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Bausuue |GF-1 Ha anmonTo3 1 4YuC/I10 KJIETOK
B NPEMMILIAHTAMOHHBIX IMOPHOHAX MBbIIIIEN,
MOABEPTHYTHIX XPOHHYECKOMY ICHXOCONUAIBLHOMY CTpeccy
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Momueayus u yenv: Ha cerogusmIHuil 1eHb U3BECTHO, YTO IICUXOCOIMAIBHBIN CTPECC
MOXKET OKa3bIBaTh HETaTHBHOE BIMSHHE HA J>KCHCKYIO PENpPOAYKTHBHYIO CHCTEMY,
OJIHAKO MEXaHM3MBI, JIeKAIIME B OCHOBE OTHX OJ(PQPEKTOB, Mall0 H3YUCHBI
donnuKynoreHe3 B SMYHAKAX PETYIHPYETcs Kak TOHaJOTPONMHAMH THIOQH3a, TaK U
BHYTPHOBAPHAIIbHBIMH PEryIATOpHBIMA pakTopamu [ 1-4]. OqHIM 13 BaXKHBIX MECTHBIX
PETYIATOPHBIX (aKTOPOB SUYHUKA SIBISETCS WHCYIMHONOJNOOHBIN QakTtop pocta 1
(IGF-1), on yuacTByeT Ha Bcex odTamax (OJUIHKYJIOTeHe3a, a WMEHHO Ha CTaIuH
pekpyTupoBaHus (GOJUMKYJIOB, 0TOOpa W AoMuUHHpoBaHuA [5, 6]. B mpemsimyrmmx
WCCIIEIOBAHUSAX MBI MTOKA3AJIH, YTO XPOHUIECKUH IICUXOCOIHATBHBIN CTPECC YXYAIIAET
KayecTBO OOIMTOB y MBIIICH, a TakKe YCHWJIMBAeT HAaKOIUIEHHE AaKTHBHBIX (HopMm
KHCIIOPOJa U YBEIMYUBAET MPOICHT AlONTOTHYECKUX KIIETOK B KyMYIIOC-OOLUTHBIX
KoMIutekcax. Kpome Toro, Hamu ObLTO TIOKa3aHO CHIDKEeHHE oOrero copepxkanns 1GF-
1 B TKaHU SIMYHMKA U CHIDKEeHHUE dkcnpeccun reHoB 1gf-1 u 1gf-1r B kymymroc-00UTHBIX
KOMILIEKCax MpH cTpecce. B pe3ynbTare MBI BBIBUHYJIH THIIOTE3y O ToM, 4Tto |GF-1
MOJKET Y4acTBOBaTh B CTPECC-OMOCPEIOBAHHON PEAaKINH THUIIOTAIaMO-THIO(HU3apHO-
roHaHOW cucTeMbl. Llenblo naHHOM paboThl OBUIO HMCCIIEIOBAHNE BIWSHUS BBEJCHHUS
IGF-1 invivo Ha (oHEe XpOHHYECKOTO TCHUXOCOIHUAIBHOIO CTpecca Ha OOIee YUCIIOo
KJIETOK W YPOBEHB aIlonTo3a B SMOPHOHAX MBIIIEH HA CTa U OJIaCTOIMCTHL.

