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Chemotherapy-induced nephrotoxicity was improved by crocin in mouse model
Qichao Yin, Hua Xiong

Department of Hematology, the Affiliated Hospital of Qinghai University, Xining, China

Cisplatin (CDDP) has been widely used in cancer therapy, but it has been linked to side effects such as nephro-
toxicity. Crocin is a carotenoid found in crocus and gardenia flowers that has been shown to have anti-oxidant
properties, inhibit tumor growth, and provide neuroprotection. The purpose of this study was to investigate the
protective effect of crocin against CDDP-induced nephrotoxicity in a mouse model. Kunming mice were
administered orally with crocin for 7 days at the dose of 6.25 mg/kg and 12.5 mg/kg per body weight daily and
were injected with CDDP via intraperitoneal route at the dose of 10 mg/kg per body weight. Using commercial
kits, the oxidative stress markers glutathione, malondialdehyde, catalase, glutathione peroxidase, and superox-
ide dismutase were measured in the kidneys of mice. Immunohistochemistry was used to assess the levels of
p53, cleaved caspase-3, and phospho-p38 mitogen-activated protein kinase in the kidneys. Crocin significantly
reduced CDDP-induced changes in serum creatinine and blood urea nitrogen levels, according to the findings.
Crocin reduced malondialdehyde levels and increased glutathione, glutathione peroxidase, catalase, and super-
oxide dismutase levels in CDDP-induced lipid peroxidation. Crocin also significantly inhibited p38 mitogen-
activated protein kinase activation, p53 expression, and caspase-3 cleavage. In conclusion, crocin protects
against CDDP-induced oxidative stress and nephrotoxicity by attenuating the activation of p38 mitogen-acti-
vated protein kinase and caspase-3 cleavage.
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Introduction
Cisplatin (CDDP) has been widely applied in cancer treatment

as one effective chemotherapy agent. Nevertheless, nephrotoxicity is
the dose limiting factor for clinical use of CDDP.1 The nephrotoxic-
ity induced by CDDP may be due to oxidative stress, DNA damage,
apoptosis and inflammation.2,3 Previous study indicated the role of
reactive oxygen metabolites in the nephrotoxicity.4 CDDP induced
nephrotoxicity is associated with reduced levels of superoxide dis-
mutase (SOD) and catalase (CAT), and the changed levels of glu-
tathione (GSH) and malondialdehyde (MDA) in the kidneys.5,6 The
mechanism of p53 activation by CDDP may involve cell apoptosis
and oxidative stress.7 Reactive oxygen molecules, for example, can
activate p53 and caspases.8

To maximize the efficacy of CDDP in cancer chemotherapy, it is
critical to identify compounds that reduce CDDP-induced nephro-
toxicity. Crocin is a carotenoid chemical compound found in crocus
and gardenia flowers. Crocin has been shown in recent studies to
inhibit tumor growth, provide neuroprotection, and have anti-oxi-
dant properties.9-11 As a result, we hypothesized that crocin could
prevent CDDP-induced nephrotoxicity by inhibiting oxidative stress
and apoptosis. Using the Kunming mouse as the experimental
model, this study sought to investigate the activity of crocin in atten-
uating CDDP-induced nephrotoxicity.

Material and Methods

Animals 
Kunming mice (weight 18-22 g) were provided by the Qinghai

University Experiment Animal Center. Animals were maintained in
the laboratory under standardized, sterilized conditions (25±2°C, 50-
60% relative humidity, 12 h dark/light cycle), and fed with standard
diet and water ad libitum. All animal experiment protocols were
approved by Animal Use and Care Committee of Affiliated Hospital
of Qinghai University.

Thirty mice were randomly divided into five groups (n=6).
CDDP, crocin, and the antioxidant agent, silymarin were obtained
from Sigma-Aldrich (St. Louis, MO, USA). Group I received 0.9%
saline intraperitoneally for 7 days. Group II received CDDP (10
mg/kg) intraperitoneally on day one. Group III and IV received
crocin at 6.25 and 12.5 mg/kg intraperitoneally per day, respectively,
for 7 days following CDDP (10 mg/kg) injection on day one. Group
V (positive control) received silymarin (100 mg/kg) orally per day
for 7 days following CDDP (10 mg/kg) injection on day one. Seven
days after CDDP treatment, all mice were sacrificed. 

