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Premature ovarian failure (POF) is a pathological condition characterized by decreased ovarian reserve and im-
paired folliculogenesis in women under 40 years of age. Modern experimental models of POF, in particular those
induced by cyclophosphamide, busulfan, or D-galactose, primarily reflect local toxic damage to the gonads and do
not account for systemic metabolic changes inherent to chronic diseases. The aim of the work was to study the pa-
rameters of meiotic maturation and morphological quality of oocytes, as well as the pathways of cell death in their
follicular environment under the comorbid effects of diabetes mellitus (DM) and chronic kidney disease (CKD) to
create a comprehensive, biologically relevant experimental model of POF. The studies were conducted using sexually
mature white laboratory mice divided into three groups: control, DM, and DM+CKD. The diabetes model was repro-
duced by the administration of streptozotocin and nicotinamide, CKD - by repeated immunization with renal antigen.
The viability of cells in the follicular environment of oocytes was assessed by the method of in vivo double staining
with fluorescent dyes, and the meiotic maturation of oocytes and their quality — by morphological criteria. The re-
sults obtained indicate that the combined pathology of DM and CKD leads to a pronounced impairment of ovarian
function, an increase in the proportion of cells with signs of apoptosis and necrosis, a decrease in the morphological
quality of oocytes and a violation of meiotic maturation of oocytes at the stage of metaphase | and Il. The developed
POF model adequately reflects the influence of metabolic and systemic changes and can be effectively used for fur-
ther study of the mechanisms of ovarian damage and testing new approaches to preserving reproductive function.

Key words: premature ovarian insufficiency, comorbidity, diabetes mellitus, chronic kidney disease, oocytes.

Connection of the publication with planned research
work.

The article was carried out within the framework of
scientific work No. IlI-1-24 “Mechanisms and ways of cor-
recting regulated cell death of the immune (thymus and
lymph nodes) and reproductive (ovaries and testicles)
systems”, state registration number 0124U001370.

Introduction.

Premature ovarian failure (POF) is a condition charac-
terized by diminished ovarian reserve, impaired follicular
function, and poor oocyte quality in women under 40
years of age. The prevalence of POF is estimated at 1-3%,
and a recent meta-analysis suggests a global prevalence
of 3.7% [1]. POF has significant reproductive, metabolic,
psychosocial, and long-term somatic consequences (car-
diovascular, bone, cognitive) [2-4].

Type 2 diabetes mellitus (DM) and chronic kidney dis-
ease (CKD) are two common chronic diseases that often
coexist (comorbid) and cause systemic changes: oxidative
stress, microcirculatory disorders, chronic inflammation,
and metabolic dysfunction [5, 6]. These factors can affect
ovarian function. However, existing experimental models
of POF typically treat it as an isolated pathology, failing to
account for the systemic impact of comorbid conditions.
To date, the literature lacks an adequate in vivo model
of POF that reproduces the pathogenesis of ovarian dys-

function in the setting of comorbid diabetes and CKD.
Existing approaches (using cyclophosphamide, busulfan,
VCD or D-galactose) allow for reproducing only, as a rule,
direct damage to the ovary — and do not take into ac-
count the systemic metabolic impact [7-9].

The aim of the study.

Study of parameters of meiotic maturation of oo-
cytes, oocyte quality, as well as pathways of cell death of
their follicular environment under conditions of comor-
bidity of diabetes mellitus and chronic kidney disease
to create a complex, biologically relevant experimental
model of premature ovarian failure (POF) in conditions
of this comorbidity. Such a model will allow to determine
multifactorial mechanisms of damage to ovarian cells in
conditions of combined pathology and may become the
basis for searching for strategies to preserve reproduc-
tive function in patients with systemic diseases.

Object and research methods.

The study was conducted on non-pregnant, sexually
mature female white laboratory mice weighing 19-22 g
in compliance with all requirements for working with an-
imals (Council of Europe Convention for the Protection
of Vertebrate Animals, 1986, EU Directive No. 609, 1986,
Order of the Ministry of Health of Ukraine No. 66, 2006,
Law of Ukraine “On the Protection of Animals from Cru-
elty” No. 3447-1V, 2006). The animals were divided into 3
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groups of 6 individuals each: | — control, Il — group of dia-
betes mellitus, Il — group of combined diabetes mellitus
and chronic kidney disease (experimental model of POF).

Experimental diabetes mellitus in mice was modeled
by intraperitoneal administration of nicotinamide and
streptozotocin according to the following scheme: Nic-
otinamide 120 mg/kg (Sigma-Aldrich, USA) intraperito-
neally once, after 15 min Streptozotocin 65 mg/kg (Sig-
ma-Aldrich, USA) intraperitoneally once. Glucose levels
were assessed after 2 weeks (on the day of animal col-
lection) [10]. The average fasting blood glucose level was
10.3741.69 mmol, and in the control group — 5.0+0.28
mmol/I.

Chronic kidney disease was modeled by immunizing
first-generation mice with a suspension of the mater-
nally derived kidney antigen. Immunization of animals
was performed according to the following scheme: three
times intraperitoneally — once a day with an interval be-
tween immunizations of 1 day; repeated immunization
was performed after 3 weeks once at the same dose [11].

When reproducing the POF experimental model,
injections of nicotinamide and streptozotocin were ad-
ministered 1 week after the 3rd injection of kidney ho-
mogenate. Glucose levels were assessed after 2 weeks
(on the day of animal collection). The average fasting
blood glucose level was 14.8+1.41 mmol/I, in the control
—5.0£0.28 mmol/I.

Oocyte cultivation. Oocytes were isolated from
mouse ovaries non-enzymatically, and morphological as-
sessment of the state of the germinal vesicle, perivitelline
space, and cytoplasm (its density, signs of fragmentation,
degeneration, and degree of granulation) was performed
under an MBS-10 microscope. Oocytes were subse-
quently distributed into separate chambers, 10-15 pcs. in
each. All control and experimental oocytes were cultured
under the same conditions (in a sterile box, in chambers
containing 0.4 ml of DME culture medium and 15 mM
HEPES, with a Ca?* concentration of 1.71 mM, at 37°C for
20 hours). After 2 hours of cultivation, oocytes (% of the
total number) that were at the Metaphase | stage were
counted, and after 20 hours — at the Metaphase Il stage.

The pathways of cell death in the follicular environ-
ment of oocytes were studied using in vivo double stain-
ing with the fluorescent nucleic acid dyes Hoechst 33342

Student’s t-test; For larger groups, one-way analysis of
variance (ANOVA) was used, followed by comparison of
mean values between groups using the Newman-Keuls
post hoc test. Statistical significance was considered at a
level of p<0.05.

