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ABSTRACT. Liver and renal dysfunction accompanying with the tissues’ oxidative damage has
been reported to occur during Inflammation. Nigella sativa has been well known for its
antioxidant and anti-inflammatory effects. The aim of this study was to investigate preventive
effects of N. sativa on liver and renal tissue damage in lipopolysaccharide (LPS)-treated rats. The
rats were divided into five groups: (1) control; (2) LPS (1 mg/kg, IP, for 10 days), (3–5) N. sativa
hydroethanolic extract (100, 200, or 400 mg/kg) before LPS. Compared to LPS group, treatment
by the extract decreased malondialdehyde, nitric oxide (NO) metabolites, and interleukin-6 while
increased thiol content and superoxide dismutase and catalase activities in both renal and liver
tissues. N. sativa extract also decreased serum aspartate aminotransferase, alanine aminotrans-
ferase, and alkaline phosphatase concentration, while it increased serum protein and albumin
compared with LPS group. In LPS group, serum blood urea nitrogen and creatinine were higher
than control group. The extract reversed the negative effects of LPS. The results demonstrated
that the N. sativa prevented liver and renal tissue damage in LPS-treated rats. It is suggested that
the effects are due to its antioxidant and anti-inflammatory effects.
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Introduction

  Lipopolysaccharide (LPS) is a bacterial endo-
toxin in the wall of Gram-negative bacteria
that can cause sepsis.1-3 Some evidence indi-
cated that LPS administration can be followed
by an increased level of some pro-inflamma-
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tory mediators such as chemokines and cyto-
kines including tumor necrosis factor-α (TNF-
α), interleukin-1β (IL-1β), IL-6, IL-8, IL-12,
monocyte chemoattractant protein 1, tissue
inhibitor of metalloproteinase 1, and interferon
γ (IFγ). These mediators play an important role
in LPS-induced inflammation that causes da-
mage to the organs.4,5 LPS also induces a pro-
oxidant effect and increases the production of
reactive oxygen species (ROS), and subse-
quently, organ failure occurs because of sepsis
and tissue oxidative damage.1,5

  Liver inflammation starts and continues with
cytokine production and is characterized by an
invasion of inflammatory cells which produce
cytokines including IL-6 and TNF-a. These
cytokines are responsible for progression of
liver damages.6,7 Furthermore, LPS has been
reported to be able to decrease superoxide
dismutase (SOD) activity in liver tissue.8 In
addition, LPS can affect liver function para-
meters such as aminotransferase (AST) and
alanine aminotransferase (ALT).9

 On the other hand, sepsis-related endotoxemia
commonly leads to acute renal failure (ARF),10

a major medical problem with high morbidity
and mortality rate.11-14 While the main mecha-
nism of LPS-induced ARF is almost unknown,10

ROS production accompanying inflammation,
leading to nonprogrammed necrotic cell death
(necrosis), and three types of programmed cell
death including autophagy, apoptosis, and
pyroptosis15-18 might be responsible. Production
of ROS might damage most of glomeruli and
tubules in the kidney.19

  Recently, there have been renewed interests
in consuming herbal remedies, such as rose-
mary, as an antioxidant due to having fewer
side effects compared to chemical drugs.20,21

Nigella sativa (N. sativa), also known as black
seed or black cumin, usually grows in Eastern
Europe, Mediterranean regions, Western Asia,
and the Middle East. Its extract or oil has been
used as an herbal medicine to maintain good
health.22-24 Data from several studies revealed
some pharmacological characteristics of N.
Sativa such as anti-inflammatory,25-27 antidia-
betic,28-30 antimetastatic,31 anxiolytic,32 hepato-
protective,33 immunomodulatory,33 and relaxant

properties.34 In addition, it can reduce the
nephrotoxic complications of some drugs such
as gentamicin,35 cisplatin,36,37 and doxorubicin.38

Renal protective effects of the plant in diabetic
patient have also been reported.39

Therefore, according to the evidence that shows
the beneficial effects of N. sativa and its non-
toxicity effect on renal tissue, in this study, we
attempt to determine whether the N. sativa
hydroalcoholic extract would prevent from liver
and renal tissue damage in LPS-treated rats.

Materials and Methods

Animals
Forty male Wistar rats weighing 250 ± 10 g

from the Central Animal House of Mashhad
University of Medical Sciences were used for
this study. They were kept in a room with
standard temperature (22°C ± 2°C) and condi-
tion of 12 h light/dark cycle. The animals were
randomized into five groups:
1. Control: the rats in this group received 1

mL/kg saline by injection into the perito-
neum (i.p.) instead of N. sativa extract and
also 1 mL/kg (i.p.) saline instead of LPS

2. LPS: the animals in this group took 1
mL/kg saline (i.p.) instead of N. sativa and
1 mg/kg LPS (i.p.)

3. LPS-NS100: the rats were administered
with 100 mg/kg N. sativa and 1 mg/kg
LPS (i.p.)

4. LPS-NS200: in this group, the rats got 200
mg/kg N. sativa (i.p.) and 1 mg/kg LPS (i.p.)

5. LPS-NS400: the animals received 400 mg/
kg N. sativa (i.p.) and 1 mg/kg LPS (i.p.).

LPS and the extract were daily administered
during two weeks. The extract was injected 30
min before LPS.

