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Abstract 
Background: Cyclophosphamide (CP), as an anticancer agent, causes ovarian toxicity and 

subsequent infertility in women. Atorvastatin (ATV) at a low dose has antioxidant and anti-

inflammatory properties. 

Objective: The aim of this study was to investigate the protective effect of ATV against CP-

induced ovarian injury in rat. 

Materials and Methods: In this experimental study, thirty-two female Wistar rats were 

randomly divided into four groups as I) control, II) ATV (10 mg/kg), III) CP (150 mg/kg), 

and IV) CP +ATV. The ATV treated groups were received ATV for 10 days via oral gavage. 

In the CP+ATV group, ATV was administrated on 5 days before and 5 days after CP 

injection. Histological structure, apoptosis (caspase-3), oxidative stress parameters as 

malondialdehyde, reactive oxygen species, protein carbonyl levels and cell viability were 

evaluated in ovary tissue by histological scores, immunohistochemistry, histochemical and 

biochemical assays. The levels of estrogen and progesterone hormones were measured on the 

12th day of study. 

Results: ATV pretreatment significantly decreased the levels of oxidative stress biomarkers 

as malondialdehyde, reactive oxygen species and protein carbonyl levels and increased cell 

death in CP-treated rats as compared with the CP alone group. ATV significantly increased 

estrogen and progesterone levels in CP-treated rats. In addition, the histological examination 

showed ATV mitigated acute inflammation, degenerative cells in stroma and follicles, stromal 

edema, vacuolization, atresia of the follicles and congestion of blood vessels in the CP-treated 

animals. Furthermore, ATV significantly reduced immunoreactivity level of caspase-3 in CP-

treated rats. 

Conclusion: Our results showed that the ATV with antioxidant and anti-apoptosis (caspase-3) 

activities protected ovarian against CP-induced toxicity.  
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Introduction 

 

ortality in women with cancer 
decreased in recent decades due 
to advances in diagnosis, 

treatment and surgical techniques as well as 
increased public awareness to primary care 
and preventive strategies (1). Unfortunately, 
chemotherapy leads to side effects specially 
in young female patients such as reducing the 
number of primordial and other growing 
follicles which leading to early menopause 
and infertility (2). Cyclophosphamide (CP) is 
an effective alkylating anticancer agent that 
widely used in patients with cancer. 
Therapeutic and toxic effects of CP are 
related to its active metabolites as acrolein 
and phosphoramide mustard. These 
metabolites bind to DNA lead to disruption of 
DNA synthesis and cell death (3). CP 
metabolites produce reactive oxygen species 

(ROS) by conjugation with glutathione results 
in interference with the antioxidant defense 
system of the ovary (4). Malondialdehyde 
(MDA) as a marker of lipid peroxidation was 
increased following treatment to CP in the 
ovary of rats (5, 6).  

CP effects on the granulosa cell 
proliferation and secretion of ovarian 
hormones results in ovarian failure. The toxic 
effects of CP on the ovary include reducing 
the number of primordial, preantral, and antral 
follicles associated with decreased levels of 
progesterone and estradiol hormones (7). The 
number of primordial and growing follicles 
decreases in female of mice that were treated 
with CP, so that in their reproductive lifespan 
was decreased. The amenorrhea and infertility 
were other side effects of chemotherapy (7). 
CP is accompanied with a major risk of 
women temporary or permanent amenorrhea, 
reduced fertility, or infertility (8). 
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Atorvastatin (ATV) is an inhibitor of 3-
hydroxy-3-methyl-glutarylcoenzyme A (HMG 
Co-A) reductase inhibits cholesterol that 
belongs to statin. Atorvastatin (ATV), at low 
doses has been prescribed for the treatment 
of hyperlipidemia. ATV addition to lowering 
cholesterol level, has therapeutic beneficial 
pleiotropic effects  that happen at low dose 
(9). Biological and pharmacological properties 
of ATV are anti-inflammatory (10) antioxidant 
properties (11). On the other hand, high-dose 
atorvastatin is associated with many 
complications such as nephrotoxicity (12), 
testicular injury (13). But, atorvastatin at low 
dose does not have side effects on fertility and 
reproduction (14). Protective effect of 
atorvastatin was reported against 
nephrotoxicity (15), cardiotoxicity (16), 
testicular toxicity (17) and ovarian toxicity (18). 
So far, no study has not reported on the 
protective effect of ATV against ovarian injury 
induced by CP.  

The objective of our study was to 
investigate the effects of ATV on the 
prevention of ovarian damage induced by CP 
through histological, biochemical, hormonal 
and immunohistochemical assessments. 

 

Materials and methods 
 
Chemicals 

Atorvastatin was obtained from Sobhan 
Darou Pharmaceutical Company (Rasht, Iran). 
The progesterone and estrogen levels were 
measured by using Enzyme-linked 
Immunosorbent Assay Kit in accordance with 
the manufacturer’s protocol (Cat.No.E0243Mo 
and Cat.No.E0259Mo; China). 
Cyclophosphamide was purchased from 
Baxer Company (Germany).  

 
Experimental animals 

Thirty-two female Wistar Albino rats (180-
200 gr) were obtained from Animal Research 
Center of Mazandaran University of Medical 
Sciences, Sari, Iran. The animals were 
housed in suitable conditions of 12 hr light/ 
dark cycle, humidity (55±5%) and temperature 
(23±2oC).  

