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Ha cborogHi mamke He BigoMO, siK BInnBae dheTonnaueHTapHa HedoCTaTHICTL MaTepiB Ha
CTaHOBIEHHSI PENPOAYKTUBHOI CUCTEMM Y HALL@KIB YOMOBIYOI CTaTi B nyGepTatHuii nepiod. Tomy
METOIO L€l pob6oTn Byno AocnianTy ricTONOorivyHy CTPYKTYPY CiM iHWKIB camuiB HallaakiB, Hapo-
[PKeHWX Bi MaTepiB pisHOro BiKy 3 dheTonnaueHTapHOK HEAOCTATHICTHO, Ta OLHUTU €(PEeKTUBHICTb
3aCTOCyBaHHs1 HOBOI (hapMaueBTUYHOI KOMMNO3ULT ANs KOPEKL,ii NaTonoriYHOro ctaHy BariTHOCTI.
B ekcneprmeHTi BUKOPMCTOBYBanuM 340POBMX CTAaTEBO3PINMX camuLb LLypiB nonynsuii Wistar mo-
nogoro (3—4 micadi) i 3pinoro (8—10 micsauiB) penpogykTuBHOro Biky. Byno cdopmosaHo 8 rpyn no
7 TBApVH Y KOXHI: 1 Ta 2 — iHTaKTHi TBApMHM MOMOJOro Ta 3pPifioro PenpPoayKTUBHOIO BIiKY Bif-
nosigHo; 3 Ta 4 — camuLi 3 cheTonnaueHTapHO HEOOCTATHICTIO MOMOAOrO Ta 3Piforo penpoaykK-
TUBHOrO BiKY; 5 Ta 6 — Monogai 11 3pini TBAapuHM 3 (peTonnaueHTapHO HeOOCTATHICTIO | AJoaaBaH-
HsIM 0o i 3 11-i oo 19-i §obm BariTHOCTI hapmaLEeBTUYHOI KOMMO3ULLT 3aNeXHO Big Barv TBApuH.
lpyrnn 7 Ta 8 — morogi Ta 3pini TBapyHM 3 heTonnaueHTapHOK HEAOCTATHICTHO, SIKMM AodaBanm
[0 i npenapar nopiBHAHHA «Ounipugamony. MogentoBaHHSA deTonnaueHTapHOi HedoCTaTHOCTi
NPOBOANIM LLIOAEHHVM MiALLKIpHUM BBEAEHHAM camuuam 3 12-ty no 18-y noby saritHocTi 50%
OniNHOro PO34MHYy TeTpaxrnopMeTaHy B A03i 2 Mi/kr Macu Tina. TBapuH-HaLLaaKiB AekaniTyBanm
Ha 50-y 0oby xwuTTa (NybepTar). 3pasku cim’aHukiB camuiB dikcyBanu y 10% posunHi coopmaniny,
NPOBOAMIU MO CNMPTaX 3a 3POCTAHHAM MILHOCTI, 3arnvBanu y napadpiH. 3 6riokie poounm 3pisn, Ski
3abapBntoBany reMaToKCUITIHOM Ta e031HOM. Ha 3pisax opraHy y LypiB NpoBOAMIN SAKICHY OLLiH-
Ky FICTOCTPYKTYypu. 3a pesyrnbsrataMmu ricToNorYHOro aHanidy i MopgoMeTpUYHUMIM NoKasHUKamu,
LLIO XapaKTepu3ytoTb CTaH CiM SIHMKIB LLYpPIB, MOXHa 3pO0OUTK Taki BUCHOBKMW. Y HallafkiB, Hapo-
[PKeHWX Big, penpoayKTUBHO MOMOAMX camuLb 3 OETONMNAaLEHTapHOK HEAOCTaTHICTIO, BUSIBNEHO
ranbMyBaHHs TemniB AMdepeHLitoBaHHA CTaTeBMX KMITUH, TOAI SIK Y HaLLaKiB, HApPOMKEHMX Bif,
PENPOAYKTUBHO 3PinMx caMmuub 3 peTonnaleHTapHOK HEOOCTATHICTIO, HEraTUBHI HACMIAKN LbOro
BrMBY Gynun HIBEMNbOBAHI | TEMMU CTAHOBMNEHHS CriepMaToreHesy Habnmkanucs 4o PiBHSA iHTaKT-
HOI rpynu. BeeoeHHst dhapmaueBTUYHOI KOMNO3ULii Ik MONOAUM, Tak i 3pinvM BariTHAM caMmuusim
Ha Tni peTonnaueHTapHOI HeAOCTaTHOCTI akTMBYBano npouecu nponicepadlii i AndepeHLitoBaH-
HS1 CrepMaToreHHOro eniTenito y IXHIX Hallaakis, Lo NpM3BoAMO 0 NOSIBM Y YaCTUHI CIM’SHUX
KaHanbUiB 3pinux cnepmaro3oigis. [Npenapat nopiBHAHHA «unipuaamony», BBEAEHWI 3a TiEo X
CXEMOI0 SIK MONOAMM, TaK i 3pinvMM BariTHUM caMmuuaM 3 heTonnaleHTapHOK HEAOCTaTHICTHO, Ta-
KOX CMPWSIB BiOHOBIIEHHIO Y HALLLAKIB CnepMaTtoreHesy Ha piBHi hapmaLeBTUYHOI KOMMNO3WLIi.