In the final stage, urethane was injected to
induce deep anesthesia. Then, the kidneys and
livers were removed to evaluate renal and liver
tissues oxidative damage including malondi-
aldehyde (MDA), thiol, catalase CAT) and
SOD, and serum total protein and albumin,
renal function parameters such as blood urea
nitrogen (BUN) and creatinine, and liver
enzymes including AST, ALT, and alkaline
phosphatase (ALP).
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The Animal Care and Use Committee of
Mashhad University of Medical Sciences and
also the National Institutes of Health
Guidelines for the Care and Use of Laboratory
Animals approved this experimental protocol.

Biochemical measurements

Liver and renal tissues oxidative damage
criteria

Protocols for measuring MDA and total thiol
concentration have been elucidated in previous
documents.40-42 SOD activity was measured by
Madesh and Balasurbamanian colorimetric
assay43 and CAT activity was assessed by
adopting Aebi method based on the determi-
nation rate constant of decomposing hydrogen
peroxide.44

Interleukin-6 and nitric oxide metabolites
The tissues’ IL-6 content was determined

with a specific rat ELISA kit (ebioscience Co,
San Diego, CA, USA) according to the
manufacturer instructions. The absorbance was
measured using a microplate reader (Biotek,
USA) and concentration was calculated by
comparison curve established in the same
measurement. The tissue nitric oxide (NO)
metabolites (NO2/NO3) were measured accor-
ding to the Griess reagent method. In brief,
after adding 100 µL supernatant to the Griess
reagent, contents were transferred to a 96-well
flat-bottomed microplate and absorbance was
read at 520 nm using a microplate reader, and
the final values were calculated from standard
calibration plots.

Liver function criteria
  AST, ALT, ALP, total protein, and albumin
were measured in the serum. The commercial
kits (Pars Azmoon Company, Tehran, Iran)
and the protocol provided by the company
were used.

Renal function criteria
Serum BUN and creatinine levels were mea-

sured by the commercial kits (Pars Azmoon
Company, Tehran, Iran). The protocol provided
by the company was used.

Statistical Analysis

All data were given as mean ± standard error
of the mean. Data was evaluated by analysis of
variance (one-way ANOVA) followed by
Tukey–Kramer post hoc test using Statistical
Package for the Social Sciences (SPSS)
version 11.0. The differences were considered
statistically significant when P <0.05.

Results

Liver tissues’ oxidative damage criteria
The liver MDA concentration of the LPS

group was significantly higher than that of the
control group (P <0.001). It was also shown
that both doses, i.e., 200 and 400 mg/kg of the
extract had a protective effect against increa-
sing of lipid peroxidation due to LPS treatment
which was reflected in a lower concentration
of MDA in the liver tissues (P <0.001) (Figure
1a). In addition, the highest dose was more
effective than that of both medium and the
lowest doses (P <0.001) (Figure 1a). In addi-
tion, the medium dose was more effective than
the lowest dose (P <0.001) (Figure 1a).
 LPS administration also attenuated the liver

tissues’ thiol contents (P <0.001). Both 200
and 400 mg/kg of N. sativa extract improved
the thiol contents of the liver tissues (P <0.001
for both doses compared to LPS group); how-
ever, the lowest dose was not effective (Figure
1b). The results also showed that the both
medium and highest doses of the extract were
more effective than that lowest dose (P <0.001
for both) (Figure 1b).

A comparison of SOD activity in the liver
tissues of LPS and control groups showed a
significant difference between the two groups
(P <0.001). Both medium and highest doses of
the extract were effective to enhance SOD
activity in the liver tissues compared to the
LPS group (P <0.001). However, 100 mg/kg
of the extract did not show a significant effect
on SOD activity in the liver tissues compared
to the LPS group (Figure 1c). Compared to
100 mg/kg, both 200 and 400 mg/kg of the
extract were more effective to increase SOD
activity (P <0.001). In addition, the highest dose
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was more effective than the medium dose (P
<0.001) (Figure 1c).
  It was also observed, and the CAT activity in
the liver tissues of LPS group was significantly
lower than that of the control group (P
<0.001).The findings also showed that the
highest (P <0.001) dose of the extract increased
the CAT activity in the liver tissues compared
to the LPS (Figure 1d). CAT activities in the
liver tissues of LPS-NS 200 and LPS-400
groups were higher than that of LPS-NS 100
(P <0.05 and P <0.001, respectively). In addi-

tion, the highest dose was more effective than
that of the medium dose (P <0.001) (Figure
1d).