Research results and their discussion.

When simulating experimental diabetes, a significant
decrease in OFC cell viability parameters is observed.
In particular, the proportion of live cells decreases to
50.83+1.57% (p<0.001) compared to 80.67+2.50% in
the control group. At the same time, the proportion of
cells with signs of apoptosis increases to 35.25+1.11%
(p<0.001) compared to 11.08+1.39% in the control, and
with signs of necrosis — to 13.924+2.29% (p<0.05) com-
pared to 8.25£1.92% in the control. When experimental
DM is combined with CKD, OFC cell viability is inhibited:
the proportion of live cells decreases to 38.67+1.66%
(p<0.05) compared to 50.83+1.57% in the DM group. The
proportions of cells with morphological signs of apopto-
sis and necrosis increase, respectively, to 40.17+1.51%
(p<0.001) and 21.17+1.69% (p<0.01) compared to
35.25£1.11% and 13.92+2.29% in the experimental DM
group, respectively (fig. 1).

In the experimental groups of animals, a significant
deterioration in the morphological quality of oocytes is
noted: 1) under conditions of experimental diabetes, the
proportion of cells with normal morphology decreases by
1.4 times (p<0.01), while the proportion of atypical oo-
cytes increases by almost 3 times (p<0.01); 2) under the
combined influence of diabetes and CKD, the proportion
of morphologically normal oocytes decreases even more,
by 1.6 times (p<0.01) compared to the control, and the
proportion of cells with atypical morphology increases by
almost 4 times (p<0.01) (table).

In animals with experimental diabetes mellitus, the
proportion of oocytes that reached metaphase | decreas-
es to 56.16+2.01% (p<0.01) compared to 78.50+2.46%
in the control group. The proportion of oocytes in meta-
phase Il is 40.81+1.81% (p<0.05), which is also lower than
the control 58.3913.79%. In the combination of diabetes
and chronic kidney disease, there is a suppression of
the parameters of meiotic maturation of oocytes, the
proportion of cells that dissolved the germinal vesicle
and formed the first polar body decreases to, respec-
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Figure 1 — Viability parameters of follicular cell environment of oocytes under conditions of
modeling of chronic kidney disease and experimental diabetes mellitus (M+m).

Notes: *** p<0.001, * p<0.05 — probability of differences in the values of the average data groups

tribution, the comparison of two
groups was performed using the

relative to such values in the control group; # p<0.05, ## p<0.01 — probability of differences in the
values of the average data groups relative to such values under conditions of diabetes.
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Table — Oocyte quality indicators under conditions

of experimental diabetes and CKD modeling (Mtm)

Atypical morphology,
0

Group of animals | \2rmal morphalogy,

% %
Control, n=12 88.91+1.47 11.09+1.47
DM, n=12 65.40£2.35%* 34.60+2.35%*
EAl+ DM, n=12 56.59+2.79** # 43.41+2.79%* #

Notes: ** p<0.01, # p<0.05 — probability of differences in the values of
the average data groups relative to such values in the control group;
n —number of independent repetitions.

tively, 44.92+1.84% and 31.00+2.03%, both values are
significantly lower in comparison with both the control
(p<0.01) and the experimental diabetes group (p<0.05)

(fig. 2).

decrease in ovarian reserve, reduced oocyte quality and
impaired reproductive outcomes [16, 17].

The additional impact of CKD is associated with ox-
idative stress, uremic intoxication, microcirculatory dis-
orders and systemic inflammation, which together form
an unfavorable environment for oocyte maturation and
maintenance of ovarian function. All this leads to men-
strual disorders, anovulation, reduced fertility, problems
with pregnancy, premature birth and fetal growth restric-
tion [18].

The changes in ovarian function we have identified,
namely the deterioration of the morphological quality
of oocytes (presence of granular cytoplasm, fragmenta-
tion) and a decrease in the proportion of oocytes that

have reached metaphase | and Il,

indicate the activation of degen-

g 100
erative processes, impaired mei-
0 otic maturation and a decrease
80 I in the functional fullness of
70 gametes, which directly affects
fertility. Our results are consis-
a0 —I—‘ f OControl @DM| tent with current data that the
50 combination of metabolic dis-
0 orders caused by hyperglycemia
DM+CKD and systemic changes associated
30 with CKD are key factors in the
20 development of ovarian dysfunc-
- tion in comorbid conditions [5, 6,
13, 18]. The experimental model
0 . 1 of POF we have developed is a
Metaphase | Metaphase Il pathogenetically justified and

Figure 2 — Indicators of meiotic maturation of oocytes — dissolution of the germinal vesicle
(metaphase 1) and formation of the first polar body (metaphase I1)) under conditions of modeling
chronic kidney disease and experimental diabetes mellitus (M+m).

Notes: ** p<0.01, * p<0.05 — probability of differences in the values of the average data groups
relative to such values in the control group; # p<0.05, — probability of differences in the values of the
average data groups relative to such values under conditions of diabetes; n — number of independent

repetitions.

Previously described experimental models of PNA
— induced by cyclophosphamide, busulfan, 4-vinylcyclo-
hexene dioxide (VCD) or D-galactose — reproduce mainly
direct toxic damage to the ovaries by inducing oxidative
stress or cytotoxic effects on follicular cells [7, 8]. How-
ever, such models do not take into account the systemic
nature of the damage observed in women with chronic
metabolic and somatic diseases. In contrast, the model
we developed, combining experimental DM and CKD,
more adequately approximates the real clinical condi-
tions of comorbidity.

Chronic hyperglycemia causes excessive formation
of reactive oxygen species, activation of the NF-kB sig-
naling pathway and imbalance between proapoptotic
(Bax) and antiapoptotic (Bcl-2) proteins, which leads to
the release of cytochrome c, activation of caspase-3 and
structural destruction of oocytes. These processes are ac-
companied by increased expression of proinflammatory
cytokines (TNF-a, IL-1B), which enhance cell death in the
follicular microenvironment. Similar mechanisms of oxi-
dative and inflammatory stress in ovarian cells have been
described in metabolic disorders, in particular in diabe-
tes and PCOS [13-15]. In addition, clinical observations
of women with diabetes demonstrate a decrease in the
level of anti-Miillerian hormone (AMH), which reflects a

reproducible system that can be
effectively used to further study
the mechanisms of ovarian dam-
age, search for biomarkers of
dysfunction and evaluate poten-
tial corrective approaches.

Conclusions.