Knro4yoBi cnoBa: dhetonnaueHTapHa HeQoCTaTHICTb, Halaaku camui, Bik matepi, hapma-
KOnoriyHa KoMnosuuis

MyGepTaT — cknagHWi Nepiog PO3BUTKY YOIOBIYOro
OpraHi3my, Bif SKOro 3anexuTb ManbyTHE dyHKLIIOHYBaH-
Hs1 penpoayKTUBHOI cucTemMn. Ane Lie He EOUHUIA KpUTUY-
HWIA Nepiof po3BUTKY 0cobnHW. OHMM 3 BaXKIUBILLNX
eTaniB BBaXalTb caMe eMmOpioHanbHUA. 3B’A30K MiX
MaTip’to Ta MNogoM NPOTArOM YCbOro recTauinHoro nepi-
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0Jy CyTTEBO 3aneXxuTb Bif CTaHy nraueHTu [4]. YTBopto-
€TbCA heToNMNaLeHTapHUIA KOMMIEKC, Sk 3abeanedye
HeoOXigHi yMOBY Ans po3BuUTKy nnoda. byab-ske nopy-
LWEHHs y doeTonnaueHTapHOMYy KOMMIEKCI MOXe npu-
3BECTM 40 PO3BUTKY BHYTPILLHBOYTPOBHOI MNOKCii nroaa,
3aTPMMKM Oro pOCTY Ta PO3BUTKY, HECTIPUSTIIMBUX Nepu-
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HaTanbHWX Hacnigkis [3, 6, 12, 14, 15]. B pesynerari y Ha-
LWaakiB PO3BMBAETHLCS KMiHIYHWA CUHOPOM, 3yMOBMEHUI
MOpOnoriYHUMM | PyHKLIOHaNbHUMK 3MiHaMK B Nna-
LeHTi — cpeTonnaueHTapHa HegocTaTHicTb (PIMTH).

Ha cborogHi BCTaHOBIEHI Pi3HOMaHITHI NOPYLUEHHS
hi34HOIO M PO3YMOBOIO PO3BUTKY Y AiTEN, HAPOMKEHNX
Big matepis 3 ®IMH [4, 13]. Lli Bagn B ManbyTHLOMy MO-
XYTb CAPUYUHUTI PO3BUTOK TaKUX 3aXBOPHOBaHb, SIK ap-
TepiankbHa rinepTeHsis, LyKpoBui giabet, MeTabonivHuii
CUHOPOM, MeHLUa KinbkicTb HeGPOHIB B HMpKaxX [2, 9];
crocTepiraloTbCa NepuHaTanbHi ypaXKeHHs1 — rinOKCUYHO-
TpaBMaTU4Hi LeHTpanbHoi HepBOBOI cnuctemu [17], no-
pyLUEHHS MO3KOBOro KpoBooOGiry, Aucnnasii cyrnobis,
Baau cepLis, CUHOPOMY AnxanbHUX Po3naziB, MHEBMOHIT
ToLLo [4]. Takox goBeaeHo, Lo AiTW, HapomKeHi Big Ma-
TepiB 3 PIH, MatoTb iIMyHOMOrYHI MOPYLLEHHS, LLO B MO-
JanblUOMY Bioa3epKantoeTbCsa Ha iMyHHIn cuctemi guTu-
Hu [1]. ®TTH npr3BOaWTL He TiNbKM OO PO3BUTKY aganTuB-
HVX peakuii nnoaa, ane i 3yMOBIOE NATOMNOrivHi 3MiHW
y dheTanbHUX opraHax i TkaHmHax. Hanpuknag, 6ygoBsa
SE€YHUKIB MOAIB Bid MaTepiB 3 YCKNaZAHEHO BariTHICTO
BigMNoBigae rinonnacTU4YHOMY TUMY i CBIOYUTE NPO HU3bKY
doyHKLOHaNbHY aKTUBHICTb dheTarbHUX roHag, WO MOXe
3r00M MPU3BECTU A0 MOPYLUEHHS PEnpPOdYKTUBHOI CUC-
TEMMU XIHOHOro opraHiamy [8]. Ane isonboBaHWX Bag pos-
BWTKY CTaTeBUX OpraHiB cepes abopToBaHMX Mo He
3HangeHo. Taknm YMHOM, NaTororis cTaTeBUX OpraHis
CMOCTEpPIraeTbCs NEPEBAXHO CepeL HAapOMKEHNX.

Mano gocnigxxeHb NpoBeAeHO CTOCOBHO BMNBY
®IlMH Ha penpoayKTUBHY CMCTEMY Hallakis, ocobnu-
BO Yyonosgiyvy. Bigomo, 110 B oCTaHHi gekinbka gecatu-
NiTh XIHKW NOYanu® HapoaKyBaTW CBOIO NepLly ANTUHY
B Ni3HbOMY BiLi (micna 35 pokiB) 3 6araTbox NPUYKH.
CknagHum nepiogom y oopMyBaHHi penpoayKTUBHOI
cucTeMun € nybepTaTHUI Nepiof, Lie BaXKITMBUIA KPOK Me-
pea HacTaHHAM cTaTeBoi 3pinocTi. [ybepTaToreHes —
CKNagHWI npouec, BHacNigok sIKoro BiabyBaeTbCs BO3-
3eJHaHHSA OKpPeMMUX NaHoK B eAMHY PYHKLIiOHanNLHO
aKTMBHY rinotTanamo-rinodisapHo-roHagHy cucTemy.

Came Tomy MeTolo poboTn Byno AoCnigKeHHSs ric-
TONOrYHOI CTPYKTYPU CIM’SIHWKIB CaMLiB, HAPOMKEHNX
Big MaTepiB pi3HOro BiKy 3 dheTonnaueHTapHo Hedo-
CTaTHICTI0, Ta OLiHIOBaHHS e(PEKTUBHOCTI 3aCTOCYBaHHS
HOBOI hapMaLEeBTUYHOI KOMMNO3ULIT AN KOperyBaHHs
NaTonoriYyHOro CTaHy BariTHOCTI.

Matepianu n metogu

[ocnigxeHHa npoBenu BignosiaHo Ao HauioHanb-
HUX «3aranbHUX eTUYHUX NPUHLUMMIB EKCNEPUMEHTIB
Ha TBapuHax» (YkpaiHa, 2001), wo y3rogxyTbcs
3 [onoxeHHAMN «EBPONENCHKOI KOHBEHLLT NPO 3axucT
XpebeTHMX TBapWH, SiKi BUKOPUCTOBYIOTLCH AN eKcne-
pUMeHTanbHUX Ta iHWNX HaykoBux Linen» (Ctpac-
Oypr, 1985) [5] Ta «[NonoxeHHAMY Npo KomiTeT 3 nuTaHb
eTukm (bioetnkmn)», 2012 [11].

