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Abstract
Background: Nickel exposure causes hepato-renal toxicity via oxidative stress. Medicinal plants with antioxidants
properties are being explored as treatment options. In this study, the effect of ethanol extract of Nigella sativa (ENS)
on nickel chloride (NiCl2)-induced hepato-renal damage was evaluated by monitoring biochemical and oxidative
stress markers. Additionally, the antioxidant capacity and phytochemical constituents of ENS were quantified using
HPLC and GC-MS.
Result: NiCl2 significantly increased (p < 0.05) aspartate aminotransferase, creatinine, sodium ion, chloride ion and
malondialdehyde levels, while antioxidant enzymes were decreased in the organs except for kidney glutathione-Stransferase when compared to the control. However, ENS exerted inhibitory effect against NiCl2 toxicity in both
organs by reversing the biomarkers towards control levels. ENS has a high antioxidant capacity and is rich in
antioxidants including gallic acid, quercetin, eucalyptol and levomenthol that may have accounted for the
improvement of hepato-renal health in co-exposed rats.
Conclusion: Our result suggests that amelioration of nickel chloride-induced hepato-renal pathology by ethanol
extract of Nigella sativa was related to its antioxidant properties. Therefore, Nigella sativa could be valuable in the
management of nickel-induced toxicity.
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Background
Nickel has several industrial applications including the
manufacturing of stainless steel, batteries, utensils, cosmetics and electronic products [1]. It is also used as a
catalyst and pigments in the food industries. Fossil fuel
burning and other industrial activities result in the release of a large amount of nickel into the atmosphere
every year [1, 2]. Occupational exposure to nickel at the
workplace is common, while non-occupational exposure
to the metal occurs in people who live in the vicinity of
nickel related industries. This is particularly common in
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developing countries where regulations concerning effluent treatment are not strictly enforced [1–3]. Moreover,
the general public is also chronically exposed to nickel
leached from nickel-containing metal pipes, kitchen
utensil and food processing equipment as well as cosmetics, tobacco and jewellery [4–6].
Several deleterious health hazards have been linked
with exposure to this metal including allergic contact
dermatitis, eczema, respiratory infections, asthma, bronchitis, dizziness, nausea, headache, diarrhoea, reproductive damage, neurological defects, diabetes, fever, heart
attack, insomnia, itching and haemorrhages [7–9]. Moreover, epidemiological studies have found an increased
occurrence of cancers of the breast, respiratory and
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gastrointestinal tracts in workers within nickel related
industries [1].
The pathophysiological mechanisms of nickel toxicity
are complex. However, one of the main mechanisms of
nickel toxicity lies in its ability to alter bio-metal homeostasis and induce oxidative stress. Nickel induced reactive oxygen species (ROS) enhances lipid peroxidation
and modulates antioxidant enzyme activities [10]. The
ROS produced by nickel ion also oxidizes DNA resulting
in elevation of 8-hydroxy-2′-deoxyguanosine in nickelrelated workers [11]. Also, Ni-induced ROS production
has been linked with apoptosis and inflammatory signalling including JNK, Nrf2/HO-1 TLR4/p38/CREB pathways [12–14].
Like other heavy metals, nickel toxicity is treated with
chelating agents and synthetic antioxidants. Chelation
treatment is however limited by redistribution of lethal
metals, loss of essential metals, headache, nausea, hypertension, pressure, hepatotoxicity and nephrotoxicity [15].
Similarly, synthetic antioxidants are limited by negative
health effects and restrictions [16]. Due to these limitations, medicinal plants with antioxidant properties are
now being screened for natural antioxidants and other
phytochemicals that could be valuable in the remediation or management of nickel toxicities [16]. The usefulness of Nigella sativa (N. sativa) was therefore
explored in the present study.
The N. sativa is an annual herb in the Ranunculacae
family that is commonly grown in the Middle East, Middle Asia and North Africa [17]. The seed is a common
food additive in Middle Eastern and South Western cuisines and has been used since antiquity in traditional
medicine for treating illness and improving physical performance [18–20]. It has been reported in traditional
pharmacopoeia against wide range of ailments including,
bronchitis, skin diseases, rheumatism, diarrhoea, headache, fever, diabetes, hypertension, obesity, amenorrhea,
dysmenorrhea, asthma and fatigue [21–24]. The seed
and oil are also used for the treatment of disorders of
the nervous, cardiovascular, respiratory, digestive, and
excretory and immune system [25]. Other pharmacological activities that have been reported in the seed include analgesic, immunomodulatory, anti-histaminic and
anti-leukotrienes effects [17, 26–28].
Furthermore, N. sativa possesses a wide range of biological and pharmacological activities against bacteria,
fungi, viruses and parasitic microbes [29–31]. It is also
used in the management of psoriasis and cancers [32].
Recently, N. sativa was reported to exert protection
against several food toxicants and ease the side effects of
chemotherapeutic drugs including bromobenzene, tartrazine, cisplatin, thioacetamide and tramadol [33–38].
Potent antioxidants and anticancer agents in the plants
including thymoquinone are well-documented [39].
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Healing power and therapeutic benefits of N. sativa have
been attributed to the powerful antioxidants present in
it [34, 39].
Based on the reported antioxidant properties of the
plant, we investigated the possible ameliorative effect of
ethanol extract of Nigella sativa (ENS) in protecting
against nickel chloride-induced hepato-renal damage in
Wistar rat model. Additionally, we evaluated the extract
for the presence of phenolics and other phytochemicals
using high-performance liquid chromatography and gas
chromatography-mass spectrometry.