 
Study design  

In experimental study, the rats were 

randomly divided to 4 groups (8 rats per each 

group):  

I; Rats were received phosphate buffered 

saline (same volume with other groups) as a 

vehicle of ATV for 10 consecutive days (no-

treated CP or ATV). 

II; Rats were administered 10 mg/kg ATV 

daily for 10 consecutive days with oral gavage 

without receiving CP (13). 

III; Rats were administered CP single dose 

intraperitoneally at a dose 150 mg/kg on the 5 

days (5). 

IV; Rats were received 10 mg/kg ATV daily 

for 10 consecutive days and on the 5 day 

were received CP single dose. 

The duration and dose of atorvastatin were 

based on previous studies (13). The most 

appropriate time for the assessment of 

histochemistry is 24-72 hr after receiving the 

latest medication. So, in this study, we 

evaluated the effect of atorvastatin on the 

histochemistry and histopathological structure 

of the ovary, two days after receiving the last 

medicine Figure 1. 

 

Mitochondrial preparation of ovarian 

tissues  

The mitochondria were prepared for the 

evaluation of oxidative stress markers from 

ovarian tissue. Mitochondria of ovaries were 

removed and minced in a cold mannitol (225 

mM) solution and then homogenized by 

homogenizer. Homogenized tissue was 

centrifuged (1500×g, 10 min) at 4oC. 

Supernatant was removed for further 

centrifugation (11,000×g, 10 min) and then 

superior layer was discarded. The sedimented 

mitochondrial pellet was gently washed and 

then suspended in the isolation medium 

(0.225 M D-mannitol, 75 mM sucrose, and 0.2 

mM EDTA, pH=7.4) and after that centrifuged 

again (11,000×g for 10 min). The resulting 

mitochondria were suspended in Tris buffer.A 

respiratory buffer (0.32 mM sucrose,10 mM 

Tris, 20 mM Mops, 50 μM EGTA, 0.5 mM 

MgCl2, 0.1 mM KH2PO4 and 5 mM sodium 

succinate) was used to measure the 

production of ROS. The ovarian tissue 

mitochondria were prepared within 4 hr of 

isolation. (19). 

 

Protein Concentration 

Concentrations of Mitochondrial protein 

were carried out using the method developed 

by Bradford. Briefly, 100 ml of suspensions of 
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mitochondrial were added to each well of 96-

well plate and then gently mixed with Bradford 

reagent. The absorbance of protein 

concentrations was measured at 595 nm (20). 

 
Biochemical analysis  

ROS assay in mitochondria 

ROS levels of mitochondria as biomarkers 

of oxidative stress were measured using the 

Dichloro-dihydro-fluorescein diacetate 

reagent. Briefly, isolated ovarian mitochondria 

(0.5 mg mitochondrial protein/ml) were placed 

in respiration buffer and then 20 μL dichloro-

dihydro-fluorescein diacetate was added to 

the samples added (final concentration, 10 

μM) and incubated at 37oC for 15 min. Then 

absorption was measured by fluorescence 

spectrophotometer (Shimadzu RF5000U, 

Tokyo, Japan) at the λEx=488 nm and 

λEm=527 nm (21).  

 
Evaluation of MDA formation in 

mitochondria 

The concentrations of MDA as lipid 

peroxidation were measured by estimating of 

MDA using the thiobarbituric acid with a 

spectrophotometric assay. To begin the 

analysis, to the 0.2 mL of sample, 0.25 mL 

phosphoric acid (0.05 M) was added and after 

that 0.3 mL of 0.2% thiobarbituric acid was 

added. Samples were reserved in a boiling 

water bath for 30 min. The sample tubes were 

placed to the ice-bath and then 0.4 mL of n-

butanol was added to each. Samples were 

centrifuged (3500 rpm) for 10 min and MDA 

was measured based on reacts with 

thiobarbituric acid (an MDA- thiobarbituric acid 

complex). Created MDA in each sample was 

calculated in the supernatant at 532 nm with 

ELISA reader (Tecan, Rainbow Thermo, 

Austria). The content of formed MDA was 

expressed as nmol/mg protein. 

Tetramethoxypropane was used in this 

experiment as standard (19).  

 
Evaluation of protein carbonyl content in 

mitochondria 

The protein carbonyl as protein 

peroxidation was measured by using 2, 4-

dinitrophenyl-hydrazine (DNPH) reagent. After 

determination of tissue protein, 500 μL of 

trichloroacetic acid (20% w / v) was added to 

the sample and stored at 4oC for 15 min. Then 

precipitated protein was centrifuged at 6500×g 

for 10 min and the supernatant was discarded. 

Soluble protein (0.5 mL) was reacted with 

DNPH 10 mM (0.5 mL) in HC1 2 M for 1 hr at 

room temperature. precipitated was washed 

with 1 ml of a mixture of ethanol and ethyl 

acetate 1: 1 (v/v) and then centrifuged at 

6500×g for 10 min and the supernatant was 

removed. The final protein (microtube 

contents) deposition solubilized in 200 μL 

Guanine hydrochloride solution and was 

centrifuged at 16,000×g for 5 min to remove 

any trace of insoluble material. The protein 

carbonyl was assessed 

spectrophotometrically by reading the 

absorption at a wavelength of 365 nm with an 

absorption coefficient of 22,000 M-1 cm-1 was 

expressed as a nmol of DNPH per milligram of 

protein (19).  