[nga ekcnepumeHTy BigibpaHo 300poBUX CTaTeBo-
3pinux camuub Wwypis nonynauii Wistar monogoro
(3—4 micsaui) i 3pinoro (8—10 MicsauiB) penpogyKTUBHOTO
Biky. MNepLuoto 4o6o BariTHOCTI BBaXanu OeHb nepe-
OyBaHHA cnepMaTo30igiB Y paHKOBUX BariHanbHUX
Maskax. byno cgopmoBaHo 8 rpyn no 7 BariTHUX camuyLb
Y KOXHin: rpynu 1 Ta 2 — iHTaKTHi TBAPMHW MOMIOAOIO
i 3pinoro penpodyKTMBHOIO BIKY BigMnoBigHo; rpyny 3 Ta
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4 — camuui 3 ekcnepumeHTtansHot ®IMH monogoro
i 3pinoro penpoayKTMBHOrO BiKy; rpynu 5 i 6 — monoai Ta
3pini TBapUHM 3 ekcnepumeHTansHoo PMNH i goaasax-
HsaM 0o kopMmy 3 11-i go 19-i o6w BariTHOCTI 3aneXxHo
B Bary TBapyH oapmMaueBTMYHOI kKomnosuuii (PK), sika
MiCTUTb L-apriHiH, BypTMHOBY Ta donieBy KMCNOTH,
avnipwaamon. Mpynu 7 Ta 8 — monogai n 3pini TBapu-
HK 3 ekcnepuMeHTanbHoto PINH, akum gogasanu oo ki
npenapar nopieHAHHSA «dunipugamony». MogentoBaHHs
OlMNH npoBogMnu WOAEHHMM MiAWKIPHUM BBEAEHHSIM
camuusm 3 12-ro no 18- geHb BaritTHocTi 50% onin-
HOro PO34MHY TETPaxNopMeTaHy B 403i 2 MI/Kr macu
Tina [16]. TBapuH-Halakis gekanitysanu Ha 50-y gobu
XWTTS (nyBepTar).

3pasku cim’aHukiB dikcyBann y 10% po34mHi dop-
MariHy, NpOBOAUNN NO CAMPTax 3a 3POCTaHHAM Mill-
HOCTI, 3anmMBanu y napacdiH. 3 6nokiB pobunu 3piau,
sKi 3abapenoBany reMaTokCUniHoM Ta eo3nHom [10].
Ha 3pizax opraHy LypiB NpoBOAMNN AKICHY OLLIHKY FiCTO-
cTpykTypn. Kpim TOro, Ha 3pisax siedka camLiB NpoBoau-
N NigpaxyHoK LWapiB KNiTUH Y CTPiYLj cnepmMaToreHHoro
eniTenito y 3BMBMCTUX CIM'SSHUX KaHanbusXx; 3a JOMOMO-
roto nporpamu ToupcamGranum Ha POTO3HIMKaX sieUka
BMMIpIOBanu giamMeTp 3BMBUCTUX CiM SSHUX KaHanbLiB
i LUMPUHY eniTeniocnepMaToreHHoro wapy (Mkw).

Mepernsa mikponpenaparTie npoBoAWNA Nif CBITNO-
BMM Mikpockonom Granum L30 (03), doTtorpadyBaHHs
MiKpOCKONIYHNX 306pakeHb 34iNcHIOBann LMdpoBoo
Bigeokamepoto Granum DCM310. ®oTo3HiMKM 06po6-
nanu Ha komm'totepi Pentium 2,4GHz 3a onomorowo
nporpamu ToupView.

HopmarnbHicTb po3noginy 3MiHHUX BM3Hayanu 3a fo-
nomoroto kpuTepito Konmoroposa-CmipHoBa. CTatmuctuy-
HWIA aHani3 pe3ynsTaTiB MPOBOAUIIN 3 BUKOPUCTAHHAM
Kputepia HetomeHa-Kennca, 3aBaxkatoum Ha xapakrep
po3noginy gaHux y Bubipkax. [NepeBipKy cTaTtucTUYHOI
rinoteau Nnposoaunu Ha piBHi 3HadywwocTi (P<0,05).

Pe3ynkTaTy 1 06roBOpeHHs

Y WwypiB, HAPOMKEHUX Bifg, CamuLib MONOAOrO Penpo-
OYKTUMBHOIO BiKy, rictonoriyHa 6ygoBa TeCTUKyNsApHOi
TKaHuWHKW Byna Tunosoto [7]. binkosa Ta cyanHHa obo-
JIOHKW, SIKi BKpMBaruv opraH, Bignosiganu gisionoriyHomy
CTaHy. Y cKnagi I€4OK HasiBHI YACMEHHI 3BMBMWCTi CiM'SIHI
KaHanbLi, 3pisaHi y nonepekoBoMy abo KOCOMY Hanpsim-
Ky, OBarnbHOI Y1 OKpYrnoi hopmMu, po3TaLloBaHi LifbHO
i piBHOMipHO, BriacHa 060roHKa KaHarnbLiB He 3MiHEHa.
HiameTp kaHanbLUiB ctaHoBuB 157,30 Mkm (Tabn.). Ka-
HarbLi po3AaineHi Mk cOO00 Ay)Xe HE3HAYHOH KiNbKICTHO
CMOMYYHOI TKaHWHW, B SKi PO3MILLIEHI KPOBOHOCHI Cyau-
HW, NepeBaXHO HEBENUKOTO Kanidbpy. MNpakTu4HO BCi 3BU-
BUCTi CIM’AIHI KaHanbLi Manu YiTky NopoxHuHY (puc. 1a).
CriHka kaHanbLiB NobynoBaHa TpbOMa Luapamu crepma-
TOreHHOro eniTenito, B KoMy AndyepeHLiroBanu: cnepma-
TOroHii (0gyH wap), cnepmarouutu | nopsaky (we oavH
wap), cnepmatuam pisHux etanie crnepmMioreHesy (e
O4uH wap). IHoAai B kaHanbLUaxX BUOHO MEMOTUYHI nogi-
nun cnepmaTtoumTis | (3Ha4YHO piaLLe B MOOOUHOKMX Ka-
HanbLax — cnepmMatoumTis || nopsaky). CtaTtesi KNiTUHK
pO3TalLOBaHO AOCTaTHLO MyXKO. TOBLLMHA BCLOTO LUApy
cnepmMartoreHHoro enitenio gopisHioana 50,08 Mkm
(Tabn.). Mix cnepmatoroHisiMu Ha 6a3arnbHii MembpaHi
po3MiLLeHi YncneHHi knitnHm Ceptoni (puc. 16).
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lepMiHaTUBHUIA anapaTt xapakTepuayBaBCs NMOMIPHO
KinbKicTo KNiTUH Jleiaira, po3TalloBaHMX y MKKaHarnb-
LIEBIN MyXKilA CNOMYyYHi TKaHWHI HaBKkoro abo nobnuay
KPOBOHOCHOI cyavHu. Cepeg kniTvH Jlengira po3pisHsnu-
Cs1 BENVIKi, HanbinNbLL aKTUBHI, cepeaHi i ApibHI — mano-
i HeaKTMBHI Y MOPAPODyHKLIOHaNbHOMY acnekTi (puc. 1B).

