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Introduction: Nonalcoholic fatty liver disease (NAFLD) is the most prevalent disease due to a dramatic change in dietary habits,
especially an increase in consumption of fat and carbohydrates in deep-fried foods.
Objective: The objective was to evaluate the effect of hydromethanolic seed extract of Lepidium sativum on deep-fried palm oil diet
induced NAFLDon male mice.
Methods: An experimental study design was conducted. Twenty-four male mice aged 8 to 10 weeks, weighing 32–42 g were divided
into four groups. The four groups were divided into two controls and two treatments. Mice in normal control (C0) were administered
only with the basal diet whereas negative control (C1) provided only with the deep-fried palm oil diet. The treatment groups T1, and T2
were administered with deep-fried palm oil diet and HMSELS at dose of 200 and 400 mg/kg/day, respectively for 28 days. Then
on day 29, the mice were fasted overnight, anaesthetized and sacrificed by cervical dislocation after blood was taken by cardiac
puncture for liver function tests while liver tissues were taken for histopathology investigation.
Results: The serum ALTand total bilirubin showed significant decrement whereas the serum albumin levels showed significant increment
in T2 group. However, serumASTandALP levels were decreased significantly in both T1 and T2 groups. Besides, the T2 group liver sections
of mice were showed better effect of HMSELS on restoring the damaged liver histopathology almost toward normal.
Conclusion: The HMSELS at a dose of 400 mg/kg/day (T2) was more effective on the liver function tests and liver histopathology
that altered by feeding deep-fried palm oil diet. The good protective effect of HMSELS against deep-fried palm oil diet-induced
NAFLD might be due to its antioxidant content.
Keywords: Lepidium sativum, deep-fried, palm oil, NAFLD, mice

Introduction
The liver is one of the largest organs in the human body. It is an important site for intense metabolism and excretion.
Some of these include carbohydrate, protein and fat metabolism, detoxification, secretion of bile and storage of
vitamin.1,2 It is also involved with almost all the biochemical pathways to growth, fight against disease, nutrient supply,
energy provision and reproduction. Generally, it has a surprising role in the maintenance, performance, and homeostasis
of the body. This all makes it the first and most vulnerable organ to damage related to metabolism and intoxication as it is
the first organ to encounter toxins and highly reactive metabolites than any other organs in the body.3

Chronic liver disease is a major cause of morbidity and mortality throughout the world. NAFLD is one of the most
common examples of chronic liver injury.4 NAFLD is the presence of a significant (>5% of hepatocytes) fat accumula-
tion in the liver, in the absence of an unsafe quantity of alcohol consumption, and any other cause of liver diseases. In the
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last two decades, it has become the most emerging liver disease worldwide following the spread of a western lifestyle.5

The increasing incidence of NAFLD has been related to a dramatic change in dietary habits, notably an increase in
consumption of fat and simple carbohydrates.6

Rapidly increasing urbanization, mechanization and economic development of Africa and the world at large have
resulted in a dietary transition from a traditional to a modernized diet (food in which the quality has been affected).
Similarly, Ethiopia is also undergoing an epidemiologic transition mainly driven by demographic and lifestyle changes
that promotes enormous changes in diets. Notably, fried foods are gaining more popularity which in turn resulted in
extensive sales of a variety of fried foods and rapid expansion of deep frying practices.7–9

However, a major drawback is because the process of deep-frying often needs a large amount of oil people most often
keep the used frying oil for reuse to ensure cost-effectiveness. In addition to cost, the underlying reason is a low level of
awareness among the public about its negative effect on health.10

The palm oil, like other edible oil, undergoes various physical and chemical reactions during the deep-frying process.
A physical reaction involves formation of foam, increase in viscosity, darkening of color, and deterioration of flavor, which
affect the sensory qualities of fried foods. Chemical reactions include hydrolysis, isomerization, polymerization, and
oxidation.11,12 These results in the formation of increased harmful products such as, monoglycerides, diglycerides, free
fatty acids, trans fatty acids, triglyceride dimmer (TGD), triglyceride oligomer (TGO), peroxides, hydroperoxides, carbonyls,
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dimeric, and trimeric, which deposit in frying oils and are absorbed by the fried food. Many of these products are responsible
for inducing NAFLD and other advanced liver diseases. For example, trans fatty acids are able to increase lipid peroxidation,
and the lipid peroxides formed will damage the rough endoplasmic reticulum so that the synthesis of lipoprotein-forming
proteins is impaired. Low lipoprotein levels cause some of the fat in the liver to not bind to lipoproteins to be transported to
other parts of the body. The accumulation of fat in the liver causes fatty degeneration of the liver cells and NAFLD.13