The obtained results demonstrate that the combina-
tion of experimental diabetes mellitus and chronic kidney
disease significantly increases the impairment of ovarian
function in mice compared to the isolated model of dia-
betes. This is manifested by a significant decrease in the
viability of cells in the oocyte follicular environment, a
decrease in the proportion of live cells, an increase in the
number of cells with signs of apoptosis and necrosis, in-
hibition of oocyte meiotic maturation, and deterioration
of their morphological quality. The obtained data confirm
that the model of premature ovarian failure created by
us, based on the combination of diabetes mellitus and
chronic kidney disease, reproduces the characteristic
pathogenetic changes inherent in this condition. It re-
flects not only local damage to the ovaries but also sys-
temic metabolic and inflammatory effects, which brings
it closer to the clinical picture in women with chronic
comorbid pathology. The results obtained can serve as a
basis for further study of the pathogenetic mechanisms
of ovarian dysfunction and development of strategies
for preserving fertility - pharmacological, antioxidant, or
cell-oriented approaches.

Prospects for further research.

Our next step will be to evaluate the effectiveness of
antioxidants, sirtuin modulators, and PARP1 in prevent-
ing and restoring ovarian function using this model.
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EKCNEPUMEHTA/IbHA MOAENb NEPEAYACHOI HEAOCTATHOCTI A€EYHUKIB:

KOMOPBIAHICTb LUYKPOBOI'O AIABETY TA XPOHIYHOI XBOPOBU HUPOK
IHcTUTYT disionorii im.0.0.6oromonbua HAH Ykpaidu (m. Kuie, YKpaiHa)
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lepedyacHa HedocmamHicmes se4yHukie (MHA) € namonoziyHUM CMAHOM, W0 XAPAKMepu3yeMobCa 3HUXEHHAM
08apiasnbHO20 pe3epsy ma MopyweHHAM ¢osiKynozeHesy y HiHOK 0o 40 pokie. CyyacHi eKcrnepumeHmasbHi
modeni [MHA, 3okpema iHOyKosaHi UuKnogocgamioom, bycKynbgpaHoM 4u D-z2anakmo3soro, 8i0obpaxcaromes
epesamcHo OKAbHE MOKCUYHE YPAHEHHSA 20HAO i HE 8pAX08YHOMb cUCMeMHUX MemaboniyHUX 3MiH, 1acmueux
XPOHIYHUM 30ax80pt08aHHAM. Memotw pobomu 6yno 0o0cnidxeHHA napamempie MeliomuyHo20 O003pPieAHHSA
ma mopghonoziyHoi AKocmi ooyumis, @ MAKoM« wsaxie 3aaubesni KAIMUH ix GosniKynapHO20 0MOYEeHHA 30 YMO8
KomopbidHo20 enaugy yykposozo diabemy (L) i xpoHiyHOI xeopobu HUpPoK (XXH) 0a5 cmeopeHHs KOMIMAEKCHOI,
bionoziyHO penesaHmMHoOi ekcrnepumeHmanvHoi modesni [MHA. [ocnioreHHs nposedeHi 3 BUKOPUCMAHHAM
cmameso3pinux binux nabopamopHux muwel, po30ineHux Ha mpu 2pynu: KoHmMpoasHy, LI ma LJ+XXH. Modenb
diabemy 8i0meoprosanu 88e0eHHAM CMpPernmo30mouyuHy i HikomuHamidy, XXH — nosmopHoto imyHizayieto
HUPKOBUM GHMU2eHOM. Mumme30amHicms KAIMUH ¢honiKyAapHO20 OMOYeHHA 00yumis oyiHe8aau Memooom
MpUXUMmeso20 nodeiliHozo 3a6apeneHHA gayopecueHmMHUMU bapsHUKamu, a meliomuyHe 003pieaHHA ooyumis
ma ix AKicmb — 3a Mopgoso2iyHUMU Kpumepiamu. OmpumaHi pe3ysabmamu c8ioyams, Uj0 MOEOHAHA NAMOM02is
U/ i XXH npuzeodums 00 8UpaxeH020 rnopyweHHs 08apianbHoil hyHKYil, 36inbWeHHS YaCMKU KAimuH i3 03HaKamu
anonmosy ma HeKpo3y, 3HUMEeHHA MOpPEOs02iYHOI SKocmi ooyumie | nopyweHHAM MeliomuyHo20 003pi8aHHS
ooyumie Ha cmadii memaghasu | ma Il. Po3pobneHa modens [MTHA adeksamHo 8idobpaxae anaue memabosniyHUx
i cucmemHux 3miH i Moxe Bymu epeKmusHO 8UKOPUCMAHA 01 100A6WO020 BUBHEHHA MEXAHI3MI8 YpareHHsA

AEYHUKIB ma mecmye8aHHA HOBUX Nioxo0ie 00 36epexceHHsA perpodyKMmueHOI hyHKUiI.
Kntouoei cnoea: nepedvyacHa HedocmamHicme AEYHUKIB, KOMOPbBIiOHIcMb yyKposuli diabem, xpoHiyHa xeopoba

HUPOK, ooyumu.

3B’A30K ny6aikauii 3 nhaHoBMMKM HayKoBO-goCNig-
HUMK poboTamu.

CTaTTs BMKOHYBA/laCb B MeXKax HayKoBoi poboTn No
IlI-1-24 «MexaHi3Mn Ta LWNAXWU KOpeKLii perynboBaHoi
3arnbeni KNiITUH iMyHHOT (TUmyca i nimbaTUYHUX BY3iB)
Ta PenpoayKTUBHOI (AEYHMKIB i CiM'AHMKIB) cucTem»,
HOMep Aep¥KaBHOI peecTpauii 0124U001370.

Bcryn.

MepeayacHa HeaocTaTHICTb AedyHMKiB (MHA) — ue
CTaH, WO XapaKTePMU3YETbCA 3MEHLIEHHAM OBapiaibHO-
ro pesepsy, nopyweHHAM GYHKLiN Gponikynis i HU3bKO
AKICTIO OOLUMTIB Y XiHOK Bikom A0 40 pokis. PiBeHb no-
wupeHocti NMHA ouiHoeTbea y 1-3%, a HewoAaBHIK me-
Ta-aHani3 BKasye WO r1ob6anbHUIA NMOKA3HUK CAFAE BXKe
3,7%[1]. MHA mae 3Ha4YHi penpoAyKTUBHI, MeTaboiuHi,
NCUXocoLianbHi Ta AOBrOCTPOKOBI COMATUUHI HaCNigKn
(cepueBo-cyauHHI, KiCTKOBI, KOTHITUBHI) [2-4].

