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 One of the side effects of cyclophosphamide (CP) is low fertility. In this study, we 
investigated the protective role of crocin (Cr) against CP chemotherapy-induced changes in 
ovarian tissue. In the current study, we treated 15 female mice aged 6-8 weeks old for 21 days. 
The mice were distributed into three groups including control received normal saline (0.10 mL; 
IP), CP or sham-control group (CP once a week, 15.00 mg kg-1; IP) and experimental (CP + Cr) 
group received CP along with Cr (200 mg kg-1 daily; IP). After completing the procedure, levels 
of total anti-oxidant capacity (TAC), superoxide dismutase (SOD) and sex hormones in serum as 
well as malondialdehyde (MDA) in the left ovarian tissue were measured. The right ovaries 
were used for histological and morphological tests. The obtained data were statistically 
analyzed by SPSS software using ANOVA and Tukey follow-up studies. Results showed that in 
the CP group a significant decrease was observed in ovarian follicles, the number of corpus 
luteum, levels of TAC, SOD and sex hormones; while, there was a significant increase in the 
number of atretic follicles and mast cells and level of MDA compared to control group. 
Administration of Cr along with CP caused a significant ameliorative effect on the studied 
parameters. In conclusion, the Cr could significantly decrease the side effects caused by CP 
chemotherapy in mice ovarian tissue. 

© 2021 Urmia University. All rights reserved. 
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Introduction 
 

Chemotherapy has been utilized widely in treating 
cancers, autoimmune diseases and oncological disorders. 
Different medicines and methods are used to treat cancer; 
one of them is cyclophosphamide (CP), an important and 
effective drug to treat cancer.1 Despite its role in treating 
cancers, it causes some disorders in ovaries.2 Producing 
oocytes is the most important function of ovaries. In 
mammals, a very limited number of oocytes is produced, 
because in mammals including human these cells pro-
liferate only in the fetal period and after birth; a fixed and 
limited number of follicles is saved in ovaries that their 
removal will lead to early senescence of ovaries.3 It has 
been suggested that treating cancer with CP in female 
patients causes defects in ovarian functions.1 Alkylating 
agents including CP cause genetic mutations, chromo-
somes fragmentations and aneuploidy in somatic cells.4 
Furthermore, CP damages primordial follicles due to  
 

 depletion in follicle reserve having a negative effect on 
genital system causing infertility and early menopause 
in females.5  

Oxidative stress is generated when an imbalance 
occurs between the production of oxygen free radicals and 
cells defensive anti-oxidant capacity. This leads to the 
production of different free radicals including superoxide 
anion (O2-), hydroxyl radical (OH) and non-radical 
derivatives of oxygen like hydrogen peroxide (H2O2). 
These free radicals are highly unstable and react quickly 
with biological molecules in an unspecific pattern. This 
leads to the development of different cellular damages 
including plasma membrane peroxidation, amino acids 
and nucleic acids oxidation, apoptosis and necrosis.6 Since 
chemotherapy medicines act as oxidative stress generating 
factors in the body and increase the production rate of free 
radicals, it seems that CP exerts its effects on body organs 
and genital system by this mechanism and causes a 
reduction in fertility potential.  
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Major active chemicals in saffron are crocetin, crocin 

(Cr) and safranal possessing free radicals defeating 
property.7 These chemicals may be used to treat diseases 
associated with nervous degenerations and memory 
losses.8 Saffron extract shows pharmacological activities 
including anti-tumors,9,10 blood fat levels reduction, anti-
inflammatory,11 anti-convulsion12 and anti-depressant 
effects in animals13 and 14 antitussive and expectorant 
effects in human.15  

Because no study has been done regarding Cr (as an 
anti-oxidant factor) activity to decrease CP-induced 
oxidative stress in ovarian tissue focusing on follicular 
development and atresia, we investigated the protective 
effect of Cr on development and atresia of ovarian follicles 
in mice treated with CP.  
 
