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HISTOMORPHOLOGICAL CHANGES IN THE OVARY
EXPOSED TO CALCIUM ANTAGONISTS

Kazimova A.U.*,” Rustamova ML.F.,” Medjidova U.M.,” Shadlinski E.A.
Azerbaijan Medical University, Department of Pharmacology, Baku, Azerbaijan

Goal. To study the comparative influence of representatives of different chemical groups of CA on histomorphological changes
in the ovaries of female white rats. Material and methods. The control group was administered 0.2 ml of 0.9% NacCl solution
daily, the experimental animals were administered verapamil at a dose of 5 mg/kg and 25 mg/kg, nifedipine at a dose of 5 mg/
kg and 10 mg/kg, and diltiazem at a dose of 5 mg/kg and 20 mg/kg. After 21 days, the animals were decapitated, ovaries were
removed and were fixed in 10% formalin solution, were clarified in xylene, paraffinized and formed into blocks. Sections of 5
microns thickness were prepared from the blocks using a microtome (Leica RM 2125 RTS, Germany). Sections were stained
with hematoxylin and eosin (Merck, Germany). The preparations were examined under a light microscope (Leica DM 750,
Germany). Changes were recorded using a camera attached to the microscope (Leica ICC 50, Germany). Results. Verapamil at
a dose of 5 mg/kg, the number of preantral follicles was (2.3+0.4), which is 16.7% (p>0.05) less compared to the control group.
The number of antral follicles was (7.4 + 0.6), which is 42% less (p < 0.05). In the group of nifedipine (5 mg/ kg), the quantitative
indices of antral and preantral follicles decreased by 28.5% and 21%, respectively. In the group receiving nifedipine (10 mg/kg),
this reduction was 71% compared to the control group and was 16.7% higher than in the group receiving verapamil (p>0.05).
In females receiving diltiazem (20 mg/kg), the number of preantral follicles decreased by 41.7% compared to the control group
(p>0.05). Conclusion. Has been founded potential negative impact of verapamil, as well as diltiazem, on the ovaries, and when

high doses are required, the advantage of the nifedipine in this aspect has been determined.
Keywords: calcium channel blockers, antireproductive effect, ovary, follicle

alcium antagonists (CA) are among the
drugs used in the treatment and prevention
of cardiovascular diseases (CVD) [1, 2]. The
mechanism of action of these drugs is based on the
blockade of potential-dependent calcium channels
(PVCC) of the cell membrane and the reduction of
the intracellular concentration of the corresponding
ions by preventing the transmembrane Ca2+ ion
influx. It is known that Ca2+ ions are universal
secondary mediators and participate in practically all
intracellular processes — cell aggregation, hormone
secretion, mitosis, as well as the maturation of sex
cells, and, as a result, in reproductive function [3].
The increase in the number of people suf-
fering from UDS diseases in the reproductive age
from year to year, and the fact that this increase
is observed not only among men but also among
women, respectively, necessitates the intake of CA
at a younger age [4]. The above-mentioned crea-
tes the basis for studying the effect of the relevant
substances on reproductive function. Most authors
emphasize the possibility of the effect of drugs on
reproductive function, and in the literature there
is information about the effect of CA on repro-
ductive function [5, 6], but there is no informa-
tion about its effect on the ovaries in females. The
discovery of the antiplatelet, antioxidant, etc. pro-
perties of CA, which are widely used in cardiology,
neurology, gynecology, etc. fields of medicine [7]
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further expands their areas of application, and the
above-mentioned creates the need for a compre-
hensive study of the effect of the relevant drugs
on reproductive function. Verapamil, nifedipine
and diltiazem, which have the same mechanism of
action at the cellular level, are classic representa-
tives of different chemical groups of CA, and differ
sharply from each other due to their various proper-
ties. Our goal is to study the comparative effect of
representatives of different chemical groups of CA
on reproductive function, including the ovaries of
female white rats.

