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ABSTRACT
Nigella sativa is a widely used medicinal plant throughout the world. The present investigation was an attempt to
evaluate the mitigatory effect of Nigella sativa seed extract on diethyl phthalate (DEP) induced liver damage.
Swiss strain adult female albino mice were orally administered with 310, 620 and 1240 mg/kg body weight/day
DEP with or without Nigella sativa extract (150 and 300 mg/kg body weight/day) for 30 days. Results revealed
that oral administration of DEP caused significant dose-dependent increase in cholesterol and total lipid contents
while protein content decreased in liver of mice as compared with vehicle control. However, cholesterol content
significantly decreased in serum of toxin treated mice. Histopathological studies revealed fat deposition, intra –
cellular vacuolation, necrosis and loss of hepatic architecture in DEP – treated animals. Co- treatment of Nigella
sativa seed extract (150 and 300 mg/kg body weight) along with DEP (HD) alleviates the toxin induced changes in
cholesterol, protein and total lipid contents as well as histoarchitecture of liver in mice. The effect was dosesependent. It is concluded from the present study that supplementation of Nigella sativa extract can be beneficial
in positively modulating DEP – induced alterations in liver.
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INTRODUCTION
Diethyl phthalate is a member of esters of
phthalatic acid known as phthalates, used
ubiquitously as solvents and plasticisers worldwide
[1 and 2]. Its release into the environment occurs
primarily as a result of production, use and disposal
of products containing DEP [3 and 4]. Also, DEP may
enter atmosphere through combustion of plastics
and to a lesser degree by volatilization [5]. In
addition, DEP is widely used in the perfume binder
industry as a vehicle for fragrances and in personal
care products making human exposure of DEP
significant to adults as well as neonatal, as
confirmed by level recorded in blood as well as
breast milk samples of human populations in some
parts of the world [6]. DEP is known to cause
oxidative stress [7].