Materials and Methods 
 

Animals. Fifteen fertile female mice aged 6-8 weeks 
(20.00 - 25.00 g) were distributed randomly into three 
groups and treated for 21 days. All the ethical issues 
related to laboratory animals in Faculty of Veterinary 
Medicine, Urmia University were carefully observed (Ethic 
Number: AECVU-189-2019) and the animals were kept in 
standard conditions of temperature (22.00 ± 2.00 ˚C), 
humidity (30.00%-60.00%) and light/dark cycle (14/10) 
and fed freely. 

Groups and administrations. The control group 
received a daily dose of normal saline (0.10 mL; IP), the 
sham-control (CP) group received CP (15.00 mg kg-1 per 
week; IP, Baxter, Halle, Germany)16 and experimental (CP 
+ Cr) group received CP in a similar route as the sham-
control group along with Cr (200 mg kg-1 daily; IP, Sigma-
Aldrich, St. Louis, USA).17  

Sampling. After completing treatment period (21 
days),2 blood and tissue samples were taken. Ketamine 
(25.00 mg kg-1; IP, Alfasan, Utrecht, The Netherlands) was 
used for partial anesthesia for blood sampling through the 
jugular vein and animals euthanasia was performed by 
ketamine over-dose (75.00 mg kg-1; IP). Blood serum was 
separated from samples after centrifugation in 3,000 g for 
5 min. Then, the serum was poured in sterile micro-tubes 
and kept in –70.00 ˚C until enzymatic and hormonal tests. 
Subsequently, the right ovaries were taken for histological 
investigations and kept in the 10.00% formalin buffer 
solution. The left ovaries were stored in –70.00 ˚C for 
biochemical tests.  

Hormonal assays. For evaluating of LH and FSH 
levels, ELISA technique was utilized with specific kits 
including Ferigenix-LH-EASIA (Biosource, Nivelles, 
Belgium) and Ferigenix-FSH-EASIA (Biosource), 
respectively. Measurement of estrogen levels in serum 
was done by a radioimmunoassay technique using 
specific kit (Biogenesis, Poole, UK). The results were 
reported as picogram (pg).  

 

 Histological studies. For histomorphometrical 
studies, the samples were fixed in 10.00% formalin buffer 
solution for 48 hr and undertaken tissue passage and 
molding; then, they were serially sectioned. Finally, tissue 
sections were stained by Hematoxylin and Eosin18 and 
evaluated for ovarian follicular development. A histological 
study was fulfilled by follicles appearance and mast cells 
distribution (by toluidine blue staining) analyses. Morpho-
metrical studies of ovaries were done by counting normal 
and atretic follicles in different growth stages as well as 
corpus luteum.  

Biochemical analyses. Serum samples stored at  
–70.00 ˚C were used for total anti-oxidant capacity 
(TAC) and superoxide dismutase (SOD) measurements. 
Staining technique of Randox Laboratories Ltd. 
(Crumlin, UK) using Ransod kit was applied for 
evaluating SOD levels. In addition, Benzie method was 
applied for measuring TAC.19 Lipid peroxidation level 
was measured by the amount of malondialdehyde 
(MDA) produced in ovarian tissue through reaction of 
thiobarbituric acid.20 The MDA was calculated as 
nanomole per mg proteins in samples.21 The proteins 
were evaluated based on Lowry’s method as mg mL-1.22  

Statistical analysis. The SPSS (version 18.0; IBM 
Corp., Armonk, USA) was applied for data analysis and 
one-way ANOVA and Tukey post hoc test were used. All 
data were stated as mean ± SEM and the p < 0.05 was 
considered as significant value.  

 
Results 
 

Crocin led to ovarian follicular development 
enhancement in CP-treated mice. Results of the current 
study suggested that ovarian follicular reserve of CP-
treated mice underwent a significant decrease compared 
to control group; while, Cr could retain the primary 
follicles population; so, the average number of the follicles 
showed a significant difference compared to sham-control 
group (p < 0.05). Development of primary, secondary, 
tertiary and Graffian follicles as well as the number of 
corpus luteum in CP group (sham-control) showed a 
significant decrease. However, in the experimental group, 
Cr treatment led to all these parameters elevation versus 
sham-control group (p < 0.05), (Table 1 and Fig. 1). 

