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Background: Cisplatin-induced nephrotoxicity is an important problem of the cancer treatments. The
major bioactive component of Nigella sativa, thymoquinone (TQ) might limit the nephrotoxic effect of
cisplatin in low doses. However, it is not clear how it can affect the kidney as an anti-cytotoxic agent
when administered in higher doses or in cisplatin co-treatment. Therefore, we examined the in vivo
interactions between cisplatin and TQ by measuring serum cystatin C (cys C), creatinine and neutrophil
gelatinase-associated lipocalin (NGAL) levels and analyzing the expression status of p53 and NGAL by
immunohistochemistry.
Methods: Wistar rats were divided into four groups: Control, TQ treatment (group II; 40 mg/kg i.p. for 5
days), cisplatin treatment (group III; 7 mg/kg, i.p. for at day 3) and TQ and cisplatin co-treatment (group IV).
Results: Administration of 40 mg/kg TQ had no effect on serum kidney parameters. In cisplatin received
group's serum creatinine level was insignificant, but serum Csy C and NGAL levels were significantly
increased. All serum creatinine, NGAL and Cys C levels were increased in co-treatment of cisplatin and
TQ. Additionally, in this group, renal tubular damage was found significantly higher than both control
and only cisplatin-treated groups. The kidney immunohistochemistry staining of NGAL and p53 were
significantly more intense in group IV rather than the others.
Conclusions: This study showed that the administration of cisplatin and high dose of TQ act synergis-
tically to produce nephrotoxicity and the involvement of apoptotic pathway and proximal tubule damage
might be the leading cause of on this effect.
Copyright © 2015 Turkish Society of Medical Oncology. Publishing services provided by Elsevier. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

1. Introduction

effects of cisplatin have been discovered with an increasing
knowledge in pathological mechanisms of cancer. These effects are

Cisplatin is a potent chemotherapeutic agent and used for the
treatment of a broad spectrum of malignancies. In vitro studies
show that cisplatin selectively and persistently inhibits the syn-
thesis of deoxyribonucleic acid (DNA) whereas, ribonucleic acid
(RNA) and protein synthesis are relatively spared.! However, new
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related to the inhibition of DNA synthesis and repairment that
might result in cell cycle arrest at the G1, S, or G2-M phase,
therefore apoptosis is induced.” The major limiting factors in the
use of cisplatin are its side effects which include general cell-
damaging effects, such as nausea and vomiting, myelosuppression
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(neutropenia and thrombocytopenia) and immunosuppression.®

Additionally, nephrotoxicity is regarded as the most common and
serious side effect of cisplatin.* In the rat animal models, cisplatin
primarily damages the proximal tubule, especially the S3 segment.’
The histopathological characteristics of cisplatin-induced nephro-
toxicity in rats are massive necrosis and subsequent regeneration of
renal proximal tubular cells.® The underlying mechanism of
cisplatin-induced nephrotoxicity is not completely understood;
however, several mechanisms, including hypoxia, free radicals,
inflammation, and apoptosis are thought to be involved.” The major
benefits of the combination therapies are to reduce the develop-
ment of drug resistance while using the drugs effectively in cancer
treatment and each drug can be given at its optimal dose without
intolerable side effects. Therefore cisplatin is currently used in
combination with other antineoplastic drugs in in vitro cancer
models and clinical trials.®

Thymoquinone (TQ) is one of the major bioactive components
(30—48%) of Nigella sativa L. plant which is named as black seed or
black cumin.? It's steam-distillated essential oil was investigated for
its antioxidant and anti-inflammatory properties.'? It has also been
shown that TQ have anti-neoplastic activity against a variety of
cancer cell lines."' TQ has enhanced the cytotoxic effect of cisplatin
in cancer. Also, TQ has been reported to protect the normal cells
against cisplatin nephrotoxicity when it is administrated orally in
small doses (50 mg/lt in drinking water).!”~ !> Moreover, Sagit et al.
have been reported that 40 mg/kg TQ has a protective effect on
female rats with cisplatin-induced hearing dysfunction.'® However,
there are only a few reports in the literature about the toxicity of
TQ. Therefore, it is necessary to study the toxicity of this constituent
in animal models. It has been reported that when it is given
intraperitoneally, the toxic doses of TQ are varied from 10 mg/kg to
57.5 mg/kg in the rats.'”'® For the aim of evaluating anti-cancer
effect, TQ was given 5—20 mg/kg intraperitoneally in the
studies.'>'® But unfortunately these studies have not been focused
on the kidney effect of the agent. Furthermore, the adverse effect of
anti-cancer doses of TQ on kidney is unknown. In addition, the
impact of administration of TQ over the reno-protective doses
concomitantly with a nephrotoxic drug, such as cisplatin on kidney
is also ambiguous.