Memoowt u arcopummot: ViccrnienoBanus npoBoamiiu Ha Mbimax TuHuu CD1. JKuBoTHBIX
colepkanu B CcraHmapTHeiX ycioBusix SPF-uBapus HWIulT CO PAH. Bce
uccienoanus Obu og00peHsl Komurerom mo 6mostrke Ulul" CO PAH (IIpotokon
Ne 143 or 15.03.2023). Camku wmblmell B Bo3pacte 8—12 Henenb ObUIM CiTydailHBIM
obOpa3om pacmpeneneHsl Ha JBe rpymmsl: KoHTposns (0e3 cTpeccupyromero
Bo3aeiicTBust) u Ctpecc (HOABEPTHYTHIC BO3JCHCTBHIO CTPECCHUPYIONIMX (DaKTOPOB).
XpOHHYECKHUI TICUXOCOIUAIBHBIN CTpecc OBLT BBI3BAH CIIEAYIONUM 00pa3oM: CaMOK
MBIIIEH COJIepkKalli B M30JAIKH (TI0 OJTHOM caMKe B KJIeTKe) B TeueHue 11 jHel, 3aTem
B nocieaytomue 10 nHel momenany B ycaoBus ckydeHHocTH (1o 11 caMok B KJIETKe).
JKWBOTHBIX KOHTPOJBHOHN TPYIITHI COAESPKAIN B CTAHAAPTHBIX YCIOBUSAX B TPYIIIAX 110
5 camok Ha KIETKYy. D¢ (EeKTUBHOCTh MPUMEHSIEMOW MPOUEAYPHl I BBI3bIBAHHUS
CTPECCOBOW peakiuu ObUIa IMOJTBEPKJICHA, MMOCKOJNBKY ypOBEHb KOPTHKOCTEPOHA B
CBIBOPOTKE KPOBU CTPECCUPOBAHHBIX MBIIIEH OBLIT TIOBBIIICH; OMPE/IeIICHHE TIPOBOININ
METOZ0M UMMYHO(EPMEHTHOTO aHAJTK3a ¢ Mcroiab3oBanueM Habopa Elisa (Cloud-Clone
Corp., CHIA).
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Jns wccrnenoBaHus MONMyYald NPEHMIUIAHTAIIMOHHBIE SMOPHOHBI OT caMmok: 1)c
€CTECTBEHHBIM 3CTPAJILHBIM ITUKJIOM, 2) IIOCTE CTUMYJISALUHU SSUYHUKOB 3K30TC€HHBIMU
roHagorponuHamu, 3) nocie BBeaenus IGF-1 Ha (oHe BBeleHHsS TOHAIOTPOIIHMHOB
(rpymma  Ctpecc) wimm  4) GU3HOIOTHYECKOTO pacTBopa Ha (oHe BBeIEHUS
rOHAIOTPONMHOB (rpymnma KoHTpons). Y caMOK MbIlIel ompeaensuid CTaauio HUKia Mo
BarMHAJFHBIM Ma3KaM, Kak ornucaHo panee [7]. s momydenns sMOPHOHOB OT MBIIIEH
C €CTECTBEHHBIM SCTPAaJbHBIM IMKIOM CAaMKH Ha CTaJHH 3CTPyca OBLIM CCa)XeHBI C
¢bepTubHBIME caMiaMu. st momyyeHus: SMOPHOHOB OT MBIIICH TOCIE CTHUMYJISINN
SAMYHUKOB CaMKaM MBIIIEH Ha CTaJud JUICTpyca BBOAWIN BHyTpuMbImeuHo 10 ME
TOHAIOTPONMHA CHIBOPOTKH kepeObix koOsmm  (I'CXKK, dommmron, Intervet,
Hunepnanner), 3atem depe3 46 4 BHyTpuMbIIeYHO BBoaAwH 5 ME XopuoHn4eckoro
roHagorponuna yenoseka (XI'Y, xopynown, Intervet, Humepnauner), uro sBiseTcs
OOIIETPUHATHIM ITPOTOKOJIOM CTUMYJISIITUH SSMYHUKOB MbIel [8]. [locme sToro camku
ObUTH ccaXeHbl C (EePTHIBHBIMH caMmaMu. s moiydeHwuss SMOPHOHOB OT MBIIIEH
nociie BBeaenus |GF-1/¢us. pacTBopa, caMkaM MBIIIEH Ha CTaAUK TUICTPYCa BBOIMIN
BHyTpuMBbIieuHo IGF-1 (1 mkr B 0.1 mi ¢us. pactBopa)/dus. pactrop (0.1 mi), uepes
484 moBtopHo BBOommnmm |IGF-1/¢m3. pactBop W mNPOBOAWIM TOHATOTPOITHYIO
CTUMYJISIIUIO STUYHUKOB TIO BBIIICONMCAHHON CXEME, 3aTEM CCAKUBAIU ¢ PePTHIBHBIMU
camuamu. JleHp oOHapyXeHHsT BarMHaJbHOM NPOOKM CUYHTANIM TEPBBIM JHEM
O0epemeHHocTH. Ha deTBepThIl 1eHh OEPEMEHHOCTHM CaMOK MBIIIEH MMOIBEPraIn
sBTa”Ha3uu ¢ momompio CO2, 3aTeM coOupamu SMOPHOHBI JUIA TOCIETYFOIINX
HCCIIEA0OBAHUMN.