 
Cell viability assay 

Mitochondrial function, as cell and 

mitochondria viability, was assessed using the 

MTT (3-[4, 5- dimethylthiazol-2-yl]-2, 5-

diphenyltetrazolium bromide) assay based on 

reduction of MTT to its formazan product by 

mitochondrial dehydrogenase activity of 

ovarian tissue. In this way, after preparation of 

the samples, MTT dissolved in phosphate 

buffered saline (pH=7.2, at 2.5 mg/ml) and 

was added to the samples. After incubation at 

37oC for 0.5 hr, mitochondrial toxicity was 

measured by assessing the reduction of MTT 

(3-[4, 5-dimethylthiazol-2-yl]-2, 5-

diphenyltetrazolium bromide by mitochondria 

at 580 nm (22). 

 
Estrogen and progesterone assay 

Levels of estrogen and progesterone 
hormones in serum were determined by using 
spectrophotometry according to 
manufacturer's instructions (Mouse Estrogen 
ELISA Kit, Bioassay, cat. No. E0243Mo, 
China) and (Mouse progesterone ELISA Kit, 
Bioassay, Cat. No. E0259Mo, China). 
Estrogen and progesterone amount in the 
samples were calculated from standard 
curves using a linear regression method and 
expressed as ng/l. All samples were carried in 
duplicate. All spectrophotometric methods 
were performed by ELISA Reader (ELISA 
Microplate Readers, ELX800, BioTek 
Company) for hormonal and tissue 
biochemical evaluation. 
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Histopathological examination 

The right ovary was fixed in 10% formalin 

buffer solution. After tissue processing, 

embedding in paraffin, tissue sections with a 

thickness of 5 μm were stained with 

hematoxylin and eosin. The change in tissue 

structure was graded from 0 to 4 in terms of 

severity of interstitial edema, vascular 

dilatation, hemorrhage, and neutrophil 

infiltrations (23). An Olympus light microscope 

(Olympus, Tokyo, Japan) was used for 

histological evaluation. The histological 

sections were performed by the histologist in a 

blinded fashion.  

 

Immunohistochemical analysis 

For immunohistochemical assay using the 

kit, at first samples were deparaffined and 

rehydrated. Endogenous peroxidase activity of 

samples was blocked (0.3% H2O2 in methanol, 

30 min). Then, samples were incubated with 

primary antibodies (4oC, overnight, anti-

caspase-3 rabbit polyclonal antibody, 1:100 in 

phosphate buffered saline, v/v, Abcam, lat: 

GR224831-2). After incubation (2 hr) with 

secondary antibody conjugated with 

horseradish peroxidase (Mouse and Rabbit 

Specific HRP/DAB, Abcam, Lat: GR2623314-

4), sections were incubated (5 min) with 

diaminobenzidine tetrahydrochloride. Then, 

the samples were dehydrated and mounted 

(17).  

The immunohistochemical 

photomicrographs were evaluated by using 

Mac Biophotonics ImageJ 1.41a software. The 

positive staining severity was assessed as the 

ratio of the stained area to the entire field 

assessment. Samples examined who was 

blinded to treatment. 

 

Ethical consideration 

Rats were fed standard pellet chow and 

had free access to water. Animals in each 

group were kept in polypropylene cages. All 

the experimental procedures were conducted 

by the institutional animal. All the experimental 

procedures were conducted by the 

Institutional Animal Ethics Committee of the 

Mazandaran University Medical Sciences 

(IR.MAZUMS.REC.1396.3039). 
 

Statistical analysis 

Statistical analysis of the obtained data 

was performed using SPSS (Statistical 

Package for the Social Sciences, version 

19.0, SPSS Inc, Chicago, Illinois, USA). The 

normality of data was evaluated using the K-S 

(Kolmogorov-Smirnov) test, and then results 

with normally distributed was checked by 

One-Way ANOVA and followed by Tukey’s 

procedure. Data were expressed as the mean 

± standard deviation (SD). Statistically 

significant differences were accepted as 

p<0.05. 

 

 
Figure 1. Study design diagram for evaluating the effect of atorvastatin (ATV) on ovarian damage induced cyclophosphamide (CP). 

ATV was prescribed for 10 consecutive days, rats were administered CP single dose intraperitoneally at a dose 150 mg/kg on day 5. 

Histochemical, histopathological and immunohistochemical assays were performed on day 12 of the study. 
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Results 
 

Effect of ATV on oxidative stress 

biomarkers in CP treated rats 

The MDA, ROS, PC levels and cell viability 

rate in ovary tissue are presented in Figure 2. 

Intracellular ROS formation significantly 

increased in CP-treated rats when compared 

with control group (p<0.001). Administration of 

ATV at the dose of 10 mg/kg significantly 

decreased the elevated ROS in ATV+CP 

group as compared to CP group (p<0.01). No 

significant alterations were observed in ROS 

levels in animals that were received only ATV 

as compared with control group. Ovarian MDA 

level in CP group was increased significantly 

(p<0.001) compared to control group. ATV 

treatment significantly inhibited elevation of 

lipid peroxidation (MDA levels) in ovary 

compared to CP-treated group (p<0.01). 

Moreover, CP induced clearly lipid 

peroxidation in the ovary by about 3-fold 

compared with the control group. The amount 

of MDA levels was same in the control and 

ATV groups. 

