


consequences for the organ cells including the heart,

liver, and kidney, and has severe toxic effect on the

ovary.7,8 Its cytotoxicity is also due to generation of

reactive oxygen species with subsequent lipid perox-

idation, mitochondrial damage leading to activation

of the caspase family and apoptosis,9,10 and inflam-

mation by different inflammatory mediators.11

One of the most common side effects of CP in a

female patient is POF, which accounts for 42.4% in

2000.12 It induces disruption of follicular reserve with

depletion of dominant primordial follicles and accel-

erated follicular atresia through induction of follicular

apoptosis that resulted in ovarian dysfunction and a

reduction of anti-Mullerian hormone (AMH) level.13

Quercetin is one of the flavonoids abundantly

distributed in fruits, vegetables, olive oil, red wine,

and tea.14 Recently, it showed cardioprotective, anti-

inflammatory, antiproliferative, and anticancer activ-

ities due to its potent antioxidant properties.15,16

Quercetin has an important therapeutic role in the

prevention and treatment of different chronic dis-

eases, including cardiovascular, neurodegenerative

diseases, and cancer.17,18 It has a protective effect in

reperfusion ischemic tissue damage, hypertension,

and atherosclerosis by inhibition of LDL oxidation.19

In addition, it has an antiapoptotic effect20 and it has

been reported to repair DNA damage through epige-

netic modification by inhibition DNA acetylation.21

Moreover, it has been showed that quercetin can

reduce CP-induced cardiotoxicity and genotoxicity

in mice.22

Rosuvastatin is one of 3-hydroxy-3-methyl-

glutaryl-coenzyme A (HMG-CoA) reductase inhibi-

tors which are widely used to lower blood cholesterol

level in hypercholesterolemic patient. Rosuvastatin

was found to be significantly more potent inhibitor

of hepatocyte sterol synthesis than any of the statins

currently available.23 It decreases the relative risk of

heart attack and stroke in patients even without

hyperlipidemia.24 In addition, it exhibits a pleiotropic

activity independent of HMG-CoA reductase inhibi-

tion, which includes antioxidant, antiapoptotic, and

anti-inflammatory effects.25 Moreover, it induces epi-

genetic modifications of DNA. These modifications

include inhibition of histone and DNA methylation

and deacetylation of histone and these changes

thought to protect cells against DNA injury and

against alteration of tumor suppressor genes.26

Therefore, the present study is designed to

investigate the possible protective effect of quercetin

and rosuvastatin each alone or in combination on

CP-induced POF without compromising the antitu-

mor effect of CP in Ehrlich tumor-bearing mice.

Materials and methods

Animals

Strain: BALB/c mice weighting 20–25 g and aged

8–12 weeks, obtained from Tanta University Animal

House, were used in this study.

Housing: The animals were housed in groups (total

numbers, n ¼ 80 female mice for this experiments) in

polyethylene cages and had free access to food and

water ad libitum 1 week prior to the experiment. The

study protocol has been approved by the research

ethics committee at the Faculty of Medicine, Tanta

University (AL Gharbia, Egypt).

Drugs

CP (Endoxan vial 200 mg) white powder was pur-

chased from Baxter Healthcare Company, Hong

Kong. Quercetin yellow powder was purchased from

Sigma-Aldrich, St. Louis, Missouri, USA. A white

powder of calcium salt of rosuvastatin was obtained

from SAJA Pharmaceutical Company, Saudi Arabia,

as a gift.

Ehrlich tumor

The Ehrlich ascitic tumor, obtained from a sponta-

neous mammary adenocarcinoma of mice, was main-

tained in ascitic form (obtained from National Cancer

Institute, Cairo, Egypt). The ascitic fluid was col-

lected by intraperitoneal (IP) puncture using a sterile

syringe. Ascitic tumor cell counts were done in a

Neubauer hemocytometer (Sigma-Aldrich). The cells

were found to be more than 99% viable by the trypan

blue dye exclusion method. 1 � 106 cells in 0.5 ml

saline were injected SC in the left thigh of used

female mice. The day of tumor implantation was

assigned as day 0.27

The experiment study

Accustomed mice were allocated randomly to eight

different groups, and each had 10 mice.

Group (control): (no CP or Ehrlich tumor); mice

received 0.5 ml sterile saline IP per day for 10 days.

Group (EH): mice were injected with Ehrlich

tumor cells SC by 1 � 106 cells in the left thigh at

day 0.
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Group (CP): mice were injected with Ehrlich

tumor cells SC in the left thigh. Each mouse received

90 mg/kg of CP single IP injection on the eighth day

of the experiment; these served as the untreated POF

group.

Group (QH): received high dose of quercetin IP in a

daily dose of 100 mg/kg for 10 days starting the first day

after Ehrlich injection and CP was injected IP on the

eighth day; these served as the QH-treated POF group.