Liver function criteria
The results of NS extract on liver function cri-

teria of the LPS-treated rats were shown in
Figure 2. In LPS group, serum AST concen-
tration of the rats was higher than that of the
control ones (P <0.001). Treatment of the
animals by both two higher doses including
200 and 400 mg/kg of the extract attenuated the

Figure 1. Liver tissue MDA(a), thiol (b), SOD(c), and CAT(d).
Data are presented as mean ± standard error of the mean. (n = 8). The rats in control group received
saline while in LPS group 1 mg/kg of LPS was injected. In LPS-NS 100, LPS-NS 200, and LPS-NS 400
groups, the animals received 100, 200, and 400 mg/kg of Nigella sativa extract, respectively, before
LPS.
***P <0.001, vs. control group, +++P <0.001 vs. LPS group, #P <0.05 and ###P <0.001 vs. LPS –NS 100
group, $$$P <0.001 vs. LPS-NS 200 group.
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Figure 2. Liver function tests: AST (a), ALT (b), ALK-P(c), albumin (d) and total protein (e).
Data are presented as mean ± standard error of the mean (n = 8). The rats in control group received
saline while in LPS group 1 mg/ kg of LPS was injected. In LPS-NS 100, LPS-NS 200, and LPS-NS 400
groups, the animals received 100, 200, and 400 mg/kg of Nigella sativa extract, respectively, before
LPS.
*P <0.05 and ***P <0.001, vs. control group, +P <0.05, ++P <0.01 and +++P <0.001 vs. LPS group, #P
<0.05 and ###P <0.001 vs. LPS –NS 100 group, $$P <0.01 and $$$P<0.001 vs. LPS-NS 200 group.
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serum concentration of AST (P <0.001 for
both); however, 100 mg/kg was not effective
(Figure 2a). The results also showed that the
two higher doses, i.e., 200 and 400 mg/kg of
the extract were more effective than the lowest
dose (P <0.001) (Figure 2a).
 LPS also increased serum ALT compared to

the control group (P <0.001). All three doses
of the extract prevented from increasing of
ALT concentration due to LPS administration
(P <0.05 for 100 mg/kg, P <0.01 for 200 mg/
kg, and P <0.001 for 400 mg/kg). The results
also showed that ALT-lowering effect of 400
mg/kg of the plant extract was significantly
more than that of both 100 and 200 mg/kg (P
<0.01 – P <0.001) (Figure 2b).

Furthermore, the impairing effects of LPS on
liver function were confirmed when it was
seen that the serum ALP concentration in LPS-
exposed rats was significantly higher than that
of the control ones (P <0.001). Pretreatment
by 100 mg/kg (P <0.001), 200 mg/kg (P
<0.001), and 400 mg/kg (P <0.001) of the
extract attenuated the serum ALP concentra-
tion compared to the LPS group (Figure 2c).

The serum concentrations of total protein and
albumin were also compared between the
groups. The results showed that LPS injection
lowered both total protein and albumin com-
pared to the control group (P <0.02, Figure 2d

and e). Both the two higher doses of Vitamin
C including 100 and 400 mg/kg increased
albumin concentration compared to the LPS
group (P <0.05 for both, Figure 2d). The lo-
west dose of the extract was not able to
increase albumin concentration compared to
LPS group (Figure 2d).

In addition, the total protein concentration in
the rats treated by the highest dose of the
extract was higher than that of LPS group (P
<0.05, Figure 2e). Neither 100 nor 200 mg/kg
of the extract was not able to increase total
protein concentration compared to LPS group
(Figure 2e).

Liver tissues nitric oxide metabolites and
interleukin-6

The results also showed that LPS increased
no metabolites in the liver tissues compared to
the control group (P <0.001). In all three
extract treated groups including LPS-NS 100,
LPS-NS 200, and LPS-NS 400, the liver
tissues’ NO metabolites were lower than that
of LPS group (P <0.001 for all) (Figure 3a).

Liver tissues’ IL-6 concentration was also
compared between the groups. The results
showed that LPS administration increased IL-6
concentrations in the liver tissues compared to
the control group (P <0.01). Interestingly, all
three doses of the plant extract reversed the

Figure 3. Liver tissue NO metabolites (A) and IL-6 (B).
Data are presented as mean ± standard error of the mean (n = 8). The rats in control group  received
saline while in LPS group 1 mg/kg of LPS was injected. In LPS-NS 100, LPS-NS 200 and LPS-NS 400
groups, the animals received 100, 200 and 400 mg/kg of Nigella sativa extract respectively before LPS.
**P <0.01 and ***P <0.001, vs. control group, ++P <0.01 and +++P <0.001 vs. LPS group.
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effects of LPS which was presented by a lower
level of IL-6 in the liver tissues of LPS-NS
100, LPS-NS 200, and LPS-NS 400 groups
compared to the LPS group (P <0.01 – P
<0.001) (Figure 3b).

Renal tissues’ oxidative damage criteria
The results also showed that LPS injection

affected on renal tissues oxidative damage
criteria. The results showed that renal tissue
MDA in the LPS group was significantly
higher than that of the control group (P
<0.001). Only 400 mg/kg of the plant extract
was able to attenuate renal tissue MDA com-
pared to LPS group (P <0.05). However, there

was no significant difference between LPS-NS
100, LPS-NS 200, and LPS groups in the renal
tissue MDA concentration (Figure 4a).
 LPS administration attenuated the renal

tissues thiol concentrations (P <0.001). The
highest dose of N. sativa extract administration
improved the thiol contents of the renal tissues
(P <0.05) compared to LPS group; however,
the lowest and the medium doses were not
able to increase renal tissues thiol content
(Figure 4b). The results also showed that the
highest dose of the extract was more effective
than that lowest dose (P <0.05) (Figure 4b).

