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ABSTRACT
The aim of this study is to evaluate the effect of GnRH agonist or GnRH antagonist therapy on bleo-
mycin-administered rats by examining ovarian follicle counts and AMH levels. A total of 30 female Wistar
albino rats aged 4–6months were randomly divided into 4 groups. First, an intramuscular injection of
bleomycin (30mg/m2) was administered to all except the control group on the 1st, 8th and 15th days.
The control group (Group I) was administered 0.1mL intramuscular saline on those days. The bleomycin
group (Group II) was followed up without any further treatment. The bleomycinþGnRH agonist group
(Group III) was administered subcutaneous GnRH agonist triptorelin (1mg/kg) at the same time as the
bleomycin injections. The bleomycinþGnRH antagonist group (Group IV) was administered 1mg/kg
cetrorelix acetate subcutaneously, concurrently with the bleomycin. Although AMH levels were lower in
the bleomycin group than in all the other groups, there was no statistically significant difference between
the groups in terms of AMH levels (p> .05). In the bleomycinþ cetrorelix acetate and bleomycinþ triptor-
elin groups, significantly higher primordial, secondary and tertiary follicle counts were determined com-
pared to the bleomycin group (p< .001). In conclusion the harmful effects of bleomycin on ovarian
reserve can be reduced by the simultaneous administration of GnRH agonist or GnRH antagonist.
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Introduction

Chemotherapy-induced premature ovarian failure (POF) is a ser-
ious health problem with significant long-term effects, occurring
after chemotherapy in premenopausal women. POF leads to
negative reproductive outcomes, such as infertility, but may also
lead to non-reproductive negative consequences, such as osteo-
porosis and early cardiovascular disease [1,2]. With an increasing
number of patients undergoing cancer treatment in recent years,
knowledge of and experience with the late effects of cancer treat-
ments have also increased.

Malignant germ-cell ovarian tumors are usually seen in females
of reproductive age. Depending on the age of the patient and the
extent of the disease, organ-preserving surgery followed by chemo-
therapy may be applied [3]. The BEP (Bleomycinþ
EtoposideþCisplatin) protocol is the most preferred chemother-
apy for malignant germ-cell ovarian tumors that has been shown
to be effective and reliable in recent years [3]. Gonadotoxic
chemotherapy often results in premature ovarian failure and
infertility. The toxic effects of cisplatin and etoposide chemother-
apeutic agents on the ovaries have been shown in many studies,
but the harmful effects of bleomycin on ovaries have not yet
been fully clarified [4–6].

Serum AMH is a very sensitive indicator of follicular deple-
tion and recovery in women during and after chemotherapy.

Furthermore, it allows for the detection of differences in ovarian
toxicity between chemotherapy regimens [7,8].

It has been shown that GnRH (gonadotropin-releasing hor-
mone) agonist and antagonist agents can be used to reduce the
harmful effects of chemotherapy on ovarian reserve [9,10].
Despite, GnRH agonists has entered clinical use and it is now
recommended by some of major guidelines, the mechanism of
action of GnRHa to induce ovarian suppression is not still
clearly identified [11–14].

Similarly, this study aimed to histopathologically and bio-
chemically reveal the effect of single-dose GnRH agonist and
antagonist in the reduction of the negative effect of bleomycin
on rat ovaries.

Materials and methods

This controlled experimental study was carried out in the Adnan
Menderes University Faculty of Medicine animal research unit.
The study was conducted in accordance with international eth-
ical rules and with the approval of Adnan Menderes University
Faculty of Medicine Animal Experiment Ethics Committee.
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Animals

A total of 30 female Wistar albino rats, each weighing 220–270 g,
were used. The room temperature was maintained at
24 �C± 2 �C, and a 12-h light-dark cycle and adequate ventilation
were provided. The animals had unlimited access to food and
water. This study was conducted in accordance with inter-
national guidelines on the ethical use of animals (HADYEK
64583101/2015/135).