Methods title
Chemicals

Nickel chloride, 2-thiobarbituric acid, reduced glutathione, and 5′5’dithiobis (2-nitrobenzoic acid) were purchased from Sigma Chemical Co., St. Louis, MO., while
ethanol and hydrogen peroxide were obtained from
Merck KGaA, Darmstadt Germany. 1-chloro-2, 4dinitrobenzene was obtained from J.T. Baker Inc. Philipsburg NJ, USA. Alanine aminotransferase (ALT), aspartate aminotransferase (AST), total protein, total
bilirubin, creatinine, urea, sodium ion (Na+), potassium
ion (K+) and chloride ion (Cl−) Cobas diagnostic kits
were obtained from Roche Diagnostic GnBH, Mannheim, Germany. All other chemicals used were of analytical grade.
Preparation of ethanol extract of Nigella sativa seeds

N.sativa seed was obtained from Al Khatim, Medina,
Saudi Arabia. The seeds were milled and successively extracted for two days each with n-hexane, ethyl acetate
and 70% ethanol. Briefly, 200 g of the milled Nigella
sativa seeds were macerated in 1000 ml of n-hexane
with constant shaking for forty-eight hours. The nhexane extract was separated and the residue was subsequently soaked in 1000 ml ethyl acetate extract for another forty-eight-hours. Finally, the residue remaining
after ethyl acetate extraction was soaked in 1000 ml of
70% ethanol for 48 h and the filtrate from the ethanol
extract was concentrated in a rotary evaporator at 40 °C
and then dried to constant weight in an oven at 40 °C.
Experimental animals

Sixteen female Wistar rats with average age and body
weight of 7 weeks and 85 g respectively were obtained
from Rawlab Farm Nigeria Enterprise, Ibadan and
housed four per cage with wood shaven bedding in polypropylene cages under standard conditions at Bells University of Technology animal husbandry facility in
conformity with a guide for the care and use of laboratory animals [40]. The rats were housed at room
temperature and exposed to natural daily light-dark cycles. They were provided with water and standard rat
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chow ad libitum and were allowed to acclimate for two
weeks before the commencement of treatment.

Experimental design

Animals were assigned in four different groups of four
rats each and treated with deionized water, 2 mg/kg
NiCl2, 50 mg/kg body weight ENS and 2 mg/kg NiCl2 +
50 mg/kg body weight ENS. Animals were assigned to
groups based on their body weight to ensure even distribution and eliminate variation in initial mean body
weights among the groups. The dose of nickel chloride
was selected based on its environmental relevance and
toxicity in a previous study [41], while the dose of ENS
was selected based on our preliminary study and its reported ameliorative effect [42].
The NiCl2 was injected intraperitoneally once every
Friday, while ENS was intubated by gavage daily
throughout the 35-day study period. Animals were
treated between 5.00 and 6.00 pm during the experiment. After the treatment schedule, the final weights of
the animals were obtained before blood samples were
collected from the retro-orbital plexus of each rat after a
12 h fast. The livers and kidneys were subsequently removed from test and control animals after they were euthanized by cervical dislocation. Before euthanasia, the
rats were exposed to diethyl ether to anaesthetize them.
The tissues were rinsed in ice-cold 1.15% KCl, blotted
on a filter paper and weighed. The organ-body weight
ratio was subsequently calculated for each animal.

