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Article info ABSTRACT
Article history: Background: Premature ovarian insufficiency (POI) is the cessation of
Received: Sep 18, 2024 ovarian function in women under 40. One of the mechanisms involved in the

Accepted: Oct 16, 2024 induction of POI is oxidative stress. This study aims to investigate the effect
of caffeic acid on the morphometrical changes of ovarian follicles of POI
model mice.

Ovarian Follicles Methods: Thirty-two female mice were randomly divided into 4 groups
D-galactose (n=8): 1) Control group (cont), 2) Caffeic acid group (CAF), 3) Premature
Morphometry ovarian insufficiency group (POI), and 4) Premature ovarian insufficiency +
Caffeic acid group (POI+CAF). POI was induced through daily subcutaneous
injections of D-galactose (200 mg/kg) for 6 weeks. Caffeic acid (60 mg/kg,
intraperitoneal) was injected daily for 4 weeks from 15™ day. One day after
the last injection, the mice were anesthetized and the ovaries were removed.
Then, the morphometric changes of ovarian follicles were examined using
hematoxylin-cosin (H&E) staining.

Results: The results showed that D-Galactose-induced POI significantly
decreases the diameter of primary, secondary, and antral follicles (P<0.05).
Administration of caffeic acid in the POI+CAF group significantly prevented
the reduction of follicle diameter (P<0.05).

Conclusion: The results showed that caffeic acid can prevent the reduction of
the diameter of ovarian follicles in POI model mice.
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Extended Abstract

Background: Premature ovarian insufficiency
(POI) is a significant medical subject regarding
women of reproductive age. It is a clinical
syndrome distinct by the harm of ovarian
activity before the age of 40 years. Around 1%
of the general population has an ovarian failure.
Numerous terms have been used to define this
disorder, such as  ‘primary  ovarian
insufficiency’, ‘premature menopause’, and
‘premature ovarian failure’. However, the up-
to-date guideline from the European Society of
Human  Reproduction and Embryology
accepted ‘premature ovarian insufficiency’ as
the standard nomination. It has been proven that
genetic factors such as Turner syndrome, fragile
X syndrome, etc., are the main cause of ovarian
failure. Immunological disorders, galactosemia,
radiotherapy, chemotherapy, pelvic surgeries,
and oxidative stress can also cause POI. The
diagnoses are primary or secondary amenorrhea
>4 months with onset before 40 years of age,
and higher follicle-stimulating  hormone
(FSH)>25IU/L on 2 analyses at>4 weeks’
interval. Also, in this case the level of estradiol
is low, and anti-Miillerian hormone (AMH)
levels have generally diminished. A patient
with the appearance of POI has short-term and
long-term  subsequences  of  prolonged
hypoestrogenism, reduction of the quantity and
quality of follicles, libido, vaginal dryness,
mood disorders, cardiovascular disorders,
cognitive  impairment, osteopenia, and
osteoporosis. Overall, the chemotherapy drug-
induced model is a classic animal model for
studying POI. However, the use of
chemotherapy drugs may be associated with
adverse effects such as myelosuppression and
bleeding. Exposure to galactose causes the
destruction and reduction of ovarian follicles.
D-galactose can accelerate the aging process
and POI model. Recently, the D-galactose-
induced model has been widely used in POI
animal model studies. Clinically, hormone
replacement therapy (HRT) is the most
common treatment for POI The protective
effects of some hormones, such as anti-
Miillerian hormone (AMH), melatonin, and
growth hormone, have been confirmed. But,
long-term use of HRT may raise the risk of
cardiovascular disorder and cancer. Therefore,

POI is still clinically needed for alternative
treatments. Several studies have revealed
beneficial properties of antioxidants in the
treatment of POI such as melatonin, icarine,
resveratrol, and caracole. This study aims to
investigate the effect of caffeic acid on the
morphometrical changes of ovarian follicles of
POI model mice.

Methods: In this experimental study, a total of
32 balb/c female mice (6-7 weeks old) were
obtained from the Royan Institute of Tehran.
All procedures of working with animals were
made based on the approval of the Ethics
Committee of Ardabil University of Medical
Sciences (IR. ARUMS. AEC. 1400. 018).
Animals had free access to food and water
during the study. The animals were kept in the
animal house of Ardabil University of Medical
Sciences (under controlled conditions) for 2
weeks to adapt to the environmental conditions,
and during this period, the estrous cycle was
examined (to evaluate the health of the
reproductive system). Then, healthy female
mice (in terms of estrous cycle) after estrous
cycle equalization (in proestrus stage) were
randomly divided into four groups (n=8): 1)
Control group (cont), 2) Caffeic acid group
(CAF), 3) Premature ovarian insufficiency
group (POI), and 4) Premature ovarian
insufficiency + Caffeic acid group (POI+CAF).
POI was induced by daily injection of D-
galactose at a dose of 200 mg/kg body weight
subcutaneously for 6 weeks. In this way, from
the beginning of the study, D-galactose was
injected in the POI and POI+CAF groups, and
at the same time, the estrous cycle of the mice
was controlled for 2 weeks (to ensure the
induction of POI). From the third week (day
15), caffeic acid (60 mg/kg body weight) was
injected intraperitoneally daily for 4 weeks in
the CAF and POI+CAF groups. Caffeic acid
was dissolved in the minimum volume of pure
alcohol and then diluted in normal saline (7%
alcohol). The D-galactose solvent was also
normal saline .A Vaginal smear was used to
evaluate the estrous cycle. After preparing the
smear, it was stained with crystal violet and the
phases of the estrus cycle (proestrus, estrus,
metestrus and diestrus) were checked. One day
after the last injection, the mice were weighed
and after anesthesia, the abdominal cavity was
opened and the ovaries were removed
immediately. Ovaries were weighed, and fixed
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with 10% formalin buffer. After tissue
processing, stained with hematoxylin and eosin
(H&E). For morphometric studies, images were
taken of different follicles (primary follicle,
secondary follicle, and antral follicle) in each
tissue section, and the diameter of the follicles
was measured using Image J software.

Results: Evaluation of ovarian index (the ratio
of ovarian weight to body weight) did not show
a significant difference between POI and
control groups. Also, the comparison of the
POI+CAF group with the POI group did not
show any significant difference in the ovarian
index. In the caffeic acid group, although there
was an increase in the ovarian index compared
to the control group, it was not significant. On
the other hand, histological examinations
showed that the structure of ovaries, follicles
and oocytes in the control and caffeic acid
group was normal. In the POI group, tissue
damage was observed in granulosa cells and

oocytes (characteristic of atretic follicles) in
some follicles. In the POI+ CAF group, ovarian
tissue damage was less compared to the POI
group. Also, the morphometric evaluation
showed a significant decrease in the diameter of
primary, secondary and antral follicles in the
POI group compared to the control group
(<0.05). Treatment with caffeic acid in the
POI + CAF group showed a significant increase
in the diameter of the follicles compared to the
POI group (p<0.05). There was no significant
difference between the control group and
caffeic acid in the above parameters.
Conclusion: The results of the present study
showed that D-galactose-induced POI causes
tissue damage in the ovary and also decreases
the diameter of the follicles. Treatment with
caffeic acid probably prevents ovarian tissue
damage and helps the growth of follicles due to
its antioxidant properties.
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