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ABSTRACT
Introduction: Chemotherapy-induced organ toxicities are the most frequent toxic manifestation 
of 5-fluorouracil (5-Fu) action in cancer patients. Hence, new approaches are required to deter 
chemotherapy-induced kidney toxicity. Nigella sativa (NS) is recognized as black cumin and has 
been found to be antiapoptotic, antioxidant, antimicrobial, anti-inflammatory and mitigates 
renal damage. Objectives: Thus, designed this work to evaluate the effect of NS in averting 
Nephrotoxicity induced by 5-FU treatment. Materials and Methods: Male albino Wistar rats 
were grouped and administered with saline, 5-FU group (150 mg/kg), 5-FU+NS (200 mg/kg) 
and 5-FU+NS (400 mg/kg), respectively. Rats were sacrificed on the 21st day, and biochemical, 
histological, serological and molecular estimations were done with kidney tissues and blood. 
5-FU caused kidney injury as demonstrated by variations in kidney function markers (BUN, Cr, 
Kim-1), lipid peroxidation, histology and diminution of antioxidant guard machinery (GSH, GR, 
GPx and CAT). Additionally, 5-FU action changed p38 MAPK pathway proteins (p-p38, pJNK, 
pERK1/2, pNFkB, TNF-α) significantly. Conclusion: NS may serve as a potential candidate against 
renal injury by mitigating redox signaling, inflammation and p38 MAPK pathway. Therefore, NS 
could be used in adjuvant therapy for the prevention of Nephrotoxicity in cancer patients caused 
by 5-FU.
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INTRODUCTION

Cancer is one of the top most reasons for mortality globally. The 
current therapeutic procedures/strategies are not suitable enough 
as prevalence and death rates are not falling huge. Chemotherapy 
is the most frequently used strategy to manage different types 
of malignancies. Nevertheless, it is allied with the utmost toxic 
outcomes.1 5-Fluorouracil (5-FU) is a chemotherapeutic drug 
used for treating neoplasia commonly, which include colon, breast, 
and lung. Most important impediment of 5-FU usage is its toxic 
manifestation in terms of damaging normal proliferating cells 
leading to organ damage and failure, which is well documented 
like diarrhoea, mucositis, myelosuppression, dermatitis, hepatic 
damage, renal toxicity, cardiotoxicity, and toxicity of genitals. 
5-fluoro-2′-deoxyuridine-5′-triphosphate, 5-fluoro-uridine-5′-
triphosphate and 5-fluoro-uridine-5′-monophosphate are the 
three major reactive metabolites which are formed on metabolic 
activation of 5-FU. These metabolites exert a cytotoxic action by 
an interruption in the synthesis of nucleic acid and thymidylate 

synthase in cancerous and normal proliferating cells also. 5-FU 
shows dose-dependent toxicity causing serious, painful side 
effects which differ from patient to patient leading to termination 
of the therapy.2,3 Reports suggest that excessive generation of free 
radicals and inflammation-related intermediaries play a major 
part in 5-FU-influenced damage.4 Therefore, compounds having 
antioxidant and anti-inflammatory efficacy may possibly alleviate 
the chemotherapy-induced toxicity. Combinational treatment 
therapies with 5-FU have been used to diminish the toxic effects 
and deprive of its anti-cancer action.

Plant foods like fruits, vegetables, grain, herbs, spices and others 
are natural compounds which have secondary plant compounds 
in them with health promotion and disease prevention attributes. 
The use of herbs is widespread and growing dramatically in 
medicine due to nourishing and synergistic effects, making 
them an exceptional treatment approach/strategy.5,6 Nigella 
sativa (NS) belongs to the Ranunculaceae family, and can be an 
ideal compound having low toxicity and manifold mechanisms 
of action. NS is used in Iranian traditional medicine to treat 
numerous ailments like respiratory, gastrointestinal, hepatic, and 
renal diseases. Recent reports suggest that NS shows antimicrobial, 
antioxidant, anti-inflammatory, anti-cancer, hypoglycemic, 
spasmolytic and bronchodilator activities due to the diversity 
of mechanism of action of its active constituents present in it.7-9 
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NS has deciphered robust tactics in the mitigation of various 
diseases because of its sturdy antioxidant and anti-inflammatory 
potential innately both at the preclinical and clinical levels.10 
Reports show that NS intervenes in a range of diverse signalling 
pathways.11,12 Therefore, keeping all the above features of NS in 
mind, the current work was planned to discover the mitigation 
of NS against anti-cancer drug 5-FU encouraged kidney damage.

MATERIALS AND METHODS

Plant material
Preparation of the plant extract

Soxhlet extractor having 70% of ethanol, 100 g powdered seeds 
of NS were extracted in it. The extract was concentrated under 
reduced pressure and stored at −20°C until it was used. The yield 
of the resulting extract was 32%, and it was finally dissolved in 
saline for final use in animals.13

Animal Study

Male albino Wistar rats having a weight of 180–200g were reared 
at the animal facility of Prince Sattam Bin Abdulaziz University, 
Al Kharj having ethical clearance no. BERC-015-05-21. Animals 
were kept in a controlled environment having a temperature 
as 21–25°C, relative humidity (50 ± 8%) and 12 hr of light and 
darkness to mimic normal conditions. Rats were having contact 
with water and food freely.

Animals and the experimental protocol

Twenty-four, 6 weeks old, male Wistar rats of weight 180 ± 
200 g were separated into four groups randomly followed by 
the experimental protocol as given in the schematic treatment 
regimen in Table 1. Group I rats were administered with saline 
orally, also called as negative control rats. The animals in group II 
were administered with saline as a group I and was also injected 
once intraperitoneally 5-FU (150 mg/kg) on day 19th, also called 
5-FU or positive control group. Group 3 (5-FU+NS1), and group 
4 (5-FU+NS2) were treated orally daily for 20 days with 200 and 
400 mg/kg of NS and an injection of 5-FU once i.p. was given 
on 19th day. Male albino Wistar rats were sacrificed on day 21st, 
and the kidney tissue was perfused and harvested.14-16 Blood was 
taken under mild anaesthesia before sacrifice to get the serum 
for checking serum toxicity markers. Biochemical parameters 
and protein estimations were executed with the kidney tissue 
homogenate. The homogenate was made in 0.1 M phosphate 
buffer 4°C at physiological pH using a homogenizer in KCl 
(1.17%) with the purged tissue which was washed with ice-cold 
saline. Some part of kidney tissue was kept in 10% buffered 
formalin for histology studies.17

