
542 - Acta Cirúrgica Brasileira - Vol. 30 (8) 2015

5 - ORIGINAL ARTICLE
ISCHEMIA-REPERFUSION

Study on the effect of black cumin (Nigella sativa Linn.) on experimental renal ischemia-
reperfusion injury in rats1

Ghafour MousaviI

DOI: http://dx.doi.org/10.1590/S0102-865020150080000005

IPhD, Assistant Professor, Department of Clinical Sciences, Tabriz Branch, Islamic Azad University, Tabriz, Iran. Conception and design of the study, 
technical procedures, analysis and interpretation of data, manuscript writing, critical revision.

ABSTRACT
PURPOSE: To evaluate the effect of Black cumin (Nigella sativa Linn.) pre-treatment on renal ischemia/reperfusion (I/R) induced 
injury in the rats.
METHODS: A total of 40 male Wistar rats were randomly allocated into five equal groups including Sham, I/R model and three I/R+ 
Black cumin (0.5, 1 and 2%)-treated groups. I/R groups’ kidneys were subjected to 60 min of global ischemia at 37°C followed by 24 
h of reperfusion. At the end of reperfusion period, the rats were euthanized. Superoxide dismutase, catalase and glutathione peroxidase 
activities as well as reduced glutathione and renal malondialdehyde contents were determined in renal tissues. Kidney function tests and 
histopathological examination were also performed.
RESULTS: High serum creatinine, blood urea nitrogen and uric acid as well as malondialhehyde (MDA) levels, and low antioxidant 
enzyme activities were observed in I/R rats compared to the sham rats. Pre-treatment with Black cumin for three weeks prior to IR 
operation improved renal function and reduced I/R induced renal inflammation and oxidative injury. These biochemical observations 
were supported by histopathological test of kidney sections.
CONCLUSION: Black cumin significantly prevented renal ischemia/reperfusion induced functional and histological injuries.
Key words: Nigella sativa. Ischemia. Reperfusion. Kidney. Rats.
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Introduction 

Renal ischemia and reperfusion (I/R) injury is the major 
cause of acute renal failure (ARF) and may also be involved in 
the development and progression of some forms of chronic kidney 
disease1, which is encountered in many clinical conditions such as 
kidney transplantation, partial nephrectomy, hemorrhagic shock, 
certain hypotensive states, and elective urological operations 
major vascular surgery such as renal artery angioplasty and aortic 
aneurysm surgery2-4. 

The post-ischemic kidney usually undergoes a series of 
complicated pathophysiological changes, including inflammation, 
regeneration, apoptosis and interstitial fibrosis. Renal ischemia 
induces oxidative stress, which results in exacerbated and 
prolonged systemic inflammatory response and the presumptive 
death of renal cells after reperfusion2,3. Reperfusion injury is 
one of the main causes of acute renal injury, which can manifest 
histologically as acute tubular necrosis5. Reactive oxygen species 
(ROS) which are generated in high concentration in ischemic organs 
after reperfusion have various cytotoxic effects, including DNA 
damage, protein oxidation and nitrosylation, lipid peroxidation, 
and induction of apoptosis6. Increased reactive oxygen species 
during renal reperfusion, directly endanger glomerular and tubular 
epithelium integrity, one of the factors in the development of acute 
tubular necrosis7. 

Free radical depletion for the treatment of reperfusion 
injury has found its clinical benefits in the prevention of post-
ischemic tissue injury following organ transplantation8,9. ROS 
collectively are instrumental in impairing overall renal function 
and in inducing apoptosis in renal cells10. Antioxidant therapy 
has been well documented to help in the improvement of organ 
functions and to prevent apoptosis11. 

Herbal medicines derived from plant extracts are being 
increasingly utilized to treat a wide variety of clinical disease. 
More attention has been paid to the protective effects of natural 
antioxidants. Natural antioxidants strengthen the endogenous 
antioxidant defenses from reactive oxygen species (ROS) and 
restore and optimal balance by neutralizing the reactive species. 
They are gaining immense importance by virtue of their critical 
role in disease prevention. In recent years achievement of new 
types of plant-based antioxidants to overcome the damages caused 
by various factors have been seriously considered by researchers12. 

There are a wide range of plants with medicinal properties 
and according to the World Health Organization, 70 to 80 percent 
of the world’s population believes in traditional medicine to 
maintain health. 