NAFLD is associated with diabetes, obesity, and hyperlipidemia. Thus, it is considered to be the hepatic manifestation of
metabolic syndrome and its prevalence increase in parallel with the prevalence of obesity, diabetes, and other metabolic
syndrome. Besides, the trans fatty acids can also induce an increase in LDL levels which is the main parameters of
dyslipidemia that are in turn highly associated with NAFLD.14,15 Nowadays, because of the increased prevalence of metabolic
syndrome and obesity, NAFLD have expanded to a substantial extent. The prevalence of NAFLD in the US has risen from
18% in 1988–1991 to 31% in 2011–2012.14 However, conventional medical therapy for many common liver disorders,
including nonalcoholic fatty liver disease and viral hepatitis, has limited efficacy and potentially life-threatening side effects.15

Therefore, this increased the need to look for alternative methods of improving such health problems with fewer
adverse effects, be more cost effective, locally available, and easily consumable to provide better safety and efficacy.
Currently, the increased dependence on complementary and alternative medicine (CAM), especially herbal medicine, has
witnessed an upsurge of interest in developing and developed countries. In Ethiopia also about 80% of the human
population and 90% of livestock depend on herbal medicines.16–18

One of the most important herbal medicines is Lepidium sativum L. seed. In Ethiopia, the Lepidium sativum L. seed
traditionally used for treating skin problems, eye diseases, amoebic dysentery, abortion, asthma, intestinal complaints, gastritis,
ringworm, malaria, tonsillitis, and stomach ache.19,20 In addition, it is also used to treat hypertension, liver diseases, and jaundice.
Furthermore, its seed is one of the functional foods that contains ingredient such as saponin, flavonoids, alkaloids, terpenoids and
steroids which have antioxidant, antiatherosclerotic, and hepatoprotective capacity as supported by different literature.21,22

However, even though there is reported scientific data pertaining to Lepidium sativum seed effect in other countries
with different experimental designs such studies are lacking in our countries. Therefore, the aim of this study was to
evaluate the effect of HMSELS (collected from local markets) on male Swiss albino mice fed on deep-fried palm oil diet.

Materials and Methods
Study Setting and Study Design
The random posttest only control group design was performed from July 28 to August 27,2020 on male Swiss albino
mice at the Veterinary Medicine Postgraduate Laboratory of Jimma University.

Experimental Animals
The experimental animals used in this study were 24 male mice weighing 32–42 g and aged 8 to 10 weeks. Female mice
were excluded from the study because of their estrogen hormone that can affect the liver biochemical parameter levels.
All the mice were obtained from the Tropical and Infectious Disease Research Center (TIDRC), Sokoru, Jimma, South
Western Ethiopia. Accordingly, they were brought to Veterinary Medicine Postgraduate Laboratory and had free access to
standard mice pellets and distilled water in accordance with the National Institutes of Health (NIH) Guidelines for Care
and Use of Laboratory Animals.23 The mice were housed in a transparent plastic cage with dimensions of length 40 cm,
width 20 cm, height 15 cm and with SS sipper 250 mL water bottle at room temperature of 20–26°C, relative humidity of
40–50% and 12-h light/dark cycle.

Wood shavings were used as bedding and were replaced every morning after the cage was cleaned. The mice were
allowed to acclimatize to the laboratory environment for 14 days before being subjected to the experiments.

Animals Grouping and Dose Administration
Animal grouping and dose administration was conducted in Veterinary Medicine Postgraduate Laboratory, College of
Agriculture and Veterinary Medicine, Jimma University. The mice were divided randomly into four groups that contain
six in each cage. Each mouse in the given group was differentiated by a number on its tail in permanent marker. At the
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beginning of the experiment and then weekly, mouse body weight was measured by electronic balance to adjust the
HMSELS dose administration. Administration of extract dose was based on the methanolic extract of the Lepidium sativum
seed that was safe up to 2000 mg/kg.24 Then, based on these the initial dose was taken 10% (200 mg/kg/day) of the tested
safe dose (2000 mg/kg/day) and the second dose was taken by doubling of the initial dose 20% (400 mg/kg/day) according to
OCED guidelines to scale-up the HMSELS dose administration and administered per oral (PO) by gavage. The control group
was treated with distilled water to experience similar stress with other groups administered of either extract (for treatment
groups) or deep fried oil (negative control group) for 28 days of the entire experimental study period (as shown in Table 1).