Kidney tissue processing

Kidneys were cleaned and washed with chilled saline at 
physiological pH. 10% (w/v) tissue homogenate was produced 

in tris hydrochloride buffer (0.1 M) at physiological pH using 
a homogenizer. The homogenate was spined at 12000 rpm for 
twenty minutes at 4°C. The clear supernatant, after spinning, 
was operated to explore the incidence of numerous antioxidant 
marker enzymes like Catalase (CAT), Glutathione (GSH), 
Glutathione Reductase (GR), Glutathione Peroxidase (GPx), and 
Malondialdehyde (MDA). To quantify the absorbance, UV-1601 
was used, and an Elisa Plate Reader to measure the biochemical 
parameters, serological markers and proteins of the p-p38 
Mitogen-Activated Kinase Pathway (MAPK).18

Assessment of Lipid Peroxidation (LPO)

LPO assessed by published protocol.19 1 mL reaction was 
obtained by mixing 200 mL (100 mM) of ascorbic acid with the 
supernatant (200 mL), 20 mL of ferric chloride (100 mM) and 
phosphate buffer (580 mL, 0.1M) at physiological pH. This 1mL 
reaction mix was kept in a shaking water bath at 37°C for one 
hour. One mL of ten percent of trichloroacetic acid was used 
to stop the reaction subsequently, 10 mL of thiobarbituric acid 
(0.67%) was added, and all the reaction tubes were placed in a 
boiling water bath for 20 min. These reactions were then moved 
to an ice bath and then spined at 2500× g for ten minutes, and 
absorbances were taken.

Assessment of antioxidant enzyme machinery
Assessment of CAT activity

CAT was obtained as per the previous reported method.20 
The reaction began by mixing 50 mL of Post Mitochondrial 
Supernatant (10%), 1950 mL of 0.1 M phosphate buffer and 1000 
mL of 0.10 mM H2O2 at physiological pH. The absorbance of the 
sample was taken finally.

Assessment of GSH

GSH assessed the following.21 Equi-volume mixture of 1:1 (v/v) 
ratio of Post Mitochondrial Supernatant with 4.0% sulfosalicylic 
acid was done to initiate the mixture followed by incubation for 
60 min at 4°C, and centrifugation at 4°C for 1200× g for 15 min. 
10 mM DTNB (400 mL) was added to four hundred mL aliquots, 
phosphate buffer (0.1M, 2.2 mL, pH 7.4) followed by measuring 
of the absorbance.

Assessment of GR Activity

GR calculated by the method.22 50uL of 0.5 mM EDTA, 25uL 
of 1.0 mM oxidized glutathione, 0.1 M phosphate buffer (0.825 
mL) at physiological pH, 50uL (0.1 mM NADPH) and 10% PMS 
(50 mL) to obtain 1 mL of the reaction mixture. Absorbance was 
measured.

Assessment of GPx

GPx measured.23 The reaction started with a mixture of 1 mM 
sodium azide (100uL), 1 mM EDTA (100 uL), phosphate buffer 
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(1440 uL, 0.1 M) at 7.4 pH, 1 IU/ mL glutathione reductase 
(50uL), GSH (50 uL, 1mM), 0.2 mM NADPH (0.1 mL), 0.25 mM 
H2O2 (0.01 mL) and ten percent Post Mitochondrial Supernatant 
(100uL) to obtain volume in milli litre. The usage of NADPH was 
calculated at 340 nm absorbance at 25°C.

Assessment of p38 MAPK pathway proteins viz 
phospho-p38 Mitogen Activated Protein Kinases (MAPK), 
phospho-Extracellular Signal-Regulated Kinases (p-ERK1/2), 
phospho c-Jun N Terminal Kinase (p-JNK), Nuclear Factor-kappa 
B (pNF-kB) and Tumour Necrosis Factor-alpha (TNF-α).

MAPK signalling pathway-related factors via ELISA in strict 
accordance with the instructions. NF-kB, TNF-α, p-ERK1/2, 
p-p38MAPK, and p-JNK, were measured by eBioscience assay 
kit and Invitrogen, CA, USA, respectively.

Protein estimation

The protein was estimated.24

Serum renal toxicity diagnostic markers

Male albino Wistar rats were anaesthetized following the 
experiment protocol. Blood was withdrawn by cardiac puncture, 
followed by sacrificing the animals. Serum was obtained by 
spinning for ten minutes at 10000 × g to evaluate the Kidney 
Injury Molecule (KIM-1), Creatinine (Cr), and Blood Urea 
Nitrogen (BUN) in serum samples from all the groups of animals.

Assay for BUN
BUN assessed25

An equivalent amount of 10% TCA and serum was centrifuged 
at 2000 rpm to obtain supernatant without protein. To this 
supernatant (500 uL), 3.5 mL of distilled H2O and 3.2 mL of 
H2SO4–H3PO4 reagents, 0.8 mL of 2% diacetylmonoxime were 
added. The H2SO4–H3PO4 reagent is made of 85% phosphoric 
acid (150 mL) and concentrated H2SO4 (50 mL), and milliq 
(140 mL). Then placed on a boiling water bath for 30 min, this 
mixture was cooled, and then absorbance was taken.

Assay for Cr

Cr calculated by alkaline picrate protocol.26 Initially, 1mL of the 
serum was added to 5% sodium tungstate (1.0 mL), 0.6 M H2SO4 
(1.0 mL) and milliq (1.0 mL) mixed and spined at 800 g for 5 
min. The improved upper layer/supernatant was joined with 1mL 
of 0.75 M NaOH and 1mL of 1.05% picric acid. Absorbance was 
taken precisely at 520 nm after 20 min.

KIM-1 measurement

The levels of KIM-1 were calculated using by ELISA-based kit 
(Adipo Bioscience®, Inc., USA) as per the protocol mentioned 
with the kit.

Histology

After sacrifice, kidneys were rapidly detached and conserved 
in 10% neutral buffered formalin for histology. The kidney was 
fixed in paraffin wax and lengthwise sectioned with a microtome, 
and then hematoxylin and eosin staining was done. Lastly, the 
stained paraffin-stained kidney sections were observed under a 
microscope.