A comparison of SOD activity in the renal
tissues showed a significant decrease in LPS

Figure 4. Renal tissue MDA (A), thiol (B), SOD (C) and CAT (D).
Data are presented as mean ± standard error of the mean (n = 8). The rats in control group received
saline while in LPS group 1 mg/kg of LPS was injected. In LPS-NS 100, LPS-NS 200 and LPS-NS 400
groups, the animals received 100, 200 and 400 mg/kg of Nigella sativa extract respectively before LPS.
***P <0.001, vs. control group, +P <0.05, ++P <0.01 and +++P <0.001 vs. LPS group, #P <0.05 and ###P
<0.001 vs. LPS –NS 100 group.

560 Beheshti F, Norouzi F, Abareshi A, et al

[Downloaded free from http://www.sjkdt.org on Sunday, September 23, 2018, IP: 217.219.70.198]



group compared to the control group (P <0.001).
Only the highest dose of the plant extract was
effective to enhance SOD activity in the renal
tissues compared to LPS group (P <0.001).
However, 100 and 200 mg/kg of the extract
did not show a significant effect on SOD acti-
vity in the renal tissues compared to the LPS
group (Figure 4c). Compared to 100 mg/kg,
400 mg/kg of the extract was more effective to
increase SOD activity (P <0.001) (Figure 4c).
  It was also seen that the CAT activity in the
renal tissues of LPS group was significantly
lower that of control group (P <0.001). The
findings also showed that both the medium
and the highest doses of the extract increased
the CAT activity in the renal tissues compared
to the LPS (P <0.01 and P <0.001, respectively)
(Figure 4d). No significant difference was
observed in the renal tissues CAT between the
treated rats with 100 mg/kg of the extract and
the LPS group. CAT activities in the renal tis-
sues of both LPS-NS 200 and LPS-400 groups
were higher than that of LPS-NS 100 (P <0.01
and P <0.001, respectively) (Figure 4d).

Renal function criteria
The results of the effects of LPS and the plant

extract on renal function criteria including
BUN and creatinine were shown in Figure 5.

In LPS group, serum BUN concentration was
higher than that of the control ones (P <0.001).
Treatment of the animals by all three doses
including 100, 200, and 400 mg/kg of the
extract attenuated the serum concentration of
BUN (P <0.001 for all) (Figure 5a). There also
showed that the two highest dose of the plant
extract was more effective than the lowest
dose (P <0.001) (Figure 5a).

Furthermore, the impairing effects of LPS on
renal function were confirmed when it was
seen that the serum creatinine concentration in
LPS-exposed rats was significantly higher than
that of the control ones (P <0.05). Co-treat-
ment by 200 mg/kg (P <0.05) and 400 mg/kg
(P <0.01) of the extract attenuated the serum
creatinine concentration compared to the LPS
group; however, 100 mg/kg was not effective
to decrease creatinine concentration in the
serum of LPS-NS 100 group compared to the
LPS group (Figure 5b).

Renal tissues nitric oxide metabolites and
interleukin-6
  In a similar manner to the liver tissues, LPS
administration increased NO metabolites in the
renal tissues compared to the control group (P
<0.001). In all three extract treated groups
including LPS-NS 100, LPS-NS 200, and LPS-

Figure 5. Serum blood urea nitrogen (a) and creatinine (b).
Data are presented as mean ± standard error of the mean (n = 8). The rats in control group received
saline while in LPS group 1 mg/kg of LPS was injected. In LPS-NS 100, LPS-NS 200, and LPS-NS 400
groups, the animals received 100, 200, and 400 mg/kg of Nigella sativa extract, respectively before LPS.
*P <0.05 and ***P <0.001, vs. control group, +P <0.05, ++P <0.01 and +++P <0.001 vs. LPS group, ###P
<0.001 vs. LPS–NS 100 group.
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NS 400, the renal tissues’ NO metabolites
were lower than that of LPS group (P <0.001
for all). The results also showed that, in the
renal tissues of both LPS-NS 200 and LPS-NS
400 groups, the NO metabolites were lower
than that in LPS-NS 100 group (P <0.05 and P
<0.001) (Figure 6a).

An increased level of IL-6 concentration was
observed in the renal tissues of LPS compared
to control group (P <0.01). Interestingly, all
three doses of the plant extract reversed the
effects of LPS which was presented by a lower
level of IL-6 in the renal tissues of LPS-NS
100, LPS-NS 200, and LPS-NS 400 groups
compared to the LPS group (P <0.01–P <0.001)
(Figure 6b).

Discussion

The present study was designed to determine
the effect of N. sativa on LPS-induced renal
and liver functions impairments. MDA, total
Thiol, and NO metabolites’ concentration and
SOD and CAT activities as markers of tissues
oxidative damages and IL-6 as a marker of
inflammation in renal and liver tissues were
also assessed. LPS has been repeatedly admi-

nistered in rodents to induce an inflammation
model.10 In the present study, LPS injection
was accompanied with a high level of IL-6 in
the tissues of both kidney and liver which
confirms that LPS administration induced an
inflammation status in these organs. In animal
models of liver toxicity, LPS injection has also
been able to increase some cytokines including
IL-6 in the serum and the liver tissues.45,46 In
the current study, liver and renal tissues’
inflammation induced by LPS was accom-
panied with increased levels of serum ALT,
AST, and ALP as markers of liver function
parameters and BUN and creatinine as renal
function parameters which confirms that
inflammation affected the functions of these
organs. In agreement with these results in
another study, LPS injection induced a hepa-
titis status in mice and increased ALT and
AST in the liver tissues.47 AST and ALT are
sensitive serological indicators of liver toxi-
city48 and therefore liver toxicity is confirmed
in the present study. Other studies also con-
firmed that LPS increased AST, ALT, and
BUN in plasma and showed the deleterious
effects of LPS on liver and kidney function.49,50

