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ABSTRACT

OBJECTIVE: Side effects of cisplatin, such as nephrotoxicity, limit its use in chemotherapeutic 
regimens and indicate an agent that suppresses its toxicity. Thymoquinone (TQ), the predominant 
bioactive constituent present in black seed oil (Nigella sativa), has antiinfl ammatory, antioxidant and 
antitumor effects. We propose a protective mechanism of of TQ on cisplatin-nephrotoxicity in rats that 
is through modulation of Nrf2-mediated antioxidant induction and reduced inflammation.

MATERIAL and METHODS: Twenty-eight male Wistar rats (8 weeks-old) were divided into four 
groups; Control (vehicle; 0.9% saline, 1 ml/kg body wt., p.o.), TQ (10 mg/kg body weight/day in 
drinking water for 5 days), cisplatin (a single injection of 7mg/kg body wt, i.p.) and  TQ  for 5 days 
in drinking water then a single injection of cisplatin. On day 10, all rats were sacrifi ced by cervical 
dislocation, kidneys were removed, and serum urea and creatinine were collected.

RESULTS: Serum urea and creatinine levels were signifi cantly higher in cisplatin-treated rats 
compared with control rats. TQ-treatment signifi cantly decreased serum urea and creatinine levels. 
Cisplatin-treatment caused signifi cant downregulation of the nuclear NF-E2-related factor-2 (Nrf2), 
heme oxygenase-1(HO-1) and caused an increase in the levels of nuclear factor-kappa B (NF-κB).  
Interestingly, TQ supplementation signifi cantly improved the changes associated with cisplatin 
nephrotoxicity by increasing the levels of Nrf-2 and HO-1 and decreasing the levels of NF-κB. 

CONCLUSION: This study demonstrates the TQ targets NRF2/HO-1 and can be used as a potential 
agent against cisplatin-induced nephrotoxicity.
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ÖZ

AMAÇ: Sisplatinin nefrotoksisite gibi sitotoksik etkileri, kemoterapi rejimlerinde kullanımını 
sınırlamakta ve toksik etkilerini baskılayacak bir ajana gereksinim doğmaktadır. Thymoquinone (TQ) 
çörek otu yağında bulunan biyoaktif bileşen olup, antiinfl amatuvar, antioksidan ve antitümör etkileri 
vardır. Bu çalışmada, ratlarda TQ’nin Nrf2 indüksiyonu ve antiinfl amatuvar etki yoluyla sisplatin 
nefrotoksisitesi üzerine olan koruyucu etkisini araştırdık.

GEREÇ ve YÖNTEMLER: Bu çalışmada, TQ’in sisplatin aracılı nefrotoksisiteye etkisini ve bu 
süreçte in vivo olarak infl amasyonu baskılama mekanizmalarını araştırdık. Sekiz haftalık 28 erkek 
Wistar rat 4 gruba ayrıldı; kontrol (1 mg/kg oral %0,9’luk tuz çözeltisi), TQ (5 gün boyunca içme 
suyuna 10 mg/kg/gün), sisplatin (7 mg/kg, i.p. tek doz) ve içme suyuyla 5 günlük TQ uygulaması 
sonrası tek doz sisplatin enjeksiyonu yapılan grup. Onuncu günde tüm ratlardan servikal dislokasyon 
sonrası böbrek dokuları ile üre ve kreatinin ölçümü amaçlı serumları alındı. 

BULGULAR: Çalışmamız kontrol grubuna kıyasla sisplatin grubunda üre ve kreatinin değerlerinin 
anlamlı şekilde yüksek olduğunu göstermektedir (p<0,0001). TQ tedavisi serum üre ve kreatinin 
düzeylerini anlamlı şekilde azaltmıştır (p<0,001). Sisplatin tedavisi anlamlı biçimde (p<0,05) nükleer 
NF-E2 ilişkili faktör-2 (Nrf2) ve hem oksijenaz-1 (HO-1) downregülasyonuna neden olarak nükleer 
faktör-kappa B (NF-kB p65) düzeylerinde artmaya neden olmuştur. İlginç biçimde TQ desteği Nrf-2 ve 
HO-1 artışı ve NF-kB düzeylerinde anlamlı (p<0,05) azalmaya neden olarak sisplatin nefrotoksisitesine 
bağlı değişiklikleri düzeltmiştir.

