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Triptorelin, a kind of GnRH agonist, is widely used in the treatment of hormone-responsive cancers in the 
clinic. This study aimed to discover the underlying mechanism of triptorelin in protection from 5-fluorouracil 
(5-FU)-induced ovarian damage in Sprague–Dawley rats. In the present study, after using 5-FU to induce ovar-
ian damage in rats, body weight and wet ovaries were weighed, the levels of estradiol (E2), follicle-stimulating 
hormone (FSH), and anti-Müllerian hormone (AMH) in blood were detected, and the expression of Bcl-2, Bax, 
and NF-kB was determined. It suggested that, compared to the control, body weight gain, the ratio of ovarian 
wet weight to body weight, primary follicle numbers, and the levels of AMH were significantly decreased, 
while the concentration of E2 and FSH was heavily increased following 5-FU administration. In contrast, after 
coadministration of triptorelin with 5-FU, the ratio of ovarian wet weight to body weight and the levels of AMH 
were significantly increased, whereas the level of E2 and FSH was decreased significantly when compared 
with the 5-FU group. Furthermore, at indicated times, 5-FU led to the reduced Bcl-2 and NF-kB expression 
and increased Bax expression while triptorelin plus 5-FU increased Bcl-2 and NF-kB expression and decreased 
Bax expression. It was indicated that triptorelin could protect rats from 5-FU-induced ovarian damage by 
modulation of hormones, Bcl-2, Bax, and NF-kB. These results might highlight the mechanism of triptorelin 
as a protective agent in clinical chemotherapy for ovarian damage.
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INTRODUCTION

Ovarian cancer is the most fatal disease affecting 
the female reproductive system (1). Unless diagnosed 
early, the prognosis for ovarian cancer is extremely poor 
because early ovarian cancer shows nonspecific symp-
toms (2). To date, surgery is the most preferred treatment 
choice for ovarian cancer, and chemotherapy is usually 
administered after surgery to treat any residual disease. 
To effectively control ovarian cancer, improve patient 
survival, and reduce disease incidence, novel approaches 
for the early detection, effective treatment, and preven-
tion are urgently needed.

GnRH agonists are widely used for stimulating the 
recovery of ovarian damages. Previous studies proved 
that GnRH agonists had better safety profiles than estro-
gens and anti-androgens. In addition, slow-release for-
mulations of GnRH agonists offer flexibility to patients, 
improve quality of life, and eventually reduce the cost of 
treatment (3). GnRH agonist has been welcomed both by 

patients and physicians because of the convenience of sin-
gle administration. Triptorelin, a synthetic analog of GnRH 
agonists, is widely used in women undergoing controlled 
ovarian stimulation (COS) (4), including prevention of a 
premature LH surge and luteinization (5), eliciting a lower 
cancellation rate and improvement of follicular recruit-
ment (6), allowing recovery of a larger number of oocytes 
(7) and conferring ovarian radioprotection to adult female 
rats (8). In a previous study, it was shown that 3.75 mg 
triptorelin could be used to preserve ovarian function in 
women treated with chemotherapy for early stage breast 
cancer (9,10). A half dose (1.87 mg) of depot triptorelin 
could be successfully used in ovarian stimulation for IVF 
and produced a higher number of good quality embryos 
with a good chance of implantation (11). Another study 
suggested that both full-dose (3.75 mg) and half-dose 
(1.87 mg) GnRH agonist triptorelin seemed to be equally 
effective in pituitary desensitization, with similar duration 
times for both desensitization and recovery (12). In a recent 
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review, Leone Roberti Maggiore et al. proved that triptore-
lin is one of the most commonly used GnRH agonists for 
the treatment of endometriosis (13). The in vitro results 
also indicated that triptorelin dose-dependently inhibited 
the proliferation of human breast and ovarian cancer cell 
lines (14). Furthermore, triptorelin inhibited estradiol-
induced serum response element (SRE) activation, c-fos 
expression, and the proliferation in human endometrial, 
ovarian, and breast cancer cells (15). However, whether 
triptorelin exerts a protective function in 5-fluorouracil 
(5-FU)-induced ovarian damage in Sprague–Dawley rats 
remains unclear. Therefore, the present study specifically 
addresses concerns about the protective function of trip-
torelin in ovarian reserve. The research results will benefit 
female cancer patients treated with triptorelin and will be 
helpful for the clinical application of chemotherapy protec-
tive agents.