Crocin prevented CP-induced follicular atresia. 
Morphometrical findings regarding atretic follicles 
suggested that administration of CP in sham-control group 
leads to a significant increase in the number of reserved 
atretic (primary) follicles in comparison with the control 
group; but, Cr supplementation in test group prevented 
atresia in reserved primary follicles population (p < 0.05). 
Furthermore, administration of Cr caused a significant 
reduction in the average number of growing pre-antral 
atretic follicles compared to sham-control group (p < 
0.05). The average number of atretic antral follicles showed 
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a significant increase following CP administration 
compared to the sham-control group; while, 
administration of Cr caused atretic follicles reduction 
compared to the sham-control group; but, this reduction 
was not significant (Table 1 and Fig. 1).  

Crocin increased serum levels of estrogen, LH and 
FSH. Test results of serum hormones analyses showed 
that CP reduced sex hormones (estrogen, FSH and LH) 
levels compared to control group; but, Cr could rise these 
parameters significantly compared to sham-control 
group (p < 0.05), (Fig. 2). The Cr administration led to an 
increase in TAC and SOD levels; while, it caused a decrease 
in MDA levels. Results of TAC and SOD measurements 
suggested a significant decrease in sham-control group 
compared to control group. Giving Cr caused TAC and 
SOD levels increase up to the level of control group or 
even higher than that; so, the difference with the sham 
group was significant (p < 0.05). Ovarian tissue level of 
MDA showed a significant increase in the CP group 
versus control group and Cr as an anti-oxidant agent 
could lower it compared to CP group (p < 0.05), (Fig. 2). 

Crocin reduced the mast cells distribution in 
ovarian medulla connective tissue.  The findings about 
ovarian mast cells distribution in CP group revealed a 
significant increase compared to the control group; 
however, administration of Cr led to a significant drop in 
mast cells distribution compared to sham group (p < 
0.05), (Table 1 and Fig. 3). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 Discussion 
 
This study was performed to modify side effects of 

oxidative stress exerted by CP in the process of ovarian 
follicular development using Cr, an effective ingredients in 
the saffron extract. In this work, by generating oxidative 
stress in female genital system through CP administration, 
it has been observed a significant reduction in ovarian 
follicles, corpus luteum and sex hormones, TAC and SOD of 
serum as well as a significant increase in atretic follicles, 
mast cells and MDA levels in ovarian tissue of sham-
control group compared to control group.  

Alkylating agents including CP lead to genetic 
mutations, chromosomal fragmentations and aneuploidy 
in somatic cells.4 In addition, CP causes destructions in 
primordial follicles due to a reduction in follicular stocks 
negatively influencing on the genital system leading to 
infertility and early menopause in females and cellular 
cycle disruption affecting resting oocytes.23 Histological 
studies suggested that following CP administration, a 
follicular atresia increased in the animals. However, Cr 
supplementation led to a significant decrease in follicular 
atresia of the experimental group. 

Earlier studies have suggested that CP by interrupting 
pituitary-gonadal axis may interfere with the procedure of 
gonadotrophic and gonadal hormones production.24 
Considering the reduction of LH and FSH hormones levels 
in CP-treated mice, it can be concluded that in addition 
 Table 1. Average number of right ovarian normal and atretic follicles, corpus luteum and mast cells in studied groups (mean ± SEM). 