Nigella sativa Linn. from the Ranunculaceae family, is 
commonly known as Black cumin in traditional medicine. It has 
been shown that the biological activity of the black cumin is related 
to the composition of its essential oil14, which is containing of 30 
to 48% Thymoquinone, 7 to 15% P-cymene, 6 to 12% Carvacrol, 2 
to 7% 4-terpineol, 1 to 4% Tanethole and 1 to 8% Sesquiterpene13. 
Pharmacologically, Thymoquinone and its derivatives are the most 
important components of Black cumin constituents14.

In India, Arabic countries, Europe and Iran Black cumin 
seeds and oil are traditionally used in treating diseases such as 
asthma, hypertension, diabetes, inflammation, tumor, cough, 
bronchitis, headache, eczema, fever, dizziness, gastrointestinal 
disturbances, impotence, painful menstruation and flu. Black cumin 
is also used as carminative, diuretic and anti-parasitic agent15. The 
beneficial effects of black cumin and its constituents have been 
shown by clinical and especially experimental studies, from which 
hypotension16,17, hypoglycemic18,19, hypolipidemic20, antioxidant21, 

22, anti-inflammatory23 and anti-tumor24,25 effects can be noted. 
In many diseases, such as cirrhosis, hepatitis and 

chemical poisoning in which free radicals are produced; the 
antioxidant properties of Black cumin could be very useful. It has 
been shown that antioxidant effects of Black cumin oil are 4-5 
times greater than its essence26. Also, due to the presence of fatty 
acids and compounds such as tocopherols, carotenoids, metal ions 
and phosphorus components in smaller amounts, fresh and intact 
plant most of its oil is resistant against to oxidation27. 

Considering the numerous beneficial effects and 
particularly antioxidant activity of Black cumin, it is believed 
that the seeds of this plant are capable to protect the kidneys 
against oxidative stress during I/R injury. Therefore, the present 
study evaluated the beneficial effects of Black cumin on kidney 
histopathology, function markers and antioxidant activities in 
renal ischemia/reperfusion (I/R) induced injury in the rats.

Methods

Investigations were conducted in accordance with the 
internationally accepted principles for laboratory animal use and 
care as found in the United States guidelines (United States National 
Institutes for Health publication no. 85-23, revised in 1985) and our 
Ethical committee on animal care approved the protocol.

Plant materials

Black cumin seeds were purchased from a local herb 
store in Tabriz, Iran. The seed was identified and authenticated by 
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Professor Dr. Abbas Delazar, head of Pharmacognosy department. 
After cleaning the seeds under running tap water for 10 min, they 
were rinsed twice with distilled water and air dried in an oven at 
40°C overnight until a constant weight was attained. The seeds were 
grounded to a powder shape using an electric grinder (Zhejiang, 
China) for 6 minutes and were mixed with rat chow pellet powder 
into different doses as 0.5% (low dose), 1% (medium dose) and 
2% (High dose). 

Animals

A total of forty male Wistar rats (about 180–200 g body 
weight) obtained from Pasteur Institute of Iran were selected for 
the study and were acclimatized to their environment for one 
week prior to experimentation. Animals randomly allocated into 
five equal groups including Sham operation group, IR group and 
three I/R+ Black cumin (0.5, 1 and 2%)-treatment groups. The 
animals were housed under standard environmental conditions (23 
± 1 °C, with 55 ± 5% humidity and a 12 h light/12 h dark cycle) 
and maintained with free access to water and a standard laboratory 
diet ad libitum. Three weeks before the experiment, the diet of I/
R+Black cumin-treatment animals were supplemented with Black 
cumin and these three groups of rats received different percentages 
(0.5, 1 and 2%) of Black cumin in their standard diet. These doses 
were selected on the basis of Tauseef Sultan et al.28, study in 2011, 
who investigated the effects of powdered Black cumin seeds on 
hypercholesterolemia in the rats. 

The experiments and surgical procedures performed in 
the different groups of animals are described below. A previous 
study showed that supplementation of Black cumin up to the dose 
of 1 g/kg supplemented for a period of 28 days resulted no changes 
in liver enzymes level and did not cause any toxicity effect on the 
liver function29.