We therefore designed this study to investigate the mechanisms
of the possible effect of TQ against in vivo cisplatin-induced renal
damage in a rat nephrotoxicity model. For this purpose, serum
creatinine, Cys C and NGAL levels were measured. Histological
changes were evaluated and the expression status of p53 and NGAL
were analyzed by immunohistochemistry.

2. Experimental methods
2.1. Animals

The study has the permission of Animal Ethical Committee of
Adnan Menderes University (ADU-HADYEK 64583101/2013/028)
and the guidelines for the Care and Use of Laboratory animals were
strictly followed. Female Wistar rats (n = 28, 8—10wk-old) were
kept in an environmentally controlled room at constant tempera-
ture (21 = 1 °C) and humidity (75 + 5%) under a 12 h light/dark
cycle. The animals were acclimatized for 1 week before the study
and had free access to standard laboratory feed and water ad
libitum.

2.2. Experimental protocol
The rats were divided into four groups. The experimental groups

were as follows: Group I (control): The rats in this group were
administered intraperitoneally (i.p.) %1 ethanol concentration for 5

days and served as a healthy animal group. Group II: TQ (Sigma-
—Aldrich, Alfagen, Izmir) -treated; 40 mg/kg b.w, i.p. for 5 days.'®
Group III: Cisplatin (Platinol®, Bristol-Myers Squibb, Istanbul)
-treated; 7 mg/kg b.w., i.p."* Group IV: TQ (40 mg/kg b.w., i.p. for 5
days) and cisplatin (7 mg/kg b. w., i.p.) co-treated. TQ administra-
tion was started two days before the single i.p. injection of cisplatin.
TQ was dissolved in ethanol. Final ethanol concentration was 1%.
On the day 6 (72 h after the cisplatin treatment), anesthesia
induced by a single i.p. injection of Ketamine (Ketalar®, Pfizer,
Istanbul, Turkey) and Xylasine (Rompun®, Bayer, Istanbul, Turkey)
(50 mg/kg and 5 mg/kg, respectively). Blood samples were taken by
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Fig. 1. The effect of thymoquinone on renal functions in cisplatin-induced nephro-
toxicity. Values are mean + SEM (n = 7—8) A. Serum creatinine level.*P < 0.01 vs. group
I (control); *P < 0.05 vs group II (TQ). B. Serum CyS C level. *P < 0.01 vs. group I;
#P < 0.05 vs. group L. C. Serum NGAL level. *P < 0.01 vs. group I (control).
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cardiac puncture for serum analyses and the kidneys were har-
vested for histological studies and immune-histochemical analysis.

2.3. Biochemical analysis

Blood samples were allowed to clot in a serum separator tube
(about 1 h) at room temperature and centrifuged at 1000 x g for
15 min. Serum samples were then aliquoted and stored at —20 °C
until analyze. Serum creatinine levels were measured by spectro-
photometric method with an auto analyzer (Architect c8000;
Abbott, IL, U.S.A.). Serum cystatin C and NGAL levels were measured
in all groups with using rat cystatin C (Biovendor GmbH, Germany)
and rat lipocalin-2/NGAL (Boster Biological Technology, USA) ELISA
kits according to the instructions of the manufacturers.

2.4. Histopathological examination of the kidney

The kidney samples of the rats in different groups, fixed in 10%
neutral buffered formalin for 24 h. Washing was performed in tap
water, and then serial dilutions of alcohol (methyl, ethyl, and ab-
solute ethyl) were used for dehydration. Specimens were cleared in
xylene and embedded in paraffin at 56 °C in hot air oven for 24 h.
Paraffin bees wax tissue blocks were prepared for sectioning at
4 um thickness by sledge microtome. Renal tissues were stained
with hematoxylin and eosin (H&E) for histological examination.
Tissue sections stained with H&E were examined by light micro-
scopy and histopathological assessments made.