Statistical investigation

The data is accessible as the mean ± Standard Error of the Mean 
(SEM) for each group. An Analysis of Variance (ANOVA) was 
used to determine the variances among groups. Subsequently, a 
Tukey-Kramer multiple comparisons test was done. The statistical 
significance is set at p < 0.05 for all contrasts as a criterion unless 
otherwise noted.

RESULTS

Effect of 5-FU and NS on MDA Levels

Increase in MDA level in group II given 5-FU in contrast to the 
group I (p<0·001) significantly. We detected treatment at both 
doses of NS led to the significant renewal (p<0·01, p<0·001) of 
membrane structure in renal tissue in contrast to the 5-FU group 
Table 3.

NS restores antioxidant machinery

Administration of 5-FU evidently exhausted kidney GSH reserves 
and repressed GPx, GR and CAT activities in contrast to the group 
I (p<0.001, p<0.01) (Tables 2, 3). Nonetheless, NS dosing at both 
doses resulted in dose-dependent (ns-non significant, p<0.05: 
p<0.01: p<0.001) retrieval in GSH reserves and activities of the 
above-mentioned antioxidant enzymes significantly in contrast 
to 5-FU group Tables 2 and 3.

NS protects kidney function markers

Administration of 5-FU demonstrated an elevation in kidney 
damage/diagnostic biomarkers (BUN, Cr and Kim-1) in 5-FU 
treated rats in contrast to the group I (Figures 1 and 2). Group II 
exhibited raised BUN, Cr and Kim-1 (p<0·001) in contrast to the 
group I significantly. There was a noticeable inhibition observed 
in BUN, Cr and Kim-1 (p<0·05, p<0·01, p<0·001) at both doses, 
respectively (Figures 1, 2) of NS treatment (Figures 1, 2).

NS downregulates p38 MAPK pathway proteins

P38 MAPK pathway plays an imperative part in the progress of 
5-FU-initiated kidney toxicity. 5-FU administration caused a 
significant upsurge in p-p38 MAPK, pERK1/2, pJNK, pNFkB, 
and TNF-α in 5-FU in contrast to the control group (Figures 
3, 4, 5, 6). Treatment with NS at both doses markedly (p<0.05, 
p<0.01, p<0.001) downregulated the levels of p38 MAPK pathway 
proteins in contrast to the 5-FU group (Figures 3, 4, 5, 6).
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Figure 1: Effect of low and high prophylactic dose of NS on diagnostic 
serum toxicity markers (BUN-series 1 and Cr-series 2) in 5-FU induced kidney 

damage.

*Results are representative of mean ± SE of six rats per group. Values are 
expressed as the means ± standard error. Results that we got are significantly 
different from 5-FU treated group as the main comparison is with 5-FU treated 
group (***) p < 0.001 versus Control; (#) p < 0.05 versus 5-FU; (##) p < 0.01 versus 
5-FU; (###) p < 0.001versus 5-FU; (**) p < 0.01 versus Control and (*) p < 0.05 
versus Control. Also series 1 represents BUN and series 2 Cr.
Group I: Normal control, Group II: 5-Flurouracil (5-FU) treated (150mg/kg b.w), 
Group III: 5-Flurouracil (5-FU) treated (150mg/kg b.w) + Nigella sativa (NS) 
(Lower dose) (200 mg/kg b.w), Group IV: 5-Flurouracil (5-FU) treated (150mg/
kg b.w) + Nigella sativa (NS) (Higher dose) (400 mg/kg b.w).

Figure 2: Effect of low and high prophylactic dose of NS on Kim-1 in 5-FU 
induced kidney damage.

*Results are representative of mean ± SE of six rats per group. Values are 
expressed as the means ± standard error. Results that we got are significantly 
different from 5-FU treated group as the main comparison is with 5-FU treated 
group (***) p < 0.001 versus Control; (#) p < 0.05 versus 5-FU; (##) p < 0.01 versus 
5-FU; (###) p < 0.001versus 5-FU; (**) p < 0.01 versus Control and (*) p < 0.05 
versus Control.
Group I: Normal control, Group II: 5-Flurouracil (5-FU) treated (150mg/kg b.w), 
Group III: 5-Flurouracil (5-FU) treated (150mg/kg b.w) + Nigella sativa (NS) 
(Lower dose) (200 mg/kg b.w), Group IV: 5-Flurouracil (5-FU) treated (150mg/
kg b.w) + Nigella sativa (NS) (Higher dose) (400 mg/kg b.w).

Figure 3:  Effect of low and high prophylactic dose of NS on pNFkB in 5-FU 
induced kidney damage.

*Results are representative of mean ± SE of six rats per group. Values are 
expressed as the means ± standard error. Results that we got are significantly 
different from 5-FU treated group as the main comparison is with 5-FU treated 
group (***) p < 0.001 versus Control; (#) p < 0.05 versus 5-FU; (##) p < 0.01 versus 
5-FU; (###) p < 0.001versus 5-FU; (**) p < 0.01 versus Control and (*) p < 0.05 
versus Control.
Group I: Normal control, Group II: 5-Flurouracil (5-FU) treated (150mg/kg b.w), 
Group III: 5-Flurouracil (5-FU) treated (150mg/kg b.w) + Nigella sativa (NS) 
(Lower dose) (200 mg/kg b.w), Group IV: 5-Flurouracil (5-FU) treated (150mg/
kg b.w) + Nigella sativa (NS) (Higher dose) (400 mg/kg b.w).

Figure 4: Effect of low and high prophylactic dose of NS on TNF-alpha in 5-FU 
induced kidney damage.