Carbonyl contents, as an index for 

oxidative modification of proteins, were 

increased significantly in ovaries of CP-treated 

rat (p<0.001) as compared with control and 

ATV groups. ATV mitigated increasing protein 

carbonyl content in the ovarian tissue of CP-

treated rat (p<0.001) compared with CP alone 

group. The amounts of PC were insignificant 

in the control and ATV groups (Figure 3). Cell 

viability was measured with MTT test. 

Decrease in cell viability and the most toxicity 

of ovarian tissue was seen in CP-treated rats 

(30.81%). Treatment of rats with ATV for 10 

days in CP treated rats showed increased cell 

viability by 45.46%. ATV alone decreased cell 

viability rate in the ovaries, and this difference 

was statistically significant compared to the 

control group (75.01% vs. 100% at p<0.001). 

The results suggested that the combination of 

CP and ATV mitigate the cytotoxic effect of 

CP (Figure 4). 

 
Effect of ATV on estrogen and 

progesterone in CP treated rats 

A single intraperitoneal injection of CP (150 

mg/kg) caused a significant decrease in 

serum estrogen and progesterone (p<0.001) 

compared to control group. However, 

administration of ATV at the dose of 10 mg/kg 

in CP-treated rats significantly restored the 

levels of estrogen and progesterone in serum, 

as compared to CP-treated group (p<0.001 

and p<0.01, respectively) (Table I). 

 
Effects of ATV on ovarian 

histopathological changes in CP-treated 

rats  

The photomicrographs of ovarian sections 

in the all groups are shown in Figure 3. In 

control group, ovary had normal structure in 

the cortex and medulla (Figure 3-A). Rats 

treated with ATV showed similar histology to 

control group (Figure 3-B). Many adverse 

histological changes were observed in ovary 

sections of rats treated with CP. They ate 

including invagination of germinal epithelium 

along its surface, flattening of germinal 

epithelium with deeply stained nuclei and 

losing their arrangements.  

In the ovarian stroma was evident severe 

acute inflammation, degenerative cells, 

stromal edema, vacuolization, atresia of the 

follicles and congestion of blood vessels. 

Some of the Graafian follicles have appeared 

with a large antrum and degeneration of zona 

pellucida and cumulus oophorus. The corpora 

lutea has occupied a large area in sections 

(Figure 3-C). Ovary of rats treated daily with 

ATV for 10 days followed by CP injection 

exhibited mild degeneration of ovary with less 

structure changes germinal epithelium cells, 

mild congestion. Follicles, theca interna and 

externa were able to preserved their 

appearance at normal levels (Figure 3-D). 

Histopathological changes were significantly 

mitigated in CP+ATV group as compared with 

CP group. Ovarian injury’s mean scores of all 

groups are showed in Figure 4. CP-increased 

ovarian injury score as compared to control 

group (p<0.001). The Score of ovarian injury 

in CP treated rats with ATV administration 

was lower compared to CP group (p<0.01). 

 

Effect of ATV on immunoreactivity level of 

caspase-3 in CP-treated rats 

Results of immunohistochemical staining of 

the ovary are summarized in Figure 5. 

Sections of ovarian showed no caspase-3 

immunoreactivity in the control group. 

Immunoreactivity level of caspase-3 in the 

ATV group was similar to control group. 
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Sections of ovarian tissue in CP-treated rats 

displayed increase immunoreactivity level of 

caspase-3. Immunoreactivity mainly localized 

in the granulose (Figure 5.A) and stromal 

cells, corpus luteum (Figure 5.B) and theca 

externa (Figure 5.C) of the ovary. While 

ATV+CP group showed mild immunoreactivity 

level of caspase-3 in the granulosa and 

stromal cells and theca externa compared to 

CP-treated ovary (Figure 5.D). 

Immunoreactivity of caspase-3 was confirmed 

by densitometry analysis in rats receiving CP 

as compared to other groups.  

The histograms of the semi-quantitative 

analysis of caspase-3 staining are shown 

in Figure 6. The most intense 

immunoreactivity of caspase-3 was showed 

by semi-quantitative analysis in CP          

treated rats (13.6±4.4.43) compared with 

control and ATV groups (p<0.001). ATV 

administration reduced the intensity of 

immunoreactivity of caspase-3 in CP             

treated rats (8.51±3.45) (p<0.01). 

Immunoreactivity level of caspase-3 in the 

control and ATV groups nearly was to each 

other (p>0.05). 

 

 

 
Table I. Effect of ATV on CP-treated rat in serum estrogen and progesterone levels in the all groups 

Groups  

                                  Hormone    
Control ATV CP ATV+CP 

Estrogen (ng/l) 11.6 ± 0.56 11.38 ± 1.56 5.24 ± 1.2 a***b*** 9.446 ± 1.53 c*** 
Progesterone (ng/l) 6.39 ± 0.95 6.28 ± 1.1 1.95 ± 0.17 a***b*** 4.78 ± 0.97 c** 

All values are expressed as mean±SD. **; p<0.01, *** and p<0.001 

a significant vs. control  b significant vs. ATV and c significant vs. CP groups..  

ATV: Atorvastatin   CP: Cyclophosphamide 

 

 

 

 

 
Figure 2. Histogram shows the levels of MDA, ROS, protein carbonyl and cell viability rate. All values are expressed as mean ± SD. 

a vs. the control; b vs. ATV; c vs. CP groups. **; p≤0.01, *** and p<0.001.  