In the present study, renal and liver dysfunc-

Figure 6. Renal tissue NO metabolites (a) and IL-6 (b).
Data are presented as a mean ± standard error of the mean (n = 8). The rats in control group received
saline, while in LPS group, 1 mg/kg of LPS was injected. In LPS-NS 100, LPS-NS 200, and LPS-NS
400 groups, the animals received 100, 200, and 400 mg/kg of Nigella sativa extract, respectively before
LPS.
**P <0.01 and ***P <0.001, vs. control group, ++P <0.01 and +++P <0.001 vs. LPS group, #P <0.05 and
###P <0.001 vs. LPS –NS 100 group.
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tions due to LPS administration was accom-
panied by the tissues’ oxidative damage which
presented with a high level of MDA and NO
metabolites in the tissues. Total thiol content
and SOD and CAT activities in both liver and
renal tissues were decreased. These findings
are in agreement with the result obtained by
Qiao et al51 who showed that antioxidants
including glutathione and CAT levels were
depleted, while MDA levels were increased in
LPS-induced sepsis. In addition, it has been
demonstrated that ROS is involved in the
pathogenesis of LPS-induced nephrotoxicity in
vivo.52 In the present study, LPS-treated
animals had lower levels of total protein and
albumin in their serum which confirms liver
and renal dysfunctions. Consistently, LPS has
been previously reported that inhibits total
protein synthesis by hepatocytes.53

High mortality due to renal and liver function
impairment implies that it is important to find
a cure with the least complications. In recent
years, attention has been drawn to various
plants and plant-derived compounds for treat-
ment of kidney and liver diseases.54 For
centuries, N. sativa’s seeds and thymoquinone
have been used as treatments for various disea-
ses in the Middle and Far East countries.55,56

Treatment with N. sativa substantially has been
able to decrease kidney and liver oxidative
stress-related damage and preserved normal
renal and liver morphology. Other beneficial
effects of N. sativa on liver and kidney
functions have been repeatedly reported in
previous studies.24,57,58 In the current study,
treating rats with N. sativa improved renal and
liver oxidative damage induced by LPS. In N.
sativa-treated rats, MDA and NO metabolites
and IL-6 were lower than LPS group and total
thiol concentration and SOD and CAT activity
were higher than LPS group. These results
seem to be consistent with other researches
which found N. sativa can be used as a treat-
ment for renal injury due to ROS production.59

Furthermore, it has been previously observed
that N. sativa can be used as a nephro-
protective agent against gentamicin nephro-
toxicity and cisplatin and doxorubicin-induced
nephropathy.35,36,38,60 In addition, it had no

nephrotoxic effect.33,61 The activity of two
antioxidant-related enzymes was measured as
two extra stress oxidative indicators: SOD and
CAT enzymes. Our measurement showed a
significant reduction of SOD and CAT acti-
vities in LPS group and also demonstrated that
N. sativa therapy increased the activity levels
of these enzymes. These results match with
those observed in earlier studies.59,62-65 Further-
more, N. sativa reversed all the changes
induced by diethylnitrosamine, the carcinogen,
including severe histopathological lesions and
decreased levels of total nitrate/nitrite, total
bilirubin, thiobarbituric acid reactive subs-
tances, ALT, and ALP and improved the anti-
oxidant elements including CAT.66

  On the other hand, we observed that N. sativa
substantially decreased the amount of both
BUN and creatinine, indicating that treatment
with N. sativa could preserve renal function.
Furthermore, N. sativa decreased serum ALT,
AST, and ALP and increased total protein and
albumin in LPS-treated rats. These data are in
accordance with recent studies that showed N.
sativa can decrease BUN and creatinine.36,59 In
a previous study, N. sativa treatment was able
to decrease LPS-induced hepatic enzymes and
inhibited an increased level of AST and
ALT.67 Aqueous extract of N. sativa seeds has
been able to improve serum total protein and
albumin in a hepatic damage model induced
by CCl4.68 Furthermore, N. sativa was able to
decrease liver enzymes in hepatorenal toxicity
induced by bromobenzene in rats.69

Conclusion

In this investigation, we studied the effects of
N. sativa on LPS-induced renal and liver oxi-
dative damage and inflammation. It reduced
stress oxidative indicators and inflammation
that was induced by LPS and conserve renal
and liver functions.

Conflict of interest: None declared.

Date of manuscript receipt: 25 June 2017.
Date of revised copy receipt: 24 July 2017.
Date of final acceptance: 25 July 2017.

Nigella sativa prevented tissue damage in lipopolysaccharide-treated rats 563

[Downloaded free from http://www.sjkdt.org on Sunday, September 23, 2018, IP: 217.219.70.198]



References

1. Bhattacharyya J, Biswas S, Datta AG. Mode of
action of endotoxin: Role of free radicals and
antioxidants. Curr Med Chem 2004;11:359-68.

2. Lakshmikanth CL, Jacob SP, Kudva AK, et al.
Escherichia coli braun lipoprotein (BLP)
exhibits endotoxemia-like pathology in swiss
albino mice. Sci Rep 2016;6:34666.

