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Abstract

Aim: The use of methotrexate (MTH), a drug commonly prescribed to treat rheumatoid
arthritis, cancer, and certain autoimmune diseases, has been linked to early ovarian failure
and infertility in women when used in varying amounts and durations. In this study,
the possible effects of MTH exposure at different doses on rat ovary were investigated
histologically and immunohistochemically.
Materials and Methods: A total of 21 female rats, Wistar albino, were utilized in
the investigation. The control group (n = 7) was not subjected to any treatment. The
10 mg/kg MTH group (n = 7) and the 20 mg/kg MTH group (n = 7) were given in-
traperitoneal injections of 10 mg/kg and 20 mg/kg methotrexate, respectively. Five days
after injection, the ovarian tissues were taken out of the anesthetized rats and subjected
to routine histological tissue processing. The histological evaluation was performed with
hematoxylin and eosin (H&E) and Masson’s trichrome (MT) on paraffin block sections.
Additionally, immunohistochemical staining was performed to determine AMH immunore-
activity.
Results: In both MTH groups, histopathological changes were observed, particularly in
the 20 mg/kg group, and these included the presence of areas of edema as well as dilated
or congested blood vessels. Furthermore, the 20 mg/kg MTH group exhibited increased
fibrotic tissue in the ovarian medulla. The number of follicles and AMH immunoreactivity
were observed to be reduced in the MTH groups, with the reduction reaching a statistically
significant level in the 20 mg/kg MTH group ovary. In terms of AMH immunoreactivity, it
is demonstrated that there is no statistical significance between the control and 10 mg/kg
MTH groups.
Conclusion: The dose of MTH should be considered carefully, as increasing the dose
may lead to deterioration of ovarian histopathology and a reduction in the reserve of the
ovary.

Copyright © 2024 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

MTH, a folic acid antagonist, exerts its pharmacological
effect by inhibiting the activity of the dihydrofolate re-
ductase enzyme. The synthesis of pyrimidines, purines,
and nucleic acids is inhibited when MTH binds to this
enzyme [1]. This substance has the potential to inhibit
the proliferation and development of malignant and some
non-cancerous cells. Furthermore, it may also induce toxic
effects, particularly in cells with a high capacity to divide
[2,3]. MTH has been shown to arrest cells in metaphase
in animal studies [3]. The drug is used to treat malignant
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tumors, cancer, autoimmune, and inflammatory diseases
due to its anti-proliferative, anti- inflammatory, and im-
munosuppressive effects [4,5]. MTH is effective but has a
high efficacy/toxicity ratio, which may lead to multi-organ
toxicity due to its antimetabolic and cytotoxic effects [6].

MTH-induced organ and tissue damage is defined by the
generation of reactive oxygen species, oxidative stress, and
inflammation, particularly in response to high doses or
long-term use of MTH. Such damage can result in func-
tional and structural abnormalities of the ovaries, with
the potential for infertility in high doses [7,8]. The mea-
surement of anti-Mullerian hormone (AMH) has emerged
as a sensitive and reliable biomarker for the evaluation of
ovarian reserve following gonadotoxic treatment, includ-
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ing chemotherapeutic, radiotherapeutic, and surgical in-
terventions. AMH is a glycoprotein differentiation factor
that belongs to the TGF-β family, which includes inhibin
and activin [9]. This hormone is secreted from preantral
and antral follicles’ granulosa cells independently of the
menstrual cycle. Serum levels of AMH can be used to
predict potential impacts on the ovarian reserve [10,11].
In conclusion, the goal of this investigation was to deter-
mine the histopathological changes generated by two dif-
ferent doses of MTH in rat ovarian tissue and its effects on
ovarian reserve histologically and immunohistochemically.

Materials and Methods
Preparation of MTH
MTH at a concentration of 50 mg/mL was acquired by
Kocak Pharma (Istanbul, Turkey).

Animal care
The Erciyes University Local Ethics Committee granted
permission (decision number 23/081) to obtain twenty one
female adult Wistar albino rats. for the current study. The
animal experiment for this study was performed at the Er-
ciyes University Experimental Research, Application, and
Research Center. The rats were placed in sterilized cages
with unlimited access to pellets and water and subjected
to a 12-hour light/dark period.