Measurement of blood urea nitrogen and serum creati-
nine 

Blood samples were collected and centrifuged at 2,500 rpm for
10 min at 4°C. Blood urea nitrogen (BUN) and serum creatinine (Cr)
kits were obtained from Jiancheng Bioengineering Institute
(Nanjing, China). BUN and creatinine levels were measured using
commercial kits according to the manufacturers’ instructions.

Biochemical analysis 
Kidney tissues were homogenized in phosphate buffer (pH 7.4)

and the supernatants were collected after centrifugation at 12,000 g
at 4°C for 20 min. Glutathione (GSH), malondialdehyde (MDA),
catalase (CAT), glutathione peroxidase (GPx), and superoxide dis-
mutase (SOD) kits were obtained from Jiancheng Bioengineering
Institute (Nanjing, China). The activities of SOD, CAT, and GPx and
MDA and GSH levels in the supernatants were determined by the

assay kits and normalized to protein concentrations. 

Histological analysis 
The kidneys were dissected, washed in 0.9% saline and fixed in

10% formalin overnight. The samples were embedded in paraffin
and cut into 5 μm sections. After staining by hematoxylin and eosin
(H&E) the sections were observed under a light microscope
(Olympus, Japan) with 50x objective.

Immunohistochemical staining 
The kidney sections were boiled in citric acid buffer for 10 min

for antigen retrieval and then incubated in 0.3% H2O2 for 30 min to
block endogenous perioxidase. Next, the sections were incubated
with 10% normal horse serum for 30 min and then incubated
overnight at 4°C with primary antibodies for p53, cleaved caspase-3
and phospho-p38 MAPK (all from Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA, 1:100 dilution in phosphate buffered saline con-
taining 2% normal horse serum). The sections were washed with
phosphate buffered saline and then incubated with biotinylated sec-
ondary antibody (1:1,000 dilution in phosphate buffered saline con-
taining 2% normal horse serum) at 37°C for 30 min, followed by the
incubation with streptavidin/biotin complex peroxidase kit (Boster,
Wuhan, China) at 37°C for 30 min. The sections incubated with
phosphate buffered saline instead of primary antibodies were used as
negative controls. Finally, all sections were counterstained with
hematoxylin. The immunostaining signal was observed under
Olympus microscope with 50x objective, and the staining intensity
from five randomly selected microscope fields (the size of the select-
ed area was around 250 µm2) per sample was analyzed using Media
Cybernetics Image-Pro Plus system, with staining intensity in sam-
ple from control group set as 1.

Statistical analysis
Data were presented as the mean ± standard deviation (SD), and

analyzed by using one-way analysis of variance (ANOVA) followed
by LSD test using SPSS 23.0 software. A p-value <0.05 indicated
significant difference.

Results

Crocin attenuated renal injury in CDDP treated mice
First, we detected the levels of serum BUN and creatinine as the

biomarkers of renal injury. Serum BUN and creatinine levels were
significantly higher in CDDP treated group compared to control
group, but serum BUN and creatinine levels were significantly
reduced in crocin treated group compared to CDDP treated group
(Figure 1).

Crocin improved kidney histology in CDDP treated mice
Histological analysis showed regular appearance of glomeruli

and tubuli in the kidney sections of control mice. In contrast, in
CDDP group we found severe degeneration in glomeruli and tubuli,
especially proximal tubular necrosis, the degeneration in epithelial
cells of the proximal tubules, and renal tubular cast. However, kid-
ney lesions were ameliorated in crocin treated group (Figure 2).

