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XOpUOHUYECKUI ToHanoTponuH yejoBeka (XI') u motenHusupyoimii ropmoH (JII') peryaIupyior TeCTUKY-
JISPHBIN CTEPOUIOTeHE3, B3aNMOEICTBYSI C OPTOCTEPUIECKUM CaliTOM, pacTiOJIOKEHHBIM BO BHEKJIIETOUHOM
nomene perieritopa JII' (JITP). Ipumenenue XI'Y u JII' B MenuiirHe conpsizkeHO ¢ ITOOOYHBIMU 3 deKTaMu,
KOTOpbIe 00YCITOBIEHBI TUTepakTuBameit JII-3aBUCMMBIX KacKaJoB M Pa3BUTHEM PE3UCTEHTHOCTU KJIETOK-
MUIIEeHE! K 9HAOTeHHBIM TOHAAOTPONMHAM BCJIEACTBUE CHUXXEHUST aKTUBHOCTU 1 3Kcnpeccuu JIIP. Anbrep-
HATUBOU TOHAIOTPOITMHAM SIBJISIIOTCSI HU3KOMOJIEKYJISIPHBIE COeAMHEHMST, B3aUMOIEUCTBYIOIINE C TPAHCMEM-
OpaHHBIM ajmocTepudeckuM caiitom JIT'P. Llenbio paboThl ObLIO U3YYUTH B3aMOCBSI3b MEXIY CTEPOUIOTEH-
HbeIMU 3 Pekramu XTI u TneHo| 2, 3-d|mupumMuanHoBbIX pon3BogHEIX (TP) ¢ aktuBHOCTEIO JIT'P-aronuicron
M UX CITOCOOHOCTBIO BIMSITh Ha 3Kcnpeccuto reHa Lar, koaupyoliero JIT'P, in vifro ipu neiicTBUM Ha IIepBUY-
HYIO KyJIbTypYy KieToK Jleiinura KphIchl U in vivo ipy BBedeHNU caMiiaM KpbIC. XI'Y ¢ BeIcOKOIT 3(pheKTUBHO-
CThIO CTUMYJIMPOBAJ MPOAYKIIUIO TECTOCTEPOHA HA PAaHHEN CTanuu BO3AeHCTBUS Ha KieTku Jleiinura (yepe3
30 MMH) ¥ IpX OTHOKPATHOM BBEASHNM caMIlaM KPBIC (depe3 3 4), IpeBOCXOoIs IT0 3ToMy ITokaszartenio TP. Ye-
pe3 1—3 4 nociyie 06paboTKu KiaeTokK Jlelinura u mpy 1JIMTEeJIbHOM BBEIEHUU KpbICaM CTepPOMIOTeHHbIN 3 dhexkT
XI'Y cHMKajcsa u ctaHoBWICS conoctaBUMBIM ¢ TP. B xitetkax Jleiinnra n cemeHHuKax Kpbic XI'4 mmopasisin
KcIpecculio reHa Lhr, KoTopasi B yCJIOBUSIX in Vivo YaCTUYHO BOCCTaHaBIMBajgach Ha 7—10-e CyTKu, 4TO CO-
TMIPOBOKIATIOCHh HEOOJIBIITUM TTOBBIIIIEHNEM cTepornoreHHoro addekTa XI'H, HO CyllleCTBEHHO HIXKE ero 3Ha-
yeHU B IepBbiid 1eHb. O0paboTka coequHeHueM TP0O3, HanboJjiee akTUBHBIM U3 U3ydyeHHbIX TP, ciabo Biau-
si7la Ha 9KCIpeccuio reHa Lar B KieTkax Jlelimura v 3Ha4MMO TTOBBIIIIAIA €€ B CEMEHHUKAX KPBIC TP TUTETb-
HOM BBeneHuHU Iiperapata. CrepounoreHHbI 3¢ dekT TP03 monoxuTeabHO KOppeaupoBaa C dKCHpeccueit
reHa Lhr. I1pu 00paboTKe cTaperommx KpeIic cTeponaoreHHbIN apdexkT TP03 cHimmKacs, 9To ObUIO aCCOLIMM--
POBaHO C OTCYTCTBUEM €ro CTUMYyJIMpylolero addexra Ha akcrnpeccuto JII'P. Takum obpa3oM, Ipu JIUTETb-
HoM BBenieHnU TP oKa3bIBalOT yMepeHHO BhIPaKeHHBIM, CTAOMJIBHBIN BO BpeMEeHU, CTUMYJIUPYIOIIii apdekT
Ha MPOIYKIIMIO TECTOCTEPOHA, HO He CHUXaloT 3kcmnpeccuto JITP, yTo nmpenoTBpaniaeT pe3ucTeHTHOCTD ce-
MEHHUKOB K 9HIOTeHHBIM TOHAJIOTPOITMHAM MPU CTUMYJISIIUU CTepOUIOTeHe3a.

Karoueswie croa: anaocTepuuecKuii arOHUCT, PELIETITOP JTIOTEMHU3UPYIOIIETO FTOPMOHA, TeCTUKYJISIPHBIH cTe-
pounoreHe3, CEMEHHOIT KaHaJlell, XOpPUMOHUYECKMI TOHAIOTPOITMH
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BBEAEHUE

OHIOTeHHBIMU CTUMYJIITOpaMU pelenTopa JioTe-
nHu3upylomiero ropmona (JII'P), oTHocserocs x cy-
nepcemeiicTBy G-0eJI0K-COMPSIKEHHBIX PELIENTOPOB,
SBJISIIOTCS POYLIMPYEMble JTIOTEOTPOIIOLIUTAMU afe-
Horunodusa roHafoTPONUHBI — JIOTEUHU3UPYIOIIUIA
ropmoH (JIT') u runtocduzapHast hopMa XOpUOHNYECKO-
ro roHagorpornurHa yejioBeka (XI'1). OHu cBSI3BIBAIOT-

cs1 ¢ BBICOKOA(PUHHBIM OPTOCTEPUUYECKHUM CANTOM,
KOTOPBI PacIOOoXeH B 3HAUUTEIHLHOM IO pa3Mepy
BHEKJIETOYHOM NoMeHe perentopa [1]. PesyabraTom
TaKoro CBSI3bIBAHUS SIBJIsIETCS akTuBaLUsl G,-0€IKOB,
OTBETCTBEHHBIX 32 CTUMYJISILMIO afeHWIATUUKIIa3bl 1
UAM®-3apucumbix myteid, u Gy -6enKoB, ocCy-
IIECTBIISTIONTNX CTUMYIISIIIO pocdonmazbl C 1 Kallb-
[INIi-3aBUCUMBIX MyTeii, a TAK:Ke aKTUBAIIUS PETYIsI-
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TOPHBIX OEIKOB [-appecTUHOB, KOHTPOJIUPYIOIIUX
JMraHa-onocpenyeMbrii sHgonnTo3 JINP m crumyng-
IO KackKaga MUTOTeHAKTUBUPYEMbIX ITPOTEUHKWHA3
[2, 3]. HecMoTpst Ha CTPYKTYpPHOE CXOACTBO U CBSI3BI-
BaHME C OOHUM M TeM ke peuentopom, JII' m XI'Y
(YHKIIMOHAJIBHO pa3JIMyaloTcs, 4YTO OOYCJIOBJIECHO
pa3IUYHBIMU MYTSIMHU 3BOJIIOLIUN UX MOJIEKYJT Y MJIIEKO-
MUTAIOLINX, KOTOPhIe MPUBEIN K TUBEPTeHIIUN CHUT-
HaJbHBIX IMyTe#f M BHYTPUMOJEKYISPHBIX MUILIECHEN
JIT' u XIT'Y y npumatoB u uenoBeka [4]. Tak, JII' B 00J1b-
€M CTeTIeHU KOHTPOJIMPYET KacKald MUTOTeHAKTUBU -
PyeMBIX MPOTeMHKMHA3 1 3-HochOMHO3UTUIHBIE Kac-
Kaznbl, B To BpeMs Kak XI'Y sBsieTcs MOIIIHBIM CTUMY -
JsiTOpoM HAMD-3aBUCUMBIX TYTEW U 3aBUCUMOIO OT
HUX CTEpOUI0OreHe3a.

B MmennumHe miis aktuBaumu peuernrtopa JII' o0brya-
HO UCTOJIB3YIOT BBIAEASIEMbIA U3 MOUU OepeMEeHHBIX
XKeHIIWH maneHTapHbiii XI'Y [5, 6]. HecmoTpst Ha
BBICOKYIO aKTUBHOCTBL X', TIpy IINTEILHOM UCIIOJIb-
30BaHUU €To (papMaKoOJOTMUYeCKUX 103 OTMEYaloT Ae-
cencutusauuio JII'P u pa3Butue pe3ancTeHTHOCTH TKa-
HeM-MUIeHel K SHIOT€HHbIM TOHAAOTPONMUHAM, MO-
JaBjeHWe AaKTUBHOCTU THUMOTajaMO-TUITOPU3apHO-
TOHATHOM OCH, aKTMBALUIO IIPOIU(epaTUBHBIX IPO-
1IECCOB B T'OHAaJaX, YTO MOXKET MPUBECTU K 3JI0Kadye-
CTBEHHOMY TepepOXACHUIO KJIeTOK. BenencTeue aTo-
ro mocJieTHNE TOObl pa3pabaThIBAIOTCS aJUIOCTEpUYe-
CKME aTOHUCTHI U TTOJIOXUTEIIbHBIE MonyassTopsl JITP,
KOTOpBbIE CITeIM(PUIHO, XOTS U ¢ 60Jiee HUBKHUM CPO/I-
CTBOM B CpaBHEHMH C TOHATOTPOIIMHAMM, B3aIMOIeii-
ctByIoT ¢ JIT'P. Ux MuItieHIMU SBJISIOTCS aJlJIOCTEPH-
YyecKue caiiThl, pacloJIOXKEHHbIE KaK B TpaHCMEM-
opanHom kanaime JII'P [7, 8], Tak u B ero
nuTorutazMaTudeckux rnetiax [9, 10]. Caenyer oTMme-
TUTb, YTO B OOJIBIIIMHCTBE 3BOJIOLIMOHHO IpeBHUX G-
OEeJIOK-COMNPSKEHHBIX PElEeNTOPOB OPTOCTEPUIECKUIA
CalT JOKaAJIM30BaH BHYTPU TPAHCMEMOPAHHOTO JOMe-
Ha. BeiiencTBue aToro mpeanosiaraiT, 4YTO B MpoLecce
spomouuu JII'P u npyrnx penentopoB rMKONpOTEU-
HOBBIX TUNIOG(U3apHBIX TOPMOHOB IIPOM30IILIa UHBEP-
cusl OPTOCTEPUYECKOro caiiTa B aIOCTEpUUECKUId,
OpUYEM 3TO IPOMU3OILIO CPABHUTEIILHO HEJABHO, UYTO
IpeaonpeaesieT IMOsBJIEHNE TAKUX PELIEIITOPOB TOIb-
KO y TO3BOHOYHBIX XKMBOTHBIX [11, 12].