World is endowed with a wealth of medicinal plants
which are rich sources of pharmacologically active
phytochemicals possessing numerous therapeutic
properties. Medicinal plants are also used in the
preparation of herbal medicines as they are
considered to be safe as compared to modern
allopathic medicines. Among the various medicinal
plants, Nigella sativa (family Ranunalaceaes) is
commonly known as black seed was selected to
evaluate its ameliorative effect against the DEP –
induced toxicity. Nigella sativa has been used
traditionally, especially in the Middle East and India,
for the treatment of asthma, cough, bronchitis,
headache, rheumatism, fever, influenza and eczema
[8]. Recently concluded clinical and experimental
researches have shown many therapeutic effects of
Nigella sativa such as immunomodulator [9], antiinflammatory [10] and anti-tumor agents [11].
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Therefore, the aim of the present study was
investigate the possible protective effect of Nigella
sativa seed extract against DEP – induced toxicity in
mice.
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MATERIALS AND METHODS
Chemicals
Analytical grade diethyl phthalate (DEP) (CAS No.
84-66-2) was purchased from Sisco Research
Laboratories, Mumbai, India. All other chemicals
used in the present study were of analytical grade.
Nigella sativa extract preparation
Seeds of Nigella sativa were purchased from local
market and hydro - alcoholic extract was prepared
according to Bhargava and Singh with slight
modification [12]. Finely ground Nigella sativa seeds
powder was mixed with 50% methanol and allowed
to stand overnight for maximum extraction of
polyphenols.
Percolation of the extract was
performed at room temperature in two stages.
Collected filtrate was evaporated below 50˚C to
obtain a final product in the form of residues which
was stored under refrigerated conditions. Extract
was dissolved in double distilled water and used for
studies.
Experimental animals
Swiss strain colony bred healthy young female
albino mice (Mus musculus) weighing 30-35 gm
were obtained from Zydus Research Centre,
Ahmedabad, India. The animals were kept in the
Animal House of Zoology Department of Gujarat
University, Ahmedabad, India under controlled
conditions (Temperature 25±2˚C, 12h light/dark
cycle and relative humidity 50-55%). They were fed
with certified pelleted rodent feed supplied by
Amrut Feeds, Pranav Agro Industries Ltd., Pune,
India and water ad libitum. All the experimental
protocols were approved by the Committee for the
Purpose of Control and Supervision of Experiments
on Animals (Reg-167/1999/CPCSEA), New Delhi,
India. Animals were handled according to the
guidelines published by the Indian National Science
Academy, New Delhi, India (1991).
Experimental design and treatment schedule:
Eighty animals were randomly divided into eight
groups. Animals of Group 1 were without any
treatment. Animals of Group 2 received 0.2ml olive
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oil/animal/day (olive oil was used to dissolved DEP)
for 30 days and marked as vehicle control. Antidote
control group (Group 3) animals were given oral
treatment of Nigella sativa (300 mg/kg body
weight/day). Group 4, 5 and 6 animals were given
oral treatment of low dose (310 mg/kg body weight
/day), mid dose (620 mg/kg body weight /day), and
high dose (1240 mg/kg body weight/ day) of DEP.
Animals of Group 7 and 8 were treated with DEP
(1240 mg/kg body weight/ day) along with 150 and
300 mg/kg body weight/ day of Nigella sativa
extract. Dosages of DEP treatment were based on
the LD50 value i.e. 8600 mg/kg [13].
Animals were given treatment for 30 days and
autopsied on 31st day. Blood samples collected by
cardiac puncture in non - anticoagulant added tubes
were allowed to clot and centrifuged at 1000 x g for
10 min at 4˚C. Non – haemolysed serum samples
were stored at -4˚C and used for biochemical
analysis. Liver was quickly isolated, blotted free of
blood and used for determination of biochemical
parameters.
Total lipid content
Total lipid content in the liver was estimated
according to the method of Fringes et al. [14] using
olive oil as a standard. Lipid on being heated with
sulphuric acid followed by addition of vanillin and
phosphoric acid produces a pink colour whose
optical density was measured at 530 nm. The total
lipid content was expressed as mg/100 mg tissue
weight.
Total cholesterol content
The concentration of cholesterol was estimated in
the liver and serum by the method of Zlatki et al.
[15]. Cholesterol forms a coloured complex with
FeCl3 in the presence of concentrated sulphuric acid
and glacial acetic which can be measured at 540 nm.
The cholesterol content was expressed as mg/100
mg tissue weight for liver and mg/dL for serum.
Protein content
Protein content was measured in liver by the
method of Lowry et al. [16] using bovine serum
albumin as a standard. The protein content was
expressed as mg/100 mg tissue weight.
Histopathology
Histopathological studies were carried out using the
standard technique of hematoxylin and eosin
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staining. The fresh pieces of liver were fixed for 18 h
in alcoholic Bouin’s fixative. The tissue was
dehydrated by passing through ascending grades of
alcohol, cleared in xylene and embedded in paraffin
wax. 5 µm thick sections were cut on a rotary
microtome and stained with Ehrlich’s hematoxylin eosin (alcohol soluble), dehydrated in alcohol,
cleared in xylene, mounted in DPX and examined
microscopically.
Hepatoprotective index (HP index)
The liver protecting activity of the Nigella sativa
seed extract was expressed as hepatoprotective
percentage (H) [17] which was calculated using the
formula:
(𝑻 − 𝑽)
𝑯 =𝟏−
× 𝟏𝟎𝟎
(𝑪 − 𝑽)
Where T is the mean value of plant extracts along
with the DEP, C is the mean value of DEP alone, and
V is the mean value of vehicle control animals.
Statistical analysis
All the data are expressed as the means ± standard
error mean (SEM). Statistical analysis anwas
performed using Graphpad Instat, software, version
5.03. The data were statistically analyzed using one
- way Analysis of Variance (ANOVA) followed by
Tukey’s test. The level of significance was accepted
with p < 0.05.

