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Objectives: Sodium nitrite, a food preservative, has been reported to increase oxidative stress indicators such
as lipid peroxidation, which can affect different organs including the kidney. Here, we investigated the toxic
effects of oral sodium nitrite on kidney function in rats and evaluated potential protective effects of Nigella
sativa oil (NSO).
Methods: Seventy adult male Sprague–Dawley rats received 80 mg/kg sodium nitrite orally in the presence
or absence of NSO (2.5, 5, and 10 ml/kg) for 12 weeks. Morphological changes were assessed by
hematoxylin and eosin, Mallory trichome, and periodic acid–Schiff staining. Renal tissues were used for
measurements of oxidative stress markers, C-reactive protein, cytochrome C oxidase, transforming growth
factor (TGF)-beta1, monocyte chemotactic protein (MCP)-1, pJNK/JNK, and caspase-3.
Results: NSO significantly reduced sodium nitrite-induced elevation in serum urea and creatinine, as well as
increasing normal appearance of renal tissue. NSO also prevented reductions in glycogen levels caused by
sodium nitrite alone. Moreover, NSO treatment resulted in dose-dependent significant reductions in fibrosis
markers after sodium nitrite-induced 3- and 2.7-fold increase in MCP-1 and TGF-beta1, respectively. Finally,
NSO partially reduced the elevated caspase-3 and pJNK/JNK.
Discussion: NSO ameliorates sodium nitrite-induced nephrotoxicity through blocking oxidative stress,
attenuation of fibrosis/inflammation, restoration of glycogen level, amelioration of cytochrome C oxidase,
and inhibition of apoptosis.
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Introduction
Nitrate and nitrite are part of the human diet primarily
used as food preservatives cured and processed meats.1

Dietary sources of nitrite can be harmful, and some
epidemiological studies have demonstrated a relation-
ship between nitrite content in food and cancer.2

Sodium nitrite has been generally accepted as a weak
carcinogen since exposure to higher levels of nitrites
has been linked to the increased incidence of brain
tumors, leukemia, and nasopharyngeal tumors in

children.3 We have previously assessed sodium
nitrite-induced detrimental effects in different body
organs due to its oxidative properties, fibrosis, and
inflammation.4–8

The seeds of Nigella sativa (family Ranunculaceae)
are commonly known worldwide as black seed or
black cumin. Nigella seeds have been medically used
for centuries both as an herb and for pressed oil in
Asia, Middle East, and Africa.9 The pharmacological
effects of the crude extracts of Nigella seeds and some
of its active contents, including the volatile oil, thymo-
quinone (TQ), have been traditionally used for a
variety of treatments related to respiratory health,
stomach and intestinal health, kidney and liver func-
tion, circulatory and immune system support, and
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general well-being.10,11 Nigella seeds contain more
than 30% fixed oil as well as up to 0.45% volatile oil,
and 46% of many monoterpenes such as r-cymene
and a-piene.12 The major fatty acids present in the
fixed oil ofNigella sativa oil (NSO) have been reported
as linoleic acid (55.6%), oleic acid (23.4%), and palmi-
tic acid (12.5%). In addition, the main volatile oil com-
pounds present in NSO were TQ (27.8–57.0%), trans-
anethole (38.3%), p-cymene (14.8%), limonene (4.3%),
and carvone (4.0%).13

Few scientific studies have examined the effects of
sodium nitrite on kidney function, or the effects of
NSO. Therefore, we conducted this study to evaluate
nephrotoxicity risks associated with dietary sources
of sodium nitrites, as well as determination of the poss-
ible nephroprotective effects of NSO in adult male rats.

Materials and methods
Chemicals
All chemicals used in the current study were purchased
from Sigma-Aldrich (St Louis, MO, USA). NSO was
purchased from Silver Seas Co. (El-Obour, Egypt).