SONUÇ: Bu çalışma TQ’in NRF2/HO-1’i hedef aldığını ve sisplatin aracılı nefrotoksisiteye karşı 
potansiyel koruyucu bir ajan olarak kullanılabileceğini ortaya koymaktadır.

ANAHTAR SÖZCÜKLER: Sisplatin, Böbrek, Nrf2, HO-1, Thymoquinone
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INTRODUCTION

Cisplatin (cis-diamminedichloroplatinum II) and other 
platinum analouges are among the most effective antineoplastic 
drugs widely used in the treatment of human tumors, including 
prostate, breast, testicular, ovarian, lung, bladder, colon, brain, 
and head and neck (1). However, these compounds exhibit 
specifi c dose-dependent toxicity, limiting their therapeutic 
potential. The major dose-limiting factors in the therapy are 
nephrotoxicity, gastrointestinal toxicity, and neurotoxicity (2).  

Following cisplatin treatment nephrotoxicity occurs in       
25–33% of single dose patients and in 50–75% of multiple dose 
patients (3,4), and results in necrosis of proximal tubule (5). 
Cisplatin causes tubular injury through multiple mechanisms, 
including oxidative stress, infl ammation apoptosis and DNA 
d amage (6). Oxidative stress is caused by oxygen fr  ee radicals 
in the kidney, including the superoxide anion, the hydrogen 
peroxide and the hydroxyl radical (7,8). Cisplatin-induced 
acute renal failure is closely associated with enhanced lipid 
peroxidation in the kidney and with inhibitory activity against 
antioxidant defenses (7,9). Cisplatin-induced nephrotoxicity 
was also shown to be associated with an increase in the NF-κB 
protein and a decrease in the transcription factor Nrf2 (10,11). 
Additionally, signifi cant interactions among these various 
pathways may occur in cisplatin injury. Transcription factor Nrf2 
plays a central role in the regulation of p hase II genes. Under 
basal conditions, Nrf2 is bound to Keap1 in the cytoplasm due 
to an interaction betw een a single Nrf2 protein and a Keap1 (12). 
Exposure to a number of stressors and inducing agents leads to 
dissociation of Nrf2 from Keap1 thereby rescuing Nrf2 from 
proteasomal degradation and allowing for entry into the nucleus. 
Thus, activation of Nrf2 is considered an important molecular 
target of cytoprotective agents (12–14). 

Previous studies demonstrated that some of the dietary 
phytochemicals can downregulate Nrf2/HO-1 pathway, thereby 
sensitizing drug-resistant kidney cells to chemotherapeutic 
drug-induced apoptosis (10,11). Dietary phytochemical 
thymoquinone (TQ) is the main active ingredient of the volatile 
oil of Nigella sativa Linn, derived from the black seed. The black 
seed is an annual plant that has been widely used in the Indian 
subcontinent, Arabian countries and Europe for culinary and 
medicinal purposes (15, 16).  TQ acts by various mechanisms 
such as: (i) anti-oxidant (15), (ii) anti-neoplastic effects (17), 
(iii) anti-histaminic (18), (iv) anti-inflammatory (19). TQ has 
also been shown ameliorated the nephrotoxicity from cisplatin 
and also improved cisplatin therapeutic effects in both mouse 
and rats (20). Earlier our group has demonstrated that TQ 
can augment chemotherapeutic effects of gemcitabine and 
oxaliplatin in pancreatic tumor models through down-regulation 
of the NF-kB pathway and activation of apoptotic signaling (21). 

Here, we propose a protective mechanism of of TQ on 
cisplatin-nephrotoxicity in rats that is through modulation of 
Nrf2-mediated antioxidant induction and reduced inflammation.

