepuanbHoe faBneHne W NosIBNSETCS Yyrpo3a pasBuTus Kpo-
BOV3MNUSIHWNA.

Heduvunt kucnopoga CTUMyNMpyeT MPOLECcC remonoasa
Kak KOMMEHCaTOPHON peakuuu opraHusma nnoga. 3To NpuBo-
BT K pa3BUTWIO 3pUTPOLMTO3a, TpOMOOLMTO3a B COCYANCTOM
pycne, yBENWYMBAETCS BA3KOCTb KPOBM, MPOMCXOANT BHYTpU-
cocyaucTas arperauusi Knetok, B TOM 4Yucne TpoMOOLMTOB B
MUKPOLMPKYNSITOPHOM pycre, YTO, B CBOK O4epeab, NPUBOAUT
k 0Bpa3oBaHMto MUKPOTPOMBOB. Bo3HMKaET HapyLUeHWe MUKpO-

LMPKYNSALWK, pesynbTaToM KOTOpPOM MoxeT ObiTb passuTue
nwemnn noboro opraHa. Hapsgy ¢ npoLeccoM MUKpOTPOM-
Boo6pa3oBaHMs MOXET NPON3ONTH aKTMBALMS CBEPTHIBAOLLEN
CUCTEMbI KPOBW, yBenu4yeHne notpebneHns hakTopoB cBep-
TbIBaHUS W KNETOK KPOBU (3pUTPOLMTOB, TPOMBOLIMTOB) BOKPYT
Tpom60B, rae obpa3yeTcs 30Ha runokoarynsaumu. 310 MOXeT
CMpOoBOLMPOBaTL PasBUTUE CWHAPOMA AWUCCEMUHUPOBAHHOIO
BHYTPUCOCYAMCTOrO cBepThIBaHNS (JBC-cuHgpoma).

B oTBET Ha KMCNOpPOZHOE ronogaHue NMPOUCXOAAT MeTa-
Bonuyeckne M3MeHeHNs, K KOTOpbIM OCOBEHHO YyBCTBUTENEH
Mo3r nrnoga. lpexae Bcero, ycunuBaeTcs TKaHeBOE AblXaHue,
aKTWBMPYIOTCS NPOLLECChI TAMKOreHonm3a 1 aHaapobHoro rnm-
Konu3a, B pesynbTaTe KOTOporo 06pasytoTcs KuUCble NPOaYKTbI
meTabonuama. B ycnoBusix natonormyeckoro auugosa yBenu-
4nMBaETCA NMPOHMLIAEMOCTb COCYAMCTON CTEHKM W KIETOYHbIX
membpaH. Yepes nopbl MembpaH KNeTok LieHTpanbHON Heps-
HOM CMCTEMbI NPOUCXOAMUT NOTEPS «BO3OYKAAILLMX» aMUHO-
KMcnoT (rmyTaMWHOBOW, MULIMHOBOW, SHTAPHOM M p.), YTO MO-
KET BbI3BATb 4ENPEcCuio (YrHeTEHNe) LeHTPanbHON HepBHON
cuctemsl (LHC).

Taknm 00pa3om, MOCMEACTBUSAMM XPOHUYECKON (BHYTpU-
YTPOOHOW) r1nokcuu nnopa moryT ObiTb: MepuHaTanbHoe no-
paxeHue LIHC; KpoBOM3NMAHUS, KPOBOTEYEHNS, ULLEMUS BHY-
TPEHHWX OpraHoB (MUOKapAa, Nerkux, noyek, HaanoYe4HNKOB,
KWLLIeYHMKa); 3aAepKka BHyTPUyTPOBHOMO pa3BnTus Nnoaa; He-
AOHOLLEHHOCTb; rbenb nNnoaa; 3amMeaneHne passuTus B pak-
HWe CPOKM NOCNepoAoBOro neproaa.

Pa3spaboTke M AOKMMHWUYECKOM OLEHKE IPEEKTUBHOCTY
1 Be3onacHOCTW CPeACTB MPOMUNAKTUKA U NEYEHNS BHYTpU-
YTPOBHOW rMnoKcuM nrnofa NpensiTCTByeT OTCYTCTBUE Crewna-
NM3MpOBaHHbIX BUONOrMYeCcKMX MOAEeneit pa3BuUTUs 3TOro naTo-
NOTNYECKOr0 COCTOSHMA. Y NabopaTopHbIX XMBOTHbIX Takxe Ha
CTaAun paHHEero opraHoreHesa rnokasaHa BaxHas ponb rMmok-
CWW B HApYLWEHNN X13HECTIOCOBHOCTM AMOPUOHOB [12].

PaspaboTka Takon Mogenu Ha nabopaTopHbIX XMBOTHbIX
AOmkHa 6a3npoBaThCcA Ha maToreHese 3TOr0 COCTOSHUS, KIlto-
YeBbIM 3MIEMEHTOM KOTOPOro SBASETCS rMNOKCeMMs y nnoAa.
OHa moxeT 6bITb CBA3aHa C NaTonorvsiMM MnaleHTbl, nyno-
BMHbI, NOPOKaMM Pa3BUTMS U reHeTUYECKMMN 3aboneBaHusaMM
y Nrnofa, OCMOXHEHHbIM TeyeHneM GepeMeHHOCTV 1 POAoB,
XpOHMYeCkuMM 3aboneBaHusMn y BepeMeHHbIX, NPOsIBMsHo-
LYMMMCS TUMIOKCEMMEN U LIMPKYNATOPHBIMU HapyLuieHusamu. Bee
nepeyncieHHble NPUYMHBI NPUBOAAT K MaTOYHO-N0[0BO-NNa-
LieHTapHOW HeAOCTaTOYHOCTI — OCHOBHOMY (haKTOPY PasBuUTHS
XPOHNYECKOMN MMMOKCUM.

XpoHU4eckas rMMoKcust Nnoga B HEKOTOPbIX Clyyasx Mo-
XeT ObITb 06yCNOBNEHa BNUSHNEM 3K30TeHHbIX (PaKTOpPOB, BO3-
HUKaIOLLMX B YCIOBUSAX MOHMXEHHOTO NapLuanbHOro AaBrieHuns
kucropoga BO BAbIXAEMOM BO34yXe (palioHbl BbICOKOropbs,
Kpaithero CeBepa v 1.4.).

Y4uTbIBas BbICOKYIO MEANKO-COLManbHY0 3HAYMMOCTb Ans
300pOBbS Nonynaumn npobrem, CBA3aHHbIX C NpeHaTanbHoM
TUMOKCUEN, OYEBWAHOW CTAHOBWTCS HeobBXOAMMOCTb W3yde-
HWS MeXaHU3MOB pa3BWTMS NaTONMOrMYECKNX NPOLEeCcoB B ro-
NOBHOM MO3re, BO3HUKALLMX B Pa3BMBAIOLLEMCS U B3POCIIOM




OpraHusMe, a Takxe BOMPOCOB MEAULMHCKON peabunutaumm.
[ins Takoro poga uccneaoBaHuii HeO6X0AMMO UMETb BbICOKO-
BOCMPOU3BOANMYI0 SKCTIEPUMEHTANBbHYK MOZENb, MO3BONSHO-
Lyl BOCCO34aTh MpeHaTanbHyl TUMOKCUI0 C MOCHEeay LM
passuTeM aHUedanonatuu. [pyu oOueHKe MepuHaTanbHbIX
nopaxenuin LIHC ucnonb3oBaHne B kayecTee TeCT-00BLEKTOB
IPbI3yHOB, B YaCTHOCTW BenbiX KpbIC, CYMTAETCS LOCTATOYHO
000CHOBaHHbIM, MOCKOMNbKY niaueHTa 6enoi Kpbichbl, Tak xe
kaK 1 nnaueHTa YenoBeka, ABISETCS reMoxopuanbHol, a Mo-
NeKynspHas u knetoyHas 61onors ux HEPBHbIX KNETOK UMeeT
BbICOKYIK) CTEMEHb FOMOMOTMM C BbICLIMMM MIIEKOMMUTAIOLMM,
B TOM YMCIIE W C YEMOBEKOM.