HaubGomnplii mHTEpEeC cpean alJIOCTEPUYECKUX
perynasatopoB JIT'P mpenctaBiasiioT HU3KOMOJIEKYJISIP-
Hbl€ TTOJIHbIE aTOHUCTHI TPAHCMEMOPAHHOTO aJIOCTe-
PUYECKOTO caliTa pelenTopa, CKOHCTPYUPOBAaHHbBIE HA
OCHOBe THUeHO|2,3-d|nupumunuHoB [7, 13, 14]. B
YCJIOBUSIX i1 Vivo TPU OAHOKPATHOM BBEAEHUM caMllaM
KphIC Jaxke HamOoJiee aKTUBHBIE THUEHO[2,3-d|nupu-
MuauHOBbIe Mpou3BoaHble (TP) cyiiecTBeHHO ycTy-
namu XI'Y mo crmocoOGHOCTU CTUMYJIMPOBATh MpPO-
IyKIuio TectoctepoHa [15—17]. B To ke Bpems nipu
JJIMTEIbHOM BBEACHUM OTMEUaJIM COJIMKEHUE CTEPO-
UIOTeHHBIX 3((HEKTOB AIJIOCTEPUIECKUX arOHUCTOB U
TOHAAOTPOITMHA, YTO MOKET OBITH OOYCIOBJIEHO CHU-
JKEHUEM YyBCTBUTEJILHOCTHU KJIeTOK Jlefinura Kk cTumy-
JISILWMM TOHAOOTpoNnMHaMU B yciaoBusax XI'Y-uHmoynm-
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POBaHHOI CTUMYJSILMU cTepouaoreHeza. MmeroTcs
OCHOBaHM# IoJiaratb, YTO OCHOBHOM IMIPUYMHOM 3TOTO
SIBJISIIOTCSI pa3HOHAIIPaBJIEHHbIE U3MEHEHUST IKCITpPeC-
cuu JII'P B ceMeHHUKax KpbIc, obpadboTaHHbIX TP u
XTY.

OIHUM M3 OCHOBHBIX HamlpaBJIeHUU NPUMEHEHUS
TOHAJOTPOIIMHOB JISI KOPPEKIMM MYXCKHUX DPEIpo-
IYKTUBHBIX TMCHYHKIUNA B KIMHUKE SIBJISIETCS Jieue-
HUE Pa3IUdIHBIX (POPM THIIOTOHAZOTPOMHEIX COCTOSI-
HUIi, a TaKKe IMPeaoTBpalleHe BO3PAacTHOIO ocJiadie-
HUsI cTepouaoreHHoi ¢yHKuuu. Ecnu npu nedeHun
TUITIOTOHAIOTPOITHOTO TUIIOTOHAAM3Ma YyBCTBUTEIIb-
HocTh JII'P x metictBuro JIT', Kak mpaBMIIo, cCOXpaHSIeT-
Cs1 ¥ CHUXXKaeTCs TOJIbKO B MPOIecce IMTEIbHOU roHa-
JNOTPOIMMMHOBOW TeEpanuu, TO OCHOBHOM HNPUYMHON
BO3PacTHOI'O aHIPOT€HHOTO Ae(UIIUTA SBIISIETCS pe-
3UCTEHTHOCTh KJeToK Jleiinura K aeiicteuro JII' [18],
YTO JIejaeT Tepalliio TOHATOTPOIIMHAMMU B 3TOM CJIydae
Manmoa(ddekTuBHO. MMeHHO 3TUM 0O0YyCIOBICHO
CHUXKEHUE TP CTapeHWUU TIPOAYKIIMM TECTOCTepPOHAa
knetkamu Jleiinura [19]. BeaenctBue aToro npuMeHe-
HHEe aocTepudecknx peryiasgropoB JIT'P morimo Onr
cTaTh XOpOIlle anbTepHaTUBOW Tiperaparam JII' u
XTI'Y.

Ilensio HacTosIel paboThl OBUIO CpaBHUTEIbHOE
U3ydYeHUe BIUSHUS OOHOKPATHOTO M JJIUTEIBbHOTO
BBEICHMSI caMllaM KpbIC pa3paboTaHHBIX HamMu TP u
roHagotponuHa (XI'Y) Ha MpoAyKIMIO TECTOCTEPOHA
U MHTPATECTUKYJISIPHYIO 9KCIIPECCHUIO TeHa, KOIUPYIO-
mero JITP. I1pu aToM B ciydae IITUITHEBHOTO BBEIE -
HUST ogHOTO U3 Takux Mpou3BoaHbIX (TP03) u XI'Y uc-
clieloBald MOJIOJABIX U CTapelolnX >KUBOTHBIX C
0oCa0NIeHHOM CTEpOMIOTEHHOM (DYHKIIMEHN, a TAaKKe C
MOMOIIbI0 UMMYHOTUCTOXMMUYECKOTO TMOIX0/aa Olie-
HMBAJIM Y HUX KOJIMYECTBO U pactipeneseHue JII'P B ce-
MeHHUKax. M3ygamm Takke KpaTKOBpeMeHHBIE >@-
dexter TPO3 1 XT'Y Ha ypoBHU TECTOCTEPOHA U DKC-
npeccuto peuentopa JII' B ycloBUsIX in vitro TIpu UX
MHKYOAIIM ¢ IEpBUYHON KYyJILTYpOil KiieTok Jlelimura
KPBICHI.

MATEPUAII U METOOANKA

JIs1 5KCIIepMMEHTOB OBLIM B3SITHI CaMIIbl KPBIC
Wistar Bo3pacta 3—4 u 18 Mecs11eB, KOTOPBIX comepKa-
JIU Ha CTaHAAPTHOM pallMOHE CO CBOOOIHBIM JOCTY-
IIOM K Boje u ruiie. Bee mpoiienyphl IIpoBOIMIIN B CO-
OTBETCTBUM C IIpaBUaMu, pa3paboTaHHBIMU U YTBEP-
XKineHHbIMU KomureTroMm 1o 6mostuke MODD®H PAH
(15.02.2018 r.), 1 mpaBUJIAMH U TPEOOBAHUSIMU, U3JI0-
KEeHHBIMU B HokyMeHTax “European Communities
Council Directive 1986” (86/609/EEC) n “Guide for
the Care and Use of Laboratory Animals”.

Cunre3 TP — coenuHeHuii S-aMuHo-N -(mpem-0y-
TII)-2-(MeTUATHO)-4-(3-(HUKOTUHAMUIO ) (pe-
HWI)TUEHO| 2, 3-d|mupuMuInH-6-KapbokcamMua
(TP03), S5-amuHo- N-mpem-06ytun-4-(3-(1-mMeTun-
1 H-ttmpasoir-4-kapobokcamuao)dermn)-2-(MeTHI-
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cynbhanwm)TueHo|2,3-d|nupuMuanH-6-kapookca-
muna (TP04) u 5-amunHo-N-(mpem-6ytun)-4-(3-(2-
METOKCMHUKOTUHAMUIO)(heHUT)-2-(METUITUO ) TUE-
HO[2,3-d|nupumMmuanH-6-kapookcamuga (TP21), ocy-
IIECTBSIIM  IIyTeM alWIMpoOBaHUS S-amMuHO-4-(3-
aMuHopeHWN)- N-mpem-0yTi-2-(MeTuicyyibda-
HWI)TUEHO|2,3-d|nupuMuanH-6-KapbokcaMuaa, Kak
ormmcado panee [20, 21]. CTpyKTypy CHMHTE3MPOBaH-
HBIX COEIMHEHUI IMONTBEPXKIAIA C IMoMoIubilo 'H-
AMP-CIeKTpOCKONIMU,  UCIOJB3YS  CIIEKTPOMETP
Bruker Avance 111 400 (“Bruker”, I'epmaHust) u macc-
CNIEKTPOMETPUIO BBICOKOTO pa3pelieHus, UCIOJb3Ys
criektpomeTp micrOTOF (“Bruker”, 'epmanus).

