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Abstract 

Background:  Side effects of cisplatin (CIS) such as testicular toxicity restrict its clinical use. Instead, evidence indicates 
that crocin (CR) has synergistic anti-cancer potential with CIS and exhibited beneficial effects on CIS-induced hepa‑
torenal damage. The aim of this study was to investigate the protective potential of CR against CIS-induced testicular 
toxicity in rats.

Methods:  Fifty adult male Wistar rats randomly assigned to five equal groups including control, CIS, and CIS plus CR 
at doses of 6.25 mg/kg (CIS + CR6.25), 25 mg/kg (CIS + CR25), and 100 mg/kg (CIS + CR100). CIS and CIS + CR groups 
received a single intraperitoneally (i.p.) injection of CIS (7 mg/kg). CR (6.25–100 mg/kg i.p.) injections were started 
three days before the CIS injection and continued once a day for up to 13 days. On the 14th day, all animals were 
sacrificed and their blood samples and testes were removed for biochemical and histological analyses.

Results:  Compared to the control group, CIS significantly decreased relative testis weight (0.28 vs. 0.39, p < 0.001), 
testosterone level (0.3 vs. 2.31 ng/mL, p < 0.001), germinal layer area (25,886 vs. 35,320 µm2, p < 0.001), superoxide 
dismutase (SOD) (0.9 vs.1.73 U/mg, p < 0.001) and increased testicular lipid peroxidation (3.05 vs. 15.35 nmol/mg, 
p < 0.001). CR at 25 mg/kg ameliorated testicular lipid peroxidation and enhanced SOD activity compared to CIS 
group (p < 0.05). Besides, CR treatment at the maximum dose (100 mg/kg) resulted in reversing CIS effects on testis 
weight, testosterone level, SOD, lipid peroxidation, and germinal layer area.

Conclusions:  These findings demonstrated that CR co-treatment could prevent CIS-induced testicular toxicity in rats.
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Background
Cisplatin (CIS) is one of the most important chemo-
therapeutic agents used to control several types of can-
cers. Despite its promising anti-cancer potential, CIS can 
adversely affect liver and kidney functions and induce 
testicular toxicity [1–5]. Nevertheless, CIS benefits 

outweigh its disadvantages, and currently, it is one of the 
most widely used chemotherapeutic agents for hemato-
logic and solid tumor malignancies. The U.S. Food and 
Drug Administration approved CIS for the treatment 
of advanced ovarian and testicular cancers as well as 
bladder carcinoma [6]. However, clinical evidence dem-
onstrates that CIS is used to treat a wide range of malig-
nancies (off-label) [7]. Mechanistically, CIS binds to the 
purine bases of DNA and leads to strand breaks. Con-
sequently, the damaged DNA, RNA, and proteins acti-
vate DNA repair mechanisms that lead to apoptotic or 
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non-apoptotic cell death [8]. Several studies found that 
CIS causes severe testicular damage through impairment 
of Leydig cell function (inhibiting testosterone produc-
tion) and induction of germ cell apoptosis. Besides the 
DNA damage, excessive production of reactive oxygen 
species (ROS) is also implicated as one of the main causes 
of CIS-induced testicular damage [9].

Previous studies revealed that several natural products 
such as eugenol, curcumin and arjunolic acid could limit 
CIS-induced testicular damage by reducing oxidative 
stress and anti-inflammatory properties [10–15]. Con-
sidering everything, natural product research is regarded 
as a powerful approach for developing efficient, safe, and 
convenient drugs [16]. Hence, there is a great interest in 
combining antineoplastic drugs with natural products 
to enhance their efficacy while minimizing side effects 
through the delivery of lower doses [17]. CIS can be used 
singly or in combination therapy for induction and neo-
adjuvant therapy in the clinic. Therefore, it makes CIS a 
suitable candidate for the combination therapy formula 
[18].

Crocin (CR) is the main active constituent of saffron 
(Crocus sativus) with a wide range of pharmacological 
properties such as antidiabetic, anti-inflammatory, anti-
oxidant, antidegenerative, and anti-cancer [19]. Interest-
ingly, recent studies have indicated that CR enhanced 
chemosensitivity of some cancerous cell lines’ to CIS. 
CR in combination therapy with CIS exhibited synergis-
tic effects by induction of cell cycle arrest and apoptosis 
[20–22]. These findings indicate that there is no adverse 
interaction between CR and CIS in combination therapy. 
On the other hand, some works have shown that CR 
attenuated CIS-induced liver and kidney damage in rats 
[23, 24]. Therefore, it is of interest to know whether CR 
protective effect against CIS-induced testicular damage 
is still valid or not. This study aimed to investigate the 
potential protective effect of CR against CIS-induced tes-
ticular toxicity in rats.

Methods
Experimental animals
All procedures involving animals were according to the 
guides and rules in care and use of Laboratory Animals in 
Scientific Affairs with the Iranian Ministry of Health and 
Medical Education (2019) based on the 1964 Helsinki 
declaration and its later amendments or comparable ethi-
cal standards. Moreover, the animal experiments were 
approved by the Birjand University of Medical Sciences 
ethics committee (permit code: Ir.bums.REC.1398.066) 
in compliance with the ARRIVE guidelines [25].