Serum chemistry and oxidative stress assessment

Blood samples collected into heparinized tubes were
allowed to stand for two hours before centrifugation at
3000 g for 15 min. Total protein, ALT, AST, total bilirubin, creatinine, urea, Na+, K+ and Cl− were determined
in the resulting plasma using Cobas diagnostic kits and
Cobas C311 chemistry autoanalyzer (Roche Diagnostic
GnBH, Mannheim, Germany).
One part of the liver and left kidney of each rat was
homogenized with cold 50 mM Tris-HCl buffer in a Potter- Elvehjem homogeniser and centrifuged at 10000 g
for 20 min at 4 °C. The supernatants obtained were used
for the determination of oxidative stress parameters.
Lipid peroxidation was evaluated by TBARS formation
as measured by malondialdehyde (MDA) following the
method of Esterbauer and Cheeseman [43]. Catalase
(CAT) activity was measured by monitoring the decomposition of H2O2 as described by Aebi et al [44]. Glutathione- S- transferase (GST) activity was determined
according to the method of Habig et al. [45] based on
the conjugation of 1-chloro-2,4-dinitrobenzene to reduced glutathione at 340 nm.
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Histopathology

The other part of the liver and the right kidneys of each
animal were fixed in 4% phosphate-buffered formalin,
dehydrated in graded ethanol and embedded in paraffin.
Tissues were cut into 5 μm sections, mounted on a clean
slide and stained with haematoxylin-eosin dye. Pathological changes in both organs were examined by a
trained pathologist who was blinded to the treatments.
Phytochemical analysis

Phytochemical screening of ENS was determined following standard methods described by Sofowora et al, [46],
Trease and Evans [47] and Harborne [48].
HPLC analysis

The concentrations of caffeic acid, gallic acid, pcoumaric acid, apigenin, quercetin and amentoflavone
were determined in ENS using the high-performance liquid chromatography. Briefly, 1.0 mg of ENS was dissolved in 1.0 ml of absolute methanol. The resulting
solution was filtered through 0.45 m Millipore membrane filter. HPLC analysis of ENS was done using Agilent technologies HPLC 1100 series. The extract was
separated on Zorbax eclipse XDB RP C8 (150 × 4.6 mm,
5 μm) column with the temperature set at 40 °C and a
flow rate of 0.5 mL/min. Elution of the mobile phase was
performed with acetonitrile and 0.2% acetic acid. The injection volume was 10 μL and the detection of the compounds was monitored at 257 nm. Sample identification
was achieved by comparing the retention time and spectra of the compounds in the sample with that of reference standards.
Gas chromatography-mass spectrometry (GC-MS) analysis

Volatile compounds in ENS were detected by dissolving
1.0 mg of the sample in 1.0 ml of methanol, filtered with
a micro-syringe and 1 μl aliquot was injected into a
QP2010SE GC-MS Shimadzu gas chromatography-mass
spectrometer (Shimadzu Co., Kyoto, Japan) equipped
with a mass selective detector operating at 70 eV electron impact mode and capillary column (30 m × 0.25
mm, film thickness 0.25 μm). The column oven
temperature was programmed from 60 to 290 °C at the
rate of 4 °C/min. Initial and final temperatures were
maintained for 3 and 10 min, respectively. The mass
scanning range was 45–700 m/z, while ion source and
interface temperatures were set at 230 and 250οC, respectively. The carrier gas was helium with a flow rate
of 3.22 mL/min and pressure of 144.4 kPa. Compounds
in ENS were identified by matching their mass spectra
with those in the database of NIST computer data bank
and by comparison of the fragmentation pattern with
those reported in the literature.
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Diphenyl-1-picrylhydrazyl (DPPH) scavenging activity

The DPPH scavenging activity of ENS was evaluated
based on the reduction of DPPH to diphenylpicrylhydrazine by antioxidants as previously described by Dildar
et al. [49]. Briefly, 3 mg of ENS was dissolved in 3 ml
methanol and 100 μL of the different concentrations of
ENS (10–500 μgml− 1) were mixed with 3 ml of DPPH
solution (12 mg DPPH in 50 mL methanol). The absorbance was obtained at 517 nm after 30 min using a
SM7504UV spectrophotometer (Uniscope, UK`). The
DPPH scavenging activity was determined as:
Percentage ð%Þ DPPH Scavenging Activity
Ab − Ae  100
¼
Ab
where Ab = absorbance of DPPH∙ in solution without
the extract
Ae = absorbance of DPPH∙ in the presence of the
(extract)
The concentration of ENS that scavenge 50% of DPPH
radicals (IC50) was calculated from the plot of percentage DPPH scavenging activity against sample concentration and expressed as 휇g/mL of the extract.
Total antioxidant capacity

Total antioxidant was determined based on the reduction of Mo (VI) to Mo (V) at acidic pH as described by
Prieto et al, [50] with slight modification. Briefly, 1.0 ml
of 1.0 mg/ml ENS was mixed with 1.0 ml of reagent solution containing 4.0 mM (NH4)2MoO4, 28.0 mM
Na3PO4 and 0.6 M H2SO4. The mixture was incubated
for 90 min at 95 °C in shaking water bath. The mixture
was thereafter allowed cool at room and the absorbance
was taken at 695 nm against a blank containing ethanol
instead of the extract. The total antioxidant was calculated from an ascorbic standard curve and expressed as
μg equivalent of ascorbic acid per ml.
Statistical analysis

Data obtained from all the test and control rats were analyzed using the 17th version of SPSS (SPSS Inc. Chicago, IL) and presented as mean ± SEM. One-way
analysis of variance (ANOVA) and Duncan Multiple
Range Test were used to determined intergroup differences and mean separation respectively. The level of significance was set at p < 0.05.

