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The objective: to study the role of galectin-3 (Gal-3) in ovarian function under conditions of diabetes mellitus (DM),
chronic stress, and their combination in rats.

Materials and methods. The study used 20 six-month-old female albino laboratory rats, which were equally divided into 4
groups: Group 1 — control animals, Group 2 — rats with simulated streptozotocin-induced DM (SIDM) and chronic immo-
bilization stress (CIS), Group 3 — rats with SIDM, Group 4 — rats with CIS. Glucose and cortisol levels were determined
in blood plasma. Morphological study of ovarian tissue was conducted. The material was taken on the 28th day from the
beginning of the experiment. Histological, immunohistochemical, biochemical and statistical research methods were used.
Results. Against the background of elevated glucose and HbA7c levels in the experimental Groups 2 and 3, congestion of blood
vessels in the ovarian medulla is observed, which was caused by erythrocyte sludges and microthrombi formation. The general
morphology of the ovaries of rats in the Groups 2—4 was similar to that of rats with polycystic ovary syndrome (PCOS). In
particular, the appearance of numerous cystic follicles and an increased number of atretic follicles confirm this. Moreover, we
detected different levels of Gal-3 expression in cells of different layers of primary, secondary and tertiary follicles. Follicular
cells of rats with SIDM showed particularly pronounced Gal-3 expression. In all experimental Groups, Gal-3 expression in-
creased in ovarian tissue. In the ovaries of rats with SIDM, Gal-3 expression was more pronounced in the cells of the outer
layer of primary, secondary, and tertiary follicles compared to rats with comorbid pathology and CIS. Most luteocytes of the
corpus luteum intensively expressed Gal-3. In primary follicles, Gal-3 was expressed only in the cells of the theca interna,
while in secondary follicles it was expressed in small or moderate amounts in the cells of all layers — the granulosa layer, theca
interna and theca externa. Atrophic follicles showed varying Gal-3 expression intensity across different pathological Groups.
Conclusions. Our study showed that DM and stress lead to the development of PCOS, which is morphologically con-
firmed by the appearance of numerous cystic follicles in the ovarian tissue and an increased number of atretic and de-
struction of primary and secondary follicles.

DM and stress lead to increased expression of Gal-3 in follicular cells at different stages of ovarian development compared to
control values. At the same time, Gal-3 expression was highest in the Group of animals with DM. Based on the results, it can be
concluded that stress in animals with DM reduces Gal-3 expression in the cells of primary, secondary and tertiary follicles, but
not in the corpus luteum and atretic follicles. It should be noted that ovarian oocytes remained insensitive to Gal-3 expression.
Keywords: diabetes mellitus, stress, polycystic ovary syndrome, reproduction system, ovary, galectin-3.

3Ha4yeHHS rafniekTuHy-3 y natoreHesi yHKLiOHaNbHUX PO3NagiB A€EYHUKIB HA TNi LLYKPOBOIro
AiabeTty Ta cTpecy

O. S. XypakiBscbka, J1. b. baranmok, I. O. KocTtiubka, B. A. MicbkiB, B. M. XKypakiBcbkuii,
O. I. Aauyk, A.-l. B. KoHgpart, M. 1. NonbHuni

Mema docnioxncenns: BuBuetns poii rasektuny-3 (Gal-3) y dyHkiii sleunukis urypis Ha i iykposoro aiabery (I11), xpo-
HIYHOTO CTPEeCY Ta iX IMOEHAHHSI.