B HacTosiLee BpeMs M3BECTHO HECKOMBKO MOAXOLOB K MO-
LENUPOBaHNI0 BHYTPUYTPOOHOW runokcum nnoga. OHW moryT
ObITb CrpyNNMpOBaHbI B HECKOMBKO Fpynn: XMpyprinieckue, tap-
Makonorudeckue, usnonornieckne n TokCcuyeckue. Xmpypru-
Yeckne MeTofbl OCHOBaHbI Ha MepeBsAske MpeannaleHTapHbIX
cocynos [6]. Mpumepom hapmakonornieckoro MeTofa MoAenm-
POBaHWS ABNSETCS BHYTPMOPIOLWNHHOE BBEAEHNE BEPEMEHHBIM
camKkam MUTYUTPUHA (Ba30OMPECCMHa), BbI3bIBAKOLLETO CTOWMKWNA
Ccna3m apTepuanbHbix CocyaoB bprowHon nonoctu. K atom xe
rpynne MoryT ObITb OTHECEHbI METOAbI (DOPMUPOBAHNS Y KPbIC
LMPKYNSTOPHOM MMMOKCUM BCNEACTBUE Pa3BUTUS XPOHWUYECKOM
CepAeYHoN HefoCTaTOYHOCTH, BbI3BAHHOW MEPEBSA3KONA KOpO-
HapHbIx cocygos [4]. K dmanonornyeckum Metogam OTHOCUTCS
thopmupoBaHwe y nabopaTopHbIX XMBOTHBIX MMMNOKCUYECKNX CO-
CTOSIHWIA, CBSA3aHHbIX C BAbIXaHWEM ra3oBoW cpefbl ¢ 0begHeH-
HbIM COAEpXaHueM kucnopoga (rmnobapuyeckast UM HOpMO-
Bapuyeckas runokcuyeckast rMnoKems, rnepKanHUYECKU-TMMoK-
cuyeckas rMnokeus (Mnm runokeust repmoobbema), npu KOTopon
Ha OpraH13M BO3AEMCTBYET MOCTENEHHOE CHUXEHWE copepxa-
HWS KMCNOpoZa B BO3AyXe C 3aMeLUEHUEM €ro BblAbIXaeMbIM
yriekucnbImM rasom [5, 16].

K TOKCMYeckum meToaam (hOpMUpOBaHWUSI BHYTPUYTPOO-
HOW MMMOKCWW NNOAa OTHOCWTCS BBEAEHWE DepeMeHHbIM cam-
KaM KpbIC eXeAHEBHO MOAKOXHO pacTBOpa HUTpWUTa HaTpws,
SBMAKLWErOCS  TUMWYHBIM ~ MeTremornobuHobpasoBaTenem,
B fo3e 50 Mr/kr, UMW UMaHWUCTOTO HaTpUsi, BbI3bIBAKOLLETO B
cybneTanbHbIX [03ax MMCTOTOKCUYECKYID TMMOKCUI, B [03€
5 wr/kr, ¢ 10-ro no 19-n geHb GepemeHHocTU. B ocHoBe na-
TOMOMMYEeCKMX NPOLLECCOB MpW AENCTBUM HUTPUTA HATPUS ne-
XUT TUNOKCUS CMELLAHHOTO TeHe3a — reMuyeckast runoKeus,
obycnoeneHHas obpa3oBaHneM MeTremMornobuHa, KoTopas
COYEeTaeTCs C TKAHEBOW TMMOKCUEN BCNeACcTBUE pa3obuieHns
MPOLIECCOB OKUCMeHMs 1 occhopunmpoBaHus. HapyleHue
KNCNOPOLTPAHCNOPTHON (OYHKLMM KPOBU Y GEPEMEHHBIX CaMOK
KpbIC NPUBOAMT K HAPYLLEHWI0 MaTOYHO-NNALEeHTapHOro KPOBO-
obpauyenus [10, 15] n, kak cnefcTaume, KUCNOPOAHOMY ronoaa-
HWIO Nnoga unn ambpuoHa. Beeaerne HUTpUTa HaTpus B Jo3e
50 Mr/kr NpMBOANT K TUMOKCUM CPEgHen TSHKEeCTU Y B3POCHbIX
ocobeit, cornacHo kputepusiM, npeanoxeHHsiM H.®. Meanuu-
koit [3]. OTOT MeToA okasanca 6onee BocTpebOBaHHLIM Mpu
peLLeHMM 3aja4m nony4eHns MOLEeNu rMnoKCUYEeCKon aHLeda-
nonatun y 3KCrnepuMeHTaNbHbIX XUBOTHBIX B NpeHaTamnbHbIN
nepuoz passuTus.

HeobxoanMo 0TMEeTUTb, 4TO B MIUTEPATYPE He CoXunach
€AnHas cucTema MOAENMPOBAHMUS M OLLeHKM SKCrepuMeHTanb-
HOI BHYTPWUYTPOBHOI rMNOKCUM MNoAa, Aaxe Npu UCMosb3o-
BaHUM (YHKLMOHaNbHO 6nu3kux mopaenei. Mpu aTtom y pas-
HbIX aBTOPOB MOTYT BapbMpOBaTh BUAbI NabOpaTOPHbIX Xu-
BOTHbIX 1 UX IMHWIA C pa3HbIM YPOBHEM YYBCTBUTENBHOCTY K
MMNOKCMYECKOMY BO3AENCTBUIO, BO3PACT, CPOKMU BO3AENCTBMUS
B nepnog OEpeMeHHOCTW, MHTEHCUMBHOCTb, AUTENBHOCTb
M KPaTHOCTb TMMOKCMYECKOTO BO3AENCTBMS, Takke BecbMa
BapuaTMBHbI METOAbI OLEHKM COCTOSHMS Kak GepeMeHHbIX
caMoK, Tak W Nnoga, a Takke KpUTepuu Ux OLEHKMW. M3BecT-
HO, YTO BbICOKOW YCTOAYMBOCTBIO K MMMOKCUYECKOM TMMOKCUM
obnapawT nabopaTopHble Mblwn nuHuiA A/SnY, B10CWY,
C57BL/6Y, DBA/2Y u kpbiCbl cneyuansHO NoAAEpKMBAEMON
nonynsuun BY/SmY; mbiwu nunuin IOR/HabY, CC57WY, CBA/
LacY, 101/HY obnagatoT HU3KOW YCTOMYMBOCTBIO K TMMOKCUM;
mbliwy nuanin C3HAYY, CBA/JY u kpbickl nuHnuin WAG, Wistar n
HY/SmY obnagatoT cpeaHeit My CHUXKEHHOW YCTOMYMBOCTHIO
K runokcuu [13].

LENb UCCNEAOBAHUA

Llenb nccnenoBaHus — NpoBECTW CPaBHUTENbHLIN aHa-
nu3 chopMMPOBAHHOCTI BHYTPUYTPOBHOM rMNoKCW Nnoaa npu
Tpex Buaax ee hopMUpoBaHNS — runobapuyeckom, runepkan-
HWYECKU-TUMOKCUYECKOM 1 TEMUYECKOM.

MATEPUATIbI U METOAbI UCCNEAOBAHUA

B pabote Obinm ucnonb3oBaHbl Genble GecnopoaHbie
KpbICbl BO3pacToM 3 Mecsua, UCTOMHMK — «[TMTOMHUK na-
OopaTopHbIX KMBOTHbIX “PannonoBo”», JleHuHrpaackas 06-
nacTb. MpogoMKMTENBHOCTD KapaHTUHA XUBOTHBIX COCTaBWUNa
14 pHen. YXMBOTHBIX COAEpXanu B CTaHAAPTHbIX YCNOBUAX B
COOTBETCTBUW C MpaBunamu, yTBepxaeHHbIMu [locTaHoBne-
HUEM [MaBHOrO rOCY4apCTBEHHOr0 CaHWTapHoro Bpaya PO ot
29.08.2014 r. Ne 51", XXuBOTHbIX coaepxanu B nonukapGo-
HaTHbIX KneTkax, rpynnamu, Ha MOACTWNE; KNETKU MOKPbIThI
CTamnbHbIMM PELLETYATLIMM KPbILLKAMKU C KOPMOBbLIM yriy6re-
HeM. Bbin MCnonb3oBaH CTaHAAPTHbIA KOpM NS cofepxa-
HWS1 NabopaTOPHBIX KMBOTHBIX, MPUrOTOBNEHHbIA no OCT
P 51849-2011. Kopm wu Boga, cootetctBytowas [OCT
P 51232-98 «Bopa nutbesas. O6wye TpeboBaHus k opraHu3a-
UMM M METOAAM KOHTPONS kKayecTBay, fasancs ad libitum. Cee-
TOBOI peXuM — CTaHAAPTHbIN, AeHb/Houb, 12/12. WccnepoBsa-
HWe BbIMOJHANOCH B COOTBETCTBUM C TpeboBaHnamu Mpukasa
M3 P® ot 01.04.2016 r Ne 19912 no npoTokony, oaoGpeHHoMy
NoKanbHOM BUOITUYECKON KOMUCCHEN.