Results
The organ weight and relative organ weight ratio for
both the liver and kidney of test and control animals are
shown in Table 1. The result showed that there was no
significant difference in liver and kidney weight as well
as the relative liver weight in all the treatment groups.
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Table 1 Organ weight and relative organ weight in test and
control rats
TREATMENT

LWT (g)

RLWT (%)

KWT (g)

RKWT (%)

Water

3.42 ± 0.22

3.11 ± 0.11

0.66 ± 0.03

0.66 ± 0.04

NiCl2

3.40 ± 0.39

3.25 ± 0.07

0.67 ± 0.03

0.57 ± 0.01*

ENS

3.36 ± 0.36

3.12 ± 0.13

0.64 ± 0.05

0.60 ± 0.05

NiCl2 + ENS

3.23 ± 0.33

2.93 ± 0.13

0.67 ± 0.06

0.60 ± 0.02

* Significantly different from control
KEY
LWT Liver weight
RLWT Relative Kidney weight
KWT Kidney weight
RKWT Relative Kidney weight
ENS Ethanol extract of Nigella sativa (50 mg/kg body weight)

However, relative kidney weight was significantly (p <
0.05) reduced by 13.4% in NiCl2-treated group when
compared with the control group. Administration of the
ENS either alone or in combination with NiCl2 resulted
in similar relative kidney weights with control.
The results obtained for the liver biomarkers following
concurrent exposure to NiCl2 and ENS are presented in
Table 2. The AST activity was significantly elevated (p <
0.05) in animals exposed to NiCl2 by 111.3% when compared to the control. In contrast, ENS reduced AST activity to 73.6%. The AST in the group that was given
ENS alone was not significantly different from the control. Alanine aminotransferase (ALT) was increased by
44.4% in the NiCl2-treated rats when compared to the
control. However, ALT activity was reduced to 20% in
the group exposed simultaneously to ENS and NiCl2.
The ALT activities were similar in the groups exposed
to ENS alone and the control. Total protein (TP) and
total bilirubin (TB) were not significantly different across
the groups, although both parameters were elevated in
NiCl2-treated group.
The effect of ENS on NiCl2-induced alteration of kidney
health markers is presented in Table 3. Urea concentration
was increased by 22.5% in the NiCl2-treated animals when
compared to control, while creatinine was markedly (p <
0.05) increased by 74.1% also as compared to control value.
Both markers were, however, reversed towards control
value in the groups treated with ENS and NiCl2. The reversal was more pronounced (p < 0.05) for creatinine levels.
The Na+ and Cl− were significantly (p < 0.05) elevated in
rats administered NiCl2 by 15.4% and 23.2% respectively. In
contrast, simultaneous administration of NiCl2 and ENS reduced Na+ and Cl− concentration to 10% and 2% respectively. The reduction was only significant (p < 0.05) for Cl−
concentration. Concentrations of creatinine, urea, Na+ and
Cl− in the group that was given ENS alone were not significantly different from the control. Similarly, plasma K+ was
not significantly different across all the groups, although a
decrease in K+ level was observed in the NiCl2-treated
group.
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Table 2 Liver function markers in the serum of test and control animals
Treatment

AST (U/L)

ALT(U/L)

TP (mg/dl)

1

Deionsed Water

21.30 ± 2.50

22.50 ± 1.44

3.13 ± 0.43

TB (mg/dl)
5.03 ± 0.21

2

NiCl2

45.00 ± 2.87*

32.50 ± 6.29

5.13 ± 0.59

6.63 ± 0.66

3

ENS

36.25 ± 2.39

23.50 ± 6.36

3.15 ± 0.53

5.20 ± 1.27

4

ENS + NiCl2

37.00 ± 3.67

27.00 ± 3.13

4.13 ± 0.75

6.15 ± 1.11

Key:
* Significantly different from control
KEY
AST Aspartate aminotransferase
ALT Alanine aminotransferase
Tp Total Protein
TB Total bilirubin
ENS Ethanol extract of Nigella sativa (50 mg/kg body weight)