ATV: Atorvastatin    CP: Cyclophosphamide 

MDA: Malondialdehyde   ROS: Reactive oxygen species  
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Figure 3. Photomicrographs of effect of ATV pre-treatment on the histological architecture of ovary in the groups. Normal structure 

in control (A) and ATV (B) groups, atretic follicle (C-III, yellow arrow) and congestion blood vessel in CP group (C-I, black arrow), 

detachment of germinal epithelium (C-II, black arrow) and vacuolization (C-IV, black arrow). Treatment with ATV almost improves 

these changes. (H & E staining. Mag: (A-I, B-I, C-I, D-I) ×10, (A-II, C-II, C-IV) ×100, (C-III) ×40. Scale bar=150 µm.  

ATV: Atorvastatin, CP: cyclophosphamide. 
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Figure 4. Histogram shows injury score in ovary tissue. Data are presented as Mean ± SD. a vs. the control; b vs. ATV; c vs. CP 

groups. **; p<0.01, *** and p<0.001.  

ATV: Atorvastatin   CP: cyclophosphamide 

 

 
Figure 5. The caspase-3 immunoreactivity in ovarian tissues in CP-induced ovarian injury. CP group: Immunoreactivity (brown 

color) to caspase-3 was observed in granulosa (A-arrow) and luteal cells (B-arrow), theca externa (C-arrow) in CP treated ovaries as 

shown in a micrographs. CP+ATV group: moderate immunoreactivity in the ovary gland (D). (Mag. x40). Scale bar = 150 µm. 
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Figure 6. Histogram shows densitometry analysis of immunohistochemical staining for caspase-3. Data were presented as a 

percentage of total tissue area. Data are presented as Mean ± SD. a vs. the control; b vs. ATV; c vs. CP groups. **; p<0.01, *** and 

p<0.001.  

ATV: Atorvastatin   CP: Cyclophosphamide 
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Discussion 
 
Chemotherapy drugs, such as CP, due to 

damage to follicles are extremely toxic for 
ovarian (5). Previous study showed ATV at 
low dose have no side effects or toxicity on 
the ovary (18). In this study, single dose of CP 
with 150 mg/kg were investigated on ovaries 
of rats and evaluated the protective effect of 
ATV against ovarian toxicity induced by CP. 
We demonstrated that ATV treatment 
improved estrogen and progesterone levels 
and decreased MDA, ROS levels, protein 
carbonyl content and increased the cell 
viability in CP-treated rat. Also, ATV caused 
the decrease immunoreactivity level of 
caspase-3 (apoptosis) and preserved ovarian 
histological structure.  

CP induces DNA damage in tumor cells 
and it is benefit for survival of cancer patients, 
but have side effects on the female 
reproductive system, such as temporary or 
permanent amenorrhea, reduced fertility, or 
infertility (24). Human primordial and antral 
follicles are sensitive to some drugs. 
Reduction of the follicles in ovary makes the 
permanent infertility (25). Phosphoramide 
mustard, as one of the cytotoxic metabolite of 
CP, by raising the ROS causes oxidative 
stress, lipid peroxidation (6) and subsequently 
leading to granulosa cell apoptosis and 
increased antral follicle atresia (26). In the 
present study, MDA and ROS levels, protein 
carbonyl content and cell viability rate as 
parameters of oxidative stress, clearly 
increased in the ovary of CP-treated rat. 
These changes shown that CP treatment 
caused oxidative injury to the lipids and 
proteins in ovary organ. Administration of 
antioxidant is effective in protecting fertility in 
women undergoing chemotherapy (5).  

ATV administration in CP-treated rats 
significantly decreased MDA, PC, ROS levels 
and significantly increased cell viability rate. 
These results showed that ATV treatment 
could protect ovary injury against the side 
effects of CP. ATV at low dose is well known 
for its antioxidant and anti-inflammatory 
properties (10, 11). It is suggested that ATV 
through antioxidant property may have 
protective role and improve the antioxidant 
status of the ovary. In previous studies were 
demonstrated that ATV administration at two 
doses of 5 and 10 mg/kg for 30 min before 
ischemia/reperfusion could have protective 

effects on ovarian tissue damage. 
Parlakgumus and colleagues reported ATV 
(10 mg/kg/day) 7 days before and 7 days after 
the torsion/detorsion had protective effect on 
ovarian injury (18). ATV was able to inhibit 
inflammatory responses and oxidative stress 
that prevented bleeding and reduced vascular 
dilatation and edema (27).  

In this study, ATV treatment, at dose 10 
mg/kg as pre and post treatment significantly 
protected rat ovaries against CP-induced 
toxicity through inhibit lipid and protein 
peroxidation and maintain cell viability rate. In 
addition, ATV was used as antioxidant to 
detect the scavenging activity against ROS 
induced by CP. Combination therapy ATV with 
CP revealed that, ROS levels significantly 
decreased in comparison to CP group. ATV 
through inhibition the generation of ROS have 
antioxidant properties (28). Protective effect of 
atorvastatin has been proven in the intestines 
(29), brain (30), kidney (15), heart (16), testis 
(17) and ovary (18) injury against induced 
ischemia/reperfusion, chemotherapy and 
irradiation. Chemoprotective and therapeutic 
effects of ATV has been seen against 
doxorubicin-induced hepato-renal toxicity (31). 
Sathyapalan and colleagues showed that ATV 
in patients with polycystic ovary and 
hyperandrogenemia reduced inflammation 
and metabolic parameters after 12 wk (32).  