Maiixe aHanoriyHy MiKpOCKOMiYHY KapTUHY crnocTe-
piranu i y sieukax 50-0060BUX HaLLaOKIB, HAPOMKEHMX
BiZl IHTAKTHUX PENPOAYKTUBHO 3pinNux camuLb LLypiB.
LiameTp kaHanbLiB ctaHoBuB 150,41 MKM, TOBLUMHA —
50,29 MKM, B HbOMY BUSIBITEHI YNCIIEHHI CNIEPMATOIOHil,
crnepmatoumnTy | nopsaky (B MOOAUHOKUX KaHanbLAX —
cnepmatouunTtu |l nopsaky), paHHi Y1 nisHi cnepmaTuon —
Tpy Wwapw. Bci kniTMHM y Wapax po3TalloBaHi OKpeMnmMm
YiITKUMW KOHLEHTPUYHMMM psifamn, OCTaTHLO LUNBHO
(Tabn.). ewwo ymcneHHiwmmMm 6ynu knitnHu Jlengira,
cepe SKnx nepeBaxkann akTUBHI KIITUHN.

Y sedkax Halwaakis penpoayKTMBHO MOMOAUX CaMOK
3 ®INH giameTtp 3BUBMCTMX CiM’'AHUX KaHanbLiB Ha 19,63%

3MEHLLIEHVI MOPIBHSIHO 3 HaLL@KamMM BiANOBIAHOO iHTaKT-
HOro KOHTporo. Po3TallyBaHHs KaHanbLiB MeHLU LLifnb-
He, NPOCBIT YiTKMI, TOBLLWHA CIEPMaTOreHHoro enitenito
CToHWeHa Ha 35,3% (1abn., puc. 2a). CnepmaToreHHuin
nyn KMNITMHHUX NONYNAUiA y GiNbLOCTi KaHanbLiB He
nepesyLLlyBaB 2 wapw (y NOOAMHOKMX BUOHO nuLle Ae-
Kinbka psgiB cnepmMaroroHiis), Npouec crnepmaToreHesy
3aKiH4eHO Ha ctagil cnepmartouuTis | nopsiaky. MepmiHo-
FEHHi KNiITUHW He 3aBXaW YITKO pOo3TalLoBaHi KOHLEHTPUY-
HUMUW psigamun, BUPa3Ho 30iMbLUeHa MyXKiCTb Y iXHbOMY
po3TaLlyBaHHI, LLIO NPOSIBIIAIOCH CBOEPIOHMM «ehekToM
PO3MUTOCTI» LLApY. Y YaCTUHi KaHanbLiB nepesary cepes
NPeACTaBNEHUX CTAaTEBUX KMITUH Manu CnepmaToroHir,
B iHLUIMX — cnepmaTtounTy | nopsaky (puc. 26).

IHOAj B OKpeMMX 3BUBUCTUX CIM’SIHUX KaHanbLsX BU-
SBMEHO 3MNYLLEHHSA CTaTeBMX KMNITUH Y MPOCBIT KaHarbLiB,
aereHepauito knituH (puc. 2B). Cepep knituH Jlengira
BUSBMIEHO SIK aKTUBHI, TaK i ManoakTUBHI Yy doyHKUiO-
HanbHOMY acnekTi KNiTUHW.

3 , A

b £ o
A

Puc. 1. fAeyko wypa, HapoaXXeHOro Bif iIHTAKTHOI camuLi MONOAOro PeNPOAYKTUBHOTO BiKY:
a) piBHOMIpHe LWinbHe po3TallyBaHHSA 3BUBUCTUX CiM'STHUX KaHarmnbLiB 3 YiTKMM NPOCBITOM, LUMPOKUM LLIAPOM CNepMaToreHHoro enitenito

wapom. lematokcuniH-eo3uH, x200;

6) y cTpiyui cnepmaToreHHoro enitenito, Lo YTBOPKOE CTiHKY 3BUBUCTOrO CiM'SIHOTO KaHarblsi, BUAHO cnepmatoroHii (1), cnepmatoumTu

| nopsaaky (2), panHi (3) cnepmatugn. lemaTtokcuniH-eo3unH, x250;

B) pi3Hi 32 MOPOdYHKLIOHaNbHUM CTaHOM KniTuHKM Jlenaira y Mik-kaHanbLeBOMy NOKYCi: akTuBHI (1), Mano- i HeakTuBHi (2).

emaTokcunin-eo3unH, x400.

Fig. 1. The testicle of a rat born from an intact female of young reproductive age:

a) uniform dense arrangement of tortuous seminal tubules with a clear lumen, a wide epitheliospermatogenic layer. Hematoxylin-eosin. x200;
6) in the strip of spermatogenic epithelium, which forms the wall of the tortuous seminal tubule, spermatogonia (1), spermatocytes of the
first order (2), early (3) spermatids are visible. Hematoxylin-eosin, x250;

c) different in morphofunctional state of Leydig cells in the interchannel locus: active (1), low and inactive (2). Hematoxylin-eosin, x400.