The results obtained for lipid peroxidation and antioxidant enzymes in test and control animals are presented in
Table 4. Malondialdehyde (MDA) level was increased by
41.5% in the liver of NiCl2−treated rats when compared
with the control, while kidney MDA of treated rats was significantly (p < 0.05) increased by 42.3% also as compared
with the control. Simultaneous administration of ENS and
NiCl2 reduced liver MDA and kidney MDA to 34% and
3.3% respectively. The MDA reduction was only significant
(p < 0.05) in the kidney. The MDA level in both organs was
not significantly different from the control in the group
treated with ENS alone. Catalase activity was significantly
(p < 0.05) decreased by 69.3% in the liver of rats administered NiCl2 when compared to the control, while a 40.1%
decrease in kidney catalase activity was observed in the
same set of animals as compared to control value. In contrast, liver catalase activity was markedly (p < 0.05) reduced
to 40.1% in the co-treatment group that was given ENS and
NiCl2. Kidney catalase activity was also reduced to 8.71% in
the co-exposure group. Catalase activities in both organs of
rats treated with ENS alone were not significantly different
from the control. Liver GST was significantly (p < 0.05) decreased by 23.1% in the animals treated with NiCl2 when
compared to the control. However, co-treatment with ENS
improved liver GST activity to 15.9%. Contrary to the results obtained for liver GST, NiCl2 significantly (p < 0.05)
increased kidney GST activity by 113.7% when compared
to control value. However, ENS markedly (p < 0.05) reduced NiCl2- induced hike in GST activity to 14.7%. Liver

and kidney GST activity were similar in the control group
and those exposed to ENS alone.
The results of the histopathological evaluation of test and
control animals are presented in Figs. 1 and 2. Control rats
and those fed with ENS alone had normal and intact hepatic histological architecture (A and B), while NiCl2-induced alteration of hepatic architecture was evident by
hepatocellular necrosis and atrophy of hepatic cords with
Kupffer cell hyperplasia (C). However, simultaneous exposure to ENS and NiCl2 resulted in mild atrophy of hepatic
cords (D). The renal histopathology result presented in
Fig. 2 revealed normal architecture in the groups fed water
and ENS (A and B), while treatment with NiCl2 led to tubular epithelial degeneration and necrosis (C) as well as nephrosis with casts (D) and congestion of glomerular capillaries
(E). ENS prevented the lesion as evident by normal renal
architecture observed in the co-treated group.
The result of the phytochemical screening of ENS presented in Table 5 revealed that it is very rich in phenolic
compounds, alkaloids, flavonoids, saponins and reducing
sugar. Deoxy sugars, tannins, terpenoids and tannins
were also detected in ENS. However, anthraquinone was
not detected in ENS in the current study. The results of
the DPPH scavenging and total antioxidant capacity presented in Table 6 showed that ENS has a DPPH scavenging activity of 145 ± 0.40 휇g/mL, while the total
antioxidant was 186.90 ± 0.40 μgml−1AAE.
The HPLC chromatograms and quantities of some
phenolic compound present in ENS are presented in Fig. 3

Table 3 Kidney function markers and electrolyte in the serum of test and control animals
SN

Treatment

Urea (mg/dl)

Creatinine (mg/dl)

Na+ (mmol/l)

K+ (mmol/l)

Cl− (mg/dl)

1

Deionsed Water

33.76 ± 1.50

0.27 ± 0.01

104.00 ± 4.49

4.50 ± 0.40

80.50 ± 2.60

2

NiCl2

41.37 ± 1.65

0.47. ± 0.04*

120.00 ± 4.56*

3.37 ± 0.55

104.75 ± 6.33*

3

ENS

35.40 ± 1.21

0.32 ± 0.04

113.50 ± 0.87

4.22 ± 0.38

80.50 ± 8.57

114.50 ± 1.26

3.78 ± 0.28

82.00 ± 2.35#

4

ENS + NiCl2

37.00 ± 4.86

* Significantly different from control
# Significantly different from NiCl2-treated rats
Key:
ENS Ethanol extract of Nigella sativa (50 mg/kg body weight)

#

0.34 ± 0.02
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Table 4 Lipid peroxidation and antioxidant enzymes activities in the liver and kidney of test and control animals
SN

Treatment

LMDA

KMDA

LCAT

KCAT

LGST

KGST

1

Water

2.82. ± 0.27

3.62 ± 0.32

36.50 ± 0.33

335.85 ± 16.85

3.34 ± 0.18

34.16 ± 9.64

2

NiCl2

4.84 ± 0.58

5.15 ± 0.55*

11.19 ± 2.29*

201.16 ± 23.58

2.57 ± 0.04*

72.99 ± 7.78*

3

ENS

2.94 ± 0.53

3.41 ± 0.43

22.44 ± 4.63

328.63 ± 37.84

3.02 ± 0.38

46. 01 ± 3.99

4

ENS + NiCl2

3.78 ± 0.45

3.74 ± 0.30#

22.56 ± 6.74

306.60 ± 32.30

2.81 ± 0.20

39.17 ± 3.35#

* Significantly different from control
# Significantly different from NiCl2-treated rats
Key:
LMDA Liver Malonaldehyde (nmol/min/mg liver weight)
KMDA Kidney Malonaldehyde (nmol/min/mg kidney weight)
LCAT Liver Catalase activity (μmol/min/g liver weight)
KCAT Kidney Catalase activity (μmol/min/g kidney weight)
LGST Liver Glutathione-S-transferase (mmol/min/g liver weight)
KGST Kidney Glutathione-S-transferase (mmol/min/g kidney weight)
ENS Ethanol extract of Nigella sativa (50 mg/kg body weight)