Tubular damage was examined under the microscope (200x
magnification) and scored based on the percentage of cortical
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Fig. 2. Histology of the rat kidneys; (A) Group [: saline-treated, intact tubular epithelium with is shown (Magnification x400); (B) Group II: slightly vacuolar changes
(Magnification x200); (C) Group III: vacuolar changes in the epithelium of tubulin, tubulin minimally dilated, covering large areas of the image focus ATN (Magnification x400); (D)
Group IV: significant loss of tubule epithelial cells and loss of epithelial cells, severe ATN (Magnification x400); (E) The calculation of the tubular damage score is described under
material and methods. Values are mean + SEM (n = 7—8). *P < 0.01 vs. group I (control); *P < 0.05 vs. group Il (TQ).
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tubules showing epithelial necrosis: 0 = normal; 1: <10%; 2:
10—25%; 3: 26—75%; 4: >75%. Tubular damage was defined as the
loss of the proximal tubular brush border, blebbing of apical
membranes, tubular epithelial cell detachment from the basement
membrane or intraluminal aggregation of cells and proteins as
described.?® To examine apoptosis, the cells were stained with H&E
to monitor apoptotic morphology by light microscopy. The typical
apoptotic morphology examined included cellular shrinkage, for-
mation of apoptotic bodies, nuclear condensation, and fragmenta-
tion. Apoptosis was graded semi-quantitatively as O = no apoptosis,
1 = apoptosis positive.”!

2.5. Immunohistochemistry analysis of p53 protein expression in
tissue samples

Immuno-histochemical staining was performed by the standard
avidin-biotin-peroxidasecomplex (ABC) method (Vectastain
Lab.,Inc., Burlingame, CA, USA). Briefly, each 4-um tissue section
was deparaffinized, rehydrated and incubated with fresh 0.3% H,0,
in methanol for 30 min at room temperature. After rehydration
through a graded ethanol series, the sections were microwaved in
zinc sulfate hepta-hydrate buffer at 90 °C for 10 minutes for anti-
p53 Mab and cooled to 30 °C. After incubation with normal horse
serum for 30 min, the sections were then incubated with Mabs at
their optimum dilution at 4 °C overnight, washed in phosphate
buffered saline and incubated with secondary antibody for 30 min
at room temperature. p53 protein expression status assessed using
a semiquantitative score in as 0 = no staining, 1 = minimal staining,
2 = moderate staining, or 3 = severe findings.

2.6. NGAL staining of kidney tissue by immunohistochemistry
analyses

Paraffin sections were deparaffinized through xylene and
descending grades of ethanol, fixed with 4% paraformaldehyde in
PBS for 30 min at 4 °C, permeabilized with 0.2% Triton X-100 in PBS
for 10 min at room temperature, and incubated with a polyclonal
antibody to NGAL at 1:500 dilution for 1 h at room temperature.’?
Slides were then exposed for 30 min in the dark to secondary
antibody conjugated with Cy5 (Amersham, Arlington Heights, IL,
USA), and visualized with a fluorescent microscope (Zeiss Axio-
phot; Carl Zeiss, Inc., Thornwood, NY, USA) equipped with rhoda-
mine filters. As a negative control, the primary antibody was
excluded. All images were captured at the same exposure. We used
an arbitrary scoring system of 0 (none), 1 (mild), 2 (moderate), and
3 (intense).

2.7. Statistical analysis

All statistical analyses were performed using SPSS version 19.0
for Windows (Statistical Package for Social Sciences, Chicago, IL).
Results are expressed as means + SEM. Statistical significance
among groups was determined by Kruskall-Wallis analysis fol-
lowed by Mann—Whitney U post hoc analysis. P values of <0.05
were considered as significant.

3. Results
3.1. Biochemical measurement

Serum creatinine, Cys C and NGAL levels were significantly
higher in the cisplatin plus TQ treatment group (group IV) than the
other groups (Fig. 1A, B, C). In group III (only cisplatin given) serum
creatinine levels were slightly higher than group I (control group)
(p > 0.05), in group IV serum creatinine levels were higher than

both group I and group II (only TQ given) and the difference was
significant (p < 0.001, p < 0.05 respectively; Fig. 1A). Besides this,
the serum levels of NGAL and Cys C which are the earlier marker of
acute kidney injury?®> were increased in group II, group Il and
group IV but, the differences were only significant in group Il and
group IV (Fig. 1B,C). Alone TQ treatment was slightly increased the
serum creatinine, NGAL and Cys C levels but, remained insignificant
(Fig. 1A, B, C).