Adult male albino rats (Wistar strain) weighing 
180–200 g (8-week old) were used in the present study. 
All animals were housed in polypropylene cages in a 

temperature-controlled room (24 ± 2  °C) with 30–35 % 
relative humidity and a 12-h light/dark cycle. Besides, 
rats had ad libitum access to water and standard labora-
tory animal chow (Behparvar Co., IR) during the study 
period.

Study design and treatments
A total of 50 rats were randomly allocated into the fol-
lowing five equal groups (n = 10): Control group, CIS 
model group (CIS), CIS plus CR at the dose of 6.25 mg/
kg (CIS + Cr6.25), CIS plus CR at the dose of 25 mg/kg 
(CIS + CR25) and CIS plus CR at the dose of 100  mg/
kg (CIS + CR100). The CR doses were selected based on 
previous studies revealing both protective and anti-can-
cer potentials. Accordingly, some studies showed that CR 
exhibited more anti-cancer potential at the lower doses, 
while others reported testicular or hepatorenal protective 
efficacies at higher doses [23, 24, 26]. Hence, a wide range 
of CR doses (6.25–100 mg/kg) were tested in this study.

The control and CIS groups only received intraperito-
neal (i.p.) injections of normal saline once a day for 13 
consecutive days. The Cr-treated groups (CIS + CR6.25-
100) received i.p. injections of CR (Product No. 17,304, 
Sigma Aldrich, U.S.) dissolved in normal saline at 
6.25  mg/kg, 25  mg/kg, and 100  mg/kg doses once a 
day for 13 consecutive days. On the 3rd day, all groups 
(except for control) received a single i.p. injection of CIS 
(PL 04515/0026, Hospira, U.K.) at the dose of 7  mg/kg. 
The study period and CIS dose were carefully chosen 
based on previous studies [1, 12, 14].

All animals were weighed on the 14th day and then 
sacrificed under anesthesia with ketamine-xylazine 
(65:10 mg/kg i.p.) [27]. Blood samples were collected by 
cardiac puncture for hormonal assay. Immediately after 
blood collection, testes were dissected out and weighed. 
Afterwards, the right testis was fixed in 4% paraformalde-
hyde solution for histology, while the left testis was kept 
in liquid nitrogen at − 70 °C for antioxidant assay.

Testosterone assessment
Blood samples were centrifuged for 15 min at 3000 rpm, 
then sera were obtained, and testosterone assay per-
formed using a commercially ELISA kit (Monobind, Inc., 
U.S.) following the manufacturer’s instruction.

Lipid peroxidation assessment
An equal amount (100  mg) of each testis sample was 
homogenized in 900 µL of 0.1  M phosphate buffered 
saline (PBS, pH 7.4). Then, centrifuged at 4500  rpm for 
15  min at 4  °C and its supernatant was collected. Total 
protein content was quantified using a commercial pro-
tein assay kit (NS-15,073, Navand Salamat, Iran).
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Lipid peroxidation in the testicular tissue samples eval-
uated by the thiobarbituric acid reactive species (TBARS) 
method. In this method, the level of malondialdehyde 
(MDA), the main end product of the lipid peroxidation 
process, is calculated. In brief, 100 µL supernatant was 
added to 200 µL of 0.67% thiobarbituric acid and 600 µL 
of 1% O-phosphoric acid and the mixture was placed in 
a water bath (90 ℃ ) for 45 min. Then, the reaction was 
stopped by placing samples on ice and 800 µL N-butanol 
was added to each sample, vortexed, and the butanol 
phase was separated by centrifugation at 5000  rpm for 
20  min. The supernatant was collected (200 µL) and its 
absorbance was measured spectophotometrically at 532 
nm. Finally, the MDA level was expressed as nmol/mg 
protein [28].

Measurement of superoxide dismutase (SOD) activity
The SOD activity in the testis homogenates were evalu-
ated by measuring the reduction rate of the water-solu-
ble tetrazolium WST-1 dye. The reaction mixture was 
prepared by adding 100 µL of 10 mM WST-1 solution, 
100 µL of 2  mg/mL catalase, 5 µL of xanthine oxidase 
(with the final concentration of 4.5 mU/mL) and 45 µL 
of assay buffer (50 mM Na3PO4, 0.1 mM diethylenetri-
amine pentaacetic acid, and 0.1 mM hypoxanthine in 20 
mL). In brief, 50 µL supernatant and 250 µL of the reac-
tion mixture were added into each well of a 96-well plate 
and mixed appropriately and incubated for 5 min at room 
temperature. The absorbance was read at 405 nm, and 
the SOD activity was expressed in terms of U/mg protein 
[29].

Histopathological evaluations
Tissue samples of testes were processed for paraffin-
embedding by routine histological procedures, and serial 
Sec.  (5  μm thickness) were prepared. The slides were 
stained with hematoxylin and eosin and analyzed under a 
light microscope (Euromex-CMEX-10). The quantitative 
parameters including seminiferous tubule area (µm2) and 
germinal layer area (µm2) were measured using Image J 
Software (1.44p; National Institute of Health, U.S.) as 
previously described [30, 31]. Moreover, the coefficient 
of germinal layer area to seminiferous tubule area was 
calculated.

To categorize the spermatogenesis efficacy, Johnsen’s 
scoring (JS) system was applied. Briefly, the degree of 
testicular damages was tested using a 1–10 point’s scale 
ranging from the lowest score of 1, indicating no semi-
niferous epithelium, to 10, representing complete sper-
matogenesis and perfect tubules (Table  1) [31]. All the 
evaluations were done blindly.