Experimental design
The results of the literature review indicated that 10
mg/kg and 20 mg/kg MTH administration would be ap-
propriate for inclusion in the present study. The study
consisted of three groups, each comprising seven animals.
The procedures to be performed on each group are out-
lined below: Control group; no treatment was performed.
10 mg/kg Methotrexate group; on the first day of the ex-
periment, 10 mg/kg MTH was applied intraperitoneally
in one dosage [12]. 20 mg/kg Methotrexate group; on the
first day of the experiment, 20 mg/kg MTH was applied
intraperitoneally in one dosage [13,14].
Five days following the dosage, all animals were anes-
thetized with a combination of xylazine and ketamine. For
histological and immunohistochemical analyses, rat ovar-
ian tissue was extracted.

Histopathological examination
Following the conclusion of the experiment, the entire
ovarian tissues from each experimental group were ob-
tained and preserved in 10% formaldehyde. The tissues
were taken out of the fixative and rinsed with tap wa-
ter following a 72-hour incubation period in formalde-
hyde. Dehydration was achieved by passing the sample
through a series of gradually increasing alcohol solutions,
followed by transparency achieved through three different
xylene solutions. Finally, the paraffin-embedded tissues
were prepared for sectioning, and 5 µm-thick 1/12 serial
sections were taken from each prepared paraffin block onto
slides [15-17]. Subsequently, the deparaffinization and re-
hydration of the sections were conducted prior to staining
them with hematoxylin and eosin (H&E) and Masson’s

trichrome dyes. The stained sections were subjected to
a series of increasingly dilute alcohols and xylol solutions
in order to facilitate covering. Visualization and photog-
raphy of the sections were conducted using an Olympus
BX51 (Olympus Corp., Tokyo, Japan) light microscope.

Morphological classification and counting of follicles

Serial sections of ovarian tissues from all experimental
groups were examined under light microscopy to quantify
follicular capacity using H&E staining. Only follicles with
oocytes containing the nucleus and nucleolus were included
in the counting. All follicles in the sections were counted
based on the predetermined criteria. The follicle types
were defined as primordial, primary, preantral, secondary,
tertiary, and atretic follicles, according to the shape and
number of rows of granulosa cells around the oocyte and
the presence or absence of an antrum within the follicle.
Primordial follicle; oocyte enclosed by a single layer of flat
granulosa cells, primary follicle; oocyte enclosed by a single
layer of cuboidal granulosa cells, preantral follicle; oocyte
enclosed by more than one layer of cuboidal granulosa cells,
secondary follicle; follicles with antral spaces between mul-
tilayered granulosa cells, tertiary follicle; follicle consisting
of a large cavity and clusters of cells called corona radiata
and coumulus oophorus extending into this cavity, atretic
follicle; follicles formed by disruption of the shape and or-
ganization of oocytes and granulosa cells. Healthy follicles,
which were classified and counted, retained a continuous
basement membrane, germinal epithelium, and oocyte in-
tegrity, whereas these structures were absent in atretic fol-
licles. The whole number of follicles in each rat ovary was
counted using the previously stated parameters [16].

Immunohistochemistry analysis

The anti-Mullerian hormone (AMH) immunoreactivity in
ovarian tissue was determined by means of the Avidin-
Biotin-Peroxidase labeling procedure. The sections were
initially deparaffinized with xylene and subsequently hy-
drated with a decreasing alcohol series. The sections were
then washed with deionized water before being subjected
to heat in a microwave oven for 20 minutes at 95°C in
a 0.01 M sodium citrate buffer (pH 6.0). After the sec-
tions had remained in the same solution for 20 minutes
at room temperature, they were subjected to a wash with
phosphate-buffered saline (PBS). The application of 3%
hydrogen peroxide (H2O2) for a period of ten minutes
was employed to block the endogenous peroxidase activity.
The following were performed in a humid chamber, with
the staining kit employed in accordance with the instruc-
tions provided by the producer. In order to cover areas
beyond the antigenic regions, Ultra V Block was applied
to the sections for a period of 10 minutes. Following an
overnight treatment at 4°C with the AMH (Santa Cruz,
Sc166752) primer antibody, PBS washing was applied to
the sections. Biotinylated secondary antibodies were then
applied to them for ten minutes. Subsequent to the in-
cubation in PBS, the tissue sections were subjected to
a peroxidase-conjugated streptavidin treatment. Tetrahy-
drochloride was employed to demonstrate the presence of
immunoreactivity, and Gill haematoxylin was utilized for