Inflammation is a physiological process in 
ovulation, menstruation, and implantation (33), 
but uncontrolled inflammation has detrimental 
effects on hormone production and ovulation 
(34). On the other hand, in the ovary, ROS 
increase during ovulation and steroidogenesis 
(35) and detoxification of ROS in oocyte 
maturation and embryo development is very 
important (36). ROS with induction lipid 
peroxidation and production of MDA interfere 
with ovarian functions (5). Lipid peroxidation in 
plasma membrane of luteal cells was 
destroyed gonadotrophin receptors and so 
decreased steroidogenesis in corpora luteal 
(37). Regarding hormonal condition, this study 
showed a significant reduction in estrogen and 
progesterone after CP administration and is 
consistent with other studies (6). Saleh 
showed up in his study that CP induces 
severe toxicity in the ovary via oxidative stress 
and inflammation and subsequently decrease 
E2 and AMH levels in serum (6).  

In this study, ATV could increase level of 
hormones and preserve ovarian follicles, 
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ovarian function and structure. It seems that 
taking together both antioxidant and anti-
inflammatory properties of ATV in the present 
study, ATV protected against CP-induced 
ovarian injury with elevation in serum estrogen 
and progesterone. Estrogen and progesterone 
are released by granulosa cells of preantral, 
small antral follicles and luteal cells. Also, ATV 
with anti-apoptotic property suppress 
apoptosis of follicles and luteal cells. In 
addition, these hormones preserve follicles 
with inhibition of the initial follicular recruitment 
from the primordial to the antral  and increase 
hormonal levels (6). Histopathological 
examination of ovaries pretreated with ATV 
greatly supported our data as ATV-treated 
ovary revealed less primordial cell 
recruitment, more Graafian follicles and 
corpora lutea at the cortex. 

Saleh and co-workers proved a single 
injection of CP at dose 200 mg/kg destroyed 
secondary and antral follicles in adult rats but 
had no side effect on the primary and 
primordial follicles (6). Also, Lopez and 
colleagues revealed a single injection of 50 or 
300 mg/kg CP creates destruction of the 
secondary and antral follicles and apoptosis in 
granulosa cells (38). On the other hand, 
Parlakgumus and colleagues showed that 
ATV (10 mg/kg) with increasing AMH and 
VEGF expression, protected primordial 
follicles and vascular structures against 
ovarian injury (18). In the present study, 
raising the serum levels of estrogen and 
progesterone by ATV, showed normal growing 
follicles within ovaries. Histopathological 
assessment was in accordance with 
biochemical and immunohistochemical 
findings. 

The overproduction of the free radicals with 
binding to DNA increase the proapoptotic 
signals (26). In this signal, cytochrome c from 
mitochondria enteres the cytosol and then 
activates caspase-3 and promotes cell death 
(39). Davis and co-worker showed a single 
injection of 200 mg/kg CP destroyed 
secondary and antral follicles (40). CP with 
induction of apoptosis in granulosa cells (38) 
and activation of caspase-9 and caspase-3 
(41) destroys the secondary and antral 
follicles. In present study mild 
immunoreactivity level of caspase-3 was 
found in ATV+CP group compared to severe 
immunoreactivity of caspase-3 in CP group. 
Pre and post-treatment with ATV, as an 

antioxidant, for 10 days before and after 
administration of CP decreased apoptosis in 
growing follicles, stromal cells and luteal 
corpora. This finding was supported by 
another study that stated that ATV has anti-
apoptotic property (42). The limitation of this 
study was assessment anti-inflammatory 
property of ATV. 

 

Conclusion 
 
Our study concludes that CP could induce 

histopathological alternation, oxidative stress 
and apoptosis in the ovary. ATV with anti-
oxidative activity and through free radicals 
scavenging could improve biochemical, 
hormonal and histopathological parameters. In 
addition, ovo-protective effect may be 
attributed to its anti-apoptotic activity that is 
mediated through suppression 
immunoreactivity of caspase-3. 
 

Acknowledgments 
 

This research was supported by the 
Molecular and Cell Biology Research Center, 
Faculty of Medicine, Mazandaran University of 
Medical Sciences. 
 

Conflict of interest 
 

The authors have declared that no conflict 
of interests exists. 

 
References 

 

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 
2015. CA Cancer J Clin 2015; 65: 5-29. 

2. Anderson RA, Themmen AP, Al-Qahtani A, Groome 
NP, Cameron DA. The effects of chemotherapy and 
long-term gonadotrophin suppression on the    
ovarian reserve in premenopausal women            
with breast cancer. Hum Reprod 2006; 21: 2583-
2592. 

3. Fleer R, Brendel M. Toxicity, interstrand cross-links 
and DNA fragmentation induced by 
‘activated’cyclophosphamide in yeast: comparative 
studies on 4-hydroperoxy-cyclophosphamide, its 
monofunctional analogon, acrolein, phosphoramide 
mustard, and nor-nitrogen mustard. Chem Biol 
Interact 1982; 39: 1-15. 

4. Tsai-Turton M, Luong BT, Tan Y, Luderer U. 
Cyclophosphamide-induced apoptosis in COV434 
human granulosa cells involves oxidative stress     
and glutathione depletion. Toxicol Sci 2007; 98: 216-

230. 
5. Yener NA, Sinanoglu O, Ilter E, Celik A, Sezgin G, 

Midi A, et al. Effects of spirulina                                
on cyclophosphamide-induced ovarian toxicity          

 [
 D

O
I:

 1
0.

