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Premature ovarian insufficiency (POI) was
a condition of female hypogonadism that can
be caused by antitumor chemotherapy or sur-
gery [1]. POI was observed in 1% of women un-
der 40 years and 0,1% is up to 30 years [2], of
which 37% were due to iatrogenic (mainly after
treatment of oncopathology) causes [3], accom-
panied by numerous complications: lack of fer-
tility, amenorrhea, psycho-emotional disorders,
osteoporosis, increased mortality from cardio-
vascular disease and stroke [4].

Most effective method of treatment of POI
was hormone replacement therapy, which, how-
ever, had a number of side effects, was requires
constant use of drugs, did not recover fertil-

ity and correction of pathological changes in
target organs. Therefore, the search for alter-
native treatments based on the use of mesen-
chymal stem cells (MSCs) is promising: MSCs
can stimulate and restore ovarian function,
positively affecting folliculogenesis, preventing
apoptosis, regulating the level of ovarian hor-
mones [1]. The therapeutic potential of MSCs
included their ability to differentiate with re-
placement of damaged cells, as well as the ef-
fect on the immediate microenvironment of
the cell, secretion of various growth factors,
stimulation of endogenous MSCs and progeni-
tor cells, targeted migration of leukocytes and
monocytes to the site of injury [5].
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An alternative bone marrow source of
MSCs for transplantation and tissue engineer-
ing is adipose tissue (AT), which could be ob-
tained in significant quantities by cosmetic
liposuction [6]. The study of the therapeutic
effects of placental derivatives and intraperi-
toneal administration of AT MSCs in the re-
covery of sexual function in mice with a che-
motherapy-induced POI model had been shown
that complete recovery of sexual function did
not occur [4]. Therefore, the search for a more
effective method for the treatment of POI using
the intraovarial route of administration of AT
MSCs was continued. Previously, the positive

effect of cell and tissue therapy on zoosocial
behavior, anxiety, and the level of adaptation
of mice to stress associated with the level of
estrogens and their inhibitory effect on the cen-
tral nervous system (CNS) had been shown [7].
Thus, the study of behavioral responses could
provide indirect information about recovery of
estrogen production in the body of POI mice
after treatment with AT MSCs.

The aim of work was to compare the the-
rapeutic effects of AT MSCs with intraperitone-
al and intraovarial administration in recovery
of sexual function and behavioral responses in
mice with chemotherapy-induced POI.

MATERIALS AND METHODS

Laboratory animals were kept in according
to the rules for the equipment and maintenance
of the vivarium. We used 60 female 6-month-
old BALB/c mice with a regular estrous cycle,
weighting 20,2+0,4 g, which were divided
into 4 groups, 15 individuals in each group:
1 — control group, 2 — POF model without
treatment, 3 — POI model and treatment of
AT MSCs 100000 cells intraperitoneally once,
4 — POI model and treatment of AT MSCs
50000 cells intraovarially in each ovary. POI
was simulated by the method described by
Xiao G.Y. et al. [8], by administering Cyclo-
phosphamide in a dose of 200 mg/kg (Baxter
Oncology, Germany) and Busulfan (Aspen Phar-
ma, Germany) in a dose of 20 mg/kg. 200 mg
of Cyclophosphamide was dissolved in 20 ml
of Phosphate-buffered saline (PBS), 20 mg of
Busulfan was dissolved in 2 ml of Dimethyl
sulfoxide (DMSO) was added, and 0,5 ml of

-
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Fig. 1. Culture of AT MSCs.

each animal was injected intraperitoneally. AT
MSCs were obtained according to the method of
Sun M. et al. [9]. MSCs of the 3rd passage were
used for administration to animals. Treatment
was started 2 weeks after the administration
of chemotherapy drugs. The dynamics of the
weight of animals; ovarian function by vagi-
nal cytology; sexual function by counting the
number of vaginal plugs were investigated.
5 animals per group were taken out of the
experiment with histological examination of
preparations of the ovaries and uterus 3 weeks
after chemotherapy. Histological examination
of sections stained with hematoxylin-eosin
was carried out for morphological assessment
of organs using a Delta Optical NIB-100 mi-
croscope (Delta Optical, Poland) and ToupView
V 3.7 software (Hangzhou ToupTek Photonics
Co. Ltd, Hangzhou, China). 6-month-old males
of the BALB/c line were kept with females in

a — primary passage, b — 3rd passage, before the injection. Scale bars 100 um.
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a ratio of individuals 1:3 for estimation of se-
xual and reproductive function. The quality of
life of animals was evaluated using anxioly-
tic and zoosocial tests, reflecting the degree of
anxiety and the ability of animals to zoosocial
interaction, respectively [10].