B kaxxmoM skcniepuMeHTe MCTOIb30BaJIU 110 1IeCTh
caM110B Kpbic Wistar ofTHaKOBOI'O BO3pacTa, CO CXO/I-
HOM Maccoii Tejia 1 0e3 BUAMMBIX IIPU3HAKOB I1aTOJIO-
ruu. TP pactBopstiu B AMCO u BBOgWIM B/6, OMHO-
KpaTHO WJIM B Te€YeHUE HECKOJIbKMX JHEU (MHBEKIIUN
BBINOIHSUIA exXegHeBHO B 11.00) B CyTOYHBIX mo3ax
15 mr/kr/cytku aiag TP03 u TP04 u 25 mr/Kr/cyTku
st TP21. XTI (“MOCKOBCKUIT 3HIOKPUHOJIOTUYE-
ckuii 3aBon”, Poccusi) BBOIMJIM IOAKOXHO B T€ Xe
cpoku B cyrouHoil no3e 50 ME/kpricy. Hcronb3ye-
MBI€ 03Bl IIpeIapaToB COOTBETCTBOBAIM TEM JI03aM,
KOTOpEIE, II0 pe3yJbTaTaM HpeaBapUTEIIbHBIX 3KCIIe-
PUMEHTOB, BBI3BIBAIM 3(P(EKT, COOTBETCTBYIOIINIA
MOJIOBUHE MaKCUMAaJIbHOTO CTEPOUAOIreHHOIO 3h(PeK-
Ta TP. KOHTpOABHBIM KpBhICAaM BMECTO TIpeIiapaToB
Beoguan JIMCO. YpoBeHb TeCTOCTEpOHA OLIEHUBAIN
yepe3 3 4 mocJie BBEICHUS IIpeIapaToB, Iepe AeKar-
Talrei, yIUTBIBASI TO, YTO B 3TOT IIEPUOI BpeMEHU
CTepPOUIOTeHHBIN 3(p@PEKT TOHAZOTPOIIMHA e€Ille He
cHuxadcs, a addext TPO3, TP04 1 TP21 BeIxonua Ha
miato. O0pa3Lbl KpOBU IJII U3MEPEHUS YPOBHSI TECTO-
CTepOHAa IMOJyYyall U3 XBOCTOBOII BEHbI, HADKOTU3U-
PYS KpPBIC ¢ TTOMOIIBIO 2%-HOTo pacTBOpa JIMIOKauHAa
(2—4 mr/xT Maccel Te1a). KoHIIeHTpauio TeCTOCTePO-
Ha OMpelessiiu ¢ TToMolIbio Habopa “TecTrocTepoH-
NDA” (“Ankop-buo”, Poccust) u cnektpodoToMeTpa
“Anthos Absorbance Reader 2020” (“Anthos Labtec
Instruments”, ABctpus). Ilociie 3a6opa KpoBHM Ha Te-
CTOCTEPOH, 4epe3 3 4 mocjie ITOCIeOHEN WHBEeKLNU
penapaToB, KPbIC HAPKOTU3MPOBAJIH C IIOMOIIIBIO MH-
ransuun 4—5% (v/v) n3odaypaHoM U 3a0Upajn y HUX
SIMYKU IJISI OLIEHKU B HUX 3KcIpeccuu reHoB JII'P u
IpOBeAeHUSI UMMYHOTUCTOXUMHNYECKOTO aHa/In3a Ce-
MEHHBIX KaHaJIbIIEB.

YacTuaHO ounIIeHHbIE KJIeTKU Jlefinura BeIaesuin
U3 CEMEHHUKOB CaMIIOB KPbIC B COOTBETCTBUU C METO-
moMm [22], kak onucaHo paHee [23]. Kpbic HapKoTH31-
poBaiu 4—5%-HbIM n30QIIypaHOM, ASKATTUTUPOBAIU
W U3BJIeKaJI CEMEHHUKU, KOTOPbIE 3aTeM JIeKarcyJu-
pOBaJIM ¥ TIPOMBIBAJIM PACTBOPOM XEHKcCa, comepiKa-
muM 20 MM Na-HEPES-6ydep (pH 7.4), 0.1% BCA u
0.025 Mr/mMn nHrubuTopa TpuricuHa (oygep A). B te-
yenne 5—10 MmuH npu 34°C poBOAUIIN TUCCOLUALINIO
KJIETOK CEMEHHUKOB C TIOMOIIBIO KOJIJIareHa3bl
(0.25 mr/m1). BTy nipouieaypy ocTaHaBIMBAIU 100aB-
JIEHHEM IISITUKpaTHOro o0beMa Oydepa A, ymnaiasiu ce-
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MEHHBIC KaHaJblIbl IPOIYCKAaHNEM O0pa3oBaBIICiCs
cycneH3uu 4yepes3 HeimoHoBbIN (huabTp (d = 100 MKM).
®unbrpat ueHTpudyruponanu (200 g, 10 MuH), 1 oca-
XIEHHBIE KJIETKUA ABaXXAbl IIPOMbIBaIA Oydepom A.
ITonygeHHast ¢pakums KIETOK, HapsAOy C KIeTKaMH
Jleiinura, B HEOOJBIIIOM KOJMYECTBE coaepKaa rep-
MUHATUBHBIE KJIETKHM, CIIEPMATO30MIBI M 3PUTPOLIU-
Tel. KJIETKM CcycneHIupoBajiW B cpele WHKyOarnmn
DMEM/F12 B cootHomienuu 1:1, BHocwiu B 24-7y-
HOYHBIE IUIAaHIIEeTHl M MHKyOupoBasm ¢ TP0O3 (B
AMCO) mwm XI'Y (B ¢pu3M0I0r14eckoM pacTBOpPE)
rpu Temrepatype 37°C B atmocdepe, conepxalieit 5%
CO,. IIponomKuTenbHOCTh WHKYOAllMKW CcOoCTaBuUja
30 muH, 1 1 3 4. B KOHTpOJBLHBIE TPOOBI TOOABITSIIIN
AMCO. ITocne ob6pabdotku kietok TPO3 miu XI' co-
JIiep>KuMoe JyHOK HeHTpudyrupoBaiu (10000 g,
5 MUH), CylI€pHATaHT OTOMPAIN U UCHOJIb30BAIN IS
oIpeeieHUs] KOHILEHTPAllUU TeCTOCTEPOHA B MHKY-
0alMOHHOM cpejie ¢ ToMOoIIbIo Habopa “TecTocTepoH-
HUDA” (“Ankop-bno”, Poccus).

BOkcnpeccuio MPHK rena Lar, konupytouero JIT'P,
B CEME@HHUKAaX KpbIC (in vivo) WIN B OCAKIEHHBIX ITy-
TeM LieHTpudyrupoBanus (10000 g, 5 MUH) KyJTbTUBHU-
pyeMbIx KieTKax Jleiiaura (in vitro) olleHUBaJIU C T10-
Molbo kKonndectBeHHoi [P B peanbHOM BpeMeHw,
Kak ormrcaHo paHee [24]. JIas 3Toro 3 ceMeHHUKOB C
nomoItbio peareHta ExtraRNA (“Evrogen”, Poccust)
BeIAe s ToTajnbHyto PHK. OGpatHyio TpaHcKpum-
IO TIPOBOAMIN, UCMIONB3ys Habop “MMLYV RT Kit”
(“Evrogen”, Poccust). I KOTUYECTBEHHOM OLIEHKU
9KCIpeccuu TeHa Lhr ucnoiab30Baiv aMIUIM(pUuKaTop
7500 Real-Time PCR System (“Thermo Fisher Scien-
tific Inc.”, CIIA) u npaiimepsl CTGCGCTGTCCT-
GGCC (For) u CGACCTCATTAAGTCCCCTGAA
(Rev). B kauectBe pedepeHCHOro MCHOJb30BAIM T€H
B-akTtuHa (Actb). Pe3yabTaThl aHATU3UPOBAIH C TTIOMO-
mblo noporosoro meroga AAC, U mporpaMMHOTO
obecnieyeHus 7500 Software v2.0.6 u Expression Suite
Software v1.0.3. 3nayeHust RQ paccumThiBagu 10 OT-
HOIIEHUIO K KOHTPOJIIO.

Jas nmMmyHoructoxuMmudeckoro aHanusa JITP ce-
MEeHHUKH puKkcrpoBanu B TedeHue 48 4 (+4°C) B 4%-
HOM pacTtBope napa-dopmanpmeruga (“Sigma”,
CIIA), npombiBaiu 0.9% Hatpuii-docdaTHbiM Gyde-
pom (PBS), morpyxanu B PBS, conepxxammii 30% ca-
xaposy (4°C) u 3aMOpaxkUBaJii Ha CYXOM JIbIy C MC-
nosb3oBaHueM cpenbl Tissue-Tek® (“Sacura Finetek
Europe”, Hunepnannas). Cepuu MorepeyHbIX Cpe30B
W3 pa3IMYHBIX YPOBHEH sTIKa (6 MKM) TOTOBWIIH C TIO-
molibio kpuoctata Leica CM-1520 (“Leica Microsys-
tems”, 'epMaHusT) 1 MOHTUPOBAJIM Ha CTeKJIax Super-
Frost/plus (“Menzel”, I'epmanust). B manbHeitmem
cpesbl npombiBainu PBS, o6pabarsiBanu 0.6% nepeku-
cbio Bogopoaa B PBS (30 MuH) ni1st 6JoKMpOBaHUS aK-
TUBHOCTHU BHIOT€HHOM MEepoKCcraa3bl, CHOBA MPOMBbI-
pas PBS (10 MmuH), a 3ateM TeM ke OydepoMm, HO co-
mepxamuM 0.1% Tputon X-100 (PBST) (20 mwuH).
Jlanee cpe3bl THKYOMpPOBaJIX B TeUeHME 1 4 B OJIOKUPY-
Ne 2
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foreM pactBope (3% ceiBopoTku Ko3bl M 2% BCA B
PBST). MaKybanmio ¢ mepBUYHBIMH ITOJIUKIIOHAJb-
HBIMU aHTUTeAaMu KpoJjimka K JITP kpricel (“LSBio”,
CIIA) ocytecTBisuii B 1% GJIOKMpPYIOIIEM pacTBOpe
B pa3BeneHnn 1:1000 B TeyeHMe HOYM TP KOMHATHOMN
temriepatype. Ilocie ormbiBku B PBST (40 mun) cpe-
3bI THKYOUpoBanu B TeueHune 1 4B PBST ¢ BrTopyuyHEI-
MU OMOTUHUJIUPOBAHHBIMY aHTUTEJIaMU KO3bl TIPOTUB
IgG xpomuka (“VectorLabs”, BenukoOpuTaHusi) B
pa3BeneHuu 1 : 500. 3aTem cpesnl B TeueHue 30 MUH
IpOMBIBaJIM ¢ moMotibio PBS 1 makyonposamu B Teue-
Hue 1 4 B PBS, conepxaiiieM cTpenTaBUIMH-IEPOKCU -
nmasy (“BioLegend”, CIIIA) (pa3Benenue 1 : 700). ITo-
cie mpoMbBIBKM B PBS cpes3nr oopadateiBanu PBS, co-
nepxammmM 0.03% nepekucu Bogopona u 0.05% 3,3'-
muamMuHoOeH3uauHa (“Sigma-Aldrich”, CIIA). Peak-
11110 OCTaHABIMBAJIM TPOMBIBKOU AMCTUIIIIUPOBAHHOM
BOJIOI, MOCJIe YeTO Cpe3bl MOMEIIAIM MO/ TTOKPOBHOE
cTekyio ¢ rauuepuHoM. CreluduyHOCTh UMMYHHOM
peakiiiy KOHTPOJUPOBAJIM C MOMOIIbIO OTpULIATEb-
HOTO KOHTpOJIST (peakiusi B OTCYTCTBUE aHTUTEN).
MuxkpodoTorpadpun (mo 20 mjIst KaXXKaoro XNUBOTHOTO)
C pa3HbIX ypOBHEN CEMEHHUKOB ObIJIU MOJIyYEHbI C MO-
Moliblo Mukpockorta “Carl Zeiss Imager Al1” (00bek-
TuB X20, “Carl Zeiss”, I'epMaHusI) ¢ OMMHAKOBHIMU
ONTUYECKUMU XapaKTEePUCTUKAMU ST UCCIETYyEeMBbIX
TPYIII KUBOTHBIX. OTITUYECKHE TIJIOTHOCTH OITpeIeIsi-
JIM KOJIMYECTBEHHO C MOMOIIBIO TTporpaMMbl Image J
NIH Analysis (“NIH”, CIIIA). Ha kaxxnoit Mukpodo-
Torpacuu aHAJIU3UPOBAJIU TISITh PA3JIMYHBIX YYaCTKOB
CEMEHHBIX KaHaJibLIeB M ONpeNessii OINTUYECKYIO
miaoTHocTh  JITP-uMMyHONIO3MTUBHOTO Marepuania,
KOTOPYIO BBIpaXkajii B YCJIOBHBIX eAnHULIaX. Pesynbra-
Thl HOPMUPOBAJIM OTHOCUTEIBHO KOHTPOJISI, TPUHSITO-
ro 3a 1.00.