Animals
The ethical committee of the Faculty of Pharmacy,
University of Mansoura approved all animal subject
procedures. Seventy adult male Sprague–Dawley
(SD) rats weighing 120–140 g were used. Rats received
AIN93M diet. All treatments consisted of once daily
oral gavage early in the morning for 12 weeks. Rats
were carefully examined and weighed twice weekly.
Rats were divided into seven groups with 10 rats each:

Control group. Rats did not receive any treatment.
Control+NSO (5 ml/kg). Rats were supplemented
daily with 5 ml/kg body weight NSO.
Control+NSO (10 ml/kg). Rats received daily 10 ml/
kg body weight NSO.
Sodium nitrite group. Rats received daily 80 mg/kg
sodium nitrite.
Sodium nitrite+NSO (2.5 ml/kg). On the same day,
rats received 2.5 ml/kg NSO followed by 80 mg/kg
sodium nitrite.
Sodium nitrite+NSO (5 ml/kg). On the same day, rats
received 5 ml/kg NSO followed by 80 mg/kg sodium
nitrite every day.
Sodium nitrite+NSO (10 ml/kg). On the same day,
rats received 10 ml/kg NSO followed by 80 mg/kg
sodium nitrite every day.

The doses and time course of experiments used for
sodium nitrite were in the range of those used in
other studies.4–8 Furthermore, doses were determined
after preliminary experiments.

Collection of samples
The rats were sacrificed by decapitation and trunk
blood was collected and centrifuged at 600g for
5 minutes to obtain serum samples, which were
stored at −80 °C. Rat kidneys were removed,

cleaned, weighed, and chilled on crushed ice. One
piece of kidney was fixed in 10% buffered formalin.
The other piece was homogenized in a 10-fold
volume of ice-cold sodium potassium phosphate
buffer (0.01 M, pH 7.4) containing 1.15% KCl and
then centrifuged at 600g at 4 °C for 10 minutes. The
supernatant was stored at –80 °C.

Morphologic analysis of renal tissue
Fixed kidney specimens were embedded in paraffin.
Sections (5 μm) were cut and stained with hematoxylin
and eosin (H&E) for examination of cellular structure.
The second set of sections was stained with Mallory
trichchome to detect collagen fibers. The last set of
sections was stained with periodic acid-Schiff (PAS)
to reveal PAS positive structures as glycogen. Renal
specimens were examined in a masked manner and
photographed by Nikon Digital Camera (Japan).

Measuring kidney function
Serum urea and creatinine concentrations were
measured by commercially available kits
(Biodiagnostic Company, Cairo, Egypt) using spectro-
photometer (Spectronics, Haryana, India).

Assessment of oxidative stress
Serum and renal tissue levels of malondialdhyde
(MDA) concentrations were measured by the thiobar-
bituric acid method.5

Serum and renal tissue levels of superoxide anion
concentrations were measured by nitroblue tetrazo-
lium method.14

Assessment of antioxidant activity
Serum and renal tissue levels of superoxide anion
(SOD) activities were determined using the
DeChatelet method.15

Blood and renal tissue levels of reduced glutathione
concentrations were determined by the Beutler
method.16

Estimation of glycogen concentration
Renal tissue glycogen levelsweremeasured as described
previously.17 Briefly, kidney samples were digested by
KOH. Glycogen was precipitated by sodium sulfate
and ethanol then dissolved in distilled water.
Glycogen contents were measured by phenol reagent
and sulfuric acid and measured at 490 nm using
Spectronics Spectrophotometer (Haryana, India).

Determination of biochemical markers by
enzyme linked immunosorbent assays (ELISA)
Renal tissues homogenates were measured by enzyme
linked immunosorbent assays (ELISA) using commer-
cially available monocyte chemotactic protein (MCP)-
1, transforming growth factor (TGF)-beta1, c-reactive
protein (CRP) (eBioscience, Inc., San Diego, CA,
USA), and pJNK/JNK (RayBiotech, Inc., Norcross,
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GA, USA). ELISA kits were used in accordance with
the manufacturer’s instructions using a microplate
reader (BioTek, Winooski, VT, USA).