Mamepianu ma memoou. Y nocnijpkerti Gyso BUkopuctano 20 6-Micsaunx 6imx JabOpaTOpHUX HIyPiB-CAMOK, SIKUX OyJI0 PIBHOMIp-
HO PO3IIO/IJIEHO Ha 4 rpynu: rpymna 1 — KOHTPOJIbHI TBAPUHY, Ipyna 2 — 1typi 3 inaykoBanuM crperrrozorormaosiuM L1 (CLL/T) ta xpo-
HIYHMM iMMOOGLTIZaLiiiHIM cTpecoM, Tpymia 3 — nrypi i3 CLI/I, rpyna 4 — 1rypi 3 XpOHIYHMM IMMOGLII3aIiAHIM CTPecoM. ¥ T1a3Mi KpoBi
BU3HAYA/IM PIBHI TVIOKO3H, KOPTU30.TY. [IpoBoammi MopdosioriuHe BUBYECHHST TKAHUHK sicuHrKa. Marepian 3abupaiu Ha 28-if jieHb
BiJI TIOYATKY eKCIiepUMEHTY. BUKOPUCTOBYBAIH TiCTOJIONYHI, IMyHOTICTOXIMIUHI, GIOXIMIUYHI T2 CTATUCTIYHI METOM JOCIII/UKEHHSL.
Pesyavmamu. Ha Tt migBuieHoro piBHs riaoko3u Ta HhA 1c B eKcriepiMeHTATbHUX TPyTax 2 Ta 3 CoCTepiraaocs TOBHOKPIB's
CY[IMH MO3KOBOI PEUOBHMHU SICUHUKIB YHACIIIOK €PUTPOIIUTAPHUX CA/UKIB Ta MIKPOTPOMOIB. 3arajibHa MOPQOIIOTis I€UHUKIB
1ypiB y rpynax 2—4 GyJa X001 3 MOPQOJIOTi€I SI€YHUKIB IIyPiB i3 cuHAPOMOM ToJikicrosuux sieunukis (CIIKA). 3o-
KpeMma, Tie THATBEPIKYETHCS MOSBOI0 YMCICHHUX KiCTO3HWMX (DOJMIKYIiB Ta 36iMbIMTEHHSIM KiTbKOCTI aTpeTHYHUX (DOJIIKYJIiB.
Kpim Toro, BusiBiieHo pisti piBHi excrpecii Gal-3 y kiiTuHaX pisHUX 1IapiB EPBUHHKX, BTOPUHHUX 1 TPETMHHUX (DOJIKYJIIB.
@outikysipui kiaituan ugypis i3 CIJI gemoncrpyBamu ocobiuBo Bupaxkeny ekcipeciio Gal-3. YV Bcix ekclieprMeHTalIbHIX
rpymnax ekcipeciss Gal-3 36ibinmaacs B TKanuHi sseunukiB. B seunnkax mypis i3 CII/[ excrpecis Gal-3 Gyaa Gisibin Bupake-
HOI B KJITMHAX 30BHIIIHBOIO WIAPy MEPBUHHUX, BTOPUHHUX i TPeTUHHUX (DOJIIKYJIB TIOPIBHIHO 31 IIypaMu 3 KOMOPOIZIHOW
HaTOJIOTIEI0 Ta XPOHIYHUM IMMOOLTI3aliiHM cTpecoM. BibIiicTh JIOTEOHTIB JKOBTOTO Tija inTeHcuBHO ekcnpecysann Gal-3.
Y nepsunnnx domikymax Gal-3 excrpecyBaBest TIBKH B KIITHHAX BHYTPIITHBOI 0OOJTOHKM, TOMI K ¥ BTOPUHHUX (DOJTIKYTax
BiH €KCIIPecyBaBCsl B HEBEJIMKUX ab0 IOMIPHUX KUJIBKOCTSX Y KJITUHAX YCIX MIapiB — IPaHyJIbO3HOTO Iapy, BHYTPILIHBOI Ta
30BHIIIHBOT Tekr. ATpodiui domiky/m inrerncusHo excrpecyBain Gal-3 y pisHUX AOCTIIKYBaHUX TPYIIaXx.
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Bucnoexu. Hame pocnimxenns: mokazasno, mo [/l ta crpec mpusBomsate 0 possutky CITKA, mo mopdomoriuno minrsep-
JUKYETBCS MOSBOIO YNCJICHHUX KiCTO3HUX (DOJTIKYJIIB Yy TKAHWHI S€YHUKA Hl 3DOCTAHHSAM KUJIbBKOCTI aTPETUYHUX i IECTPYKILED

MEPBUHHUX T4 BTOPUHHUX (POJIKYITiB.

IIJT i crpec npusBoasaTh A0 36imbuienHs ekcrpecii Gal-3 y (oJiKyJIApHUX KIITHHAX Ha PISHUX CTAAisIX POSBUTKY SIEYHUKIB,
HOPIBHSIHO 3 KOHTPOJIbHUMY HOKasHuKamu. [Ipu pomy ekcipecisi Gal-3 Gyiia HaiiBumioro B rpyni tBaput i3 11/[. BpaxoByrouun
Pe3yJIBTaTH, MOKHA CTBEPIKYBATH, 110 cTpec y TBapuH i3 11/1 sHwmkye excrpeciio Gal-3 y kiTHHaxX MepBUHHUX, BTOPUHHUX i
TpeTHHHUX (DOJIKYIIB, aje He B JKOBTOMY Tifli Ta aTpeTHdHNX domikyaax. [Ipn mpomy ¢ 3a3HaunTH, IO OBOIINTH SIEYHUKIB

3aJIMIIATIUCS. HeYy TIMBUME 110 excipecii Gal-3.