MATERIALS AND METHODS

Animals and Treatments

Sixty adult female Sprague–Dawley (SD) rats aged 
50 days were purchased from Tongji Medical College 
of Huazhong University of Science and Technology 

Experimental Animal Center (Permit No: SCXK-2010-
0007). All procedures were performed in accordance 
with the Health Guide for the Care and Use of Laboratory 
Animals of China. Rats were randomly divided into four 
groups (10 rats per group): normal saline control (NSC), 
triptorelin (T, 0.1 mg/kg), 5-FU (5-FU, 80.0 mg/kg), 5-FU 
plus triptorelin (5-FU+T, 80.0 mg/kg + 0.1 g/kg). 5-FU 
and triptorelin, purchased from Ipsen Pharma Biotech, 
France, were diluted in normal saline immediately before 
use. The rats in four groups received daily intraperitoneal 
injection of normal saline, 5-FU, triptorelin, or 5-FU plus 
triptorelin, respectively, for 1 week.

Histological Evaluation of Ovarian Tissue

At the end of the animal experiments, the rats were 
killed by an overdose of 10% chloral hydrate (5 ml/kg), 
and left and right ovaries were randomly weighed and 
assigned to be fixed in 4% paraformaldehyde (pH 7.3) 
and then embedded in paraffin. Paraffin-embedded ovar-
ian tissues were serially sectioned at 3 μm for hematoxylin 
and eosin (H&E) staining and immunohistochemistry. The 
number of primordial and primary follicles were counted 
and compared according to a previous study (16).

Figure 1.  Effects of triptorelin on 5-FU-induced ovarian damage in rats. After being treated with normal saline (A), triptorelin 
(B), 5-FU (C), and 5-FU plus triptorelin (D), the structure of the ovary was determined.
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Figure 2.  Effects of triptorelin on 5-FU-induced changes in body weight gain, the ratio of ovarian wet weight to body weight, and 
follicle numbers. After being treated with normal saline, 5-FU, 5-FU plus triptorelin, and triptorelin, body weight gain (A), the ratio of 
ovarian wet weight to body weight (B), and follicle numbers (C) were detected. *p < 0.05, **p < 0.01, or p > 0.05 versus control.
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Immunohistochemistry

Immunohistochemical staining was performed to detect 
the expression of Bax and Bcl-2 in paraffin-embedded tissue 
sections of rat ovaries using a standard protocol of horse-
radish peroxidase (HRP)-conjugated rabbit anti-human IgG 
described previously (17). The whole tissue slides from 

the selected cohort were stained with an automated proce-
dure. The primary antibodies anti-Bax and anti-Bcl-2 (Cell 
Signaling Technology, Danvers, MA, USA) were manu-
ally applied at 1:1,000 and 1:2,000 dilutions, and the slides 
were incubated at 37°C for 1 h. Amplification and detec-
tion were performed using the UltraView Amplification 

Figure 3.  Effects of triptorelin on 5-FU-induced changes in hormone concentration in the blood of rats. After being treated with nor-
mal saline, 5-FU, 5-FU plus triptorelin, and triptorelin, the concentration of AMH (A), E2 (B), and FSH (C) in the blood of rats was 
measured. *p < 0.05, **p < 0.01, or p > 0.05 versus control.
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and DAB detection kits. The slides were counterstained 
with hematoxylin for 4 min and post-counterstained with 
bluing agent for 4 min. The slides were then washed with 
mild detergent and dehydrated in a series of 70% to 100% 
alcohol baths, cleared in a xylene bath, and cover slipped 
to analyze the average integrated optical density (IOD) of 
Bax and Bcl-2 staining using Image-pro plus 6.0 software 
(Media Cybernetics, USA).