HccnenoBanne amornro3a B MPEUMIUIAHTAIIMOHHBIX SMOPHOHAX TPOU3BOAWIHN TPHU
nomoru Habopa TUNEL (TdT-mediated dUTP nick end labeling) FITC Apoptosis
Detection Kit (Vazyme, Kwuraii), coriacHO NpOTOKOJY MHpPOU3BOIUTENsA. AHanu3
NPOBOJUIIM C TOMOIIbI0 MuKpockoma Axiolmager.M2 (Carl Zeiss, I'epmanus) c
¢unprpamu, nogxomsmumu gt DAPI n FITC. Ilogcuer obmiero umcna siaep u
anoONTOTHYECKUX KJIETOK B SMOpPHOHAX OCYIIECTBISUIM TyTEM BU3YalbHOH OICHKH
npenapaToB C UCIOIB30BaHUEM NporpaMMel Imagel, kak onucano panee [9].
CraTucTuuecKnii aHalW3 JaHHBIX MPOBOJMIN C TIOMOINBIO JIBYX(DaKTOPHOTO
JMIUCTIEPCUOHHOTO aHAllM3a C TOCIEAYIOIUM allOCTEPHOPHBIM  CPaBHEHHEM C
ucnonb3oBanue kpurepuss Gumiepa LSD. Paznuuus npu 3nadenun p < 0.05 cuuranu
CTaTHUCTUYECKY 3HAYUMBIMHU.

Pesynomamer:  AHanw3 JaHHBIX IIOKa3all CTAaTHCTUYECKH 3HAYMMOE BIHSHUE
XpoHudeckoro mcuxoconuansHoro crpecca (F(2, 437) = 9.3, p < 0.001), a taxxe
BBeseHus roHagorponuHoB u IGF-1/¢u3. pacteopa (F(4, 874) = 35.0, p < 0.001) u
B3anmMozeiicteue 3tux (akropos (F(4, 874) = 7.6, p < 0.001) Ha 4YHCIO KJIETOK U
YpOBEHb aromnro3a B 3MOpHoHax (cM. pucyHOK). IIpu ecrecTBeHHOM IHKIIe Ha (QoHE
XPOHUYECKOTO cTpecca HaOIoJaloch CHIKEHHoe uucio kKietok (p < 0.001) wu
MOBBIIIIEHHOE YHCIIO amonToTudecknx kieTok (p < 0.01) B sMOproOHaX MBIIEH IO
CpPaBHEHHIO C KOHTpOJIeM. BBeieHne TOHaI0TPOIIMHOB MTPUBOIIIIO K CHHYKEHHUIO 00IIETO
quciia KJISTOK B 3MOpHOHaX Kak B KoHTposibHOU (p < 0.001), Tak u B cTpeccoBoit
(p <0.001) rpynmax. IIpu 3TOM ypOBeHB amomnTo3a B KOHTPOJIBHOM TPYIIIE OCTaBajICs
HEU3MEHHBIM, TOT/Ia KaK Yy CTPECCHPOBaHHBIX CaMOK Ha (OHE TOHAJOTPOITHOMN
CTUMYJISIIAH SIMYHUKOB MTPOMCXOJIMIIO CHI)KEHHE MPOIEHTA alONTOTHYECKUX KIIETOK B
smOpuonax (p < 0.01). Ha ¢oHe roHagoTpOINHONW CTUMYISIIIMA SHYHUKOB BBEJICHUC
¢aktopa pocra IGF-1 camkam wmbllIeld, MOABEPrHYTHIX XPOHHYECKOMY CTpeccy,
MIPUBOJMIIO K YBEIMUCHHIO YHCIIa KIIeTOK B aMOpuonax (p < 0.001). Kpome Toro, mocie
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BBezieHus IGF-1 y ctpeccupoBaHHBIX caMOK ob1iee unciio ki1eTok (p < 0.05) u npoueHT
anonTOTHYECKUX KIeTOK (p < 0.05) B sMOpuoHax OBbUIM BBIIIE, Y€M y KOHTPOJBHBIX
CaMOK IT0CJIe TOPMOHAIBHOM CTUMYIISAIIMN B COYETAHUH C BBEJCHUEM (H3. pacTBOPA.
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Puc. 1. Ymcmo KIETOK W YPOBEHb Aaronro3a B 3MOPHOHAX CTPECCHPOBAHHBIX U
HecTpeccupoBaHHbIX Mbimed. 2 p <0.001, ¢ p<0.01 no cpaBueHuto ¢ rpynnoii KoHTpob,
ectecteHHbli muKiT; ° p < 0.001, fp < 0.01 no cpasnenuo ¢ rpynmoii CTpecc, eCTeCTBEHHbII
uuk; ¢ p < 0.001 o cpaBHenuto ¢ rpynmoii CTpecc, cCTUMyIsus ronagoTponunamu; ¢9p < 0.05
N0 cpaBHEHHIO ¢ rpynmoid KoHTponmb, CTUMYJSOWS TOHAAOTPONMHAMH M BBEACHHE
(HM3HOIOTMYECKOTO PacTBOPa