Knouoei cnosa: uyxposuil diabem, cmpec, cunopom noLKiCmo3HUX SEUHUKIS, PENPOOYKMUBHA CUCTNEMA, SEUHUKU, 2aTEKMU-3.

iabetes mellitus (DM) type 1 and 2 are commonly

medico-social diseases worldwide due to prevalence, de-
velopment of complications and mortality [1]. The most fre-
quent complications of DM are cardiovascular diseases [2, 3],
retinopathies [4], neuropathies [5, 6], nephropathies [7] and
other [8, 9]. However, in addition to these noticeable com-
plications, diabetes is also associated with reproductive dys-
function. These disorders appear to occur in 40% of women
with diabetes and include delayed menstruation, all types
of menstrual disorders such as amenorrhea, oligomenorrhea,
menstrual cycle disorders, as well as menorrhagia, infertility,
characteristics of polycystic ovary syndrome (PCOS), and
early (or rarely late) menopause [10—14].

Galectin-3 (Gal-3) is a member of soluble protein that
bind with B-galactoside containing glycans [15]. Intracel-
lular Gal-3 plays a crucial role in cell growth, anti-apop-
tosis, controlling of RNA (Ribonucleic Acid) splicing [16],
meanwhile extracellular Gal-3 takes a part of inflammation
response [15]. Multiple studies have reported that Gal-3 as-
sociate with different types of cancers doe to involved in
the regulation of different tumor suppressor genes and on-
cogenes [17]. Gal-3 is also involved in the production of
the hormone progesterone and is expressed in mature mouse
ovaries during the luteolytic and atretic stages [18]. Indi-
vidual works showed that Gal-3 has been found to be related
with insulin resistance and reported as a potential biomarker
for early detection of prediabetes and diabetes [15, 19].

Stress is one of the most common and underestimated
causes of reproductive dysfunction in women and girls.
The stress system leads to adaptive reactions through
the mobilization of hormonal systems, in particular the
hypothalamic-pituitary-ovarian axis [20]. In women with
chronic psychogenic stress, ovulatory dysfunction leads to
abnormal uterine bleeding, which is diagnosed three times
more often than in women without stress [21]. Unfortu-
nately, we were unable to find any studies in the literature
that addressed the impact of stress on changes in repro-
ductive function in women with DM. Moreover, changes
in Gal-3 expression in this context remain unknown.

The objective of our study is to examine the role of
Gal-3 in the functioning of the ovarian under conditions
of DM, chronic stress and their combination in rats.

MATERIALS AND METHODS

In this study, we used a total of 20 six-month-old fe-
male albino laboratory rats, equally divided into four
groups (five rats per group): Group 1 (Control) consisted
of healthy rats; Group 2 included rats with comorbid pa-
thology — streptozotocin-induced DM (SIDM) combined
with chronic immobilization stress (CIS); Group 3 included
rats with SIDM only; and Group 4 included rats subjected
to CIS only. In Groups 2 and 3, SIDM was simulated by
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a single intraperitoneal injection of streptozotocin (Sigma-
Aldrich, USA), which was diluted in 0.1 M citrate buffer
with a pH of 4.5 (at the rate of 6 mg per 100 g of body
weight). In Groups 2 and 4, CIS was simulated by placing
the animals in a closed plastic container for 5 hours a day.
In Group 2, SIDM was simulated and starting from the
14th day of the experiment, CIS was added.