Lykposuit giabet 2 Tnny (LLA) Ta xpoHiyHa xBopoba
HUPOK (XXH) — e ABa NOLWMPEHMX XPOHIYHUX 3aXBOPIO-
BaHH#A, L0 4acTo nepebiratoTb og4HOYACHO (KoMopbiaHO)
Ta BUK/MKAKOTb CUCTEMHI 3MIHW: OKCMAATUBHUI CTpec,
NOpyLeHHA MIKPOLMPKYAALI, XPOHIYHE 3anajneHHsA,
meTaboniyHy ancdyHkuito [5, 6]. Lii dakTopu noTeHuin-
HO BM/IMBAOTb Ha OBapianbHy QyHKLit0. MpoTe, icHytoui
eKkcrnepumeHTanbHi mogeni MNMHA 3a3sBuyalt penpeseHTy-
10Tb ii AK i30/1bOBaHY NATO/IOTIiO, HE BPAaXOBYHOUYMN CUCTEM-
HOTO BMJIMBY TaKMX KOMOpbigHuMX cTaHiB. Ha cboroaHi B
niTepaTypi 6pakye agekBaTHOI in vivo mogeni MHA, wo
BiAATBOPIOE NaToreHes oBapianbHOI AMCPYHKLIT B ymoBax
KomopbiaHoro LA, i XXH. HaaBHi nigxoaun (BMKOpuUCTaH-
HA unKknodochamigy, 6yckynbdany, VCD abo D-ranakro-
31) 4,03BONIAIOTL BiATBOPUTM AMLLE SIK NPaBMO, NpsMme

NOLUKOAKEHHA AEYHMKA — | HE BPaXOBYKOTb CUCTEMHOTO
meTaboniuHoro sBnausy [7-9].

MeTta gocnigxKeHHs.

JocnifxkeHHA napameTpiB MeroTUYHOIO J03PiBaHHA
OOLMTIB, AKOCTI OOLMTIB, @ TaKOXK LWIAAXIB 3armbeni Kni-
TUH X GONiIKYNIAPHOro OTOYEHHA 32 YMOB KOoMopbiaHoro
BMN/IMBY LlyKpOBOTro AiabeTy i XxpOHiYHOT XBOpobU HUPOK
O CTBOPEHHS KOMMJIEKCHOT, 6ionoriyHo peseBaHTHOI
eKCcnepMmMeHTanbHOI moaeni nepeayacHoOl HeAOCTaTHO-
cTi seyHukiB (MHA) B ymoBsax uiei kKomopbiaHocTi. Taka
MOAENb 03BONINTb BU3HAUUTU MYNbTUAKTOPHI Mexa-
HI3MW YLWIKOAMXKEHHA KNITUH AEYHMKA B YMOBAX MOEAHA-
HOI NATO/Orii Ta MOXKe CTaTM OCHOBO 414 NOLYKY CTpa-
Terin 36epeskeHHsA penpoayKTMBHOT GYHKLT B MaLieHTOK
i3 CUCTEMHMMM 3aXBOPIOBAHHAMM.

O6’eKT i meTOoAU AOCNIAKEHHA.

JocnigXeHHAa npoBefeHHI Ha HeBAriTHUX CTaTeBO3pi-
INX camunusax 6inmx nabopaTopHUX muLlen macoto 19-22
r i3 4OTPMMaHHAM yCiX BUMOT WwoA0 poboTu 3 TBApUHa-
mu (KoHBeHLia Paau €Bpony Npo OXOPOHY XpebeTHUx
TBapuH, 1986 p., Aupektnem €C Ne609,1986 p., Hakas
MO3 YkpaiHu Ne66, 2006 p., 3aKoH YKpaiHu «po 3axmuct
TBApPWH Bif, }OpCTOKOro nosoakeHHa» Ne 3447-1V, 2006
p.). TBapuH 6yno posaineHo Ha 3 rpynu no 6 ocobuH y
KOXKHIiN: | — KOHTpPOAbHa, Il — rpyna uykpoBoro agiabery,
IIl — rpyna noegHaHoOro LyKkpoBoro Aiabety i XpoHiyHOT
XBOPO6M HUPOK (eKcnepumeHTanbHa mogenb MHA).

EKcnepuMmeHTanbHW LyKPOBUIA AiabeT y muLiein mo-
OeNtoBanu WAAXOM BHYTPILIHbOOYEPHOrO BBEAEHHA Hi-
KOTMHaMiZly i CTPenTo30TOLMHY 3@ HAacTYMHOK CXEMOIO:
HikotnHamig 120 mr/kr (Sigma-Aldrich, USA) BHyTpiL-
HbOYepeBUHHO OAHOKpaTHO, Yyepe3 15 xB CrpenTo30-
ToumH 65mr/Kr (Sigma-Aldrich, USA) BHyTpillHbOYepe-
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BMHHO OAHOKPATHO. PiBeHb rNOKO3M OLHIOBaNN Yepes
2 TUKHI (B AeHb 3abopy TBapuH) [10]. CepeaHili piseHb
rMIOKO3M KpoBi HaTwecepue craHosms 10,37+1,69
MMO/Ib, @ B KOHTpOAi — 5,0£0,28 mmosb/ .

XpOHi4YHy XxBOpobYy HUPOK MoAeNtoBaNN 33 AONOMO-
roto iMyHisaLii Muwen | NOKOIIHHA CyCcreHsielo aHTUreHy
HUPKW, OTPMMAHOI Big MaTepPUHCbKOT 0cobu. IMyHizau,ito
TBAapWH NPOBOAM/IM 33 HACTYMHOK CXEMOI: TPMpPa3oBe
BHYTPiWHbOYepeBHe — 1 pa3 Ha f06y 3 iHTepBaOM MiXK
iMyHi3auieto B 1 AeHb; NOBTOPHO iMyHi3aLiito NpoBoaguIN
yepes 3 TUXKHI 04HOPA30BO Y Til camin aosi [11].

Mpwn BigTBOPEHHI eKcnepumeHTanbHOI mogeni MHA
iH’eKUii HiKOTMHamMigy i CTPenTo30TOUMHY NPOBOAUAU
Yyepe3 TUKAeHb nicna 3-i iH'eKuii romoreHaTy HUPKW.
PiBeHb I/1lOKO3M OUiHIOBANM Yepe3 2TUXKHI (B AeHb 3a-
6opy TBapuH). CepeaHili piBeHb [MIIOKO3U KPOBi HaT-
uecepue craHosus 14,8+1,41 mmonb/n, B KOHTpONi —
5,0+0,28Mmonb/n.