RESULTS

(p<0.05) and dose-dependent increase in
cholesterol and lipid contents. In addition,
treatment caused significant (p<0.05) dosedependent decrease in protein content. However,
the cholesterol content was significantly decreased
in serum of DEP treated group of mice as compared
to vehicle control.
As compared with high dose of DEP, co-treatment
with Nigella sativa seed extract along with high
dose DEP caused significant amelioration in total
lipid, cholesterol and protein contents in liver of
mice.
The
effect
was
dose-dependent.
Hepatoprotective index calculated for total lipid
[34.70% (NS 150) and 70.00% (NS 300)], cholesterol
[48.00% (NS150), 70.00% (NS 300)] and protein
[29.00% (NS 150) and 61.00% (NS300)] were
significantly higher.
Cotreatment of Nigella sativa seed extract along
with high dose of DEP caused significant reverses in
the cholesterol level in serum [ HP index = 36.00%
(NS150), 54.00% (NS300)] as compared to the DEP
alone treated mice.
The transverse section of liver of vehicle control
(Plate 1) and antidote control (Plate 2) mice showed
a normal histo-architecture. Oral administration
with high dose (1240 mg/kg body weight/day) of
DEP for 30 days caused severe fat deposition, intra –
cellular vacuolation, necrosis and loss of hepatic
architecture as compared to control (Plate 3). Cotreatment with Nigella sativa seed extract (150 and
300 mg/kg body weight/day) along with DEP caused
almost complete amelioration as fat deposition,
hepatocellular necrosis, intracellular vacuolation
were almost absent (Plate 4 and 5).
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Lipid, cholesterol and protein contents in liver of
animals treated with Nigella sativa alone (Group 3)
remained within normal levels as that of the control
groups (Group 1 and 2).
Oral administration of DEP for 30 days caused, as
compared with the vehicle control, significant
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Plate 1: Histopathology of vehicle control mice, normal histo-architecture (100X).
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Plate 2: Histopathology of antidote control mice, normal histo – architecture (100X)

Plate 3: Histology of HD – diethyl phthalate – treated mice, severe fat deposition intracellular vacuolation and
loss of hepatic architecture and necrosis (100x).
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Plate 4: Histology of HD – diethyl phthalate along with 150 mg Nigella sativa seeds extract – treated mice, fat
deposition, intracellular vacuolations, and necrosis absent (100 x).

Plate 5: Histology of HD – diethyl phthalate along with 150 mg Nigella sativa seeds extract – treated mice,
normal hepatic architecture and almost complete recovery (100x).
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DISCUSSION
The present study clearly indicates that oral
administration of DEP for 30 days caused increase in
cholesterol and total lipid content in liver as well as
significant reduction in serum cholesterol content.
Many investigators [18 and 19] have reported
increased level of cholesterol in liver as well as its
decrease in serum of mice and rat.
Histopathological studies also revealed significant
deposition of fat in liver of DEP treated mice. In
addition, our earlier study revealed significant
increase in absolute and relative weight which could
be due to fat deposition in liver [7].

DEP treatment caused significant reduction in
protein content in liver of mice. Prajapati and
Verma [7] have reported DEP induced lipid
peroxidation in liver of mice. Sun et al [20] also
reported oxidative stress caused by DEP.
Nigella sativa seed extract ameliorated DEP induced
changes in lipid, cholesterol and protein contents as
well as histopathological changes in liver of mice. It
could be due to its antioxidative activity [7]. The
antioxidant effect of Nigella sativa seed seems to be
due to thymoquinone, flavonoids and also
antioxidant vitamins like ascorbic acid. Flavonoids
are a class of polyphenolic compounds that seem to
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have antioxidative properties by suppressing
reactive oxygen and nitrogen species formation,
scavenging reactive oxygen and nitrogen species
and protecting the antioxidant defense system [21
and 22]. Nigella sativa treatment returned total
protein content to near normal was reported by
Ayed et al [23]. Nigella sativa has been found to
lower the doxorubicin and CCL4 – induced upregulation of cholesterol in liver tissue [24 and 25].
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CONCLUSION
In conclusion, oral administration of DEP caused
alteration in lipid, cholesterol and protein contents
as well as histopathology in liver, which could be a
principal
mechanism
responsible
for
its
hepatotoxicity. Nigella sativa seed extract reduced
DEP induced hepatic changes due to its
phytochemicals having antioxidative properties.
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