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Introduction
Cisplatin has been used as a standard agent of combination chem-
otherapy in several cancers, such as nasopharyngeal, lung, and 
ovarian cancer. However, it has many severe side effects that limit 
the therapeutic use of cisplatin, one of them is kidney damage 
[1, 2]. Over the last few decades, it has been studied that the mech-
anisms of cisplatin-induced kidney damage are complex and in-
volved numerous cellular and molecular processes including in-

flammation, apoptosis, accumulation of cisplatin in renal tubular 
cells via renal drug transporters, Ctr1 and OCT2, and involvement 
of mitogen-activated protein kinases (MAPK) pathways [3, 4]. In 
particular, extracellular-regulated kinase (ERK) 1/2, one of the 
MAPK pathway is considered as an important mediator of signal 
transduction processes, namely cell survival, cell division, gene ex-
pression, and cell metabolism that plays role in injury, death, and 
inflammation of kidney tubular cells due to cisplatin administration 
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Objective  In addition to oxidative stress, inflammation and 
apoptosis have an important role in the pathogenesis of cispl-
atin-induced kidney damage. This study aimed to investigate 
the molecular mechanisms of protective effects of curcumin 
against cisplatin-induced kidney inflammation and apoptosis 
in rats.
Materials and Methods  Eighteen rats were equally divided 
into three groups; normal (0.5 % CMC-Na), cisplatin (CDPP) 
(7 mg/kg i.p.), and cisplatin + curcumin (CMN100) groups. Cur-
cumin was given at a dose of 100 mg/kg orally for nine days, 
starts one week before giving a single dose of cisplatin. Kidney 
and plasma were taken for analysis.
Results  Cisplatin challenged rats demonstrated kidney injury 
as shown by reduced creatinine clearance, increased of plasma 
BUN, plasma creatinine, and kidney MDA, decreased of kidney 
GSH levels, and kidney histopathology alterations. Also, cispl-
atin increased ERK1/2 phosphorylation and NF-κB expression, 
which subsequently increased mRNA expression of TNF-α, IL-6, 
KIM-1, NGAL, and Bax/Bcl-2 ratio as well as decreased mRNA 
expression of IL-10 in kidney tissues. Pre-treatment with cur-
cumin significantly ameliorated inflammation and apoptosis 
induced by cisplatin. In addition, curcumin downregulated Ctr1 
and OCT2 drug transporters as compared to cisplatin group. 
Histopathological examination furthers confirmed the kidney 
damage protection effect of curcumin.
Conclusions  These data indicate that curcumin has nephro-
protective properties against cisplatin-induced kidney damage 
in rats and this effect is associated with its anti-inflammatory 
and anti-apoptosis profiles, in addition to its antioxidant. 
Hence, curcumin may be useful for preventing kidney damage 
against cisplatin administration.
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[5]. Even though various treatment strategies namely saline hydra-
tion and diuresis have been suggested for prevention of cisplatin-
induced kidney damage, but its prevalence is still high. In fact, the 
prevalence of cisplatin-induced kidney damage was 34 % after 
fourth cycles and 52 % after six cycles of cisplatin chemotherapy in 
adult cancer patients treated with cisplatin at a dose of  ≥ 60 mg/
m2 at Dharmais National Cancer Hospital, Jakarta, Indonesia [6].

An active nature product of Asian herb medicine, curcumin, 
shows many protective effects, including against inflammatory and 
oxidative stress conditions. Previous studies have demonstrated 
that curcumin at a dose of 100 mg/kg orally in mice and 60 mg/kg 
in rats reduced concentration of tumor necrosis factor (TNF)-α and 
inhibited oxidative stress in cisplatin-induced nephrotoxicity [7, 8]. 
Moreover, Topcu-Tarladacalisir et al. [9] reported curcumin admin-
istration provided protection against cisplatin-induced renal tubu-
lar cell apoptosis. However, the molecular mechanisms behind the 
anti-inflammatory and anti-apoptotic effects of curcumin in the 
cisplatin-induced kidney damage have not been explored.

Therefore, in this study, we aimed to investigate the possible 
molecular mechanisms of anti-inflammatory and anti-apoptotic 
effects of curcumin in cisplatin-induced kidney damage.