Determination of mitochondrial function in renal
tissues
Mitochondrial function was measured via determi-
nation of renal cytochrome C oxidase using

commercially available kit (Sigma-Aldrich, St Louis,
MO, USA).

Estimation of caspase-3 activity in renal tissues
Caspase-3 enzyme activity was measured colorimetri-
cally using commercially available kits (GenScript,
Piscataway, NJ, USA) following the manufacturer’s
procedure.

Table 1 Effect of sodium nitrite (80 mg/kg/day) alone and its combination with NSO (2.5, 5, and 10 ml/kg/day) for 12 weeks on
kidney function tests (mean± SE)

Control
Control+Nigella
oil (5 ml/kg)

Control+Nigella
oil (10 ml/kg)

Sodium
nitrite
(80 mg/kg)

Sodium
nitrite+Nigella
oil (2.5 ml/kg)

Sodium
nitrite+Nigella
oil (5 ml/kg)

Sodium
nitrite+Nigella
oil (10 ml/kg)

Urea (mg/dl) 39.1± 2.92 38.4± 3.23 40.8± 3.87 54.7± 4.34* 49.1± 4.32* 42.7± 3.9#$ 41.1± 2.7#$

Creatinine
(mg/dl)

1.2± 0.11 1.3± 0.09 1.3± 0.08 2.3± 0.92* 1.9± 0.45* 1.4± 0.12#$ 1.3± 0.11#$

*Significant difference when compared with the control groups at P< 0.05.
#Significant difference when compared with sodium nitrite groups at P< 0.05.
$Significant difference when compared with Nigella oil (2.5 ml/kg) group at P< 0.05.
%Significant difference when compared with Nigella oil (5 ml/kg) group at P< 0.05.

Figure 1 Effect of NSO on sodium nitrite-induced renal tissue damage. Kidney sections from different rat groups were stained
with H&E and examined under a microscope. (A–C) Sections from the control (A), control+NSO (5 ml/kg) (B) and control+NSO
(10 ml/kg) (C) groups showing renal corpuscles, proximal and distal tubules. (D) Sections from sodium nitrite group showing
disrupted parietal layer of a renal corpuscle (arrow head). There is a wide space between renal tubules (asterisk) with
extravasated blood cells (arrows) inside. (E–G) Sections from rats treated with sodium nitrite and different doses of NSO 2.5 ml/
kg (E), 5 ml/kg (F), and 10 ml/kg (G) showing an improved appearance of renal corpuscles and tubules.
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Statistical analysis
All data are reported as the mean± SE. One-way
analysis of variance was used to compare the means
between groups. Once differences between the means
were found, post hoc Bonferroni correction tests were
calculated. Statistical computations were performed
on a personal computer using Microsoft Excel 2007.
Statistical significance was predefined as P≤ 0.05.

Results
Effect of sodium nitrite and NSO on kidney
function tests
As shown in Table 1, sodium nitrite caused significant
increases in serum level of both creatinine and urea
when compared with the control groups (P< 0.05).
Treatment with NSO produced dose-dependent
reductions in serum urea and creatinine levels when
compared with sodium nitrite group (P< 0.05) and
did not affect the control rats.

Effect of NSO on sodium nitrite-induced
morphological damage
Kidney sections of rats treated with sodium nitrite that
were stained with H&E showed disrupted parietal
layer of a renal corpuscle. There were wide spaces
between some renal tubules with extravasated blood
cells inside (Fig. 1). In parallel, kidney sections of
sodium nitrite group stained with Mallory trichome
showed marked collagen fibers surrounding some
renal tubules and corpuscles in addition to that sur-
rounding the blood vessels (Fig. 2). However, rats
received both NSO with sodium nitrite showed
nearly normal appearance of renal tissue in sodium
nitrite group.