Group (QL): received low dose of quercetin IP in a

daily dose of 20 mg/kg for 10 days starting the first day

after Ehrlich injection and CP was injected IP on the

eighth day; these served as the QL-treated POF group.

Group (RH): received high dose of rosuvastatin IP

in a daily dose of 3 mg/kg for 10 days starting the

first day after Ehrlich injection and CP was injected

IP on the eighth day; these served as the RH-treated

POF group.

Group (RL): received low dose of rosuvastatin IP

in a daily dose of 0.3 mg/kg for 10 days starting the

first day after Ehrlich injection and CP was injected

IP on the eighth day; these served as the RL-treated

POF group.

Group (COM): received combination of a low dose

of quercetin and rosuvastatin IP in a daily dose of

20mg/kg and 0.3mg/kg respectively for 10 days start-

ing the first day after Ehrlich injection and CP was

injected IP on the eighth day; these served as the QH-

treated POF group.

After the 10th day from the beginning of treatment

and according to estrous cycle, mice were anesthe-

tized by ether and euthanized, and blood samples

were collected under anesthesia immediately by a

cardiac puncture for AMH level detection. Ovarian

tissues and Ehrlich mass were excised and washed

by phosphate-buffered saline.

Biochemical assays

Tissues were homogenized in 150 mM KCl (pH 7.4) at a

1:10 (w/v) dilution of the whole homogenate. The homo-

genates were centrifuged at 18,000 rpm� g and 4�C for

30 min to determine the malondialdehyde (MDA)

(nmol/g tissue) and reduced glutathione (GSH) level

(mg/g tissue) (catalog number MD 2529, GR 2511),

respectively Biodiagnostic company according to the

method of Ohkawa et al. and Beutler,28,29 respectively.

AMH assays

AMH was quantitatively estimated in mouse serum

samples using enzyme-linked immunosorbent assay

kits according to the method of Cate et al. (1986)30

(catalog number: BYEK2651; Chongqing Biospes

Company, Chongqing, China). The values were

expressed as ng/ml.

Histopathological examinations of the ovarian
tissue

For light microscopic evaluation, ovarian tissues were

fixed in 10% formalin and embedded in paraffin wax.

Paraffin wax-embedded specimens were cut into 5 mm

thick sections, mounted on slides, and stained with

hematoxylin and eosin. Each section was viewed at

power (100� magnification). The primordial follicle

number was counted in every fifth section by the same

observer to minimize the interobserver error accord-

ing to Kishk and Ali.31 To reach a value representa-

tive of the total number of primordial follicles in the

ovary, their numbers were then multiplied by five.

The same was done for atretic follicles counting.

Caspase immunohistochemistry examinations
of the ovarian tissues

Immunohistochemical expression of caspase in the

ovary was done using rabbit polyclonal caspase-3

antibody purchased from Lab Vision Corporation,

UK. Caspase staining was scored according to Buch-

walow and Böcker (2010)32 as follows: under 1% of

the total cell number are positive scored as 0, 2–10%
of the total cell number are positive scored as 1, 11–

50% of the total cell number are positive scored as 2,

51–90% of the total cell number are positive scored as

3, and over 90% of the total cell number are positive

scored as 4.

NF-k B immunohistochemistry examinations
of the ovarian tissues

Immunohistochemical expression of nuclear factor-

kappa B (NF-kB) in the ovary was done using rabbit

polyclonal antibody (ready-to-use for immunohisto-

chemical staining) purchased from Thermo Fisher

Scientific Anatomical Pathology, Cheshire, UK. NF-

kB staining was scored according to Weichert et al.33

regarding to the number of stained cells (cytoplasmic

as well as nuclear). No cells stained scored (0), less

than 10% of cells stained scored (1), 10 - 50% of cells

stained scored (2), 50 - 80% of cells stained scored

(3), or more than 80% of cells stained scored (4).
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Estimation of the Ehrlich solid tumor volume

After tumor mass was dissected, each mass was mea-

sured with the help of vernier caliper (major and

minor tumor axis of the tumor). Tumor volume of

each animal was calculated using the following

formula34

Tumor volume ðVÞ ðmm3Þ ¼ 4pðA=2Þ2 � ðB=2Þ
where A is the minor tumor axis, B is the major tumor

axis, and p equals 3.14.

Histopathological examinations of the Ehrlich
tumor tissues

For light microscopic evaluation, Ehrlich tumor

tissues were fixed in 10% formalin and embedded in

paraffin wax. Paraffin wax-embedded specimens

were cut into 5 mm thick sections, mounted on slides,

and stained with hematoxylin and eosin. Each section

was viewed at low power (50� magnification). His-

topathological analysis of tumor sections was focused

on the extension of the necrotic and proliferative area.

