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Abstract

The liver performs many vital functions to eliminate toxins and harmful substances from the body.
Hepatotoxic agents can react with basic cellular components and consequently induce almost all types
of liver lesions. This study aimed to investigate the possible hepatoprotective role of sesame oil against
permethrin-induced hepatotoxicity in adult male Wistar rats from the histological and biochemical
perspectives. In this study, forty adult male Wistar rats were used. They were grouped into four groups:
the control group, the permethrin-treated group, which received feeds mixed with feed (1000 mg/kg
permethrin), the sesame oil group, which received (5 ml/kg body wt), and the permethrin + sesame oil
group. This treatment was done for 4 weeks, after which the rats were euthanized, the liver harvested,
weighed, and either homogenized for biochemical studies or fixed in 10% formalin for histological
analysis. The findings revealed notable microarchitectural changes in permethrin-treated animals,
elevated liver enzymes, and depletion of oxidative markers. These changes were mitigated by sesame
oil supplementation to a good extent. The study suggests that sesame oil supplementation has
hepatoprotective effects against permethrin-induced hepatotoxicity.
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INTRODUCTION

The use of insecticides is common in many
homes to Kill various kinds of insects. They are
toxic substances that can affect human health
when exposed to them. Pyrethroids are synthetic
derivatives of natural pyrethrins from the plant
Chyrsanthemum cinerariaefoliun®. Pyrethroid
insecticides demonstrate a selective toxicity
towards insects and are mainly used for
mosquito eradication and pest control 2. They are
divided into type | and type Il, depending on the
structure of the compound, its action, and
symptoms . Type | pyrethroids can cause
hyperexcitation, ataxia, and paralysis, while
type Il pyrethroids provoke hypersensitivity,
salivation, and choreoathetosis*®. Permethrin is
a synthetic type | pyrethroid widely used in the
textile industry, agriculture, and public health®.
The main mechanism of permethrin action is
through interference with sodium channels,
receptor-ionophore complexes, and
neurotransmitters’. Some studies have reported
that permethrin increases the risk of toxicity,
such as neurotoxicity, genotoxicity, fetotoxicity,
cytotoxicity, and  hepatotoxicity’.  The
generation of reactive oxygen species (ROS)
and nitrogen species (RNS) is one of the possible
mechanisms responsible for permethrin toxicity
through oxidative stress injury, suppression of
the antioxidant defense system, and damage to
biomolecules such as lipids, proteins, and
DNAZ. The liver is the main site of permethrin
metabolism and the major target of greater
accumulation of metabolites®. These
perturbations could alter the structure and
function of the biological cell. In fact, a direct
association between mitochondrial dysfunction
and permethrin toxicity has been demonstrated®.
Based on clinical and animal evidence in vitro
and in vivo, inhibitory effects have been
described for Ca?* channels, ATPases, and
complex activities!® ',  These mitochondrial
alterations may be crucial in many aspects of
permethrin hepatotoxicity.

Natural herbal products have been used in
traditional medicine in the management of a
variety of diseases, including liver pathology*2.
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Sesame oil, which is an edible oil obtained from
the seeds of the sesame plant Sesamum spp,
consists mainly of acyl lipids (triacyglycerols)
and fatty acids such as palmitic, stearic, oleic
acid, and alpha linoleic acids, and is now
recognized as a functional food due to its various
health benefits. For instance, alpha linoleic acid
is well known for its anti-inflammatory
activities, which are believed to be mediated by
its ability to interfere with arachidonic acid
metabolism, thereby inhibiting the biosynthesis
of pro-inflammatory prostaglandins®3.