Effect of sodium nitrite and NSO on oxidative
stress markers
As shown in Table 2, oral administration of sodium
nitrite caused a significant increase in serum and renal
tissue levels of MDA and superoxide anion when

Figure 2 Effect of NOS on sodium nitrite-induced increase in collagen fibers. Kidney sections from different rat groups were
stained with Mallory trichome and examined under a microscope. (A–C) Sections from the control (A), control+NSO (5 ml/kg)
(B) and control+NSO (10 ml/kg) (C) groups showing no apparent stained collagen fibers. (D) Sections from sodium nitrite
group showing marked collagen fibers surrounding some renal tubules (arrows) and corpuscles (arrow head) in addition to
that surrounding the blood vessels (thick arrow). (E) Sections from rats treated with sodium nitrite+NSO (2.5 ml/kg) showing
very fine collagen fibers surrounding renal tubules (arrow heads) and surrounding blood vessels (arrow). (F and G) Sections
from rats treated with sodium nitrite and both 5 and 10 ml/kg NSO ml/kg showing nearly similar appearance to the control.
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compared with the control groups (P< 0.05). However,
oral supplementation of NSO caused a significant dose-
dependent decrease in MDA and superoxide anion
levels as compared to the sodium nitrite group. Even
after treatment with NSO, the levels ofMDA and super-
oxide anion were still higher than the control group.

Effect of sodium nitrite and NSO on antioxidant
markers
Significant decreases (P< 0.05) in the concentration of
reduced glutathione and activity of superoxide dismu-
tase (SOD) were found after administration of sodium
nitrite compared with the control groups (Table 3).
However, oral treatment of rats with NSO for 12
weeks caused a dose-dependent increase in glutathione
and SOD levels when compared with the sodium nitrite
group (P< 0.05), without affecting the control groups.

Effect of sodium nitrite and NSO on renal tissues
glycogen level
Routinely, glycogen can be examined histochemically in
sections using PAS stain, which depends on periodic

acid-induced oxidative cleavage of carbon-to-carbon
bounds in 1, 2-glycols to form dialdehydes reacting
with fuchsin-sulfurous acid which in turn combines
with the basic pararosaline, yielding a magenta-like
stain.18 We found that oral administration of sodium
nitrite caused a 40% reduction in glycogen level when
compared with the control groups (P< 0.05). Using
NSO orally in combination with sodium nitrite
showed significant dose-dependent increases in glyco-
gen level when compared with the sodium nitrite
group (P< 0.05) without affecting the glycogen level
in the control group (Fig. 3A). The effects of sodium
nitrite on glycogen were examined in kidney sections
stained with PAS. Kidney sections of rats treated with
sodium nitrite showed a marked reduction in kidney
glycogen content that was reversed by treatment with
NSO (Fig. 3B–H).

Effect of sodium nitrite and NSO on renal tissues
fibrosis markers
As shown in Fig. 4, there were significant increases
in levels of MCP-1 and TGF-beta1 in the

Table 2 Effect of sodium nitrite (80 mg/kg/day) alone and its combination with NSO (2.5, 5, and 10 ml/kg/day) for 12 weeks on
levels of MDA and superoxide anion (mean± SE)

Control
Control+Nigella
oil (5 ml/kg)

Control+Nigella
oil (10 ml/kg)

Sodium
nitrite
(80 mg/kg)

Sodium
nitrite+Nigella
oil (2.5 ml/kg)

Sodium
nitrite+Nigella
oil (5 ml/kg)

Sodium
nitrite+Nigella
oil (10 ml/kg)

Serum MDA
(nM)

158.3± 11.5 148.7± 12.2 151.6± 13.7 389.5± 28.2* 311.2± 19.6*# 227.6± 21.1*#$ 171.5± 16.1#$%

Serum
superoxide
anion (μM)

45.2± 4.11 48.8± 3.81 44.64± 3.94 91.4± 5.32* 79.5± 4.73*# 64.8± 4.25*#$ 51.7± 3.9#$%

Renal MDA
(nmol/g
protein)

131.6± 8.46 139.2± 10.6 142.9± 12.3 456.4± 37.1* 379.6± 31.2*# 235.3± 19.3*#$ 197± 17.1*#$%

Renal
superoxide
anion
(μmol/g
protein)

39.32± 3.11 36.74± 2.91 41.83± 4.12 82.54± 6.73* 76.45± 6.45* 62.17± 4.78*#$ 43.4± 4.1#$%

*Significant difference when compared with the control groups at P< 0.05.
#Significant difference when compared with sodium nitrite groups at P< 0.05.
$Significant difference when compared with Nigella oil (2.5 ml/kg) group at P< 0.05.
%Significant difference when compared with Nigella oil (5 ml/kg) group at P< 0.05.