29
25

2/
ijr

m
.1

6.
5.

32
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rm

.ir
 o

n 
20

26
-0

7-
02

 ]
 

                            10 / 12

http://www.sciencedirect.com/science/article/pii/S0301211514000438
http://dx.doi.org/10.29252/ijrm.16.5.323
https://ijrm.ir/article-1-1108-fa.html


Ovarian-protective effect of atorvastatin 

International Journal of Reproductive BioMedicine Vol. 16. No. 5. pp: 323-334, May 2018                                         333 

in rats: biochemical and histomorphometric 
evaluation of the ovary. Biochem Res Int 2013; 2013: 
764262. 

6. Saleh DO, Mansour DF. Ovario-protective effects of 
genistein against cyclophosphamide toxicity in rats: 
Role of anti-müllerian hormone and oestradiol. Eur J 
Pharmacol 2016; 789: 163-171. 

7. Yuksel A, Bildik G, Senbabaoglu F, Akin N, Arvas M, 
Unal F, et al. The magnitude of gonadotoxicity of 
chemotherapy drugs on ovarian follicles and 
granulosa cells varies depending upon the category 
of the drugs and the type of granulosa cells. Hum 
Reprod 2015; 30: 2926-2935. 

8. Lambertini M, Anserini P, Levaggi A, Poggio F, Del 
Mastro L. Fertility counseling of young breast    
cancer patients. J Thorac Dis 2013; 5 (Suppl.): S68-

80. 
9. Zhou Q, Liao JK. Pleiotropic effects of statins: basic 

research and clinical perspectives. Cir J 2010; 74: 
818-826. 

10. Fassett RG, Coombes JS. Statins in acute kidney 
injury: friend or foe? BMJ 2013; 346: f1531. 

11. Crevar-Sakac M, Vujić Z, Kotur-Stevuljević J, 
Ivanisević J, Jelić-Ivanović Z, Milenković M, et al. 
Effects of atorvastatin and artichoke leaf tincture on 
oxidative stress in hypercholesterolemic rats. 
Vojnosanit Pregl 2016; 73: 178-187. 

12. Nasri H, Hasanpour Z, Nematbakhsh M, Ahmadi A, 
Rafieian-Kopaei M. The effect of the various doses of 
atorvastatin on renal tubular cells; an       
experimental study. J Nephropathol 2016; 5: 111-
115. 

13. Klinefelter GR, Laskey JW, Amann RP. Statin drugs 
markedly inhibit testosterone production by rat 
Leydig cells in vitro: Implications for men. Reprod 
Toxicol 2014; 45: 52-58. 

14. Dostal LA, Whitfield LR, Anderson JA. Fertility and 
general reproduction studies in rats with the HMG-
CoA reductase inhibitor, atorvastatin. Fundam Appl 
Toxicol 1996; 32: 285-292. 

15. Talebpour Amiri F, Hamzeh M, Naeim RA, Ghasemi 
A, Hosseinimehr SJ. Radioprotective effect of 
atorvastatin against ionizing radiation-induced 
nephrotoxicity in mice. Int J Radiat Biol 2018; 94: 

106-113. 
16. Hamzeh M, Talebpour Amiri F, Karimpour Malekshah 

A, Yaghubi Beklar S, Hosseinimehr J. [Protective 
Effect of Atorvastatin against Cardiotoxicity and 
Hematotoxicity Induced by Cyclophosphamide in 
Rat.] J Mazandaran Univ Med Sci 2017; 27: 1-11. (in 
Persian) 

17. Naeimi RA, Talebpour Amiri F, Khalatbary AR, 
Ghasemi A, Zargari M, Ghesemi M, et al. 
Atorvastatin mitigates testicular injuries induced by 
ionizing radiation in mice. Reprod Toxicol 2017; 72: 
115-121. 

18. Parlakgumus HA, Aka Bolat F, Bulgan Kilicdag E, 
Simsek E, Parlakgumus A. Atorvastatin for ovarian 
torsion: effects on follicle counts, AMH, and VEGF 
expression. Eur J Obstet Gynecol Reprod Biol 2014; 
175: 186-190. 

19. Fathi H, Ebrahimzadeh MA, Ziar A, Mohammadi H. 
Oxidative damage induced by retching; antiemetic 
and neuroprotective role of Sambucus ebulus L. Cell 
Biol Toxicol 2015; 31: 231-239. 

20. Bradford MM. A rapid and sensitive method for the 
quantitation of microgram quantities of protein 

utilizing the principle of protein-dye binding. Anal 
Biochem 1976; 72: 248-254. 

21. Zhang F, Xu Z, Gao J, Xu B, Deng Y. In vitro effect of 
manganese chloride exposure on energy metabolism 
and oxidative damage of mitochondria isolated from 
rat brain. Environ Toxicol Pharmacol 2008; 26: 232-
236. 

22. Ghazi-Khansari M, Mohammadi-Bardbori A, Hosseini 
MJ. Using janus green B to study paraquat toxicity in 
rat liver mitochondria: role of ACE inhibitors (thiol and 
nonthiol ACEi). Ann N Y Acad Sci 2006; 1090: 98-

107. 
23. Eser A, Hizli D, Haltas H, Namuslu M, Kosus A, 

Kosus N, et al. Effects of curcumin on ovarian 
ischemia-reperfusion injury in a rat model. Biomed 
Rep 2015; 3: 807-813. 