' MoctaHoBnerne MaBHOrO rOCYAAPCTBEHHOMO CaHUTApHOrO Bpava
P® ot 29 aBrycta 2014 r. Ne 51 «O6 ytBepxaeHum CI 2.2.1.3218-14
“CaHuTapHo-annaemmonornieckine TpeboBaHns K yCTpoicTey, obopy-
[OBaHWI0 1 COAEPXaHWIO 3KCMEPUMEHTANBbHO-OMOMOTNYECKNX KIMHMK
(BuBapueB)’». [loctynHo no: hitps://docs.cntd.ru/document/420219460
(naTa obpaweHus: 28.03.2025).

2 Mpukas MunncTepcTsa 3apasooxpaqenus PO ot 1 anpens 2016 r.
Ne 1991 «O6 yTBepxaeHun MpaBun Hagnexalleit nabopaTtopHon Npak-
Tukmy. floctynHo no: https://www.garant.ru/hotlaw/federal/845401/ (nata
obpatyenus: 28.03.2025).
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B aKCMepUMEHTe K WHTaKTHbIM CamkaM MOACaXuBamu
caMUoB B COOTHOWeHMM 1:3 (oauH camel Ha TpW CaMKM) Ha
10 gHen. Hanuune cnepmaTo30oMaoB B BariHanbHOM Maske Ha
CMeayLLMA eHb MOCNE CMapUBaHNS CYUTaNN NEPBLIM SHEM
BepemeHHocTy. [lanee 6epeMeHHbIX XNBOTHBIX pacnpegensnm
no rpynnam (B Kaxgol OnbITHOM rpynne no 5 ocobeir) 1 Ha 9,
10, 11, 12- oHM recTauuy KpbIC NOABEPrany OAMH pa3 B A€Hb,
B OZIHO W TO € BPEMS W OLHOBPEMEHHO BO3AENCTBUIO TMMOK-
cun runobapuyeckoit, rTMnoKcuMM repmoobbema Unu rmcToToK-
CMYECKOW TUMOKCAM C MOMOLLbIO BHYTPUMBILLEYHOTO BBEOEHNS
LMAHMCTOrO HaTpws.

Bosgeictaue runobapnyeckoii runokeun Anst 6epeMeHHbIX
CaMOK KpbIC ocyLecTensanu B 6apokamepe o6bemom 50 1. «Bbl-
COTay, Ha KOTOPYH KPbICY MOAHWMANM CO CKOPOCTbIO NoAbeMa
120-180 m/c, coctaensna 9000 m, n yoepxusanacb Ha npoTs-
xeHun 30 muHyT. Moka3aTenu AaTynkoB Ha kamepe ykasbiam
pacxog Bo3gyxa 28,6 n/mMuH, BnaxHocTb 37,2%, KONM4ecTBO
kncnopoga — 15,4%, yrnekucnoro rasa — 0,01%. Mapan-
nenbHo ¢ bapokamepon B LPYron rpynmne XWBOTHbIX CO3AaBasy
rnepKanHUYECKU-TUMOKCUYECKYI0 (DOPMY TUMOKCUM (TUMOKCHIO
repMoobbema). Kpbicy nomelLany B WHAMBUOYambHbIA SKCHKa-
Top o6bemom 300 mn. Kpas nputepTol Kpbilku CMa3sbiBam
Ba3esN1HOM, repMETUYHO 3aKpbiBanu 1 3acekanu spems. 1o nc-
TeveHmto 30 MUHYT KpbICy 0CBOBOXAANN.

10 KNMHUYECKUM MPOSIBMEHUAM PasHULbI MEXAY ABYMS
MeTo4amMu TUMOKCUM He Obino: Ha 4-M MUHYTE HaxoXaeHus y
KpbIC OTMeYarncs rpyMuHr, Ha 6-i MuHyTe — Buaumoe Gecno-
KoicTBO, oaplka. C 13- MUHYTbI KMBOTHbIE YKNaablBanuCh
(runoguHamms), Ho GOKOBOro NONOXEHWS 3aPUKCUPOBAHO He
©Obino. Takxke y KpbIC NPOsiBNISNach 04eBMUaHaAN BeHOCTb KOX-
HbIX MOKPOBOB M CMIN3NCTLIX 060M0YeK, CUHUIA HOCOTYOHBIN Tpe-
yronbHuK. [10goNbITHBIM TPETbEN SKCNEPUMEHTANBHON MpyNMbI
BBOAMIMN BHYTPUMBILLEYHO LMAHNCTLIA HAaTPWUA B 403€ 5 MI/KT.

Bo Bpems npoBeaeHNs 3KCEPUMEHTA XWBOTHbIX B3BELLM-
Bann B 1,7, 14 n 19-11 (nepep Hekponcueit) AHM GEPEMEHHOCTH.
Hekponcuto nposogunu Ha 19-i feHb rectalum KMBOTHOrO no-
Cne YMepLUBNEHNS B Kamepe C yriekucnbiM ra3om. pouaso-
QWM NanapoToMM0 C MAKPOCKOMUYECKMM OCMOTPOM MIOA0B.
BbisiBneHHble amMbpuoHsl dukcupoBanu B 96% aTaHone He Me-
Hee 7 gHeit. Mocne dukcayum y NNogoB yAansnu BHyTPeHHUe
opraHbl v norpyxanu B 1% pactsop KOH ans npoceetnexns
MSArkuUX TkaHel. Bpems npebbiBaHMs nMnogoB B 3TOM pacTBope

onpegensanu amnupuyecku (mpumepHo 1-2 cytok). Korga cra-
HOBUMNUCb BMAHbI 3aKnagku KOCTEW, Mnogbl BbIHUMAMM, Mpo-
MblBaiM BOAONPOBOAHON BOAO W NEPEHOCUAN X B pacTBop A
(150 mn rnmuepuHa, 800 mn gucTunnmpoBaHHoi Bogbl 1 10 T
KOH), k koTopomy fo6aBnsiin HECKONbKO Kanenb pacteopa b
(1% pactBop anu3apuWHa KpacHOro) O NOSIBMEHWs! CBETIO-
(h1oNeTOBOro OKpaLLMBaHus.

Yepes 3-5 CyTOK OKOCTEHEBLUME Y4aCTKW CKeneTta okpa-
LUMBanMChb B KpacHo-chuoneToBblit LBeT. [Ans obecLBeynBaHms
MSATKUX TKaHel Nnoabl nepeHocuv B pacteop A Ha 7-14 gHeit,
3aTeEM WX NPOBOAWIN Yepe3 CMeCH rnLepuHa, cnupTa v Bogbl
C uenbto obesBoxuBanus (1:2:7, 2:2:6, 4:4:2, paBHble Ya-
CTW CnMpTa U TMULEPUHA, YACTBIA MMULepuH ¢ JobaBneHnem
1-2 kanenb hopmanuHa).

MMnoabl u3yvanu nog mukpockonom Nikon SMZ1500, yse-
nnyeHne x15. YuntelBanu aHomanuu ckeneta, KOnm4ecTso To-
4eK OKOCTEHEHMS B Pa3NUYHbIX KOCTHbIX 0Opa30BaHUsIX.

PE3YNbTATbI UCCNIEQOBAHUA

Wcxoms n3 obuwmx 3aKOHOMEpHOCTed  (hopMUpPOBaHMS
BHYTPWUYTPOBHOM MMMOKCWM MoAa, ee MOLENUPOBaHUE MOXET
MMeTb MOCMNEeACTBUS KaK Ans opraHM3ma OepeMeHHOi camky,
TaK W 4Ns pasBuTMs Nnoaa.