The data were statistically processed using
the Mann-Whitney nonparametric U-test and
the Past V.3.15 software (University of Oslo,

Norway). All stages of the study were perfor-
med in according to the European Convention
for the Protection of Vertebrate Animals used
for Experimental and Other Scientific Purposes
86/609/EEC and the regulations of the Ethics
Committee of the Institute for Problems of
Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine.

RESULTS AND DISCUSSION

Primary culture of mouse fat cells at pri-
mary passage was polymorphic cells that form
separate colonies with active proliferation
(Fig. 1, a), the number of which were increased
from 3 X 10* to 8 X 10* cells per 1 cm? of culture
dishes during two days of cultivation (Fig. 1, b).

The study of the dynamics of the body
weight of mice showed that within 8 weeks the
weight of animals in the control group was in-
creased from 20,2 + 1,1 to 22,5+ 1,8 g (Fig. 2, a,
group 1), in the POI model the weight of the an-
imals was decreased up to 16,5 = 1,2 g followed
by slow recovery. Their physical condition and
appearance also was changed, physical inacti-
vity, matted hair, and dull eyes were observed.
Group of mice without treatment regained
weight to the level of the intact group during
8 weeks. The weight of the animals, which were
injected intraperitoneally with AT MSCs, was
recovered on the 6% week after chemothera-
py, with intraovarial administration was on
the 5" week respectively. (Fig. 2, a, group 4).
At the same time, the general condition and ap-
pearance of the animals were improved. A re-
gular cycle was observed in all animals during
investigation the estrous cycle in the control
group (Fig. 2, b).

Surface epithelium was absent in the
smears of mice with the POI model. The cy-
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clicity was appeared in 5 weeks after the POI
modeling. The regular 4-day estrous cycle was
not recovered, there was a periodic (from 3 to
8 days) appearance in the smear of keratinized
cells of the surface epithelium, indicating es-
trogenic saturation organism. Estrous cycles
were observed in 50% of mice after 8 weeks,
which corresponds to the literature data for the
used model [8]. Cyclicity was observed in 70%
of females who were injected intraperitoneally
with AT MSCs in 8 weeks after chemotherapy.
The estrous cycle of animals is recovered about
80% after AT MSCs injection intraovarially
to the 6th week. The study of sexual activity
showed that the number of effective mating
of females in 8 weeks after modeling POI was
30% (Fig. 2, c¢). This indicator after intraperi-
toneal injection of AT MSCs was reached 60 %,
and after injection of AT MSCs intraovarially
was 80 % respectively.

A decrease of the time spent by the ani-
mals in the open arm of the elevated plus maze
was observed at the studying the behavior of
mice in all experimental groups in the anxio-
Iytic test (Fig. 3, a). Zoosocial behavior was
changed, females spent less time with another
individual in the three-chamber test (Fig. 3, b)
comparison with control group. These facts in-
dicated an increase in anxiety in animals in
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Fig. 2. Dynamics of body weight (a), estrous cycle (b) and sexual activity (c) of animals;
* critical level of significance was assumed to be less than 0.05 (p < 0.05).
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Fig. 3. Change in anxiolytic (a) and zoosocial (b) behavior;
* critical level of significance was assumed to be less than 0.05 (p < 0.05).

Fig. 4. Morphological changes in the organs of the experimental animals in 8 weeks after POI modeling:
b, d, f, h — uterus; a, ¢, e, g — ovaries; a, b — group 1,
¢, d — group 2, e, f — group 3, g, h — group 4. Scale bars 100 pm.

connection with stress caused by exposure to
chemotherapeutic drugs, as well as the proce-
dure for introducing AT MSCs.