24. Green DM, Kawashima T, Stovall M, Leisenring W, 
Sklar CA, Mertens AC, et al. Fertility of female 
survivors of childhood cancer: a report from the 
childhood cancer survivor study. J Clin Oncol 2009; 

27: 2677-2685. 
25. Meirow D, Nugent D. The effects of radiotherapy and 

chemotherapy on female reproduction. Hum Reprod 
Update 2001; 7: 535-543. 

26. Devine PJ, Perreault SD, Luderer U. Roles of 
Reactive Oxygen Species and Antioxidants in 
Ovarian Toxicity. Biol Reprod 2012; 86: 1-10. 

27. Cadirci E, Oral A, Odabasoglu F, Kilic C, Coskun K, 
Halici Z, et al. Atorvastatin reduces tissue damage in 
rat ovaries subjected to torsion and detorsion: 
biochemical and histopathologic evaluation. Naunyn 
Schmiedeberg's Arch Pharmacol 2010; 381: 455-

466. 
28. Wassmann S, Laufs U, Müller K, Konkol C, Ahlbory 

K, Bäumer AT, et al. Cellular antioxidant effects of 
atorvastatin in vitro and in vivo. Arterioscler Thromb 
Vasc Biol 2002; 22: 300-305. 

29. Ozacmak VH, Sayan H, Igdem AA, Cetin A, 
Ozacmak ID. Attenuation of contractile dysfunction 
by atorvastatin after intestinal ischemia      
reperfusion injury in rats. Eur J Pharmacol 2007; 
562: 138-147. 

30. Elewa HF, Kozak A, El-Remessy AB, Frye RF, 
Johnson MH, Ergul A, et al. Early atorvastatin 
reduces hemorrhage after acute cerebral ischemia in 
diabetic rats. J Pharmacol Exp Ther 2009; 330: 532-
540. 

31. El-Moselhy MA, El-Sheikh AA. Protective 
mechanisms of atorvastatin against doxorubicin-
induced hepato-renal toxicity. Biomed Pharmacother 
2014; 68: 101-110. 

32. Sathyapalan T, Kilpatrick ES, Coady A-M, Atkin SL. 
The effect of atorvastatin in patients with polycystic 
ovary syndrome: a randomized double-blind placebo-
controlled study. J Clin Endocrinol Metab 2009; 94: 
103-108. 

33. Jabbour HN, Sales KJ, Catalano RD, Norman JE. 
Inflammatory pathways in female reproductive  
health and disease. Reproduction 2009; 138: 903-
919. 

34. Herath S, Williams EJ, Lilly ST, Gilbert RO, Dobson 
H, Bryant CE, et al. Ovarian follicular cells have 
innate immune capabilities that modulate their 
endocrine function. Reproduction 2007; 134: 683-
693. 

35. Shkolnik K, Tadmor A, Ben-Dor S, Nevo N, Galiani 
D, Dekel N. Reactive oxygen species are 

 [
 D

O
I:

 1
0.

29
25

2/
ijr

m
.1

6.
5.

32
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rm

.ir
 o

n 
20

26
-0

7-
02

 ]
 

                            11 / 12

http://dx.doi.org/10.29252/ijrm.16.5.323
https://ijrm.ir/article-1-1108-fa.html


Hamzeh et al 

334                                         International Journal of Reproductive BioMedicine Vol. 16. No. 5. pp: 323-334, May 2018 

indispensable in ovulation. Proc Nati Acad Sci U.S.A. 
2011; 108: 1462-1467. 

36. Fujii J, Iuchi Y, Okada F. Fundamental roles of 
reactive oxygen species and protective mechanisms 
in the female reproductive system. Reprod Biol 
Endocrinol 2005; 3: 43. 

37. Motta A, Estevez A, Tognetti T, Gimeno MA, Franchi 
AM. Dual effects of nitric oxide in functional and 
regressing rat corpus luteum. Mol Hum Reprod 2001; 
7: 43-47. 

38. Lopez SG, Luderer U. Effects of cyclophosphamide 
and buthionine sulfoximine on ovarian glutathione 
and apoptosis. Free Radic Biol Med 2004; 36: 1366-
1377. 

39. Hussein MR. Apoptosis in the ovary: molecular 
mechanisms. Hum Reprod Update 2005; 11: 162-
178. 

40. Davis BJ, Heindel JJ. Ovarian Toxicants: Multiple 
Mechanisms. Reprod Dev Toxicol 1998: 373. 

41. Desmeules P, Devine PJ. Characterizing the 
ovotoxicity of cyclophosphamide metabolites on 
cultured mouse ovaries. Toxicol Sci 2006; 90: 500-
509. 

42. Bao XM, Wu CF, Lu GP. Atorvastatin inhibits 
homocysteine-induced oxidative stress and 
apoptosis in endothelial progenitor cells involving 
Nox4 and p38MAPK. Atherosclerosis 2010; 210: 
114-121. 

 

 [
 D

O
I:

 1
0.

29
25

2/
ijr

m
.1

6.
5.

32
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rm

.ir
 o

n 
20

26
-0

7-
02

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

http://dx.doi.org/10.29252/ijrm.16.5.323
https://ijrm.ir/article-1-1108-fa.html
http://www.tcpdf.org