1. Bnuanne mopenupyemon BHYTPUYTPOOHOW FMMOK-
CUM NNoAa Ha COCTOSIHWUE OpraHu3Ma 6epeMeHHO CaMKm

OpHum 13 camblx NPOCTbIX MOKasaTenen, xapakrepuayto-
LLMX COCTOSIHME KMBOTHbIX BO BpeMsi BepeMeHHOCTI, SBASETCS
MpWpOCT Macchl Tena (abcomoTHbIR, 4 Hegenn).

[ucnepcuoHHbI hakTopHLI aHanua nokasan (tabn. 1),
4TO KOHTPONMPYEMBIN (DaKTOP «BHYTPUYTPOOHAs rUMoKCKs
nnoaa» 3HauMMO BMMSIET HA NPUPOCT Macchl Tena y bepemeH-
HbIX CaMOK — MPOUCXOANT CHKEHWE NpupocTa Ha 68-72% oT
YPOBHS KOHTPOJTbHBIX XMBOTHBIX (FMNepKanHU4eckas rurnokcus
W TUCTOTOKCHMYECKAs MMMOKCUS) NPY MUHUMAMbHOM BAMSHUN TU-
nobapuyeckon runokcun (—10%). BriusHue daktopa rmnokcum
ABMSAETCA CYLLECTBEHHBIM (KOS UUMEHT JeTepMuHauun pa-
BeH 0,69, p=0,0003).

BeposiTHO, B yCMOBMSX NPEPLIBUCTON TUMOKCUM Y KMBOT-
HbIX HapyLLaKTCs npoLeccsl obMeHa BELECTB, B NEpBYio O4e-
pedb — aHabonuueckue, Heobxoanmble Kak Ans popmmpoBa-
HWS 1 pocTa aMBpWOHa, Tak 1 Ans 06ecneyeHns NONHOLEHHOro
meTabonuama B opraHuame GEPEMEHHOI CaMKy.

Tabnuua 1. 3HaueHus npupocTa Maccbl Tena 6epeMeHHbIX CaMOK KpbIC, NOABEPrHyTbIX pasnnM4HbIM BAAM rMNOKCM4ECKOro BO30ENCTBMS, B X04e

4 Hefenb GepeMeHHOCTY

Table 1. Body weight gain values of pregnant female rats exposed to different types of hypoxic exposure during 4 weeks of gestation

n lnepkanHuyeckas lMcToToKCUYECKas

okasatenb / KoHTponbHas rpynna / - I'mnobapuyeckas runokems / rnoKeHs |
Parameter Control group Hypercapnic hypoxia Hypobaric hypoxia Histotoxic hypoxia

Mpupoct maccel Tena (r) / 12946 89+6 11845 9315

Body mass increment (g)

% oT KoHTpons / 100 69 91 72

% of control

p 0,002 0,20 0,003




Tabnuua 2. Pesynbtatbl 0AHO(AKTOPHOrO AMCMEPCUMOHHOTO aHamu3a BRUsSHUS (HaKTOPOB MOAENMPOBAHWS BHYTPUYTPOOHOW rMMOKCWM nnoga
Ha napameTpbl, XxapaKTepu3yloLLe NPoLecChl UMNnaHTaLmn aMbproHa

Table 2. Results of one-factor analysis of variance of the influence of factors modeling intrauterine fetal hypoxia on the parameters characterizing the

processes of embryo implantation

KoHTponupyemble HeKOHTponwpye/-
C /A lues in groups thakTopb! / MblE (baKTODbI
pepHvie 3HayeHus B rpynnax / Average va group: p Uncontrolled
MapameTpbl Controlled factors factors
uMnnaHTauum /
Implantation runepkanHuye- | runobapudeckas fucroTok-
parameters KOHTPOMEHAR | oy aq F;VII'IOKCVIFI / FVII'IOF:(CVIFI / ereckas _ _ _
rpynna / hypercapnic hypobaric UNOKCHA / D= p= b=
control group hvboxia hvboxia histotoxic
yp P hypoxia
XKentble Tena / 19,6+2,6 16,0+£2,1 16,2+1,5 15,0£2,8 0,12 0,53 0,88
Corpus luteum
MecTa umnnaTaumm / 11,241,6 11,2+0,4 10,6+0,9 10,240,5 0,05 0,86 0,95
Implantation location
YKuBble aSMOpUOHBI / 11,0£1,8 10,8+0,6 10,2+0,9 9,6+0,7 0,06 0,80 0,94
Living embryos
Pe3op6upoBaHHbie 0,6+0,4 0,410,2 0,4+0,4 0,60,4 0,02 0,95 0,98
3MOpHOHBI /
Resorbed embryos
[MpeaumnnaHTaLmoH- 36,7+13,8 25,9485 33,4457 23,8+11,3 0,06 0,79 0,94
Has rmbenb /
Preimplantation death
lMocTumnnaHTaumnoHHas 4,0+4,0 1,8£1,8 3,3£3,3 22422 0,02 0,95 0,98
mbens /
Postimplantation death
OMbpyoHanbHast 4,0+4,0 3,8+2,3 3,3+3,3 6,2+4,0 0,02 0,94 0,98

neTanbHoCTb /
Embryonal letality

lMpumeyanue: D — ko3pPULMEHT AeTEPMUHALMK; P — ypOBEHb 3HAYNMOCTM ([OCTOBEPHOCTD).

Note: D — determination coefficient; P — significance level (validity).

Tabnuua 3. PesynbTaThl UCCNefOBaHNS BNUSIHUS MOLLENMPYEMON BHYTPUYTPOGHOM MMNOKCUM Ha YacToTy pasBUTUS aHOMAmMi BHYTPEHHUX OpraHoB
MrofioB kpbIC (MeToA aHannaa BunbcoHa—[biGaHa, 19- ieHb recTaLm, 4acToThl BCTPEYAEMOCTH)

Table 3. Results of a study of the effect of simulated intrauterine hypoxia on the incidence of anomalies of internal organs in rat fetuses (Wilson-Dyban
analysis method, 19th day of gestation, incidence rates)

V3yyaemble napameTpb! /

pynnbl xuBOTHbIX / Groups of animals

- KOHTpOnbHast rMnepKanHuye- runobapuyeckas TMCTOTOKCUYecKas
Parameters studied rpynna / ckas runokems / runokens / runokenst /
control group hypercapnic hypoxia hypobaric hypoxia histotoxic hypoxia
Ywncno am6proHoB / Number of embryos 15 31 34 23
Kpoownsnusnus B: / Hemorrhages in:
ronoBHOM mMoa3r / brain 0 0,3 0 0
rpyLHyto nonocTs / thoracic cavity 0,7 0 0 0
OptowHyto nonocts / abdominal cavity 0,13 0,10 0,09 0,22
MonHokposue: / Plethora:
npeAcepAnitikenyLoykoB cepaua 0,33 0,46 0,09 0,09
atria / ventricles of the heart 0,33 0,23 0,12 0,0
[edhekT XenynoukoB rornoBHOro Moara / 0,07 0,19 0,12 0,13
Defect of the ventricles of the brain
MMon ambpuoHa:
Myckoii / male 0,47 0,26 0,41 0,48
Sex of the embryo:
xeHckui / female 0,53 0,74 0,59 0,52
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BTOpbIM BEPOATHLIM HaNpaBneHWEM BAMSHUS MOZEeNpye-
MOV BHYTPUYTPOGHOM MMMOKCUM NIoAa Ha opraHunam Gepemer-
HOWM CaMKu MOTYT BbITb M3MEHEHMS!, CBA3aHHbIE C MMNaHTaLu-
el 3apogbiwa. Tak, B pabote [16] ObI0 NokasaHo, YTo Y XMUBOT-
HbIX C MPUPOLHO CHVKEHHOMN YCTONYMBOCTBIO K TUMOKCMM (KPbICh
nuHumn HY'Y, dpunuan «Angpeeska» ®IBYH HUEMT ®MBA PO)
Mogenupyemasi GapokamepHbIM MOALEMOM BHYTPUYTPOBHas
TUMOKCUS NII0Aa BEAET K MOBLILEHMI0 B 2-3 pasa YpoBHS 3M-
GpuoHaneHol netanbHocth (¢ 5,1+0,6 ambpuoHa Ha 100 mect
nvnnanTauymm go 10,4+1,3 ambpuoHa Ha 100 mMecT umnnaHTa-
uum npy Bo3geicTem runokeun 7000 m 1 14,7+2,1 ambproHa
Ha 100 MecCT umnnaHTaLm npy Bo3aencTein BoicoTbl 9000 M).