Material and methods. The animals of the 1st
control group were injected daily with 0.2 ml of
0.9% NaCl solution, the experimental animals of
the 2nd and 3rd groups were injected with verapa-
mil (isoptin, Abbott Italy) at a dose of 5 mg/kg and
25 mg/kg, respectively, the experimental animals of
the 4th and 5th groups were injected with nifedipine
(Pharmodipin, “Farmak” Ukraine) at a dose of 5 mg/
kg and 10 mg/kg, respectively, and the experimental
animals of the 6th and 7th groups were injected
with diltiazem (Diltizem-L, MNIS-Istanbul) at a
dose of 5 mg/kg and 20 mg/kg, respectively. The
drugs were injected into the abdominal cavity of the
animals and the doses were determined based on the
available literature data [8]. The treatment course
for the animals was continued for 21 days, provi-
ded that they were fed under the same feeding and

68


https://orcid.org/0000-0003-3358-6709
https://orcid.org/0009-0005-6424-0294
https://orcid.org/0009-0009-2139-1630
https://orcid.org/0000-0003-4752-1148

housing conditions. On the last day of treatment, the
animals were decapitated under ether anesthesia and
the abdominal cavity was opened and both ovaries
were removed. The biopsy samples were fixed in
10% formalin solution. Alcohols of various concen-
trations were used for dehydration. In the next stage,
the slices were clarified in xylene and paraffinized
and made into blocks. 5-micron sections were pre-
pared from the blocks using a microtome (Leica RM
2125 RTS, Germany). The sections were stained
with hematoxylin and eosin dyes (Merck, Ger-
many). The prepared preparations were examined
with a light microscope (Leica DM 750, Germany).
Changes were recorded with a camera attached to
the microscope (Leica ICC 50, Germany).

During the statistical analysis of the quantitative
indicators obtained from the results of the study, the
variational statistical method (Student's t-test) and the
non-parametricmethod U (Wilcoxon-Mann-Whitney)
test were applied. Statistical studies were carried out
using MS EXCEL and S-PLUS programs.

Results and discussion. Histological analysis of
ovarian tissue in female animals receiving a long-
term treatment course against the background of a
dose of 5 mg/kg verapamil showed that there was
no significant change in the number of preantral
follicles. Thus, in females receiving a course of
treatment with verapamil at a dose of 5 mg/kg, the
number of preantral follicles was (2.3+0.4), which
was a 16.7% (p>0.05) decrease compared to the

control group. In the same group, the number of
antral follicles was (7.44+0.6) and a 42% decrease
(p<0.05) was observed. In the nifedipine (5 mg/kg)
group, the quantitative indicators of antral and pre-
antral follicles decreased by 28.5% and 21%, res-
pectively, compared to the control group, which
is statistically insignificant. Slightly different re-
sults were obtained in females in the diltiazem (5
mg/kg) group. Thus, the number of antral follicles
decreased by 37% (p<0.05) compared to the control
group, and the decrease in the number of preantral
follicles was 8% (p>0.05) (Tab. 1). The rate of fol-
licle degeneration against the background of low
doses of KA did not differ significantly from that
of the control group, and the increase in the number
of degenerative follicles in the nifedipine (5 mg/kg)
and diltiazem (5 mg/kg) groups was statistically in-
significant compared to the control group (p>0.05).
The number of corpus luteum in all study groups
changed in accordance with the listed indicators and
no statistically significant results were obtained.
The results obtained show that, against the back-
ground of low doses of verapamil (5 mg/kg), nifed-
ipine (5 mg/kg) and diltiazem (5 mg/kg), there was a
change in the quantitative composition of structural
and functional elements of ovarian tissue compared
to the indicators of the control group females, but
the corresponding changes were within the norm,
that is, this proves that the drugs do not affect repro-
ductive function.