Materials and Methods

Chemicals and drugs
Curcumin was purchased from Xi’an Pincredit Bio-Tech Co., Ltd. 
(Shaanxi, China; Batch #PI-CI-150302). Cisplatin and carboxym-
ethylcellulose sodium (CMC-Na) were purchased from Sigma Al-
drich (St. Louis, MO, USA). Glutathione (GSH) and malondialdehyde 
(MDA) assay kits were purchased from AAT Bioquest, Co., USA. The 
urea and creatinine assay kits were obtained from DiaSys Diagnos-
tic System GmbH (Holzheim, Germany). All reagents and chemi-
cals used were of analytical grade.

Experimental animals
Eight week olds male Sprague-Dawley rats (200–250 g) were ob-
tained from Indonesia National Agency of Drug and Food Control 
and were kept under standard conditions of temperature (26–28 
C), humidity, and 12-h light/dark cycle. Animals were acclimatized 
for 7 days prior the experiment and allowed free access of food and 
water at all times. All animal procedures were conducted in accord-
ance with the Guide for Care and Use of Laboratory Animals of our 
institute and approved by Animal Ethics Committee, University of 
Indonesia (Protocol no. 536/UN2.F1/ETIK/2016). All efforts were 
made to minimize sufferings.

Experimental design
The rats were divided at random into 3 groups of 6 animals each 
and treated for 9 days. The first group (Normal) was given the ve-
hicle (0.5 % CMC-Na) by gavage once daily and a single intraperito-
neal (i.p.) injection of normal saline on the 7th day of the study. The 
second group (CDPP) was given the vehicle by gavage once daily 
for 9 days starting 7 days before giving cisplatin (7 mg/kg i.p.) as a 
single dose to induce kidney damage [10]. The third group 
(CDPP + CMN100) was given curcumin at a dose of 100 mg/kg once 
daily by gavage for 9 days starting 7 days before giving a single dose 

of cisplatin (7 mg/kg i.p.). The dose of curcumin (100 mg/kg orally) 
was selected on the basis of previous study [7]. At the end of ex-
periment, the animals were anesthetized with ether and euthanized 
by cervical dislocation. Blood samples were collected and plasma 
was separated to assess creatinine and BUN; kidney tissues were 
isolated and then stored at -80 °C for further analysis. Before sac-
rificed, individual rats were placed in metabolic cages to obtain 24 h 
urine collections for the measurement of urine creatinine deter-
mined by Jaffe method [11].

Assessment of plasma biochemical parameters
Renal function tests
Blood samples were collected via heart puncture in each animal at 
the time of sacrifice into EDTA vacutainer tubes. EDTA-blood was 
centrifuged at 3000x g, 4 °C, for 15 min for separation of plasma. 
The plasma was used for the estimation of creatinine and BUN. Lev-
els of plasma urea was measured using urease-GLDH:UV enzymat-
ic test according to DiaSys kit. BUN was determined by multiplying 
the result of serum urea by 0.467. Plasma and urine creatinine were 
measured spectrophotometrically at a wavelength of 520 mu ac-
cording to the method described by Jaffe. Creatinine clearance was 
calculated in individual rats as follows: Creatinine clearance = urine 
creatinine x urine volume/plasma creatinine x time [12].

Lipid peroxidation
Renal MDA content, product of lipid peroxidation, assessed by 
measuring the thiobarbituric acid (TBA) reactivity of MDA. For this 
purpose, kidney tissue was rinsed, weighed, and a total of 200 mL 
of sample was resuspended in 1800 mL of distilled water, added 
1 mL of 20 % of trichloroacetic acid (TCA) and 2 mL of 0.67 % TBA, 
and heated at 100 °C for 10 min. The mixtures, then, were centri-
fuged and the supernatant were collected. The absorbance was 
read at 530 nm wave-length.

Measurement of antioxidant status
Renal reduced GSH content was determined by a colorimetric using 
a diagnostic kit, Amplite Rapid Fluorimetric Glutathione GSH/GSSG 
ratio assay kit. The absorbance was read by a fluorescence micro-
plate reader at Ex/Em = 490/520 nm.