B 10 e Bpemsl, kak nokasarno Halle uccrefoBaHue, y He-
NIMHEHBIX KMBOTHBIX, Obnajarowmx nonynsunoHHo bonee
BbICOKOW YCTOMYMUBOCTBIO K TMMOKCUM, MPEpbIBACTAs MMMNOKCUS,
chopmupytoLias BHYTPUYTPOBHYIO TUMOKCMIO Mnoda, He oka-
3blBaeT CYLLECTBEHHOrO BAMSHUS Ha NMPOLECCH MMMaHTaLmMm
ambpuoHa. OfHOMAKTOPHBIA AUCNEPCUOHHBIA aHanu3 He Bbl-
SIBUN CYLLECTBEHHOTO BAINSIHUS Ha KOMWYECTBO XEMTbIX Tefl,

YCTaHOBMEHHbIX MECT NMNAaHTaLMK, KONIMYECTBO XNBbIX 1 pe-
30pBMpoBaHHbIX MIIOLOB, MOKa3aTeny NpeanMMIaHTaLMOHHON
¥ NOCTUMMNIaHTALMOHHON rnbenu amMOpuOHOB, a Takke obLen
aMbproHanbHoON netansHocTK (Tabn. 2).

2. BnusHne Mopaenupyemon BHYTPUYTPOOHOM TUMOK-
CWM NNI0Aa Ha COCTOsIHWE 3MOPMOHOB J1aBGoPaTOPHbIX XU-
BOTHbIX

PesynbTaTbl MakpoCkonum NnoAoB Ha 19-1 feHb rectauum
npefcTaBneHsl B Tabnuuax 3 n 4.

Mog BANSIHUEM BHYTPUYTPOBHON MMNOKCUM NOAA, BbI3BaH-
HOVI rUMoBapuUyeckoil TMMOKCUEN, HE3HAYUTENBHO MOBbILIAETCS
yacToTa BCTPEYaeMOCTW MPW3HAKOB MOJTHOKPOBWS Mpeacep-
JWIA, HO OHO He NMeeT CTaTUCTUYECKN AOCTOBEPHbIA XapakTep
(p=0,19, meTop To4HOI BeposTHOCTN Puepa) (Tabn. 3).

3oomeTpuyecKkme KputTepumn y aMopmMoHoB

OcobeHHocTn pa3suTus aMOpuoHOB Ha 19-e cyTkn Gepe-
MEHHOCTY B YCIOBUSX XPOHNYECKOTO NEPUOSNYECKOTO MMMOKCH-
YeCKOro BO3LENCTBIS OTPaXeHb! Ha puc. 1.

Tabnuua 4. 300MeTpUYECKUE XapaKTEPUCTUKN IMBPUOHOB KPLICST B YCIOBUSIX Pa3NYHbIX BIUAOB TMMOKCUYECKOro Bo3aencTaus (M+m)
Table 4. Zoometric characteristics of rat embryos, under conditions of different types of hypoxic exposure (M+m)

T —— 'MnepkanHuyeckas 'unokciyeckas lcToTOKCHYecKas
Moka3satens / Parameter gontrol ro%y runokeus / runokcust / runokems /
group Hypercapnic. hypoxia | Hypoxic hypoxia Histotoxic hypoxia

AHOreHUTanbHbIN pasmep, camubl (Mm) / 2,940,6 1,5+0,2 1,240,1 1,4+0,1
Anogenital size, males (mm)
% oT koHTpons / % of control 100 50 41 46
Otnuumg, p=/ Differences, p= - 0,06 0,04 0,05
AHOreHUTanbHbIN pasmep, camku (Mm) / 1,940,3 0,8+0,1 0,9+0,1 0,7+0,1
Anogenital size, females (mm)
% oT koHTpons / % of control 100 43 46 36
Otnnums, p=/ Differences, p= - 0,02 0,02 0,01
KpaHuokayganbHblit pasmep (Mm) / 37,3+0,5 26,3+1,0 25,8+0,7 23,540,9
Craniocaudal size (mm)
% ot koHTpons / % of control 100 70 69 63
Otnuuus, p=/ Differences, p= - 1x10-7 4x10-12 2x10-°
CymmapHas macca nnogos (r) / 43,346,5 18,440,7 20,4146 13,6+1,8
Total fetal weight (g)
% ot koHTpons / % of control 100 42 47 31
Otnnums, p=/ Differences, p= - 0,02 0,02 0,008
Cpepnss macca nnoga (r) / 4,140,1 1,701 1,5+0,1 1,4+0,1
Average fetal weight (g)
% oT koHTpons / % of control 100 43 37 34
Otnunuus, p=/ Differences, p= - 4x10-12 1x10-10 4x10-13
Macca nnauenTbi (r) / Placenta weight (g) 0,61£0,03 0,51£0,02 0,5340,02 0,50+0,01
% oT koHTpons / % of control 100 84 87 82
Otnnums, p=/ Differences, p= - 0,01 0,04 0,005
[vameTp nnayeHTsl (Mm) / 13,1+0,2 12,940,3 13,4+0,4 13,3+0,3
Placenta diameter (mm)
% oT koHTpons / % of control 100 98 102 99
Otnnums, p=/ Differences, p= - 0,53 0,53 0,82




[eHOepHbIN  aHannM3  300METPUYECKUX  XapaKTepUCTMK
nnoga v nniaueHTbl Nokasan, YTo TOMbKO OAMH NokasaTenb —
aHOreHUTarnbHbIN pasmep (reHAEpHbIA MHAEKC B KOHTPOIbHOM
rpynne 1,50, Npu BO34EMCTBUN Pa3HbIX BUAOB MMMNOKCUM — OT
0,35 o 1,95) y aMbpnoHOB-camMLi0B 1 3MOPMOHOB-CaMOK OTMNK-
yarTCs Apyr OT Apyra, uto TpebyeT ux pasgenbHOro aHanuaa.
Mo ppyrum nokasatensm (kpaHuokayhanbHbld pasmep, mMacca
nnoga, Macca nnayeHTbl, AunameTp NnaLleHTbl) reHaepHbIX pas-
nNYNA Mexay SMOpoHaMn He BbINo BbISIBNIEHO, B CBA3N C YeM
QNS aHanu3a BNMSHUS MOLENMPYEMON BHYTPUYTPOBHOM rMMoK-
CMM NNOAa OHW aHann3upoBanuch 6e3 pasaeneHns no NpuaHa-
Ky nona (tabn. 4).

MogenvpoaHue BHYTPUYTPOBHOM MMMOKCUM Noaa conpo-
BOXZANUCb CHWXKEHEM MOPEONOrMYECKUX NapameTpoB M-
OpuoHoB (Tabn. 4). MakcumanbHO 4OCTOBEPHLIE Pa3nMyuns no
CPaBHEHMIO C KOHTPOIBHOM rPYNMoi 0TMEYan1chb B OTHOLLEHNM
kpaHuokayganbHoro pasmepa (-30-35%) n maccsl (-57-66%)
9MOpPUMOHOB, T.€. MOAENMPOBaHUE BHYTPUYTPOOHOW MMMOKCHM
NPMBOANT K HapyLUEHUSM MpOLECcCOB pocTa aMbpuoHoB. [1pu
9TOM TaKKe OTMEYAETCS CHUKEHWNE aHOTeHUTalbHbIX Pa3MepoB
9MOPMOHOB (KaK CamLoB, Tak M CaMOK, MPUYEM Y CamMoK He-
CcKonbko Donee BbIpaxeHo, 4eM y 3MOPMOHOB-CaMLIOB) 1 MaCChl
nnaweHTbl.