Plant Material Collection and Preparation
Lepidium sativum L. seed was purchased from a local market, near Jimma University, Jimma, Ethiopia in April 2020. The
small amount of purchased seed was sown, and grown for the purpose of authentication. Then, the leaf part of the plant
was authenticated by a plant taxonomist at the National Herbarium of Addis Ababa University. The voucher number of
the plant (ET-01/2020) was given. The plant material preparation was conducted in the Organic Chemistry Postgraduate
Laboratory, Natural Science College, Jimma University. The seeds were winnowed, washed, shade dried and ground into
coarse seed powder using mortar and pestle. The coarse seed powder was weighed and then packed well in a clean plastic
container to avoid the entrance of air and other surrounding material until extracted.

Preparation of Plant Material Extract
The coarse seed powder (300 g) was extracted by maceration in 80% methanol (hydromethanol) for 72 h (three days) at
room temperature by shaking three times per day throughout the maceration time. The mixture was first filtered using
cotton wool and then with Whatman no. 1 filter paper. The filtrate was dried (methanol evaporated) by rotary evaporator
at 50°C and 90 rpm. Then, the filtrate was evaporated in thermostatic oven at 40°C to remove the remaining methanol.
The final gummy HMSELS was lyophilized, weighed, put in tight glass containers and kept in a refrigerator at 4°C until
it was used for further experimental purpose.

Percentage Yield of HMSELS
The amount of crude extracts which was obtained from 300 g coarse powder of Lepidium sativum L. seed was 37.92
g. Therefore, the percentage yield was calculated and given as:

% yield ¼
weight of the dried extract
weight of the seed powder

� 100 (1)

% yield ¼
37:92
300

� 100 ¼ 12:6% w=wð Þ (2)

Preliminary Phytochemical Screening
The preliminary phytochemical screening was conducted in the Organic Chemistry Postgraduate Laboratory, Natural
Science College, Jimma University. HMSELSS was used to screen the phytochemicals such as alkaloids, phenolic

Table 1 Animal Grouping

Groups Category Dose Administration

I Normal control (C0) Normal mice pellets + distilled water

II Negative control (C1) Deep-fried palm oil diet (DFPOD) + distilled water

III Treatment one (T1) DFPOD + 200 mg/kg HMSELS
IV Treatment two (T2) DFPOD + 400 mg/kg HMSELS

Abbreviations: C, control; T, treatment; DFPOD, deep-fried palm oil diet; HMSELS, hydromethanolic seed extract of Lepidium
sativum L.
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compounds, flavonoids, saponins, steroids, terpenoids, and quinones. The methods of screening employed were those
described by25,26 for the presence of various active components.

Preparation of Potato
The potatoes were purchased from the market, Jimma, South Western Ethiopia. The potatoes were prepared by the
principal investigator in collaboration with street food vendors. Potato was washed, peeled and cut into slices of uniform
size using a vegetable slicer. The sliced potatoes were kept in water, blotted with tissue paper and then, 500 g was
weighed for the frying process.

Preparation of Deep-fried Palm Oil
The preparation of deep-fried palm oil was carried out according to previously described methods13,28 with minor
modification based on information gathered from street food vendors around Jimma University, Jimma. Palm oil was
purchased from the market, Jimma, Ethiopia. Then, 2.5 L of fresh palm oil was added into a deep fat fryer and frying was
carried out at a temperature of 200°C (detected using cooking thermometer). A batch of 500 g raw sliced potatoes was
fried for 20 min and then the fried potato batch was removed from the fryer. Then the frying operation was carried out for
a new potato batch. The frying procedure was done once daily for five consecutive days. The same oil was used
repeatedly to fry the next batch of potatoes without adding any fresh palm oil to top up the lost oil during frying process.
At the end of the frying, the oil was taken out, filtered, kept in a bottle until used for animal diet preparation.

Animal Diet Preparation
Animal diet preparation was conducted in Veterinary Medicine Postgraduate Laboratory, College of Agriculture and
Veterinary Medicine, Jimma University. The animal diet was prepared by mixing deep-fried palm oil with normal mice
pellets to contain 15% deep-fried palm oil.