Enzyme-Linked Immunosorbent Assay (ELISA)

ELISA was performed to detect FSH, E2, and AMH 
levels in blood samples of rats with or without drug treat-
ments. Briefly, the blood samples were obtained from the 
rats, isolated, and then centrifuged for ELISA analyses of 
FSH, E2, and AMH expression using a kit from Uscn Life 
Science Inc. (Wuhan, China) according to the manufac-
turer’s protocol. Optical densities were read at 405 nm, 
and AMH concentrations were determined by compari-
son with standard curves.

Western Blot Analysis

Bcl-2/Bax and NF-kB expression was analyzed by the 
Western blot method. Briefly, proteins were collected and 
separated by 10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred electro-
phoretically to PVDF membranes. The membranes were 
incubated at 4°C overnight with polyclonal anti-Bcl-2/Bax 
and anti-NF-kB (Cell Signaling Technology, Beverly, MA, 
USA) and immunoblotted with HRP-conjugated anti-
rabbit IgG antibody (Santa Cruz Biotechnology, Santa 
Cruz, CA, USA) at 37°C for 45 min. The membranes 
were then developed with enhanced chemiluminescence 
(ECL) substrate (Beyotime, China) and exposed to X-ray 
film. Band density was quantitated using ImageJ software 
(ImageJ 1.35; National Institute Health, Bethesda, MD, 
USA). b-Actin was used to ensure adequate sample load-
ing for all Western blots.

Real-Time RT-PCR

Expression of NF-kB in ovarian tissues was determined 
by RNA preparation and quantitative reverse transcrip-
tion-polymerase chain reaction (RT-PCR). Briefly, total 
cellular RNA was isolated from cells on six-well plates 
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s instructions. The real-time 
RT-PCR analysis was carried out using the QuantiTect 
SYBR Green RT-PCR Kit (Qiagen, Valencia, CA, USA) 
under the ABI Prism 7500 Sequence Detector (Applied 
Biosystems, Foster City, CA, USA). The reaction run at 
one cycle of 50°C for 2 min and 94°C for 15 min, followed 
by 40 cycles of 94°C for 15 s, 55°C for 30 s and 72°C for 
30 s. We used b-actin expression as an internal control. 
Specific primer sequences were synthesized in BIOSUNE 
Biological Technology Corp (Shanghai, China), and the 

sequences of the primers were as follows: b-actin, sense: 
5¢-GACATGCGCCTCGGAGAAAC-3¢, antisense: 5¢-AG 
CCGCAGATGCGCTTAAGT-3¢; NF-kB, sense: 5¢-TCG 
TTGGCTTTGTCTCTCC-3¢, antisense: 5¢-CCACCTCC 
GGGACGCTGTCTAC-3¢.

Statistical Analysis

Statistical analysis was carried out with one-way 
ANOVA and assessed for statistical difference by one-way 
analysis of variance (ANOVA) using SPSS17.0 software. 
Values are expressed as means ± SD. The mean values and 
standard deviations were calculated from three indepen-
dent experiments. Differences were considered statistically 
significant at p < 0.05 and p < 0.01.

RESULTS

Protective Effects of Triptorelin on 5-FU-Induced 
Ovarian Damage of Rats

Results of the protective effects of triptorelin on 
5-FU-induced ovarian damage of rats were evaluated. As 
shown in Figure 1, after 5-FU administration (Fig. 1B), 
the structure of the ovary was damaged in comparison 
with the NSC group (Fig. 1A) and the T group (Fig. 1D), 
and triptorelin prevented 5-FU-induced ovarian structure 
damage (Fig. 1C). Additionally, 5-FU resulted in the loss 
of body weight (Fig. 2A), the ratio of ovarian wet weight 
to body weight (Fig. 2B), and primary follicle numbers 
(Fig. 2C) significantly (p < 0.05), while triptorelin could 
eliminate the harmful effects induced by 5-FU.

Effect of Triptorelin on 5-FU-Induced Changes of 
Hormone Secretion in Blood of Rats

Results in Figure 3 showed that, compared with the 
NCS group, the AMH level was decreased significantly 
and increased in the 5-FU group, while it was promoted 
in the T group (p < 0.01) (Fig. 3A). However, E2

 
(Fig. 3B) 

and FSH (Fig. 3C) levels in the 5-FU group were signifi-
cantly higher, and they were lower in the T group when 
compared with the NCS group, respectively (p < 0.01). 
Furthermore, E2, AMH, and FSH levels between the 
5-FU plus triptorelin group and the NCS group showed 
no difference (p > 0.05), indicating that triptorelin could 
protect ovaries from damage by changing the secretion 
of hormones.