Mpwn conocTaBneHnn pasHblx BULOB MOLENMPOBAHNS BHY-
TPUyTPOGHOW TMNOKCUM NAOAa CTATUCTUYECKN AOCTOBEPHbIX
pasnuynii He BbISBMEHO, XOTS MOXHO KOHCTaTMpOBaTb, YTO
TMCTOTOKCUYeCKasi rMnokcus B Lienom ©oree CylecTBEHHO
BNWSIET Ha MPOLLECChI POCTa U Pa3BUTUS SMOPUOHOB, 4TO MOXET
ObITb CBA3AHO C JOMNOMHUTENBHBIMI 3NIEMEHTaMI TOKCUYECKOTO
[EACTBUS UCMONb3YEMbIX B 9TO MOAENMU LMAHUCTBIX coeau-
HEeHUI, a MpW TunepkanHuieckon — craTucTyeckas [OCTO-
BEPHOCTb BbISBMEHHbIX COBUIOB HECKOMBbKO HIKE, @ MO TakuM
nokasaTensiM, kak aHoreHuTarnbHbI pa3mep y camLoB 1 Macca
NnaueHTbl, HaXOAATCS Ha YPOBHE CTAaTUCTUYECKOW TEHOEHL NN,

B nccnegyembie cpokm 6epeMeHHOCTM B YMCTIE 3HAYNMBbIX
MPOLECCOB OpraHoreHe3a y aMOPUOHOB KpbICAT HAX04ATCS Npo-
Liecchbl OCTEOreHe3a, HapyLLEeH!s: KOTOpbIX MOXeT ObiTb Npuim-
HOW BPOXAEHHbIX YPOACTB MMOAA W €0 HEXM3HECMOCOBHOCT!.
B cBs3K ¢ 3TMM 0Cc0B0€e BHUMaHME Oblno o0bpaLyeHo Ha OLeHKy
COCTOSIHUS 3TOrO Mpouecca (tabn. 5 n 6).

elc

Puc.1. BHewHui Bug ambpuoHoB Ha 19-e CyTkn GepemeHHoCTY:
a — KOHTpOnb; 6 — runepkanHuyeckast runokeus; 8 — runobapuye-
ckasi TUMoKcust; @ — rUCToToKCMyeckas runokeus. OkpalumsaHne cke-
neta anu3apuHom (meTogmka [loycoHa), ysennyerue x15 nog Mukpo-
ckonom Nikon SMZ1500

Fig.1.  Appearance of embryos on the 19th day of pregnancy:
a — control; b — hypercapnic hypoxia; ¢ — hypobaric hypoxia; d —
histotoxic hypoxia. Alizarin staining of the skeleton (Dawson technique),
x15 magnification under a Nikon SMZ1500 microscope

Tabnuua 5. CymmapHas AnvHa 3a4aTkoB KocTeil (nokTesasi, begpeHHast, nneyesast, Gonbluebeplioas, ManobepLiosas) y SMGPHOHOB, NOABEPTHYTHIX

pasHbIM BMAAM rMnoOKCUYECKOrO BO3AENCTBUS

Table 5. Total length of bone rudiments (ulna, femur, humerus, tibia, fibula) in embryos subjected to different types of hypoxic exposure

lMnepkanHuyeckas Fvnokcuyeckast | TmucToToKCMYECKast
lNokasaTens/ KoHTponbHas rpynna / | ) |
Parameter Control group ranokemst /- ranokems /- ~ rvnokeust /-
Hypercapnic hypoxia Hypoxic hypoxia | Histotoxic hypoxia
CpegHee 3HaveHme (Mm) / Average value (mm) 11,42+0,14 7,42+0,43 6,28+0,30 6,81+0,27
% oT koHTpons / % of control 100 65 55 59
OTnn4ns oT KoHTpons, p=/ - 7x10-M 2x10-18 4x10-17
Differences from control, p=
OTnnuns oT rMnepkanHU4Yeckomn runokeuu, p=/ - - 0,03 0,23

Differences from hypercapnic hypoxia, p=
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Kputepui coctosiHus octeoreHesa

[insi OLeHKN COCTOSHNA OCTeOreHe3a 1CcnonbL3oBancs no-
kasaTenb CYMMapHOW ANWHbI 3a4aTKOB AfMHHBIX TpyByaTbix
KocTen (nokTeBoi, 6eapeHHol, nneveBon, Honblebeposon,
manobepuoBon) y ambpuoHoB (Tabn. 5) u nHaekc occuduka-
uum (MO), paccumTbiBaeMbI kak CymMMa NpOU3BEeLEeHWA Ko-
NMYyecTBa TOYEK OCCUMKALMN Ha YaCcTOTy BCTPEYaeMocTu B
(hOPMUPYIOLLMXCSH MENKNX (CTOMbI, KNCTN) KOCTHBIX CTPYKTypax
(Tabn. 6).

Taknm o6pa3om, No nokasaTento GopMUpoBaHUs 3a4aTkoB
AMVHHBIX TPYBYaThIX KOCTEN MOAENMPOBAHNE BHYTPUYTPOGHON
TMMOKCUM Nrofga XapakTepusyeTcs TOPMOXEHWeM npolecca
ocTeoreHesa Ha 35-45% 0T ypOBHS KOHTPONs. OTU OTAM4MS
BblcokopocTOBepHbl. ObpallyaeT Ha cebs BHUMaHWe, YTo B yC-
NOBUAX TUNEepKanHUYECKOW TUMOKCUN BIMSHWE Ha MpoLecchl
(hOPMMPOBAHNA ANMWHHBIX TPYOYaTbIX KOCTEN BbIPAXEHO He-
ckonbko cnabee (—10%, p=0,04).

[O0CTOBEpHOCTL pas3nuuuin Mexgy vactotamu BCTpe-
4aemoCTM Pa3HOro KonuyecTBa TOYEK occuduKkauun B
pasHblX rpynnax MoAenNpoBaHUA BHYTPUYTPOOHON rnnok-
CUM Mriofia onpegensnack no kputeputo A2, YcTaHoBneHo,
4TO BCE TPU METOAMKW MOAENMPOBaHWS BHYTPUYTPOOHOM
FMNOKCUM Nrofa C BbICOKOM CTEMeHbi0 AOCTOBEPHOCTM U
BblpaxeHHo (B 50 pa3 u bonee) HapywatoT dopmupoBa-
HIE TOYeKk occuduKalym B MENKUX KOCTAX aMBpuoHoB. [lo-
CTOBEPHbIX Pa3nuunii Mexgy Metogamum MOAENMpoBaHMA
BHYTPWYTPOGHON rMnoKkcuu nnoga no KpUTEPUIO ToYek oc-
cuuKaLmMmu He BbISBNEHO, XOTS KpUTepuit A2 4ns rpynnbl ¢
runepkanHu4ecko rmnokCUN HeCKONTbKO MEHBLLE, YeM Npu
ApYrux Metogax MoAenupoBaHUs BHYTPUYTPOBHON runok-
cuu nnopa.

OLIeHKa YyBCTBUTEJIbHOCTU PaA3NIMYHbIX
nokasarenen Mogenu BHyTPUYTPOOHOI rMnokcun
NNoAa K rMnoKCMYecKoMy BO3AeUCTBUIO

Mockonbky Mexay pa3nuyHbIM1 METOAAMI MOAENMPOBAHMS
BHYTPUYTPOBHOW TMMOKCWM NIofa He BbISIBIEHO CTaTUCTUYECKM
[OCTOBEPHbIX Pa3nuyuii, JanbHEeAWMIA aHanu3 NpoBoaUNICs Npy
00beaMHEHUN [aHHbIX, MOMYYEHHbIX AN OTAENbHbIX BUAOB
(POPMUPOBAHUS TUMOKCUYECKNX COCTOSHWA. OLeHka 4yBCTBM-
TENbHOCTY K BO3AENCTBUIO MPOBOAMIACch METOAOM OOHO(AKTOp-
HOrO AWCMEePCUOHHOrO aHamu3aa (Tabn. 7). PaHxupoBanue noka-
3aTtenen MOAENM OCYLECTBAANOCH MO KO3PUUMEHTY feTepMU-
Haumu D, nokasbiBaloLLeMy, kakast YacTb 06LLelt BapnaTuBHOCTH
aHanM3npyeMoro nokasaTtens MoxeT ObITb CBSi3aHa C KOHTPOSH-
pyemMbIM (DaKTOpOM (B @HHOM Cly4ae C ruMoKCU4eCkUM BO3aen-
cteuem). Mpyn 6rm3kNX ypoBHSX KOI(dULMEHTA AeTEPMUHALIN
NpUOPUTET OTAABArCS NokaaTensm, MMetoLLMM 6onee BbICOKYHo
CTeneHb CTaTUCTUYECKON 3HAYMMOCTH Pa3aeneHnst KOHTPOMbHON
TPyNMbl OT rPYAMbI C TMMNOKCUYECKMM BO3AENCTBUEM.