Puc. 2. Aeuko Wwypa HapoaxXeHoro Big camuLi Monogoro penpogyKTuBHoro Biky 3 ®IMH:

@) CTOHLUEHHS CTPIYKM CTaTEBUX KNITWH Y CTiHLi 3BMBUCTUX CIM’SHUX KaHanbLiB, BUpa3He Myxke po3TallyBaHHS CTaTeBUX KMITUH Y psaaax.
lemaTtokcuniH-eosuH, x200;

6) cnepmartoreHHuI eniTeninn cnepmartoumTamu | nopsaKy, cnepMaTtoroHiiaMu. emaTokcuniH-eo3vH, x250;

B) 3MNyLLEHHS CTaTeBMX KNiTUH Y NPOCBIT KaHanbus. femaTtokcuniH-eo3nH, x250.

Fig. 2. The testicle of a rat born to a female of young reproductive age with FPI:

a) thinning of the ribbon of germ cells in the wall of the tortuous seminal tubules, a distinct loose arrangement of germ cells in the rows.
Hematoxylin-eosin, x200;

6) predominance in the strip of spermatogenic epithelium of spermatocytes of the first order, spermatogonia. Hematoxylin-eosin, x250;

c) exfoliation of germ cells in the lumen of the tubule. Hematoxylin-eosin, x250.
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Tabnuusa. MopdhoMeTprYHI NOKa3HUKN CiM'HWKIB MybepTaTHuX Lwypis (n=7)
Table. Morphometric parameters of the testes of pubertal rats (n=7)

['pyna Hawagakis
Offspring group

Cratuctukm
Statistics

[HiameTp ciM’saHMX

KaHanbLiB, MKM
Diameter of

seminal tubules, pm

LUVIpVIHa cnepmMaTtoreHHoro

LIapy, MKM

Width of spermatogenic

layer, um

KinbkicTb LwapiB ctateBunx
KNiTUH Yy KaHanbLji
The number of layers
of germ cells in the tubule

HapopxeHi Big penpogykTnBHO Monoanx camuup / Born to reproductively young females

I Big iHTakTHUX MaTepiB Me 157,30 50,08 3,00
From intact mothers [Q:—Q3] [153,12-160,05] [48,17-50,99] [3,00-3,00]
Me 124,16 31,20 2,00
Big matepis 3 ®INH
Il From mothers with FPI [Q—Q3] [120,10-129,92] [28,97-35,18] [2,00-2,00]
P <0,05 <0,05 <0,05
Me 150,35 50,11 3,00
I Big matepis 3 ®MH+Oun. [Q:—Q3] [149,18-152,31] [49,14-51,13] [3,00-3,00]
From mothers with FPI+Dip. P <0,05 - -
P <0,05 <0,05 <0,05
Me 160,22 59,34 3,50
[Q:—Q3] [159,24-162,14] [57,33-61,09] [3,00—4,00]
Big matepiB 3 ®INH+®K
V" From mothers with FPI+FC Py <0,05 <0,05 <0,05
Piv <0,05 <0,05 <0,05
P <0,05 <0,05 =
HapomxeHi Big penpoaykTnBHO 3pinunx camuup / Born to reproductively mature females
Me 150,41 50,29 3,00
Big iHTakTHUX maTtepis
\Y From intact mothers [Q—Q3] [149,22-153,17] [49,17-52,31] [3,00-3,00]
Pv <0,05 — _
Me 150,46 50,18 3,00
Big matepis 3 ®INH
VI From mothers with FPI [Q—Qs] [149,27-151,33] [49,65-52,22] [3,00-3,00]
Pyvvi - - -
Me 150,24 50,21 3,00
Bin, MaTepiB 3 OMNH+Oun. [Q1—Q3] [149,10—151,80] [49,14—51,08] [3,00—3,00]
Vi ; .
From mothers with FPI+Dip. Py - - -
l:)VI—VII - - -
Me 159,39 59,36 3,00
[Q:—Q3] [158,39-160,33] [567,27-60,37] [3,00-3,50]
Big matepis 3 ®rH+OK
VI From mothers with FPI+FC Piw <0,05 <0,05 <0,05
Pyivin <0,05 <0,05 _
Pyivin <0,05 <0,05 -

Y sieykax 50-0060BMX HaLaaKiB, HAPOMKEHUX Bif, pe-
NPOAYKTMBHO 3pinux camuub 3 ®INH, npouec cnepmaro-
reHesy, siK i CTPYKTypHa opraHisaLisi 3BUBUCTUX CIM SIHUX
KaHanbLjiB, NPakTUYHO BiAMNoBiganu nokasHMKam iHTakT-
HMX HaladKiB: giameTp kaHanbuis 6yB 150,46 MKM, LK-
pvHa crnepmatoreHHoro wapy — 50,18 MKM, B HbOMY
Byno He meHwe 3 wapis (Tabn.). CtaTtesi KNITUHW PO3-
TalLOBaHi KOMMAKTHIiLLE (Xo4a B YacTWHi kaHanbLiB 36e-
piranocsi neBHe Nyxke po3TallyBaHHsI YaCTUHW CTaTEBMX
KMiTVH), NPOLIEC criepmaToreHe3y A0CAraB cragii cnepmMa-
TVA, K i Y BiaNOBIOHOIo iIHTAKTHOrO KOHTpOIHo (puc. 3a,
36). Cepen KniTWH, SIKi yTBOPHOKOTb FOPMOHW, BUSIBMSMNCS
Pi3Hi 3a PYHKLIOHANBHOI aKTUBHICTIO (puc. 3B).