Crocin relieved CDDP induced oxidative stress in the
kidneys

To examine the role of oxidative stress in CDDP induced
nephrotoxicity, we measured MDA and GSH levels in the kidneys.
As shown in Figure 3a, CDDP administration caused significant
increase in MDA level (6.87±0.37 nmol/mg protein) in the kidneys
compared to control (2.92±0.23 nmol/mg protein; p<0.05), and
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Figure 2. Crocin reduced renal lesions in mice. HE staining of kidney tissue sections. In control group (I), we observed normal appear-
ance of glomeruli and tubuli in the kidney sections. In CDDP treatment group (10 mg/kg) (II), we observed severe degeneration in
glomeruli and tubuli as indicated by red arrows. In crocin (6.25 mg/kg body weight) +CDDP treatment group (III), we observed much
less degeneration in glomeruli and tubuli as indicated by red arrow. In crocin (12.5 mg/kg body weight) +CDDP treatment group (IV),
we observed almost normal appearance of glomeruli and tubuli as indicated by red arrow. In silymarin (100 mg/kg) + CDDP treatment
group (V), we observed almost normal appearance of glomeruli and tubuli as indicated by red arrow. Silymarin as antioxidant agent
was used as positive control. Scale bar: 50 µm.
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Figure 1. Crocin reduced the levels of serum BUN (a) and Cr (b) in mice. I, control group; II, CDDP treatment group (10 mg/kg); II),
crocin (6.25 mg/kg body weight) +CDDP treatment group; IV, crocin (12.5 mg/kg body weight) +CDDP treatment group; V, silymarin
(100 mg/kg) + CDDP treatment group. Silymarin as antioxidant agent was used as positive control. Data were expressed as mean ± SD
(n=6). *p<0.05 versus group I; **p<0.05 versus group II. 
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crocin treatment reduced kidney MDA level in CDDP treated mice
(p<0.05). In addition, GSH content decreased in the kidney tissues
of CDDP treated mice, but was recovered after crocin treatment
(Figure 3b, p<0.05). Moreover, significantly reduced SOD, CAT,
and GPx activities were found in the kidneys of CDDP treated ani-
mals compared to control group. However, treatment with crocin
and silymarin increased CAT, SOD and GPx activities in the kidneys
of CDDP treated mice (Figure 3 c-e). These results showed that
crocin may attenuate oxidative stress in the kidneys induced by
CDDP.

Crocin reduced p53, cleaved caspase-3 and phospho-p38
levels in the kidneys of CDDP treated mice

Immunohistochemical staining of p53, phospho-p38, and
cleaved caspase-3 in the kidneys showed stronger signal in CDDP
treated group than in control group, but it showed weaker signal after
the treatment with crocin and silymarin (Figure 4). Quantitative
analysis showed that significantly increased staining intensity of
p53, phospho-p38, and cleaved caspase-3 were found in the kidneys
of CDDP treated animals compared to control group. However,
treatment with crocin and silymarin significantly decreased staining
intensity of p53, phospho-p38, and cleaved caspase-3 in the kidneys
of CDDP treated mice (Figure 5). These results showed that crocin
decreased the levels of p53, cleaved caspase-3 and phospho-p38 in
the kidneys of CDDP treated mice.

Discussion
CDDP is a platinum-based antineoplastic agent, but it causes

side effects such as nephrotoxicity.12 Here we reported that crocin
could attenuate CDDP induced nephrotoxicity using mouse model,
and the activity of crocin was related to reduced oxidative stress,
reduced activation of p38 MAPK and reduced cleavage of caspase-
3 in the kidneys of CDDP treated mice.

We found that CDDP caused kidney injury as shown by signifi-
cantly increased serum creatinine and BUN levels compared to con-
trol group. These results are consistent with previous report that
CDDP significantly increased serum creatinine and BUN levels.13

However, compared to CDDP group, serum creatinine and BUN lev-
els significantly decreased in crocin treatment (6.25 and 12.5 mg/kg)
groups. Serum creatinine and BUN levels in crocin treatment group
were similar to those in silymarin treatment group.
Histopathological analysis showed that after the injection of CDDP
the kidneys were characterized by proximal tubular injury such as
moderate necrosis, and the injury improved after crocin treatment.
However, the mechanism of CDDP induced renal injury remains
unclear. The cytotoxic effects of CDDP may involve several mech-
anisms, including oxidative stress, DNA damage, inflammatory
response, mitochondrial injury, and apoptosis of renal tubular
cells.14,15