Chemicals

All chemicals used in this study were of analytical grade 
and obtained from Nanjing Jiancheng Bioengineering Institute, 
Nanjing, China.

Surgery and experimental design

Animals were anesthetized by with intraperitoneal 
injection of ketamine-xylazine (50 mg/kg and 10 mg/kg, 
respectively). The abdominal area was prepared with povidone 
iodine. Autoclave-sterilized surgical instruments were used for the 

procedure. A laparotomy was performed with a vertical midline 
incision. The renal pedicles, containing the artery, vein and nerve 
supply of each kidney were isolated. A hemostatic micro clamps 
were applied on the renal pedicle for 60 minutes to create complete 
renal ischemia. The clamp was removed later to allow restoration 
of blood flow to the kidney. 

Additionally, sham-operated rats underwent a simple 
laparotomy under identical conditions and served as the operation 
controls. After removing the clamp, the abdomen was closed 
in two layers. In all groups, the animals were kept in metabolic 
cages for 24 hours to collect urine and also to measure water 
consumption. At the end of the 24 hours, the rats were killed by 
decapitation. Blood samples was obtained from abdominal aorta 
into dried tubes and immediately centrifuged at 4°C, 1.000g for 15 
min to collect sera. Serum and urine samples were stored at -20°C 
until analysis.

After sacrificing the animals, the kidney was quickly 
harvested and weighted for measurement of the ratio of kidney 
weight to body weight. Renal tissue was perfused immediately 
with ice cold hypertonic saline solution, and homogenate 10% 
prepared in 1.15% w/v of potassium chloride for measurement of 
antioxidant activity, using a glass Teflon homogenizer30. A portion 
of the kidney was fixed in 10% neutral-buffered formalin solution 
for histopathologic evaluations. 

Kidney function study

Serum creatinine (Scr), blood urea nitrogen (BUN), and 
uric acid levels were measured by commercial assay kits (Nanjing 
Jiancheng Bioengineering Institute, Nanjing, China) using 
semiautomatic analyzer. 

Estimation of antioxidant activity

The kidney homogenate was centrifuged in 7000 ×g for 
10 minutes at 4˚C and supernatant were used for measurement of 
oxidative stress by estimation of reduced glutathione (GSH) and 
determination of malondialdehyde (MDA) as well as antioxidant 
enzymes (AOE) such as superoxide dismutase (SOD), catalase 
(CAT) and glutathione peroxidase (GSH-Px). GSH, MDA, SOD, 
CAT and GSH-Px were measured by using commercially available 
kits according to the manufacturer’s protocol (Nanjing Jiancheng 
Bioengineering Institute, Nanjing, China). Protein contents were 
measured using the dye-binding assay of Bradford method31. 

GSH reacts with 5,5′-dithiobis-2-nitrobenzoic acid, 
and the absorbance spectra of the product have a maximum 



Study on the effect of black cumin (Nigella sativa Linn.) on experimental renal ischemia-reperfusion injury in rats

Acta Cirúrgica Brasileira - Vol. 30 (8) 2015 - 545

absorbance at 410 nm. The results were expressed as μmol/
gwt protein. Kidney homogenate MDA levels were expressed 
as nmol MDA per mg protein and antioxidant activity was 
expressed as arbitrary units per mg protein. Degree of lipid 
peroxidation in kidney tissue homogenates was determined 
in terms of thiobarbituric acid reactive substances (TBARSs) 
formation by following the protocol of Esterbauer and 
Cheesman32. SOD activity was measured by Nishikimi 
method33 and was modified by Kakkar method34. Each unit of 
SOD activity was determined as required enzyme concentration 
for prohibition of creation color at 1 minute, under study 
conditions. CAT activity was measured by and was based on 
hydrogen peroxide breakdown. GSH-Px activity was measured 
by Rotruck method35 and was expressed as micromole of 
GSSG /minute/milligram of protein, based on blew reaction: 
2H 2 O+GSSG	    H2 O2+2GSH

Microscopic studies

The renal sample was fixed by immersing it in 10% 
neutral-buffered formalin. The sample was then embedded in 
paraffin, sliced into 5 μm sections, and stained with hematoxylin-
eosin. The renal sections were examined blindly by an expert 
pathologist for tubular cell swelling, interstitial edema, tubular 
dilatation, and moderate to severe necrosis in all treatments. A 
minimum of 10 fields for each kidney slide were examined and 
assigned for severity of changes using scores on a scale of mild 
(1+), moderate (2+), and severe (3+) damage36-38. 