An increase in animal anxiety was ob-
served in 5 weeks after the POI simulation.
The highest increase was observed in the group
of mice with the POI model without treatment.
Anxiety was increased to a lesser extent after
treatment with AT MSCs. Zoosocial behavior
in the treated groups was recovered to base-
line after 5 weeks. The untreated group of mice
shown their recovered zoosocial bihaviour only
by the 8th week. The indicator of the anxiolytic
test has not reach the initial level in any of
the experimental group, however, the least in-

crease in anxiety occurred in the group of ani-
mals after treatment with intraovarial admin-
istration of AT MSCs. It is known that mice in
a proestral state spend more time on the open
arms of an elevated plus maze than in diestrus.
[11]. Thus, the decrease in the time spent by
animals on the open arms of the maze after
chemotherapy is logically associated with the
suppression of the estrogen-producing function
of the ovaries and the regulatory system of re-
production in general.

Cytostatic therapy has a proven neurotoxi-
city: it causes impairment of cognitive functions
(memory, attention, coordination), which can
persist after the termination of chemotherapy
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and affect the quality of life [12]. We observed
only a tendency for the anxiolytic effect of the
AT MSCs on the CNS of mice in groups of ani-
mals after treatment.

In our opinion, a longer experiment is
needed to observe the recovery of behavioral re-
sponses associated with the restoration of CNS
functions, which occurs slowly after the neu-
rotoxic effects of chemotherapy. However, the
indicators of behavioral reactions in animals
after intraovarial administration of the AT
MSCs, compared to animals injected with the
AT MSCs intraperitoneally, improved faster.
This fact can be explained by a more effective
restoration of ovarian function upon direct ad-
ministration of the AT MSCs.

Histological examination in animals from
the group with the POI model without treat-
ment showed an increase in AT in the abdomi-
nal cavity, a decrease in the size of the ova-
ries, and the absence of structural elements in
them: corpus luteum, primordial, primary and
secondary follicles; the stroma was filled with
large cells (Fig. 4, c).

Thinning of the layers and significant atro-
phy of the uterine endometrium were observed
(Fig. 4, d). Obviously, the restoration of estro-
gen saturation of the body in the group with-
out treatment occurred at the expense of AT,
and not of the ovaries. In animals that were
treated with intraperitoneal administration of
the AT MSCs, the uterus was morphologically
intact, thinning of the layers was present in
some places, and slight atrophy of the endome-
trium was observed (Fig. 4, e). Hyperplasia of
single cells or groups of cells, the appearance of
structural elements: corpus luteum, primordial
and primary follicles were noted in the ova-
ries (Fig. 4, f). Animals that were treated with
intraovarial administration of the AT MSCs,
the morphological keeping of the uterus was
noted, with slight endometrial hypoplasia in
places (Fig. 3, h). Restoration of structural ele-
ments: corpus luteum, primordial, primary and
secondary follicles was observed in the ovaries
(Fig. 3, g), and the number of primary follicles
was significantly higher than after intraperito-
neal administration of the AT MSCs.

CONCLUSIONS

1. Treatment of mice with chemotherapy-
induced model of POI using AT MSCs has
different effectiveness depending on the
method of their administration.

2.In the treatment of POI, the intraovarian
method of AT MSCs administration provides
more rapid and complete restoration of the
morphological structure and function of the

reproductive system of animals than the in-
traperitoneal method of administration.

