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ABSTRACT

Objective: The aim of this study is to investigate the ameliorative effect of hydroalcoholic extract of Nigella sativa (HANS) against CCls-induced
hepatotoxicity in albino rats. Methods: Twenty five (25) albino rats, with average weight (105+5g), were randomly grouped into five groups: A-
E, of five (5) rats per group. Group A rats served as normal control, Group B (Negative Control) received intraperitoneal administration of
carbon tetrachloride CCl, (0.4ml/kg, i.p.) only, Group C received CCl, and low dose HANS (400mg/kg, oral), Group D received CCl, and high
dose HANS (800mg/kg, oral), and Group E (Positive control), received CCl, and Vitamin C (200mg/kg, oral), for 3 days. Hepatotoxicity was
assessed by measuring serum levels of total bilirubin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline
phosphatase (ALP) using standard methods. Histopathological analysis of the liver was also carried out. Results: The extracts significantly
stablized biochemical markers of hepatic injury, and preserved the histoarchitecture of the liver tissues against CCls damage. The protective
effect was not dose-dependent, as low dose HANS (400mg/kg), showed better protection than the high dose HANS (800mg/kg). Conclusion:
Hydroalcoholic extracts of Nigella sativa has antihepatotoxic effects.
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INTRODUCTION Carbon tetrachloride (CCls) is an industrial and synthetic
chemical that is capable of causing hepatotoxicity in
experimental animalsS. This is done through intraperitoneal
intoxication, ingestion, or absorption through the skin.
Trichloromethyl radical is produced from cytochrome P450
metabolism of carbon tetrachloride, and in combination with
oxygen, forms peroxy-trichloromethyl which is a more
reactive radical. Radicals like these, also produce alkoxy and
peroxy radicals which cause tissue injury by binding to
intracellular proteins, inactivation of enzymes, and form
lipid peroxides in the cell membrane#6.

Nigella sativa is a grassy plant, which has green to blue
flowers with small black seeds!. It belongs to the botanical
family of Ranunculaceae, which are approximately 2.5-
3.5mm and 1.5-2.0 mm in length and width respectively,
with maximum height of about 40-70cm23. The beneficial
effects accredited to Nigella sativa, also known as black seed,
are due to its composition of stable and volatile oils which
contain good amounts of unsaturated fatty acids,
arachidonic acid and eicosenoic acids in little amount3. It
also consists of reasonable amounts of carotenoids, retinol,

vitamin E, and thymoquinone (main active constituent);
minerals like potassium, phosphorus amongst others:13.
Traditional and medicinal uses of this seed ranges from
soothing wounds to remedying cough, eczema, diabetes,
inflammation of the bronchi and tooth achess3.

The liver is a vital organ that supports almost all other
organs to a reasonable capacity. With respect to
hepatoxicity, major symptoms of acute liver toxicity
includes: weakness and fatigue, rapid onset of jaundice,
abdominal pain, nausea and vomiting4 Although
biotransformation process in the liver protects other organs
and tissues in the body from harmful chemicals or toxins;
the products of metabolic detoxification, if in excess, can
cause damage to the liver; and an example of such toxic
chemical product is Carbon tetrachloride (CCl,).
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Liver diseases have remained a huge burden to both
clinicians and the patients; as the search for a new treatment
that could safely and effectively prevent or reverse liver
injuries remains a challenge. Several studies have been
published that proved beneficial effects of plants and/or
plant products 7-19; hence the need to unravel more

medicinal plants with therapeutic potentials against
debilitating diseases.

MATERIALS AND METHODS

Plant material

Fresh samples of Nigella sativa seeds were obtained from
local market in Enugu, Nigeria. The plant material was
authenticated by a consultant taxonomist at the the
Department of Plant Science and Biotechnology, University
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of Nigeria. A voucher specimen was deposited at the
herbarium with reference number UNH No 662 for future
reference.