The non-acyl component of sesame oil
constitutes a much lesser fraction and is made up
primarily of two major lignans, sesamin and
sesamolin, along with small amounts of other
phenolic compounds such as sesaminol,
sesamolinol, pinoresinol, and lariciresinol,
which are reportedly responsible for the
antioxidant activity of sesame seed oil**. In
addition to these bioactive compounds, sesame
oil is also a rich source of total tocopherols and
small amounts of tocopherols®®. Various health-
promoting effects, such as antioxidant,
antihypertensive, antiproliferative, and
hepatoprotective activities, have been associated
with sesame seed oil, and these are thought to
emanate  from its bioactive  chemical
constituents, especially  sesamin and
sesamolin’®. The present study explored the
potential of sesame seed oil in protecting the
liver architecture and chemistry against
cytotoxicity occasioned by exposure of Wistar
rats to permethrin.

MATERIALS AND METHODS

Animal use and care

The study was approved by the University
Ethical Review Committee. A total of 40 adult
male Wistar rats weighing between 148 and 200
g were used for this study. The study was
conducted in the Animal House of the
Department of Anatomy, College of Health
Sciences, University of llorin, Nigeria. The
animals were allowed to acclimatize for two
weeks before the commencement of the study,
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and they had access to feed and water under
optimum conditions.

Treatment of animals

Rambo insect powder (Rambo® Gongoni Co.
Ltd, Kano, Nigeria) containing 0.6% permethrin
and 99.4% inert carriers was procured and used
for this study. The rats were divided into four
groups (A-D), each consisting of 10 rats. Group
A received standard rat diet; Group B received
standard rat diet mixed with permethrin
insecticide (1000 mg/kg) ¥-*%; Group C received
5 ml/kg of sesame seed 0il® via an oral cannula,
and Group D received both sesame seed oil (5
ml/kg) and permethrin insecticide (1000 mg/kg).
Treatment was carried out for 28 days.

Termination of treatment

Following the completion of treatment, the rats
were anesthetized using a ketamine injection.
An incision was then made from the abdomen to
the thorax, after which a butterfly needle was
inserted into the apex of the heart, and
transcardial perfusion with normal saline
occurred for 2 minutes, after which a solution of
10% formalin was also passed through
transcardial perfusion for 3 minutes. The liver
was thereafter removed and placed in fixative.
However, the liver tissues for biochemical
studies were obtained from rats that were
sacrificed by cervical dislocation to avoid any
possible chemical interaction with the anesthetic
agent.

Tissue processing for histological
demonstration

The liver tissue was placed in a cassette and
preserved in a solution of 10% formalin to
prevent dehydration and decomposition before
being subjected to routine processing, which
included dehydration, clearing, infiltration,
embedding, sectioning, and staining. The tissues
were dehydrated by immersion in ascending
grades of alcohol concentration (70% ethanol,
90% ethanol, and 100% ethanol). This was done
to remove water and fixatives from the tissue.
After dehydration, the tissues were cleared in
two changes of xylene to replace the alcohol
because it is miscible with both alcohol and
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paraffin wax. Tissues were infiltrated with
melted paraffin wax at 60°c using a thermo-
regulated oven. The tissue was then placed in
blocks, embedded in paraffin wax, and allowed
to cool. Embedded tissues were sectioned at 5
pm to obtain tissue sections, using a microtome,
and then stained with Hematoxylin and Eosin
(H&E) stain.

Biochemical analysis

Liver tissues for biochemical studies were
prepared using cold 30% sucrose. These were
homogenized using a homogenizer, and the
homogenates were emptied into a 5 ml plain
specimen bottle, which was then centrifuged at
3000 revolutions per minute for 5 minutes. The
supernatants were used for biochemical analysis
of oxidative markers (superoxide dismutase,
glutathione peroxidase, and malondialdehyde)
and liver enzymes (alkaline phosphatase and
alanine aminotransferase) using appropriate
biochemical  kits and  according to
manufacturers’ guidelines.

Data analysis

The quantitative data obtained were subjected to
statistical analysis, expressed as mean =+
standard error of mean (mean + SEM). Means
were compared by analysis of variance
(ANOVA). A p-value of <0.05 was considered
statistically significant in all cases. The software
package GraphPad Prism was used for the
analysis and graphical representation of data.