Table 3 Effect of sodium nitrite (80 mg/kg/day) alone and its combination with NSO (2.5, 5, and 10 ml/kg/day) for 12 weeks on
levels of reduced glutathione and superoxide dismutase (SOD) (mean± SE)

Control
Control+Nigella
oil (5 ml/kg)

Control+Nigella
oil (10 ml/kg)

Sodium
nitrite
(80 mg/kg)

Sodium
nitrite +Nigella
oil (2.5 ml/kg)

Sodium
nitrite+Nigella
oil (5 ml/kg)

Sodium
nitrite +Nigella
oil (10 ml/kg)

Blood glutathione
(mM)

8.93± 0.74 8.23± 0.81 9.14± 0.89 4.32± 0.26* 5.11± 0.43* 7.43± 0.54#$ 7.79± 0.67#$

Serum SOD (U/l) 34.64± 2.94 33.23± 2.62 34.41± 3.12 17.41± 1.63* 22.71± 2.11* 27.71± 2.31*#$ 31.8± 2.78#$

Renal glutathione
(mmol/g
protein)

11.21± 1.04 11.64± 1.12 12.53± 1.22 7.91± 0.63* 8.83± 0.73* 9.64± 0.73*# 10.9± 1.1#$

Renal SOD (U/g
protein)

27.32± 2.12 26.89± 1.94 27.87± 2.32 19.84± 1.48* 22.21± 2.18* 25.93± 1.97$ 26.7± 2.1#$

*Significant difference when compared with the control groups at P< 0.05.
#Significant difference when compared with sodium nitrite groups at P< 0.05.
$Significant difference when compared with Nigella oil (2.5 ml/kg) group at P< 0.05.
%Significant difference when compared with Nigella oil (5 ml/kg) group at P< 0.05.
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sodium nitrite group when compared with the control
groups (P< 0.05). Treatment with NSO resulted in
significant dose-dependent reductions in levels of
both MCP-1 and TGF-beta1 when compared with
the sodium nitrite group, without affecting the
control group.

Effect of sodium nitrite and NSO on
mitochondrial function
We found a 44% reduction in cytochrome C oxidase in
rats that received sodium nitrite when compared with
the control rats. Treatment with NSO showed a dose-
dependent restoration in the activity of cytochrome

Figure 3 Effect of sodium nitrite (SN, 80 mg/kg/day) alone and its combination with NSO (2.5, 5, and 10 ml/kg/day) for 12weeks
on renal tissues level of glycogen (A) and kidney sections from different rat groups stained with PAS and examined under a
microscope. (B–D) Sections from control (B), control+NSO (5 ml/kg) (C) and control+NSO (10 ml/kg) (D) groups showing positive
PAS reaction in the glomeruli, brush border and basement membranes of renal tubules. (E) Sections from sodium nitrite group
showing some renal tubules with areas of lost brush border (arrows). Some areas show lost basement membranes (asterisks).
The images showed reduced glycogen levels. (F–H) Sections from rats treated with sodium nitrite and different doses of NSO
2.5 ml/kg (F), 5 ml/kg (G), and 10 ml/kg (H) showing a nearly normal appearance of the renal corpuscles and tubules and
glycogen levels. *Significant difference when compared with the control groups at P< 0.05. #Significant difference when
compared with sodium nitrite groups at P< 0.05. $Significant difference when compared with NSO (2.5 ml/kg) group at P< 0.05.
%Significant difference when compared with NSO (5 ml/kg) group at P< 0.05.
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C oxidase in the sodium nitrite group, but did not
affect the control group (Fig. 5A).