3. The lowest level of anxiety was observed in
mice treated with intraovarial administra-
tion of AT MSCs, which may be associated
with the anxiolytic effect of estrogens with
partial restoration of the estrogen-producing
ovarian function.
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Ilepenuacua memocratHicTh sseurHukiB (IITHA) — me cram skimodoro rimoromamgmamy. OQHOK0 3 HPUYUH
po3sutky I[TH{ e mporunyxaumuma ximioreparmis. Hapaai Ha#biiabmr epekTuBHEUM MeTomoM JgikyBauusa [THA
BBAKAETHCA 3aMICHA FOPMOHOTEPAIIid, AKa, OOHAK, Mae PA H00IYHNX eeKTiB, BUMAarae IOCTIAHOro IIPHUHo-
My (papMipenaparis, He 3a0e3medye BIIHOBICHHSI (DEPTUIIHHOCTI 1 KOPEKI[ll HaTOJIONYHUX 3MI1H OpPraHiB-Mi-
mrerei. ToMy mepcrieKTUBHUM € TONTYK aJIbTEPHATUBHUX METO/I1B JIIKYBAHHS, 3aCHOBAHUX Ha BUKOPUCTAHHI
cToBOypoBuX KJalTHH. MeTor poboTu OyJio MOPIBHAHHS TepaleBTUYHNX eeKTIB IIPU PI3HUX CI0CO0ax BBe-
JIeHHs Me3eHXIMaJbHUX CTOBOYPOBUX KJITHH, BualieHux 3 skupoBol Tkaunuu (MCK iKT), v BigHoBIeHH]
crareBol pyHKINIT, a Takoxk mopeminku mumrei 3 [THA, ingykoBamoio xiMmioTepamiero.

Marepianu ta merogu. Jlocaigxenas nposoguiu Ha mumrax Jiiuil BALB/c 3 momenstio ITHA, imgyko-
BaHOWO IuUKJI0pochamimgom 1 Oycynbdanom. [IpoBoamiu ricTosioriuue MOCTIMKEHHS IperapariB sI€UHUKIB
i maTok. HocmimryBanu 3aMiny Baru muiireit, GyHKII] S€YHUKIB, CTATEeBOI aKTUBHOCT1, & TAKOK OBEIIHKHI
TBAPUH B aHKCIOJITUYHOMY Ta 300coiiajabHoMy Tectax miciid rikysanasa MCK KT npu inTpanepuroneais-
HOMY Ta 1HTPaoBapiaJIbHOMY CII0C00aX BBEIEHH.

Pesynbpraru Ta ix ob6roeopenus. [loxasano, mo npu gikysauul [THA, imgykoBamoi ximioreparieio,
edexrupnicTs 3acrocyBanuss MCK KT samemurs Bijg ciocoby ix BBemenus. Crocrepirasocs 01JIbIl IMIBUIKE
1 IIOBHE B1JHOBJIEHHS MOP(QOJIOriYHOI CTPYKTYPH, CTaTeBOI PYHKILI Ta IOBEJIHKOBUX PEAKI[ld y MUIIIeH mpu
niryBauul [THA miaxom inrpaosapianbuoro seegenus MCK iKT.

KraodyoBi cmoBa: mepemyacHa HEIOCTATHICTD S€YHUKIB, ME3€HXIMAJIbH1 CTOBOYPOBI KJIITHUHH, JKHPOBA
TKAHUHA, XIMioTeparris.
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Premature ovarian insufficiency (POI) is condition of female hypogonadism. One of the reasons for the
development of POI is anticancer chemotherapy. Currently, hormone replacement therapy is considered the
most effective method of treatment POI, which, however, had a number of side effects, requires constant
administration of pharmaceuticals, did not restore fertility and correct pathological changes in target organs.
Therefore, the search for alternative methods of treatment based on the use of stem cells is promising. The aim
of work was to compare the therapeutic effects of different methods of administration of mesenchymal stem
cells isolated from adipose tissue (AT MSCs) in restoring sexual function, as well as the behavior of mice with
chemotherapy-induced premature ovarian failure.

Materials and methods. The investigation was carried out on BALB/c mice with a POI model induced
by Cyclophosphamide and Busulfan. A histological examination of preparations of the ovaries and uterus was
carried out. We studied the changes in the weight of mice, ovarian function, sexual activity, as well as the
behavior of animals in anxiolytic and zoosocial tests after treatment with AT MSCs with intraperitoneal and
intraovarian routes of administration.

Results and discussion. It was shown that the effectiveness of the use of AT MSCs depends on the
method of their administration at the treatment of POI induced by chemotherapy. More rapid and complete res-
toration of the morphological structure, sexual function, and behavioral responses were observed in mice with
POI treated by intraovarial administration of AT MSCs.

Key words: premature ovarian insufficiency, mesenchymal stem cells, adipose tissue, chemotherapy.
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