Statistical analysis

All values are presented as means + standard error.

Differences were considered significant at p < 0.05.

The GraphPad Prism, version 5, for Windows was

used for the statistical analyses. The biochemical val-

ues were analyzed using one-way ANOVA and post

hoc Tukey’s honestly significant difference test.

Immunohistochemical results were compared using

Kruskal–Wallis variance analysis. When differences

among the groups were detected, group means were

compared using the Mann–Whitney U test.

Results

Amelioration of oxidative stress by both quercetin
and rosuvastatin therapy

CP group revealed a significant increase in MDA

level as compared to the normal control group. QH,

RH, RL, and COM groups revealed a significant

decrease in MDA level as compared to the CP group,

but QL group revealed a nonsignificant decrease in

MDA level as compared to the CP group. QH, QL,

RH, and RL groups revealed a significant decrease in

MDA level as compared to the COM group. CP group

revealed a significant decrease in GSH level as com-

pared to the normal control group. QH, RH, and COM

groups revealed a significant increase in GSH level as

compared to the CP group, but QL and RL groups

revealed a nonsignificant increase in GSH level as

compared to the CP group. QH, QL, RH, and RL

groups revealed a significant increase in GSH level

as compared to the COM group (Figure 1).

Restoration of AMH levels by quercetin
and rosuvastatin therapy

CP group revealed a significant decrease in AMH

level as compared to the normal control group. QH,

QL, RH, RL, and COM groups revealed a significant

increase in AMH level as compared to the CP group.

Figure 1. The biochemical assay in different groups: (a) MDA and (b) GSH. Data were represented as mean + standard
deviation35 (n ¼ 10). ns: nonsignificant (p > 0.05); #: significant (p < 0.05) as compared with the control group;
*: significant (p < 0.05) as compared with the CP group; &: significant (p < 0.05) as compared with the COM group;
MDA: malondialdehyde; GSH: glutathione; CP: cyclophosphamide.
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QH, QL, RH, and RL groups revealed a significant

increase in AMH level as compared to the COM

group to reach near-normal serum values (Figure 2).

Recovery of ovarian architecture

CP group revealed a significant decrease in the num-

ber of primordial follicles as compared to the normal

control group. QH, RH, QL, RL, and COM groups

revealed a significant increase in the number of pri-

mordial follicles as compared to the CP group. QH,

QL, RH, and RL groups revealed a significant

increase in the number of primordial follicles as com-

pared to the COM group. CP group revealed a signif-

icant increase in the number of atretic follicles as

compared to the normal control group. QH, RH,

QL, RL, and COM groups revealed a significant

decrease in the number of atretic follicles as com-

pared to the CP group. QL and RL groups revealed

a significant decrease in the number of atretic follicles

as compared to the COM group. QH and RH groups

revealed a nonsignificant decrease in the number

of atretic follicles as compared to the COM group

(Figure 3). Hematoxylin and eosin-stained ovarian

sections, the control group showed normal morphol-

ogy of the ovary with normal cyclic ovarian architec-

ture. Many primordial follicles and growing primary

follicles are observed. In the CP group, ovary sections

showed an obvious reduction in the number of folli-

cles and follicular atresia, which indicated CP-

induced ovarian toxicity. This toxicity was reversed

by quercetin and rosuvastatin treatment in QH, QL,

RH, RL, and COM groups (Figure 4).

Amelioration of CP-induced inflammation
and apoptosis

Immunohistochemical stained sections showed a sig-

nificant increase in caspase, NF-kB immunoexpres-

sion, and score in the CP group compared with the

control group. QH, RH, RL, and COM groups

revealed a significant decrease in expression and

score compared with the CP group, but QL group

revealed a nonsignificant difference compared with

Figure 2. AMH level was assessed in different groups.
Data were represented as mean + standard deviation
(n ¼ 10). #: significant (p < 0.05) as compared with the
control group; *: significant (p < 0.05) as compared with
the CP group; &: significant (p < 0.05) as compared with
the COM group; AMH: anti-Mullerian hormone; CP:
cyclophosphamide.

Figure 3. Follicles number of different groups: (a) PrF and (b) atretic follicles. Data were represented as mean + standard
deviation35 (n¼ 10). ns: nonsignificant (p > 0.05); #: significant (p < 0.05) as compared with the control group; *: significant
(p < 0.05) as compared with the CP group; &: significant (p < 0.05) as compared with the COM group; PrF: primordial
follicles; CP: cyclophosphamide.
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the CP group. QH, QL, RH, and RL groups revealed a

significant difference as compared to the COM group

(Figure 5). Caspase and NF-kB immunohistochemis-

try slides of ovaries of different groups are shown in

Figures 6 and 7, respectively.