The normal mice pellet diet of 85% w/w was mixed manually with prepared deep-fried palm oil of 15% w/w. The
mixtures were left to absorb the fried oils at room temperature overnight before the feeding was conducted.28,29

Data Collection
The body weight of the mice was taken at the interval of a week to observe body weight change in all groups of animals
during the study period. At the end of the study period, mice in all groups were fasted overnight and anesthetized by 100 mg/
kg ketamine/12.5 mg/kg xylazine injection. The mice were euthanized by cervical dislocation following 2–2.5 mL of the
blood collection from each mouse through cardiac puncture. Then, the blood was collected with the serum separator tube
(SST) and left for 30 min at room temperature to clot. The serum was separated through centrifugation with speed of
3000 rpm at room temperature for 10 min, then, it was pipetted off using a micropipette and transferred into other clean
serum vials. Finally, the serum vials were put in the refrigerator until they were analyzed for the liver function tests.

Data Analysis
The data were entered to the Epi-Data version 3.1 and exported to statistical package for social science (SPSS) version 25
for analysis after it was checked and cleaned. The results were expressed as mean ±SEM. One-way ANOVAwas done to
determine statistical differences among all groups of the study. This was followed by Tukey's post hoc test using SPSS
software version 25 and (P<0.05) considered as statistically significant.

Ethical Considerations
The research was conducted after getting an ethical approval letter from the Jimma University Institutional Review Board
with reference No. IHRPGD/714/2020 and the support letter was written to the Tropical and Infectious Disease Research
Center, Chemistry, Veterinary Medicine, and Pathology Department from Biomedical Science Department. All experimental
activities were carried out following the ethics of experimental animal which comply with scientific and ethical guidelines.
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Results
Preliminary Phytochemical Screening
The preliminary phytochemical screening of HMSELS was revealed the status of phytochemical constituents such as
alkaloid, flavonoid, phenol, steroid, saponin, and quinone as shown in (Table 2).

Effect of HMSELS on Body Weight Change
Group II showed nonsignificant decrement in body weight at the end of day seven but started to increase in the
remaining days, 14, 21, and 28 days when compared to normal control Group I. Groups III and IV was showed
nonsignificant decrement in body weight on days 14, 21, and 28 when compared to Group II as shown in (Figure 1).

In the present study, the body weight change of Group II that were fed on the deep-fried palm oil diet was increased
nonsignificantly compared to Group I normal control. The body weight change of Groups III and IV were decreased
nonsignificantly compared to Group II that were fed on the deep-fried palm oil diet. As shown in Table 3, the absolute
liver weight and liver index of Group II increased significantly compared to level of Group I normal control group. The
Groups III and IV levels of absolute liver weight and liver index were decreased, but only Group IV was decreased
significantly compared to the levels of Group II that were fed on deep-fried palm oil diet only.

Effects of HMSELS on Liver Enzymes
As shown in Table 4, the Group II serum ALT, AST, and ALP levels increased significantly when compared to Group
I normal control. The Group III serum ALT level showed nonsignificant decrement when compared to Group II serum
ALT level. The Group IV serum ALT level decreased significantly when compared to Group II serum ALT level as
shown in Table 4. The Groups III and IV serum AST and ALP levels showed significant decrement, when compared to
Group II.

Effects of HMSELS on Albumin and Total Bilirubin
The Group II serum albumin level decreased significantly when compared to Group I normal control serum albumin
level. The Group III serum albumin level showed nonsignificant increment when compared to Group II serum albumin
level. The Group IV serum albumin levels were significantly increased when compared to Group II serum albumin level
as shown in Table 5. The Group II serum total bilirubin level showed significant increment when compared to the Group
I serum total bilirubin level. The Group IV serum total bilirubin levels showed significant decrement when compared to
Group II serum total bilirubin level.