Micns BBeaeHHA OK penpoayKTMBHO MoMnoaum BariT-
H/M camMuLAM LLypiB Ha TNi 3mogensosaHoi PIMH B seu-
kax ixHix 50-0000BMX HaLLAAKIB 3BUBUCTI CiM'siHI KaHarnbLyj
BMpasHo 30inbLueHi mamke Ha 29%. LvpuHa cnepmaro-
FeHHOrO Lwapy ctaHoBuna 59,34 Mkw, LLO yaBidi nepesu-
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LLyBano aHaroriYHWM KOHTPOMb, B Hil YiTKO NPOCTEXEHI
3—4 wapw crateBuX KNiTMH — B CepeaHboMy Anst rpynn
3,50 wapy (Tabn., puc. 4a). Y 6inbLIOCTi kaHanbLiB cTa-
TEBi KMiTMHM Oynn Ha Mi3HiX CTagisgx AndepeHLitoBaHHS,
B YaCTMHI 3 HUX BUAOHO i 3pini cnepmato3oign (puc. 46).
AKTUBHILLI i ropMOHONpPOAYKyBarbHi KNiTuHKM Jlergira
Y MKKaHanbLEBUX NTOKyCcax, IXHS KinbKicTb 3b6inbLieHa,
caMmi KMiTUHM 3 KPYNHUMW igpamMu i BENUKUM 06’emMoM
uutonnasmu (puc. 4B8).

Y HallaakiB aHanoriYHoro nepioay XUTTH, HapoaXxe-
HUX Big 3pinux camuub 3 OINH, cnepmaroreHes y Ginb-
LWOCTIi 3BMBUCTUX CIM'AHUX KaHanbuUsx 3 giameTpom
159,39 MKM Takox ByB Ha Mi3HILLWX CTadisX PO3BUTKY, HX
Y KOHTPOIbHMX A0 HUX Hawazkis. LLnprHa cnepmatoreH-
Horo enitenito — 59,36 MKM, cama CMy>xKa MicTuna ne-
peBaxkHO 3 LWapw KNiTWH, a B AesIKMX BCi 4 — B cepeaHbo-
My 3,25 ans rpymu (Tabn., puc. 5a, 56). Knitunn Nengira
Oynu y 3Ha4YHO aKTUBHILIOMY CTaHi (puc. 5B).
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Puc. 3. Aeuko wypa, HapomXeHoro Big camuLi 3pinoro penpoaykTuBHoro Biky 3 ®INH:

a) LwmpLua cTpivka cnepmMaToreHHOro eniTenito, KOMNakTHiLLe po3TallyBaHHSA CTaTeBMX KNiTUH. emaTokcuniH-eo3nH, x200;
0) 3aKiHY4eHHs npoLecy crepmartoreHedy Ha cTafii paHHix cnepmaTtug. FemartokcuniH-eo3unH, x250;

B) Y MiXXKaHanbLeBOMY FTOKYCi BUOHO Pi3Hi 3a PyHKLIOHanbHUM cTaHoM KniTuHu Jlengira. FfemaTtokeuniH-eo3nH, x400.

Fig. 3. The testicle of a rat born to a female of mature reproductive age with FPI:

a) a wider strip of spermatogenic epithelium, a more compact arrangement of germ cells. Hematoxylin-eosin, x200;

6) the end of the process of spermatogenesis at the stage of early spermatids. Hematoxylin-eosin, x250;

B) in the interchannel locus different functional states of Leydig cells are visible. Hematoxylin-eosin, x400.
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Puc. 4. Aeuko Wwypa, HapoaAXXeHOoro Bif, camuLi MOnogoro penpodyKTMBHOro Biky 3 ®PrH+OK:

a) 36inbLUEeHHS Po3Mipy 3BMBUCTMX CiM’AHUX KaHanbLiB, LUMPUHWU CTPIYKM CTATEBMX KNITUH, LLINBbHOCTI po3TallyBaHHS KIiTVH Y psaax.
lematokcunin-eo3uH, x200;

©) 3aBepLLEHMI NpoLec crnepmaToreHesy y CiM'sHOMY KaHarnbli, y NPOCBITi BUOHO cnepMarto3oiaun. femaTtokeuniH-eo3uH, x400;

B) nepeBara pyHKLiOHaNbHO akTUBHKX KMiTUH Jlenaira y MixxkaHanbLeBoMy Nokyci. FemaTokcuniH-eo3uH, x400.

Fig. 4. Testicles of the rat born to a female of young reproductive age with FPI+FC:

a) increase in the size of tortuous seminal tubules, width of a tape of germ cells, density of an arrangement of cells in rows.
Hematoxylin-eosin, x200;

6) the process of spermatogenesis in the seminal tubule is completed, spermatozoa are visible in the lumen. Hematoxylin-eosin, x400;
B) the predominance of functionally active Leydig cells in the interchannel locus. Hematoxylin-eosin, x400.

Puc. 5. Aeuxo Wwypa, HapoaXXeHOoro Bif camuLi 3pinoro penpoaykT1BHOro Biky 3 PIH+OK:

a) Y 3BMBUCTUX CiM'SIHVX KaHanbLsAX 36iMnbLIeHa LWMpUHA CTPIYKM CTaTeBUX KNITWH i WiNbHICTb po3TallyBaHHS KNITUH Y psaax.
[emaTokcuniH-eo3uH, x200;

0) cnepmaTo30igm y NpocBiTi kaHanbus. femaTokcuniH-eo3nH, x250;

B) BinbLUiCTb (hyHKLIIOHANbHO akTUBHUX KNiTWH Jleraira. FemaTtokcuniH-eo3nH, x400.