Lipid peroxidation is a marker of oxidative stress and the level
of MDA, a lipid peroxidation product, increases after CDDP treat-
ment. In addition, GSH depletion contributed to CDDP induced
oxidative stress.16 Similarly, we observed CDDP induced oxidation
damage in the kidneys. The increased level of MDA and the deple-
tion of GSH demonstrated that CDDP induced oxidative damage.
These changes of the antioxidant system may be secondary to oxida-
tive stress induced by CDDP. In addition, crocin significantly
reduced MDA level and increased GSH level. In fact, it has been
reported that the activities of antioxidant enzymes decreased in ani-
mals treated with CDDP.17 In this study, the decrease in CAT, SOD,
and GPx activities after CDDP treatment was consistent with previ-
ous reports.18,19 However, crocin increased the activities of antioxi-
dant enzymes to lessen CDDP toxicity.

Figure 3. Crocin attenuated oxidant stress in the kidneys. Levels
of (a) MDA, (b) GSH, (c) SOD, (d) CAT, and (e) GPx were meas-
ured. I, control group; II, CDDP treatment group (10 mg/kg);
II), crocin (6.25 mg/kg body weight) +CDDP treatment group;
IV, crocin (12.5 mg/kg body weight) +CDDP treatment group; V,
silymarin (100 mg/kg) + CDDP treatment group. Silymarin as
antioxidant agent was used as positive control. Data were
expressed as mean ± SD (n=6). *p<0.05 versus group I; **p<0.05
versus group II. 
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Reactive oxygen species (ROS) may contribute to CDDP
induced toxicity.20 CDDP generates ROS, which then induces DNA
damage and the activation of p38 MAPK.21 In our study, we found
that p38 MAPK activity increased after CDDP treatment, but crocin
inhibited CDDP induced activation of p38 MAPK. These data con-
firmed the role of oxidative stress in CDDP induced toxicity.

DNA damage could activate p38MAPK, leading to the activa-
tion of p53.22 Apoptosis is induced after the activation of caspases-8
and caspase-9, which then trigger effector caspase-3.23 In this study,
the levels of p53 and cleaved caspase-3 increased in the kidneys of
mice treated with CDDP, consistent with previous study.24 However,

crocin significantly attenuated p53 and cleaved caspase-3 levels in
CDDP group. Our results indicate that crocin may inhibit apoptosis
of kidney cells. In future studies, we will employ p38 MAPK signal-
ing inhibitors to confirm that crocin reduces cisplatin induced apop-
tosis of kidney cells by regulating p38 MAPK signaling.

While detailed mechanism of crocin on CDDP induced
nephrotoxicity remains incompletely understood, our results indi-
cate that crocin may provide protection on CDDP induced nephro-
toxicity by inhibiting oxidative stress and apoptotic damage.
Crocin could be used to attenuate CDDP induced nephrotoxicity
in cancer patients.

Figure 5. Quantitative analysis of p53, phospho-p38 MAPK and cleaved caspase-3 staining in the kidneys. I, control group; II, CDDP
treatment group (10 mg/kg); II), crocin (6.25 mg/kg body weight) +CDDP treatment group; IV, crocin (12.5 mg/kg body weight)
+CDDP treatment group; V, silymarin (100 mg/kg) + CDDP treatment group. Silymarin as antioxidant agent was used as positive con-
trol. #p<0.05 versus group I; *p<0.05 versus group II. 

Figure 4. Immunohistochemical staining of p53, phospho-p38 MAPK and cleaved caspase-3 in the kidneys. I, control group; II, CDDP
treatment group (10 mg/kg); II), crocin (6.25 mg/kg body weight) +CDDP treatment group; IV, crocin (12.5 mg/kg body weight)
+CDDP treatment group; V, silymarin (100 mg/kg) + CDDP treatment group. Silymarin as antioxidant agent was used as positive con-
trol. The strong staining signal was marked by red arrows. Scale bar: 50 µm. 
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