*Results are representative of mean ± SE of six rats per group. Values are 
expressed as the means ± standard error. Results that we got are significantly 
different from 5-FU treated group as the main comparison is with 5-FU treated 
group (***) p < 0.001 versus Control; (#) p < 0.05 versus 5-FU; (##) p < 0.01 versus 
5-FU; (###) p < 0.001versus 5-FU; (**) p < 0.01 versus Control and (*) p < 0.05 
versus Control.
Group I: Normal control, Group II: 5-Flurouracil (5-FU) treated (150mg/kg b.w), 
Group III: 5-Flurouracil (5-FU) treated (150mg/kg b.w) + Nigella sativa (NS) 
(Lower dose) (200 mg/kg b.w), Group IV: 5-Flurouracil (5-FU) treated (150mg/
kg b.w) + Nigella sativa (NS) (Higher dose) (400 mg/kg b.w).
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Effect of 5-FU and NS on histology of kidneys

Light microscopic examination revealed a standard histological 
assembly of the renal tissue of the negative control group 
(Figure 7A). However, 5-FU treated renal tissue showed severe 
histopathological modifications. Renal corpuscles reveal 
expanded Bowman‘s capsules, congested glomerular capillaries, 
haemorrhage in the interstitial tissue, and infiltration of 
inflammatory cells in addition to enlarged and congested blood 
vessels (Figure 7B). (Figures 7C, D) demonstrates that pre-, co-, 
and post-treatment of NS for 21 days through 5-FU administration 
intensely upgraded the pathological deviations induced by 5-FU 
in the tissue of the treated rats manifested evident from vibrant 
symbols of retrieval as their Bowman‘s capsules and glomeruli 
appeared nearly usual and standard.

DISCUSSION

Presently, chemotherapy is the pivotal management choice 
for cancer patients with serious drawbacks clinically, which 
restricts its use.27 In the present communication, we explored 
the prophylactic result of NS on 5-FU–induced renal oxidative 
damage and inflammation leading to dysfunction. Though, 
the mechanistic pathway to kidney damage instigated by 5-FU 
is entirely unclear. But free radical production followed by 
peroxidation of lipids, impairment of cell membrane, dearth 
of antioxidant system, inflammation, and apoptosis could be 
the mechanism postulated by numerous investigators.27,28 The 
defensive role of NS observed in the current work is associated 

with the lessening of oxidative stress and inflammation and 
henceforth, cell death in the kidneys of 5-FU administered Wistar 
rats.29

The most projecting determining factors of kidney injury/
dysfunction are BUN, Creatinine (Cr) and Kim-1. 5-FU executed 
kidney injury is apparent from previous reports by elevated BUN, 
Cr and Kim-1. Our current results are continuous and well aligned 

Figure 7:  Effect of low and high prophylactic dose of NS on histological 
changes in 5-FU induced kidney damage.

Group I: Normal control (slide A), Group II: 5-Flurouracil (5-FU) treated (150mg/
kg b.w) (slide B), Group III: 5-Flurouracil (5-FU) treated (150mg/kg b.w) + Nigella 
sativa (NS) (Lower dose) (200 mg/kg b.w) (slide C), Group IV: 5-Flurouracil 
(5-FU) treated (150mg/kg b.w) + Nigella sativa (NS) (Higher dose) (400 mg/kg 
b.w) (slide D).Magnification (40X).

Figure 5:  Effect of low and high prophylactic dose of NS on p38 MAPK in 
5-FU induced kidney damage.

*Results are representative of mean ± SE of six rats per group. Values are 
expressed as the means ± standard error. Results that we got are significantly 
different from 5-FU treated group as the main comparison is with 5-FU treated 
group (***) p < 0.001 versus Control; (#) p < 0.05 versus 5-FU; (##) p < 0.01 versus 
5-FU; (###) p < 0.001versus 5-FU; (**) p < 0.01 versus Control and (*) p < 0.05 
versus Control.
Group I: Normal control, Group II: 5-Flurouracil (5-FU) treated (150mg/kg b.w), 
Group III: 5-Flurouracil (5-FU) treated (150mg/kg b.w) + Nigella sativa (NS) 
(Lower dose) (200 mg/kg b.w), Group IV: 5-Flurouracil (5-FU) treated (150mg/
kg b.w) + Nigella sativa (NS) (Higher dose) (400 mg/kg b.w).

Figure 6:  Effect of low and high prophylactic dose of NS on pERK1/2 in 5-FU 
induced kidney damage.

*Results are representative of mean ± SE of six rats per group. Values are 
expressed as the means ± standard error. Results that we got are significantly 
different from 5-FU treated group as the main comparison is with 5-FU treated 
group (***) p < 0.001 versus Control; (#) p < 0.05 versus 5-FU; (##) p < 0.01 versus 
5-FU; (###) p < 0.001versus 5-FU; (**) p < 0.01 versus Control and (*) p < 0.05 
versus Control.
Group I: Normal control, Group II: 5-Flurouracil (5-FU) treated (150mg/kg b.w), 
Group III: 5-Flurouracil (5-FU) treated (150mg/kg b.w) + Nigella sativa (NS) 
(Lower dose) (200 mg/kg b.w), Group IV: 5-Flurouracil (5-FU) treated (150mg/
kg b.w) + Nigella sativa (NS) (Higher dose) (400 mg/kg b.w).
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with the previous results where the serum BUN, Cr and Kim-1of 
5-FU administered animals are raised.29-31 Nevertheless, in the 
present communication, NS treatment deciphers ameliorated 
serum BUN, Cr and Kim-1 levels, respectively, which deciphers 
the nephroprotective potential of NS.32

Lipid peroxidation is measured by MDA, which depicts the 
mechanisms of ROS production in tissue damage. In the 
present work, there was a steep upsurge in MDA in renal tissue 
administered with 5-FU in rats. The results of the present work 
align with the previous data.18,28,33 NS treatment was seen to 
alleviate MDA levels at both doses. However, the higher dose had 
a sharp, significant effect, as reported.34

In biological systems, there are innumerable antioxidants, 
both enzymatic and non-enzymatic which are effective guards 
against ROS by removing free radicals. GSH is an indispensable 

antioxidative representative in the biological system, which is 
formed of three peptides, a non-enzyme that networks straight 
with its thiol group with free radicals. We found in the present 
work there was deprivation of GSH reservoirs in the 5-FU 
administered group due to exhaustion of thiol in cleaning ROS, 
as reported earlier.35 Yet, NS supplementation refilled GSH in 
prophylactic and post-phylactic treatment groups 3 and 4, as 
mentioned in the previous reports.34,36

The depletion of antioxidative enzymes like GR, GPx, and CAT 
in the cell is correlated with ROS generation. These antioxidative 
enzymes avoid toxic damage and protect cells against ROS by 
eliminating of free radicals. The reserves of antioxidants like GPx, 
GR, and CAT decrease substantially in the present work rendering 
the role of ROS and free radical production in the pathology of 
5-FU-induced renal damage. CAT works with H2O2 eradicating 

Group 1 (control) Drinking water Normal saline only
Group 2 (only 5-FU) Drinking water 5-FU 150mg/kg b.wt.i.p (19th day)
Group 3 (5-FU+NS1) 
(200mg/kg b.wt.)