Quantitative real-time PCR assay
The total RNA samples from kidney tissues of all rats were extract-
ed using Macherey-Nagel RNA purification (Macherey-Nagel GmbH 
& Co. KG, Germany) following the manufacturer’s protocol. The 
isolated total RNA concentration and purity were measured spec-
trophotometrically at 260 nm wavelength using Nanodrop 2000 
(Thermo Scientific, Waltham, MA). The samples with sufficient pu-
rity (A260/280 > 1.8) were subjected to the next experiment. cDNA 
was synthesized using an AffinityScript QPCR cDNA Synthesis Kit 
according to the manufacturer’s instructions (Agilent Genomics, 
CA, USA). The resulted cDNA concentration and purity was meas-
ured spectrophotometrically at 260 nm using Nanodrop 2000. For 
Real-time PCR, FastStart Essential DNA Green Master (Roche, Ja-
karta, Indonesia) was used and subjected to quantitative PCR 
(qPCR) in a LightCycler Nano RocheTM. The sequences of primers 
were commercially synthesized and listed in ▶table 1. Target genes 
were amplified using FastStart Essential DNA Green Master (Roche, 
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Jakarta, Indonesia). Amplification was performed in 45 cycles fol-
lowed by melting curve analysis. The condition of amplification of 
each gene were as follows: β-actin (denaturation: 95 °C, 20 s; an-
nealing: 60 °C, 20 s; elongation: 72 °C, 1 s), Bcl-2 (denaturation: 
95 °C, 20 s; annealing: 57 °C, 20 s; elongation: 72 °C, 9 s), Bax (de-
naturation: 95 °C, 20 s; annealing: 57 °C, 20 s; elongation: 72 °C, 
9 s), IL-6 (denaturation: 95 °C, 20 s; annealing: 57 °C, 20 s; elonga-
tion: 72 °C, 9 s), IL-10 (denaturation: 95 °C, 20 s; annealing: 57 °C, 
20 s; elongation: 72 °C, 9 s), TNF-α (denaturation: 95 °C, 10 s; an-
nealing: 60 °C, 30 s; elongation: 72 °C, 1 s), kidney injury molecule 
(KIM)-1 (denaturation: 95 °C, 10 s; annealing: 60 °C, 20 s; elonga-
tion: 72 °C, 1 s), neutrophil gelatinase associated lipocalin (NGAL) 
(denaturation: 95 °C, 10 s; annealing: 60 °C, 10 s; elongation: 72 °C, 
1 s), Ctr1 (denaturation: 95 °C, 10 s; annealing: 60 °C, 10 s; elonga-
tion: 72 °C, 1 s), OCT2 (denaturation: 95 °C, 10 s; annealing: 60 °C, 
10 s; elongation: 72 °C, 1 s). Level of mRNA expression was quanti-
fied based on 2-∆∆CT [13].

Western blotting assay
The 100 mg of frozen kidney tissues were homogenized in an ice-
cold buffer (50 mM Triz-HCL, pH 7.4; 200 mM NaCl; 20 mM NaF; 
1 mM Na3VO4; 1 mM 2-mercaptoethanol; 0.01 mg/mL leupeptin; 
0.01 mg/mL aprotinin). Homogenates were centrifuged at 3000 x 
g, 10 min, 4 °C and the supernatant were collected and stored at 
-80 °C until analysis. The total protein concentrations in sample 
were measured using BCA Protein Assay Kit (Thermo Fisher Scien-
tific, USA). Aliquots of supernatants containing equal amounts of 
protein (70 µg) were separated by SDS-PAGE (10 %), transferred 
onto nitrocellulose membranes, then blocked and incubated over-
night at 4 °C with primary antibodies as follows phospho-ERK1/2 
(Cell Signaling-9106) normalized by the basal level of ERK1/2 (Cell 
Signaling-9102), and NF-κB (Cell Signaling-4717) normalized by 
β-actin protein expression in the same sample. All primary antibod-

ies were used at a dilution of 1:1000 and secondary antibodies were 
used at a dilution of 1:5000. Protein bands were visualized by the 
enhanced chemiluminescence (ECL) method.

Histopathological assay
The kidney tissue was cut into about 2-mm thick transverse slices, 
fixed in 10 % formalin. After being embedded in paraffin, the trans-
verse sections were stained with hematoxylin-eosin (H&E) for his-
tological evaluation. The scoring for necrotic lesion in the proximal 
tubules was described as follows: 0 indicates no necrosis; 1 indi-
cates a few necrotic lesions; 2 indicates 50 % necrosis lesions; 3 in-
dicates 60 % necrotic lesions; and 4 indicates necrotic lesions in al-
most all area [14].