and Table 7 respectively. The concentration of the compounds is in the order quercetin > amentoflavone> apigenin> gallic acid> caffeic acid> p-coumaric acids. The
GCMS analysis of ENS presented in Table 8 revealed the
presence of 33 bioactive compounds. Major phytochemicals detected under our experimental conditions including
9Z,12Z-octadecadienoic acid methyl ester (27.8%) cyclohexanol,5-methyl-2-(1-methylethyl)-,(1.alpha.,2.beta.,
5.alpha.)-(.+/−.)-(22%), 9E-octadecenoic acid methyl ester,
(15.60%), eucalyptol (10%), hexadecanoic acid methyl ester
(10%). Other beneficial phytochemicals detected in ENS
are levomenthol (2.19%), cis-4-methoxy thujane (1.70%),

9Z-hexadecenoic acid, methyl ester, (1.46%), butylated hydroxytoluene (0.5%) and p-cymene (0.2%).

Discussion
The liver is a target of Ni toxicity. Clinical and experimental data have indicated that Ni toxicity is characterized by alteration of liver function profile [13, 51]. As
evident in this study, the elevated ALT and AST observed in Ni- treated animal could be due to induction
of hepatocellular injury. Both enzymes are localized in
hepatocytes but are rapidly spilt into the bloodstream
during hepatic membrane and hepatocellular damage.

Fig. 1 Ameliorative effect of ENS on NiCl2-induced alteration of hepatic histo-architecture in rats. Normal liver histology in the group treated with
water and 50 mg/kg ENS alone a and b. Hepatocellular necrosis (black arrow) and atrophy of cord (arrow head) with Kupffer cell hyperplasia
(blue arrow) in the group that received NiCl2 c. Mild atrophy of hepatic cords (arrow head) observed in the group that received a combination of
ENS and NiCl2 d
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Fig. 2 Protective effect of ENS on NiCl2-induced alteration of renal histo-architecture in rats. Normal renal histology in the group treated with
water a and 50 mg/kg ENS alone b. Tubular epithelial degeneration and necrosis c, Nephrosis with casts d and congestion of glomerular
capillaries e observed in the group injected (i.p.) with NiCl2. Normal renal histology in the observed group that received a combination of ENS
and NiCl2.f

Changes in histo-architecture of liver including hepatocellular necrosis and atrophy of cord and kupffer cell
hyperplasia observed in Ni-treated rats confirmed the
toxicity of NiCl2 to liver cells. Similar lesions had been
observed in the mice and fish models of nickel toxicity
[7, 52]. In contrast, ENS acted antagonistically with
NiCl2 to decrease plasma transaminase level as well as
ameliorate Ni-induced hepatic lesion as evident by mild
atrophy observed in the animals co-exposed to NiCl2
and ENS.
Creatinine and urea are by-products of cellular metabolism that are mainly excreted through the kidneys. Impairment in kidney function renders the kidney
Table 5 The Qualitative phytochemical analyses of ethanol
extract Nigella sativa
Phytochemicals

Hydroethanol extract of Nigella sativa

Phenol

+

Flavonoids

+

inefficient to excrete both compounds, resulting in their
elevation in the plasma. Therefore, the elevation of both
products in the group treated with NiCl2 could be due
to the nephrotoxic effect of NiCl2 to renal cells. Earlier
works have shown that NiCl2 is a nephrotoxin and similar elevation of creatinine and urea were observed in
mice [53]. Renal impairment often results in perturbation of electrolytes balance. NiCl2-induced perturbation
of electrolyte balance in the present study was characterized by increased plasma Na+ and Cl− with a concomitant decrease in K+. The cellular mechanism by which
nickel affects electrolyte balance is not completely
understood, but it may be secondary to its effects on
mitochondria including depletion of ATP that may impair active transport of ions [54, 55]. Also, NiCl2 may
alter tubular permeability or interfere with transporters
including Na/K ATPase. For instance, Liapi et al [56]
and Maiti et al [57] reported that NiCl2 inhibits Na/K
ATPase in erythrocyte and brains of rats and fish. Inhibition of Na/K ATPase would decrease sodium reabsorption and could, in turn, elevate Cl−, since Cl− is cotransported with Na+. The evidence for NiCl2- induced
histological damage to renal cells was confirmed by the