Statistical analysis

The Statistical Package for Social Sciences (SPSS Inc., 
Chicago, IL, USA), version 17.0, was used for statistical analysis. 
All data are presented as mean ± SEM. Before statistical analysis, 
all variables were checked for normality and homogeneity of 
variance by using the Kolmogorov-Smirnoff and Levene tests, 
respectively. The data obtained were tested by ANOVA followed 
by Tukey’s post-hoc multiple comparison test. 

Results 

Kidney function study

Table 1 shows the effects of Black cumin on the serum 
levels of markers of kidney function (Serum creatinine, blood urea 
nitrogen, and uric acid). The serum concentrations of creatinine 
(p<0.001), urea (p<0.001), and uric acid (p<0.001) in the I/R group 
were found to be significantly higher than those in the sham rats, 
suggesting a significant degree of glomerular dysfunction mediated 
by renal I/R. Pretreatment with Black cumin (1 and 2%) dose-
dependently significantly decreased serum creatinine (p<0.05 and 
p<0.01, respectively), urea (p<0.05 and p<0.01, respectively), and 
uric acid (p<0.05 and p<0.01, respectively) levels compared with 
the reperfusion group, although these levels were still significantly 
higher than the sham control. Three wk treatment of the other eight 
rats with Black cumin 5% led to a non-significantly reductions in 
the mentioned serum biochemical parameters.

Group Scr (mg/dL) BUN (mg/dL) Uric Acid (mg/dL)
Sham 1.55 ± 0.09 61.32 ± 5.8 0.79 ± 0.11

I/R model 4.23 ± 0.21a 142.95 ± 12.75a 1.82 ± 0.18a

I/R+Black cumin 0.5% 3.72 ± 0.18 131.87 ± 9.24 1.71 ± 0.14
I/R+Black cumin 1% 2.84 ± 0.11b 102. 66 ± 7.32b 1.32 ± 0.12b

I/R+Black cumin 2% 1.95 ± 0.08c 72.64 ± 4.3c 0.92 ± 0.15c

TABLE 1 - Effect of Black cumin pretreatment on Scr, BUN and uric acid levels in experimental rats.

a: p<0.001 compared with sham group; b: p<0.05, c: p<0.01 Compared with I/R group; Scr: Serum creatinine; BUN: blood urea nitrogen.

Water intake and urinary excretion rates and kidney-body 
weight ratio in experimental rats are depicted in Table 2. Urinary 
excretion rate significantly decreased in I/R rats as compared with 
the sham animals (p<0.001). It dose-dependently significantly 
(p<0.05 and p<0.01, respectively) increased by pretreatment with 
Black cumin in the I/R+ Black cumin 1 and 2% groups. Pretreatment 
with Black cumin 0.5% led to non-significant elevation in the 

urinary excretion rate (Table 2). Water intake decreased in animals 
with reperfusion injury as compared with the rats in sham operation 
group (p<0.001) and it dose-dependently significantly (p<0.05 
and p<0.01, respectively) increased by pretreatment with Black 
cumin in I/R+ Black cumin 1 and 2%) groups. Pretreatment with 
Black cumin 0.5% led to a non-significant elevation in the water 
intake rate (Table 2). Finally, the ratio of kidney weight to body 
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weight also increased in the reperfusion group as compared with 
sham group (p<0.001). Pretreatment with Black cumin 1 and 2% 
dose-dependently significantly (p<0.05 and p<0.01, respectively) 

decreased this ratio compared with no Black cumin pretreatment 
in the reperfusion group. Pretreatment with Black cumin 0.5% led 
to a non-significant reduction in the kidney-body weight ratio.

Group Water intake (mL) Urinary excretion (mL) Kidney–body weight ratio
Sham 33.8 ± 1.4 10.53 ± 0.95 0.0037 ± 0.0001

I/R model 18.4 ± 5.3a 4.3 ± 0.42a 0.0048 ± 0.0001a

I/R+Black cumin 0.5% 21.1 ± 3.6 5.5 ± 0.63 0.0045 ± 0.0001
I/R+Black cumin 1% 26.7 ± 2.8b 7.4 ± 0.81b 0.0043 ± 0.0001b

I/R+Black cumin 2% 32.5 ± 2.2c 9.6 ± 0.85c 0.0040 ± 0.0001c

a: p<0.001 compared with sham group; b: p<0.05, c: p<0.01 Compared with I/R group.