Effect of Triptorelin on 5-FU-Induced Changes of 
Bax and Bcl-2

The influence of triptorelin on 5-FU-induced changes 
of apoptosis-related genes Bax and Bcl-2 was detected by 
immunohistochemistry and Western blot, and the results 
are shown in Figures 4 and 5. It demonstrated that the 
IOD value of Bax was significantly promoted in the 5-FU 
group (Fig. 4B) and obviously inhibited in the T group 
(Fig. 4D) in comparison with the NCS group (Fig. 4A) 
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(p < 0.05), and the increase could be decreased by trip
torelin (Fig. 4C). Accordingly, IOD values of Bcl-2 in the 
four groups shown in Figure 5 suggested that, compared to 
the control (Fig. 5A), 5-FU downregulated (Fig. 5B), while 
triptorelin upregulated, the IOD value of Bcl-2 (Fig. 5D). 
Triptorelin further increased 5-FU-induced downregula-
tion of Bcl-2 (Fig. 5C) (p < 0.05). Furthermore, protein 
expression of Bax was upregulated, and Bcl-2 was down-
regulated, in the 5-FU group, and the effects could be 
inhibited by triptorelin (Fig. 5E). The findings above 
suggest that triptorelin can inhibit cell apoptosis induced 
by 5-FU.

Effect of Triptorelin on 5-FU-Induced Changes of the 
NF-kB Signaling

The quantitative analysis for NF-kB in four groups  is 
presented in Figure 6. This indicated that there was no 
significant difference in mRNA expression of NF-kB ana-
lyzed by RT‑PCR between four groups (p > 0.05) (Fig. 6A). 
Consistent with the findings above, protein expression of 
NF-kB also showed no changes in the four groups. More
over, the expression of phospho-NF-kB was detected. It was 
suggested that the expression of phospho-NF-kB in 5-FU 
was significantly less than that in the NSC group (p < 0.05), 
and a significant increase in phospho-NF-kB expression was 

Figure 4.  Effect of triptorelin on 5-FU-induced changes of Bax. After being treated with normal saline (A), 5-FU (B), 5-FU plus 
triptorelin (C), and triptorelin (D), the percentage of Bax-positive cells was determined by immunohistochemical staining. *p < 0.05, 
**p < 0.01, or p > 0.05 versus control.
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Figure 5.  Effect of triptorelin on 5-FU-induced changes of Bcl-2. After being treated with normal saline (A), 5-FU (B), 5-FU plus 
triptorelin (C), and triptorelin (D), the percentage of Bcl-2-positive cells was determined by immunohistochemical staining. Protein 
expression of Bax and Bcl-2 was measured by Western blot (E). *p < 0.05, **p < 0.01, or p > 0.05 versus control.
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observed in the T group (p < 0.05) (Fig. 6B). This indicated 
that phospho-NF-kB expression was decreased in response 
to 5‑FU, but the reduction of phospho-NF-kB was restored 
by triptorelin.

DISCUSSION

GnRH agonists such as triptorelin are well known for 
their benefits in controlling ovarian stimulation (COS) (7). 
5-FU has been reported as a novel approach for the treat-
ment of various types of cancer, including colon cancer, 
rectal cancer, breast cancer, and esophageal cancer (18–21). 
Triptorelin in combination with cisplatin increased anti-
ovarian cancer activity and survival of Wistar rats (22). 
However, the correlation between the GnRH agonist trip-
torelin and 5-FU sensitivity remains controversial. In the 
present study, it was found that triptorelin could protect 
rats from 5-FU-induced ovarian damage by changing the 
secretion of hormones and the expression of Bcl-2, Bax, 
and NF-kB.

