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Abstract
The study was designed to investigate the potential of oil extracts of clove (Syzygium aromaticum) to induce
oxidative stress and hepatotoxicity in Wistar rats. The ameliorative effect due to co-administration with green
tea, Camellia sinensis was also determined. Adult W istar rats were exposed via oral gavage to one of the
following: mineral oil (negative control), 5% green tea (GT), 12.5 mg/kg/day chlorpyrifos (CHL, positive
control), 360 mg/kg/day clove oil (CO), green tea + chlorpyrifos (GT + CHL) and green tea + clove oil (GT
+ CO). Experimental treatment lasted three weeks, after which the animals were sacrificed and the following
indices of oxidative stress and hepatotoxicity were determined in the plasma: levels of reduced glutathione
(GSH), activities of catalase, glutathione peroxidase (GPx), aspartate amino transferase (AST), alanine
amino transferase (ALT), and alkaline phosphatase (ALP). There was a significant decrease in plasma levels
of GSH in the chlorpyrifos and S. aromaticum treated groups compared to the control rats. The activities
of AST and ALT were higher in the chlorpyrifos and S. aromaticum treated groups compared to the control,
however these data were only significant in the chlorpyrifos treated group. The activities of GPx, catalase
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and ALP did not differ significantly among the groups. The co-administration with C. sinensis resulted in less
depletion of GSH as well as reduced levels of plasma AST and ALT. Overall, the results of this study show
that the co-administration with C. sinensis has the potential to ameliorate the clove- induced oxidative stress
and hepatotoxicity in rats.

Introduction
Clove (Syzygium aromaticum) is one of the most
valuable plants widely used as food preservative and
for many medicinal purposes including antimicrobial,
a nt i -i nf l am m at o r y, a nt i ox i da nt an d a n ti c a n c e r
activities (1). The major constituent of clove includes
phenolic compounds (eugenol acetate, gallic acid,
beta-caryophyllene, vanillin and eugenol) which
possess cosmetic, pharmaceutical, food and
agricultural applications (2). Although, there are
reports on the antioxidant property of eugenol (3, 4),
however at high concentrations, eugenol could be a
prooxidant, thereby leading to cytotoxicity, reactive
oxygen species (ROS) production, and alteration of
intracellular glutathione levels (5). Recently, studies
have shown that extracts and derivatives of S.
aromaticum were toxic to certain insect pests and
microcrustaceans (6-8) while data on the toxic effect
on mammals are not common. The pesticidal property
of S. aromaticum has made it an effective and
ef f i c i en t alt er na ti ve to c on ve nt io nal s yn th et ic
pesticides which are less environmentally friendly.
However, since there is the possibility of residual
accumulation on crops and food items, studies
focusing on toxicity of S. aromaticum on mammalian
models are imperative.
Green tea (Camellia sinensis) is probably the most
widely drunk beverage all over the world, with
estimated consumption of over 3 billion cups per
day (9, 10). Several beneficial health claims have
been attributed to the consumption of green tea
amongst many others including the improvement of
asthenia, diarrhea, bronchitis, asthma, hyperlipidemia,
cellulitis, and abscesses as well as weight reduction
(11, 12). Some other studies have also shown that
green tea consumption is associated with a reduced
r is k of c ardiovas c ular dis eas es , degenerative
diseases, and cancer (13, 14). The potential health

benefits associated with green tea consumption have
been partially attributed to the antioxidative properties
of polyphenols which include (-)- epigallocatechin-3gallate (EGCG), (-)-epicatechin-3-gallate (ECG),
(+)-gallocatechin (GC), (-)-epicatechin (EC),
gallocatechingallate (GCG) and catechin (15, 16).
Notwithstanding the aforementioned health benefits
linked to consumption of green tea, there are reports
of green tea resulting in liver damage when consumed
at higher quantity (16, 17).
From the foregoing, studies focusing on evaluation
of toxic effect of S. aromaticum should be encouraged
especially using mammalian models. This present
study is therefore designed to investigate the
potential toxic effects of essential oil obtained from
S. aromaticum using various indices like levels of
reduced GSH, catalase and GPx enzymes activities
(oxidative stress), and the plasma levels of enzymes
such as AST, ALT, and ALP (hepatotoxicity), and
also to investigate the protective role of the green
tea, C. sinensis on S. aromaticum induced toxicity
in W istar rats.