Statistical analysis
Data were expressed as mean ± standard deviation. 
Analyzes were performed using SPSS software, version 
22. The homogeneity of data was checked by Shapiro–
Wilk test. The differences between groups were deter-
mined with ANOVA and Dunnett’s T3 post hoc tests. 
Statistical significance was inferred at p < 0.05.

Results
Effects on body and testicular weight changes
The means of body weight, testis weight and rela-
tive testicular weight (testis weight/ body weight) of 
the studied groups are presented in Table  2. The CIS-
treated animals exhibited lower body-weight, absolute 
and relative testicular weights compared to the control 
group (p  < 0.001 all). Compared to the CIS group, CR 
treatment could significantly prevent body weight loss 
(p = 0.04), testicular weight loss (p < 0.001), and fall of 
relative testicular weight (p < 0.001) only at the maxi-
mum dose (100  mg/kg) in CIS-treated rats. However, 
these parameters were still statistically lower than nor-
mal ranges.

Effects on the serum testosterone
A significant reduction (p < 0.001) in serum testosterone 
concentration was observed in the CIS-treated group 
compared to the control group (0.3 ± 0.19 vs. 2.31 ± 0.4 
ng/mL, p < 0.001). CR treatment at doses up to 25 mg/kg 
could not prevent serum testosterone reduction in CIS-
treated animals (Fig.  1). However, CR administration at 
the dose of 100  mg/kg caused a significant increase in 
serum testosterone level compared to the CIS-treated 
group (1.70 ± 0.13 vs. 0.3 ± 0.19 ng/mL, p < 0.001). 

Table. 1  Johnsen score description

Johnsen score Description

10 Complete spermatogenesis and perfect tubules

9 Slightly impaired spermatogenesis, many late sper‑
matids, disorganized epithelium

8 Less than five spermatozoa per tubule, few late 
spermatozoa

7 No spermatozoa, no late spermatids, many early 
spermatids

6 No spermatozoa, no late spermatids, few early 
spermatids

5 No spermatozoa, no late spermatids, many spermato‑
cytes

4 No spermatozoa and spermatids, few spermatocytes

3 Spermatogonia only

2 No germinal cell, Sertoli cells only

1 No seminiferous epithelium
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Meanwhile, the testosterone level in the CIS + Cr100 
group was still lower than the control group (p = 0.003).

Effects on MDA and SOD
The testicular MDA level of CIS-treated rats was sta-
tistically higher than their counterparts in the control 
group (15.53 ± 3.07 vs. 3.05 ± 1.05 nmol/mg, p  < 0.001) 
(Fig.  2A). CR treatment at the doses of 25  mg/kg and 
100  mg/kg could significantly keep MDA concentration 
lower than the CIS group (7.70 ± 2.29 in CIS + CR 25 mg/
kg and 5.63 ± 1.27 nmol/mg protein in CIS + CR100 mg/
kg). CR treatment could keep the MDA level close to the 
normal level only at the 100 mg/kg dose so that there was 
no significant difference between CIS + CR100 and con-
trol groups (p = 0.403).

CIS administration significantly suppressed the SOD 
activity in the testis tissue compared to the control group 
(0.9 ± 0.3 vs. 1.73 ± 0.34 U/mg, p < 0.001) (Fig.  2B). CR 
treatment at the doses of 25 mg/kg and 100 mg/kg could 

significantly enhance the SOD activity compared to the 
CIS group (p < 0.05 and p < 0.001 respectively).

Testis histopathology
In the control group, histological examination of testis 
samples revealed the normal structure of seminiferous 
tubules in which different phases of spermatogenic cells 

Table. 2  Effects of crocin treatment (6.25–100 mg/kg) on body weight, absolute and relative testis weights

Values are expressed as mean ± standard deviation (n = 10). CIS: cisplatin; CR: crocin; CIS + CR6.25-100: cisplatin (7 mg/kg) injected groups treated with 6.25–100 mg/
kg crocin. *p < 0.05, **p < 0.01 and ***p < 0.001 in comparison with the normal control group. #p < 0.05, ##p < 0.01 and ###p < 0.001 in comparison with the CIS group

Groups Body weight (g) Testis weight (g) Relative testis weight(testis 
weight /body weight)*100

Control 201.62 ± 7.97 1.23 ± 0.10 0.61 ± 0.06

CIS (7 mg/kg) 187.98 ± 4.59*** 0.65 ± 0.05*** 0.35 ± 0.02***

CIS + CR6.25 mg/kg 186.00 ± 6.26*** 0.73 ± 0.10*** 0.39 ± 0.05***

CIS + CR25 mg/kg 185.38 ± 2.13*** 0.70 ± 0.09*** 0.38 ± 0.05***

CIS + CR100 mg/kg 195.40 ± 4.75# 0.94 ± 0.09**,### 0.48 ± 0.04***,###

Fig. 1  Effects of crocin treatment on plasma testosterone .Values are 
expressed as mean ± standard deviation (n = 10). CIS: cisplatin; CR: 
crocin; CIS + CR6.25-100: CIS (7 mg/kg) injected animals treated with 
6.25–100 mg/kg CR. **p < 0.01 and ***p < 0.001 in comparison with 
the normal control group. ###p < 0.001 in comparison with the CIS 
group