Statistical analysis
The results are shown as mean  ±  standard deviation (SD) and were 
analyzed by one-way ANOVA, followed by Tukey’s methods for post-
hoc analysis. Comparisons between two groups were performed 
using an unpaired Student’s t-test. Values of p < 0.05 indicate statis-
tical significance. For statistical analysis, IBM SPSS software was used.

Results

Effect of curcumin plasma creatinine, plasma BUN, 
and creatinine clearance
To evaluate the effect of curcumin on preventing kidney dysfunc-
tion induced by cisplatin, we analyzed plasma creatinine, plasma 
BUN, and creatinine clearance (▶table 2). Cisplatin-treated group 
demonstrated a marked elevation of plasma creatinine and BUN by 
2.4-fold and 5.7-fold, respectively, and a decreased of creatinine 
clearance by 60 % as compared to that of normal group. On the 
other hand, pre-treatment with curcumin at a dose of 100 mg/kg 
significantly improved nephrotoxicity markers as shown by a sig-
nificant reduction in plasma creatinine and BUN concentration by 
33 % and 56 % when compared with cisplatin-treated group. Be-
sides, creatinine clearance was significantly increased by 2-fold 
when compared to the cisplatin-treated group.

Effect of curcumin on lipid peroxidation and GSH 
content in kidney tissues
Effects of curcumin and cisplatin on oxidative stress markers, such 
as MDA and GSH were shown in ▶table 2. It was shown that cispl-
atin administration significantly increased MDA levels by 1.4-fold 
and depleted antioxidant defenses, GSH levels by 12.7 % as com-
pared to that of normal group. Pre-treatment with curcumin pro-
tected against cisplatin-induced oxidative stress in kidney as indi-
cated by lowering of MDA (13 %) and restoring of GSH levels to near-
ly basal levels observed in the normal group.

Effect of curcumin on the expression of p-ERK1/2 in 
cisplatin-induced nephrotoxicity rats
As shown in ▶Fig. 1a, cisplatin-treated group demonstrated sig-
nificant increase of ERK1/2 phosphorylation by 2-fold as compared 
with those in the normal group. Whereas, curcumin at 100 mg/kg 
dose significantly decreased ERK1/2 phosphorylation by 35 %.

▶table 1 Primer sequences used for RT-PCR (5′ to 3′).

Gene Sequences

β-actin Forward: GGCATCGTGATGGACTCCG
Reverse: GCTGGAAGGTGGACAGCGA

Bcl-2 Forward: CTGGTGGACAACATCGCTCTG
Reverse: GGTCTGCTGACCTCACTTGTG

Bax Forward: GCAAAGTAGAAGGCAACG
Reverse: GGCCAAGATCATCCATGACAACT

TNF-α Forward: TCTACTACCAGGTTCTCTTCA
Reverse: CTCCTGGTATGAAATGGCAAATC

IL-6 Forward: ACTTCCAATGCTCTCCTAATGG
Reverse: GTGCTTTCAAGATGAGTTGGATG

IL-10 Forward: CCCAGAAATCAAGGAGCATTTG
Reverse: GGAGAAATCGATGACAGCGT

Ctr1 Forward: CATGATGATGATGCCTATGACC
Reverse: CAGCATCTGCTGCCCAAC

OCT2 Forward: TCTTGATGTACAATTGGTTCACG
Reverse: AACCACAGCAAATACGACCAG

NGAL Forward: GATGTTGTTATCCTTGAGGCCC
Reverse: CACTGACTACGACCAGTTTGCC

KIM-1 Forward: TGGCACTGTGACATCCTCAGA
Reverse: GCAACGGACATGCCAACATA
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Effect of curcumin on apoptotic and inflammatory 
markers
Cisplatin administration caused an inflammatory response as dem-
onstrated by a 1.7-fold increase of kidney NF-κB protein expression 
(▶Fig. 1b), a 5.9-fold and a 6.3-fold increase of TNF-α and IL-6, re-
spectively (▶Fig. 2a and b) as compared to normal group. Pre-
treatment with curcumin at 100 mg/kg dose significantly decreased 
the protein expression of NF-κB by 29 %, and decreased the levels 
of TNF-α and IL-6 by 44 % and 29 %, respectively. To further inves-
tigate whether curcumin has protective activity against cisplatin-
induced inflammation, we evaluate IL-10 gene expression, a potent 
anti-inflammatory cytokine. Cisplatin administration significantly 
reduced gene expression of IL-10 by 25 % as compared to that of 
normal group. Interestingly, IL-10 levels were significantly in-
creased in curcumin pre-treated group by 7.7-fold when compared 
to cisplatin-treated group (▶Fig. 2c). The apoptotic process was 
analyzed by detecting the gene expression of apoptotic markers 
Bax and Bcl-2. As shown in ▶Fig. 2d, cisplatin administration in-
duced a 1.9-fold increase in Bax/Bcl-2 ratio when compared to nor-
mal group. The Bax/Bcl-2 ratio was significantly reduced in curcum-
in pre-treated group by 58 % as compared to that of cisplatin-treat-
ed group.

