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Abstract

Background. Cyclophosphamide, a common chemotherapeutic drug, induces premature
ovarian failure and infertility due to oxidative stress and apoptosis. This study aimed to
investigate the protective effect of anthocyanins, as natural antioxidant and anti-
inflammatory compounds, on hormonal factors and histological changes of the ovary
against cyclophosphamide.

Methods. A total of 32 female Wistar rats were selected and randomly divided into four
groups: (1) healthy control group, (2) cyclophosphamide-injured group (200 mg/kg), (3)
therapeutic group receiving cyclophosphamide along with anthocyanins at a dose of 100
mg/kg for 28 days, and (4) healthy group receiving anthocyanins. At the end of the
treatment, serum levels of estradiol, progesterone, Anti-Miillerian Hormone (AMH),
Follicle-Stimulating Hormone (FSH), and Luteinizing Hormone (LH) were measured by
ELISA. Ovaries were examined for histopathological and histomorphometric evaluation
(follicle count and fibrosis percentage).

Results. Cyclophosphamide caused a significant decrease in ovarian weight, as well as
estradiol, progesterone, and AMH levels, and an increase in FSH and LH levels. Tissue
damage included a severe reduction in healthy follicles, increased atresia, and stromal
fibrosis. Concurrent administration of anthocyanins, especially at the dose of 100 mg/kg,
reversed these changes in a dose-dependent manner and significantly restored hormonal
and tissue parameters to levels close to the control group.

Conclusion. Anthocyanins, through antioxidant and anti-inflammatory mechanisms,
prevent hormonal dysfunction and structural ovarian damage induced by
cyclophosphamide. These compounds show high potential as natural protective agents for
ovarian reserve during chemotherapy.

Practical Implications. Anthocyanins, with their antioxidant and anti-inflammatory
properties, can effectively prevent the hormonal disruption and structural damage to the
ovaries caused by the administration of cyclophosphamide.
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Extended Abstract

Background

Cyclophosphamide is an alkylating chemotherapy
drug, which is widely used in the treatment of a variety
of malignancies and autoimmune diseases. Despite its
high efficacy, its use is associated with significant side
effects, one of the most concerning of which is toxicity
to the reproductive system, especially in women.
Cyclophosphamide can cause ovarian dysfunction,
follicular reserve depletion, premature ovarian
insufficiency (POI), and infertility by inducing
oxidative stress, apoptosis, and DNA damage. These
damages are often accompanied by adverse changes
in sex hormone levels (e.g., estradiol, progesterone,
anti-Miillerian hormone (AMH), and follicle-
stimulating hormone (FSH)) as well as the occurrence
of specific histological alterations such as follicular
atresia, stromal fibrosis, and decreased corpora lutea.
Consequently, finding protective strategies to reduce
these complications has become a necessity in the
field of reproductive medicine. This study aimed to
investigate the protective effect of anthocyanins, as
natural  antioxidant and  anti-inflammatory
compounds, on hormonal factors and histological
changes of the ovary against cyclophosphamide.

Methods
This experimental study was conducted on 32 adult

female Wistar rats (age of 8 weeks, weight of 180-200
g). After one week of acclimation under standard
conditions (temperature of 22+1°C, photoperiod of
12/12 hours, humidity of 50-55%, and free access to
food and water), the animals were randomly divided
into four groups (8 animals per group): (1) healthy
control (receiving vehicle solution for 28 days), (2)
cyclophosphamide (intraperitoneal injection of
cyclophosphamide at a dose of 200 mg/kg on days 1
and 8), (3) cyclophosphamide + anthocyanin
(receiving cyclophosphamide similar to group 2 along
with anthocyanin 100 mg/kg/day by gavage for 28
days), and (4) anthocyanin (receiving anthocyanin
100 mg/kg/day). All procedures were performed
according to the SAGER guidelines. Additionally, the
research protocol was approved by the Ethics
Committee of Tabriz University of Medical Sciences

(IR.TBZMED.AEC.1403.061). At the end of the
experimental period, animals were anesthetized with
ketamine/xylazine and underwent cardiac blood
sampling. Finally, both ovaries were removed. Blood
serum was analyzed for estradiol, progesterone, FSH,
LH, and AMH levels using ELISA kits (Monobind,
USA). Ovarian tissues were fixed in 10% formalin,
processed, embedded in paraffin, cut into 5-micron
sections, and stained with hematoxylin-eosin (H&E).
Histopathological studies included examination of
ovarian morphology, counting of primary, secondary,
antral, and corpus luteum follicles, and assessment of
atresia, necrosis, and hemorrhage. Moreover,
histomorphometric analysis was performed using
Image] software to count follicles and measure the
thickness of the granulosa layer. Data were analyzed
using SPSS version 26. Normality of data distribution
was assessed using the Shapiro—Wilk test, and group
comparisons were performed using one-way ANOVA
and Tukey's post hoc test. Results are reported as mean
+ standard deviation, and P < 0.05 was considered
statistically significant.

Results

At the end of the 28-day period, the injection of
cyclophosphamide significantly reduced the final
body weight and relative ovarian weight compared to
the control group (P<0.05). Simultaneous
administration ~ of  anthocyanin  significantly
compensated for this decrease and brought the body
weight and relative ovarian weight values to levels
close to the control group, while anthocyanin alone
had no adverse effect on these indices.

The evaluation of the hormonal profile showed that
cyclophosphamide significantly reduced serum levels
of estradiol, progesterone, and anti-mullerian
hormone (AMH) and significantly increased FSH and
LH levels compared to the control group (P<0.05).
Treatment with anthocyanin significantly corrected
these abnormalities; in other words, estradiol,
progesterone, and AMH levels increased and FSH and
LH values decreased compared to the
cyclophosphamide group (P<0.05). In the group
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receiving anthocyanin alone, hormonal values similar
to those of the control group were observed.

Histopathological examination of hematoxylin-
eosin stained sections showed that the ovarian
structure in the control group was normal and follicles
were observed at different stages of development
along with healthy corpus luteum. In contrast, the
cyclophosphamide group suffered from significant
tissue damage including a decrease in the number of
primary, secondary, and antral follicles, an increase in
atretic follicles, a decrease in the number and quality
of corpus luteum, detachment of the granulosa layer,
and areas of hemorrhage. Treatment with anthocyanin
significantly reduced these pathological changes and
improved the ovarian tissue architecture and increased
the number of healthy follicles, while the ovarian
tissue in the anthocyanin alone group was similar to
the control group.

The results of histomorphometric analysis also
confirmed the histopathological findings.
Cyclophosphamide significantly reduced the number
of primary and antral follicles, decreased the number
of corpora lutea, and significantly increased the
number of atretic follicles (P<0.05). In addition, the
average thickness of the granulosa layer in antral

follicles was significantly reduced. The administration
of anthocyanin significantly corrected these changes;
in other words, the number of healthy follicles and
corpora lutea increased, the number of atretic follicles
decreased, and the thickness of the granulosa layer
significantly ~ improved  compared to  the
cyclophosphamide group (P<0.05). These findings
indicate that anthocyanin has a significant protective
effect against cyclophosphamide-induced ovarian
damage and preserves ovarian structure and function.

Conclusion

Anthocyanins, through antioxidant and anti-
inflammatory  mechanisms, prevent hormonal
dysfunction and structural ovarian damage induced by
cyclophosphamide. These compounds show high
potential as natural protective agents for ovarian
reserve during chemotherapy.

Practical Implication

Anthocyanins, with their antioxidant and anti-
inflammatory properties, can effectively prevent the
hormonal disruption and structural damage to the
ovaries caused by the administration of
cyclophosphamide.
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