3. Parrillo JE. Pathogenetic mechanisms of septic
shock. N Engl J Med 1993;328:1471-7.

4. Frühauf PK, Ineu RP, Tomazi L, et al.
Spermine reverses lipopolysaccharide-induced
memory deficit in mice. J Neuroinflammation
2015;12:3.

5. Ho CH, Hsu SP, Yang CC, Lee YH, Chien CT.
Sialic acid reduces acute endotoxemia-induced
liver dysfunction in the rat. Shock 2009;32:
228-35.

6. Choi I, Kang HS, Yang Y, Pyun KH. IL-6
induces hepatic inflammation and collagen
synthesis in vivo. Clin Exp Immunol 1994;95:
530-5.

7. Liaskou E, Wilson DV, Oo YH. Innate
immune cells in liver inflammation. Mediators
Inflamm 2012;2012:949157.

8. Osakabe N, Yasuda A, Natsume M, et al.
Rosmarinic acid, a major polyphenolic com-
ponent of perilla frutescens, reduces lipopoly-
saccharide (LPS)-induced liver injury in D-
galactosamine (D-galN)-sensitized mice. Free
Radic Biol Med 2002;33:798-806.

9. Jiang W, Sun R, Wei H, Tian Z. Toll-like
receptor 3 ligand attenuates LPS-induced liver
injury by down-regulation of toll-like receptor
4 expression on macrophages. Proc Natl Acad
Sci U S A 2005;102:17077-82.

10. Xu X, Gou L, Zhou M, et al. Progranulin
protects against endotoxin-induced acute kidney
injury by downregulating renal cell death and
inflammatory responses in mice. Int Immuno-
pharmacol 2016;38:409-19.

11. Chertow GM, Burdick E, Honour M, Bon-
ventre JV, Bates DW. Acute kidney injury,
mortality, length of stay, and costs in hospi-
talized patients. J Am Soc Nephrol 2005;16:
3365-70.

12. Waikar SS, Curhan GC, Wald R, McCarthy
EP, Chertow GM. Declining mortality in
patients with acute renal failure, 1988 to 2002.
J Am Soc Nephrol 2006;17:1143-50.

13. Dressler GR, Patel SR. Epigenetics in kidney
development and renal disease. Transl Res
2015;165:166-76.

14. Uchino S, Kellum JA, Bellomo R, et al. Acute
renal failure in critically ill patients: A multi-
national, multicenter study. JAMA 2005;294:
813-8.

15. Chien CT, Lee PH, Chen CF, et al. De novo
demonstration and co-localization of free-
radical production and apoptosis formation in
rat kidney subjected to ischemia/reperfusion. J
Am Soc Nephrol 2001;12:973-82.

16. Chung SD, Lai TY, Chien CT, Yu HJ.
Activating nrf-2 signaling depresses unilateral
ureteral obstruction-evoked mitochondrial stress-
related autophagy, apoptosis and pyroptosis in
kidney. PLoS One 2012;7:e47299.

17. Fink SL, Cookson BT. Apoptosis, pyroptosis,
and necrosis: Mechanistic description of dead
and dying eukaryotic cells. Infect Immun
2005;73:1907-16.

18. Hsu SP, Chen CC, Chien CT. Pretreatment of
sialic acid efficiently prevents lipopoly-
saccharide-induced acute renal failure and
suppresses TLR4/gp91-mediated apoptotic
signaling. Kidney Blood Press Res 2016;41:
267-77.

19. Ahmadiasl N, Banaei S, Alihemmati A.
Combination antioxidant effect of erythro-
poietin and melatonin on renal ischemia-
reperfusion injury in rats. Iran J Basic Med Sci
2013;16:1209-16.

20. Erkan N, Ayranci G, Ayranci E. Antioxidant
activities of rosemary (Rosmarinus officinalis
L.) extract, blackseed (Nigella sativa L.)
essential oil, carnosic acid, rosmarinic acid and
sesamol. Food Chem 2008;110:76-82.

21. Beheshti F, Khazaei M, Hosseini M. Neuro-
pharmacological effects of Nigella sativa.
Avicenna J Phytomed 2016;6:104-16.

22. Butt MS, Sultan MT. Nigella sativa: Reduces
the risk of various maladies. Crit Rev Food Sci
Nutr 2010;50:654-65.

23. Majdalawieh AF, Fayyad MW. Recent
advances on the anti-cancer properties of
Nigella sativa, a widely used food additive. J
Ayurveda Integr Med 2016;7:173-80.

24. Havakhah S, Sadeghnia HR, Mosa-Al-Reza
Hajzadeh NM, et al. Effect of Nigella sativa on
ischemia-reperfusion induced rat kidney damage.
Iran J Basic Med Sci 2014;17:986.

25. Houghton PJ, Zarka R, de las Heras B, Hoult
JR. Fixed oil of Nigella sativa and derived
thymoquinone inhibit eicosanoid generation in
leukocytes and membrane lipid peroxidation.
Planta Med 1995;61:33-6.