Table 1

Changes in the quantitative indicators of structural and functional elements
in the ovaries of white rats against the background of low doses

Groups Preantral follikul Antral follikul Degeneraiv follikul Corpus luteum
Kontrol (n-10) 2.0+0.4 (0-3) 10.5+1.0 (6-15) 0.6+0.3 (0-2) 7.3%£1.3 (0-13)
Verapamil 5 mg/kg 2.3+0.4 (0-5) 7.4+0.6 (3-11) 1.3+0.2 (0-2) 5.6%1.0 (0-12)
D, >0.05 <0.05 <0.05 >0.05
Nifedipin 5 mg/kg 2.4+0.3 (0-4) 8.2+5.6 (5-11) 1.1+0.2 (0-2) 8.4+0.9 (4-13)
p,.p, p,>0.05; p,>0.05 p,>0.05; p,>0.05; p,>0.05; p,>0.05 p,>0.05; p,<0.05

Diltiazem 5 mg/kg 2.2+0.4 (0-5)

7.740.6 (4-12)

1.0+0.2 (0-2) 6.2+0.3 (5-8)

P,.P, p;>0.05; p,>0.05

p,<0.05; p,>0.05

p,>0.05; p,>0.05 p,.>0.05; p,>0.05

Note: pl — comparison with the control group; p2 — comparison with verapamil; p<0.05 statistical significance of the

difference between groups.

As a result of the conducted studies, it is known
that against the background of high doses of KA,
the tendency to decrease in preantral and antral fol-

licles increased. In female rats receiving a long-term
course of treatment with verapamil at a dose of 25
mg/kg, the number of antral follicles was (1.2+0.2)
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and was 8 times lower than the indicators of the con-
trol group animals (p<0.001). In females receiving
a course of treatment with nifedipine at a dose of
10 mg/kg, this indicator was (6.2+0.3), which was
70% lower than the indicators of the control group
(p<0.005) and was 4 times higher than the indica-
tors of the verapamil (25 mg/kg) group animals.
Long-term treatment with diltiazem at a dose of 20
mg/kg caused a 1.7-fold decrease in the number of
antral follicles in the same group of females, which
was 2.2 times higher than in the verapamil (25 mg/
kg) group (p<0.001). As for the number of preantral
follicles in the verapamil group, this indicator was
(1.0+0.2) and was 2 times lower than in the control
group (p<0.05). In the nifedipine (10 mg/kg) group,

this decrease was 71% compared to the control
group (p<0.05) and was 16.7% higher than in the
verapamil group (p>0.05). In females treated with
diltiazem (20 mg/kg), the number of preantral fol-
licles decreased by 41.7% compared to the control
group (p>0.05) and was 1.8 times higher than the
verapamil (25 mg/kg) group (p<0.005). On the other
hand, it is known that the rate of increase in the num-
ber of degenerated follicles in females treated with
verapamil at doses of 25 mg/kg slightly increased.
Thus, the number of corresponding follicles in the
verapamil (25 mg/kg) group was 2 times higher than
in the control group. In the nifedipine (10 mg/kg)
group, this indicator was 1.4 times higher than in the
control group and 35.1% lower than in the verapamil

Table 2

Changes in the quantitative indicators of structural-functional elements
in the ovaries of white rats against the background of high doses

Groups

Ne (n=12) Preantral follikuls Antral follikuls Degeneraiv follikuls Corpus luteum
Kontrol (n=10) 2.0+0.4 (0-3) 10.5+1.0 (6-15) 0.6+0.3 (0-2) 7.3+1.3 (0-13)
Verapamil 25 mg/kg 1.0£0.2 (0-2) 1.2+0.2 (0-2) 1.9£0.5 (0-4) 2.8+1.0 (0-9)
D, <0.05 <0.001 >0.05 p<0.05
Nifedipin 5 mg/kg 1.2+0.2 (0-2) 6.2+0.3 (5-8) 1.4+0.4 (0-3) 5.4+0.9 (0-12)
p,.p, p,<0.05; p,>0.05 p,<0.005; p,<0.001 p,>0.05; p,>0.05 p,>0.05; p,<0.05

Diltiazem 5 mg/kg

2.840.5 (1-5)

3.840.3 (3-6)

0.3+0.1 (0-1)

5.0+0.8 (0-9)

p,.p,

p,>0.05; p,<0.005

p,<0.001; p,<0.001

p,>0.05; p,<0.05

p,<0.05; p,<0.05

Note: pl — comparison with the control group; p2 — comparison with verapamil.