KynbmugysaHHA oouyumis. 3 S€EYHUKIB MULIEN He-
bepmeHTaTUBHO BUAINAAM 00LMUTH | npoBOAUAN MOPDO-
NOriYHY OLiHKY CTaHy 3apOZKOBOro MyxmpLsAa, nepusite-
NiHOBOro NpocTopy Ta uuTonAasmu (ii WinbHICTb, 03HaKM
dparmeHTaLii, AereHepalii Ta CTyniHb rpaHy/IbOBAHOCTI)
nig, mikpockonom MBC-10 3 HacTynHUM ix po3noainom B
OoKpeMmi Kamepu, no 10-15 WT. y KOXKHil. Yci KOHTPOAbHI
Ta eKCnepuMeHTaNbHi OOLMUTU Ky/NbTUBYBaAM 3a OfHa-
KOBUX YMOB (y CTepuabHOMYy BOKCi, y Kamepax i3 0,4 mn
KynbTypanbHoro cepegosuwa DME ta 15 mM HEPES,
KoHueHTpauieto Ca?* 1,71 mM, npu Temnepatypi 37°C
npotarom 20 roauH). Micaa 2 rog, KyNbTUBYBAHHA Nigpa-
XOBYBann ooumnTH (% [0 3aranbHOI KiNbKOCTI), Wo nepe-

6yBanu Ha cTagii MeTtadasu |, a nicna 20 rog, — Ha cTagii
Metadaszu Il.

LLnAxXu KNiTMHHOI 3arnbeni GonikynapHOro oTo4eHHs
OOLMTIB BUBYAZIN METOAOM MPUKUTTEBOTO MOABIMHOIO
3abapeneHHA dayopecueHTHUMKU BapBHWKaMU HyKAel-
HOBMX KMCNOT XexcT 33342 ta Moaua nponigiyma [12].
MopdonoriyHi gocnigeHHs nposoannn Ha dayopec-
LEeHTHOMY MiKPOCKOMi 3 BUKOPUCTAHHAM BOAO-iMMmep-
CilHOro o6’ekTuBa i3 36inblWeHHAM x85. Bu3Hayanu y
(%) BiAHOCHY KiNbKiCTb }XMBUX T aNONTOTUYHUX KAITUH,
a TAaKOX KAITMH 3 03HaKaMW HeKposy y BMbBipkax 2200
KNITUH.

CTaTUCTMYHY 06pO6KY pe3ynbTaTis NPOBOAWAN 3 BU-
KopucTaHHAM nakeTy Graph Pad Prism Bepcii 5.00 gna
Windows (Graph Pad Software, San Diego, California,
USA). MepeBipKy HOPManbHOCTI po3noainy AaHUX 34ii-
CHioOBanK 3a Kputepiem Konmoroposa-CmupHosa. pu
HOPMaNbHOMY PO3MOAiNT NOPIBHAHHA ABOX FPyn BUKO-
HyBanu 3a t-Kputepiem CTblogeHTa; aaa 6inblwoi KinbKo-
CTi rpyn 3acTOCOBYBaIN OAHODAKTOPHUI AMUCMEPCIMHNI
aHanis (ANOVA) 3 noganbluMm MOpiBHAHHAM cepeaHix
3HaYeHb MiX rpynamu 3a AOMOMOrOH MOCT-XOK TecTy
HbotomaHa—Keilnca. CTaTUCTMYHO 3HAYyWMM BBaXKaau
piBeHb p<0,05.

Pe3ynbTatv AoCnigMKeHHA Ta ix o6roBopeHHs.

Mpn mopgentoBaHHi ekcnepumeHTanbHoro U/ cno-
CTEepiraeTbCcA AOCTOBIPHE 3HUMKEHHA MNapamMeTpiB XKUT-
Te3gatHocTi KAiTuH @POO. 30Kpema, YacTKa XUBWUX
KNiTUH 3MeHwWwyeTbea Ao 50,83+1,57% (p<0,001) nopis-
HsHO 3 80,6712,50% Yy KOHTpOAbHINM rpyni. Og4HOYacHoO,
YacTKa KMITUH 3 O3HAKaMW anonTo3y MiABULLYETbLCA [0
35,25+1,11% (p<0,001) y nopiBHAHHI 311,08+1,39% vy

KOHTPOAIi, @ 3 03HAaKaMW HeKpo-

PUcyHOK 1 — NapameTpu }KUTTE3AATHOCTI KNITUH GONIKYNAPHOrO OTOYEHHA OOLUTIB 332 YMOB Moje-
N0BaHHA XPOHIYHOT XBOPO6U HUPOK Ta EKCNepMMeHTaIbHOTO LlyKpoBoro aiabety (Mim).
Mpumitkn: *** p<0,001, * p<0,05 — BipOriAHICTb BiAMIHHOCTEM BEIMYMH CEPEAHIX rPpyn AaHUX BiAHOC-
HO TaKMX BEIMYMH Y KOHTPONbHIN rpyni; # p<0,05, ## p<0,01 — BiporigHicTb BigMIHHOCTeW BeNYUH

cepeaHix rpyn faHux BiAHOCHO TaKMX BEIMYKMH 3a ymos L.

Ta6nuua — MNoKasHUKK AKOCTi OOLUTIB 32 YMOB
MopentoBaHHA ekcnepumeHtanbHoro LA ta XXH

(Mtm)
Ioyna TBapuH HopmasnbHa ATtunosa
Py P mopdonoria, % mopdonoria, %
KoHTponb, n=12 88.91+1.47 11.09+1.47

ua, n=12 65.40+2.35%* 34.60+2.35%*

ECAY + U/[, n=12 56.59+2.79%* # 43.4142.79%* #
Mpumitku: ** p<0,01, # p<0,05 — BiporigHicTb BiAMIHHOCTEW BENNYMH
cepesHix rpyn AaHuX BifHOCHO TaKMX BEIMYMH Y KOHTPOAbHIN rpyni;
N — KiNbKiCTb HE3aneXHUX NOBTOPIB.

% 0 3y — go 13,92+2,29% (p<0,05)
90 BiAHOCHO 8,25%+1,92% vy KOH-
80___]_ Tponi. MNMpn noeAaHaHHI eKcne-

pumeHTanbHoro U4 3 XXH

70— BiAMIYAETLCA NPUTHIYEHHA XKUT-
60— - - Te3AaTHOCTI KNiTMH ®O0: YacTKa
*hk M O Kowrpone O UA| 3KMBUX KAITUH 3MEHLLYETHCA A0

01— Hm 38,67+1,66% (p<0,05) nopigHs-
40— et HO 3 50,83%+1,57% vy rpyni UA.
g1 a4 I LXXH YacTkn KnitMH 3 mopdonoriy-
" HMMKW O3HaKaMK anonTosy Ta

20— HEeKpO3y 3pOoCTatoTb, BiANOBIA-
10| HO po 40,17+1,51% (p<0,001)
y—k Ta 21,17+1,69% (p<0,01) no-

0 — ' pisHaHo 3 35,25+1,11% Ta
MBI KNITMHM HEeKpo3 anonTtos 13,9212,29% B rpyl'li EKCI'IepVI-

meHTanbHoro U/,
(puc. 1).