Parameters  Control Cyclophosphamide Cyclophosphamide+Crocin 

Primordial follicles 
Normal 
Atretic 

270.60 ± 3.41 a 
197.20 ± 3.87 a 

229.60 ± 3.33 b 
327.60 ± 3.18 b 

246.00 ± 2.12 c 
187.00 ± 2.09 c 

Primary follicles 
Normal 
Atretic 

18.20 ± 0.58 a 
29.80 ± 0.66 a 

6.20 ± 0.58 b 
45.40 ± 1.43 b 

10.80 ± 0.86 c 
19.00 ± 0.54 c 

Secondary follicles 
Normal 
Atretic 

14.40 ± 0.74 a 
78.80 ± 1.35 a 

2.20 ± 0.37 b 
84.80 ± 1.85 b 

11.60 ± 0.50 c 
64.40 ± 1.28 c 

Tertiary follicles 
Normal 
Atretic 

7.00 ± 0.44 a 
25.20 ± 1.39 a 

2.20 ± 0.20 b 
45.00 ± 1.30 b 

6.60 ± 1.28 c 
44.60 ± 0.92 b 

Graffian follicles 
Normal 
Atretic 

8.60 ± 0.60 a 
0.60 ± 0.24 a 

4.60 ± 0.60 b 
1.80 ± 0.37 b 

6.00 ± 0.50 c 
1.60 ± 0.24 b 

Corpus luteum 16.00 ± 1.00 a 4.00 ± 0.57 b 6.66 ± 0.88 c 
Mast cells  3.80 ± 0.61 a 9.70 ± 0.42 b 2.40 ± 0.17 a 
abc Different letters indicate significant difference between groups in each row (p < 0.05). 

Fig. 1. Histological view of ovary in the A) Control, B) Cyclophosphamide and C) cyclophosphamide and crocin  treated groups. Note the 
hyperemia of ovarian tissue in CP group. 1: Primordial follicle; 2: Primary follicle; 3: Tertiary follicle; 4: Atretic follicle; 5: Blood vessel; 6: 
Secondary follicle, (H & E, Scale bars = 80.00 μm). 
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to cytotoxic effects of CP imposed to ovarian tissue, it is 
able to interfere with endocrine system and damage 
follicular growth procedure.  

Oxidative stress occurs due to increase of free 
radicals levels in the body; so that, it exceeds the anti-
oxidative defense capacity of the body.25 Observations 
indicated that the toxic effects of CP on female genital 
system activity are through generating oxidative stress. 
Concurrent administration of Cr as an anti-oxidant made 
toxic effects of CP alleviated. It also led to increase in the 
number of normal follicles and levels of sex hormones, 
TAC and SOD in serum as well as decrease in atretic pre-
antral follicles, mast cells and MDA levels in ovarian tissue 
compared to sham-control group. Considering hypo-
thalamus-pituitary-gonadal axis and since antral follicles24 
growth is affected by this axis hormones,4 in this study Cr 
ameliorative effect on hormonal status of treated animals 
was not sufficient to diminish CP’s reductive effects on 
atretic antral follicles; so, there was not a significant 
difference in the number of these follicles compared to CP 
group. However, pre-antral follicular development is 
independent from hypothalamus- pituitary-gonadal axis26 
and in this study the protective effect of Cr on pre-antral 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

follicles was more evident and Cr could significantly 
protect these follicles against atresia. It has been shown 
that the sweet fennel’s essence can protect ovarian follicles 
against atresia imposed by busulfan chemotherapy and 
even enhance growth process of embryos obtained by in 
vitro fertility.27 In addition, Das et al. have studied the 
protective role of ascorbic acid as an anti-oxidant agent 
against CP toxic effects on androgenic and gametogenic 
disorders in rats ovaries and suggested that CP prevents 
the activities of peroxidase and catalase and increases 
MDA level. All these changes were reversed by 
simultaneous usage of ascorbic acid.28 In the current study, 
Cr as a protective factor against side effects of CP could 
lower the MDA level down to control group and protect 
the female genital system against damages caused by free 
radicals. The defending role of vitamin E against oxidative 
stress regarding CP administration in mice has been 
proved formerly. This action of vitamin E is caused by 
destroying free radicals as well as pituitary anterior lobe 
gonadotropins release stimulation.29 In addition, the 
hydroalcoholic extract of ginger has been able to inhibit 
pharmacological side effects of CP on hypothalamus-
pituitary-gonadal axis.24 Considering that, follicular cells 
 

Fig. 2. Mean levels of sex hormones including A) LH, B) FSH and C) Estrogen (E2), and oxidative and anti-oxidant factors including  
D) Malondialdehyde (MDA), E) Total anti-oxidant capacity (TAC) and F) Superoxide dismutase (SOD) in studied groups. Different letters 
indicate significant difference between groups (p < 0.05). C: Control; CP: Cyclophosphamide; Cro: Crocin.  
 