583



Yalcin B. et al. Original Article 2024;31(8):582–586

nuclear staining. Before being cleaned in xylene and cover-
slipped in entellan, the sections were dehydrated in higher
concentrations of alcohol.
Images were obtained using the Olympus BX51 light mi-
croscope. Ten microscopic fields were evaluated for each
preparation with the Image J program [16,17].

Statistical analysis
The obtained data was subjected to normality testing us-
ing the Shapiro-Wilk and Kolmogorov- Smirnov tests. The
data for the number of ovarian follikul and AMH im-
munoreactivity for the preantral and secondary follicles,
which exhibited a normal distribution, were subjected to
a post hoc Tukey analysis and an analysis of variance
(ANOVA) and presented as the mean ± SE. The data
for AMH immunoreactivity for the primary follicles, which
was not normally distributed, was subjected to a Kruskal-
Wallis test and a Tukey post-hoc test and presented as
the median (quartile 1-quartile 3). The analysis of the
data was done by the GraphPad Prism program (version
9.0, GraphPad Inc., San Diego, CA). All analyses were
assessed at a 95% level of confidence (p<0.05).

Results
Histopathological results
Under light microscopy, H&E-stained ovarian sections
were examined to assess ovarian morphology and ascer-
tain whether MTH had an influence on the ovarian follicle
and ovarian tissue. In the control group, ovarian tissues
were observed to maintain their normal histomorphologi-
cal characteristics. Both the cortex, consisting of follicles
at various stages of growth, and the medulla, consisting
of loose connective tissue, retained their typical histolog-
ical appearance. In comparison to the control group, the
MTH-treated rats ovaries showed a decrease in follicles and
an increase in dilated or congested blood vessels in the
medulla. In addition to the presence of edema, the find-
ings were more noticeable in the 20 mg/kg MTH group
(Figure 1).
To analyze how MTH influenced the morphological compo-
sition of connective tissue and the accumulation of collagen
fibers in formalin-fixed ovarian sections, they were stained
with MT. In the 10 mg/kg MTH group, there was no de-
tectable increase in cortical or medullary fibrosis compared
to the control group. However, the 20 mg/kg MTH group
exhibited the highest amount of fibrosis in the medulla
(Figure 1).

MTH induced changes in ovarian follicular reserve
To ascertain the stage of ovarian follicular development at
which MTH is effective, primordial, primary, secondary,
antral, and atretic follicles were taken into account in ev-
ery 12 stained sections and shown in Table 1. The quan-
tity of all follicular types demonstrated a reduction in both
MTH-treated groups. The primordial, primary, and pre-
antral follicle counts in the 10 mg/kg MTH group were
comparable to those in the control group (p>0.05). In
contrast to the control group, the group treated with 10
mg/kg of MTH demonstrated a significant reduction in the
number of secondary and tertiary follicles, which represent

Figure 1. H&E and MT stained images in rat ovarian
sections from each experimental group. Primordial follicles
(yellow arrow), primary follicles (red arrow), secondary
follicle (sf), corpora lutea (CL) and atretic follicles (AF).
Congested blood vessels (green arrow), and edema (arrow
head). HE: Hematoxylin-Eosin staining, 200x. Fibrosis
(orange arrow). MT: Masson’s Trichrome staining, 200x.

the later stages of follicle development (p<0.05). In par-
ticular, a significantly lower number of all follicular types
was observed in the 20 mg/kg MTH group relative to the
control group (p<0.05). The only variable in which the
two MTH groups differed statistically was the number of
secondary follicles (p<0.05). Furthermore, compared to
the control group, the MTH groups had a considerably
larger number of atretic follicles. Moreover, follicles in the
MTH group exhibited significantly higher levels of atresia
than those in the control group (p<0.05).

Table 1. Number of follicles in different stages of ovarian
follicular development.