CTaTUCTUYECKUIA aHalIu3 BOKCIIEPUMEHTAIbHBIX
JaHHBIX TIPOBOJAMIIN C TIOMOIIBIO TIpOrpamMmbl “Micro-
soft Office Excel 2007”. HopMmalIbHOCTh pacIipeneie-
HUSI TIPOBEpsUIM ¢ TToMollbio Kputepus Illanmupo—
Yunka. st cpaBHEHUS IBYX BRIOOPOK C HOPMaTbHBIM
pacnpeneneHIeM HCHOAb30Ban f-Kputepuii CTbhlO-
JIeHTa, IJIsl CpPAaBHEHMSI TPEX TPYIIN — IUCIIEPCUOHHBIN
aHanu3 ¢ nonpaBkoit boudepponn. Cratucruuecku
3HAYUMMBIMU CYUTAJIN OTJIMYMS TIPU YPOBHE 3HAUMMO-
ctu p < 0.05. JanHsble ipeacTaBisin Kak M = SEM.

PE3VJIbTATHI

KoHueHTpanms TecTocTepoHa B MHKYOALIMOHHOM
cpede KyJAbTypel KieTokK Jleimura, oOpabGOTaHHBIX
10 MxM TPO03, craTucTUYeCKU 3HAYUMO MOBBIIIATACh
gepe3 30 muH, 1 1 3 9 (p < 0.05). IIpu 3TOM cTeponio-
reHHbIn 3pdext XI'Y (1 ME/Mmn) pazBuBaics ObICT-
pee, n yepe3 30 MUH TIPUPOCT YPOBHSI TECTOCTEPOHA,
BBI3BIBA€MBbII TOHAIOTPOIIMHOM, OBLI B TPU pa3a BHIIIIES
adpdekra TPO3. Omnako B manpHeeM apdext X'
HapacTajl MelJieHHee, yeM TakoBoii TP03 (puc. 1a).
BcnenctBue atoro 3HaueHust AUC s_;, IpeACTaBIsIo-
e co00i MHTErpMPOBAaHHYIO ITUIOIIAIbL MO KPUBOit

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUN

“KoHLIEHTpauus TecrocTepoHa (HM) — Bpems (4)”,
g TPO3 u XI'Y 6b011 cxogHBIMUY U cocTaBuian 150 £ 8 u
167 £+ 6 cootBercTBeHHO. [1pu o6paGoTke TP03 u XI'U
OTMeYaIi CHDKEeHHeE 9KCIIpeccuu reHa LAr, Kogupyro-
mero JIT'P, Ho oHO OBIJIO BEIpaXKeHO B OOJILIIICH CTeTIe-
HU B cJIyyae TOHaJIOTpoIMHa 1 yepe3 1 u 3 4 sakcmpec-
cusg reHa Lhr B xinetrkax Jleiimura, oOpabGOTaHHBIX
TPO03, On11a BBIIIIE TAKOBOM B CpPAaBHEHHWH C KJICTKAMU,
obpaboranHbiMU XI'Y (puc. 1b). DT gaHHbBIE CBUAE-
TEJIBLCTBYIOT O TOM, UTO IIPpU AEUCTBUM Ha KYJIbTUBUPY-
eMble KJIeTKM Jlelianra Kak aJuIoCTepUIeCcKUid, TaK 1
opTtocTepuueckuii aroHucTsl JII'P, B3gaThie B KOHILIEH-
TpalysIX, BEI3BIBAIOIINX ITOJIyMaKCUMAJILHEIN CTePO-
JIOTEHHBIA OTBET, C OINMHAKOBOM 3(P(OEKTUBHOCTHIO
CTUMYJIMPYIOT TIPOAYKIIMIO TECTOCTEPOHA, a TaKXKe
CHIKAIOT BKCIpEeCcCHIo reHa Lhr, mpruiyeM MHTUOUPYIO-
1ee BIWSTHUE T'OHATOTPOIIMHA BBIPAXXE€HO B OOJIbIIEH
CTETICHU.

B skcniepuMmeHTax in vivo TIpM BBEOSHUM II0OJO-
BO3PEJIBIM TPEXMECSTUHBIM camiiaM Kpbic TP Habona-
JIV CylIeCTBEHHbBIE pa3iuuus B UX achdekTax Ha Mpo-
IYKIIMIO TecTocTepoHa M 3Kcnpeccuto reHa JITP B
ceMeHHMKax. IIpu ogHOKpaTHOM BBEAEHUU CTEPOU-
nmoreHHbi apdext XI'Y (50 ME/kpricy, 11/K) mpeBoc-
xomua addexter TPO3, TP04 (06a — 15 Mr/KT, B/0) 1
TP21 (25 mr/kr, B/0) (Tabua. 1), B TO BpeMsl Kak Mpu
TpeXIHEeBHOM BBeJeHUU cTepounoreHbie 3chdexTsl TP
U TOHAJAOTPOINMHA CYIIECTBEHHO HE pa3jinyalucCh
(Tab6a. 1). UckintoyeHre COCTaBIIsIIIO TOJbKO COeqUHEe-
Hue TP21, koTopoe 110 CBoeMy CTEpOUIOTeHHOMY (-
dekTy B TpeTuii IeHb obpaboTku ycrynamo XI'U m
TPO3 (tabu. 1). YUepes 3 4 mocjie 0OOHOKPATHOIO BBeIe-
aus TP03, TP04 u TP21 skcrpeccust reHa Lar He Me-
HsLJIach, B TO BpeMsI KaK B Cllydae rOHaJIOTPOINIMHA OHA
CHIXaJIach B ABa pa3a (Tabia. 1). Ha TpeTbu cyTKu 00-
paboTKM OTMeYaiv TMOYTHU TIOJIHOE TI0JaBJIeHNEe IKC-
npeccuu reHa Lhr B Tpyte ¢ oopadoTkoii XI'Y, u, Ha-
MPOTUB, €€ TTIOBBIIIIEHHE B IPyIITie ¢ 00padboTkoit TPO3.
[1pu 5ToM B rpymax, koropsiM BBoamiu TP04 u TP21,
sKcIpeccusd reHa peuentopa JIIT mnbo He MeHsIach
(TP04), nub0 nmena TeHIeHIIMIO K cHkeHuto (TP21)
(tadm. 1). IIpn 3TOM OTYETINBO MPOCIEKUBACTCS B3a-
WMOCBSI3b MEXAY BEJIMUYMHON CTEPOMIOTEHHOTO (-
¢dexTa u ypoBHEeM 3KcIipeccuu reHa Lhar.

Ha npumepe coennnenust TP03 mokazaHo, 4yTo mpu
IUIMTENIbHOM, B TedueHUe 10 mHeit, o6paboTKe caMlioB
KpbIc crepounoreHHbIN addexT TP03 MmeHsicsa cimado
(puc. 2a). Dkcrpeccus reHa Lhr, yBeInduBasiCh Ha
TpeTuii JeHb BBEICHUSI, B AajbHENIlIeM ocTaBajach
noBeIiieHHOH (puc. 2b). Tonpko Ha 10-it neHp oOpa-
OOTKM OTMeYaid HeOOJbIIIoe CHIKEHHE YPOBHS Te-
crocTepoHa u akcnpeccuu reHa JIT'P (puc. 2). Crepo-
nnoreHHbI appext XTI Ha TpeTuit IeHb CHIKAJICS B
CpaBHEHUM C TIEPBBIM JHEM OOpabOTKM, U TOJHKO Ha
7-it u 10-ii THU B HEOOJBIION CTEIEHN BOCCTAHABIIM -
BaJjics (puc. 2a). B To xke BpeMs1 aKkcripeccust reHa Lhar,
JIOCTUTHYB MUHMMYMa Ha TPETUIA IeHb, 3aTeéM HauHa-
Jla MOCTeTNeHHO MOBBIIIAThCs M Ha 10-i1 1eHb yXKe 3Ha-
Y1MO HEe OTJIMYanach OT KOHTpoJs (puc. 2b). Paccum-
Ne 2
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Puc. 1. BiusiHue MHKyOaLy IEPBUYHOM KYJIBTYPhI KJIETOK
Jleitmura KphIchl ¢ ajutocteprdyeckuM aroHnuctoMm TPO3 u
TOHAJIOTPOIIMHOM Ha COofiep>KaHHUe TECTOCTEPOHA B MHKYOa-
ILIMOHHOM cpefe (a) M 9KCIPECCUIO TeHa pelienTopa JIIOTer-
Husupyouiero ropmosa (b). ? — paznmunsa Mexay KOHTpO-
JieM u rpynramu ¢ obpadotkoit TP03 u XTI cratucrtuue-
cku 3HauuMbl ripu p < 0.05; ° — paznuuus Mexay rpyrnnamMmu
¢ obpabortkoit TP03 nu XI'Y cratucTyecK 3HAYUMEI TIpU
p <0.05. Jannbie ipenctapneHbl B Buae M + SEM, n = 6.