(25 mg/kg) group (p>0.05). The number of degene-
rated follicles in the diltiazem group was 1.4 times
higher than in the control group (p>0.05) and 6 times
lower than in the verapamil group (p<0.05) (Tab. 2).

As for the corpus luteum indicators, it is clear
that the most significant decrease occurred in the
verapamil (25 mg/kg) group: the number of corpus
luteum was (2.8+1.0) and was 1.6 times lower than
in the control group (p<0.05). This is most likely due
to the change in follicle maturation. In the nifedi-
pine (10 mg/kg) group, the decrease in he number
of corpus luteum was 45% compared to the control
group and was statistically insignificant (p>0.05).
However, the number of corpus luteum in the cor-
responding group was approximately 2 times higher
than in the verapamil (25 mg/kg) group. In females
in the diltiazem (20 mg/kg) group, the number of

corpus luteum was found to be 4 times lower than in
the control group, which was 2 times higher than in
the verapamil (25 mg/kg) group. The results show
that increasing the dose of the respective drugs sig-
nificantly changes the quantitative composition of
the structural and functional elements of the ovarian
(Figure).

As can be seen in the figure, in the control group,
antral follicles of various sizes are found in a wide
stroma consisting of a large number of interstitial
cells, as well as follicles preparing for ovulation
(preovulatory). Antral follicles are not found in the
cross-section of the preparation prepared from the
ovaries taken from animals in the verapamil (25 mg/
kg) group. A large number of degenerated follicles
are found in the narrow stroma. In the ovaries of
females administered nifedipine (10 mg/kg) and dil-
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Figure. Histomorphological structure of the ovary against the background of high doses of CA;
A — control group; B — verapamil; C — nifedipine; D — diltiazem.

tiazem (20 mg/kg), a corpus luteum surrounded by
a moderate amount of interstitial cells and a small
number of antral follicles are found.

The results of the study show that a significant
decrease in the number of follicles and corpus
luteum in females receiving long-term treatment
with verapamil at a dose of 25 mg/kg (compared
to the control group) indicates that high doses
of the drug have an undesirable effect on the
histo-morphological structure of the ovary and,
consequently, on reproductive function. Against
the background of a high dose of diltiazem (20
mg/kg), similar changes were found, although not
as much as verapamil. In animals receiving long-
term treatment with high doses of nifedipine (10
mg/kg), the quantitative composition of the struc-
tural and functional elements of the ovarian tissue
changed less than in the other study groups.

Zhang C. et al. in their study found that the
proliferation of ovarian cells was slowed down by
the effect of CA [9]. The results of another study
conducted on male rats showed that nifedipine,
verapamil, and diltiazem significantly reduced
testicular mass and also reduced the number of
male germ cells [10]. Recent research results also
show that Calcium channels are pivotal to male

fertility and contraceptives, offering diagnos-
tic and therapeutic potential [11]. The research
results found in the literature sources are consis-
tent with our results. From this we can conclude
that Ca ions play an important role in follicle
maturation, and its deficiency leads to disruption
of the relevant processes.

Thus, the results of the study, taking into
account the above, revealed to us the possibi-
lity of using representatives of various chemi-
cal groups of CA in low doses in the pharma-
cotherapy of a number of diseases of women
of reproductive age. Also, in clinical practice,
in cases where treatment is required against the
background of high doses or when there is a need
to increase the dose, it is important to take into
account the potential negative effect of verapa-
mil, as well as diltiazem on the ovaries, and when
it is necessary to use high doses, the advantage
of the dihydropyridine derivative nifedipine from
this aspect was determined.
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XULASO