Materials and Methods
Extraction of essential oils from S. aromaticum

Essential oil was extracted from clove flower buds
following the procedures of Ileke and Ogungbite (18).
Briefly, dried flower buds of S. aromaticum were
obtained from a local market within Akure metropolis,
and grinded using a blender. Acetone extracts of S.
aromaticum were obtained using cold extraction
method. This was done by soaking 100 g of the
powder in an extraction bottle containing 300 ml of
acetone. The mixture was stirred occasionally with
a glass rod and extraction was terminated after 72
hours. The extract was filtered through Whatman filter
paper (pore size; 0.7 microns). The extraction solvent
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was evaporated using a rotary evaporator set at 56 oC.
The resulting extract was air dried in order to remove
traces of solvent.
Experimental animals

Adult male W istar rats weighing approximately 200
g were obtained from a commercial farm within Akure
m etropolis, and were placed individually in
polypropylene cages, with laboratory grade pine
shavings as bedding. Rats were allowed to
acclimatize to experimental room conditions for two
weeks prior to commencement of experiments. Rats
were fed with rat chow and tap water ad libitum,
throughout the period of experiment.
Experimental Design

The animals were randomly allocated into six groups
(5 = 5 per group), and were exposed through oral
gavage to one of the following treatments; oil (vehicle
for extracted clove oil, thus serving as negative
c ontrol), 5% gr een tea ( G T ) , 12.5 m g/k g/day
chlorpyrifos (CHL, positive control), 360 mg/kg/day
extracted clove oil (CO), green tea + chlorpyrifos
(GT + CHL) and green tea + extracted clove oil (GT
+ CO). Experimental treatment was done every day
and lasted for three weeks. At the end of the third
week of treatment, animals were sacrificed using
cervical dislocation, and the blood was collected into
anticoagulant bottles. The following indices of
oxidative stress and hepatotoxicity were determined
in the plasma: levels of reduced glutathione (GSH),
activities of catalase, glutathione peroxidase (GPx),
aspartate amino transferase (AST), alanine amino
transferase (ALT), and alkaline phosphatase (ALP).
The green tea, Camellia sinensis used in the study
was purchased as a processed product from a
commercial store in Akure, Nigeria. Experimental
animals were treated and sacrificed following the
approved guidelines for the use of animals by the
Federal University of Technology, Akure, Nigeria.
Determination of GSH, GPx and Catalase activity in the
plasma

T h e le ve l of r ed uc ed G SH i n th e bl oo d wa s
determ ined spectrophotometrically following the
methods of Ellman (19) using 5-52 -dithio-bis(2nitrobenzoicacid(DTNB) as the substrate. GSH levels
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were expressed as µM GSH/ml. GPx activity was
determined by the method of Paglia and Valentine
(20). The principle of determination is based on the
decrease in absorbance of NADPH at 340 nm, and
the activity was expressed as mmol NADPH/min/ml
while catalase activity was determined following the
procedures of Aebi (21), the principle being the rate
of H 2 O 2 and its activity was expressed as rate
constant of H 2O 2 decomposition (k) per ml.
Determination of plasma activity levels of AST, ALT and
AL P

The plasma activity levels of AST, ALT and ALP was
determined using RANDOX® diagnostics kits (Randox
L a b or a t o r i es L t d , C r u m l i n , U K ) f ol l o wi n g t h e
manufacturer’s instruction. The activities of the
enzymes were expressed as Units/ml.
Statistical analyses

The plasma GSH levels, catalase, GPx, AST, ALT
and ALP activities data were subjected to one-way
analysis of variance test, so as to determine the
difference among the different treatment groups.
T u k e y’ s m u l t i p l e c o m p a r i s o n t e s t s wa s l a t e r
performed in circumstances of significant difference.
Statistical analyses were performed using GraphPad
Prism 5.0 software (GraphPad Software Inc., La Jolla,
CA). For reporting purposes, data were expressed
as m ean± SE, and s tatistic al s ignific anc e was
assumed at p0.05.