The experiment on animals was conducted in the vi-
varium of the Ivano-Frankivsk National Medical Univer-
sity (IFNMU). The rat cages were kept in a room with a
controlled environment, in the following standard condi-
tions (12/12 light/dark cycle with 22 + 3 °C room tem-
perature). All rats were provided with standard laboratory
chow and water ad libitum. At the end of the experiment,
the animals were euthanized under ketamine anesthesia.
Immediately after euthanasia, blood samples were collected
into test tubes for further analysis. Glucose levels were
measured using the glucose oxidase method at the Center of
Bioelementology of IFNMU. The levels of glycated hemo-
globin (HbA7c) and cortisol were determined in the clini-
cal diagnostics laboratory “Medlux”. The levels of glucose
and cortisol were measured in blood plasma. Tissue sam-
ples (ovaries and blood) were collected on the 28th from the
beginning of the experiment in Groups 1-3. In Group 4, the
materials were collected on the 14th days from the begin-
ning of CIS induction. Material collection was performed in
the morning (between 7:00 and 8:00 am), before feeding, to
exclude the influence of daily rthythm and biological activity
on rat metabolism. The estrous cycle stage was determined
via vaginal cytology and monitored for at least 7 days before
experiments involving the natural estrous cycle [22].

For light microscopic observation, samples (ovaries)
were fixed 24 hours in 10% paraformaldehyde in phosphate
buffer solution (PBS) with pH 7.4, dehydrated and embed-
ded in paraffin. In addition to routine histological examina-
tion (hematoxylin-eosin staining). For detection Gal-3 we
used antibodies to Gal-3 (clone EP2775Y, 1:250, Abcam,
United Kingdom) according to the manufacturer’s instruc-
tions which allows to provide semiqualitative measurements
in section samples. Gal-3 expression intensity of follicular
cells were measured by a histological score (HSCORE)
method: 0 — no staining; 1 (+) — weak staining; 2 (++) —
moderate staining; 3 (+++) — intense staining [23].

The quantification of the immunoreactivity intensity in
both right and left ovarian tissues was included in the analy-
sis. To evaluate ovarian architecture and follicle number, we
conducted samples stained by hematoxylin-eosin. Ten fields
from three randomly selected sections of each ovary were
examined at an original magnification of x 200 to calculate
the number of follicles at different stages of maturation [24].

All sections were evaluated with an optical micro-
scope (Leica DM750, Leica Microsystems, Switzerland)
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and monitored with an attached digital camera (ToupCam
5.2M UHCCD C-Mount Sony sensor, ToupTek Photon-
ics, China). Statistical analysis was performed using the
Statistica 12 software (StatSoft Inc., Tulsa, OK, USA). To
assess differences between Groups, the Mann—Whitney
U test was used. The sample parameters presented in the
text are denoted as M = SD, where M represents the sam-
ple mean, SD the standard deviation, and p the achieved
level of statistical significance.

RESULTS AND DISCUSSION
On the 28th day of the experiment, the level of glucose
and HbA7c in the blood of rats in Group 2 was the highest,
compared to Group 1, and was 18.72 = 2.09 mmol/L
(p < 0.001) and 935 + 0.53% (p < 0.001), respective-
ly; in Group 3 — 16.09 = 1.86 mmol/L (p < 0.001) and
8.06 £ 0.41% (p < 0.001); in Group 4 — 5.07 £ 0.73 mmol /L.

Control

Group

SIDM + CIS

SIDM

CIS

¥ >

(p>0.05) and 2.45 + 0.32% (p > 0.05); while in Group 1 the
above indicators were 4.57 + 0.63 mmol /L and 2.29 + 0.26%.
The level of cortisol in experimental Groups 2—4 was proba-
bly higher than that of control rats and was: in Group 2 —
28.69 £ 243 ng/mL, in Group 3 — 24.63 + 2.28 ng/mL,
in Group 4 — 24.39 = 1.76 ng/mL (in all cases p < 0.01),
in control animals (Group 1) it was 10.12 = 1.09 ng/mL.
Such biochemical changes in Groups 2 and 3 indicate the
development of decompensated DM, and in Group 4 — the
development of stress.

At the light microscopic examination, the ovaries of
sexually mature female rats consist of a cortex, medulla
and capsule. The epithelium of the ovarian surface con-
sists of a single layer of flattened cells lying on the base-
ment membrane that separates it from the lower protein
membrane. The histological structure of the ovaries of the
Control rats is characterised by the presence of different

| T Ry

Fig. 1. Histopathological alterations and representative Gal-3 immunoreactivity in ovarian sections of the

and the experimental (d, e) Groups. Control Group exhibited normal ovarian morphology, whereas experimental Groups
showed many cystic and atretic follicles. GF indicates cystic follicle; AF — atretic follicle; CL — corpus luteum; PrF -
primordial follicle; PF — primary follicle; SF — secondary follicle; GF — Graafian follicle; 0 — oocyte; arrow — expressing