26. Mohebbati R, Shafei MN, Soukhtanloo M, et al.

564 Beheshti F, Norouzi F, Abareshi A, et al

[Downloaded free from http://www.sjkdt.org on Sunday, September 23, 2018, IP: 217.219.70.198]



Adriamycin-induced oxidative stress is pre-
vented by mixed hydro-alcoholic extract of
Nigella sativa and curcuma longa in rat
kidney. Avicenna J Phytomed 2016;6:86-94.

27. Beheshti F, Hosseini M, Shafei MN, et al. The
effects of Nigella sativa extract on hypo-
thyroidism-associated learning and memory
impairment during neonatal and juvenile
growth in rats. Nutr Neurosci 2017;20:49-59.

28. El-Dakhakhny M, Mady N, Lembert N,
Ammon HP. The hypoglycemic effect of
Nigella sativa oil is mediated by extra-
pancreatic actions. Planta Med 2002;68:465-6.

29. Al-Hader A, Aqel M, Hasan Z. Hypoglycemic
effects of the volatile oil of Nigella sativa
seeds. Int J Pharmacogn 2008;31:96-100.

30. Bamosa AO, Kaatabi H, Lebdaa FM, Elq AM,
Al-Sultanb A. Effect of Nigella sativa seeds on
the glycemic control of patients with type 2
diabetes mellitus. Indian J Physiol Pharmacol
2010;54:344-54.

31. Wu ZH, Chen Z, Shen Y, Huang LL, Jiang P.
Anti-metastasis effect of thymoquinone on
human pancreatic cancer. Yao Xue Xue Bao
2011;46:910-4.

32. Gilhotra N, Dhingra D. Thymoquinone pro-
duced antianxiety-like effects in mice through
modulation of GABA and NO levels.
Pharmacol Rep 2011;63:660-9.

33. Ahmad A, Husain A, Mujeeb M, et al. A
review on therapeutic potential of Nigella
sativa: A miracle herb. Asian Pac J Trop
Biomed 2013;3:337-52.

34. Boskabady M, Shirmohammadi B. Effect of
Nigella sativa on isolated guinea pig trachea.
Arch Iranian Med 2002;5(2):103-107

35. Saleem U, Ahmad B, Rehman K, et al. Nephro-
protective effect of Vitamin C and Nigella
sativa oil on gentamicin associated nephro-
toxicity in rabbits. Pak J Pharm Sci 2012;25:
727-30.

36. el Daly ES. Protective effect of cysteine and
Vitamin E, crocus sativus and Nigella sativa
extracts on cisplatin-induced toxicity in rats. J
Pharm Belg 1998;53:87-93.

37. Ulu R, Dogukan A, Tuzcu M, et al. Regulation
of renal organic anion and cation transporters
by thymoquinone in cisplatin induced kidney
injury. Food Chem Toxicol 2012;50:1675-9.

38. Elsherbiny NM, El-Sherbiny M. Thymoqui-
none attenuates doxorubicin-induced nephro-
toxicity in rats: Role of nrf2 and NOX4. Chem
Biol Interact 2014;223:102-8.

39. Ansari ZM, Nasiruddin M, Khan RA, Haque

SF. Protective role of Nigella sativa in diabetic
nephropathy: A randomized clinical trial.
Saudi J Kidney Dis Transpl 2017;28:9-14.

40. Ellman GL. Tissue sulfhydryl groups. Arch
Biochem Biophys 1959;82:70-7.

41. Hosseini M, Pourganji M, Khodabandehloo F,
Soukhtanloo M, Zabihi H. Protective effect of
l-arginine against oxidative damage as a possi-
ble mechanism of its beneficial properties on
spatial learning in ovariectomized rats. Basic
Clin Neurosci 2012;3:36-44.

42. Khodabandehloo F, Hosseini M, Rajaei Z, et
al. Brain tissue oxidative damage as a possible
mechanism for the deleterious effect of a chronic
high dose of estradiol on learning and memory
in ovariectomized rats. Arq Neuropsiquiatr
2013;71:313-9.

43. Madesh M, Balasubramanian KA. Microtiter
plate assay for superoxide dismutase using
MTT reduction by superoxide. Indian J
Biochem Biophys 1998;35:184-8.

44. Aebi, H. Catalase. In: Bergmeyer HU, Ed.,
Methods of Enzymatic Analysis, Verlag
Chemie/Academic Press Inc., Weinheim/New
York,1974: 673-80.

45. Li J, Hua Y, Ji P, et al. Effects of volatile oils
of angelica sinensis on an acute inflammation
rat model. Pharm Biol 2016;54:1881-90.

46. Chen JH, Yu GF, Jin SY, et al. Activation of
α2 adrenoceptor attenuates lipopolysaccharide-
induced hepatic injury. Int J Clin Exp Pathol
2015;8:10752-9.

47. Gilani AH, Yaeesh S, Jamal Q, Ghayur MN.
Hepatoprotective activity of aqueous-methanol
extract of artemisia vulgaris. Phytother Res
2005;19:170-2.

48. Ngaha EO, Akanji MA, Madusolumuo MA.
Studies on correlations between chloroquine-
induced tissue damage and serum enzyme
changes in the rat. Experientia 1989;45:143-6.

49. Yun-Choi HS, Pyo MK, Chang KC, Lee DH.
The effects of higenamine on LPS-induced
experimental disseminated intravascular coa-
gulation (DIC) in rats. Planta Med 2002;68:
326-9.