 

Fig. 3. Mast cells distribution (arrows) in the ovary of A) Control, B) Cyclophosphamide and C) Cyclophosphamide and crocin treated 
groups, (Toluidine blue staining, Scale bars = 80.00 μm). 
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are resources of estradiol in ovarian tissue and any severe 
disorder or damage will cause a significant reduction in 
serum estradiol levels.30 In our study, oxidative stress 
caused by CP administration led to a severe drop in 
estradiol level compared to control group; while, in the 
group receiving concurrent CP and Cr, this effect of CP was 
canceled. Pituitary gonadotropins control the growth and 
maturation of ovarian follicles and estrogen secretion.26 
Receptors residing on granulosa cells interfere with FSH 
and activate enzymatic aromatase system resulting in 
androgens to estrogen conversion. Just before ovulation, a 
vast amount of LH reacts with its receptors on the surface 
of granulosa cells and causes ovulation. The LH hormone 
secreted from pituitary gland leads to luteinizing of 
follicular cells; then, causes the formation of active corpus 
luteum.31 In the current study, it has been shown that 
levels of FSH and LH hormones and the average count of 
corpus luteum underwent a significant decrease in the CP 
group compared to control group; but, administration of 
Cr along with CP caused inhibition of CP side effects. 
Subsequently, the level of hormones and number of corpus 
luteum increased significantly compared to CP group. 
Considering that, CP increases the follicular atresia 
significantly; obviously due to damages in granulosa cells 
and estradiol production reduction. Cyclophosphamide 
also has a role in apoptosis of somatic COV434 granulosa 
cells through the removal of glutathione from these 
cells.32Generally, the tissues react against free radicals in 
two anti-oxidative mechanisms including enzymatic and 
non-enzymatic pathways. In the enzymatic system, 
glutathione, SOD and catalase play the most important role 
and the sum of two defensive systems (enzymatic and 
non-enzymatic) will form the ovarian anti-oxidative 
capacity.33 We tried in this study to evaluate serum levels 
of SOD as one of the most important enzymes involved in 
anti-oxidative capacity. Observations suggested that in 
mice treated with CP alone, the levels of SOD and TAC in 
serum reduced significantly. In the meantime, treatment of 
mice by Cr increased above-noted parameters. Therefore, 
Cr was able to increase the SOD level as well as TAC level 
up to the control group through increasing the other anti-
oxidant enzymes.  

In animals, mast cells are sensitive to hormone levels.34 
Distribution of mast cells in rat ovary is dependent on 
some physiological changes during sex cycle.35 Secretions 
of histamine and chemotactic factors in response to acute 
physical and chemical stresses caused by degranulated 
mast cells lead to the increase in blood vessels 
permeability and immune cells recall.36 On the other hand, 
it has been shown that increased number of mast cells is 
related to infertility.37 As a result, mast cells number 
increase in the CP group and a significant reduction of 
mast cells distribution in Cr receiving group can reveal the 
anti-oxidative role of Cr in decreasing vessel reactions and 
tissue inflammations. In addition, the average number of 
 

 these cells in association with hormonal changes resulted 
from CP may increase.  

Overall, considering all results obtained, this study 
supports the idea that genital toxicity resulted from CP 
administration occurs due to oxidative stress and a potent 
anti-oxidant like Cr can protect the female genital system 
against damages often leading to infertility. However, in 
the current study, Cr could increase the quality of ovarian 
follicles, enhance the anti-oxidative capacity of serum and 
reduce mean number of mast cells and follicular atresia as 
well as MDA levels in ovarian tissue.  
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