KALSIiUM ANTAQONISTLORININ TOSIRINO MORUZ QALAN
YUMURTALIQDA HISTOMORFOLOJI DOYISIKLIKLOR

Kazimova A.U., Riistamova M.F., Macidova U.M., Sadlinski E.A.
Azarbaycan Tibb Universiteti, Farmakologiya kafedrasi, Baki, Azarbaycan

Magsad. Miixtolif kimyoavi qruplarin niimayondoslorinin digi ag sicovullarin yumurtaliglart da daxil olmaqla reproduktiv
funksiyaya miiqayisali tosirini dyronmok. Material vo metodlar. 1-ci nazarsat qrupuna giindslik 0,2 ml 0,9% NaCl mshlulu
vuruldu, 2-ci vo 3-cii qruplarin eksperimental heyvanlarina miivafiq olaraq 5 mqg/kq vo 25 mq/kq dozada verapamil vuruldu,
4-cii vo 5-ci qruplarin eksperimental heyvanlarina miivafiq olaraq 5 mqg/kq vo 10 mq/kq dozada nifedipin vuruldu, 6-c1 vo
7-ci qruplarin eksperimental heyvanlarina iso 5 mqg/kq vo 20 mqg/kq dozada diltiazem vuruldu. 21 giindon sonra heyvanlarin
baslar1 efir anesteziyasi altinda kosildi vo qarin boslugu agildi vo hor iki yumurtaliq ¢1xarildi. Biopsiya niimunalari 10% formalin
mohlulunda fiksasiya edildi. Novbati morhalodos dilimlor ksilolda tomizlondi vo parafinlosdirilorok bloklara ¢evrildi. Bloklardan
mikrotom (Leica RM 2125 RTS, Almaniya) istifads edilorok 5 mikronlu kasiklar hazirlanmisdir. Kasiklor hematoksilin va eozin
boyalari ils boyanmisdir (Merck, Almaniya). Hazirlanmis preparatlar isiq mikroskopu (Leica DM 750, Almaniya) ilo miiayina
edilmisdir. Dayisikliklor mikroskopa qosulmus kamera ilo qeydo alinmisdir (Leica ICC 50, Almaniya). Naticalor. Verapamillo
5 mq/kq dozada miialico zamani preantral follikullarin say1 (2.3£0.4) olmusdur ki, bu da nozarst qrupu ilo miigayisados 16.7%
(p>0.05) azalma demokdir. Antral follikullar (7.4+0.6) olmusdur vo 42% azalma (p<0.05) miisahido edilmisdir. Nifedipin (5
mgq/kq) qrupunda antral va preantral follikullarin kemiyyat gostericileri miivafiq olaraq 28.5% va 21% azalmisdir. Nifedipin (10
mq/kq) qrupunda bu azalma nazarat qrupu ile miigayisads 71% (p<0.05) va verapamil qrupundakindan (p>0.05) 16.7% yiiksok
olmusdur. Diltiazem (20 mq/kq) ile miialice olunan qadinlarda preantral follikullarin say1 nazarat qrupu ilo miiqayisads 41.7%
azalmis (p>0.05) vo verapamil (25 mq/kq) qrupundan 1.8 dofa ¢ox olmusdur (p>0.05). Yekun. Klinik praktikada, yiiksok dozalar
fonunda mialico tolab olundugda vo ya dozanin artirilmasina ehtiyac olduqda, verapamilin, eloco do diltiazemin yumurtaliglara
potensial monfi tasirini nozars almaq vacibdir vo yiiksok dozalardan istifads etmok lazim goaldikdo, dihidropiridin téromasi olan
nifedipinin bu baximdan {istiinliiyii miioyyon edilmisdir.