Preparation of hydroalcoholic extracts of Nigella sativa
(HANS)

Nigella sativa seeds were dried and shaded from sun light,
then powdered with a grinder. The extracts were prepared
using Babaei et al.20 method with minor modifications. Six
hundred (600) gram of Nigella sativa powder was macerated
with 2 litres of 70% methanol (as hydroalcoholic extract) for
72 hours. The mixture was stirred in an Erlenmeyer flask for
24 hours using a shaker. At the end of the extraction, the
extract was filtered through a Whatman filter (Whatman
Clifton, NJ, USA). The solvent was then allowed to evaporate
using a water bath set at 30°C, and 4g of dried
hydroalcoholic extracts was obtained. This was then
reconstituted in distilled water, used to prepare the required
concentration, and stored at 4°C until when needed for use.

Acute toxicity test (LDso)

This was performed on mice and Lorke?2! procedure of LDso
determination was used.

Phytochemical analysis of Nigella sativa

Preliminary phytochemical screening of Nigella sativa was
carried out using Trease and Evans method?2.

Chemical reagents and drugs

The chemicals were of analytical grade, and are absolute
methanol for plant extraction and CCls solution for induction
of hepatotoxicity; and were purchased from Ogbete main
market, Enugu. Drug used includes vitamin C (Alpha
Pharmaceuticals, Enugu, Nigeria), used as reference drug
(positive control). AST, ALT, ALP and total bilirubin kits
were purchased from Randox Laboratories Ltd, UK.

Preparation of vitamin C solution

Stock concentrations (20mg/ml) of vitamin C were prepared
and used for the research.

Induction of acute hepatotoxicity

Liver injury was induced in each animal by intraperitoneal
injection with CCl, (0.4ml/kg) daily for 3 days.

Animals and maintenance

A total of twenty five (25) adult albino rats, weighing
(105+5g) were obtained from the animal house of the
College of Veterinary Medicine, University of Nigeria. The
animals were housed under standard condition. The
experimental protocol was approved by the institution
animal ethics committee of the University of Nigeria
Teaching Hospital (UNTH/CSA. 876/VOL. 19).

Experimental Design

The twenty five (25) adult rats were grouped into (A-E) and
given the following treatments daily and within 2 hours.

Group A: (Normal Control): No treatment was administered
to this group.

Group B: (Negative Control): Received CCls (0.4ml/kg, i.p)
only for 3 days.

Group C: Received CCls and low dose HANS (400mg/kg, oral)
for 3 days.

Group D: Received CClsand high dose HANS (800mg/kg,
oral) for 3 days.

Group E (Positive Control): received CClsand Vitamin C
(200mg/kg, oral) for 3 days.
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Sample collection

Blood samples for the determination of biochemical markers
were taken by cardiac puncture of the left ventricle of the
heart under chloroform anesthesia and the liver harvested
for histopathological analyses.

Biochemical analysis

Measurement of serum ALT and AST were by colorimetric
method as described by Reitman and Frankel23.
Measurement of ALP was by colorimetric method as
described by Kind and King24. Measurement of total bilirubin
was by Colorimetric method as described by Malloy and
Evelyn2s.

Histopathological analysis

The excised liver was processed using the paraffin wax
embedding technique, sectioned at 5 microns and stained
using the Haematoxylin and Eosin [H and E] staining
procedure2é. The histological sections were examined using
an Olympus™ light microscope.

Statistical analysis

Data analysis was done using GraphPad prism version 7.0
(GraphPad, San Diego, CA, USA). The results of the
biochemical assays were reported as mean+SEM (standard
error of mean). One way analysis of variance (ANOVA),
followed by the Tukey post hoc analysis, was used to test for
the level of significance (p<0.05).

RESULTS

Acute toxicity studies result. LD50 value of the extract was
2.4 g/kg which indicates that the extract was safe.

Phytochemical result

The result of the preliminary phytochemical analysis of
Nigella sativa revealed abundant presence of alkaloids and
flavonoids (+++); moderate presence of tannins and phenols
(++). However glycosides, saponins and steroids were
absent (table 1).