Buisoowi: Hamre ncciiejoBanue mokasano, YTO0 XpOHUYECKHH MTCUXOCOIUANBHBIN CTpece
yXyALIAeT KayeCcTBO SMOPHUOHOB Ha CTaJuU OJIACTOLIMCTBI, BBIpAXKAIOIICECS B
CHIDKEHHOM YHCJI€ KIIETOK M TOBBINIEHHOM YPOBHE amonTto3a. CTUMYIISIHS SUIHUKOB
TOHAJI0TPOITMHAMH TPUBOJIUT K CHIPKEHUIO YMCIIA KIETOK B AMOPHOHAX KaK B KOHTPOIIE,
Tak u npu crpecce. [Ipu 3ToM BBeZieHHe TOHAJOTPOIIMHOB Ha (JOHE CTpecca BBI3BIBAIO
CHI)KCHHUE TIPOIICHTA allONTOTUYECKUX KIIETOK B AMOpronax. Beeaenue IGF-1 Ha done
TOHAJOTPOITHOW CTHMYIISALINN SIMYHUKOB MPUBOJWIO K YBEITUYEHHUIO YHCIA KIETOK B
SMOpPHOHAX MBIIIEH, OJHAKO HECKOJIBKO IIOBHIMIANO YPOBEHb aromnrto3a. B 1emom
coueTaHue rOHaIOTPOIHOM cTUMyJIsiiK ¢ |GF-1 oka3bIBaeT MOJIOKUTEIILHOE BIUSHUE
Ha KaueCcTBO 3MOPHOHOB MEIIIEH, MTOABEPTHYTHIX IICHXOCOIUATLHOMY CTPECCY.
Qunancuposanue: ViccnenoBanme nojep:xxano PoccniickuM HaydyHBIM (DOHIOM (TIPOEKT
Ne 23-25-00139).
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Motivation and Aim: It is now known that psychosocial stress negatively affect the
female reproductive system, but the mechanisms underlying these effects are poorly
understood. Folliculogenesis in the ovaries is regulated by pituitary gonadotropins and
intraovarian regulatory factors [1-4]. Insulin-like growth factor 1 (IGF-1) is one of the
local regulatory factors important for all the stages of folliculogenesis, i.e. the
recruitment, selection and dominance [5, 6]. In our previous studies, we have shown that
chronic psychosocial stress causes low quality of oocytes in mice, as well as increases
the accumulation of reactive oxygen species and elevates the percentage of apoptotic
cells in cumulus-oocyte complexes. In addition, we demonstrated a decrease in the total
IGF-1 content in ovarian tissue and a decrease in the expression of the Igf-1 and Igf-1r
genes in cumulus-oocyte complexes under stress condition. As a result, we hypothesized
that IGF-1 may be involved in the stress-mediated response of the hypothalamic-
pituitary-gonadal axis. The purpose of this work was to study the effect of IGF-1 in vivo
administration under chronic psychosocial stress condition on the total number of cells
and the level of apoptosis in mouse embryos at the stage of blastocyst.

Methods and Algorithms: The studies were carried out on CD1 mice. Animals were kept
under standard conditions of SPF-Vivarium of the ICG SB RAS. All studies were
approved by the Bioethics Committee of the Institute of Cytology and Genetics SB RAS
(Protocol No. 143 of March 15, 2023). Female mice aged 8—-12 weeks were randomly
assigned to two groups: Control (no stressors) and Stress (exposed to stressors). Chronic
psychosocial stress was induced as follows: female mice were kept in isolation (one
female per cage) for 11 days, thereafter placed in overcrowded conditions (11 females
per cage) for the next 10 days. Animals of the control group were kept under standard
conditions in groups of five females per cage. The effectiveness of the procedure used
to induce a stress response was confirmed by the enhanced level of corticosterone in the
blood serum; measurement was done using an enzyme immunoassay using the Elisa kit
(Cloud-Clone Corp., USA).