B eKkcnepuvmeHTanbHUX Fpy-
nax TBApWH BiAMIYAETbCA CyTTE-
Be noripweHHA mopdonoriyHoi
AKOCTi ooumTiB: 1) B ymoBax eKkcnepuMmeHTasbHoro LI
YyacTKa KNITUH 3 HOPMaNbHOK MOPGONOriEd 3MeHLLY-
eTbca y 1,4 pasa (p<0,01), Toaj SK YacTKa aTUNOBUX 0O-
UMTiB 36iNbLIYETbCA Maiike B 3 pasu (p<0,01); 2) npwm
kombiHoBaHomy Bnamei LI Ta XXH yactka mopdonoriy-
HO HOPMAa/IbHUX OOLMTIB 3HUKYETbCA LWe binbwe, —B 1,6
pa3u (p<0,01) y nopiBHAHI 3 KOHTPOJIEM, a YacTKa Ki-
TWH 3 aTMNOBOK MOPGOIOTiEld 3pPOCTAE Maitke B 4 pasu
(p<0,01) (Tabnuusa).

Y TBAapuH 3 eKcnepuMeHTa/IbHUM LlyKpOBMM fiabe-
TOM YacTKa OOLMTIB, WO gocarnm metadasu |, 3meHLwy-

BiANOBIAHO
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€Tbcs Ao 56,16+2,01% (p<0,01)

o 100
nopisHaHo 3 78,50%2,46% vy

KOHTPO/IbHIN rpyni. YacTka oo-

uuTie y metadasi Il ctaHoBUTb 80 T

40,81+1,81%  (p<0,05), wo 70

TAKOX HUXK4YE Bif, KOHTPOIO

58,39+3,79%. Mpu MOEAHAHHI 60 =, Ol Kormponsll L
LA Ta xpoHiyHOT XBOpObYU HMPOK 50 —

BiAMI4aETbCA NPUTHIYEHHA Napa- .

MEeTPiB MeNOTUYHOro A03piBaH- 1 B LU XXH
HA OOUMTIB, YaCTKMU KAITUH, WO 30

pPO3YMHMAQ 3aPOAKOBMIN MyXM- 2 I

peub Ta cdopmyBana nepue

nonsipHe TiNbLe  3HUMKYETbCA 10 T

no, BianosigHo, 44,92+1,84% Ta 0 .

31,00£2,03%, 0buaBa 3HAUYEHHSA Metadasa | MeTadasall

OOCTOBIPHO HMXKYi AK Yy nopis-
HSAHHI 3 KOHTponem(p<0,01), Tak
i 3 rpynoto ekcnepumeHTaNbHO-
ro L, (p<0,05) (puc. 2).

PaHiwe onucaHi ekcnepu-
MeHTanbHi mogeni MHA — iH-
AYKOBaHi  umknodochamigom,
bycynbbaHom, 4-iHinumknoekceH gaiokecngom (VCD)
abo D-ranakTo30t0 — BiATBOPIOIOTH NEPEBAXKHO NpsaMe
TOKCMYHE TMOLWKOAMKEHHA AEYHUKIB LINAXOM iHOYKLIT
OKCUOATUBHOTO CTPECY YN LUTOTOKCUYHOI Aji Ha Pponiky-
NAPHI KniTuHK [7, 8]. MpoTe, Taki MoAeni He BPaxoByOTb
CUCTEMHWIN XapaKTep YparkeHHA, AKMIA CNOCTepiraeTbes
Y XIHOK i3 XpOHIYHMMM MeTaboNiIYHMMM Ta COMATUYHU-
MW 3axBOptoBaHHAMU. HaTomicTb, po3pobieHa Hamu
MOAENb, WO NOEAHYE eKcnepumeHTanbHuii L Ta XXH,
6inbll afAeKBaTHO HaBAMMKAETLCA A0 PeanbHUX KAiHiu-
HUX YMOB KoMmopbigHocTi.

XpOHiYHa rinepraikemia CNpUYMHAE HagMmipHe yTBO-
PEHHA PeaKkTUBHMX GOPM KUCHIO, aKTUBALO CUrHa/b-
Horo wnsaxy NF-kB Ta gmucbanaHc miK npoanonToTuy-
HUMUK (Bax) i aHTManonToTMuyHUMK (Bcl-2) binkamu, wo
NpU3BOAUTb A0 BMBINbHEHHA LMUTOXPOMY C, aKTMBaLl
Kacnasm-3 Ta CTPYKTYpPHOro pyMHyBaHHA oouutis, Li
npouecy CynpoBOAXKYIOTbCA MiABULLEHOK eKCrpecieto
nposananbHux untokiHis (TNF-a, IL-1B), siki nocuatooTb
KNITUHHY 3arMbenb y ¢oNiKynapHOMY MiKPOOTOYEH-
Hi. NopaibHi MexaHi3MW OKCMAATUBHOINO Ta 3aMasibHOrO
CTpecy B KNITUHAX AEYHMKIB ONMncaHi Npn meTaboniyHux
NopYyLLEHHAX, 30Kpema npu aiabeti Ta PCOS [13-15].
Kpim TOro, KniHiYHi cnoctepexeHHA XKiHOK 3 LyKpOBMM
0iabeTOM AEeMOHCTPYIOTb 3HMMKEHHSA PiBHA aHTUMIONE-
poBoro ropmoHy (AMH), wo Bigobpakae 3MeHLeHHsA
0OBapianbHOro pesepsy, 3HUKEHHA AKOCTi OOLMTIB Ta NO-
ripLeHHA penpoayKTUBHUX pe3ynbTaTis [16, 17].

[NopaTkoBuit BNane XXH acouitoeTbca 3 OKCUMAATUB-
HUM CTPECOM, YPEMIYHOI IHTOKCUKALLIEID, MIKPOLIMPKY-
NATOPHUMM PO31aZaMU Ta CUCTEMHUM 3aMaNEHHAM, LLO
pasom GopmyloTb HECMPUATIMBE CepesoBuLLEe ANA A0-
3piBaHHA OOLMTIB i MiATPMMaHHA oBapia/ibHOI QYHKL,I.
Bce ue 3yMOBAIOE NOPYLIEHHA MEHCTPYANIbHOTO LIMKAY,
aHOBYANALO, 3HUXKEHHA depTUabHOCTI, Npobaemu 3 BU-
HOLWYBaHHAM BariTHOCTI, NepeAyacHi nonorn Ta obme-
YKEeHHs pocTy nsoaa [18].