Alkaloid

+

Terpernoid

+

Hydrolysable Tannin

+

Condensed Tannin

+

Reducing sugar

+

Table 6 In vitro antioxidant activities of the ethanol extract of
Nigella sativa

Deoxysugar condensation

+

Antioxidant Assay

Ethanol extract of Nigella sativa

Saponin

+

DPPH (μg/ml)

145.00 ± 0.40*

Anthraquinone

–

Total antioxidant (μgml−1AAE)

186.90 ± 0.80

+ = detected, − = not dectected

*IC 50 of ethanol extract of Nigella sativa
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Fig. 3 Chromatogram of flavonoid standards a and crude ethanol extract of Nigella sativa b

presence of tubular epithelial degeneration and necrosis
as well as nephrosis with casts and congestion of glomerular in treated rats. However, ENS protected the kidney against NiCl2- induced renal toxicity as evident by
reversal of kidney function parameters and electrolyte
imbalance towards the control as well as the apparently
normal renal histo-architecture in the animals coexposed to NiCl2 and ENS. Therefore, suggesting that
Table 7 The concentration of some phenolic antioxidants
detected in the ethanol extract of Nigella sativa
SN

Phenolic Compounds

Concentration (μg/g)

1

Caffeic acid

90.10 ± 0.14

2

Gallic acid

2058.95 ± 355.88

3

P-coumaric acid

44.15 ± 11.52

4

Apigenin

2684.45 ± 63.00

5

Quercetin

5644.35 ± 322.53

6

Amentoflavone

3090.45 ± 178.96

ENS exerted protective role against NiCl2 treatment in
the kidney.
Although the mechanism by which Ni ion cause tissue
damage is not fully elucidated, accumulating evidence
suggest that ROS generation play a significant role in
nickel toxicity [58]. The result of the present study adds
to the body of evidence in favour of an association between nickel exposure and oxidative stress. Increased
MDA in the NiCl2- treated animals is indicative of lipid
peroxidation. Ni ions initiate free radical generation
through redox cycling that occurs when Ni2+ bind to
protein [58]. In addition, nickel may facilitate bioaccumulation of iron that may partake in Fenton reaction and enhanced production of radicals including
hydroxyl radicals that promotes membrane lipid peroxidation and oxidative stress [2]. Lipid peroxidation may
lead to perturbation of membrane function, loss of enzyme activity and alteration of the antioxidant defence
system. This may be responsible for the alteration of the
endogenous antioxidants observed in this study, which
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Table 8 Compounds detected in the ethanol extract of Nigella sativa by GCMS
Compound name

Area (%)