For the study, preimplantation embryos were obtained from females (1) with a natural
estrous cycle, (2) after ovarian stimulation with exogenous gonadotropins, (3) after
administration of IGF-1 alongside with the gonadotropin stimulation (Stress group) or
(4) saline (Control group) alongside with the gonadotropin stimulation. In female mice,
the cycle stage was determined by vaginal smears, as described previously [7]. To obtain
embryos from mice within a natural estrous cycle, females at the estrus stage were mated
with fertile males. To obtain embryos from mice after ovarian stimulation, female mice
at the diestrus stage were injected intramuscularly with 10 IU of pregnant mares serum
gonadotropin (PMSG, Folligon, Intervet, the Netherlands); 5 IU of human chorionic
gonadotropin (hCG, Chorulon, Intervet, the Netherlands) was injected intramuscularly
46 h later, i. e. a standard protocol for ovarian stimulation in mice [8]. Thereafter, the
females were mated with fertile males. To test effect of IGF-1, female mice at the
diestrus stage were injected intramuscularly either with IGF-1 (1 ug of IGF-1 dissolved
in 0.1 ml saline) or saline (0.1 ml); thereafter IGF-1/saline was repeated 48 h later, and
standard ovarian stimulation with gonadotropins was applied as described above, as well
as mating with fertile males. The day the vaginal plug was discovered was considered
the first day of pregnancy. On the fourth day of pregnancy, female mice were euthanized
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using CO2, and then the embryos at the blastocyst stage were collected for the subsequent
analysis.

Apoptosis in preimplantation embryos was studied using the TUNEL (TdT-mediated
dUTP nick end labeling) FITC Apoptosis Detection Kit (Vazyme, China), according to
the manufacturer’s protocol. The analysis was carried out using an Axiolmager.M2
microscope (Carl Zeiss, Germany) with filters suitable for DAPI and FITC. The total
number of nuclei and apoptotic cells in embryos was counted by visual assessment using
the ImageJ program, as described previously [9].

Statistical analysis of the data was performed using two-way analysis of variance
followed by post hoc comparison using Fisher's LSD test. Differences with p < 0.05 were
considered statistically significant.

Results: Data analysis showed a statistically significant effect of chronic psychosocial
stress (F(2, 437) = 9.3, p < 0.001), as well as the administration of gonadotropins and
IGF-1/saline (F(4, 874) = 35.0, p < 0.001) and the interaction of these factors
(F(4, 874) =7.6, p <0.001) on the number of cells and the level of apoptosis in embryos

(Fig. 1).
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Fig. 1. Cell number and level of apoptosis in embryos of stressed and non-stressed mice.

2 p < 0.001,° p < 0.01 compared to the Control group, natural cycle; ® p < 0.001, f p < 0.01
compared with the Stress group, natural cycle; ¢ p < 0.001 compared to the Stress group,
stimulation with gonadotropins; ¢ 9 p < 0.05 compared with the Control group, stimulation with
gonadotropins and administration of saline solution
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During the natural cycle, in the conditions of chronic stress, a reduced total cell number
(p<0.001) and an increased number of apoptotic cells (p < 0.01) were observed in mouse
embryos compared to the non-stressed controls. The administration of gonadotropins led
to a decrease in the total number of cells in embryos of both non-stressed (p < 0.001)
and stressed (p < 0.001) groups. The level of apoptosis in the control non-stressed group
remained unchanged after treatment with gonadotropins, while in the stressed females,
ovarian stimulation with gonadotropins caused a decrease of the percentage of apoptotic
cells in the embryos (p < 0.01). Administration of the growth factor IGF-1 to female
mice exposed to chronic stress alongside with gonadotropin treatment led to an increase
in the number of cells in the embryos (p < 0.001). In addition, after the administration of
IGF-1 to stressed females stimulated with gonadotropins, the total number of cells
(p < 0.05) and the percentage of apoptotic cells (p < 0.05) in embryos were higher than
in control females after hormonal stimulation in combination with saline administration.
Conclusion: Our study showed that chronic psychosocial stress in mice resulted in the
low quality of embryos, indicated by the reduced number of cells and an increased level
of apoptosis. Stimulation of the ovaries with gonadotropins leads to a decrease in the
number of cells in embryos, both in non-stressed and stressed groups. Moreover, the
administration of gonadotropins to stressed females caused a decrease in the percentage
of apoptotic cells in embryos. Administration of IGF-1 together with ovarian stimulation
with gonadotropins led to an increase in the number of cells in mouse embryos, but
slightly increased the level of apoptosis. In general, the combination of gonadotropic
stimulation with IGF-1 has a positive effect on the quality of embryos in mice exposed
to psychosocial stress.

Funding: The study was supported by the Russian Science Foundation (project No. 23-
25-00139).
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