Ehrlich tumor volume measurement

CP group revealed a nonsignificant decrease in tumor

volume as compared to the EH group. QH, RH, RL,

and COM groups revealed a nonsignificant decrease

in tumor volume as compared to the CP group, and

QH, QL, RH, and RL groups revealed a nonsignifi-

cant decrease in tumor volume as compared to the

COM group (Figure 8).

Histopathological observation of Ehrlich tumor

Hematoxylin and eosin-stained tumor mass sections,

EH group showed wide proliferative areas of neoplas-

tic cells with limited central necrosis. CP group

showed extensive necrosis and decrease the prolifera-

tive areas with the appearance of the subcutaneous

adipose tissue. Quercetin and rosuvastatin treatment

in QH, QL, RH, and RL groups showed marked

decrease of the neoplastic cells density within the

proliferative nodule with the appearance of the mul-

tiple fat tissue and necrosis in between the nodules

and the COM group showed very small proliferative

foci of neoplastic cells with widely distributed necro-

sis within the mass (Figure 9).

Figure 4. Hematoxylin and eosin sections (�100 magnification). (a) Control group: hematoxylin and eosin sections
showing many PrF and growing PF. (b) EH group: hematoxylin and eosin sections showing an increase in the features of AF
and the presence of obvious number of PrF and PF. (c) CP group: hematoxylin and eosin sections showing AF, corpus
lutetium and a marked decrease in the number of the PrF and PF. (d) QH group: hematoxylin and eosin sections showing a
decrease in the number of AF and an increase in the number of the PrF. (e) QL group: hematoxylin and eosin sections
showing an increase in the number of the PrF. (f) RH group: hematoxylin and eosin sections showing a marked increase in
the number of the PrF. (g) RL group: hematoxylin and eosin sections showing normal growing PF and SF and an increase in
the number of the PrF. (h) COM group: hematoxylin and eosin sections showing a marked increase in the number of the
PrF. PrF: primordial follicles; PF: primary follicles; AF: follicular atresia; CP: cyclophosphamide; SF: secondary follicles.
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Figure 5. Immunoexpression score of the ovarian tissue. (a) Caspase expression score was assessed in different groups.
(b) NF-kB expression score was assessed in different groups. Data were represented as median (n ¼ 10). ns: non-
significant (p > 0.05); #: significant (p < 0.05) as compared with the control group; *: significant (p < 0.05) as compared with
the CP group; &: significant (p < 0.05) as compared with the COM group; CP: cyclophosphamide; NF-kB: nuclear factor-
kappa B.

Figure 6. Caspase immunohistochemical expression of the ovarian tissue in different groups (streptavidin biotin 100�).
(a) Mild expression of caspase in control group (score 1). (b) Moderate expression of caspase in EH group (score 2). (c)
Very dense expression of caspase in CP group (score 4). (d) Dense expression of caspase in QH group (score 3). (e) Very
dense expression of caspase in QL group (score 4). (f) Moderate expression of caspase in RH group (score 2). (g) Dense
expression of caspase in RL group (score 3). (h) Mild expression of caspase in COM group (score 1). CP:
cyclophosphamide.
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Discussion

Several studies demonstrated that CP induces POF

through accelerated follicular atresia.36 The follicular

atresia is induced by numerous mechanisms including

oxidative stress with lipid peroxidation,27 apoptosis,37

and inflammation.11 There is a variety of approaches

aimed at fertility preservation or restoration during

chemotherapy use and an increase in the survival rate

of cancer cases.38

Our study substantiates the idea that oxidative stress

plays an important role in CP-induced POF. CP induced

a state of oxidative stress in the ovary represented by

the significant decrease in reduced GSH content and

increase in lipid peroxidation represented by significant

increase in MDA which agrees with Abdel-Raheem

et al.39 and Kabirian et al.40 who demonstrated CP-

induced oxidative stress. CP also increased caspase

Figure 7. NF-kB immunohistochemical expression of the ovarian tissue in different groups (streptavidin biotin 100�). (a)
Mild expression of NF-kB in control group (score 1). (b) Moderate expression of NF-kB in EH group (score 2). (c) Very
dense expression of NF-kB in CP group (score 4). (d) Dense expression of NF-kB in QH group (score 3). (e) Very dense
expression of NF-kB in QL group (score 4). (f) Moderate expression of NF-kB in RH group (score 2). (g) Dense
expression of NF-kB in RL group (score 3). (h) Mild expression of NF-kB in COM group (score 1). NF-kB: nuclear factor-
kappa B; CP: cyclophosphamide.

Figure 8. Tumor volume was assessed in different groups.
Data were represented as mean + standard deviation35

(n ¼ 10). ns: nonsignificant (p > 0.05) as compared with the
EH group, with the CP group, and with the COM group.
CP: cyclophosphamide.
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