Fig. 2  Effects of crocin treatment on testis lipid peroxidation (A) and 
superoxide dismutase (B). Values are expressed as mean ± standard 
deviation (n = 10). MDA: malondialdehyde; SOD: superoxide 
dismutase; CIS: cisplatin; CR: crocin; CIS + CR6.25-100: CIS (7 mg/
kg) injected animals treated with 6.25–100 mg/kg CR. *p < 0.05 and 
***p < 0.001 in comparison with the normal control group. #p < 0.05, 
and ###p < 0.001 in comparison with the CIS group
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were evident. In the germinal layer, proliferating germ 
cells including spermatogonia, Sertoli cells, primary 
spermatocytes and spermatids were radially arranged 
toward the lumen (Fig. 3A). However, CIS-treated rats’ 
seminiferous tubules showed extensive shrinkage, dis-
ruption in spermatogenesis, increased tubular lumen 

caused by sloughing of germinal epithelium (Fig. 3B, C). 
In the CIS-treated animals germinal layer area and its 
coefficient to seminiferous area were markedly reduced 
(p < 0.001) compared to the control group (Table 3). CR 
treatment could not completely restore the CIS-related 
damage at doses of 6.25 mg/kg (Fig. 3D) and 25 mg/kg 

Fig. 3  Effects of crocin treatment on the testis histology of cisplatin-treated rats. Light microscope photomicrograph of the testicular tissue of the 
control group (A) cisplatin (B, C) and cisplatin plus crocin at the doses of 6.25 mg/kg (D), 25 mg/kg (E) and 100 mg/kg (F). SG: spermatogonium; 
SP: spermatocyte; SPT: spermatid; SC: Sertoli cell; LC: leydig cell. Red arrows mark extensive shrinkages, black arrows indicate sloughing of germinal 
epithelium and yellow arrowheads show vacuolation. Sections were stained with Hematoxylin and eosin (400X, bars = 50 μm)
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(Fig. 3E); however, at 100 mg/kg it preserved the overall 
structure of seminiferous tubules close to normal con-
dition (Fig. 3F).

While there was no difference between the studied 
groups in the seminiferous area, a significant reduction 
in the germinal layer area and its coefficient to semi-
niferous area was observed in the CIS group compared 
to the control group (p < 0.001). Treatment with CR at 
the maximum dose (100  mg/kg) efficiently improved 
the germinal epithelium in comparison with the CIS 
group (p < 0.05). The germinal layer area to seminifer-
ous area coefficient reveals more reliable details regard-
ing germinal layer changes. Accordingly, 81% of the 
seminiferous area was filled with germinal epithelium 
in the control group, while this rate decreased to 59% in 
the CIS group. This decrease is statistically significant 
(p = 0.003). Treatment with CR at doses of 6.25 mg/kg 
and 25  mg/kg could not inhibit germinal epithelium 
loss in CIS-treated animals. Administration of CR at 
the dose of 100  mg/kg prevented germinal epithelium 
disruption and kept germinal layer area around 69% of 
the seminiferous area, which was statistically higher 
than the CIS group (p = 0.02). Nevertheless, the germi-
nal layer area coefficient in the CIS + CR100 group was 
still lower than the control group (p = 0.04).

The results of JS of spermatogenesis are shown in 
Fig. 4. The control group exhibited the maximum score 
(mean score = 9.7), whereas CIS-treated rats had a sig-
nificantly lower score (mean score = 7.6, p  < 0.001). 
CR treatment could never keep spermatogenesis at 
the normal level at any dose. A slight improvement 
was observed only in the CIS + CR100 group (mean 
score = 8.5), which was statistically higher than the CIS 
group score (mean score = 7.6, p = 0.03).

Discussion
Chemotherapy is often accompanied by some side effects 
depending on several factors such as chemotherapy dura-
tion, dose, patient’s age, etc. [32]. Testicular toxicity is 
one of the most critical challenges in cancer chemother-
apy leading to the emergence of a new medical discipline 
called oncofertility. The oncofertility aims to preserve the 
fertility of patients who received chemotherapy or radio-
therapy. Testicular toxicity is one of the most important 
chemotherapy side effects restricting the use and efficacy 
of antineoplastic drugs, such as CIS. In the present study, 
the protective efficacy of CR was tested on CIS-induced 
testicular damage in rats. The results demonstrated that 
Cr, a natural product with anti-cancer efficacy, attenu-
ated CIS-induced testicular damage in rats.

Testicular relative weight is a good indicator of normal 
spermatogenesis, frequently measured in reproductive 
studies [30]. CIS administration (7  mg/kg) significantly 
reduced the relative testicular weight in the current 
study, which is consistent with previous reports [10, 12, 
33]. CR treatment only at the maximum dose (100  mg/
kg) significantly prevented testicular relative weight 
loss in CIS-treated rats. These results go beyond previ-
ous reports, showing that CR has increased the testicu-
lar weight in nicotine/paraquat-induced mice testicular 
damage [34, 35].