Effect of sodium nitrite and NSO on CRP
We found significant elevations in CRP concentration
in kidney homogenate in the sodium nitrite group
when compared with the control group (P< 0.05).
Treatment of the sodium nitrite group with NSO
showed significant dose-dependent reduction in CRP
levels when compared with sodium nitrite group.
Treatment with NSO did not affect the control group
(Fig. 5B).

Effect of sodium nitrite and NSO on apoptosis
As shown in Fig. 6, oral administration of sodium
nitrite caused a significant increase in renal tissue

levels of pJNK/JNK and the activity of caspase-3
when compared with the control groups (P< 0.05).
However, oral supplementation of NSO caused a sig-
nificant dose-dependent decrease in pJNK/JNK and
caspase-3 as compared to the control groups.
Treatment with NSO did not affect the control
group. Even after treatment with NSO the activity of
caspase-3 was still higher than the control group.

Discussion
The present study demonstrated that oral adminis-
tration of sodium nitrite resulted in significant renal
damage in rats. This finding was in agreement with a
previous study.19 However, treatment with 2.5, 5,
and 10 ml/kg/day NSO showed dose-dependent

Figure 4 Effect of sodium nitrite (80 mg/kg/day) alone and its combination with NSO (2.5, 5, and 10 ml/kg/day) for 12 weeks on
renal tissues levels of MCP-1 (A) and TGF-beta1 (B) levels. *Significant difference when compared with the control groups at P<
0.05. #Significant difference when compared with sodium nitrite groups at P< 0.05. $Significant difference when compared with
NSO (2.5 ml/kg) group at P< 0.05. %Significant difference when compared with NSO (5 ml/kg) group at P< 0.05.
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amelioration of nephrotoxicity. NSO has previously
been shown to produce renal protection against differ-
ent models of nephrotoxicity in rats such as ischemia/
reperfusion,20 subchronic ethanol,21 acetaminophen,22

and cisplatin.23 The reduction in serum urea and crea-
tinine levels after NSO administration might be due to
the effect of TQ, which prevents the degenerative
changes in kidney.24,25

Histological studies showed sodium nitrite-induced
renal tissue toxicity. The most prominent alterations
were disrupted parietal layer of some renal corpuscles
and appearance of wide spaces between renal tubules
with extravasated blood cells. The morphological
renal changes might be attributed to sodium nitrite-
induced hypoxia with the subsequent free radical

formation.26 Conversely, the protective effect of NSO
was obviously detected improved appearance of renal
tissue. The improvement in the histological appear-
ance may take place due to the marked antioxidant
activity of NSO.
Concerning serum oxidative stress markers, sodium

nitrite significantly increased serum and renal levels of
MDA and superoxide anion compared with control
groups. Sodium nitrite may react with amines of the
foods in the stomach producing nitrosamines and
other free radicals leading to increases in lipid peroxi-
dation.27 Moreover, increased lipid peroxidation may
cause inhibition of the vulnerability of Na+, K+-
ATPase activity leading to deterioration of membrane
fluidity and membrane damage.28 In addition, nitrite

Figure 5 Effect of sodium nitrite (80 mg/kg/day) alone and its combination with NSO (2.5, 5, and 10 ml/kg/day) for 12 weeks on
renal tissues levels of CRP (A) and cytochrome C oxidase (B). *Significant difference when compared with the control groups at
P< 0.05. #Significant difference when compared with sodium nitrite groups at P< 0.05. $Significant difference when compared
with NSO (2.5 ml/kg) group at P< 0.05. %Significant difference when compared with NSO (5 ml/kg) group at P< 0.05.
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reacts with endogenous nitrosation precursors, mainly
amines and amides, to form N-nitroso compounds,
which have been observed to induce tumors of the
kidney in animals.29 In contrast, oral administration
of NSO significantly reduced MDA and superoxide
anion levels in the sodium nitrite groups, a result con-
sistent with a previous study.30 Moreover, we found
elevated glutathione and SOD after NSO treatment.
Enhancement of antioxidant activity can be attributed
to the presence of volatile oil and monoterpenes, which
have been known for their radical scavenging
activity.31–34 The antioxidant action of NSO and its
component TQ might explain the protective effect
against various toxicity models both in vivo and in
vitro. Aqueous extract of Nigella sativa seeds was
reported to produce inhibitory effects on nitric oxide
production.35