BuaBneHi Hamu 3miHM oBapianbHOiI GyHKLIi, a came
noripweHHA MopdOOriyHOI AKOCTI 0OUUTIB (HasBHICTb
rpaHy/NboBaHoOi UMTONNa3Mu, dparmeHTalifa) Ta 3meH-
LWEHHA YacTKM ooumTis, Wo gocarnm metadasm | ta ll,
— CBiAYaTb MPO aKTUBALiO AereHepaTMBHUX MPOLECIB,

PUCYHOK 2 — MOKa3HMKM MEeHOTUYHOIOo A,03PiBaHHA OOLMUTIB — PO3UMHEHHA 3aPOAKOBOIo Nyxmpusa
(meTadasza l) i popmyBaHHA neplioro nonapHoro Tinbua (metadasa ll)) 3a ymos mogentoBaHHA
XPOHi4YHOT XBOPO6M HUPOK Ta EKCNEPUMEHTANIbHOTO LlyKpoBoro aiabety (M+m).
Mpumitkn: ** p<0,01, * p<0,05 — BipOrigHiCTb BiAMIHHOCTEN BEAUYMH CEPEAHIX rPyN AAaHUX BiAHOCHO
TaKUX BEAMYMH Y KOHTPONbHIN rpyni; # p<0,05, — BiporigHicTb BiAMIHHOCTEN BEMYMH cepeaHix rpyn

[aHUX BIAHOCHO TaKMX BeNNYMH 3a ymoB LLJ1; n — KinbKiCTb He3aneXHMX NoBTOpIB.

NopyLIeHHA MeNOTUYHOTO [03PiBaHHA Ta 3HUMKEHHA
dYHKLiOHaNbHOT MOBHOLIHHOCTI ramerT, Lo 6e3nocepea-
HbO BMN/MBAE Ha GepPTUNbHICTb. Halwi pe3ynbrati y3roa-
KYIOTbCA 3 CYYaCHUMWU AaHMMM NPO Te, WO NOEAHAHHA
MeTaboniyHUX NopyLleHb, 3yMOBNEHUX Finepriikemieto,
Ta CUCTEMHMX 3MiH, noB’A3aHMX 3 XXH, € Kao4oBMmMU
YMHHMKaMUK PO3BUTKY OBapiasibHOI AMCOYHKLIT npu Ko-
MopbigHux ctaHax [5, 6, 13, 18]. Po3pobieHa Hamu eKc-
nepMmeHTanbHa mogenb MNHA € naToreHeTUYHO 06T'PYH-
TOBAHOIO Ta BiATBOPIOBAHOIO CUCTEMOLO, KA MOKe ByTu
epeKTMBHO BMKOPWCTaHa 41A MOAANbLIOIO BUBYEHHA
MEeXaHi3MiB ypaXKeHHA SAEYHMKIB, MOLWYyKy biomapkepis
OVNCOYHKLIT Ta OLIHKM NOTEHLIMHMX KOPUTYHOUMX Niaxo-
Ais.

BucHoBKM.

OTpuMaHi pe3ynbTaTm AeMOHCTPYHOTb, WO NOEAHAH-
HSl eKCMepMMEHTANIbHOTO LLYKPOBOIO AiabeTy Ta XPOHiy-
HOi XBOPOOW HMPOK 3HAYHO MOCWUJIKOE NOPYLUEHHA OBa-
pianbHOT GYHKUiT y MULIEl y NOPiIBHAHHI 3 i30/1bOBaHOO
mogzennto giabety. Lie npoABAAETHCA CYTTEBUM 3HUNKEH-
HAM NMOKA3HUKIB KUTTE3AATHOCTI KNITUH ONiIKYNSPHOro
OTOYEHHA OOLMTIB, 3MEHLLUEHHAM YaCTKN KUBUX KNITUH
i NigBULLEHHAM KiNbKOCTI KAITUH 3 03HaKamMmM anontosy
Ta HEKpOo3y, MPUTHIYEHHAM MEWOTUYHOrO A03piBaHHA
oouumTiB i noripweHHAM ix mopdonoriyHoi skocTi. OTpu-
MaHi AaHi NiaTBEpPAKYIOTb, WO CTBOPEHA HAMU MOZAEeNb
nepeavyacHOi HeAOoCTaTHOCTI AEYHMKIB, 3aCHOBaHa Ha
NoEeAHaHHI LyKpoBoro AiabeTy Ta XpoOHiYHOI xBopobu
HUPOK, BIATBOPIOE XapaKTEPHi MATOreHeTUYHi 3MiHW,
npuTamaHHi ubomy cTaHy. BoHa Bigobparkae He nuwe
JIOKa/IbHi YLWKOAMKEHHS AEYHMKIB, ane N CUCTEMHUI Me-
TaboniyHMIA Ta 3ananbHUIK BNAMB, WO HabnuxKae 1i go
KNiHIYHOT KapTUHM Y XKiHOK i3 XpOHiYHO KoMopbigHO
natonorieto. OTpUMaHi pe3ynbTaTM MOXKYTb CAyryBaTu
OCHOBOI A/1A NOJA/bLIOTO0 BUBYEHHA NATOT€HETUYHUX
MexaHi3miB oBapianbHOI ANCchYHKLiT Ta po3pobKK cTpa-
Terin 36epexkeHHa GepTUNbHOCTI — GapMaKoOriYHMX,
AHTUOKCUOAHTHUX YN KNITUHHO-OPIEHTOBAHUX NiAXOAIB.

MepcnekTMBM NOAANBLUNX AOCNIAMXKEHD.

HacTynHum Hawmm kpokom byae ouiHKa edekTus-
HOCTi QaHTMOKCMAAHTIB, MOAyNATOpPIB CipTyiHiB Ta MAPM1
y npodinakTmui nopyLlweHHA Ta BiAHOBAEHHI oBapianb-
HOI QYHKL,ii 3 BUKOPUCTAHHAM AaHOT moaeni.
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EKCMEPUMEHTANIbHA MOZENb NEPEAYACHOT HEAOCTATHOCTI AEYHUKIB: KOMOPEBIOHICTb LLYKPOBOIO
DIABETY TA XPOHIYHOI XBOPOBU HUPOK

Cpi6Ha B. O., JlutBuHeHKo A. M., KaneiHikosa O. M., Bo3HeceHcbKa T. 10., bnawkis T. B.