Cal-3; H & E - hematoxylin-eosin staining
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types of follicles at different stages of development (pri-
mordial follicles, primary follicles, secondary follicles and
mature follicles) and corpus luteum. The ovaries of adult
females contain 3 to 5 corpora lutea and 0-2 atretic fol-
licles of normal structure, while cystic follicles are absent.
Granulosa and theca cells had a typical structure and in-
tact structure. Oocytes and zona pellucida were clearly
contoured (Fig. 1a). In the Control Group of rats, Gal-3
expression was found to be moderate in the corpus lu-
teum and in isolated granulosa cells of secondary folli-
cles (Fig. 1b, ¢). However, we were unable to detect Gal-3
expression in the oocytes of any follicles (Fig. 1b, c).

In rats in Groups 2 and 3, sections revealed noticeable
atrophic and degenerative changes in both the ovarian
cortex and the medulla, with thinning of the white mat-
ter (Fig. 1d, g). The blood vessels were dilated and full-
blooded due to erythrocyte sludge and microthrombi. Nu-
merous atretic follicles were found in the ovarian cortex,
the average number of which per 0.05 mm? increased to
4.40 £ 1.43 in Group 2 and to 4.1 + 1.2 in Group 3, com-
pared to the Control Group (0.90 = 0.74; p < 0.05 in all
cases) (Fig. 2). These follicles were of various sizes and
were characterised by degenerated oocytes without zona
pellucida or, more often, without any membrane at all. The
granulosa cells of such follicles were characterised by py-
knosis of nuclei and severe degenerative changes. In all
follicles at different stages of folliculogenesis, pronounced
degeneration was observed in the form of ruptures and
fragmentation of granulosa cells, their desquamation into
the lumen of the follicles, and an increase in cell debris in
the antral cavities in the form of clusters. Many granulosa
cells and inner theca cells had vacuolated cytoplasm with
pyknotic nuclei (Fig. 1d, e, g—i).

The number of cystic follicles in Groups 2 and 3 in-
creased from 1 to 3 in the vision of these Groups of animals,
compared to the Control values where such follicles were
completely absent (Fig. 2). Thus, the number of cystic
follicles in Group 2 was 2.50 + 1.78, and in Group 3 it
was 2.10 = 1.19, whereas no cystic follicles were observed
in the Control Group (in all cases p < 0.001). Thinning
of the granulosa cell layer and its disorganisation were
observed in the cystic follicles. Moreover, many granulosa
cells were found in the filled antrum of the cystic follicles.
Apoptotic granulosa cells with pyknotic nuclei, indicating
follicle atresia, were particularly noticeable in secondary
follicles in Groups 2 and 3 (Fig. 1d, ¢, g, h). The corpora
lutea had an irregular shape and volume with vacuolated
granulosa lutein cells (Fig. 1f, i). In the ovarian medulla
of these animal Groups, thick connective tissue septa ex-
tending from the capsule to the cortex were clearly visu-
alised. The interstitium had areas of hyaline and hydropic
degeneration. Despite the pronounced changes in the ova-
ries, no significant difference in the number of atretic and
cystic follicles between experimental Groups 2 and 3 was
found (in all cases p > 0.05), while in the Control Group
their number increased significantly (in all cases p < 0.05).

The general morphology of the ovaries of rats in
Group 4 with CIS showed numerous cystic and atretic
follicles and several corpora lutea (Fig. 1j—1). At the same
time, the number of both cystic and atretic follicles was
significantly higher than in the Control Group, amounting
to 1.60 £ 1.07 and 3.30 = 1.25, respectively (Fig. 2, in
all cases p < 0.05), but lower than in experimental
Groups 2 and 3 (Fig. 2, in all cases p < 0.05). In cystic
follicles, the number of layers of granulosa cells under-
going pronounced destructive changes decreased. Oocytes

Box & Whisker Plot

)

AF_Control
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AF_SIDM

CF_SIDM +CIS

AF_SIDM + CIS

CF_SIDM
AF_CIS
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O Mean
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Fig. 2. Increase number of atretic and cystic follicles in the ovaries during the pathologies studied (AF — atretic follicle;

GF — cystic follicle)
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were absent in atretic follicles. Degenerative oocytes and
a complete absence of the transparent membrane were
often observed in Graafian follicles. Moreover, apoptotic,
vacuolated and destructively altered granulosa cells un-
derwent desquamation and exfoliate into the lumen of the
antrum (Fig. 1j, k). Such a restructuring of the follicle
indicates its atresia. The architecture of the corpora lutea
in the ovaries of this experimental Group was preserved. It
should also be noted that luteocytes with signs of vacuolar
dystrophy appeared in the corpora lutea.