Oral administration of sodium nitrite caused signifi-
cant decrease in renal glycogen level when compared

with the control groups. Two possible mechanisms
may explain diminished glycogen level by sodium
nitrite. The first mechanism may involve a glucose
shift from tissue to blood by nitrites.19 The second
mechanism may be the ability of nitroso-compounds
to alter the antioxidant system, leading to disturbances
in the metabolic processes with subsequent
hyperglycemia.19

We found a significant decrease in the cytochrome C
oxidase activity in rats that received oral sodium
nitrite. It has been previously suggested that this
down-regulation of cytochrome C oxidase activity
may be linked to reactive oxygen species.36,37 In
addition, decreased cytochrome C oxidase activity
was observed during oxidative stress and apopto-
sis.37,38 Of note, we found significant elevation in oxi-
dative stress that was accompanied by significant
reduction in cytochrome C oxidase in rats that received
sodium nitrite. Further, we found a significant effects

Figure 6 Effect of sodium nitrite (80 mg/kg/day) alone and its combination with NSO (2.5, 5, and 10 ml/kg/day) for 12 weeks on
renal tissues levels of pJNK/JNK (A) and activity of caspase-3 (B) levels. *Significant difference when compared with the control
groups at P< 0.05. #Significant difference when compared with sodium nitrite groups at P< 0.05. $Significant difference when
compared with NSO (2.5 ml/kg) group at P< 0.05. %Significant difference when compared with NSO (5 ml/kg) group at P< 0.05.
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of Nigella oil in restoring cytochrome C oxidase
activity.
One of the hallmarks of progressive renal dysfunc-

tion is the development of tubulointerstitial fibrosis.
This is frequently preceded by macrophage infiltra-
tion, raising the possibility that macrophages relay
fibrogenic signals to resident tubulointerstitial cells.
We found significant increases in renal fibrosis
markers, MCP-1, and TGF-beta1 in sodium nitrite-
treated rats. Fibrogenic mediators such as TGF-
beta1 and MCP-1 are responsible for a series of
inflammatory and fibrotic processes.39 The increases
in fibrogenic markers might be due to transactivation
of NF-κB, which affects a number of proinflammatory
genes.40 However, we also noted a significant increase
in the acute phase inflammatory marker CRP that was
ameliorated by the use of NSO. No previous reports
have analyzed the anti-fibrotic potential of NSO in a
sodium nitrite-induced nephrotoxicity model. The
anti-fibrotic activity of NSO may be explained by
the ability of both NSO and TQ to reduce the intrinsic
activity of the MCP-1 promoter in pancreatic cancer
cells.41

The elevation of fibrotic and inflammatory markers
activates the apoptotic pathway as indicated by the
increase in renal pJNK/JNK and caspase-3.
Caspase-3 is an important downstream marker of
caspase-8 (extrinsic cell death involving transmem-
brane receptor-mediated apoptosis) and caspase-9
(intrinsic cell death pathway in mitochondria).7

Concurrent administration of NSO provided benefits
in preventing the development of sodium nitrite-
induced apoptosis, which may be explained by the
ability of NSO to reduce inflammatory markers,
CRP, and oxidative stress markers in the sodium
nitrite group, leading to a reduction in the activity of
the downstream caspase-3.

Conclusions
NSO ameliorates sodium nitrite-induced nephrotoxi-
city through blocking oxidative stress, attenuation of
fibrosis/inflammation, restoration of glycogen level,
amelioration of cytochrome C oxidase, and inhibition
of apoptosis. The present study supports the anti-
apoptotic anti-fibrotic effects of NSO against chronic
nephrotoxicity induced by oral sodium nitrite.
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