3.2. Histopathological alterations

The detrimental effects of the combination of cisplatin and TQ
were also reflected by histologic changes. As shown in Fig. 2A—D,
rats treated with either cisplatin or TQ alone, and sacrificed at 72 h
later, displayed slightly abnormal renal histology. In contrast, the
rat which received both the cisplatin and TQ had evidence of
tubular injury such as the loss of the proximal tubular brush border,
blebbing of apical membranes, tubular epithelial cell detachment
from the basement membrane or intraluminal aggregation of cells
and proteins. The tubular damage score of the group IV rats was
significantly higher than group I or group II rats (respectively;
p < 0.01, p < 0.05, Fig. 2E). Also apoptosis semi-quantitative score of
group IV animals was significantly higher than group I and group II
animals (Fig. 3, p < 0.01).

3.3. Increases in expression of p53 protein in kidney tissue

Fig. 4A—D showed by immunohistochemistry of p53 expression
in kidney of controls and treated animals. In group IIl and group 1V,
p53 expression was found to be significantly increased compared to
controls. The TQ treated group did not have any significant effect on
the expression of p53 (Fig. 4E). Also immunohistochemistry stain-
ing showed p53 induction in the cells of renal cortex and outer
medulla, but not in the inner medulla (data not shown). In addition,
p53 was not induced in glomeruli (data not shown). Although p53
isinduced in both proximal and distal tubular cells during cisplatin-
induced nephrotoxicity, proximal tubules are the main site for p53
induction.

3.4. Increased NGAL staining in kidneys
NGAL staining in the group I and group Il was minimal to absent

(Fig. 5A—B). In contrast, NGAL was easily detected in group IIl and
group IV, primarily in proximal tubules (Fig. 5C—D). The glomeruli
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Fig. 3. The apoptosis score of the all experiment groups. The calculation of the
apoptosis score is described under material and methods. Values are mean + SEM
(n = 7-8) *P < 0.01 vs. group I (control); *P < 0.01 vs. group II (TQ).
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Fig. 4. p53 protein expression in the kidneys was evaluated by immunohistochemistry (A—D). (A) Group I: p53 staining was not detected in the nucleus of tubule epithelial cells
(Magnification x400). (B) Group II: p53 staining in epithelial cells shed into the lumen of tubulin staining (score I) (Magnification x400). (C) Group III: nuclear p53 staining in a
large number of tubule epithelial cells (score 2) (Magnification x400). (D) Group IV: diffuse nuclear p53 staining (Magnification x400). The p53 protein expression score is
described under material and methods. (E) Values are mean + SEM (n = 7—8)*P < 0.01 vs. group I (control); *P < 0.05 vs. group I.

were not stained. Using a scoring system of O (no staining) to 3
(most intense staining), NGAL expression was significantly
increased in group III and group IV specimens. The overall distri-
bution of NGAL staining is shown in Fig. 5E.

4. Discussion

The present study examined the interactions between two
diverse renal insults, cisplatin and TQ, on renal function. Our results
indicate that cisplatin and TQ exhibit remarkable synergy in pro-
ducing renal dysfunction. We analyzed staining intensity of NGAL
and p53 by immunohistochemistry. Staining intensity of NGAL and
p53 were increased significantly in the kidneys of rats treated with

cisplatin and cisplatin co-treated with TQ (group IV) compared
with the staining intensity in the kidneys from the control group.
Histological analysis showed that cisplatin damaged the proximal
tubular cells; these changes were increased by TQ co-
administration. Serum creatinine levels were increased signifi-
cantly in group IV but, serum NGAL and Cys C levels which are the
early markers of nephrotoxicity increased significantly only the
group III and IV. Alone TQ treatment did not show any significant
effect on NGAL, p53, histopathological alterations and serum renal
markers in the kidneys of animals.

Nephrotoxicity is a major side effect that limits the use of
cisplatin in many cancer patients. In previous studies, it has been
shown that one of the molecular mechanisms of cisplatin induced
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Fig. 5. Representative images of NGAL staining of the kidney tissues. Group III (Magnification x400) (C) and Group IV (Magnification x400) (D) was detected intense staining.
Group I (Magnification x200) (A) and group II (Magnification x400) (B) was showed none or mild staining. Distribution of NGAL staining intensity according to groups. (E) Values

are mean = SEM (n = 7-8) *P < 0.01 vs. group I (control); #P < 0.05 vs. group IL

nephrotoxicity is the induction of apoptosis, particularly in renal
proximal tubular cells.”*?> The exact mechanism of cisplatin
induced apoptosis is not completely understood, but it has been
described that tumor suppressor gene p53 is activated.”® Neutro-
phil gelatinase-associated lipocalin (NGAL) is a promising indicator
in acute renal failure.”’ Several studies have evaluated serum NGAL
as biomarkers of acute kidney toxicity in different patient popula-
tion. There are some studies regarding to NGAL use as an early
indicator in acute renal failure.>>?® NGAL is increased in experi-
mental cisplatin toxicity, characterized by the injury of the S3
segment of the proximal tubule.”’ It seems to be that NGAL is a
common and sensitive response to tubular injury. However, there

are limited studies in its use in chemotherapeutic agent-induced
acute renal failure.”’