TaHHbIe 3HAYEHUA AUC _jeq) U1 TPOTYKIIUU TECTO-
cTepoHa (MHTETpUpOBaHHAs TUIONIAAbL TION KPWUBOM
“KOHILIEHTpalus TecTocTepoHa (HM) — Bpems (mHI)”)
B rpymnmnax c¢ obpaborkoit TP03 u XI'Y cocraBuiu
664 £ 22 1 741 + 32 1 cTaTUCTUYECKU 3HAYMMO HE pa3-
JIMIAJINCh, CYIIIECTBEHHO TIPEBBIIIAs 3TOT ITOKa3aTelhb
B KOHTpoJIE (145 + 6, p <0.05). 3nauenne AUC,_jycxpr)
IS 9KCIpeccuM reHa Lhr (MHTerpupoBaHHasl ILIO-
manb mox KpuBoil “RQ (oTH. en.) — BpeMs (1HU)”) B
rpymiie ¢ oopadotkoit XI'Y (5.0 + 0.3) 6b1710 1OCTOBEP-
HO HYKe 3HAYCHUI AUC | _ jo(expr) KaK B KOHTPOJIE (9.1
+ 0.2), Tak 1 B Tpy1ne ¢ o6pa6otkoit TP03 (18.9 +0.9).
TakuMm o6pa3zoM, ctepounoreHHbI 3 dekT TPO3 Obi1
0oJiee yCTOMYMBBIM BO BpeMeHHU, yeM adpdekt XI'Y, a
06paboTKa KpPBIC aJUTOCTEPUYECKUM aroHUCTOM CO-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3ZUOJIOTUU
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Puc. 2. BaugHue oqHOOHEBHOM U IJIMTEILHON 00paboTKU
cam1I0B KpbIc ¢ momolbio TPO3 u XI'Y Ha ypoBeHBb TeCcTO-
CTepoHa B KpOBHU (a) ¥ 9KCIPECCUIO T'eHa pelienTopa JloTe-
VHU3UPYIOILIETO ropMOoHa B ceMeHHUKax (b). OLIeHKY ypoB-

Hsd TECTOCTCPOHA M OIIPEACIICHUE ODKCIIPECCHUU T€Ha Lhr

MIPOBOAMIN Yepe3 3 4 TOcle BBENEHUS IpenapaToB.  —

pa3Iuuusi MeXIy KOHTpPOJIEM U TpyIraMu ¢ 0OpabOTKOM
TPO03 u XT'Y cratuctuyecku 3HauuMbl nipu p < 0.05; b_
pasnuuus MeXay rpynnamu ¢ obpabdortkoit TP03 u XI'
cratucTudecku 3HaunuMbl 1ipu p < 0.05. [JlaHHBIE TpencTaB-
sneHsl B Bune M + SEM, n = 6.

MPOBOXIalach HE CHUXKEHUEM, a TIOBbILLIEHUEM TECTU -
KYJSIpHOI 3KCHOpeccuu reHa, kogupytoiaero JII'P.

Ha 3akiouuTtesibHOM 3Tane UCCaea0BaIu BIUsSHUE
nsatugHeBHoro BBeaeHus TP03 n XI'Y Ha ctepounnore-
He3, TECTUKYJISIDHYIO 9KCIIpeccuto reHa Lhr, a Takke
Ha IUIOTHOCTh M pacnpeneieHue JII'P-umMmyHomnosu-
TUBHOTO MaTepuajga B CEMEHHUKaX TPeXMECSYHbIX
(xoHTpOJIB) U cTaperomux (18 Mec) camiioB Kpric. He-
CMOTpsI Ha CHMKeHME 0a30BOTO YPOBHSI TECTOCTEPOHA
B KPOBU CTaperolInX XKUBOTHBIX, CTEPOUIOTEHHbIE (-
¢exter TP03 1 XI'Y y HUX COXpaHSINCh, XOTSI B TPYIIIIE
Ne 2

TOM 57 2021



BIIMAHUE HU3KOMOJIEKVIIAPHBIX AJINTIOCTEPUYECKHNX ATOHMUCTOB

129

Ta6auna 1. BiusstHue omHOKpaTHO# U TpeXaHEeBHOI 00paboTKu cam1ioB KpbIc ¢ Tomolbio TP03, TP04 u TP21 u roHagoTpo-
MMHA Ha YPOBEHb TECTOCTEPOHA B KPOBU M 9KCITPECCHIO TeHa pelienTopa JIOTEeMHU3UPYIOIIEro TOpPMOHA B CEMEHHUKAX

Kﬁ;‘}g‘g/"’ Mg:jp ]jgy /| TPO3,15 | TPo4,15 | TP2I,25
Control, DMSO|hCG, 50 IU/rat mr/Kr/me/kg) mr/Kr/me/kg \mr/Kr/me/ke
VYpoBeHb TecTocTepoHa B KpoBHu, HM/Testosterone level in the blood, nM
OnHokpaTHoe BBeneHue,/Single administration 174 £ 1.4 1216 £9.02 [63.6+553P[525+28ab|478+24ab
TpexnHeBHoe BBeneHue/3-day administration 15.1 £ 1.1 682+512 | 769+712| 57.0+2.82 |43.4+4.8abc
Okcnpeccus reHa Lar, RQ, otH. En/The expression of Lar gene, RQ, arbitrary units

OnHokpaTHoe BBeneHue,/Single administration| 1.01 = 0.03 0.49+0.082 | 0.89 £0.05| 0.94+0.05 | 0.84 £0.06
TpexaHeBHoe BBeneHue/3-day administration 1.03 £ 0.06 0.17+0.022 |1.68+0.122P[ 1.12+ 0.11 < [0.74 + 0.08 ¢

Ilpumeuanue. OLIeHKa YPOBHSI TECTOCTEPOHA U ONpeeeHUe SKCIIPECCHU reHa LAr TpOBOAMIMCE Yyepe3 3 U Iociie BBeeHUS MPenaparos.

4 _ pasnuuusa MeXIy KOHTPOJIEM U rpymmamu ¢ o6pa6orkoit XI' unu TP cratuctuyecku 3HaunMbl ripu p < 0.05;

— PA3INYUST MEXITY

rpynmnamu ¢ o6pa6otkoit XI'Y u TP cratrctuecku 3HaunMbl ipu p < 0.05; € — pasnmuuns mexmy rpynmnaMu ¢ oopabotkoit TP03 u TP04

wi TP21 craructudecku 3HaunMbl 1ipu p < 0.05. JlaHHbIe NpeacTaBieHsl B Buge M £ SEM, n = 6.

Cr + TP ypoBeHb TecTOCTepoHa ObUI CYIIECTBEHHO
Hxe, yeM B rpymiie K + TP (puc. 3). B cemennmnkax
CTaperoluX KpbIC HE ObLIO BBISIBJIEHO TOBBIIIECHUS
aKcnpeccuu reHa Lar nipu obpadorke TP03, HO B Toii
JK€ CTEeIeHM, Kak U B KOHTpoJie, Obljla CHUXKEeHa 9KC-
TMpeccust 3TOTO TeHa Mpu 00padOTKe TOHAAOTPOITMHOM

(puc. 3).

MMMyHOTUCTOXUMWYECKUIA aHan3 CEMEHHUKOB
TpeXMECSIIYHBIX KPBIC TToKa3aj, 4yTo obpadorka TPO03
NpUBOAUJIA K YBeJIUUYEHUIO KojmdecTBa JII'P-ummyHo-
MO3UTUBHOIO MaTepHajia B CEMEHHBIX KaHaIbIIaX, B TO
BpeMsI Kak oOpaborka XI'Y Ha Hero He BIuMsIa
(puc. 4a—c, puc. 5). Y craperomux Kpsic uncio JII'P
CYIIECTBEHHO HE MEHSJIOCh B CpPaBHEHHMU C KOHTPO-
nem, a ux oopadorka TP03 n XI'Y cHmkana Koande-
cTtBO JII'P-UMMyHOMTO3UTUBHOTO MaTepuaia, B HauboIb-
e CTeneHM B ciiydae ToHamorpormHa (puc. 4d—f, 5).
HecMmoTps Ha 1O, yTOo HamboJbinee Komaudectso JII'P
JIOKAJIM30BaHO B KJIeTKax Jleiigura, OCHOBHBIX MUIIIE-
vsx JIT, JIT'P-uMMyHONIO3UTUBHBIIT MaTepuall TakKXKe
BBISIBJIEH B TOJIOBKAaX CO3PEBAIOIIMX CIIEPMAaTO30M1I0B
(puc. 4a—c).