The production of testosterone and sperms is the pri-
mary function of the testis [36]. Consequently, testoster-
one measurement is considered as a marker indicating 
optimal testicular function. In this study, CIS administra-
tion caused a severe drop in serum testosterone levels, 
which is in line with previous studies’ findings [13, 37]. 
The results showed that CR had no significant effect on 

Table 3  Effects of crocin (6.25–100 mg/kg) on the seminiferous 
tubule area and germinal layer area

Values are expressed as mean ± standard deviation (n = 10). CIS: cisplatin; CR: 
crocin; CIS + CR 6.25–100: cisplatin (7 mg/kg) injected groups treated with 
6.25–100 mg/kg crocin; SA: seminiferous tubule area; EA: germinal layer area. 
*p < 0.05, **p < 0.01 and ***p < 0.001 in comparison with the normal control 
group. #p < 0.05, ##p < 0.01 and ###p < 0.001 in comparison with the CIS group

Groups SA (µm2)  × 103 EA area 
(µm2) × 103

EA/SA * 100

Control 44.61 ± 8.10 35.32 ± 4.75 81.93 ± 8.89

CIS (7 mg/kg) 43.08 ± 2.94 25.89 ± 4.70*** 59.08 ± 12.07**

CIS + CR6.25 mg/
kg

42.53 ± 5.03 22.56 ± 4.18*** 56.35 ± 8.19**

CIS + CR25 mg/
kg

43.31 ± 5.12 23.96 ± 3.80*** 59.48 ± 13.78**

CIS + CR100 
mg/kg

44.83 ± 6.61 33.59 ± 6.40# 69.38 ± 10.98* #

Fig. 4  Johnsen’s scoring of testicular damage and spermatogenesis 
in the studied groups. Each bar indicates mean ± standard deviation. 
CIS: cisplatin; CR: crocin; CIS + CR6.25-100: cisplatin (7 mg/kg) 
injected animal treated with 6.25–100 mg/kg crocin. *p < 0.05 and 
***p < 0.001 in comparison with the normal control group. #p < 0.05 
in comparison with the CIS group
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testosterone reduction in CIS-treated rats at doses of 
6.25–25  mg/kg, whereas it could attenuate testosterone 
reduction significantly at the dose of 100  mg/kg. These 
results are consistent with the findings reported by Salah-
shoor and coworkers. They have treated mice with differ-
ent doses of CR (12.5, 25, and 50 mg/kg i.p.) plus nicotine 
(2.5  mg/kg i.p.) for four weeks. They found that nico-
tine administration significantly reduced testosterone in 
mice, while treatment with CR resulted in testosterone 
increase in nicotine-treated mice only at the maximum 
dose (50 mg/kg) [35].

Seminiferous tubules are responsible for about 80% 
of the total testicular volume. In the cross-section, 
the lumen of the seminiferous tubule is lined by Ser-
toli cells. It contains spermatozoa in various stages of 
development, from spermatogonia near the base of 
tubules to progressively mature forms (spermatocytes, 
spermatids, and spermatozoa) arranged towards the 
center of the lumen [36]. The most common pathologi-
cal feature observed concerning the testicular toxicity 
is the germinal epithelium’s loosening [38, 39]. There-
fore, quantitative assessment of germinal epithelium 
area or its diameter has been performed in different 
studies [1, 30, 31, 36]. It is well-demonstrated that CIS 
affects testicular germinal epithelium by both cyto-
toxic effect and induction of apoptosis [40]. The results 
indicate that CIS administration did not significantly 
affect the seminiferous area, but it caused a significant 
decrease in the germinal layer area. Germinal epithe-
lial atrophy is generally accompanied by seminiferous 
tubule degeneration. Besides, it is observed in the early 
stage of testicular damage; whereas, seminiferous atro-
phy is considered an irreversible and end-stage change 
of testicular damage [41]. The maximum CR dose 
(100  mg/kg) could prevent germinal epithelium loss 
in CIS-treated rats in the present study. To our knowl-
edge, no study has been yet investigated the impact of 
CR treatment on testicular morphology in CIS-induced 
reproductive damaged animals. However, there are 
studies in which CR has been investigated on other tes-
ticular damage. In the Bayatpour and colleagues’ study, 
diabetic rats were treated with saline or CR (20 mg/kg 
i.p.) for 60 days. They reported that untreated diabetic 
rats exhibited significant testicular damage, but the CR 
treatment caused a significant prevention in germinal 
epithelium sloughing [42]. Contrary to Bayatpour and 
coworkers’ study [42], we found that CR cannot influ-
ence germinal layer loss in CIS-treated rats at doses 
up to 25 mg/kg. It is important to highlight that in the 
mentioned study, CR was administrated for 60 days 
while only 13 injections of CR were performed in the 
current study. In line with germinal epithelium damage, 

spermatogenesis evaluated using the JS system was 
significantly decreased in CIS and CIS + CR6.25 and 
CIS + CR25 groups compared to the control group. CR 
treatment significantly increased the JS compared to 
the CIS group only at 100 mg/kg. A recent study dem-
onstrated that 60 days of CR administration (20 mg/kg 
i.p.) to Wistar rats that simultaneously received high-
fat diet plus streptozotocin could effectively prevent 
spermatogenesis impairment by increasing the JS [43].

Mechanistic studies demonstrated that impairment 
in oxidant-antioxidant balance and lipid peroxida-
tion play a pivotal role in CIS-induced testicular dam-
age [44]. Another promising finding was that CR could 
effectively attenuate testicular MDA levels as well as 
enhance SOD activity in CIS-treated rats at 25  mg/kg 
and 100 mg/kg doses. This result is in line with earlier 
studies wherein testicular lipid peroxidation has been 
decreased with CR treatments [34, 45].