TABLE 2 - Effect of Black cumin pretreatment on water intake and urinary excretion rates and kidney-body weight ratio in 
experimental rats.

Antioxidant activity

Effect of Black cumin pretreatment on renal MDA and 
GSH levels and SOD, CAT and GSH-Px activities in experimental 
rats are presented in Table 3. In I/R group, ischemia and reperfusion 
caused significant decreases in tissue GSH levels and antioxidant 
enzymes (SOD, CAT and GSH-Px) activities (p<0.001) when 
compared with the sham control group. In the I/R+Black cumin 
1 and 2% groups, GSH levels and these antioxidant enzymes 
activities were found to be dose-dependently significantly increased 

(p<0.05 and p<0.01, respectively) compared to IR model group.  
Pretreatment with Black cumin 0.5% led to a non-significantly 
increases in the levels of mentioned renal antioxidant agents (Table 
3). As expected, the level of renal MDA was significantly increased 
in IR model rats compared with sham rats as shown in Table 3. In 
the I/R+ Black cumin 1 and 2% groups, levels of renal MDA were 
dose-dependently significantly decreased (p<0.05 and p<0.01, 
respectively) in comparison with IR model rats. Pretreatment with 
Black cumin 0.5% led to a non-significantly increase in the renal 
MDA level (Table 3).

Group MDA
(nmol/mg protein)

GSH
(μmol/g protein)

SOD
(U/mg protein)

CAT
(U/mg protein)

GSH-Px
(U/mg protein)

Sham 4.78 ± 0.22 2.79 ± 0.13 164.21 ± 14.27 44.14 ± 3.63 43.62 ± 2.67
I/R model 9.10 ± 0.41a 1.17 ± 0.07a 82.29 ± 4.26a 22.13± 2.15a 25.35±0.54a

I/R+Black cumin 0.5% 8.62 ± 0.48 1.47 ± 0.18 90.73 ± 5.84 26.31 ± 2.78 28.14 ± 1.65
I/R+Black cumin 1% 6.81 ± 0.59b 1.93 ± 0.11b 145.57 ± 13.72b 34.12 ± 3.16b 33.49 ± 1.78b

I/R+Black cumin 2% 5.44 ± 0.26c 2.42 ± 0.15c 161.42 ± 10.95c 39.81 ±3.58c 39.72± 1.44c

TABLE 3 - Effect of Black cumin pretreatment on renal MDA and GSH levels and SOD, CAT and GSH-Px activities in 
experimental rats.

a: p<0.001 compared with sham group; b: p<0.05, c: p<0.01 Compared with I/R group.

Histopathological findings

Figure 1 shows the result of histopathological changes 
of kidney in sham operated, IR model and IR rats pretreated with 
Black cumin (0.5, 1 and 2%). In Sham group, the kidney tissue 
showed regular morphology of renal parenchyma with well-

defined glomeruli and tubuli (Figure 1a). In renal tissue of IR 
rats, Tubular epithelial degeneration, acute tubular lytic necrosis 
and detachment of the cells from the basal membrane as well 
as interstitial lymphocytic infiltration, hyperemia, oedema and 
wide spread hemorrhages were observed. Dilation of urinary 
space with hyaline proteinaceouse droplets, adhesiveness of 
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visceral and parietal bowmann’s capsule, mesenchial moderate 
hypercellularity with hyperemia and some time the necrosis 
of squamous cell in parietal wall of bowmann’s capsule were 
also prominent. In addition, hyaline casts in some time with 
obstruction and dilation of tubules were visible (Figure 1 bI and 
bII). In contrast, pretreatment with Black cumin 0.5% caused 
considerable reversion of pathological changes. In this group, 
low pathological injuries consisting of petty hyperemia and 
slight edema in tubular cells were distinguished. Mild infiltration 

of lymphocytes in interstitial areas was distinguishable (Figure 
1c). Sections of the kidneys of the rats treated with Black 
cumin 1% showed architectural and cytological preservation 
of structure except for slight vacuolation of tubular cells 
(Figure 1d). Pretreatment with Black cumin 2% retrieved 
renal histopathological injuries to near normal and remarkably 
histological changes were not observed (Figure 1e). Pathologic 
grading of kidney with ischemia/reperfusion injury from 
experimental groups is listed in Table 4.