RESULTS

Rats exposed to a permethrin diet had the lowest
body weight gain, followed by rats that received
co-administration of permethrin and sesame
seed oil, compared to the other groups.
Administration of sesame seed oil only led to an
increase in body weight gain, though not as high
as the control group (Table 1).

Table 1: Body and liver weight changes

GROUP INITIAL FINAL WEIGHT
WEIGHT WEIGHT DIFFERENCE
@ @ @

Control 158+10.09 207.6+£12.02  49.6+8.63

Permethrin ~ 163+10.42 184+12.48 24.2+7.33

Sesame 169.6+8.84 199+13.51 41.448.74

seed oil

183 |Page



!Adisa, Faridah Ololade, 2Abdulkadir, Hawau Olaide, *Imam, Abubakar Lekan, *Jaji-Sulaimon, Rukayat,

*Omotoso, Gabriel Olaiya

Permethrin  165.8+11.61  188.8+13.88
+ sesame

seed oil

27.0£8.77

Biochemical analysis

Changes in enzymatic markers of liver
pathology

The activity of alkaline phosphatase (ALP) and
alanine transaminase (ALT) was elevated in the
liver of rats that received a permethrin diet only
when compared with the Control. The level of
ALP in rats treated with SSO only was higher
than that of the Control but lower than that of the
permethrin only group. Co-administration of
permethrin and SSO led to a reduction in ALP,
though higher than in rats that received SSO
without exposure to permethrin (Figure 1).
There were no significant changes in the liver
levels of ALT in rats treated with SSO or a
combination of permethrin and SSO compared
with the Control, though the levels were lower
than in the rats that consumed the permethrin
diet only (Figure 1).

Alkaline phosphatase Alanine transaminase

80 150
60-
1004
3w :
504
204
0~ 0
o & & & Y
o06 o{é\ #’6‘ u"‘ & & ~°‘p o’e‘.
LA A CA A
¢ & ¢ &
¢ ¢
Groups Groups

Figure 1: Increase in the levels of alkaline
phosphatase and alanine transaminase in the
liver of rats exposed to permethrin when
compared with the Control and other groups.

Sesame seed oil improves oxidative stress
markers and reduces lipid peroxidation.

Permethrin exposure led to depletion in the liver
level of enzymatic oxidative markers-
superoxide dismutase (SOD) and glutathione
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peroxidase (GPx), compared with the Control
and other groups (Figure 2). The level of SOD
in the liver of rats administered with sesame seed
oil (SSO) was higher than that of the control,
while rats that received both SSO and
permethrin had an SOD level that was higher
than the permethrin-only group. Rats that
received SSO either singly or in combination
with permethrin had the highest levels of GPx.
The level of malondialdehyde, a marker for lipid
peroxidation, was highest in the liver of
permethrin-treated rats, while the level was
lowest in SSO-treated rats compared with the
Control and the rats that received a combination
of permethrin and SSO (Figure 2).
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Figure 2: Reduction in the levels of superoxide
dismutase, glutathione peroxidase, and an
increase in malondialdehyde in the liver of rats
exposed to permethrin when compared with the
Control.

Histological observation

The cellular assortment and regions of the liver
in control and sesame seed oil were normal, with
large hepatocytes and deeply stained nuclei. The
cellular assortment and regions of the liver in the
group that received permethrin showed ruptured
central vein and portal vein with intrusion of bile
contents, inflamed sinusoids, and hepatocytes
that appeared necrotic and inflamed.
Intervention with sesame seed oil preserved the
histoarchitecture of the liver following
permethrin hepatotoxicity, as the
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photomicrographs of this group present similar
features to those of the control groups (Figure 3).

25
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Figure 3: Photomicrographs of the liver of
Wistar rats of Control (CON) and experimental
groups treated with permethrin diet (PERM),
sesame seed oil (SSO) and combination of
permethrin  diet and sesame seed oil
(PERM+SSO0), showing normal hepatocytes
with deeply stained nucleus in the control and
SSO groups (blue arrows), ruptured central
vein, inflamed sinusoids (blue arrows) and
necrotic and inflamed hepatocytes in PERM
group (red arrows), and fairly preserved liver
histoarchitecture in the PERM+SSO. Low
(x100) and high (x400) magnification stained
with H&E.