Conclusions
In conclusion, the present study’s findings demon-
strated that CR partially attenuated some of the CIS-
related pathological effects on testicular tissue because 
of its antioxidant property. Numerous studies have 
shown that CR has anti-cancer efficacy on a wide 
range of cancer cells. Moreover, CR not only does not 
interfere with cisplatin but also has synergistic effects. 
Some studies have also reported the protective effects 
of crocin on renal, hepatic, and gastrointestinal side 
effects of chemotherapy drugs. Therefore, it is sug-
gested that CR might be used as a potent therapeutic 
agent combined with CIS to reduce testicular damage 
caused by CIS.

Abbreviations
CIS: Cisplatin; CR: Crocin; PBS: Phosphate buffered saline; TBARS: Thiobarbituric 
acid reactive species; MDA: Malondialdehyde; SOD: Superoxide dismutase; JS: 
Johnsen’s scoring.

Acknowledgements
The authors are thankful to Ms. Gholizadeh for her help in providing cisplatin.

Authors’ contributions
BM and MHT conceived the idea of the study and contributed to the data 
interpretation. MA and PB performed the experiments and MH designed ani‑
mal experiment, analyzed the data and wrote the manuscript draft. All authors 
read and approved the final manuscript.

Funding
This work was fully supported by Birjand University of Medical Sciences, Iran 
(Grant Number: 455848). The funding body did not have any role in the design 
of the study, the collection, analysis and interpretation of the data or the writ‑
ing of the manuscript.

Availability of data and materials
The datasets used in the current study are available from the corresponding 
author on reasonable request.



Page 8 of 9Mesbahzadeh et al. BMC Urol          (2021) 21:117 

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Birjand University of 
Medical Sciences (permit code: Ir.bums.REC.1398.066).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Physiology, School of Allied Medical Sciences, Birjand Univer‑
sity of Medical Sciences, Birjand, Iran. 2 Cellular and Molecular Research Center, 
Birjand University of Medical Sciences, Birjand, Iran. 3 Student Research Com‑
mittee, Birjand University of Medical Sciences, Birjand, Iran. 4 Present Address: 
Department of Anatomical Sciences, Faculty of Medicine, Birjand University 
of Medical Sciences, Birjand, Iran. 

Received: 28 February 2021   Accepted: 25 August 2021

References
	1.	 Jahan S, Munawar A, Razak S, Anam S, Ain QU, Ullah H, Afsar T, Abulmeaty 

M, Almajwal A. Ameliorative effects of rutin against cisplatin-induced 
reproductive toxicity in male rats. BMC Urol. 2018;18:107.

	2.	 Ekinci Akdemir FN, Albayrak M, Çalik M, Bayir Y, Gülçin İ. The protective 
effects of p-coumaric acid on acute liver and kidney damages induced 
by cisplatin. Biomedicines. 2017;5:18.

	3.	 Ekinci-Akdemi RF, Bi Ngöl Ç, Yıldırım S, Kandemi RF, Küçükler S, Sağlam 
YS. The investigation of the effect of fraxin on hepatotoxicity induced by 
cisplatin in rats. Iran J Basic Med Sci. 2020; 23:1382–1387.

	4.	 Kilic K, Sakat MS, Akdemir FNE, Yildirim S, Saglam YS, Askin S. Protective 
effect of gallic acid against cisplatin-induced ototoxicity in rats. Braz J 
Otorhinolaryngol. 2019; 85:267–274.

	5.	 Sakat MS, Kilic K, Akdemir FNE, Yildirim S, Eser G, Kiziltunc A.The effective‑
ness of eugenol against cisplatin-induced ototoxicity. Braz J Otorhi‑
nolaryngol. 2019; 85:766–773.

	6.	 Pillai G. Nanotechnology toward treating cancer. A comprehensive 
review. In: Mohapatra SS, Ranjan S, Dasgupta N, Mishra RK, Thomas 
S, editors. Applications of targeted nano drugs and delivery systems. 
Amsterdam: Elsevier; 2019. p. 221–56.

	7.	 Armstrong DK, Bundy B, Wenzel L, Huang HQ, Baergen R, Lele S, Copeland 
LJ, Walker JL, Burger RA. Intraperitoneal cisplatin and paclitaxel in ovarian 
cancer. N Engl J Med. 2006; 354:34–43.

	8.	 Riddell IA. Cisplatin and oxaliplatin: our current understanding of their 
actions. Met Ions Life Sci. 2018;5:18.

	9.	 Wang T-E, Lai Y-H, Yang K-C, Lin S-J, Chen C-L, Tsai P-S. Counteracting 
cisplatin-induced testicular damages by natural polyphenol constituent 
honokiol. Antioxidants (Basel). 2020;9:723.

	10.	 Afsar T, Razak S, Almajwal A. Acacia hydaspica ethyl acetate extract 
protects against cisplatin-induced DNA damage, oxidative stress and 
testicular injuries in adult male rats. BMC Cancer. 2017;17:1–14.

	11.	 Amin A, Hamza AA. Effects of Roselle and Ginger on cisplatin-induced 
reproductive toxicity in rats. Asian J Androl. 2006;8:607–12.