Effect of curcumin on NGAL, KIM-1 and 
histopathological changes
To evaluate cisplatin-induced renal damage, we performed NGAL, 
KIM-1 and histopathological analysis. ▶Fig. 3a and b illustrates 
that cisplatin injection induced a 3.5-fold and a 6-fold increase in 
NGAL and KIM-1 mRNA expression, respectively, early markers for 
assessment of acute kidney injury, significantly when compared to 
the normal group. Interestingly, the mRNA expression of NGAL and 
KIM-1 was reduced in curcumin pre-treated group by 43.8 % and 
36.4 % as compared to that of cisplatin-treated group, respective-
ly. Kidney histopathological alterations were shown in ▶Fig. 4 and 
▶table 3. In line with progression of renal damage, cisplatin injec-
tion induced degenerative change and necrosis in the tubules with 
infiltration of mononuclear cells in between of tubules. Interest-
ingly, pre-treatment with curcumin ameliorated the pathological 
changes induced by cisplatin injection.

Effect of curcumin on Ctr1 and OCT2 gene 
expression assessed by RT-PCR
To determine the effect of curcumin on renal drug transporters, we 
performed Ctr1 and OCT2 mRNA expression analysis. As shown in 
▶Fig. 3c, cisplatin injection increased the mRNA expression of Ctr1 
by 3.9-fold significantly as compared to that of normal group; this 

▶table 2 Effect of curcumin on plasma creatinine, plasma BUN, Ccr, MDA level, and GSH activity.

Variables Normal (n = 6) cDDP (n = 6) cDDP + cMN100 (n = 6)

Plasma creatinine (mg/mL) 0.59 ± 0.08 1.43 ± 0.45 * 0.96 ± 0.24#

Plasma BUN (mg/mL) 16.51 ± 3.8 94.64 ± 28.1 * 41.81 ± 10#

Ccr (mL/min) 0.3 ± 0.1 0.12 ± 0.07 * 0.24 ± 0.1#

MDA (nmol/mg protein) 10.51 ± 3.8 14.73 ± 0.7 * 12.78 ± 1.5#

GSH activity (uM) 4.03 ± 0.28 3.52 ± 0.32 * 4.02 ± 0.44#

 * p < 0.05 versus to normal group; #p < 0.05 versus to CDDP group

▶Fig. 1 Effects of pre-treatment with curcumin 100 mg/kg orally once daily for 9 days on the activity of ERK1/2 (a) and NF-κB protein expression 
(b) in kidney of cisplatin-injected rats. Values are expressed as the mean ± SD (n = 6).  * p < 0.05 compared to normal group, and #p < 0.05 compared to 
CDPP group.
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▶Fig. 2 Effects of pre-treatment with curcumin 100 mg/kg orally once daily for 9 days on the mRNA levels of TNF-α (a), IL-6 (b), IL-10 (c), and Bax/
Bcl-2 ratio (d) in kidney of cisplatin-injected rats. Values are expressed as the mean ± SD (n = 6).  * p < 0.05 compared to normal group, and #p < 0.05 
compared to CDPP group.

▶Fig. 3 Effects of pre-treatment with curcumin 100 mg/kg orally once daily for 9 days on the mRNA levels of NGAL (a), the mRNA levels of KIM-1 
(b), Ctr1 (c), and OCT-2 (d) in kidney of cisplatin-injected rats. Values are expressed as the mean ± SD (n = 6).  * p < 0.05 compared to normal group, 
and #p < 0.05 compared to CDPP group.
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increase was attenuated by pre-treatment with curcumin though 
no significant difference was seen. Similarly, cisplatin injection in-
creased the mRNA expression of OCT2 by 2.5-fold significantly as 
compared to that of normal group, and again this increase was at-
tenuated by pre-treatment with curcumin; no significant difference 
was seen (▶Fig. 3d).