Drugs

A total of 30 rats with normal menstrual cycles were randomly
divided into 4 groups. Intramuscular saline only (0.1mL) was
administered to the control group (Group I, n¼ 8). The other 3
groups received 30mg/m2 intramuscular bleomycin (Bleomycin
sulfate, Bleocin-SVR 15mg/flacon, Onko Ilac San ve Tic A.S.,
Istanbul, Turkey) on days 1, 8 and 15 according to the standard
BEP protocol [15]. The bleomycin group (Group II, n¼ 7) was
followed up without any further treatment after bleomycin
administration. The bleomycinþGnRH agonist group (Group
III, n¼ 7) was administered triptorelin acetate (DecapeptylVR

Depot 3.75mg, Ferring, Istanbul, Turkey) subcutaneously at a
dose of 1mg/kg with every administration of bleomycin. The
bleomycinþGnRH antagonist group (Group IV, n¼ 8) was
administered cetrorelix (Cetrorelix acetate, CetrotideVR 0.25mg,
Merck Serono, Istanbul, Turkey) subcutaneously at the dose of
1mg/kg concurrently with each administration of bleomycin [9].
For measurement of the body surface area of the rats, the table
described by Gouma et al. was used [16].

Intraperitoneal administration of drugs was avoided to pre-
vent direct toxic and sclerosing effects on the ovaries. Thus, the
evaluation of the effect of treatment on the parenteral route was
provided. After administration of the drugs, one regular cycle
schedule was planned for bleomycin half-life and antimetabolic
effect. After the 1-month follow-up of the rats, bilateral oophor-
ectomy was performed. Intracardiac blood samples were taken,
and the animals were then sacrificed by cervical dislocation
under xylazine and ketamine anesthesia.

Anti-M€ullerian hormone measurement

The serum level of anti-M€ullerian hormone (AMH) was deter-
mined using commercial enzyme-linked immunosorbent assay
(ELISA) kits (Rat ELISA kit, 201-11-1246, Baoshan District,
Shanghai, China). The rat AMH ELISA kit sensitivity was
0.101 ng/mL with a coefficient of variation (CV) of <5%.
Procedures were performed according to the manufacturer’s
instructions.

Histopathological evaluation and follicle counting

The rat ovaries were bilaterally removed and left overnight in
buffered 10% formaldehyde solution. After fixation in paraffin
blocks, serial sections were prepared in 5lm slices and five ran-
dom samples were taken from each ovary to assess follicular
activity. Following deparaffinization and rehydration, the sections
were stained with hematoxylin and eosin (HE).

Follicles containing oocytes were classified according to devel-
opmental stages by two experienced histopathologists; each sec-
tion divided 12 areas and the antral follicles were then counted
in all areas of. Follicle counting and classification were per-
formed according to the criteria defined by Myers et al. [17].
Follicle classification is divided into 4 groups—primordial, pri-
mary, secondary and tertiary (mature) follicles. In a primordial
follicle, oocyte is, surrounded by spindle-shaped single-row gran-
ulosa cells. It is characterized by the appearance of a flattened
granulosa layer that envelops all or part of the oocyte. In the pri-
mary follicle, the oocyte periphery is covered with single rows of
cuboidal granulosa cells. The secondary follicle is characterized
by a layer of multiple cuboidal granulosa and the presence of
zona pellucida. It is also called the preantral follicle. In the ter-
tiary (antral) follicle, follicle fluid accumulation and cumulus
oophorus formation are observed in the intercellular space of the
granulosa cells. In this phase, an oocyte-adjacent single space
and a large, antral space can be selected.

Statistical analysis

The SPSS 22.0 (IBM Corporation, Armonk, New York, USA)
program was used to analyze the variables. The normal

Table 1. Results of the evaluations of AMH levels and follicles in all groups.