	12.	 Ilbey YO, Ozbek E, Cekmen M, Simsek A, Otunctemur A, Somay A. Protec‑
tive effect of curcumin in cisplatin-induced oxidative injury in rat testis: 
mitogen-activated protein kinase and nuclear factor-kappa B signaling 
pathways. Hum Reprod. 2009; 24:1717–25.

	13.	 Soni KK, Zhang LT, You JH, Lee SW, Kim CY, Cui WS, Chae HJ, Kim HK, Park 
JK. The effects of MOTILIPERM on cisplatin induced testicular toxicity in 
Sprague–Dawley rats. Cancer cell Int. 2015;15:1–11.

	14.	 Sherif IO, Abdel-Aziz A, Sarhan OM. Cisplatin‐induced testicular toxicity in 
rats: the protective effect of arjunolic acid. J Biochem Mol Toxicol. 2014; 
28: 515-21.11.

	15.	 Ekinci Akdemir FN, Yildirim S, Kandemir FM, Aksu EH, Guler MC, Kiziltunc 
Ozmen H, Kucukler S, Eser G. The antiapoptotic and antioxidant effects of 

eugenol against cisplatin-induced testicular damage in the experimental 
model. Andrologia. 2019; 51:e13353.

	16.	 Cragg GM, Pezzuto JM. Natural products as a vital source for the discov‑
ery of cancer chemotherapeutic and chemopreventive agents. Med Princ 
Pract. 2016; 25:41–59.

	17.	 Zhang Y, Li H, Zhang J, Zhao C, Lu S, Qiao J, Han M. The combinatory 
effects of natural products and chemotherapy drugs and their mecha‑
nisms in breast cancer treatment Phytochem Rev. 2020;19:1179–97.

	18.	 Liu G-Y, Lv X, Wu Y-S, Mao M-J, Ye Y-F, Yu Y-H, Liang H, Yang J, Ke L-R, Qiu 
W-Z et al. Effect of induction chemotherapy with cisplatin, fluorouracil, 
with or without taxane on locoregionally advanced nasopharyngeal 
carcinoma: a etrospective, propensity score-matched analysis. Cancer 
Commun (Lond). 2018; 38: 21.

	19.	 Cerdá-Bernad D, Valero-Cases E, Pastor J-J, Frutos MJ. Saffron bioactives 
crocin, crocetin and safranal. effect on oxidative stress and mechanisms 
of action. Crit Rev Food Sci Nutr. 2020. https://​doi.​org/​10.​1080/​10408​398.​
2020.​18642​79.

	20.	 Chen S, Zhao S, Wang X, Zhang L, Jiang E, Gu Y, Shangguan AJ, Zhao H, 
Lv T, Yu Z. Crocin inhibits cell proliferation and enhances cisplatin and 
pemetrexed chemosensitivity in lung cancer cells. Transl Lung Cancer 
Res. 2015;4:775–83.

	21.	 Mollaei H, Hoshyar R, Abedini MR, Safaralizadeh R. Crocin enhances 
cisplatin-induced chemosensitivity in human cervical cancer cell line. Int 
J Cancer Manag. 2019;12: e94909

	22.	 Vali F, Changizi V, Safa M. Synergistic apoptotic effect of crocin and pacli‑
taxel or crocin and radiation on MCF-7 cells, a type of breast cancer cell 
line. Int J Breast Cancer. 2015;2015:e139349.

	23.	 Naghizadeh B, Mansouri SMT, Mashhadian NV: Crocin attenuates 
cisplatin-induced renal oxidative stress in rats. Food Chem Toxicol. 
2010;48:2650–5.

	24.	 Sun Y, Yang J, Wang L, Sun L, Dong Q. Crocin attenuates cisplatin-induced 
liver injury in the mice. Hum Exp Toxicol. 2014;33:855–62.

	25.	 Percie du Sert N, Ahluwalia A, Alam S, Avey MT, Baker M, Browne WJ, Clark 
A, Cuthill IC, Dirnagl U, Emerson M. Reporting animal research. Explana‑
tion and elaboration for the ARRIVE guidelines 2.0. PLoS Biol. 2020; 
18:e3000411.

	26.	 Sun Y, Xu H-J, Zhao Y-X, Wang L-Z, Sun L-R, Wang Z, Sun X-F. Crocin exhib‑
its antitumor effects on human leukemia HL-60 cells in vitro and in vivo. 
Evid Based Complement Altern Med. 2013;2013:e690164.

	27.	 Hassanzadeh-Taheri M, Hassanpour-Fard M, Doostabadi M, Moodi H, 
Vazifeshenas-Darmiyan K, Hosseini M. Co-administration effects of aque‑
ous extract of turnip leaf and metformin in diabetic rats. J Tradit Comple‑
ment Med. 2018;8:178–83.

	28.	 Moodi H, Hosseini M, Abedini MR, Hassanzadeh-Taheri M, Hassanzadeh-
Taheri M. Ethanolic extract of Iris songarica rhizome attenuates metho‑
trexate-induced liver and kidney damages in rats. Avicenna J Phytomed. 
2020;10:372–83.