In all experimental Groups, Gal-3 expression increased
in ovarian tissue (Table). Thus, in the ovaries of rats with
SIDM, Gal-3 expression was more pronounced in the
cells of the outer layer of primary, secondary, and tertiary
follicles compared to rats with comorbid pathology and
CIS (Fig. 1h). Most luteocytes of the corpus luteum in-
tensively expressed Gal-3 (Fig. 1i). In primary follicles,
Gal-3 was expressed only in the cells of the theca interna,
while in secondary follicles it was expressed in small or
moderate amounts in the cells of all layers — the granulosa
layer, theca interna and theca externa (Table). Atrophic
follicles did not differ in Gal-3 expression intensity from
those with comorbid pathology.

In rats with CIS, the immunoreactivity of follicular
cells at different stages of ovarian development to Gal-3 is
slightly increased compared to control values. In particu-
lar, we see the expression of this marker in granulosa cells
and cells of theca interna and theca externa of primary,
secondary and tertiary follicles (Fig. 1k). Increased ex-
pression of Gal-3 is also found in luteocytes of the corpus
luteum (Fig. 11). In general, Gal-3 expression in the ovari-
an tissue of rats with CIS is higher than in the Control
Group, but lower than in rats with diabetes (Table).

In rats with comorbid pathology, cells in different
follicles show different reactivity to Gal-3. Thus, unlike
Group 3 of rats and the Control Group, in Group 2, weak
expression of Gal-3 is observed in the follicular cells of
primordial follicles and corresponds to that in Group 4. As
for secondary and tertiary follicles, weak Gal-3 expression
is observed in all their layers, but it is less pronounced
compared to Group 3 (Fig. 1e, Table). In atretic follicles
and the corpus luteum, cells are intensively marked with
Gal-3 (Fig. 1f, Table).

Currently, there is ongoing debate regarding the in-
volvement of Gal-3 in folliculogenesis, as most studies
demonstrate its involvement in the processes of carcino-
genesis and metastasis of gynaecological tumours, particu-
larly ovarian cancer [17].

Some studies have shown that Gal-3 is involved in the
immunoreactivity of follicular cells at different stages of
ovarian development [25]. A study by Seung-Dam Heo et al.
showed that Gal-3 promotes early egg development in pre-
natal ontogenesis, but not postnatal ontogenesis [25]. It
was detected in the follicular squamous cells of primary
ovarian follicles, after which a gradual decrease in Gal-3
levels was observed during the multilaminar formation
stage. Moreover, during the prenatal period of ontogenesis,
age is expressed on the oocytes of primordial and primary
follicles. The controversial role of Gal-3 in apoptosis re-
quires further study, since many primary follicles are elimi-
nated during development and Gal-3 was not expressed
in the granulosa cells of multilayered ovarian follicles (pri-
mary to tertiary). The same authors have shown that Gal-3
is involved in cell death in atretic follicles, while in the
corpus luteum it is involved either in the maintenance of
luteal cells, luteolysis or their apoptosis [25].

Immunohistochemical evaluation of Gal-3 in the ovary

Follicular

Research Groups

Cell type
doxsiopment Control Group SIDM + CIS SIDM cis
Oocyte ND ND ND ND
Primordial
Follicular cells - + - +
Oocyte - - _ _
Primary Granulosa cells - - - +
Theca cells - + ++ +
Oocyte ND ND ND ND
Granulosa cells - + ++ +
Secondary
Theca interna - + + +
Theca externa + + ++ ++
Oocyte ND ND ND ND
Granulosa cells - ++ ++ +
Graafian -
Theca interna - + + +
Theca externa - + ++ +
Oocyte ND ND ND ND
Atretic Granulosa cells - ++ ++ _
Fibrous theca - +++ +++ ++
Corpus luteum Luteal cells + +++ 4+ ++