Mpw pelleHnn 3agady pa3paboTkm METOLOB NPOUIAKTUKM
W1 IeYEHNS BHYTPUYTPOOHOI TMOKCHN N0AA BO3HUKAET BONPOC
He NMPOCTO BbISIBMNEHUS NPU3HAKOB HEFATUBHOTO BAIMSIHWS TUMOK-
CWYECKMII COCTOSIHWI Ha MMOA, HO M KONMYECTBEHHON OLIEHKM
noBpexXaeHnst 3MOPUOHOB Npy BHYTPUYTPOOHON rUMOKCKN, KO-
TOpas MoxeT ObITb UCMONb30BaHa B BUOMEAULIMHCKUX UCChe-
JOBaHusX. B kayecTBe BO3MOXHOTO BapuaHTa TaKOM OLIEHKM
npegnaraetcs GannbHas Wwkana, OCHOBaHHas Ha MHTepBanax
3HaYeHW! napameTpoB, YYBCTBUTEMbHbLIX K BHYTPUyTPOOHON
runokcun. Takas Wwkana MOXET COCTOSTb W3 Tpex Orokos —
C BbICOKOW, YMEPEHHON W HU3KOWM AuddepeHumpyoLen cno-
cobHocTblo. MokasaTenu, BXoAsLLME B MOAYIb C BLICOKOM And-
thepeHuMpytoLLelt cnocoBHOCTb, UMetT rpagauumio ot 0 ao

Tabnuua 6. Toukn occnmkaLmm B 3a4aTkax Menkx KocTsx SMOPUOHOB (CTOMbI, KUCTY), NOABEPTHYThIX Pa3HbIM BUAAM MMNOKCUYECKOrO BO3AENCTBISA
Table 6. Ossification points in embryonic small bone embryos (feet, hands) exposed to different types of hypoxic exposure

lMokasaTtens/ Parameter

YacToTbl BCTpeyaemocTu / Frequencies of occurrence

KOHTPOMbHAsA rpynna |  rvnepkanHuyeckas runokcmnyeckas TMCTOTOKCHNYeCKas
Konwnuecteo Touek occucmkaym / / rvnokons /- runokoust /- _munokeus |
Number of ossification points control group hypercapnic hypoxia | hypoxic hypoxia | histotoxic hypoxia
n=120 n=132 n=119 n=96
4 0,87 0 0 0
3 0,13 0,12 0 0
2 0 0,02 0 0
1 0 0,05 0,2 0
0 0 0,81 0,98 1
MO (en) /10 (units) 3,87 0,47 0,02 0
MO (% ot koHTpons) / 10 (% of control) 100 2 0,5 0
Kputepuit A% (cpaBHeHwe ¢ kKoHTponem) / - 38,72 50 50
Criterion A\? (comparison with control)
OTnnyms ot koHTpons, p< / - 0,001 0,001 0,001

Differences from control, p<

Mpumeyanue: O — vHAEKC OcCUKAL; N — KONMYECTBO NPOAHaNM3MPOBaHHbIX 3a4aTKOB MENKIX KOCTENA (CTOMbI, KUCTY) KOHEYHOCTEN SMBPUOHOB.
Note: |0 — ossification index; n — the number of analyzed rudiments of small bones (feet, hands) of the limbs of embryos.




Ta6numua 7. OueHka YyBCTBUTENBHOCTA PA3AENeHns TPyNn KOHTPOMbHbIX XUBOTHbIX U KMBOTHBIX, KOTOPbIM MOZENMpOBanach BHyTpUyTpobHast

TMNOKCKA nnoda

Table 7. Assessment of the sensitivity of separating groups of control animals and animals for which intrauterine fetal hypoxia was modeled

T PynbI XMBOTHBIX / Koadhpuumert | focToBepHocTs
Mokasatens / Animal groups % ot ﬂ,e_TepMI/IH.aL.WIVI, pasp,enelim
Parameter koHTpons/ | D=/ Cogfﬂqent Tpynn, p= /
koHTponb /| runokeus/ | % of control | determination, | Reliability of group
control hypoxia D= separation, p=
KonunyectBo Touek occudmkaumm, wr. / 3,86+0,03  0,17+0,03 5 0,88 5x10-21
Number of ossification points, pcs
CpepnHss macca nnoga Ha 19 geHb 6epemeHHocTy, T/ 4,1+0,1 1,6%0,1 38 0,94 9x10-2%
Average fetal weight on day 19 of pregnancy, g
KpaHwnokayaanbHbii pasmep, Mm / Craniocaudal size, mm 37,3+0,5 25,2+0,5 68 0,82 1x10-15
CymmapHas anvHa 3a4aTkoB TpybyaTbix KocTel, Mm / 11,424212  6,85+0,73 60 0,57 8x10-23
Total length of tubular bone rudiments, mm
AHoreHuTanbHbIN pasmep, Camki, MM / 1,95¢0,29  0,81+0,05 41 0,68 8x10-6
Anogenital size, females, mm
CymmapHas Macca NnnogoB Yy O4HOV camki, T/ 43,346,5 17,5+1,7 40 0,63 3x10-5
Total fetal weight in one female, g
AHOreHuTanbHbIN pasmep, camubl, MM / 2,96+0,59 1,34+0,09 45 0,53 3x10~4
Anogenital size, males, mm
Macca nnaueHTbl, r / Placenta weight, g 0,61£0,03  0,52+0,01 84 0,31 2x10~
MpupocT mMacchl Tena bepemeHHoit camki 3a 4 Hegenu, T/ 1296 100+4 77 0,39 0,003
Weight gain in pregnant female for 4 weeks, g
Tabnuua 8. MeToauka 6annbHON OLEHKI MPU3HAKOB MOBPEXAEHNS 3MOPYOHOB KPLICAT NPy BHYTPUYTPOBHOI rnokcum nnoga
Table 8. Methodology for scoring signs of damage to rat embryos during intrauterine fetal hypoxia
Mpu3Hak noBpexaeHns / .
Sign of damage Bannbi / Points
Modynb nokazamenell ¢ esicokoll dughchepeHyupyroujeli cnocobHocmbto (6annbi ycpedHstomes) /
Module of parameters with high differentiating power (scores are averaged)

0 2 4 6 8 10
Toukn occudomkarm / 4 v Gonee 3, 0AnHOYHbIE 4 | 2, oaMHOYHbIE 3 | 2, oanHOouHble 1 | 1, oauHOYHbIe O 0
Ossification points
CpepnHss macca nnoga, r/ 4,0 n 6onee 3,9-3,5 3,4-2,6 2,5-2,0 1,9-1,5 1,4 v MeHee
Average fetal weight, g
KpaHwokaypanbHbliit pasmep, mm / | 35,0 n bonee 28,0-34,9 26,0-27,9 24,0-25,9 20,1-23,9 20,0 n meHee
Craniocaudal size, mm
CymmapHas AnvHa 3a4aTkos 12,0 n bonee 10,0-11,9 8,0-9,9 6,0-7,9 3,0-5,9 2,9 1 MeHbLe

ANVHHBIX KOCTEN, MM /
Total length of long bone
rudiments, mm

Modynb nokazameneli ¢ ymepeHHoU dughghepeHyupyroujeli cnocobHocmsio (6annbi cymmupyromes) /

Module of parameters with moderate differentiating power (points are summed up)
0 1 2

AHOreH1TanbHbI pasmep, Mv / - - -
Anogenital size, mm

cawmkm / females 1,5 n 6onee 1,0-1,4 0,9 1 meHee

camupl / males 3,0 1 bonee 1,6-2,9 1,5 1 meHee
CymmapHas macca nnoaos 40 v Bonee 20-39 19 1 meHee - - -
y camky, 1/ Total weight
of fetuses in females, g
Macca nnaueHTbl, 1/ 0,59 n 6onee 0,50 —0,58 0,49 1 meHee - - -
Placenta weight, g
MMprpocT Macchl Tena camki, 130 v Bonee 1M1 —129 110 1 meree - - -