Results
Plasma levels of GSH, GPx and catalase activities

The results of levels of GSH, GPx and catalase
ac ti vities are p res ente d in F igs . 1 , 2, a nd 3
respectively. There was a significant difference in
the levels of GSH among the groups (p=0.0031). The
rats that were treated with the extracted clove oil
and chlorpyrifos had significant lower levels of GSH
in comparison to the oil and green tea treated groups.
There was no significant difference between the
mixture groups (GT + CO & GT + CHL) and the oiltreated control group and the green tea treated group.
The plasma GPx and catalase activities did not differ
significantly among the groups (p=0.2671 and 0.5112
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Fig. 3 : Catalase activity (rate of H 2 O 2 decomposition (k)/ml)
in the plasm a of W istar rats. Each point is the
mean±standard error (n=5). Bars with different letters
are significantly different in pairwise comparison.
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Fig. 1 : GSH levels (µM GSH/ ml) in the plasma of Wistar
rats. Each point is the mean±standard error (n=5).
Bars with different letters are significantly different
in pairwise comparison.

10

0

G
T+
C
H
L
G
T+
CO

C
O

C
HL

T
G

O

IL

0

a

2

40

a

20

a

a

a

a

for GPx and catalase respectively). There was
preponderance for decreased GPx activity in the
groups that were treated with chlorpyrifos, clove oil
and the mixture of green tea and chlorpyrifos but
this trend was not statistically significant.
Plasma AST, ALT and ALP activities

The plasma activity levels of AST, ALT and ALP are
shown in Figs. 4, 5 and 6 respectively. There were
significant differences in the activities of AST and
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Fig. 2 : GPx activity (mmol NADPH/min/ml) in the plasma of
W istar rats. Each point is the mean±standard error
(n=5). Bars with different letters are significantly
different in pairwise comparison.
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Fig. 4 : AST activity (units/ml) in the plasma of Wistar rats.
Each point is the mean±standard error (n=5). Bars
with different letters are significantly different in
pairwise comparison.

ALT among the groups (p=0.0012 and 0.0358; AST
and ALT respectively). Wistar rats administered with
chlorpyrifos had significantly higher activities of AST
and ALT compared to other groups in which the
activities of AST and ALT were statistically the same.
Also, pairwise comparison between the groups
t r e a t e d w i t h c h l o r p yr i f o s a n d t h e m i x t u r e o f
chlorpyrifos and green tea indicated a significant
reduction in the activities of AST and ALT. The
activity of ALP did not differ significantly among the
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Fig. 5 : ALT activity (units/ml) in the plasma of Wistar rats.
Each point is the mean±standard error (n=5). Bars
with different letters are significantly different in
pairwise comparison.
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Fig. 6 : ALP activity (units/ml) in the plasma of Wistar rats.
Each point is the mean±standard error (n=5). Bars
with different letters are significantly different in
pairwise comparison.

groups (p=0.1496). The groups that were treated with
chlorpyrifos and extracted clove oil appeared to have
higher ALP activities compared to the other groups
a l th o u g h t h i s di f f e r e n c e wa s n ot s t a ti s t i c al l y
significant.