Table 1: Qualitative phytochemical results of hydroalcoholic
extract of Nigella sativa

Test Result
Alkaloid +++
Flavonoid +++
Tannins ++
Glycoside -
Phenol ++
Saponin -
Terpenoid -
Steroid -
Key: +++ = present (in abundance); ++ = present (in moderate

amount); - = absent
Biochemical results

The functionality of the liver was established by estimating
the serum level of the liver biochemical markers; ALT, AST,
ALP and total bilirubin (table 2). A statistically significant
(P<0.05) elevated levels of ALT, AST, ALP and total bilirubin
were seen in CCls-treated group B (negative control) when
compared with group A (normal control) and group E
(positive control) separately. However, co-administration of
CCls with high and low doses of hydroalcoholic extracts of
Nigella sativa (HANS) separately, restored the level of these
parameters to near normal when compared with CCls-
treated group (negative control). Again, we observed the
extracts did not show a dose-dependent protection, as the
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low dose hydroalcoholic extract of Nigella sativa (HANS)
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showed better liver protection than high dose of the extract.

Table 2: Statistical comparison of kidney biochemical concentrations in different experimental animal groups

Groups ALT (IU/L) AST (1U/L) ALP (IU/L) Total bilirubin (mmol/1)
A: Normal Control 20.65 + 2.73** 0.60 + 0.06** 4.73 £0.43* 133.42 +1.76*
B: CCl4Alone 40.33+4.91 1.43 £0.09 6.93+0.52 123.71+2.03
C: CCls + HANS (400mg/kg) 22.69 + 1.45* 0.69 + 0.18* 5.10 £ 0.55 130.68 + 1.45*
D: CCl4 + HANS (800mg/kg) 23.87 + 2.33* 0.70 + 0.06* 5.14 +0.54 131.02 +1.81*
E: CCls + Vit. C (200mg/kg) 20.68 + 1.72** 0.65 + 0.13** 4.70 £ 0.25* 131.00 + 2.65*

Values given as Mean  SEM. **p<0.01 or *p<0.05 is significant when CCls alone (negative control) is compared with all other groups.

Histopathological results

The liver of normal control rats appeared functionally and
structurally normal. The hepatocytes showed a well
conserved morphology (1A). The Liver of CCls-treated group
(negative control) showed abnormal changes; there was
vacuolation of the hepatocytes with infiltration by

inflammatory cells (1B). However, the hepatocytes of test
group rats (low dose HANS at 400mg/kg) were normal; but
there was mild infiltration of inflammatory cells around the
central vein (1C). While in the other test group rats (high
dose HANS at 800mg/kg), the hepatocytes appear normal
with widened sinosoids (1D). The liver section of group E
(positive control) appeared normal, and hepatocytes and
central vein all appeared normal (1E).

Figure 1: Photomicrograph of liver section. (A) Liver section appears normal. Hepatocytes (arrow); central vein (CV) and portal triad (PT) all
appear normal. (B) Hepatocytes appear moderately normal and significantly vacuolated (red arrow heads). There is presence of periportal
inflammation (black arrow head), CV - central vein. (C) Hepatocytes (arrows) are normal with no signs of degenerative lesions/changes. CV
central vein, PT - portal triad. (D) Hepatocytes are normal; the sinusoids are widened (black arrow). CV - central vein. (E) Section shows
normal histoarchitecture. CV - central vein, PT - portal triad [Stain: H and E; x100]
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DISCUSSION

The liver is one of the most essential and efficient organs in
the body. It carries out numerous functions. The liver is the
main metabolic organ in the body, including metabolism of
harmful chemical substances 27-30,

Ingestion or exposure to chemicals poses a serious health
risk. Early intervention against cellular or biochemical
changes induced by such events is vital to help prevent
organ damage3!.

Carbon tetrachloride (CCls), recognized as an experimental
toxin, mainly causes acute liver damage through production
of free radicals. CCls as well induces renal dysfunction; hence
renal failure is often related with the end-stage of the
hepatic damage*.

Despite all studies performed to date, therapy choices for
liver injury are very few. Plants have proven to be most
useful in the treatment of diseases in most of the developing
countries, and they provide important sources of most of the
world’s pharmaceutical; thus they have served a valuable
starting material for drug development32,

Recently, the role of diet in human health has received
considerable attention. The observations in this study could
partly be attributed to the phytochemical compounds which
possess antioxidation#433.