OBCYXIEHUWE PE3VJIbTATOB

Perynaropnsie 3¢ddexkTs ToHamoTponmuuoB ¢ JIT'-
noao6HoM akTuBHOCThIO — JII', TunoguzapHoit pop-
MblJIT 1 tnanieHTapHoro X1, a Takske HU3KOMOJIEKY-
JISPHBIX aJJIOCTEPUUYECKMX ATOHUCTOB HA OCHOBE THUE-
HO[2,3-d|nupuMuanHOB peanusytotcs dyepes JIIP [2,
3, 6]. T'oHamOTPONTMHBI CHEM(PUIHO CBI3BLIBAIOTCST C
BHEKJIeTOUYHBIM noMeHoM JIT'P, roe okanmn3oBaH BbI-
cokoa(p(UHHBIN OPTOCTEPUUYECKUI CANT, U TIOTOMY UX
OTHOCSIT K OPTOCTePUUYECKUM JINTaHJIaM, B TO BpeMsi

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUN

kak TP nmpoHUWKalOT BHYTpbh TPAHCMEMOPAHHOTO KaHa-
na JII'P n B3anMoOeincTBYIOT ¢ JIOKAJIN30BAaHHBIM TaM
aJJIOCTEPUYECKUM CalTOM, BCJIEACTBUE YEr0 X OTHO-
CAT K aJJTOCTEpUYECKUM aroOHMCTaM 3TOr0 pelieITopa
[2,7, 8, 25]. C omHOI1 CTOPOHBI, B 000MX CIIydasix IIpo-
ncxoaut tiepexon JIIP B aktuBHYI0 KOH(pOpManio, B
KOTOpPOM OH IIPMOOpETaeT CHOCOOHOCTh (DYHKIIMO-
HaJIbHO B3aMMOACHCTBOBATh C HIKEJIEXKAIIMM TPaHC-
NyKTOpHbIMU Gesikamu — G-Gesikamu U B-appecTuHa-
MU, ¥ BeI3LIBaTh JI['-3aBUCHIMBIE OTBETHI B KJICTKE-MMU-
meHu. C Ipyroil CTOpOHBI, TOHAAOTPONNHBI CTA0OMIIN -
3UPYIOT MHOXKECTBO aKTHMBHBIX KoH(popmauuii JITP,
CTUMYJIMPYS Cpa3y HECKOJIBKO BHYTPUKIIETOYHBIX MU~
IIEHEe, B TOM YHCJIe OTBETCTBEHHBIX 3a J€CEHCUTHU-
3alMio U gayH-peryisauuio JII'P, B To BpeMs Kak aji-
JIOCTepUYECKUE aTOHUCTHI CTAOMIIN3UPYIOT IIPEeUMY-
IMEeCTBEHHO OAHY akKTUBHYIO KoH(popMmanuoo JII'P u
MOTOMY SIBJISIIOTCSI M30MpaTeAbHBIMU B OTHOIIIEHUU
JIT-3aBucuMBIX TIyTeit [7, 8, 26]. [Ipu sToM maxe B
caygae JIT' u XI'Y HaGaomaercst onpenejieHHAs 13-
OupaTebHOCTh aKTUBAIIMM UMM BHYTPUKJIETOUHBIX
MUILIEHEeN, KoTopas copMupoBajachk B IIpoliecce
KOBBOJIIOUMKU 3TUX TOPMOHOB M CIIEOU(MUIHOTO K
HuM penenrtopa. Ilpeanosnaralor, 4To 3Ta U30MUpa-
TEJILHOCTDH O0YCJIOBIeHA PAa3IUYHBIM ITaTTEPHOM aJl-
JIOCTepUYECKMX BJIMSIHUII HAa TOPMOH-CBSI3aHHYIO
dopmy JIT'P [4].

M36upaTenbHOCTh peTyasliiy BHYTPUKIIETOUHBIX
KacKaJoB sSBJsSeTcs OOIIUM CBOMCTBOM ajlJIOCTEPU-
yeckux peryasaTopoB G-0eJIoK-COMPSKEeHHBIX pe-
HerTopoB [27, 28]. DTo ABISIETCS CIECACTBUEM IIPO-
HUCXOJSIIEN B TPOILIECCE DBOJIOLUMU alJIOCTEpUYe-
CKUX BJIUSIHUI Ha MaTTepH aKTUBHBIX KOHMOpMaLUii
peuernrropoB [28]. IpyrumM BaxKHBIM OTIAYMEM aJlJIO-
Ne 2
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Puc. 3. YpoBHU TecTOCTepOoHa U 3KcTipeccus perentopa JIT
Y KOHTPOJIbHBIX U CTaperoInX, 18-TUMeCcAIHBIX KphIC, 1
BausiHUe Ha HUX 00paboTku TP03 u XI'Y B TeueHue 5 nHeit.
4 _ paznuums MeXIy TPyNIaMyA KOHTPOJIBHBIX U CTApero-
IIUX KPBIC CTATUCTUYECKU 3HaYUMBI Tipu p < 0.05; ° — pa3-
JIMYUST MEXIY TpylnamMu Kpbic ¢ oopabdotkoii TP03 win
XT'Y 1 6e3 TakoBOIi cTaTUCTUYECKU 3HAYUMBI Tipu p < 0.05;
¢ — pasmuuust Mexy rpynnamu, oopa6otranHeiMu TPO3 u
XT'Y craructuyecku 3HauuMBbl rpu p < 0.05.

CTEPUYECKUX arOHUCTOB OT JIMTAHIOB OPTOCTEpUYE-
CKOro caiita sBisieTcsl Oojiee MsrKasi CTUMYJISILIUS
BHYTPUKJIETOUHBIX 3((EKTOPOB, YTO OOYCIOBICHO
0oJiee HM3KMM CPOJICTBOM aJIJIOCTEPUYECKUX aroOHU-
cTtoB K peuenrTopy [28—30]. IIpuHsATO cUMTaTh, YTO
OPUPOAHBIE AJIJIOCTEPUIECKIE arOHMCTHI SBOJIIOIINO-
HUPOBAJIN OT IOJIOXKUTEIbHBIX aJUIOCTEPUIECKUX MO-
IYJISITOPOB, MOCTEIIEHHO IIproOpeTast (hyHKIIUM aro-
HuctoB. B cnydae TP mokaszaHo, 94To OHM CITOCOOHEI

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3ZUOJIOTUU

YCUJINBATh PETYISITOpHbIE 3(h(HEKTH HU3KMX KOHIICH-
tpaumit XI'Y, oka3prBast Ha JII'-3aBUCHUMBIiT CUTHAJIMHT
MOTEHUMPYIOIIee NeiicTBUE U MPOSIBIsIS TEM CaMbIM
CBOIICTBA KaK arOHMUCTOB, TaK U ITOJIOXKUTEIbHBIX MO-
IyIsITOpoB [25].

Hamu noxkazano, yro TP03, umeromunii Haubob-
Ui CTepOMIOTeHHBIN 3 deKT cpean pa3padboTaHHBIX
HM3KOMOJIEKYJISIpHBIX aroHuctoB JII'P, o akTuBHO-
ctu ycrynaet XI'Y Ha paHHeil craguy MHKYOallMU C
kietkamu Jleiinura (B mepBbie 30 MUH) U TIpU OJHO-
KpaTHOM BBeJIeCHUU caMliaM KpbIc (4epe3 3 4). PaHee
HaMM ObUIO MOKa3aHo, 4yTo TP B cylllecTBEeHHO MEHb-
IIeli CTENeHU CTUMYIMPYIOT aKTMBHOCTb aJeHWJIaT-
LIMKJIa3bl B TECTUKYJISIPHBIX MeMOpaHax, BbIIeJIEHHBIX
M3 CEMEHHUKOB KPBICHI, B CPAaBHEHNHU C TOHATOTPOIIN -
HoM [ 14, 20, 21]. B To ke BpeMsI MOBBIIIIEHUE IJTATEITh-
HOCTHY BO3ACUCTBUSI Ha KJICTKM-MUIIECHU TIPUBOIUT K
CYILLIECTBEHHOMY WM3MEHEHMIO COOTHOIIEHMU CTUMY-
mupytomux 3¢dexkroB TP u XI'Y. Tak, yxe dyepe3 3 4
nocJie uHKyoaiuu kjietok Jleiigura ¢ TP03 ero ctepo-
UIOT€HHBIN 3 (EKT He yCTymnal TAKOBOMY TOHAIOTPO-
nuHa (puc. 1). Ilpu BBegenun TP camiiam KphIC B Te-
yeHue 3 u 6oJsiee THEH UX CTePOUIOTeHHbIE 3(h(EKTHI
OBUIM COINOCTaBMMBI C TaKOBBIMM TOHAIOTPOIIMHA,
MpUYEM 3TO OBLIO CIIPABEIMBO KaK IJISI KOHTPOJIb-
HBIX, TaK 1 CTapeIoLIX XXUBOTHBIX (Ta0d. 1, puc. 2—4).
OnHOit M3 OCHOBHBIX IIPUYMH 3TOTO SIBISCTCS CHIDKE-
HHE 3KCITpeccuu reHa, komupyroiiero JII'P, B cemeH-
HUKaX KpbIC, MHOTOKpPAaTHO OOpabOTaHHBIX TOHAMO-
TPOIIMHOM, a TakxKe B KieTkax Jleiimura, mHKyOupoO-
BaHHbBIX ¢ XI'Y B TeueHme 1 9 u 6omee. [1pu aTom TP He
CHIXAJIM 3KCIpecculo reHa Lhr, u 0ojiee TOTro, Kak
npoaeMOHCTprUpoBaHOo HaMmu 111 TP03, moBhimanu ee
MIpU JUTUTEIbHOM BBeASHUHU caMilaM Kpbic. Heobxomu-
MO OTMETHUTh, UTO B CJIy4ae IJIUTETbHOTO BBEACHUS IO-
HagoTponmHa, Ha 7-i1 u 10-i1 mHM 0OpabOTKM, BKC-
npeccus reHa Lhr HaunmHalla BOCCTaHABIIMBAThCS, UYTO
COMPOBOXIAJIOCH TUIABHBIM TMOBBIIIIEHUEM CTEPOUIO0-
reHHoro 3¢ dexra XI'Y, XOTSI ¥ CMJILHO yCTYMNAIOIIETO
TaKOBOMY B TIEPBBIi JeHb OOPaOOTKMH.