50. Gupta A, Rhodes GJ, Berg DT, et al. Activated
protein C ameliorates LPS-induced acute
kidney injury and downregulates renal INOS
and angiotensin 2. Am J Physiol Renal Physiol
2007;293:F245-54.

51. Qiao Y, Bai XF, Du YG. Chitosan oligo-
saccharides protect mice from LPS challenge
by attenuation of inflammation and oxidative
stress. Int Immunopharmacol 2011;11:121-7.

Nigella sativa prevented tissue damage in lipopolysaccharide-treated rats 565

[Downloaded free from http://www.sjkdt.org on Sunday, September 23, 2018, IP: 217.219.70.198]



52. Sebai H, Ben-Attia M, Sani M, Aouani E,
Ghanem-Boughanmi N. Protective effect of
resveratrol on acute endotoxemia-induced
nephrotoxicity in rat through nitric oxide
independent mechanism. Free Radic Res 2008;
42:913-20.

53. Curran RD, Billiar TR, Stuehr DJ, et al.
Multiple cytokines are required to induce
hepatocyte nitric oxide production and inhibit
total protein synthesis. Ann Surg 1990;212:
462-9.

54. Mousavi G. Study on the effect of black cumin
(Nigella sativa linn.) on experimental renal
ischemia-reperfusion injury in rats. Acta Cir
Bras 2015;30:542-50.

55. Gali-Muhtasıb H, El-Najjar N, Schneider-
Stock R. The medicinal potential of black seed
(Nigella sativa) and its components. In: Khan
MA, editor. Lead Molecules from Natural
Products: Discovery and New Trends.
Amsterdam, Netherlands: Elsevier BV; 2006.
p. 133-53.

56. Boskabady MH, Javan H, Sajady M,
Rakhshandeh H. The possible prophylactic
effect of Nigella sativa seed extract in
asthmatic patients. Fundam Clin Pharmacol
2007;21:559-66.

57. Hosseinzadeh H, Parvardeh S, Asl MN,
Sadeghnia HR, Ziaee T. Effect of thymo-
quinone and Nigella sativa seeds oil on lipid
peroxidation level during global cerebral
ischemia-reperfusion injury in rat hippo-
campus. Phytomedicine 2007;14:621-7.

58. Harzallah HJ, Grayaa R, Kharoubi W, et al.
Thymoquinone, the Nigella sativa bioactive
compound, prevents circulatory oxidative stress
caused by 1,2-dimethylhydrazine in erythro-
cyte during colon postinitiation carcinogenesis.
Oxid Med Cell Longev 2012;2012:854065.

59. Bayrak O, Bavbek N, Karatas OF, et al. Nigella
sativa protects against ischaemia/reperfusion
injury in rat kidneys. Nephrol Dial Transplant
2008;23:2206-12.

60. Badary OA, Abdel-Naim AB, Abdel-Wahab MH,
Hamada FM. The influence of thymoquinone
on doxorubicin-induced hyperlipidemic nephro-
pathy in rats. Toxicology 2000; 143:219-26.

61. Dollah MA, Parhizkar S, Izwan M. Effect of
Nigella sativa on the kidney function in rats.
Avicenna J Phytomed 2013;3:152-8.

62. Ismail M, Al-Naqeep G, Chan KW. Nigella
sativa thymoquinone-rich fraction greatly
improves plasma antioxidant capacity and
expression of antioxidant genes in hypercho-
lesterolemic rats. Free Radic Biol Med 2010;
48:664-72.

63. Kaleem M, Kirmani D, Asif M, Ahmed Q,
Bano B. Biochemical effects of Nigella sativa
L seeds in diabetic rats. Indian J Exp Biol
2006;44:745-8.

64. Sebai H, Ben-Attia M, Sani M, Aouani E,
Ghanem-Boughanmi N. Protective effect of
resveratrol in endotoxemia-induced acute phase
response in rats. Arch Toxicol 2009; 83:335-
40.

65. Sebai H, Sani M, Ghanem-Boughanmi N,
Aouani E. Prevention of lipopolysaccharide-
induced mouse lethality by resveratrol. Food
Chem Toxicol 2010;48:1543-9.

66. Sayed-Ahmed MM, Aleisa AM, Al-Rejaie SS,
et al. Thymoquinone attenuates diethylnitro-
samine induction of hepatic carcinogenesis
through antioxidant signaling. Oxid Med Cell
Longev 2010;3:254-61.

67. Entok E, Ustuner MC, Ozbayer C, et al. Anti-
inflammatuar and anti-oxidative effects of
Nigella sativa L.: 18FDG-PET imaging of
inflammation. Mol Biol Rep 2014;41:2827-34.

68. Jaswal A, Shukla S. Therapeutic efficacy of
Nigella sativa linn. Seed extract against CCl4
induced hepatic injury in wistar rats. Indian J
Exp Biol 2015;53:44-50.

69. Hamed MA, El-Rigal NS, Ali SA. Effects of
black seed oil on resolution of hepato-renal
toxicity induced bybromobenzene in rats. Eur
Rev Med Pharmacol Sci 2013;17:569-81.

566 Beheshti F, Norouzi F, Abareshi A, et al

[Downloaded free from http://www.sjkdt.org on Sunday, September 23, 2018, IP: 217.219.70.198]