NS1 200 mg/kg 
b.wt.

5-FU 150mg/kg b.wt.i.p (19th day)

Group 4 (5-FU+NS2) 
(400mg/kg b.wt.)

NS2 400mg/kg 
b.wt.

5-FU 150mg/kg b.wt.i.p (19th day)

Table 1:  Schematic treatment regimen.

Groups GSH (nmol GSH/g tissue) GPx (nmol NADPH Oxidized/min/mg 
protein)

GR (nmol NADPH Oxidized/min/
mg protein)

Control 0.91±0.02 224.19±13.3 202.32±16.5
5-FU 0.38±0.03*** 121.63±11.6** 11.23±17.5**
5-FU+NS1 0.57±0.06# 186.37±16.9# 152.32±11.4ns

5-FU+NS2 0.72±0.05## 199.21±20.4# 175.8±15.8#

*Results are illustrative of mean ± SE of 6 rats per group. Values are articulated as the means ± standard error. Results infer that there is a comparison between 5-FU 
treated group (***) p < 0.001 versus Control, (**) p < 0.01 versus Control and (*) p < 0.05 versus Control. Then the treatment groups are compared with 5-FU treated 
group (#) p < 0.05 versus 5-FU; (##) p < 0.01 versus 5-FU; (###) p < 0.001versus 5-FU;.Group I: Normal control, Group II: 5-Flurouracil (5-FU) treated (150mg/kg b.w), 
Group III: 5-Flurouracil (5-FU) treated (150mg/kg b.w) + Nigella sativa (NS) (Lower dose) (200 mg/kg b.w), Group IV: 5-Flurouracil (5-FU) treated (150mg/kg b.w) + 
Nigella sativa (NS) (Higher dose) (400 mg/kg b.w).

Table 2:  Effect of low and high prophylactic dose of NS on antioxidant reservoirs in 5-FU induced kidney damage.

Groups MDA (nmol MDA formed/g 
tissue)*

CAT (nmol H2O2 consumed/min/mg 
protein)*

Control 12.2±0.7 42.49±3.02
5-FU 37.5±2.9*** 21.34±2.18***
5-FU+NS1 27.6±2.2# 31.01±1.84ns

5-FU+NS2 23.1±1.0## 36.18±2.66##

* Results are illustrative of mean ± SE of six rats per group. Values are articulated as the means ± standard error. Results infer 
that there is a comparison between 5-FU treated group (***) p < 0.001 versus Control, (**) p < 0.01 versus Control and (*) p < 
0.05 versus Control. Then the treatment groups are compared with 5-FU treated group (#) p < 0.05 versus 5-FU; (##) p < 0.01 
versus 5-FU; (###) p < 0.001versus 5-FU;.Group I: Normal control, Group II: 5-Flurouracil (5-FU) treated (150mg/kg b.w), Group 
III: 5-Flurouracil (5-FU) treated (150mg/kg b.w) + Nigella sativa (NS) (Lower dose) (200 mg/kg b.w), Group IV: 5-Flurouracil 
(5-FU) treated (150mg/kg b.w) + Nigella sativa (NS) (Higher dose) (400 mg/kg b.w).

Table 3:  Effect of low and high prophylactic dose of NS on antioxidant and oxidative stress marker in 5-FU induced 
kidney damage.
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enzymes establishing the primary antioxidant in the body 
which resulted in production of H2O2 and O2. H2O2 and other 
free radicals are additionally converted to H2O and O2 by CAT, 
GR.27,21 Superoxide anion radicals are converted to H2O2 by SOD 
and H2O2 is then further eradicated by catalase or with the help of 
GPx. We found in the present study that the antioxidative enzymes 
and non-enzymes, which include GSH, CAT, GPx, and GR, were 
diminished in group 2 significantly signifying the production 
of ROS because of damage to both antioxidative enzyme and 
non-enzymes reservoirs.18,34,35 However, NS supplementation 
reloaded GSH, GPx, GR, and CAT, demonstrating its antioxidant 
potential conceivably by attacking singlet oxygen, superoxide 
radicals, peroxide, and peroxy radicals, as reported earlier. It was 
confirmed that the data obtained were in line with previously 
reported data.32,33,37 Histological slides showed standard glomeruli 
and renal tubules in the control group. Group 2 kidneys showed 
distension in the kidney tubules, deterioration of tubular 
epithelium, hyperplasia and necrotic tissue. We confirm that 
deviations instigated by 5-FU in renal tissue are in constant with 
the preceding findings.18,35,38 We detected in the treatment groups 
(group III and IV) there was a reversal of the pathologies that 
were found in 5-FU administered group.39

There is a cross-talk in anti-cancer drug-induced organ 
toxicities, in particular with 5-FU between oxidative stress 
and inflammation. The immune responses are triggered by 
an increase in oxidative stress and depletion in antioxidant. 
ROS production is an imperative progression that occurs in 
antineoplastic drug-interceded injury/damage. Activation of 
NF-kB pathways could be one possible mechanism that initiates 
cell death and inflammation.21 Available reports advocate that 
instigation of the inflammatory pathway is one of the grounds 
of 5-FU mediated kidney toxicity. Administration of 5-FU may 
generate a microenvironment that provisions the stimulation of 
NF-kB and downstream pro-inflammatory molecules like TNF-a 
and others.36 However, treatment with NS at lower and higher 
doses moderated the transformation of NfkB, TNF-a, which 
proposes an anti-inflammatory efficacy of NS. Reports suggest 
that 5-FU management results in oxidation and activation of 
TNF-α following the production of ROS and RNS, resulting in 
organ damage, inflammation and non-targeted non-cancerous 
cell death.41 MAPKs superfamily is an upstream element in the 
inflammatory pathway which comprises p38 MAP kinases, ERK, 
JNK. Pro-inflammatory cytokines like TNF-α and various cellular 
stimuli like ROS cause the instigation of p38 MAPK and ERK, 
JNK.36 The participation of MAPKs instigation in facilitating the 
distressing measures of 5-FU chemotherapy in animal kidneys 
have been reported. JNK and p38 MAPK activation results 
in pro-inflammatory cytokine formation and, finally kidney 
cell death which could be a possible mechanism for kidney 
dysfunction in human and investigational/preclinical models.42,43 
Additionally, ERK stimulus activates downstream transcription 