BaxueitmmM ¢akTopoM, BBI3BIBAIOIINAM OCJIa0-
neHue a3kcnpeccuu JITP, aBiasieTcss BeI3pIBaeMas ro-
HaZOTPONMHOM runepaktuBanus HAMD-3aBucu-
MBIX KacKaJoB, KOTOpas IIPOMCXOOUT Ha paHHUX
cTagusax oopadboTku KieTok Jleinura B yCIOBUSIX in
vitro 1 caMIIOB KPbIC B YCJIOBUSIX in vivo. HegaBHO
ObLIO TTOKa3aHO, YTo nHAynupoBaHHas XI'Y akTusa-
nust TAM®P-3aBUCUMBIX TIyTeil 1 UX OCHOBHOTO 3¢-
¢deKTOpHOro 3BeHa, MPOTEeMHKMHA3bl A, B KJIETKax
Jleiimura moBBIIIAET 3KCIIpeccuio (apHE30UITHOTO
peuenrtopa-o (Farnesoid-X-Receptor alpha, FXRa),
OCHOBHOIO PElLENTOpa XEIUYHBIX KUCJIOT. DTOT pe-
LEeITOp B CeMEHHMKaX (PYHKIMOHUPYET KaK TpaH-
CKPUIIIIMOHHBIN (PakKTOp, SIBISASICHh HEFaTUBHBIM pe-
ryJsiTopoM akcrpeccuu reHa Lar [31—-33]. Tem ca-
MBIM  peaJu3yeTcs KOpOTKas  OTpUllaTeIbHas
obpaTHasT CBSI3b MEXIYy IIOBBIIIIEHUEM YPOBHS
TAM® B kiteTkax Jleiigura B OTBET Ha CTUMYJISILIAIO
TOHAAOTPOIIMHOM ¢ CHUXEHHEM TOpPMOHAIbHOM
No 2
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Puc. 4. UMMyHOMeYeHHe pelienTopa JIIoTeMHU3upyloliero ropMoHa (JII'P) B ceMeHHMKaX TpeXMeCSTYHBIX (KOHTPOJIb) 1 CTapero-
mux camiioB Kpeic Wistar 1 BIusiHME Ha HeTO MATUIHEBHON 00padoTku ¢ momorisio TPO3 1 XI'Y. a — C (K),b— C + TP (K +
+TP),c— C+hCG (K+ XI'),d —Ag (Ct) ,e — Ag + TP (Cr + TP), f — Ag + hCG (Cr + XI'). UepHble CTpeJKM YKa3bIBAIOT
Ha JITP-UMMYHOIO3UTUBHOCTb B KJleTKax Jleliaura, JOKaaIM30BaHHBIX BOKPYT COCYI0B U KaIlWIISIPOB MEX1y U3BUTHIMU CEMEH-
HBIMU KaHajblaMu. [TyHKTUpHBIE CTpeKY yKa3biBatoT Ha JIT'P-UMMYHOITO3UTUBHOCTH B TOJIOBKAX CIIepMaTo30ua0B. Maciirtal,

100 MKM.

YYBCTBUTEIBHOCTU 3TUX KJIeTOK [32]. TP Goiee msr-
KO CTUMYJUPYIOT mpoaykuui HAM®D Ha paHHUX
CTaausIX BO3ACHCTBUS Ha KJIeTKM-MumieHu [20, 21],
U T€M CaMbIM HE BbI3bIBAIOT TMNEepaKTUBALIUU MPO-
TerHKWHa3bl A. ba3upyschk Ha 3TOM M Ha OOHapy-

a,c
a,b
a,b

1 1
Ag+TP Ag+hCG

0.7¢

0.6

0.5F

0.4

0.3

0.2

0.1}

0 I I I I
C C+TP C+hCG Ag

Puc. 5. KommyectBo penenropa JII' B kierkax Jleiimura
TPEeXMEeCSYHBIX (KOHTPOJIb) U CTAPEIOIINX CAMIIOB KPBIC IO
JMAHHBIM UMMYHOTUCTOXMUMUYECKOTO aHaju3a U BIWSIHUE
Ha Hero oopadotku TP03 u XI'Y. 1o ocu opdunam — ontu-
yeckasl TUIOTHOCTD B YCIOBHBIX €IMHULAX. ¢ — pasnuuus ¢
KOHTpOJIEM cTaTUCTUYecku 3HaYuMblI 1ipu p < 0.05; ° — pa3-
JIMYUST MEXIY CTapelolliMMU KpbicaMu 0e3 BBelEeHUsI Tpe-
napatoB u ¢ BBeaeHueM TP03 u XI'Y ctaTUCTUYECKH 3HA-
yumsl ipu p < 0.05; € — pasnuuue Mexmy rpynnaMu, oopa-
o6otanHbiMu TP03 mn XI'Y, cratuctuuecku 3HaUYMMBI TIpU
p <0.05.

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUN

KEHHOM HaMM COXpPaHEHWUU U JaXe TMOBBIIIEHUN
9KCIIpeccuu reHa Lhr, UMEIOTCs BCe OCHOBAaHUS MO-
jmaratsk, 9to TPO03 u, Bo3aMoxHo, npyrue TP ciaa6o
BJIMSIOT Ha aKTUBHOCTH pakTopa FXRa, mpenoTBpa-
masi TeM caMbiM €TO0 MHTUOupylolllee BIMSHUE Ha
skcrpeccuro JITP.

B mons3y B3aMMOCBSI3M MEXIY CTUMYJIMPYIOIINM
adpexkTom TP Ha TpoAYKIINIO TECTOCTEPOHA U UX BJIU -
SSHUEM Ha 3KCIIpeccuto reHa Lhr CBUIETEIbCTBYIOT
JIaHHbIE 10 CPaBHUTEIbHOMY aHanM3y 3¢ @(EKTUBHO-
ctu TP03, TP04 1 TP21 ipn ux TpexITHEBHOM BBeElIE-
HuM camuaM Kpwic. TP03 mmen Hanbosee BBIpasKeH-
HBII CTepOUIOTeHHBIN 3(hHEeKT U MPU 3TOM TTOBBIIIAI
aKcnpeccuto reHa Lhar, B To BpeMs Kak TP21 6bU1 Han-
MeHee aKTHUBHBIM CTUMYJISITOPOM IIPOIYKIIUM TE€CTO-
CTEpPOHAa, U 3TO OBLJIO ACCOLIMUPOBAHO CO CHUXXEHUEM
askcrpeccun JIT'P (tab6n. 1). B cnydyae XI'H otMmevanu
3HAYUTEJIbHOE IIOJaBleHUE BKCIIpeccuu TreHa Lhr,
HO CT€pPOMIOreHHBIN 3(pPEeKT roHagoTpOIMHA ObLI
conocTaBUMBbIM ¢ TakKOoBbIM TP03. DTo MOXeT OBITh
00yCJIOBJIEHO TE€M, YTO JIJIsI yMEPEHHO BbhIpa*ke€HHOIA,
CTaOWJIBbHOI BO BpeMeHu, ctumyiasauuu JII'-3aBucu-
MBIX ITyTEH B Cily4yae BO3MeHCTBUSI BEICOKOAKTUBHOIO
OpPTOCTEPUYECKOr0 aroHMCTa TOCTAaTOYHO HEOOJbIIIO-
ro konuuectBa JII'P B knerkax Jlefinura. Tem cambiMm
npu oopadotke XI'H B ceMEHHUKaxX KPbIC 3aITyCKaIOT-
Cs1 KOMIIEHCAaTOPHBIE MEXaHM3Mbl, KOTOPhIe Hampas-
JIeHbl Ha TIpeIOTBpallleHUe TUIEPIPONYKIIMU TECTO-
CTEpOHa, U MOAAEPXKMBAIOT CTEPOUIOTEHE3 HAa YPOBHE,
KOTOPBI COMOCTAaBUM C TAaKOBBIM MpPU BO3AEHCTBUU
TP.
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¥V craperoliux Kpbic 6a30Basi TPOAYKIINS TECTOCTE-
pOHa CHUXasach, YTO SBISIETCS XapaKTEPHBIM MpU-
3HAKOM BO3pPACTHOTO OCJa0JeHUs] TECTUKYJISIPHOM
¢dyukumu [ 15, 34—36]. I[1pu 5TOM HaMU TTIOKAa3aHO, 4YTO
creponnoreHHbIN 3 dexT XI™ 11pu ero BBeIeHUM CTa-
PEIOIIMM XUBOTHBIM B TEUEHUE TISITU THEI COXpaHSII-
cs1, B TO BpeMsl KaK cooTBeTcTByIommii appext TPO3
CHMXKAJCS. DTO CHUKEHUE ObLJIO aCCOLIMMPOBAHO C OT-
cyTcTBUEM cTumyaupylouiero BausHust TP03 Ha Te-
CTUKYJISIDHYIO 3KcIpeccuto reHa Lhar. CienyeT oTMme-
TUTb, YTO IKCIPECCUS ITOTO T'eHAa Y KOHTPOJbHBIX U
cTaperlux Kpbic, nojydaBmux XI'H, Obl1a cXOIHOIM
(puc. 3). UMMyHOTMCTOXMMUYECKHE MCCIIeTOBaHUS
MoKa3ajiu, YTO B CEMEHHHUKaX TPEXMECSUYHBIX KpbIC,
nonydaBmmx TPO3, komuuectBo JII'P-uMMyHOmo3u-
TUBHOIO MaTepuaja MOBBIIIAIOCh, B TO BpeMs Kak y
CTapeIoNIX XKMBOTHBIX OHO OBLJIO CHIDKEHO (puc. 4, 5).
Ilpu stomM KomuyectBO JII'P-MMMYHOITO3UTHUBHOIO
MaTepuanga B CeMEHHHUKaX KpbIC, MmoaydaBmmx XI'Y,
CHMXAJIOCh KaK Y MOJIOMIbIX, TaK U y CTapEIOIInUX XU~
BOTHBIX (puc. 4, 5). OnHUMU U3 TPUYUH U3MEHEHUN
crumyaupytoniero addexkra TP03 Ha skcnpeccuio
JITP y craperommx KpbIC MOTYT OBITh (PYHKIIMOHAIb-
Hble U3MEHEHUSI B TECTUKYJISIPHBIX TOPMOHAIBHBIX CH-
cTeMax, B MePBYIO ouepenb B aleHUJIaTIUKIAa3HON CU-
creMe 1 HAM®D-3aBUCUMBIX CUTHAJIBHBIX MYTAX [37—
40], a Takxxe HapyllIeHUe pUOOCOMAJILHOTO CUHTE3a U
MOCTTPAHC/SILIMOHHOTO MPOLIECCUHTA TECTUKYISIPHBIX
OEJIKOB, UTO XapaKTEePHO JJIs1 CTapeHUS U O0YCJIOBJIEHO
YCWJIEHUEM OKHUCIUTEIBHOTO CTpecca, BOCIaJIeHUs,
cTpecca 3HAO0TIIa3MaTUUYEeCKOTo PETUKYIyMa B CEMEH-
HUKax [41, 42].