4 vepenu, r/ Female body
weight gain, 4 weeks, g
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OkoHyaHue mabn. 8/ Ending of the Table 8

lMpu3Hak noepexaeHns / .
Sign of damage Bannbl / Points
Mpu3Haku ¢ Hu3skol dughgpepeHyupyroweli cnocobHocmbto (6ansbi cymmupyromesi) /
Features with low differentiating ability (points are summed up)

0 1 - - - -
KpoBouanusHus B BpLoLLHYI0 Mo- - Ja - - - -
nocTtb / Abdominal hemorrhage
lMonHokpoBMe npeacepanit / - Ja - - - _
Atrial congestion
[edekT xenynoukos moara / - [a - - - -
Brain ventricular defect

O6was cymma 6annos no Tpem moaynsam / Total score for three modules -

10 6annos, n ecnn B paboTe OLEHMBAKOTCS HECKOMbKO TakuxX
nokasaTenei, TO OHW ycpegHstoTcs. [lokasaTenu, BXoasiiue
B MOZYJb C YMEPEHHO! AnddepeHLmpyioLiei CnoCOBHOCTbIO,
nMerT rpagaumio ot 0 40 2, M eCrv OLEHNBAIOTCS HECKOIbKO
13 HKX, TO OHK cymmupytoTcs. lMokasaTenu ¢ Huskon andde-
PeHLMpYHoLLElt cnocoBHOCTbLI0 MMetT rpagaumio 0 (MpusHak oT-
cyTcTBYET) Unu 1 (NPU3HaK NPUCYTCTBYET), UX 3HAYEHUE CYMMMU-
pyetcs. VHTerpanbHas OLeHKa NoBpexaeHus aMOGpUoHOB npu
BHYTPWYTPOBHOW TUMoOKCUK onpegensieTcs kak cymma 6annos
no Bcem Tpem mogynam. Metoguka 6annbHOM OLEeHKU npusHa-
kOB MpefcTaBneHa B Tabnuue 8.

MMpu 06paboTke KCNEpPUMEHTANbHbBIX JaHHbIX MO Mpeasno-
XEHHOMY anroputMy GanmnbHON OLEHKU YPOBHS MOBPEXAEHUS
3MOPMOHOB MpU MOAENMPOBaHUM BHYTPUYTPODHON MMMOKCHM
nnoga ObIno yCTaHOBMEHO, YTO ANS KOHTPOMbHOW rpynMbl WH-
TerpanbHas oueHka coctasuna 4,2+1,0 6anna, npu nepuoau-
4eCcKOM BO3AeNCTBMM runepkanHuyeckon runokemm — 13,8+0,9
(329% ot ypoBHst koHTpons, p=0,0001), npn BO3gENACTBIM rMNO-
Bapuyeckon runokeun — 14,3+0,5 (340% oT ypOBHS KOHTPONS,
p=0,0001), npu BO3QEACTBMM TMCTOTOKCUYECKOWA TMMOKCUN —
15,2+0,4 (362% oT ypoBHs koHTpons, p=0,0001).

Tak e, kaK 1 Mo OT4eMbHbIM NoKasaTensM, AOCTOBEPHBIX
pasnn4MiA Mexay crocobamn MOAENMpOBaHUS BHYTPUYTPOOHOM
FMNOKCUM NNOJA NO UHTerparnbHO 6anmnbHO OLEHKE He BbISIBIIEHO.

BblBOAbI

1. Bce Tpu mopenu, cBsidaHHble ¢ (hOPMUPOBAHWNEM BHY-
TPUYTPOOHOI MmokcuM mnoga — runobaprnyeckon, rmcTo-
TOKCMYECKOW, TunepkanHuyeckon (rmmnokcun repmoobbema),
B Onm3koii cTeneHn HopmMuUpyoT BHYTPUYTPOOHYHD TUMOKCHIO
y 6epeMeHHbIX CamMOK HEMUHENHBIX KPbIC, MPOSIBAAOLLYIOCS B
nepuof OpraHoreHesa MpPeUMyLLEeCTBEHHO HapyLieHUeM npo-
LLeccoB (hOPMMPOBAHNS KOHEYHOCTEN.

2. B oTnnume OT NMHWIA XMBOTHBIX C BbICOKAM YPOBHEM
YyBCTBUTENBHOCTU K TUMOKCUM NS HENMHEMHbBIX KNUBOTHbIX,
XapaKTepuayloLnxcst 6onee BbICOKUM YPOBHEM YCTOMYMBOCTY K
TUMOKCHW, MPEPbIBUCTOE MMMOKCUYECKOE BO3AENCTBUE B PaHHME
CpOKK BEepeMEHHOCTI He COMPOBOXAAETCS HapyLIEHNSIMM MPo-
L|eCCOB MMMITaHTAaLMK 3apObILLEN U MHAYLMPOBaHHO SMBpuo-
HanbHO NeTanbHOCTHH0.

3. K uncny Hanbonee YyBCTBUTENBHBIX K BHYTPUYTPOBHON
TUMOKCKW NPU3HAKOB OTHOCATCA (B Nopsiake yObiBaHS): CHuxKe-
HWe TOoYeK ocCuMKaLMM TOHKWUX KOCTEeN (KUCTW, CTOMbI), CHU-
XEHWe cpefHen Macchl NNOAa, CHKEHNE KpaHWOKayAarnbHOro
pasmMepa nnoAa, CHWKEHWE CyMMapHOW ANNHbI 3a4aTKOB ANWH-
HbIX TPyO4aThbIX KOCTEl Y SMOPMOHOB.

4. C y4yeTOM BbICOKOWN CTEMEHW [OCTOBEPHOCTW pasfene-
HWsl OLleHKa CTEeneHuW NoBpexaeHWs nnopa y nabopaTopHbIx
KMBOTHbIX, BbI3BAHHOMO BHYTPUYTPOGHOW runoKkcuen nnoaa,
MOXeET BbITb NPOBEAEHa MO NGOMY M3 yKasaHHbIX B BbiBOAE 3
nokasaTenei, unu no COBOKYMHOM OLEHKE MHbIX NoKasaTenen,
obecneumBarLLMX OCTOBEPHOE pasfenieHne HOpMOKCUYECKo-
O U TMNOKCUYECKOro COCTOSHWW (aHOTEHUTaNMbHOTO pa3mepa,
CyMMapHOI Macco NMoAoB Y OAHOM CaMKW, Macchl MNaLeHTl,
HW3KOrO YPOBHS MpMpOCTa Macchl Tena y 6epeMeHHON camky,
Hanuune KPOBOM3MUSHMIA B OPIOLLHYI0 MOMOCTb, MOMHOKPOBHS
npeacepann, fedekTa XenyaoukoB rofNoBHOTO MO3ra).

5. MogenupoBsaHue BHYTPUYTPOBHOM MMMOKCUM NPUBOAMT K
MOBbILIEHNIO NOBPEXAEHUS 3MBpKOHOB B 3,4-3,6 pa3a no cpas-
HEHMIO C YPOBHEM KOHTPOSbHbIX KUBOTHbIX.

6. MHTerpanbHas 6annbHas OLeHKa YpoBHS MOBPEXAEHWI
9MOPMOHOB MpK BHYTPUYTPODHON TMMOKCUN MOXET ObiTb UC-
nonb30BaHa A/151 OLEeHKN 3hPEKTUBHOCTU (hapMaKoNOrmyeckmx
CpeLCTB NPO(UNAKTUKA U KOPPEKLMM COCTOSHWSI BHYTPUYTPOO-
HOW rUNOKCKW Noga.

AOMNONHUTENIbHAA UHOOPMALIUA

Bknag aBTopoB. Bce aBTOpbl BHECNM CYL4ECTBEHHbIN
BKMag B pa3paboTKy KOHLenumu, NPOBEAEHNe UCCef0BaHNs U
MOAroTOBKY CTaTby, MPOYNM 1 0f00punu uHamnbHyo Bepcuto
nepeq nybnukauyen.
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