factors like NF-κB and TNF-α has been reported previously.40-43 
The current work results demonstrated that NS treatment at 
both doses efficiently blocked MAPK and NF-κB trails as well as 
downstream cytokines, portentous the multipronged potential of 
NS. Similar results with NS were obtained in Adjuvant arthritis 
and LPS-induced respiratory distress in harmony with the 
current reports of NS suppression of MAPKs pathway and NF-κB 
in wounds of diabetic animals.44,45 Remarkably, obstruction of 
MAPKs and its signalling pathways particularly p38 and JNK, 
have been associated with protection against multiple kidney 
injury models deciphering acute kidney catastrophe, tubular cell 
death and pathological tissue.46 Outcomes of current work reveal 
the treatment with NS impedes MAPKs pathway along with its 
downstream proteins like NF-κB and downstream molecules 
are viewed as an operative approach for managing varied kidney 
damage. When the histopathological data were assessed, the 
control group showed normal glomerular and normal renal 
tubular structures like healthy kidneys. Nonetheless, 5-FU 
group kidney tissue showed dilatation in tubules of the kidney, 
degeneration of tubular epithelium, hyperplasia, necrosis, and 
inflammatory cell production. These deviations produced by 
5-FU in renal tissue are constant with the preceding reported 
results.28 We found treatment with NS at both doses decreased 
disintegration and necrosis in renal tissue in contrast to 5-FU 
group kidneys.

CONCLUSION

In conclusion, NS can be used as an adjuvant therapy with 5-FU 
to protect against kidney injury associated with 5-FU through 
further animal experimental and clinical studies.
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ABBREVIATIONS

5-FU: 5-Fluorouracil; NS: Nigella sativa; CAT: Catalase; GSH: 
Glutathione; GR: Glutathione reductase; GPx: Glutathione 
peroxidase; MDA: Malondialdehyde; MAPK: p38 Mitogen 
activated kinase pathway; LPO: Lipid Peroxidation; p-ERK1/2: 
phospho-Extracellular signal regulated kinases; p-JNK: phospho 
c-Jun N terminal kinase; pNF-kB: Nuclear factor-kappa B; 
TNF-α: Tumor Necrosis Factor-alpha; KIM-1: Kidney injury 
molecule; Cr: Creatinine; BUN: Blood urea nitrogen; ANOVA: 
Analysis of variance; ROS: Reactive oxygen species; SOD: 
Superoxide dismutase.
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SUMMARY

NS mitigates 5-FU-induced kidney injury by restoring  
antioxidant status, scavenging ROS, diminution of damage 
to serum by decreasing serum diagnostic toxicity markers. 
Moreover, it also downregulates MAPK pathway proteins, 
downstream inflammatory mediators and histological damage, 
which helps in the regulation of healthy kidney functioning.

REFERENCES
1. Schirrmacher V. From chemotherapy to biological therapy: a review of novel 

concepts to reduce the side effects of systemic cancer treatment [review]. Int J Oncol. 
2019;54(2):407-19. doi: 10.3892/ijo.2018.4661, PMID 30570109.

2. El-Sherbiny M, Fahmy EK, Eisa NH, Said E, Elkattawy HA, Ebrahim HA, et al. Nanogold 
particles suppresses 5-flurouracil-induced renal injury: an insight into the modulation 
of Nrf-2 and its downstream targets, HO-1 and γ-GCS. Molecules. 2021;26(24):7684. 
doi: 10.3390/molecules26247684, PMID 34946766.

3. Liu XY, Zhang FR, Shang JY, Liu YY, Lv XF, Yuan JN, et al. Renal inhibition of miR-181a 
ameliorates 5-fluorouracil-induced mesangial cell apoptosis and Nephrotoxicity. Cell 
Death Dis. 2018;9(6):610. doi: 10.1038/s41419-018-0677-8, PMID 29795190.

4. Tekin S, Çelebi F. Effects of Rutin on 5-fluorouracil-Induced Nephrotoxicity in rats. 
Veterinary Sciences and Practices. 2021;16:243-50.

5. Dehelean CA, Marcovici I, Soica C, Mioc M, Coricovac D, Iurciuc S, et al. Plant-derived 
anti-cancer compounds as new perspectives in drug discovery and alternative 
therapy. Molecules. 2021;26(4):1109. doi: 10.3390/molecules26041109, PMID 
33669817.

6. Choudhari AS, Mandave PC, Deshpande M, Ranjekar P, Prakash O. Phytochemicals 
in cancer treatment: from preclinical studies to clinical practice. Front Pharmacol. 
2020;10:1614. doi: 10.3389/fphar.2019.01614, PMID 32116665.

7. Cascella M, Palma G, Barbieri A, Bimonte S, Amruthraj NJ, Muzio MR, et al. Role of Nigella 
sativa and its constituent thymoquinone on chemotherapy-induced Nephrotoxicity: 
evidences from experimental animal studies. Nutrients. 2017;9(6):625. doi: 10.3390/
nu9060625, PMID 28629150.

8. Hannan MA, Zahan MS, Sarker PP, Moni A, Ha H, Uddin MJ. Protective effects of black 
cumin (Nigella sativa) and its bioactive constituent, thymoquinone against kidney 
injury: an aspect on pharmacological insights. Int J Mol Sci. 2021; 22(16):9078. doi: 
10.3390/ijms22169078, PMID 34445781.

9. Hikmah Z, Endaryanto A, Ugrasena IDG, Rahaju AS, Arifin S. Nigella sativa L. as 
immunomodulator and preventive effect on renal tissue damage of lupus mice 
induced by pristane. Heliyon. 2022;8(4):e09242. doi: 10.1016/j.heliyon.2022.e09242. 
PMID: 35450390; PMCID: PMC9018149.

10. Yimer EM, Tuem KB, Karim A, Ur-Rehman N, Anwar F. Nigella sativa L. (Black Cumin): 
A Promising Natural Remedy for Wide Range of Illnesses. Evid Based Complement 
Alternat Med. 2019;1528635. doi: 10.1155/2019/1528635. PMID: 31214267; PMCID: 
PMC6535880.