Notes: Gal-3 expression in each structure of the ovary is as follows: — negative; + positive (1 (+) —weak; 2 (++) — moderate; 3 (+++) — intense); ND — not detected.
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It is known that cytoplasmic Gal-3 binds to vari-
ous anti-apoptotic proteins, such as Bcl-2, activated
K-Ras, Alix / AIP1, and synnexin, to inhibit intrinsic
apoptotic pathways, functioning as an inhibitor of apop-
tosis [26]. Intracellular Gal-3 is also capable of modu-
lating external apoptotic signaling pathways triggered
by death receptors, including Fas, TNFR-1, and TRAIL,
a TNF / Apo2-related apoptosis-inducing ligand [26].
Based on the literature data, we can conclude that in
our studies, the pronounced expression of Gal-3 in lu-
teocytes of the corpus luteum is aimed at their elimina-
tion, which is especially pronounced in rats with diabe-
tes and comorbid pathology.

The general morphology of the ovaries of rats in
Groups 2—4 was similar to that of rats with PCOS [19].
In particular, the appearance of numerous cystic follicles
and an increase in atretic follicles confirm this. Moreo-
ver, we detected different levels of Gal-3 expression in
cells of different layers of primary, secondary and tertiary
follicles. Follicular cells of rats with SIDM showed par-
ticularly pronounced Gal-3 expression. According to the
literature, hyperglycaemia leads to the development of
oxidative stress and increases the level of advanced gly-
cation end products (AGEs) in the body [27]. AGEs have
been shown to play an important role in reproduction by
regulating the functions of granulosa cells in the ovary.
On the one hand, modifications in protein assembly and
subsequent loss of function caused by AGEs in diabetes
lead to apoptosis of these cells [28]. On the other hand,
DM provokes apoptosis of glycemic cells by causing a
significant induction of oxidative stress, increasing the
expression of the P53 gene and activating kinases 1 and 2,
which ultimately causes DNA (Deoxyribonucleic Acid)
damage and endoplasmic reticulum stress. Glycemic cell
apoptosis inhibits oocyte maturation and is considered a
key molecular mechanism of follicular atresia [29]. Ac-
celerated follicular degeneration and subsequent follicu-
lar atresia caused by glycemic cell apoptosis lead to a
decrease in serum anti-Miillerian hormone levels, which
are considered one of the best determinants of ovarian
reserve and fertility, especially in DM, and are closely
correlated with Gal-3 levels [24].

Furthermore, other studies have shown that el-
evated serum Gal-3 levels correlate with the severity
of type 2 diabetes and its complications. Several hu-
man studies have provided evidence that Gal-3 levels
are markedly elevated in individuals with obesity and
type 2 diabetes. Thus, Gal-3 may be useful in the diag-
nosis and prognosis of microvascular and macrovascular
complications in patients with type 2 DM. Gal-3 has
been shown to be involved in inflammation, apoptosis,
and angiogenesis, and is also associated with the de-
velopment of insulin resistance in patients with type 2
diabetes. It has been proven that there is a relationship
between serum Gal-3 levels and various complications
and biochemical parameters in patients with type 2
diabetes, in particular, positive significant correlations
were found between serum Gal-3 levels and body mass
index, HbA7c, cholesterol, triglycerides, urinary albu-
min-to-creatinine ratio, and age [30].

CONCLUSIONS

Our study showed that DM and stress lead to the de-
velopment of PCOS, which is morphologically confirmed
by the appearance of numerous cystic follicles in the ovari-
an tissue and an increase in the number of atretic and
destructive primary and secondary follicles.

Diabetes and stress lead to increased expression of
Gal-3 in follicular cells at different stages of ovarian de-
velopment compared to control values. At the same time,
Gal-3 expression was highest in the Groups of animals
with diabetes. Based on the results, it can be concluded
that stress in animals with diabetes reduces Gal-3 ex-
pression in the cells of primary, secondary and tertiary
follicles, but not in the corpus luteum and atretic fol-
licles. It should be noted that ovarian oocytes remained
insensitive to Gal-3 expression.

Prospects for further research. To understand the
effect of Gal-3 on folliculogenesis processes in rat ovaries
under conditions of DM and stress, it is necessary to
study the mechanisms of apoptosis using various immu-
nohistochemical markers, which will allow us to under-
stand what kind of apoptotic or anti-apoptotic effect the
latter has on follicle cells.
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