Fig. 5. The testicle of the rat born to a female of mature reproductive age with FPI+FC:

a) in tortuous seminal tubules the width of a tape of germ cells and density of an arrangement of cells in numbers is increased.
Hematoxylin-eosin, x200.

b) sperm in the lumen of the tubule. Hematoxylin-eosin, x250.

c) most functionally active Leydig cells. Hematoxylin-eosin, x400.
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Centokosa H. HO., flap'aHoscbka HO. B., BosioxoB |. B. Ta iH.  3MiHW CiM'AHUKIB LLYyPiB-HaLLAAKIB MaTepiB 3 GeTonnaueHTapHO HEeAOCTATHICTHO

AHanNoriYHM NO3NTUBHUIA BMUB Ha NpoLEeC cnepma-
ToreHesy y HallafikiB MONOAMX i peNpPoaYKTUBHO 3Pinnx
camuub 3 ®INH 3gincHioBaB | NpenapaTt NOPiBHAHHSA
«Ovnipuaamony: 3BUBUCTI CiIM’AHI KaHarnbLj Oynn kpyn-
HilLMMK, iXHIN giameTp ctaHoBmB 150,35 i 150,24 MKM,
LUMpWHa cnepmartoreHHoro enitenito — 50,111 50,21 mkm
i3 3—4 wapamu knitnH. CTatesi KNITWHW y psaax posTa-
LLIOBaHI YNopsiaKoBaHiLLe NOPIBHAHO 3 HaLLLaaKamu i3 rpyn
3 BiNOBIAHUMMN KOHTPONBHMMM NatonorisMu (Tadn.).
Y BinbLUOCTI CiM'AHUX KaHanbLsIX Y BCiX HaWaakiB npo-
LieC cnepmaroreHesy 3akiH4yBaBCS Ha CTagii cnepmarmg
(paHHIX/Mi3HIX), Y AESKMX HEYMCIIEHHMX KaHamnbLIsIX BUOHO
i cnepmato3soigun. KnitnHu Jleigira xapakrepuayBanucst
30e6inbLIoro 4OCTaTHBO akKTUBHUM CTAHOM.

BucHoBKu

1. licTonoriyHa CTPyKTypa S€4Y0K HaLLaaKIB LLypiB,
HapOMXXEHUX Bif IHTaKTHUX PenPoOayKTUBHO MONoAnX
Ta 3pinux camuub, BignoBigana nputamaHHin ansa op-
raHy LibOro nepiogy po3BuTKY.

2. Y Hawapakis, HAPOMKEHUX B PenpogyKTUBHO MO-
noamnx camuub 3 beTonnaueHTapHOK HeQOCTaTHICTHO,
BUSIBNEHO ranbMyBaHHSA ANepeHLiloBaHHS cTaTeBux
KNiTWH, TOAi K Y HaLaakiB, HAPOMXKEHWX Bif penpoaykK-
TMBHO 3pinMx camuub 3 peTonnaueHTapHo HegocTaT-
HICTIO HEraTVBHI HacNiaKu LibOro BrnuBy Oynu HiBENbLOBA-
Hi | TeMMNM CTaHOBMNEHHS crepmartoreHe3y Habnvkanucs
[0 piBHS IHTAKTHOT rpynu.

3. BBepneHHs apmaueBTUYHOI KOMMNO3MLIT SIK MO-
nogum, Tak i 3pinum BariTHUM camMuusaM Ha Tri geTo-
nnaueHTapHOI HeAOCTaTHOCTI akTUBYBano npouecu
nponicpepadii i AndepeHLiloBaHHS cnepMaToreHHOro
eniTenito y iXHiX HalllaakKiB, Lo NpM3BOAMIIO A0 NOsBU
Y YaCTUHI CiIM’SIHUX KaHarnbLiB 3pinux cnepmaro3oifis.

4. MNpenapart nopiBHAHHA «[unipuaamony, BBEOEHWN
MOSOAMM i 3piniMM BariTHUM camuusiM 3 oeTonnaleHTap-
HOI HEOCTaTHICTIO, CPUAB BiLHOBMNEHHIO Y HaLLaaKiB
TEMIMIB CTAHOBMEHHS CnepmaToreHesy npakTM4HO Ha
piBHi hapmaLeBTUYHOT KOMMO3WLII.

nepCﬂeKTVIBM noganbLunx gocnigxeHb

JocnigxeHHs riCTOCTPYKTYPU CiM’ SHWUKIB Ta (DYHK-
LliOHYBaHHS penpoayKTUBHOI CUCTEMU CTaTEBO3PINNX
HallaakiB, HapooKeHWX Big MaTepiB pi3HOro BiKy Ha Tni
deTonnaueHTapHoOI He4OCTaTHOCTI.

1. Bekmukhambetov Y, Mamyrbayev A, Dzharkenov T, Kravisova N,
Utesheva Z, Tusupkaliev A., Ryzhkova S, Darzhanova K, Bekzha-
nova M. Metabolic and immunologic aspects of fetoplacental
insufficiency. Am. J. Reprod. Immunol. 2016; 76 (4): 299-306.
DOI: 10.1111/aji.12544.

2. Botting KJ, McMillen IC, Forbes H, Nyengaard JR, Morrison JL.
Chronic hypoxemia in late gestation decreases cardiomyocyte
number but does not change expression of hypoxia-respon-

48

10.

1.

12.

13.

14.

15.

16.

17.

sive genes. J. Am. Heart. Assoc. 2014; 3 (4): e000531. DOI:
10.1161/JAHA.113.000531.

Burren CP, Caswell R, Castle B, Welch CR, Hilliard TN, Smith-
son SF, Ellard S. TRPV6 compound heterozygous variants result
in impaired placental calcium transport and severe underminer-
alization and dysplasia of the fetal skeleton. Am. J. Med. Genet.
A. 2018; 176 (9): 1950-1955. DOI: 10.1002/ajmg.a.40484.

Burton GJ, Fowden AL, Thornburg KL. Placental origins of
chronic disease. Physiol. Rev. 2016; 96 (4): 1509-1565. DOI:
10.1152/physrev.00029.2015.

European Convention for the protection of vertebrate animals
used for research or other scientific purposes. The Verkhovna
Rada of Ukraine. 18.03.1986. Available at: https://zakon.rada.
gov.ua/laws/show/994_137#Text (in Ukrainian)

Guarner-Lans V, Ramirez-Higuera A, Rubio-Ruiz ME, Castrejon-
Téllez V, Soto ME, Pérez-Torres |. Early programming of adult
systemic essential hypertension. Int. J. Mol. Sci. 2020; 21 (4):
1203. DOI: 10.3390/ijms21041203.