Liver Histopathology
Histopathological examination of the liver of Group I normal control group revealed normal hepatic parenchyma-
composed plates of hepatocytes, central veins, and hepatic vessels as shown in (Figure 2A). Histopathological alterations
were observed in the deep-fried palm oil diet fed Group II included hepatic parenchyma with severe vacuolar and fatty

Table 2 Preliminary Phytochemical Screening
Results of HMSELS

Phytochemical Constituents Status

Alkaloid +
Terpenoid −
Flavonoid +

Phenol −
Steroid +

Saponin +

Quinone +

Abbreviations: HMSELS, hydromethanolic seed extract of
Lepidium sativum; −, absent; +, present.
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change as shown in (Figure 2B). Liver sections of mice treated with deep-fried palm oil diet + 200 mg/kg/day of
HMSELS showed the hepatocyte with mild vacuolar degeneration as shown in (Figure 2C). Liver sections of mice
treated with deep-fried palm oil diet + 400 mg/kg/day of HMSELS appeared more or less similar to the normal control
group liver sections as shown in (Figure 2D).

Table 3 Comparison of Mean ±SEM Value of Body Weight and Liver Weight Among the Four Groups

Groups Body Weight (g) Liver Weight (g)

Day 0 Day 28 Change Absolute Liver Index (%)

I 39.10±0.09 44.00±0.36 4.83±1.01 2.02±0.08 4.71±0.16
II 37.10±1.93 42.83±0.06 6.33±1.94 2.81±0.19a 6.38±0.42a

III 38.80±0.79 42.80±0.30 4.00±0.93 2.39 ± 0.81 5.57 ± 0.21

IV 39.60±0.76 43.00±0.63 3.33±0.49 1.96±0.58b 4.57±0.18b

Notes: The results were expressed as mean ±SEM, (n=6), P<0.05. Symbols represent statistical significance. aConsidered significantly different at P<0.05 when compared
with the normal control group. bConsidered significantly different at P<0.05 when compared with the negative control group.

Table 4 Comparison of the Mean ±SEM Value of Liver Enzymes Among the Four Groups of Male
Swiss Albino Mice

Groups Liver Enzymes

ALT (U/L) AST (U/L) ALP (U/L)

I 38.33±1.89 62.83±2.48 91.33±1.64

II 65.66±1.11a 131.00±5.11a 173.00±3.46a

III 58.83±3.05a 94.8±5.12ab 160.83±2.7ab

IV 41.1±2.24b 86.33±0.71ab 154.00±1.65ab

Notes: The results were expressed as mean ±SEM. Symbols represent statistical significance. aConsidered significantly different
at P<0.05 when compared with the normal control group. bConsidered significantly different at P<0.05 when compared with the
negative control group.

Figure 1 Effect of HMSELS on the body weight change at different days (expressed in terms of mean ±SEM).
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Discussion
Medicinal plants are getting great attention as valuable sources of food additives and bioactive substances with beneficial
health effects. The incorporation of the products of medicinal plants in the daily food intake may be one of the highly
used methods to modify the sensory characteristics of the diet and this may, in turn, also resolve the problems of
underutilization of medicinal plants. Previous studies reported, intake of food which is rich in plant bioactive compounds
such as polyphenols, flavonoids, saponin, and others, in particular, may exert beneficial effects towards human health.30

Effects of HMSELS on Liver Index
In the present study the liver index of Group II was increased significantly when compared with Group I normal control.
This was in line with a previous study.31 This might be due to different chemical products which were produced during
the frying process of oil that inhibit the activation of different proteins involved in the fatty acid catabolism and lipid
efflux from the liver. However, the HMSELS in Groups III and IV had decreased liver index even though only Group IV
was decreased significantly when compared to Group II. This might be due to phytochemical constituents of the
HMSELS that enhance the restoration of the liver normal function such as proper fat oxidation and efflux of lipid
from the liver.

Effects of HMSELS on Liver Enzymes
The serum ALT, AST, and ALP are among serum liver function tests, with their increase in the serum indicating liver
damage including NAFLD.32 In the present study also, Group II serum ALT, AST, and ALP were increased significantly
(P<0.05) when compared to Group I serum levels. The present study findings were in agreement with the study results of
Jaarin et al33 on repeatedly heated palm oil fed experimental rats; study results of Hussein et al34 on reused palm oil fed
albino mice and study results of Amany et al35 on thermally oxidized oil fed rabbits. The probable explanation might be
due to lipid peroxidation and its products that damaged structural integrity of the liver, produce a breakdown, loss of
permeability, rupture of the cellular membrane, intrahepatic, and extrahepatic biliary obstruction of the liver, which
combined and results in releases of liver enzymes into blood circulation.35–37

In the current study, the HMSELS serum ALT level significantly (P<0.05) decreased only in Group IV that was
administered at 400 mg/kg/day when compared to Group II serum ALT level. However, it showed a significant (P<0.05)
decrement in both serum AST and ALP levels at 200 and 400 mg/kg/day when compared to Group II serum levels. The
results of the present study were in line with study finding of Fawiziah et al37 on diabetic rats fed on basal diets mixed
with Lepidium sativum seed; Mamdoh et al38 on methanolic extract of Lepidium sativum seeds on mice infected with
Trypanosoma evansi and Zamzami et al39 on the effect of Lepidium sativum seed on hepatotoxicity-induced rabbits.