Discussion
Ample of evidence have identified that kidney damage is one of the 
cisplatin’s major dose-limiting side effects [1, 2, 4]. Initially, cispl-
atin may reduce glutathione (GSH) in kidney tissues contribute to 
increased generation of reactive oxygen species (ROS) and lead to 
oxidative stress [1, 2]. Indeed, cisplatin not only causes oxidative 
stress but also inflicts inflammation in the tubular kidney along with 
associated apoptosis and anomalies in kidney structure and func-
tion. Cisplatin-induced excessive generation of ROS attacks endog-
enous cellular targets including DNA, lipids, proteins, and stimu-
lates several signaling pathways, namely MAPKs and NF-κB which 
subsequently exacerbate its apoptosis and inflammation process-
es [4, 5]. Curcumin has been shown to have antioxidant and anti-
inflammatory effects [15]. In the present study, we have demon-
strated the kidney protective effects of curcumin against cisplatin-
induced kidney damage. This is attributable to its ability to elevate 
antioxidants, attenuate cisplatin-induced increased phosphoryla-
tion of ERK1/2, and decrease the inflammation and apoptosis in the 
kidney associated with significant improvement in renal function 
and histological analysis.

Previous studies have demonstrated that cisplatin given intra-
peritoneally in a single dose of 7 mg/kg induced significant in-
creased of nephrotoxicity markers, such as increased of plasma cre-
atinine and BUN and decreased of creatinine clearance [9, 15, 16]. 
Similar to previous studies, we shown here, that cisplatin injection 
to rats at a dose of 7 mg/kg induced significant increased in the 
markers of renal function, including plasma creatinine and plasma 
BUN, and significant decreased in creatinine clearance. Interest-
ingly, renal function was significantly improved by pre-treatment 
with curcumin. This was demonstrated by improvement in plasma 
creatinine, BUN, and creatinine clearance.

Inside the tubular cells, cisplatin induces mitochondrial dysfunc-
tion and increases ROS production, depletion of antioxidant sys-
tems (GSH), and stimulation of renal accumulation of lipid peroxi-
dation products (MDA) [17, 18]. In the present study, cisplatin in-
jection induced oxidative stress shown by increased of MDA and 
depletion of GSH levels in kidney tissues compared to that of nor-
mal group. Curcumin administration alleviated oxidative stress and 
improved the antioxidant status. These findings were in line with 
other studies that showed that curcumin, a powerful anti-oxidant, 
has protective effects against cisplatin-induced oxidative stress 
[7, 8, 17].

OCT-2 and Ctr1 are significant drug transporters in cisplatin pen-
etration and cytotoxicity that are located mainly in the basolateral 
side of proximal tubules of kidneys and affect the cisplatin accumu-
lation in the kidneys [19, 20]. Previous studies have shown that 
OCT-2 and Ctr1 expression were upregulated by cisplatin and con-
tributed to the drug uptake in renal tubular cells [19–21]. Pabla  
et al., [20] shown that Ctr1 knockdown using siRNA approach re-
duced cisplatin uptake in renal tubules. In vitro study also showed 
that cimetidine, a pharmacological inhibitor of OCT2, inhibited cis-
platin uptake [22]. In line with the previous study, we also demon-
strated that OCT-2 and Ctr1 expression in kidney tissue were in-
creased after cisplatin injection and to our surprise, were decreased 
by pre-treatment with curcumin, though the differences were not 
statistically significant. Our results were in line to the results of Ulu 
et al. [19] that have shown that curcumin has the potential of pre-
venting cisplatin-induced nephrotoxicity via the modulation of 
OCTs expression in the kidney.

▶Fig. 4 Representative photomicrographs of sections from kidney tissues stained by hematoxylin and eosin (x 100 magnification). (Normal) Nor-
mal rats receiving 0.5 % CMC-Na vehicle showed normal histology structure of the kidney tubules. (cDPP) Kidney section of a cisplatin (7 mg/kg, 
i.p.)-treated rats showing necrosis of the tubules (arrows) and infiltration of mononuclear cells ( * * ). (cDPP + cMN100) Kidney section of a curcumin 
(100 mg/kg)-treated rats showing an almost normal morphology.

▶table 3 Histopathological changes in kidney specimens.