MATERIALS and METHODS

Animals

Male Wistar rats (n=28, 8 weeks-old), weighing 180–245 g, 
were obtained from our University Research Center. The rats 
were kept in an environmentally controlled room with a constant 
temperature and humidity. The animals were exposed to a 12 
h long light-dark cycle. The animals had free access to water 
and standard rodent diet ad libitum. All procedures involving 
rats were conducted in strict compliance with relevant laws, 
the Animal Welfare Act, Public Health Services Policy, and 
guidelines established by the Institutional Animal Care and Use 
Committee of the University.

Experimental Design

Nephrotoxicity was provoked by a single intraperitoneal 
(i.p.) injection of cisplatin. Cisplatin (Sigma Chemical Co, USA) 
was administered (7 mg/kg body weight) by i.p. injection as a 
single dose in 0.9% saline (1 ml/100 g BW, i.p.) (22,23).  Rats 
were divided into four groups: 1) control group (no treatment; 
n=7) received a vehicle only (0.9% saline, 1 ml/kg body wt., 
p.o.); 2) TQ group (n=7) received TQ for 5 days (10 mg/kg body 
weight/day in drinking water); 3) cisplatin group ( n=7) and 4) 
cisplatin and TQ group (n=7). After 5 days of TQ treatment at a 
dose of 10 mg/kg body weight/day in drinking water, rats were 
treated with a single i.p. injection of cisplatin (7 mg/kg body 
weight). The dose of TQ was selected based on preliminary and 
published data (24,25). On day 10 (5 days after the cisplatin 
treatment), all rats were sacrifi ced by cervical dislocation. Blood 
samples were taken and the kidneys were removed.

Western Blot 

Protein extraction was performed by homogenizing the 
rat kidney in 1 ml ice-cold hypotonic buffer A, containing 10 
mM HEPES (pH 7.8), 10 mM KCl, 2 mM MgCl2, 1 mM DTT, 
0.1 mM EDTA, and 0.1 mM phenylmethylsulfonyl-fluoride 
(PMSF). To the homogenates 80 μl of 10% Nonidet P-40 (NP-
40) solution was added and the mixture was centrifuged for 2 
min. at 14,000g. The supernatant was collected as a cytosolic 
fraction for HO-1. The precipitate, containing nuclei, were 
washed once with 500 μl of buffer A plus 40 μl of 10% NP-
40, centrifuged, resuspended in 200 μl of buffer C [50 mM 
HEPES (pH 7.8), 50 mM KCl, 300 mM NaCl, 0.1 mM EDTA, 
1 mM DTT, 0.1 mM PMSF, 20% glycerol], and centrifuged for 
5 min at 14,800g. The supernatant containing nuclear proteins 
was collected for Nrf2 and NF-κB p65 (13). Equal amounts 
of protein (50 μg) were electro-phoresed and subsequently 
transferred to nitrocellulose membrane (Schleicher and Schuell 
Inc., Keene, NH, USA). The antibody against Nrf-2, HO-1 and 
NF-κB p65 were the purchased from Santa Cruz Biotechnology, 
Inc. (Santa Cruz, CA, USA). Primary antibody was diluted 
(1:1000) in the same buffer containing 0.05% Tween-20. Protein 
loading was controlled using a monoclonal mouse antibody 
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demonstrates the role of Nrf2/HO-1 in TQ mediated preventive 
mechanisms against cisplatin-induced nephrotoxicity in rats.

The therapeutic effects of cisplatin, a potent anticancer drug, 
can be signifi cantly improved by dose escalation. However, 
high-dose cisplatin therapy is not recommended because of the 
assocaited nephrotoxicity (27). Although several studies have 
been carried out to elucidate the molecular mechanism of cisplatin 
nephrotoxicity, the reasons accountable for this toxicity are not 
fully understood. Recently, it has been suggested that oxidative 

against β-actin antibody (A5316; Sigma). Bands were analyzed 
densitometrically using an image analysis system (Image J; 
National Institute of Health, Bethesda, USA). 

Laboratory Analyses

Blood samples were centrifuged at 3000 g for 10 min and 
sera were collected. Serum urea-N and creatinine were measured 
using biochemical analyzer (Olympus AU-660, Tokyo, Japan).