A previous study suggested that both FSH and luteinizing 
hormone (LH) were required for normal follicular growth 
and maturation (23). Triptorelin could successfully be used 
to reduce pituitary suppression and lower the cost in a long 
protocol for in vitro fertilization (24). Janssens et al. first 
reported that a dose of short-acting daily triptorelin resulted 

in a greater suppression of endogenous LH and FSH during 
the follicular phase (25). Several studies have also shown 
that a half-dose triptorelin injection is enough for the pre-
vention of LH surges in patients stimulated with human 
menopausal gonadotropin (hMG) (11,26). Treatment with 
triptorelin could reduce estradiol concentrations in cultured 
human granulosa luteinized cells (27) and in premenopausal 
women (28). A significant decrease in FSH, LH, and E2 
levels between patient groups was observed after the 7th 
or 12th week of triptorelin treatment (29,30). However, a 
recently randomized trial showed that administration of trip-
torelin on postnatal days 12–14 increased the levels of LH 
mRNA in the pituitary gland and the weight of testes (31). 
This study also demonstrated that 5-FU administration led 
to the decrease in body weight, ovarian wet weight, and fol-
licle numbers and the increase in the levels of E2 and FSH. 
In contrast, after coadministration of triptorelin with 5-FU, 
body weight, ovarian wet weight, and follicle numbers were 
significantly increased, whereas the levels of E2 and FSH 
were decreased significantly.

AMH, a member of the TGF-b superfamily, is produced 
by granulose cells of small-growing nonatretic follicles in 
rat and mouse ovaries (32). Usually, AMH is considered to 
be a reliable marker for ovarian reserve assessment and is 
often used as an indicator of ovarian damage (33). A study 

Figure 6.  Effect of triptorelin on 5-FU-induced changes of NF-kB. After being treated with normal saline, 5-FU, 5-FU plus triptore-
lin, or triptorelin, mRNA expression of NF-kB was analyzed using RT‑PCR (A). NF-kB and phospho-NF-kB protein expression was 
determined by Western blot (B). *p < 0.05, **p < 0.01, or p > 0.05 versus control.
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reported that AMH was negatively correlated with FSH in 
different age groups of infertile women (34). Other inves-
tigators have suggested that AMH inhibits recruitment of 
primordial follicles into the growing pool, while at cyclic 
recruitment, AMH lowers the FSH sensitivity of follicles 
(35,36). Results obtained from AMH knockout mice demon-
strated that AMH regulated the development of early follicles 
in two ways, as a negative stimulator of follicular maturation 
and as an inhibitor of FSH sensitivity of growing follicles, 
serving to negatively modulate the FSH-dependent selection 
of the dominant follicles (37). Another study showed that 
pituitary desensitization with GnRH agonists resulted in a 
significant increase in AMH levels, which might explain the 
enhanced ovarian response to conventional COS (4). Results 
here showed that the expression of AMH was significantly 
decreased when 5-FU was administered, indicating damage 
of ovarian follicles induced by 5-FU. Moreover, AMH was 
increased after being treated with triptorelin in combination 
with 5-FU, showing the protection of triptorelin in 5-FU-
induced ovary damage.

Bax and Bcl-2, the major members of Bcl-2 family, 
play a key role in tumor progression or inhibition of 
intrinsic apoptotic pathway triggered by mitochondrial 
dysfunction (38). Although it has been suggested that 
activation of NF-kB is not directly associated with tumor 
development and progression (39), NF-kB has been con-
sidered to be a major biomarker and therapeutic target 
(40). An investigation has suggested that 5-FU resistance 
may also be induced by p53 gene mutation and overex-
pression of antiapoptotic factors (41). The present study 
indicated that Bax and NF-kB were upregulated, and 
Bcl-2 was downregulated, by 5-FU, and the effects could 
be inhibited by triptorelin. The findings above proved that 
triptorelin could inhibit cell apoptosis induced by 5-FU.

In conclusion, this study provided evidence that a 
high dose of 5-FU led to ovarian damage by increasing 
E2, FSH, Bax, and NF-kB levels and decreasing follicle 
numbers and the levels of AMH and Bcl-2. Triptorelin 
can protect 5-FU-induced ovarian damage through pro-
moting follicle numbers and AMH, Bcl-2, and phospho-
NF-kB levels, inhibiting E2, FSH, and Bax levels.
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