Group Cellular 
vacuolation

Inflammation, congestion,
edema and hemorrhage

Tubular dilation Epithelial 
necrosis

Hyaline cast

Sham - - - - -
I/R model +++ +++ +++ +++ +++

I/R+Black cumin 0.5% +++ ++ ++ ++ ++
I/R+Black cumin 1% ++ + + + +
I/R+Black cumin 2% + - + - -

TABLE 4 - Effect of Black cumin pretreatment on histopathology of kidneys in experimental rats.

The minus sign indicates no morphological change and plus sign indicates some changes. 

FIGURE 1 - Microscopic appearance from kidney tissues of the experimental rats (H and E, x250). a) 
Sham operation group rat kidney showing normal renal structure. bI; bII) I/R model rat kidney shows 
sever interstitial edema and hemorrhage associated with tubular degeneration and necrosis as well as 
irregular glomerular morphology. I/R model rat kidney.  There are hyaline casts occluding the tubules with 
some tubular dilatation.  c) I/R+ Back cumin 0.5%-treated kidney shows mild glomerular and interstitial 
hyperemia and apparent glomerular and tubular epithelial cells degeneration. d) I/R+ Back cumin 
1%-treated kidney shows normal appearance except for moderate vacuolar degeneration. e) I/R+ Back 
cumin 2%-treated kidney shows normalcy of renal structure and pathologic changes are no longer present.
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Discussion

The results of our study indicated that pre-treatment with 
Black cumin had preventive effects on renal reperfusion injury 
(I/R) of the kidney, as evidenced by functional parameters and 
histological examination. In this study, animals with reperfusion 
injury displayed renal tissue injury that was characterized by 
deterioration in kidney function, increase of serum urea, uric acid 
and creatinine. These changes were in accordance with extensive 
histopathological damages such as cellular vacuolation, interstitial 
edema, hyperemia and hemorrhage, tubular necrosis and 
glomerular changes. However, with Black cumin pre-treatment 
in the reperfusion rats, functional and histopathological changes 
were reversed as biochemical observations were supported by 
histopathological test of kidney sections.

Serum creatinine (Scr), blood urea nitrogen (BUN) 
and uric acid are markers of glomerular filtration rate39. In this 
study, Scr, BUN and uric acid levels in I/R rats were significantly 
higher than those in sham operated rats. This indicates that renal 
dysfunction occurred after I/R operation. Our results showed that 
pre-treatment with Black cumin decreased the rise of Scr, BUN 
and uric acid induced by ischemia reperfusion operation. This 
demonstrates that pre-treatment with Black cumin was helpful 
in preventing IR-induced renal dysfunction in a dose dependent 
manner. 

The data of our study also revealed that the ratio of kidney 
weight to body weight significantly increased and urine production 
significantly decreased. It is likely that interstitial edema after 
renal reperfusion results in increase of the ratio of kidney weight 
to body weight, and pre-treatment with Black cumin improves 
edema. Distinguishably, acute tubular necrosis induces oliguria by 
one of several mechanisms. These include the leakage of urine 
from damaged tubules across disrupted basement membranes 
into the renal interstitium or intratubular obstruction due to loss 
of necrotic epithelium. In addition, because of activation of the 
rennin-angiotensin system, particularly affecting outer cortical 
nephrons, glomerular blood flow and filtration are decreased, 
resulting in reduced formation of urine39.

Acute renal failure created by ischemia and reperfusion is 
histopathologically characterized by inflammation of renal tissue, 
extensive tubular damage, tubular cell necrosis, glomerular injury, 
and tubular obstruction with cell debris2. Much of this tubular 
and glomerular dysfunction has been postulated to occur during 
the reperfusion period following anoxia, and generation of ROS 
(reactive oxygen species) has been postulated as one of the major 
factors contributing to this reperfusion injury.