Statistical Analysis

Data are given as mean±SEM. Sample size was calculated 
based on a power of 85% and a p value of 0.05. Given that 
assumption, a sample size of seven per treatment was calculated. 
The data were analyzed using the GLM procedure of SAS (26). 
The treatments were compared using ANOVA and student’s 
unpaired t test; P < 0.05 was considered statistically significant. 
Between group differences in latencies were analyzed by the 
analysis of variance for repeated measurements (ANOVAR) 
followed by Fisher’s post hoc test for all groups.

RESULTS

Effect of TQ on renal function 

As can be seen from results of Table I the levels of both 
serum urea-N and creatinine values were signifi cantly elevated 
in cisplatin-treated rats compared with control rats, indicating 
renal injury was evoked by cisplatin administration (P < 0.0001). 
However, the changes in urea-N and creatine levels in cisplatin-
treated rats were signifi cantly reduced by administration of TQ 
in cisplatin-treated rats (P < 0.001) (Table I). Treatment with TQ 
alone did not affect the levels of urea-N and creatinine (Table I).

Expression of NF-κB p65, Nrf2 and HO-1 

The expressions of NF-κB p65 was measured in kidneys at 
5 days after cisplatin injection. The protein expressions of NF-
κB p65 was decreased signifi cantly in the kidneys of the TQ 
plus cisplatin treated group compared to the expression levels in 
the cisplatin-treated group (P < 0.05) (Figure 1). The expression 
of Nrf2 and HO-1 were decreased signifi cantly in the kidneys 
of rats treated with cisplatin compared with the expression in 
the kidneys from control and TQ-only-treated rats (P < 0.001). 
TQ administration signifi cantly increased the expression of Nrf2 
and HO-1 in cisplatin-treated rats (P < 0.05) (Figure 1).

DISCUSSION

In this study, we found that cisplatin causes increase in the 
levels of urea-N, creatine and hepatic nuclear factor-kappa B 
(NF-κB p65), a decrease in the hepatic expression nuclear levels 
of NF-E2-related factor-2 (Nrf2) and the heme oxygenase-
1(HO-1). Interestingly, TQ supplementation signifi cantly 
(p<0.05) reduced the changes associated with cisplatin 
nephrotoxicity by increasing the levels of Nrf-2 and HO-1 and 
decreasing the levels of NF-κB. This study for the fi rst time 