Kryvetsky VV, Moskalenko RA, Karpenko LI, Zakorko IMS.
Features of morphofunctional study of the testis’ endocrine
component in experimental conditions. J. Clin. Exp. Med. Res.
2013; 1 (2): 149—-153. Available at: https://ujcem.med.sumdu.
edu.ua/images/sampledata/2013/2/149_153%20(%D0%BA%
D1%80%D0%B8%D0%B2%D0%B5%D1%86%D1%8C%D0
%BA%D0%B8%D0%B9).pdf (in Ukrainian)

Kupriyanova LS. Pathomorphological features of the struc-
ture of the ovaries of fetuses from mothers whose pregnancy
proceeded against the background of placental dysfunction.
Zaporozhye Med. J. 2014; 5 (86): 78-81. DOI: 10.14739/2310-
1210.2014.5.29129. (in Russian)

Luyckx VA, Brenner BM. Birth weight, malnutrition and kidney-
associated outcomes — a global concern. Nat. Rev. Nephrol.
2015; 11 (3): 135-149. DOI: 10.1038/nrneph.2014.251.

Merkulov GA. Course of pathohistological technique. Leningrad,
Medicine, 1969: 424 p. (in Russian)

Regulations on the Ethics Committee (Bioethics). Order no. 1287
dated 19.11.2012. Available at: https://zakon.rada.gov.ua/rada/
show/v1287736-12#Text (in Ukrainian)

Rodriguez-Rodriguez P, Ramiro-Cortijo D, Reyes-Hernan-
dez CG, Lopez de Pablo AL, Gonzalez MC, Arribas SM. Im-
plication of oxidative stress in fetal programming of cardio-
vascular disease. Front. Physiol. 2018; 9: 602. DOI: 10.3389/
fphys.2018.00602.

Savelyeva GM, Fedorova MV, Klimenko PA, Sichinava LG.
Placental insufficiency. Moscow, Medicine, 1991: 272 p. (in
Russian)

Shallie PD, Naicker T. The placenta as a window to the brain:
A review on the role of placental markers in prenatal program-
ming of neurodevelopment. Int. J. Dev. Neurosci. 2019; 73 (1):
41-49. DOI: 10.1016/j.ijdevneu.2019.01.003.

Simmons RA. Developmental origins of diabetes: The role of ox-
idative stress. Best. Pract. Res. Clin. Endocrinol. Metab. 2012;
26 (5): 701-708. DOI: 10.1016/j.beem.2012.03.012.

Yakovleva LV, Zaichenko GV, Tsypkun AG, Laryanovska YB.,
Butenko IG, Deeva TV, Kudina OV, Pavlenko NY. Preclinical
study of drugs intended for the treatment of placental dysfunc-
tion. Methodical recommendations. Kyiv, DFC of the Ministry of
Health of Ukraine, 2009: 59 p. (in Ukrainian)

Yalovchuk AV. Long-term results of nervous system disorders
in infants born to mothers with complicated pregnancy. Bukovyn-
ian Medical Bulletin. 2006;10 (2): 83—86. (in Ukrainian)

bionozis meapuH, 2020, 1. 22, N2 2



Seliukova N. Yu., Laryanovska Yu. B., Volokhov I. V. et al. Changes in testes of rats born to mothers with fetoplacental insufficiency

Morphofunctional changes in testes of rats born to mothers
with simulated fetoplacental insufficiency and its correction

N. Yu. Seliukova®?, Yu. B. Laryanovska?, I. V. Volokhov'?, D. V. Morozenko? R. V. Dotsenko? A. O. Zemlianskyi?, K. V. Misiura’
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S| “V. Danilevsky Institute for Endocrine Pathology Problems of NAMS of Ukraine”,
10 Alchevskikh str., Kharkiv, 61002, Ukraine

2National University of Pharmacy,
53 Pushkinskaya str., Kharkiv, 61002, Ukraine

Nowadays, it is almost unknown how fetoplacental insufficiency of mothers affects the formation of the reproductive system in
male offspring during puberty. Therefore, the aim of this work was to study the histological structure of the testes of male offspring
born to mothers of different ages with fetoplacental insufficiency and to evaluate the effectiveness of a new pharmaceutical compo-
sition for the correction of pathological conditions of pregnancy. The experiment involved healthy mature female Wistar rats in young
(3—4 months) and mature (8—10 months) reproductive age. Eight groups with 7 pregnant females in each one were formed: groups 1
and 2 — intact animals of young and mature reproductive age, respectively; groups 3 and 4 — females with experimental fetoplacen-
tal insufficiency of young and mature reproductive age; groups 5 and 6 — young and mature animals with experimental fetoplacental
insufficiency and addition to food depending on the weight of animals from 11 to 19 days of pregnancy pharmaceutical composition.
Groups 7 and 8 — young and mature animals with experimental fetoplacental insufficiency with addition a comparison drug Dipyrid-
amole to the food. Modeling of fetoplacental insufficiency was performed by daily subcutaneous injection to females from the 12t to
the 18" day of pregnancy 50% oil solution of carbon tetrachloride at a dose of 2 mi/kg body weight. Offspring were decontaminated
on the 50 day of life (puberty) by rapid decapitation. Samples of male testicles were fixed in 10% formalin solution, performed on
alcohols of increasing strength, poured into paraffin. Sections were made from the blocks, which were stained with hematoxylin and
eosin. Qualitative assessment of histostructure was performed on sections of the body in rats. Summing up the results of histological
analysis and morphometric parameters characterizing the condition of the testicles of rats, we can draw the following conclusions. In
the offspring born to reproductively young females with fetoplacental insufficiency, inhibition of the rate of germ cell differentiation was
found, while in the offspring born to reproductively mature females with fetoplacental insufficiency, the negative effects of this effect
were leveled and the rate of spermatogenesis increased. When the pharmaceutical composition was administered to both young and
mature pregnant females on the background of fetoplacental insufficiency, it activated the processes of proliferation and differenti-
ation of spermatogenic epithelium in their offspring, which was reflected in the appearance of mature sperm in the seminal tubules.
The comparison drug Dipyridamole, administered according to the same regimen to both young and mature pregnant females with
fetoplacental insufficiency, also helped the 50-day-old offspring of these females to restore the rate of spermatogenesis at the level
of the pharmaceutical composition.

Key words: fetoplacental insufficiency, male offspring, mother’s age, pharmacological correction
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