DISCUSSION

The results of this study showed significant
differences in the body weights and biochemical
markers in the Wistar rats exposed to
permethrin, those co-treated with permethrin
and sesame oil, and the control group. It was
observed that permethrin caused weight loss in
the rats due to its disruption of the nervous
system, leading to increased metabolic rate and
reduced food intake, potentially caused by
hyperactivity, tremors, and altered feeding
behavior, which are common signs of pyrethroid
toxicity in animals. However, permethrin caused
enlargement of the liver by disrupting lipid
metabolism within the liver, leading to fat
accumulation and hepatomegaly due to its
effects on cellular processes like increased
microsomal  activity and altered gene
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expression, particularly at high doses or
prolonged exposure®.

Superoxide dismutase (SOD) is an enzyme that
plays a critical role in the detoxification of
superoxide radicals, which are a type of reactive
oxygen species generated during oxidative
stress?.

Permethrin induces oxidative stress in the liver,
as noted in this study. The elevated levels of
reactive oxygen species can overwhelm the
antioxidant defense system, thereby leading to a
redox imbalance in the system. As a result, the
activity of SOD may become impaired, leading
to inadequate removal of superoxide radicals.
This impairment can further contribute to
cellular damage, inflammation, and ultimately,
liver dysfunction. Moreover, the induction of
toxic stress of permethrin can cause alterations
in the expression levels of SOD. It is known that
exposure to toxic substances can either
upregulate or downregulate the expression of
SOD depending on the severity of the oxidative
stress and the cellular context. Sesame seed oil
was revealed in this study to be a potent
antioxidant and particularly against permethrin-
induced hepatotoxicity. This suggests that
sesame seed oil has a protective effect and can
help maintain normal enzyme activity in the
liver.

Glutathione peroxidase (GPx) is an important
antioxidant enzyme that helps protect cells from
oxidative stress by catalyzing the reduction of
hydrogen peroxide and organic peroxides®?. It
utilizes glutathione, a powerful antioxidant, as a
substrate to neutralize these harmful substances,
thereby preventing cellular damage. GPx is a
vital enzyme for protecting against oxidative
stress, and its levels can serve as an indicator of
liver health in the context of toxic exposure. The
current study showed that permethrin decreased
GPx levels, which may indicate that the ability
of the liver to combat oxidative damage was
compromised, and this would lead to increased
vulnerability to cellular injury. The rats treated
with sesame seed oil alone showed a noticeable
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increase in glutathione peroxidase levels,
suggesting also that sesame seed oil has a
positive effect of boosting antioxidant levels in
the rats, while the rats treated with both
permethrin and sesame seed oil exhibited the
highest levels of glutathione peroxidase,
indicating that sesame seed oil mitigates the
negative effects of permethrin and enhances
antioxidant enzyme production. Monitoring
GPx levels can provide insights into the
oxidative stress status of the liver following
permethrin exposure.