Retention index

Phenol

0.05

901

p-Cymene

0.20

1042

Eucalyptol

10.00

1059

Cyclohexanone, 5-methyl-2-(1-methylethyl)-, cis-

1.70

1148

Levomenthol

2.19

1164

Cyclohexanol, 5-methyl-2-(1-methylethyl)-, (1.alpha.,2.beta.,5.alpha.)-(.+/−.)-

22.00

1164

cis-4-methoxy thujane

1.20

1040

1-Methyl-4-isopropyl-cyclohexyl 2-hydroperfluorobutanoate

0.10

1120

Propanoic acid, 2-methyl-, 2,2-dimethyl-1-(2-hydroxy-1-methylethyl) propyl ester

0.07

1347

Butanoic acid, butyl ester

0.16

984

Nonanoic acid, 9-oxo-, methyl ester

0.10

1371

Butylated Hydroxytoluene

0.50

1668

Butanoic acid, methyl ester

0.01

686

6-Methyl-triazolo(4,3-b)(1,2,4)-triazine

0.07

1232

4-Octen-3-one

0.02

960

Tridecanoic acid, methyl ester

0.10

1580

1-(2-Ethyl-[1,3]dithian-2-yl)-3-methyl-butan-1-ol

0.20

1731

9-Hexadecenoic acid, methyl ester, (Z)-

1.46

1886

Hexadecanoic acid, methyl ester

10.00

1878

Phenol, 2-(1,1-dimethylethyl)-4-(1,1,3,3-tetramethylbutyl)-

0.05

1868

Phenol, 2,4,6-tris(1,1-dimethylethyl)-

0.04

1882

9,12-Octadecadienoic acid (Z, Z)-, methyl ester

27.80

2093

9-Octadecenoic acid, methyl ester, (E)-

15.60

2085

Methyl stearate

1.70

2077

9-Octadecenamide, (Z)-

0.20

2228

13c-Tetradece-11-yn-1-ol

0.60

1663

6,9,12-Octadecatrienoic acid, methyl ester

0.58

2101

2-Nonyl-1-ol, diethyl acetal

0.50

1419

[1,1′-Bicyclohexyl]-4-carboxylic acid, 4′-propyl-, 4-pentylcyclohexyl ester

0.50

2948

Z,Z-5,16-Octadecadien-1-ol acetate

0.60

2193

8-Methyl-6-nonenamide

0.60

1369

Octadecanoic acid, 9,10-dihydroxy-, methyl ester, (R*,R*)-

0.49

2402

1,2-Bis(trimethylsilyl)benzene

0.20

1124

TOTAL

99.59

was characterized by inhibition of liver and kidney catalase as well as liver GST. However renal GST activity
was enhanced. A similar result was obtained by Misra
et al [59]. Catalase plays an important role in maintaining physiological levels of hydrogen peroxide and eliminating peroxides generated during lipid peroxidation.
Inhibition of catalase in the present study could be due
to the utilization of the enzyme in eliminating H2O2 or
deactivation of the enzymes by free radicals. This could
enhance ROS-induced oxidative damage in both organs.
The differential response of GST in the liver and kidney

suggest that the effect NiCl2 on GST activity seems to be
complex and tissue-specific. GST is a multifunctional family of enzymes that protect cells against oxidative damage
and is involved in the detoxification of several electrophilic
xenobiotics including environmental toxicants and products of oxidative membrane lipid peroxidation [60, 61].
Therefore, decreased liver GST activity observed in the
present study could be due to inhibition of the enzyme by
ROS. This may reflect inefficient detoxification and protection against Ni-induced oxidative stress. The kidney is
more sensitive to nickel toxicity because Ni ions
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accumulate and are retained more in the kidney [2].
Therefore, the increase in kidney GST could be an
adaptive response against enhanced oxidative stress
induced by Ni2+. Alternatively, it could be suggestive
of the onset of kidney diseases. Certain isoforms of
GST are elevated at the early stage and during the
progression of kidney diseases [62, 63]. The increase
in renal GST observed in this study may also be due
to NiCl2- induced damage to renal tubules. Increased
renal GST-α and GST-π activities are associated with
proximal and distal tubular damage in experimental
drug and heavy metal models [64, 65].
Interestingly, ENS relieved the liver and kidney of
NiCl2-induced oxidative stress as manifested by the attenuation of lipid peroxidation and reversal of both catalase and GST activities in the liver and kidney of the
animals co-exposed to ENS and NiCl2. The high antioxidant capacity and free radical scavenging activity of ENS
may be responsible for the fortification of antioxidant defences against nickel chloride-induced oxidative stress.
This may be responsible for the observed reduction of
lipid peroxidation as well as improvement in catalase and
GST activities in both organs. Also, phytochemical screening of ENS showed that it contains beneficial phytochemicals including polyphenols and flavonoids. Polyphenols
and flavonoids such as gallic acid, quercetin, amentoflavone, apigenin, caffeic acid and p-coumaric acid detected
in ENS could account in part for the strong antioxidant
capacity and inhibition of nickel induced oxidative stress
as well as hepato-renal damage in this study. Some of
these compounds have been demonstrated to modify oxidative stress-related pathways altered by environmental
toxicants including nickel [66, 67]. Also, quercetin forms
complex with nickel and accelerate its removal from the
body [68].
Some of the volatile compounds detected in ENS by
GCMS have been reported to have valuable biological effects and may have contributed to the amelioration of
Ni-induced oxidative hepato-renal injury observed in the
current study. For instance, the oxygenated terpenes, eucalyptol exerted hepatoprotection against TCDD and
dexamethasone by inhibiting inflammation and oxidative
stress [69, 70]. Similarly, levomenthol exhibited gastroprotective action against ethanol-induced ulcer through
its anti-inflammatory, anti-apoptotic and antioxidant effects [71]. The fatty acid methyl esters that are abundant
in ENS, 9, 12-Octadecadienoic acid (Z, Z)- methyl ester,
9-Octadecenoic acid methyl ester, (E)- and hexadecanoic
acid methyl ester are potent free radical scavengers, antioxidants and anticancer agents [72–74]. The antioxidant
properties of other compounds including p-cymene have
also been documented [75]. Therefore, synergism between the different antioxidants present in ENS could be
responsible for the high antioxidant capacity and
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amelioration of nickel chloride-induced hepato-renal
damage in this study.

Conclusion
Collectively, our data support the involvement of oxidative stress in nickel chloride-induced hepato-renal damage. Ethanol extract of Nigella sativa ameliorated the
oxidative damage in the liver and protected the kidney
by evoking antioxidant enzyme response and attenuating
lipid peroxidation. Therefore, suggesting that the ameliorative effect of ethanol extract of Nigella sativa may be
related to its antioxidant properties.
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