Preliminary phytochemical analysis of Nigella sativa showed
the presence of alkaloids, flavonoids, tannins and phenols
with abundant presence of alkaloids and flavonoids
compared to the moderate presence of tannins and phenols.
These phytochemicals have been reported for their effective
antioxidative properties3435. The hepatoprotective effect of
Nigella sativa was displayed by the reduction of elevated
serum liver enzyme markers; ALT, AST, ALP, and bilirubin as
observed from the biochemical results of Groups C and D.
The photomicrography (histopathology) of rats from these
groups also showed normal hepatocytes, when compared
with the photomicrography of rats from Group B (CCls
group), suggesting that the attenuation could be due to the
effects of the antioxidative property of the phytochemicals
present in the extract. The hydroalcoholic extracts of Nigella
sativa probably worked to maintain the structural integrity
of the plasma membrane of the liver cells to protect it
against breakage by the reactive metabolites formed from
exposure to CCly, and reducing lipid peroxidation which
protected against further destruction of the hepatocytes, and
this agrees with reports from other studies36:37. Therefore, it
could be safe to say that the secondary metabolites
(flavonoids, phenols, tannins and alkaloids), present in the
seed extracts, played an important role in restoring tissue
architecture and liver function as observed in the
histological and biochemical results. The importance of
dosage cannot be underemphasized, as low dose
hydroalcoholic extracts of Nigella sativa (HANS) provided a
much better ameliorative effect than the high dose.

Although this present study was not aimed to evaluating the
mechanism through which the seed extract showed
ameliorative effects; it was however observed that the
extract, particularly the low dose, acted in similar way as the
standard drug (Vitamin C), a known antioxidant, which was
used as reference drug (Table 2 and Figure 1). Interestingly,
there was no dose-dependent protection by the seed extract;
since the extract was more protective at low dose than at
high dose. The findings (ameliorative effects) observed in
this study could be as a result of the singular or combined
actions of one or more of these bioactive phytochemical
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constituents present in the hydroalcoholic extracts of Nigella
sativa.

In this study, administration of high dose hydroalcoholic
extracts of Nigella sativa (HANS) (800mg/kg) in the rats did
not show much better protection than the low dose as
expected, rather the extract showed signs that it could be
toxic at high dose. According to report by Dirican et al. 38,
Thymoquinone (TQ) (the most abundant and active
compound in Nigella sativa) has dual role depending on the
cellular microenvironment; it may act as an antioxidant or a
prooxidant. In a normal cell, TQ acts as an antioxidant,
whereas in tumors or diseased tissue, TQ induces ROS
production3940, One serious drawback with TQ is its toxicity
at high doses and poor water solubility which thus limits its
usage as a therapeutic agent#0. This could be the reason for
the diminished protection upon administration of high dose
of the extract. In addition, the solvent used for extraction
could also play a crucial role in the concentration of
thymoquinone. According to report by Saleh et al4,
methanol is much more effective in extracting the main
bioactive component (TQ) of Nigella sativa at high
concentration; and the solvent used for extraction conprised
70% methanol against 30% water. Since it has been earlier
reported that the ability of Nigella sativa in scavenging free
radicals could be as a result of synergism between its
phytochemical components; the much lower protection at
high dose could then be as a result of TQ, bearing in mind
that its concentration is much more than other
phytochemical constituents and this agrees with the reports
of AbuKhader, cited in Ahamdi et al42, who reported that at
500mg/kg, oral administration of methanol extracts of
Nigella sativa became toxic to the rats used for study.

Thymoquinone, is a constituent of flavonoids43. Flavonoids
are natural antioxidants that occur in fruits, vegetables
flowers and seeds which are very important in human diet#4.
Flavonoids have high antioxidant and anti- free radical
effects#546. They have the ability to reduce free radical
formation and to scavenge free radicals from blood, thereby
preventing cell injury#47.

CONCLUSION

This present study shows that carbon tetrachloride induced
liver injury; however, administration of hydroalcoholic
extract of Nigella sativa ameliorated the effects, thereby
offering significant protection. Thus data provides a
scientific proof that extract of Nigella sativa could be of
health benefits
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