Follicle type Control 10 mg/kg MTH 20 mg/kg MTH p

Primordial 37.80±4.817a 33.20±5.848ab 25.80±3.564b 0.007

Primary 19.40±4.278a 16.60±2.302ab 12.00±2.236b 0.008

Preantral 14.00±2.915a 11.80±3.114ab 8.40±2.074b 0.022

Secondary 17.40±2.302a 12.80±1.924b 8.4±1.140c < 0.001

Tertiary 11.80±3.834a 5.4±1.673b 2.8±0.836b < 0.001

Atretic 14.80±4.494a 24.00±2.915b 26.80±4.438b 0.001

The data is expressed as the mean ± SE and 95% confidence interval for mean. A
value of P below 0.05 may be deemed to indicate a statistically significant alteration.
The same letters denoted the resemblance of the groups in the same line, while the
separate letters reflected the divergence.

Immunohistochemical analysis
Table 2 displays the AMH immunoreactivity produced by
granulosa cells in primary, preantral, and secondary folli-
cle types. In both groups treated with MTH, AMH im-
munoreactivity decreased in these types of follicles, and
the decrease was statistically significant between the 20
mg/kg group and the other groups (p<0.05). Addition-
ally, there was no statistically significant difference in the
follicle types exhibiting AMH immunoreactivity between
the 10 mg/kg group and the control group (p>0.05). The
study also detected that the effects of MTH worsened with
an increase in dosage (Figure 2).
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Table 2. Immunohistochemical analyses for AMH levels in ovarian tissue of each experimental groups.

Groups Control 10 mg/kg MTH 20 mg/kg MTH p

Primary follicules 131.6 (123.2-141.0)a 113.8 (123.4-137.7)a 109.1 (99.90-120.9)b < 0.001

Preantral follicles 135.5 ± 10.17a 130.0 ± 9.103a 103.9 ± 10.69b < 0.001

Secondary follicles 120.7 ± 17.22a 126.4 ± 20.16a 104.2 ± 7.819b < 0.001

The data for the primary follicles is presented as the median (quartile 1-quartile 3), the data for the preantral and secondary follicles is presented as the mean
± SE and 95% confidence interval for mean. A value of P below 0.05 may be deemed to indicate a statistically significant alteration. The same letters denoted
the resemblance of the groups in the same line, while the separate letters reflected the divergence.

Figure 2. Immnohistochemically stained AMH images
in rat ovarian sections from each experimental group. The
immunostaining for AMH was particularly apparent in the
cytoplasm of the developing granulosa cells. x20 magnifi-
cation 200x, x40 magnification 400x.

Discussion

MTH has been used for the treatment of a number of con-
ditions, but its use has been limited because of its side
effects [18]. MTH has been demonstrated to have ad-
verse effects not only on cancerous cells but also on highly
proliferative cells such as ovarian follicles, bone marrow,
and gastrointestinal mucosa. In addition, MTH has been
demonstrated to exhibit toxicity in a number of organs
due to its restricted therapeutic index [19]. This study
evaluated the histopathological and immunohistochemical
effects of methotrexate on ovarian tissue damage in an ex-
perimental animal model. The results showed that two
different doses of MTH caused a deterioration of ovarian
histology, with a dose-dependent decrease in ovarian folli-
cle reserve observed through both follicle count and AMH
immunoreactivity results.
MTH is a medication that is employed in the treatment
of various diseases, with varying doses and durations of
administration. Because of these differences, its effects
on ovarian tissue are also variable. The histopathological
examination of rat ovarian tissue following the administra-
tion of 20 mg/kg MTH revealed that the growing follicles
within the cortex displayed an abundance of fluid-filled
spaces and exhibited a reduced number of growing folli-
cles. There were areas of vascular dilatation, congestion,
hemorrhage, polymorphonuclear cell infiltration, and in-
tense edema in follicular and luteal cells [20]. Adminis-
tration of 15 mg/kg MTH every other day for 7 days re-
sulted in oocyte degeneration, separation between granu-
losa cells of follicles, degenerations in zona pellucida struc-