Anti-mullerian hormone (AMH) Primordial follicle Primary follicle Secondary follicle Tertiary follicle
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Control
(n¼ 8)
I 4.39 (1.34) 70 (9.53) 62.63 (8.50) 52.87 (6.58) 21.12 (2.99)

Bleomycin
(n¼ 7)
II 3.56 (1.21) 49.42 (4.58) 42.86 (6.98) 37.71 (5.94) 10.43 (2.51)

Bleomycin-cetrorelix
(n¼ 7)
III 4.08 (0.77) 59.14 (3.18) 47 (4.35) 46.86 (5.34) 15.28 (2.14)

Bleomycin-Triptorelin
(n¼ 8)
IV 3.61 (0.92) 57.75 (3.73) 47.5 (6.09) 45.5 (4.03) 15.75 (2.25)

p Value (General) 0.406 <0.001 <0.001 <0.001 <0.001
Pairwise comparison
I!II ns <0.001 <0.001 <0.001 <0.001
I!III ns 0.002 <0.001 0.046 <0.001
I!IV ns 0.001 <0.001 0.013 <0.001
II!III ns 0.007 0.259 0.005 0.001
II!IV ns 0.016 0.193 0.012 <0.001
III!IV ns 0.671 0.887 0.654 0.723

OneWay: ANOVA; Post Hoc Test: Fisher’s Least Significant Difference (LSD); SD:Standard deviation; ns:not significant; AMH: Anti Mullerian Hormone.
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distribution weight of the data was evaluated with Levene’s test
of variance homogeneity with the Shapiro-Wilk test. The one-
way ANOVA test was used to compare more than one group
according to quantitative variables, and the Fisher’s least signifi-
cant difference (LSD) and Games-Howell tests were used for bin-
ary comparisons. Quantitative variables were stated as
mean ± standard deviation (SD) and categorical variables were
shown as number (n) and percentage (%). Variables were exam-
ined at a 95% confidence interval, and a value of p< .05 was
considered statistically significant.

Results

Assessment of plasma AMH levels

The AMH level in the control group was found to be slightly
higher than those of the other groups (p¼ .406). In addition,
there was no statistically significant difference between the
groups in terms of AMH levels (p> .05) (Table 1).

Evaluation of ovarian follicle count

The number of follicles in the control group was higher in all
series (p< .001). A significant decrease in the bleomycin group
was observed in the follicle series, especially in the primordial,
secondary, and tertiary series (p< .001). When the bleomycin
and the bleomycinþGnRH agonist groups were compared, there
was a significant difference between the primordial, secondary
and tertiary follicle counts (p< .001). Similar results were also
observed in the bleomycinþGnRH antagonist group (p< .001)
(Table 1, Figure 1).

Discussion

Infertility is a health problem that affects younger cancer
patients, particularly patients who are diagnosed with germ-cell
tumors in the third decade of life, then undergo chemotherapy
while still at an age of fertility. Even after advanced germ-cell
ovarian tumors, chemotherapy has been attempted following fer-
tilization-preserving surgery [18]. Therefore, the evaluation of
the safety of chemotherapy in terms of its effects on fertility is
an important element the ensuring the long-term survival of
patients after surgery.

In all cases of yolk-sac tumors, BEP administration is the
standard treatment after primary surgery. Many guidelines sup-
port the BEP protocol in the treatment of yolk-sac tumors. [19].
In a study of the effect of the BEP protocol on menstrual cycle
and ovarian function, no ovarian reserve deterioration, even in
cumulative BEP regimens, was shown [20]. The toxic effects of
cisplatin and etoposide on germ cells are known to be long last-
ing. However, there have not been sufficient studies on the effect
of bleomycin on ovarian reserve. Therefore, the aim of this study
was to determine the effect of bleomycin therapy on ovarian
preservation and to evaluate this effect with GnRH agonist and
GnRH antagonist administration.

In this study, the administration of bleomycin alone on the
days appropriate to the BEP regimen was seen to result in a sig-
nificant reduction in all follicular series. The same effect was not
detected for AMH levels. The significant reduction in primordial
follicles was noteworthy, regardless of AMH levels.