Acar sozlor: kalsium kanal blokerlori, reproduktiv tosir, yumurtaliq, follikul
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PE3IOME

I'MCTOMOPDOJOI'MYECKHUE UBMEHEHUSA B ANYHUKAX
MO BO3AEMCTBUEM AHTATOHUCTOB KAJIBIIHUS

Ka3umosa A.Y., PycramoBa M.®., Ma:xxunosa Y.M., lllagimucknuii E.A.
Asepbatioscanckuu Meouyunckuti Ynusepcumem, kageopa gpapmaronozuu, baxy, Azepbaiioncan

Heab. M3yunTs CpaBHUTENBHOE BIWSHUE TIPEJACTABUTENEH PpA3IMYHBIX XUMHUYECKHX TIpPYNN KapOOaHTHApas3bl Ha
THCTOMOP(OIOTHUECKUE U3MEHEHNS B IMUHUKAX CaMOK OelbIX Kpbic. MaTepuas u MeToabl. KOHTpOIIBHOI rpymie exXxeJHEBHO
BeouiH 0,2 mit 0,9% pactBopa NaCl, skcriepuMeHTalIbHBIM )KUBOTHBIM — BEpariaMmI B 7103aX 5 MI/KT U 25 Mr/Kr, HudeannuH
B J103ax 5 Mr/kr u 10 MI/KT, a TaKke AuiaTnaseM B j1o3ax S Mr/kr u 20 mr/kr. Uepes 21 1eHb )KUBOTHBIX 00€3IVIaBIMBaANIN, IMYHUKA
n3Biekanu u gukcuposaiu B 10% pacrBope hopMannHa, OCBETIISUTH B KCUIIoNe, apapuHUpoBaiy U popmupoBanu onoku. 13
0JIOKOB TOTOBHJIM CPE3bl TOJIIMHOW 5 MKM ¢ romoribio Mukporoma (Leica RM 2125 RTS, I'epmanust). Cpesbl OKpaiivBaii
reMaToKCHINHOM U 303uHOM (Merck, I'epmanmst). IIpemaparsr mccnemoBany mof cBeTOBEIM MuKpockonoMm (Leica DM 750,
Iepmanns). VI3MeHEHUS PETHCTPHPOBAIH C TIOMOIIBIO KaMephl, MpHUKperuieHHoH Kk mukpockony (Leica ICC 50, I'epmanms).
Pesyabrarsl. [Ipu 103e Bepamamuiia 5 MI/KT KOJIMYECTBO NMPEAHTPAIBHBIX (OIIHKYIOB coctaBmio (2,3+0,4), uro Ha 16,7%
(p>0,05) mMeHbIIe 110 CPAaBHEHUIO C KOHTPOJILHOM rpynmoil. KomrmuectBo aHTpanbHbIX (oiumkyinoB cocrasuio (7,4+0,6), uto
Ha 42% wmenbiie (p<0,05). B rpynmne mudeaunuHa (5 MI/Kr) KOJIMYECTBEHHbBIC MMOKA3aTE/IM aHTPAIBHBIX M MPEaHTPaIbHBIX
¢donnukynoB cauzmmch Ha 28,5% u 21% coorBercTBeHHO. B rpymnme, nomyvasiieir Hudeannun (10 MI/kr), 3T0 CHUKEHHE
coctaBuio 71% 1o cpaBHEHMIO C KOHTPOJIBHOM rpynmnoi u 0buto Ha 16,7% BbIle, YeM B TpyIIe, MOMydaBIIeld Beparmamul
(p>0,05). ¥ camok, nmomy4aBmux auiaTuazeM (20 MI/kr), KOJIM4IeCTBO MPEaHTPAIBHBIX (OJUTHKYIIOB yMEHBIIHMIOCH Ha 41,7% 1o
CPaBHEHHIO C KOHTPOJIBHOM Tpynmoii (p>0,05). BeiBoa. YcTaHOBICHO NOTEHIIMAIBHOE HETATHBHOE BO3CHCTBHE BepanaMuiia, a
TaKKe UITHA3eMa, Ha SIMYHUKH, ¥ TIPH HEOOXOMMOCTH IPUMEHEHHS BBICOKHX 7103 B 3TOM acIeKTe OIPE/IEeIICHO IIPEUMYIIIECTBO
HU(EAUITHHA.
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