Histopathological 
alteration

Normal cDDP cDDP +  
cMN100

– Necrosis –  + + +  + 

– Infiltration of 
mononuclear cells

–  + + +  + 

 + + +  Severe; + +  Moderate; +  Mild; –Nil
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MAPK are a family of structurally related serine/threonine kinase 
enzymes. Previous studies have reported that ERK1/2, one of the 
MAPK families signal transduction pathway plays a critical media-
tor in mediating cellular inflammatory response and apoptosis 
against cisplatin-induced kidney damage [23–25]. Cisplatin-in-
duced generation of ROS play an important role in activation of 
ERK1/2, which in turn, phosphorylate numerous different intracel-
lular targets including transcription factors, membrane transport-
ers, and other protein kinases that govern apoptosis and cell death 
[26–28]. During apoptosis, Bax expression, a pro-apoptotic pro-
tein, is increased and inhibition of ERK pathway decreased Bax ex-
pression [29, 30].

In the present study, we revealed the ability of cisplatin to in-
duce the phosphorylation of ERK1/2 in kidney tissues that is in ac-
cordance with previous reports [25, 31]. Moreover, cisplatin ad-
ministration induced elevation of Bax/Bcl-2 ratio. This result simi-
lar to those demonstrated by Wada et al. [32] and El-Naga [10] who 
demonstrated that the ratio of Bax/Bcl-2 protein expression in kid-
ney tissues was increased following cisplatin injection. Indeed, the 
increase ratio of pro-apoptotic protein, Bax, and anti-apoptotic pro-
tein, Bcl-2, determines the potential of cells to apoptotic process 
[33]. Pre-treatment with curcumin significantly attenuated cispl-
atin-induced phosphorylation of ERK1/2 and inhibited the eleva-
tion of ratio Bax/Bcl-2 in the tubular kidney, indicating diminished 
kidney apoptosis. This finding was supported by previous study that 
showed that curcumin has a potential protective effect against cis-
platin-induced apoptosis in renal tubules [34].

We, next explore whether curcumin could also prevent cisplatin-
induced inflammation in kidney tissues. Cisplatin induces the acti-
vation of NF-κB leads to transcription of inflammatory mediators 
including TNF-α and subsequently induces the expression of other 
inflammatory cytokines into the kidney tissues [35, 36]. On the 
other hand, anti-inflammatory cytokine, IL-10, inhibited the induc-
tion of TNF-α after cisplatin administration [36, 37]. In the present 
study, pre-treatment with curcumin significantly inhibited NF-κB 
expression, a transcription factor that activates pro-inflammatory 
cytokines TNF-α and IL-6 in response to oxidative stress, and re-
stored IL-10 levels, which can be suggested as one of the mecha-
nism for its nephroprotective role in cisplatin-induced nephrotox-
icity. The findings were in parallel to the histopathologic results 
that showed the ability of curcumin to reduce the inflammatory 
cell infiltration and kidney necrosis (▶Fig.4 and ▶table 3). These 
results were in the same line with Ueki et al. [7] and Kuhad et al. [8] 
who demonstrated that curcumin at a dose of 100 mg/kg and 
60 mg/kg, respectively, inhibited cisplatin-induced renal inflamma-
tion in rodents by decreasing the serum and renal concentration of 
TNF-alpha.

Kidney injury molecule (KIM)-1 and Neutrophil gelatinase-asso-
ciated lipocalin (NGAL) are some of protein products that might 
function as novel biomarkers for the initiation phase of acute kid-
ney injury [38, 39]. Sasaki et al. [39] have demonstrated that the 
expression of KIM-1 increased after cisplatin administration to rats. 
In line with previous studies, we also demonstrated that the early 
biomarkers of proximal tubule kidney injury, NGAL and KIM-1were 
increased by cisplatin treatment. Pre-treatment with curcumin in-
hibits the increase in kidney tissues both KIM-1 and NGAL. Indeed, 
blood KIM-1 levels were elevated in the acute kidney injury as well 

as chronic kidney disease conditions and functions as a sensitive 
and specific diagnostic and prognostic biomarker for proximal tu-
bule kidney injury [40].

Conclusion
In summary, findings in this investigation suggested that curcum-
in might be of significant protection benefit against cisplatin-in-
duced kidney damage. The protective effects of curcumin appear 
to be due to suppression of inflammation and apoptosis, in addi-
tion to oxidative stress through suppression of ERK1/2 phospho-
rylation and NF-κB expressions.
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