Figure 1: Effect of TQ on nuclear erythroid 2-related factor 2 (Nrf2) 
(A), hemeoxygenase-1 (HO-1) (B) and nuclear factor-kappa B (NF-κB 
p65) (C) expressions in rats with cisplatin-induced kidney injury. The 
intensity of the bands was quantified by densitometric analysis. The bar 
represents the standard error of the mean. Blots were repeated at least 
3 times (n=3) and a representative blot is shown. Actin was included 
to ensure equal protein loading. Data points with different superscripts 
are significantly different at the level of P < 0.05 by Fisher’s multiple 
comparison test.
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through ARE-directed induction of several phase-2 detoxifying 
and antioxidant enzymes, particularly the HO-1 (13,34–36). 
Moreover, NF-κB inhibitors have shown protection against 
cisplatin induced nephrotoxicity (32). TQ seems to exert its 
chemotherapeutic effects but the cellular mechanisms for this 
effect have not been characterized yet (37). In the present study, 
TQ supplementation inhibited NF-κB, and increased Nrf2 that 
was accompanied by an increase in HO-1. There are no studies 
investigating the effects of TQ supplementation on the Nrf2/
HO-1 pathway in kidney. Earlier we reported that lycopene and 
EGCG can modulate Nrf2-Keap1 signaling, thereby potentiating 
cellular antioxidant capacity of facilitating detoxifi cation of 
carcinogens and other toxicants (10,11). Similar to our results, 
Jafri et al. (38) reported that TQ down regulated NF-κB 
expression which may explain its various cellular activities and 
this activity may prove useful in overcoming cisplatin resistance 
that is primarily due over expression of NF-κB. It has also been 
reported that TQ can suppress expression of NF-κB activation 
pathway through modulation of p65 subunit of NF-κB and 
inhibition of IκBα kinase (IKK) expression in human chronic 
myeloid leukemia cells (39).  Additionally, Banerjee et al. (21) 
reported that TQ can augment anti-tumor activity of gemcitabine 
and oxaliplatin in pancreatic cancer by down regulation of NF-
κB. These investigations support our fi ndings that indeed TQ 
mediated suppression of NF-kB can substantially suppress 
cisplatin nephrotoxicity. Indeed deeper understanding of the 
protective effect of TQ on cisplatin induced nephrotoxicity is 
necessary. Investigations on the mode of NF-kB suppression 
are critical to our understanding of this novel protective 
mechanism. In conclusion, we have demonstrated that increase 
in HO-1 through Nrf2 activation by TQ significantly inhibits 
inflammation mediated by NF-κB in rat with cisplatin-induced 
kidney injury. This study demonstrates the TQ targets NRF2/
HO-1 and can be used as a potential agent against cisplatin-
induced nephrotoxicity.
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stress and reactive oxygen species (ROS) are involved in the 
pathogenesis of cisplatin-induced nephrotoxicity (28). Based on 
these and other observations, various antioxidant agents have 
been studied for their effects against lipid peroxidation, cisplatin 
nephrotoxicity with positive outcome (9,29,30). Previously, we 
were able to demonstrate that lycopene and EGCG can have a 
preventive effect against cisplatin-induced nephrotoxicity in rats 
(10,11). In this study we investigated a potent natural compound 
,TQ, extracted from Black Caraway seeds of Nigella sativais, 
that has been shown to exert anti-oxidant, anti-infl ammatory, 
and anti-neoplastic effects both in vitro and in vivo (15,21). 
Earlier investigations have shown that oral administration of 
TQ at 50 mg/L in drinking water for 5 days before and after 
single injections of cisplatin of 5 mg/kg, i.v. can ameliorate 
cisplatin-induced nephrotoxicity in rats (20). In this study, we 
were able to demonstrate the effects of TQ on NF-κB and Nrf2/
HO-1 in the kidneys of cisplatin-treated rats. Results show that 
cisplatin treatment is associated with changes in renal function 
which indicate nephrotoxicity. Conversely, treating animals with 
TQ prior to cisplatin administration signifi cantly prevented the 
increase in nephrotoxicity by cisplatin, suggesting that TQ may 
have a potential protective effect against cisplatin-induced renal 
dysfunction through down regulation of NF-κB and a decrease 
serum urea and creatinine. These data are in agreement with 
previous report, which showed that TQ-induced amelioration of 
cisplatin nephrotoxicity (20). 

Our data shows that cisplatin treatment has an inverse 
correlation between the transcription factors and are in 
agreement with previous studies (10,11,31,32). Components 
of the cell signaling network, especially those which converge 
on the ubiquitous eucaryotic redox-sensitive transcription 
factor NF-κB, have been implicated in pathogenesis of many 
infl ammation-associated disorders. NF-κB is an oxidative 
stress sensitive transcription factor that plays a critical role 
in the regulation of a variety of genes important in cellular 
homeostasis and cell death (33). Nrf2 is present in the cytoplasm 
as an inactive complex with the inhibitory protein subunit, in 
the case Keap1. Nrf2 protects the cell against oxidative stress 

Table I: The effect of TQ supplementation on urea-N and creatinine levels in kidney of experimental rats (n=7).

Item
Groups

Control TQ Cisplatine TQ+Cisplatine

Urea-N
( mg/dl )

53.5+15.8c 55.1+2.4c 152+10.5a 104.1+2.71b

Creatinine
( mg/dl )

0.43+0.08c 0.43+0.01c 1.46+0.18a 0.71+0.18b

Values are mean±SD of 7 rats from each group. 
a,b,c: means in the same row not sharing a common superscript are significantly different (P < 0.05) between groups.
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