Pestome. lNepeayacHa HeaoCTaTHICTb AeYHMKiB (MHA) — Le po3nag oBapiaNbHOT GYHKLI, WO XapaKTepmusyeTbea
3HUXKEHHAM OBapiaNbHOro pe3epsy Ta NopyweHHAM donikynoreHesy y *KiHOK Ao 40 pokis. CyyacHi ekcnepumeH-
TanbHi mogeni MHA, 30Kkpema iHAyKoBaHi uuknopochamigom, 6yckynbdaHom um D-ranaktosoro, BigobpaxkaoTb
/MLIe NIOKa/IbHEe TOKCMYHE YPaXKeHHA roHaJ i He BPaxoBYOTb CUCTEMHUX METaboNIYHUX 3MiH, BAACTUBUX XPOHiy-
HUM 3axBoptoBaHHAM. MeToto poboTn 6yNo AOCNIAXKEHHA NAPAMETPIB MEMNOTUYHOIO L03PiBaHHA OOLMTIB, AKOCTI
OOLMTIB, a TAaKOX LUNAXIB 3armbesni KNiTUH iX GoNiKyNspHOro OTOYEHHS 3a YMOB KOMOpP6iaHOro BNANBY LyKPOBOTrO
niabety i XpoHiYHOT XBOPOOUM HUPOK ANA CTBOPEHHA KOMMIEKCHOI, 6i0/10rYHO pesieBaHTHOT eKcnepuMeHTanbHOT Mo-
peni MHA B ymosax wiei kKomopbigHocTi. EKcnepumeHTU NnpoBegeHi Ha ctaTeBo3pinx 6innmx 1abopaTopHUX MULLIAX,
AKUX PO3MNOAINEHO Ha TPU rpynu: KOHTpoabHy, LA Ta UA+XXH. Mogenb AiabeTy BiATBOPHOBAAW LWNSXOM BBEAEHHA
CTPENTO30TOLMHY i HiKOTUHamigy, XXH — NOBTOPHO iMyHi3aLLiEI0 HUPKOBUM aHTUTEHOM. KUTTE3AATHICTL KAITUH
boNiKyNAPHOro OTOYEHHA OOLMTIB OLiHIOBAIM METOAOM NPUNKUTTEBOTO NOABIMHOIO 3abapBaeHHA HYKNeIHOBUX KM1C-
not dayopecueHTHUMMN BapBHMKaMMK, a CTaH | MEMOTMYHE A03PiBaHHA OOLMUTIB 32 MOPGONOTIYHUMU KPUTERISMMU.
OTpuMmaHi pe3ynbTath cBigvaTb, WO NpU MOAENOBAHHI NnoeaHaHoi natonorii LA i XXH Biamiyaetbca BuparkeHe no-
pyLeHHs oBapianbHOi GyHKL,i. BiamiueHO 3pocTaHHA YaCTKM KAITUH GONiIKYAAPHOIO OTOYEHHA OOLMUTIB 3 03HAKaMM
anonTo3y i HEKPO3Y, a TaKOX CYTTEBE NOTipWweHHA MOPOOTiYHOI SKOCTi OOUMTIB | NOPYLLUEHHSA BiAHOBAEHHA Melo-
3y, AK Ha cTagii meTadasa | TaK i Ha cTagii meTadasa Il. PospobneHa mogens MNHA agekBaTHo Bigobparkae NnoegHaHy
Ait0 MeTaboNIYHUX Ta CUCTEMHUMX NMOPYLUEHb | MOXKe ByTU ePeKTUBHO BUKOPUCTAHA A5 NOAANbLIONO AOCAIAKEHHSA
MEXaHi3MiB yparKeHHs SEYHUKIB, NOLIYKY MapKepis oBapianbHOI AnChYHKLiT Ta TecTyBaHHA dpapmaKonoriyHnx abo
KNITMHHO-OPIEHTOBAHMX NiAXOAIB A0 il KOPEKLLi.

Knto4oBi cnoBa: nepegyvacHa HeAOCTATHICTb SEYHMKIB, KOMOPOIAHICTb LyKpPOBUI AiabeT, XpoHiyHa xBopoba
HUPOK, OOLUTK.

EXPERIMENTAL MODEL OF PREMATURE OVARIAN INSUFFICIENCY: COMORBIDITY OF DIABETES MELLITUS
AND CHRONIC KIDNEY DISEASE

Sribna V. O., Lytvynenko A. P., Kaleynikova O. M., Voznesenska T. Yu., Blashkiv T. V.

Abstract. Premature ovarian insufficiency (POI) is a disorder of ovarian function characterized by a reduced
ovarian reserve and impaired folliculogenesis in women under 40 years of age. Existing experimental models of
POI, such as those induced by cyclophosphamide, busulfan, or D-galactose, primarily reproduce localized gonadal
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toxicity and oxidative injury, without reproducing the complex metabolic and inflammatory alterations typical
of these chronic diseases. This study aimed to evaluate the parameters of oocyte meiotic maturation, oocyte
quality, and the pathways of follicular cell death under the comorbid influence of diabetes mellitus and chronic
kidney disease to develop a complex biologically relevant experimental model of POl in these systemic conditions.
Experiments were performed on sexually mature white laboratory mice divided into three groups: control, DM,
and DM+CKD. Diabetes was induced by intraperitoneal administration of streptozotocin and nicotinamide, while
CKD was modeled by repeated immunization with a renal antigen suspension. The viability of cells in the follicular
environment of oocytes was assessed using the in vivo double staining method of nucleic acids with fluorescent
dyes, and the condition and meiotic maturation of oocytes was assessed using morphological criteria. The results
obtained indicate that in the modelling of combined diabetes mellitus and chronic kidney disease, there is a marked
impairment of ovarian function. An increase in the proportion of follicular cells surrounding the oocytes with
signs of apoptosis and necrosis was noted, as well as a significant deterioration in the morphological quality of the
oocytes and impaired meiosis recovery, both at the metaphase | and metaphase Il stages. The developed POl model
adequately reflects the combined effect of metabolic and systemic disorders and can be effectively used for further
research into the mechanisms of ovarian damage, the search for markers of ovarian dysfunction, and the testing of
pharmacological or cell-oriented approaches to its correction.
Key words: premature ovarian insufficiency, comorbidity, diabetes mellitus, chronic kidney disease, oocytes.
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STUDY OF DEPRESSION IN ADOLESCENTS WITH EPILEPSY,
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A study was conducted to assess the prevalence of depressive symptoms in adolescents with various forms of
epilepsy and their parents compared with a control group (patients with non-paroxysmal and non-progressive cen-
tral nervous system disorders and their parents) under the conditions of martial law in the city of Kharkiv and the
Kharkiv region.

It has been established that adolescents with epilepsy are significantly less likely to show low levels of depres-
sion compared to the control group, and adolescents with epilepsy have an almost three times higher proportion of
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