Discussion
The cellular levels of reduced glutathione have been
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widely used as a biomarker of oxidative stress in
animals. As a defense mechanism against oxidative
stress, glutathione in its reduced state donates its
thiol group to the reactive oxygen species, thus
neutralizing them, and consequently leading to
depletion of the cellular level of reduced glutathione
(22). The significant reduction in the levels of reduced
glutathione in the rats that were treated with clove
oil and chlorpyrifos was an indication of GSH
depletion in response to oxidative stress. Previous
studies have shown that the exposure of animals to
certain organophosphate pesticides resulted in
depleted level of reduced glutathione (23, 24).
The activity levels of antioxidant enzymes such as
catalase and glutathione peroxidase has often being
em ployed as biom arkers of oxidative stress in
animals. Catalase acts to detoxify hydrogen peroxide
by converting it to water and molecular oxygen while
glutathione peroxidase in addition to its role in
detoxifying hydrogen peroxide also converts lipids
hydroperoxides to their corresponding alcohols. In
the present study there was no significant difference
in the activity levels of both catalase and glutathione
peroxidase among the treatment groups. The lack of
difference in activity of the two enzymes measured
i n th i s s t u dy, n o t wi t h s t a n di n g t h e s i g n i f ic a n t
difference in the levels of reduced glutathione could
be wrongly interpreted to mean lack of oxidative
stress due to treatment with clove oil or the known
toxic chlorpyrifos. This suggests the need to employ
multiple biomarkers when studying the toxic effects
of certain substances on animals. The results of
this study therefore demonstrated that the treatment
of W istar rats with clove oil has the tendency to
cause oxidative stress. The result is in tandem with
the findings of Cortes-Rojas et al (1). which reported
that eugenol, the major constituent of clove, acts as
an antioxidant at low concentrations (5-10 µmol/ L)
but could serve as a prooxidant at a high
concentration (500 µmol/L) resulting in increased
production of reactive oxygen species.
The liver has been shown to be the centre of assault
to numerous toxic substances in the body showing
various abnorm alities lik e degeneration of
hepatocytes, infiltration with inflammatory cells,
vacoulation of cells, hypertrophy etc. (24, 25). Also,
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the biochemical quantification of activities of liver
enzymes such as AST and ALT has been used as
biomarkers of liver damage (26, 27). A high level of
these enzymes in the blood is an indication of injury
to the liver (28). The present data showed that the
treatment of W istar rats with chlorpyrifos caused
significant damage to the liver cells with little support
for S. aromaticum induced hepatotoxicity. Previous
studies have actually shown that chlorpyrifos is
hepatotoxic (29, 30). Although, the data from the
present study do not find significant hepatotoxic
effect due to clove oil administration, however few
studies have shown that clove oil was hepatotoxic to
rodents and man (31, 32).
The green tea, Camellia sinensis has been reported
to be of significant health importance to man and
other animals (13, 14). In this study, rats that were
co-administered with clove oil and green tea, there
was approximately 28% less GSH depletion while
the AST and ALT levels were reduced by
approximately 33 and 17% respectively. Similarly, in
rats that were co-administered with chlorpyrifos and
green tea, the depletion of GSH was less by 25%
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while the inhibition of glutathione peroxidase was
reduced by alm ost 97%. The plasma levels of
AST and ALT were reduced approxim ately 56
a n d 5 7 % r e s p e c t i v e l y. T h e f i n d i n g s w e r e i n
agreement with the data from other studies that have
reported the potential for C. sinensis to have anti
oxidative and anti hepatotoxic effects in animals (33,
34). The antioxidant and hepatoprotective
property of green tea may be due to the presence of
catechin and (-)- epigallocatechin-3-gallate (EGCG)
(15, 35).
In conclusion, we show in this study that the
administration of S. aromaticum and chlorpyrifos
to W istar rats resulted in oxidative stress evidenced
by decreased level of plasma GSH and decreased
activity of glutathione peroxidase. The relative high
level of liver enzymes in the plasma is also an
indication that extracted oil of S. aromaticum and
chlorpyrifos could cause liver dam age in rats.
Overall, the results of this study provide minimal
support for protective ability of C. sinensis against
S. aromaticum induced oxidative stress and
hepatotoxicity in rat.
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