Malondialdehyde (MDA) is a key biomarker for
lipid peroxidation and oxidative stress, making
it a relevant focus when discussing the effects of
permethrin on the liver. When permethrin is
metabolized in the liver, it can lead to the
generation of reactive oxygen species, which in
turn can initiate lipid peroxidation. This process
results in the breakdown of polyunsaturated
fatty acids in cell membranes, leading to the
formation of MDAZ, Elevated levels of MDA in
liver tissues indicate increased oxidative damage
and stress. When the liver is exposed to
permethrin, the accumulation of MDA can be a
sign of compromised cellular integrity and
function. The presence of MDA not only reflects
the extent of oxidative damage but can also
contribute to further cellular dysfunction by
affecting signaling pathways and promoting
inflammation. A very high level of MDA was
observed in this study in the liver of rats exposed
to permethrin. This significant increase suggests
that permethrin exposure is linked to higher
levels of lipid peroxidation, further emphasizing
oxidative stress associated with permethrin
toxicity. As noted earlier in other enzyme
markers, the use of sesame seed oil remarkably
reduced lipid peroxidation, as we observed a
very low level of MDA in this group of rats. The
levels of MDA in the control, rats treated with
SSO only, and permethrin-exposed rats that
received SSO intervention were around the same
range. This observation highlights the potential
benefits of sesame seed oil in reducing lipid
peroxidation and oxidative stress induced by
permethrin.
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Alkaline phosphatase (ALP) is an enzyme found
in various tissues throughout the body, with
particularly high concentrations in the liver, bile
ducts, and bones. It plays a crucial role in
dephosphorylation, which is important for
various biological processes, including bone
mineralization and liver function?. When the
liver is exposed to toxins such as permethrin, it
can lead to cholestasis, which is a condition
where bile flow is impaired. This impairment
can result in an increase in ALP levels in the
bloodstream. Elevated ALP levels often indicate
liver dysfunction or biliary obstruction, as the
enzyme is released into the circulation when bile
ducts are damaged or blocked.

In the context of permethrin exposure,
monitoring ALP levels can provide valuable
information about liver health and the potential
for cholestatic injury®. If ALP levels are
elevated, it suggests that the liver is under stress,
and there may be issues related to bile flow or
liver cell integrity. ALP serves as an important
marker for liver and biliary health, and its
elevation in response to permethrin exposure
can indicate liver dysfunction and cholestatic
conditions. Elevated ALP levels, as observed in
this experiment, indicate liver dysfunction or
biliary obstruction due to permethrin exposure,
reflecting cholestatic injury, which was
mitigated by the administration of sesame seed
oil.

Alanine aminotransferase (ALT) is an enzyme
primarily found in the liver. It plays a key role in
amino acid metabolism, specifically in the
conversion of alanine and alpha-ketoglutarate to
pyruvate and glutamate®®. ALT is considered a
marker for liver function because it is released
into the bloodstream when liver cells are
damaged. When the liver is exposed to toxins
like permethrin, it can lead to hepatocellular
injury, which results in elevated ALT levels in
the blood. High ALT levels are often indicative
of liver inflammation or damage, making it a
crucial parameter in assessing liver function and
health. Monitoring ALT levels can help
determine the extent and progression of liver
injury. In the current study, the control group
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had the lowest levels of ALT, indicating the
baseline level of the enzyme, while the rats that
received permethrin alone had the highest level
of the enzyme in the liver, which is a pointer
towards hepatocellular injury. Only a slight
difference existed among the remaining groups,
yet lower than that of the permethrin-treated rats,
suggesting that sesame seed oil has a notable
effect in reducing the activity of ALT.

The cellular assortment and regions of the liver
in control and sesame seed oil were normal, with
large hepatocytes and deeply stained nuclei. The
cellular assortment and regions of the liver in the
group that received permethrin showed ruptured
central vein and portal vein with intrusion of bile
contents, inflamed sinusoids, and hepatocytes
that appeared necrotic and inflamed.
Intervention with sesame seed oil preserved the
histoarchitecture of the liver following
permethrin. Histopathological changes in the
liver following the permethrin diet revealed
varying degrees of abnormalities, disruptions,
and degenerations, which potentially are
detrimental to the normal functioning of the
liver. Permethrin affects both the cellular
components and the biliary system, hence the
possibility of hepatocellular and cholestatic
injury. Previous studies demonstrated that
pyrethroids affect the energy coupling by
mitochondria, where a  dose-dependent
inhibition of glutamate and succinate sustained
state 3 respiration, a condition that causes
disturbance in hepatic cell function and
consequently hepatic histopathological
changes?’.

Conclusion

Permethrin is hepatotoxic, predisposing the liver
to both hepatocellular and cholestatic
derangements. The use of sesame seed oil
mitigates permethrin-induced oxidative stress,
histochemical and morphological abnormalities,
making sesame seed a promising substance to
explore in the management of liver cytotoxicity.
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