In renal I/R injury, ROS are responsible for lipid 
peroxidation of biological membranes, which it will ultimately 
results in cell death40,41. The protection provided by free radical 
scavengers against ROS produced during I/R supports the 
hypothesis that free radical species are involved in the cellular 
pathogenesis of I/R42. A main event in the induction of kidney 
injury during I/R is the generation of reactive oxygen species 
(ROS)43,44. ROS, which are produced during renal reperfusion, 
have diverse cytotoxic effects, including DNA damage, protein 
oxidation and nitrosylation, lipid peroxidation, and induction of 
apoptosis6. 

We assessed the potential of Black cumin by studying 
its effect on lipid peroxidation, which was measured in terms 
of MDA, a stable metabolite of the free radical-mediated lipid 
peroxidation cascade. In our study, animals subjected to renal 
I/R demonstrated an increase in the renal MDA and attenuated 
antioxidant enzymes pool. Black cumin reversed the increase 
of MDA levels to a considerable extent, thereby confirming its 
antioxidant role in I/R, indicating that Black cumin prevented lipid 
peroxidation and protein oxidation in the renal I/R process.

In our study, GSH which is known to be depleted 
following an ischemic insult45 was decreased with renal ischemia 
reperfusion process. Black cumin-pretreated rats exhibited higher 
GSH contents than their respective controls, indicating that Black 
cumin helped in replenishing the GSH pool. 

The fact that Black cumin causes a significant increase in 
CAT, GSH-Px and SOD activities in comparison with I/R group, 
suggesting that it might have an antioxidant effect through the 
increase in SOD, GSH-Px and CAT enzyme activities. Altogether, 
the mechanism of the protective effect of Black cumin on renal 
I/R injury can be explained by its antioxidant activity. The rennin-
angiotensin system plays a pivotal role in regulation of blood 
pressure. Renin acts on angiotensinogen to form angiotensin-I, 
which is converted to angiotensin-II with the help of angiotensin-
converting enzyme46. 

Accumulating evidence suggests that angiotensin-II 
stimulates intracellular formation of ROS such as superoxide anion 
and hydrogen peroxide that leads to kidney damage47. Generation 
of ROS has been postulated as one of the major factors contributing 
to this reperfusion injury. Oxidative stress can result from increased 
ROS production, and/or from decreased ROS scavenging capability. 
The ROS attach to the polyunsaturated fatty acids in the membrane 
lipids and result in peroxidation, which may lead to disorganization of 
cell structure and function. After reperfusion and reoxygenation, the 
imbalance between restoration of oxygen supply and mitochondrial 
respiratory function results in massive generation of superoxide 
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anion in mitochondria48,49. Under these conditions, the defensive 
system, which is known as antioxidant or antioxidant enzymes, 
cannot prevent the escape of ROS, especially in mitochondria, and 
their effects on other intracellular sites. This cascade of events is 
known as reperfusion injury49. 

In this study, renal I/R increased oxidative stress products 
including tissue MDA and depleted the antioxidant enzymes pool, 
as is evident from the declined activity of superoxide dismutase, 
catalase, glutathione peroxidase and reduced glutathione. It can be 
speculated that pretreatment with Black cumin prevented renal I/R-
induced lipid peroxidation and protected the kidneys from severe 
increasing of ROS products and depletion of superoxide dismutase 
catalase, glutathione peroxidase and reduced glutathione in rats 
exposed to the renal I/R. 

Taken in all, the use of this plant in renal ischemia/
reperfusion injury is then supported but the precise active 
substance(s) of Black cumin, site(s), cellular and molecular 
mechanism(s) of its pharmacological effect and possible toxicity 
and interaction with other drugs are still to be determined. Also, 
because of prolonged duration of giving black cumin, 3 weeks 
before ischemia, which could delay treatment of renal tumors 
and stones, be impossible for kidney harvesting from cadaveric 
donors and for patients with kidney trauma, the different fractions 
of Black cumin seeds in different doses should be tested for their 
rapid therapeutic potential through animal modeling. However, our 
data support a role for Black cumin in attenuation of kidney damage 
after ischemia/reperfusion injury of the kidneys in an animal model, 
therefore, future studies and trials to establish efficacy and optimum 
dosage of this plant in human bodies are essential.

Conclusion

Pretreatment with antioxidant Black cumin significantly 
protect renal ischemia/reperfusion injury in rats.
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