TakuMm obpa3zoM, HaMU BIiepBhIe TOKA3aHO, YTO aJI-
Jnoctepuueckue aroHuctsl JII'P Ha ocHoBe TheHo[2,3-
dlnupyuMMAMHA KaK OpU OJHOKPATHOM, Tak W MpU
JUTUTEILHOM BBEJIEHUM caM1laM KPbIC BbI3bIBAIOT yMe-
PEHHO BbIpaXXEHHBINH CTEPOUIOTeHHBIN 3(hGhEKT, HO
Npy 3TOM HE MOAABJSIOT 3KCIpeccuu reHa Lhr, a B
ciydae HanoOoJiee akTUBHOTO coeanHeHus TP03 moBwI-
LIAIOT BKCIIPECCUI0 B3TOr0 reHa. DTo OTAUYAET UX OT
XI'Y, crepounmoreHHBI 3(P@PEKT KOTOPOTO B IIEPBHIit
JIeHb 00pabOTKU JOCTUTAeT MaKCMMyMa, 3aTeM B 3Ha-
YUTEJIbHOM CTEeNeHN 0ciabeBaeT, UTO aCCOLMUPOBAHO
C MoaaBfieHWeM dKCIpeccuu reHa Lhar, U TOJIbLKO yepes
7 IHEW HayMHaeT TOCTENEHHO BOCCTAHABIUBATHCS,
4TO 00YCJIOBJIIEHO HOpManu3anuei skcrpeccuu JITP.
Pasmumunsa B munamuke agpdexroB TP03 u XI' Boc-
MPOM3BOMATCS U B YCJIOBUSIX in Vitro IpyU BO3NEHCTBUN
Ha cuUCTeMy cTepouaoreHesa u skcrnpeccuto reHa JII'P
B MepBUYHON KyabType kieTok Jleiinura. [lokazaHo,
YTO CTPYKTYpHO pasnuuHbie TP paszmuuarorcs mo cre-
pounoreHHbIM 3(pheKTaM U BIUSHUIO Ha 9KCIPECCUIO
reHa Lhr, 4To, BEpOSITHO, OOYCIOBJIEHO OCOOEHHOCTSI-
MU UX B3aUMOJEUCTBUS C TpaHCMEMOPAaHHBIM aJjio-
ctrepudyeckuMm caiitom JII'P. B cemeHHMKax crapero-
mux KpeIC crepounoreHHbiid 3¢pdekt TPO3 mpu ero
JUTUTETLHOM BBEIEHUU OcIa0eBasl, UTO ObIJIO acCcollu-
MPOBAHO C UCUE3HOBEHUEM €T0 CTUMYJIMPYIONIETo 3¢h-
dekra Ha s3Kkcrpeccuio JII'P. Bce BelleckazaHHOE 103~

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U OUIUOJIOTUU

BOJISIET cAedaTh BBIBOM, YTO MPU IJUTEIbHOM BBele-
Huu TP yMepeHHO CTUMYJUPYIOT TECTUKYJSIPHBIA
CTEpPOMIOTeHE3 U HE BBI3BIBAIOT CHUXKEHUSI IKCIIpeC-
cuu JIT'P, 4yTo BaxkHO 11 MpeaOoTBpallleHUsI pa3BUTHUSL
PE3UCTEHTHOCTU CEMEHHUKOB K 9HJIOTE€HHbIM TOHAI0-
TPOIIMHAM B YCJIOBUSIX (hapMaKOJIOTUYECKOU CTUMYJISI-
LIMM CTepOUIOTeHe3a. DTOT BbIBOJ BaxKeH B IJIaHE UC-
MOJIL30BAHUS ayutoctepuyeckux aroHuctos JIT'P Bo
BCIIOMOTATEbHBIX PEIMPOAYKTUBHBIX TEXHOJIOTUSIX,
nockoJybKy npemnapatbl XI'4 u pekomObrHaHTHOrO JIT'
MpU UX BBEJEHUM XEHIIMHAM C 1IeJIbl0 00ecTneueHust
HOPMaJIbHOTO cOo3peBaHUs (DOUTUKYJIOB U UHIAYKIIUU
OBYJISILMU BBI3BIBAIOT CUHIPOM TUMNEPCTUMYISLINU
SIMMHUKOB, KaK pe3yabTaT runepaktuBaluu JIT-3aBu-
CUMBIX CUCTEM, U TPOBOLIMPYIOT Pa3BUTHE PE3UCTEHT-
HOCTH SMYHUKOB K TOHamoTponuHaMm [2, 6, 43, 44].

PMHAHCUPOBAHUE PABOTHI

Pabora mommepxkana Poccuiickum HaydHBIM (OHIOM

(mpoexT Ne 19-75-20122). 'H-AMP uccnenosaHus IpoBe-
IIEHBI C UCITOJIb30BaHMEM O0OpYIOBaHUSI PECYpPCHOTO IIeH-
tpa CII6I'Y “MarHmutHo-pe30HaHCHBIC METOIBI NCCISI0BA -
HUS”, IJIs MOJYyYeHHUsI MacC-CIEKTPOB BHICOKOTO pa3peliie-
HUSI UMCMOJIb30BAHO OOOpYIOBaHME pPECYpPCHOTO IIeHTpa
CIIoT'Y “Metonbl aHaM3a cocTaBa BelllecTBa”.

COBJIIOAEHUE OTUYECKNX CTAHIAPTOB

Bce npolienypbl o yxomy ¥ UCITOJIb30BaHUIO JKUBOTHBIX
BBITIOJTHSJT B COOTBETCTBUM C TPEOOBAHUSIMU DTUYECKOTO
komutera UBDB PAH, European Communities Council
Directive 1986 (86/609/EEC) u “Guide for the Care and Use
of Laboratory Animals”. CtaTbs He CONEPXUT pe3yJbTaTOB
KaKMUX-JTM0O0 MCCIeNOBaHMI C y9acTHEM JIIoIeil B KauecTBe
OOBEKTOB UCCIIEAOBAHUSI.

ABTOpBI TaHHOI CTaTbU COOOIIAIOT 00 OTCYTCTBUU KOH-
GbJIMKTa UHTEPECOB.
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THE INFLUENCE OF LOW-MOLECULAR-WEIGHT ALLOSTERIC AGONISTS
OF THE LUTEINIZING HORMONE RECEPTOR ON ITS EXPRESSION
AND DISTRIBUTION IN RAT TESTES

A. A. Bakhtyukov“, K. V. Derkach, 1. V. Romanova®, V. N. Sorokoumov*?, T. V. Sokolova“,
A. L. Govdi *, 1. Yu. Morina“, A. A. Perminova®<, and A. O. Shpakov**

4 Sechenov Institute of Evolutionary Physiology and Biochemistry, Russian Academy of Sciences, St. Petersburg, Russia
b St. Petersburg State University, St. Petersburg, Russia
¢ Almazov National Medical Research Centre, St. Petersburg, Russia
#e-mail: alex_shpakov@list.ru

Human chorionic gonadotropin (hCG) and luteinizing hormone (LH) regulate testicular steroidogenesis by in-
teracting with the orthosteric site located in the extracellular domain of the LH receptor (LHR). The use of hCG
and LH in medicine is fraught with side effects caused by hyperactivation of LH-dependent cascades and the de-
velopment of resistance of target cells to endogenous gonadotropins due to a decrease in the activity and expres-
sion of LHR. An alternative to gonadotropins is low-molecular-weight compounds which interact with the LHR
transmembrane allosteric site. The aim of this work was to study the relationship between the steroidogenic ef-
fects of hCG and thieno|2,3-d]pyrimidine derivatives (TPDs) with an activity of LHR agonists and their ability
to influence the expression of the LRH-encoding LAr gene both in vitro, when acting on the primary culture of
rat Leydig cells, and in vivo, when administered to male rats. hCG stimulated testosterone production with a high
efficiency at an early stage of its effect on Leydig cells (after 30 min) and upon a single administration to male
rats (after 3 h), exceeding TPDs in activity by this parameter. After 1—3 h of acting on Leydig cells and long-term
administration to male rats, the steroidogenic effect of hCG decreased and became comparable to that of TPDs.
In Leydig cells and rat testes, hCG suppressed LAr gene expression, which was partially restored in vivo on days
7—10 being accompanied by a slight increase in the steroidogenic effect of hCG, though to a significantly smaller
extent than on the first day. The treatment with TP03, which was the most active of the TPDs studied, had a little
effect on Lhr gene expression in Leydig cells but significantly increased it in rat testes after long-term adminis-
tration of the drug. The steroidogenic effect of TP03 positively correlated with LAr gene expression. When TP03
was applied to aging rats, its steroidogenic effect decreased, most likely, due to the absence of its stimulating effect
on LHR expression. Thus, after long-term administration, TPDs exert a moderately expressed, stable over time,
stimulating effect on testosterone production but do not decrease LHR expression, which prevents testicular re-
sistance to endogenous gonadotropins under conditions of steroidogenesis stimulation.

Keywords: allosteric regulator, luteinizing hormone receptor, chorionic gonadotropin, steroidogenesis, tes-
tosterone
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