11. Gholamnezhad Z, Havakhah S, Boskabady MH. Preclinical and clinical effects of 
Nigella sativa and its constituent, thymoquinone: a review. J Ethnopharmacol. 
2016;190:372-86. doi: 10.1016/j.jep.2016.06.061, PMID 27364039.

12. Niu Y, Wang B, Zhou L, Ma C, Waterhouse GIN, Liu Z, et al. Nigella sativa: A Dietary 
Supplement as an Immune-Modulator on the Basis of Bioactive Components. Front 
Nutr. 2021;8:722813. doi: 10.3389/fnut.2021.722813, PMID 34485368.

13. Kabir Y, Akasaka-Hashimoto Y, Kubota K, Komai M. Volatile compounds of black 
cumin (Nigella sativa L.) seeds cultivated in Bangladesh and India. Heliyon. 
2020;6(10):e05343. doi: 10.1016/j.heliyon.2020.e05343. PMID: 33163654; PMCID: 
PMC7610257.13. 

14. Beheshti F, Norouzi F, Abareshi A, Khazaei M, Alikhani V, Moussavi S, Biglari G, 
Soukhtanloo M, Hosseini M. Nigella sativa prevented liver and renal tissue damage 
in lipopolysaccharide-treated rats. Saudi J Kidney Dis Transpl. 2018;29(3):554-66. doi: 
10.4103/1319-2442.235184. PMID: 29970731.

15. Zaki SM, Waggas DS. Protective Effect of Nigella sativa and Onion Extract against 
5-Fluorouracil-Induced Hepatic Toxicity. Nutr Cancer. 2022;74(7):2657-70. doi: 
10.1080/01635581.2021.2019794. Epub 2021 Dec 28. PMID: 34963383.

16. Hosseini M, Mohammadpour T, Karami R, Rajaei Z, Reza Sadeghnia H, Soukhtanloo 
M. Effects of the hydro-alcoholic extract of Nigella sativa on scopolamine-induced 
spatial memory impairment in rats and its possible mechanism. Chin J Integr Med. 
2015;21(6):438-44. doi: 10.1007/s11655-014-1742-5, PMID 24584756.

17. Taha E, Mohamed G. Evaluation of cardioprotective activity of Lepidium sativum seed 
powder in albino rats treated with 5-fluorouracil. Beni-Suef University Journal of 
Basic and Applied Sciences. 2016;5:10.

18. Rashid S, Ali N, Nafees S, Hasan SK, Sultana S. Mitigation of 5-fluorouracil induced 
renal toxicity by chrysin via targeting oxidative stress and apoptosis in Wistar rats. 
Food Chem Toxicol. 2014;66:185-93. doi: 10.1016/j.fct.2014.01.026, PMID 24486618.

19. Wright JR, Colby HD, Miles PR. Cytosolic factors which affect microsomal lipid 
peroxidation in lung and liver. Arch Biochem Biophys. 1981;206(2):296-304. doi: 
10.1016/0003-9861(81)90095-3, PMID 7224639.

20. Claiborne A. Catalase activity. In: Greenwald RA, editor. Handbook of methods in 
oxygen radical research. CRC press, Boca Raton. 1986;283-4.

21. Rashid S, Nafees S, Siddiqi A, Vafa A, Afzal SM, Parveen R, et al. Partial protection by 
18β Glycrrhetinic acid against cisplatin induced oxidative intestinal damage in Wistar 
rats: possible role of NFkB and caspases. Pharmacol Rep. 2017;69(5):1007-13. doi: 
10.1016/j.pharep.2017.02.013, PMID 28939345.

22. Carlberg I, Mannervik B. Glutathione reductase. Methods Enzymol. 1985;113:484-90. 
doi: 10.1016/s0076-6879(85)13062-4, PMID 3003504.

23. Mohandas J, Marshall JJ, Duggin GG, Horvath JS, Tiller DJ. Differential distribution 
of glutathione and glutathione-related enzymes in rabbit kidney: possible 
implications in analgesic nephropathy. Biochem Pharmacol. 1984;33(11):1801-7. doi: 
10.1016/0006-2952(84)90353-8, PMID 6145422.

24. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with 
the Folin phenol reagent. J Biol Chem. 1951;193(1):265-75. doi: 10.1016/
S0021-9258(19)52451-6, PMID 14907713.

25. Hare RS. Endogenous creatinine in serum and urine. Proc Soc Exp Biol Med. 
1950;74(1):148-51. doi: 10.3181/00379727-74-17837, PMID 15430417.

26. Kanter MW. Clinical chemistry. Bobbs-Merrill Company, Inc USA. 1975.
27. Arafah A, Rehman MU, Ahmad A, AlKharfy KM, Alqahtani S, Jan BL, et al. Myricetin 

(3,3′,4′,5,5′,7-Hexahydroxyflavone) prevents 5-fluorouracil-induced cardiotoxicity. 
ACS Omega. 2022;7(5):4514-24. doi: 10.1021/acsomega.1c06475, PMID 35155943.

28. Elghareeb MM, Elshopakey GE, Hendam BM, Rezk S, Lashen S. Synergistic effects 
of Ficus carica extract and extra virgin olive oil against oxidative injury, cytokine 
liberation, and inflammation mediated by 5-fluorouracil in cardiac and renal tissues 
of male albino rats. Environ Sci Pollut Res Int. 2021;28(4):4558-72. doi: 10.1007/
s11356-020-10778-0, PMID 32946057.

29. Sallehuddin N, Nordin A, Bt Hj Idrus R, Fauzi MB. Nigella sativa and Its Active 
Compound, Thymoquinone, Accelerate Wound Healing in an in vivo Animal Model: 
A Comprehensive Review. Int J Environ Res Public Health. 2020;17(11):4160. doi: 
10.3390/ijerph17114160. PMID: 32545210; PMCID: PMC7312523.

30. Xiong Y, Shang B, Xu S, Zhao R, Gou H, Wang C. Protective effect of Bu-zhong-yi-qi 
decoction, the water extract of Chinese traditional herbal medicine, on 
5-fluorouracil-induced renal injury in mice. Ren Fail. 2016;38(8):1240-8. doi: 
10.1080/0886022X.2016.1209380, PMID 27435211.