ture, mononuclear cell infiltrations, hemorrhagic areas, es-
pecially in the corpus luteum, and vascular congestion [21].
In a study conducted on rats, 1 mg/kg of MTH was ad-
ministered on days 1, 3, 5, and 7, with plasma AMH levels
determined 24 hours after each administration of MTH.
The administration of multiple doses of methotrexate did
not result in a statistically significant alteration in AMH
levels [3]. In a study where MTH was administered as a
single dose and multiple doses to patients diagnosed with
ectopic pregnancy, follicle stimulation hormone (FSH) and
estradiol plasma levels were measured twice before MTH
administration and then eight weeks after treatment (3
days), and AMH levels were measured. The number of
antral follicles was also evaluated via transvaginal ultra-
sound before and after the initiation and conclusion of the
treatment regimen. The results of the data analysis indi-
cated that there was no significant impact of ovarian re-
serve and antral follicle count on the efficacy of single-dose
and multiple-dose MTH treatment [22]. The histopatho-
logical findings were consistent with those of previous ex-
perimental studies [8,14], and it was concluded that the
adverse effects of MTH in the ovary increased with increas-
ing dose. However, it was also reported that single-dose
and multiple-dose MTH treated women diagnosed with ec-
topic pregnancy exhibited no significant effects on ovarian
reserve and antral follicle count.
Researchers have paid little attention to ovarian fibrosis,
which is marked by excessive fibroblast proliferation and
extracellular matrix deposition, despite its importance for
optimal ovarian function. A number of factors, includ-
ing ovarian disease, surgery, inflammation, and immune
abnormalities, can trigger fibrosis in the ovary. If left un-
treated, this can cause a functional decline of the ovary
and increase the risk of infertility in patients [23]. Hortu
et al. (2020) reported that 21 days after 20 mg/kg of MTH,
there was an increase in the TGF-β level and the percent-
age of ovarian fibrosis [24]. In this study, MT staining
was employed to elucidate the modifications in connec-
tive tissue composition and collagen fibers. The 10 mg/kg
MTH group exhibited comparable collagen fiber content to
the control group. However, the medulla of the 20 mg/kg
MTH group exhibited an increase in collagen fibers.
Due to its antimetabolic and cytotoxic effects, the use of
MTH is becoming increasingly important in childhood and
reproductive age, particularly with regards to its effects on
ovarian follicle reserve and fertility [7]. The administra-
tion of MTH affected all stages of follicular development.
However, the 20 mg/kg group had a marked reduction in
the number of primordial, primary, and pre-antral folli-
cles, suggesting that these types of follicles may be more
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sensitive to MTH. Although tests such as FSH, inhibin B,
and estradiol are used to determine ovarian reserve, the
preferred method for obtaining reliable information about
the reserve is through the determination of AMH levels
[9,25,26]. The plasma level of AMH is strongly correlated
with the ovarian follicle reserve and remains unaffected by
changes in the ovarian-menstrual cycle [9,27]. A reduction
in the AMH level produced by granulosa cells of preantral
and antral follicles is observed when these are damaged
[28]. The findings of a recent study indicated a reduc-
tion in plasma AMH levels in subjects treated with 20
mg/kg MTH, with the decline observed 21 days after the
initial treatment [24]. In another study, four weeks after
the beginning of the treatment, multiple doses of MTH (1
mg/kg) were administered on days 1, 3, 5, and 7, resulting
in a notable decline in AMH levels. In the same study, a
reduction in the total number of follicles was considered
in parallel with a decline in the AMH level [8]. As docu-
mented in the existing literature, the immunohistochemi-
cal analysis of AMH immunoreactivity revealed a notable
reduction in the 20 mg/kg MTH group when compared to
the other groups. The AMH levels and number of ovarian
follicles were less influenced in the 10 mg/kg MTH group
than in the 20 mg/kg MTH group.

Conclusion
In conclusion, particularly high doses of MTH caused de-
terioration in the histological and fibrotic structure of the
ovarian tissue, together with a reduction in follicular re-
serve and AMH levels in the developmental stages. In
view of these adverse effects of high doses of MTH on the
ovaries, it is recommended that the dose of MTH to be
administered be determined with great care.

Ethical approval
This study was approved by the Erciyes University Ani-
mal Experiments Local Ethics Committee on 05.04.2023
(Decision no: 23/081).
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