	29.	 Ataie Z, Mehrani H, Ghasemi A, Farrokhfall K. Cinnamaldehyde has ben‑
eficial effects against oxidative stress and nitric oxide metabolites in the 
brain of aged rats fed with long-term, high-fat diet. J Funct Foods. 2019; 
52:545–551.

	30.	 Hassanzadeh-Taheri M, Hosseini M, Dorranipour D, Afshar M, Moodi H, 
Salimi M. The Oleo-Gum-Resin of Commiphora myrrha ameliorates male 
reproductive dysfunctions in streptozotocin-induced hyperglycemic rats. 
Pharm Sci. 2019;25:294–302.

	31.	 Hassanzadeh-Taheri M, Jahani F, Hassanzadeh-Taheri M, Doostabadi 
M, Doostabadi H, Hosseini M. The impacts of yoghurt butter oil on rat 
testicular morphology and sexual hormones in a 150-day study. Comp 
Clin Path. 2018;27:959–65.

	32.	 Hoshyar R, Sebzari A, Balforoush M, Valavi M, Hosseini M. The impact of 
Crocus sativus stigma against methotrexate-induced liver toxicity in rats. 
J Complement Integr Med. 2019;17:e2019-0201.

	33.	 Eid AH, Abdelkader NF, Abd El-Raouf OM, Fawzy HM, El-Denshary ES. 
Carvedilol alleviates testicular and spermatological damage induced by 
cisplatin in rats via modulation of oxidative stress and inflammation. Arch 
Pharm Res. 2016; 39:1693–702.

	34.	 Sadat Kamali F, Shahrooz R, Najafi G, Razi M. Ameliorative effects of crocin 
on paraquat-induced oxidative stress in testis of adult mice: an experi‑
mental study. Int J Reprod Biomed. 2019;17:807–18.

https://doi.org/10.1080/10408398.2020.1864279
https://doi.org/10.1080/10408398.2020.1864279


Page 9 of 9Mesbahzadeh et al. BMC Urol          (2021) 21:117 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	35.	 Salahshoor MR, Khazaei M, Jalili C, Keivan M. Crocin improves damage 
induced by nicotine on a number of reproductive parameters in male 
mice. Int J Fertil Steril. 2016;10:71–8.

	36.	 Hassanzadeh-Taheri M, Hosseini M. Comments on “The improvement 
effects of Gordonia bronchialis on male fertility of rats with diabetes mel‑
litus induced by Streptozotocin". Pharm Sci. 2020;26:93–5.

	37.	 Tian M, Liu F, Liu H, Zhang Q, Li L, Hou X, et al. Grape seed procyanidins 
extract attenuates Cisplatin-induced oxidative stress and testosterone 
synthase inhibition in rat testes. Syst Biol Reprod Med. 2018;64: 246–59.

	38.	 Catlin NR, Willson CJ, Creasy DM, Rao DB, Kissling GE, McIntyre BS, et al. 
Differentiating between testicular toxicity and sexual immaturity in 
ortho-phthalaldehyde inhalation toxicity studies in rats and mice. Toxicol 
Pathol. 2018;46:753–63.

	39.	 Serki E, Vazifeshenas Darmiyan K, Ezi S, Bayat J, Shahamat, Farhad, 
Ghiravani Z, et al. Effects of colostrum on sperm parameters, sex hor‑
mones and testes histopathological changes in diabetic rats. JMUMS. 
2016;26:83–94.

	40.	 Mohammadnejad D, Abedelahi A, Soleimani-Rad J, Mohammadi-Roshan‑
deh A, Rashtbar M, Azami A. Degenerative effect of Cisplatin on testicular 
germinal epithelium. Adv Pharm Bull. 2012;2:173–7.

	41.	 Creasy D, Bube A, Rijk Ed, Kandori H, Kuwahara M, Masson R, et al. Prolif‑
erative and nonproliferative lesions of the rat and mouse male reproduc‑
tive system. Toxicol Pathol. 2012;40:40S-121S.

	42.	 Bayatpoor ME, Mirzaee S, Mohammadi MT. Effect of crocin on spermato‑
genesis in streptozotocin-induced diabetic rats. JMUMS. 2018; 28: 24–35.

	43.	 Mirzaee S, Bayatpoor ME, Shahyad S, Mohammadi MT, Bahari Z. The 
protective effects of Crocin on testopathy in fat-fed and streptozotocin-
treated diabetic rats: an experimental study. Int J Reprod Biomed. 
2019;17:89–98.

	44.	 Liu Z, Sun Y, Su L, Sun Y, Kong S, Chang X, et al. Effects of cisplatin on 
testicular enzymes and Sertoli cell function in rats. Fundam Toxicol Sci. 
2015; 2:137–45.

	45.	 Bakhtiary Z, Shahrooz R, Ahmadi A, Zarei L. Evaluation of antioxidant 
effects of crocin on sperm quality in cyclophosphamide treated adult 
mice. Vet Res Forum. 2014;5:213–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	The protective effect of crocin on cisplatin-induced testicular impairment in rats
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Experimental animals
	Study design and treatments
	Testosterone assessment
	Lipid peroxidation assessment
	Measurement of superoxide dismutase (SOD) activity
	Histopathological evaluations
	Statistical analysis

	Results
	Effects on body and testicular weight changes
	Effects on the serum testosterone
	Effects on MDA and SOD
	Testis histopathology

	Discussion
	Conclusions
	Acknowledgements
	References