In a multi-center retrospective study conducted with 211
females with yolk-sac tumors, the prognostic and long-term fer-
tility effects of postoperative BEP and non-BEP chemotherapy
were evaluated. The BEP regimen was found to be superior to

Figure 1. Photograph of study groups with hematoxylin-eosin staining. (A) Control; (B) Bleomycin; (C) BleomycinþGnRH agonist; (D) BleomycinþGnRH antagonist.
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non-BEP protocols in terms of 5 year survival (p¼ .0009). In
addition, 70% of nulliparity patients who received BEP treatment
were observed to develop a healthy pregnancy after treatment.
These results were found to be similar to the non-BEP protocol.
Therefore, it has been emphasized that BEP treatment is the
most reliable treatment regimen in recent years [19].

For young cancer patients who have recently received chemo-
therapy with an increased survival after germ-cell tumor treat-
ment, it is important to be able to predict the long-term toxic
effects of chemotherapy on fertility. The results of the German
Hodgkin Study Group (GHSG) randomized controlled phase-two
trial (Protection of Ovarian Fertility), undertaken to evaluate the
protective effect of GnRHa and OCS (oral contraceptive) ovaries
in female patients with advanced HL, showed that BEP regimens
were ineffective. Therefore, it was indicated that alternative
prophylactic methods for fertility prior to chemotherapy may be
appropriate [21].

As noted in many studies, the severity of ovarian failure is
closely related to the class of drug used in treatment, the treat-
ment dose and the age of the patient [22]. Many growth factors,
as well as some hormones and cytokines, are responsible for the
conversion of primordial follicles to primary follicles. In order to
evaluate the persistent effect of chemotherapy protocols on the
early reproductive ability of women, it is necessary to fully
explain the mechanism of primordial follicle involvement.

Increased preantral follicle loss in women leads to early repro-
ductive loss. Bleomycin also induces an increase in free-oxygen
radicals, oxidatively degrading the DNA strand in tumor cells
and inducing apoptosis. Bleomycin is therefore responsible for
cell apoptosis, especially in primordial follicles [23].

There are studies showing the protective efficacy of GnRH
agonist and oral contraceptives using concomitant chemotherapy
to protect fertility [24,25]. In recent meta-analysis Lambertini
et al. finds ovarian suppression with GnRHa during chemother-
apy as an available option to reduce the likelihood of chemother-
apy-induced POF in premenopausal patients with early breast
cancer [26]. The randomized study by Gilani et al. some patients
received BEP protocol for ovarian cancer treatment and they
showed that GnRHa has a potential protective effect on ovarian
function [27]. On the other hand there are studies revealed that
there was no impact of GnRH agonists on the prevention on
ovarian function [28,29]. Addition of GnRH antagonist to
chemotherapy is another treatment option to POF. It is docu-
mented that GnRH antagonist reduces chemotherapy induced
ovarian follicular destruction in several studies [30,31].

These treatments are thought to reduce the serum gonado-
tropin levels in the patients, to inhibit follicle development in the
ovaries and also decreases vascularity, thereby reducing the con-
centration of the chemotherapeutic agents to protect the ovaries
during chemotherapy [10,32].

Studies conducted in recent years have shown that the AMH
level can be used as a highly sensitive tool for predicting ovarian
reserves [33,34]. However, there are also studies that do not
detect a relationship between ovarian reserve biomarkers and
infertility [35]. Using the AMH level to predict folliculogenesis
in the ovaries has been shown to be more sensitive than using
the inhibin B, estradiol, basal (3rd day) FSH and LH levels for
the same purpose [36]. Interestingly, after chemotherapy, AMH
levels change rapidly and persistently for a period of time. This
may explain how the toxic effect is more likely to affect primor-
dial and preantral follicles. The co-evaluation of AMH and fol-
licle counts increases sensitivity and predictive clinical
benefit [37].

To the best of our knowledge, this is the first study to evalu-
ate the harmful effect of the application of bleomycin alone on
ovarian reserve and the use of GnRH agonist and GnRH antag-
onist to reduce this effect. In conclusion, bleomycin administra-
tion can be considered to cause a significant decrease in ovarian
follicle counts, and this effect can be reduced by concurrent
GnRH agonist or GnRH antagonist administration. The same
effect was not detected for AMH levels. Perhaps large scale stud-
ies or more sensitive AMH kits will be able to detect this.
Further research is needed in this regard.
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