Herbal medicines such as black seed oil, extracted from the
seeds of Nigella Sativa, have been used for many years for the
treatment of various diseases and to maintain a healthy life. TQ is
the bioactive constituent of the volatile oil of black seed.>? General
aspects of TQ are thought to be as antioxidant, anti-inflammatory
and antineoplastic, but the molecular pathways of TQ's anti-
cancer effect are not clear. However, TQ is known to induce
apoptosis by p53-dependent in cancer cell lines.>*>! TQ toxicity has
been assessed in several animal models. These models, has been
done the histopathological analysis of liver, kidney, heart and lungs
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of mice and rats; unfortunately given doses were enabled to
determine nontoxic doses of TQ. In the same study, it has been
reported that the rats LD50 was 794.3 mg/kg and 57.5 mg/kg for
oral and i.p. administration, respectively. However this study has
not been determined neither nephrotoxic adverse effects nor
nephrotoxic doses of TQ. The anticancer properties of TQ are
observed at lower doses (5—20 mg/kg) than the corresponding
LD50.1219

In our study, the dose of 40 mg/kg/day (five days) of TQ caused
no harmful effects on kidney function or morphology (Fig. 1). While
the serum creatinine levels did not increase in the cisplatin group
(group III), it was found that the levels of creatinine significantly
increased in the TQ + ciplatin group (group IV). In addition, we did
not observe an increase in tubular injury and apoptosis score in the
TQ group (group II) and cisplatin group (group III), but we
demonstrated significantly augmentation in tubular injury and
apoptosis score in co-treatment group (group IV). To explain the
underlying mechanisms of tubular injury, immuno-histochemical
staining has been done with p53 and NGAL and showed that both
density of p53 and NGAL staining significantly increased in group III
and IV (Fig. 4 and 5). Of these results, we showed that TQ did not
have nephrotoxic effect even in high doses, but when it was used
with a nephrotoxic agent such as cisplatin, TQ had synergistic toxic
effect on kidney. Apoptosis was induced synergistically by the
combination therapy with TQ and cisplatin and we suggest that
nephrotoxic effect of these drugs occurred by this way. Further-
more, on the combination therapy group, NGAL staining was
prominently seen in proximal tubules, suggesting that two drugs
target proximal tubules synergistically.

Interestingly, alone TQ has been also found more potent than
cisplatin in its cytotoxic effect on SiHA human cervical squamous
carcinoma cells.*? The combination of TQ with cisplatin enhanced
cell death in lung cancer xenografts in mice.>* Here, we have shown
that coexistence of TQ with cisplatin, potentiates cisplatin's
harmful effects on the kidney cells. TQ has favorable effect if the
cancer treatment is the issue, but it might be used with caution due
to its side effects on the other tissues; pharmaceutical windows of
TQ seem to be narrow. Natural products and plant derivatives used
in folk medicine are of vast medical importance due to their po-
tential as a source of molecules with pharmacologic properties.
Patients use plant remedies to prevent cancer, to treat the symp-
toms of cancer and side effects of treatment, and even to treat
cancer. Plant based therapies include single chemicals extracted
from plant, or part of plant. The active ingredients of most plant
extracts are unknown. Compounds that are reliably present in the
extract serve for quality control, but often there is no evidence that
these compounds are responsible for therapeutic or side effects. In
some studies, it has been shown that TQ can prevent the nephro-
toxic effect of cisplatin, however we found that it enhanced the
nephrotoxic effect of cisplatin in contrast to these studies.

Finally, this study, for the first time, demonstrated the syner-
gistic nephrotoxicity by apoptotic pathway of cisplatin and TQ. The
increases of p53 and NGAL intensity staining by the combination
treatment of cisplatin and TQ might be one of the critical routes
underlying the synergistic nephrotoxic effect in vivo. Therefore,
cancer patients should be told that they should not use plant-
derived substances in discriminately and they should also be
informed about the serious side effects of using these substances
especially in combination with chemotherapy. However, further
research is required to confirm our study results.
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