31. Yousef HN, Aboelwafa HR. The potential protective role of taurine against 
5-fluorouracil-induced Nephrotoxicity in adult male rats. Exp Toxicol Pathol. 
2017;69(5):265-74. doi: 10.1016/j.etp.2017.01.012, PMID 28189472. 

32. Rahmani A, Maleki V, Niknafs B, Tavakoli-Rouzbehani OM, Tarighat-Esfanjani A. Effect 
of Nigella sativa supplementation on kidney function, glycemic control, oxidative 
stress, inflammation, quality of life, and depression in diabetic hemodialysis patients: 
study protocol for a double-blind, randomized controlled trial. Trials. 2022;23(1):111. 
doi: 10.1186/s13063-021-05917-y, PMID 35120579. 

33. Kaatabi H, Bamosa AO, Badar A, Al-Elq A, Abou-Hozaifa B, Lebda F, et al. Nigella sativa 
improves glycemic control and ameliorates oxidative stress in patients with type 2 
diabetes mellitus: placebo controlled participant blinded clinical trial. PLOS ONE. 
2015;10(2):e0113486. doi: 10.1371/journal.pone.0113486, PMID 25706772.

34. Akindele AJ, Oludadepo GO, Amagon KI, Singh D, Osiagwu DD. Protective effect 
of carvedilol alone and coadministered with diltiazem and prednisolone on 
doxorubicin and 5-fluorouracil-induced hepatotoxicity and Nephrotoxicity in rats. 
Pharmacol Res Perspect. 2018;6(1):e00381. doi: 10.1002/prp2.381, PMID 29417758. 

35. Al-Asmari AK, Al-Zahrani AM, Khan AQ, Al-Shahrani HM, Ali Al Amri M. Taurine 
ameliorates 5-flourouracil-induced intestinal mucositis, hepatorenal and 
reproductive organ damage in Wistar rats: A biochemical and histological study. Hum 
Exp Toxicol. 2016;35(1):10-20. doi: 10.1177/0960327115573597, PMID 25724421. 

36. Bordoni L, Fedeli D, Nasuti C, Maggi F, Papa F, Wabitsch M, et al. Antioxidant and 
anti-inflammatory Properties of Nigella sativa Oil in Human pre-adipocytes. 
Antioxidants (Basel). 2019;8(2):51. doi: 10.3390/antiox8020051, PMID 30823525. 

37. Farooqui Z, Ahmed F, Rizwan S, Shahid F, Khan AA, Khan F. Protective effect of Nigella 
sativa oil on cisplatin induced Nephrotoxicity and oxidative damage in rat kidney. 
Biomed Pharmacother. 2017;85:7-15. doi: 10.1016/j.biopha.2016.11.110, PMID 
27930989. 

38. Gelen V, Şengül E, Yıldırım S, Senturk E, Tekin S, Kükürt A. The protective effects of 
hesperidin and curcumin on 5-fluorouracil-induced Nephrotoxicity in mice. Environ 
Sci Pollut Res Int. 2021;28(34):47046-55. doi: 10.1007/s11356-021-13969-5, PMID 
33886055. 

39. Farooqui Z, Shahid F, Khan AA, Khan F. Oral administration of Nigella sativa oil 
and thymoquinone attenuates long term cisplatin treatment induced toxicity 
and oxidative damage in rat kidney. Biomed Pharmacother. 2017;96:912-23. doi: 
10.1016/j.biopha.2017.12.007, PMID 29223554. 

40. Al-Khrashi LA, Badr AM, Al-Amin MA, Mahran YF. Thymol ameliorates 5-fluorouracil-
induced intestinal mucositis: evidence of down-regulatory effect on TGF-β/MAPK 
pathways through NF-κB. J Biochem Mol Toxicol. 2022;36(1):e22932. doi: 10.1002/
jbt.22932, PMID 34665902. 



Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 1, Jan-Mar, 2024 239

Alharthy and Rashid.: Nigella sativa Mitigates Kidney Damage

41. Mahmoud HS, Almallah AA, Gad EL-Hak HN, Aldayel TS, Abdelrazek HMA, Khaled 
HE. The effect of dietary supplementation with Nigella sativa (black seeds) mediates 
immunological function in male Wistar rats. Sci Rep. 2021;11(1):7542. doi: 10.1038/
s41598-021-86721-1, PMID 33824353. 

42. Muhammad RN, Sallam N, El-Abhar HS. Activated ROCK/Akt/eNOS and ET-1/ERK 
pathways in 5-fluorouracil-induced cardiotoxicity: modulation by simvastatin. Sci 
Rep. 2020;10(1):14693. doi: 10.1038/s41598-020-71531-8, PMID 32895407. 

43. de la Cruz-Morcillo MA, Valero ML, Callejas-Valera JL, Arias-González L, Melgar-Rojas 
P, Galán-Moya EM, et al. P38MAPK is a major determinant of the balance between 
apoptosis and autophagy triggered by 5-fluorouracil: implication in resistance. 
Oncogene. 2012;31(9):1073-85. doi: 10.1038/onc.2011.321, PMID 21841826.

44. Zielińska M, Dereń K, Polak-Szczybyło E, Stępień AE. The Role of Bioactive compounds 
of Nigella sativa in Rheumatoid Arthritis Therapy-Current Reports. Nutrients. 
2021;13(10):3369. doi: 10.3390/nu13103369, PMID 34684370. 

45. Mokhtari-Zaer A, Norouzi F, Askari VR, Khazdair MR, Roshan NM, Boskabady M, et al. 
The protective effect of Nigella sativa extract on lung inflammation and oxidative 
stress induced by lipopolysaccharide in rats. J Ethnopharmacol. 2020;253:112653. 
doi: 10.1016/j.jep.2020.112653, PMID 32035219.

46. Arab HH, Salama SA, Maghrabi IA. Camel milk ameliorates 5-fluorouracil-induced 
renal injury in rats: targeting MAPKs; NF-κB and PI3K/Akt/eNOS pathways. Cell 
Physiol Biochem. 2018;46(4):1628-42. doi: 10.1159/000489210, PMID 29694984.

Cite this article: Alharthy KM, Rashid S. Nigella sativa Averts 5-Fluorouracil Induced Kidney Injury via Targeting Redox Imbalance and MAPK Pathway. Indian 
J of Pharmaceutical Education and Research. 2024;58(1):231-9.