The Lepidium sativum seed extract contains important flavonoids such as naringenin, naringin, kampferol, apigenin,
and luteolin as confirmed from previous studies. These compounds, either in combination or alone, have antioxidant and
antiradical capacity that protect cell membranes from radical damage. The decreased serum liver enzymes levels in the
present study might be due to radical scavenging activity of flavonoids that prevent lipid peroxidation that in turn

Table 5 Comparison of the Mean ±SEM Value of Albumin and Total Bilirubin Among the
Four Groups of Male Swiss Albino Mice

Groups

Albumin (mg/dL) Total Bilirubin (mg/dL)

I 3.62±0.18 0.17±0.01
II 2.22±0.11a 0.48±0.07a

III 2.95±0.29 0.38±0.04a

IV 3.07±0.13b 0.23±0.38b

Notes: The results were expressed as mean ±SEM. Symbols represent statistical significance. aConsidered
significantly different at P<0.05 when compared with the normal control group. bConsidered significantly different
at P<0.05 when compared with the negative control group.
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normalize the lipid profile of hepatocyte membrane;39,40 and high polyphenol content in the seed of the Lepidium sativum
that protect the liver from the damage induced by oxidants.42

Effects of HMSELS on Albumin and Total Bilirubin
In the present study, the Group II serum albumin level decreased significantly (P<0.05) when compared to Group
I normal control serum albumin level. The present study finding was in agreement with the results of Adedayo et al43 on
thermally oxidized palm oil fed rats. The lowered serum albumin level in the present study might be due to damaged liver
that lost protein synthesis activity. Furthermore, it might be due to nutritional loss through decreased protein digestibility
and absorption due to cross-linking reactions of secondary lipid oxidation products with proteins.44 In the present study,
Group IV that were administered HMSELS at 400 mg/kg/day, increased significantly (P<0.05) in serum albumin level
when compared to Group II serum albumin level. The current study finding was consistent with the study result of
Zamzami et al38 on the amelioration of Lepidium sativum seeds in CCl-4-induced hepatotoxicity in rabbits. This might be
due quercetin content of the seeds that scavenge free radicals and bind transition metal ions.45

Figure 2 Photomicrographs of H&E stained liver sections of mice. (A) Group I. (B) Group II – liver sections present severe degenerative changes in hepatocytes including
fatty changes (arrows). (C) Group III. (D) Group IV.
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The Group II serum total bilirubin level showed significant (P<0.05) increment when compared to the Group I serum
total bilirubin level. The present study finding was in agreement with the results of Amany et al35 on thermally oxidized
oil fed rabbits. The elevated level of serum total bilirubin might be due its leakage from hepatocytes to plasma as a result
of hepatic obstruction to bile outflow. The Group IV that were administered HMSELS at 400 mg/kg/day serum total
bilirubin level had shown significant (P<0.05) decrement when compared to Group II serum total bilirubin level. The
current study finding was consistent with the study results of Zamzami et al39 on the amelioration of Lepidium sativum
seeds in CCl-4-induced hepatotoxicity in rabbits. These might be attributed due to the improvement of the liver functions
because of the presence of important flavonoids such as naringin and naringenin.41

Liver Histopathology
In the present study, the liver histopathology examination confirmed that the male Swiss albino mice liver
sections exposed to deep-fried palm oil diets only showed hepatic parenchyma with severe vacuolar and fatty change
which is the main manifestation of NAFLD as shown in (Figure 2B). The results of the present study are consistent with
those of Ahmed et al34 that reported severe degenerative changes in hepatocytes including fatty changes in which
hepatocytes showed ring appearance in thermoxidized palm oil fed rabbits. The present study revealed that concurrent
treatment of male Swiss albino mice that were administered deep-fried palm oil diet with HMSELS improved the liver
histopathology architecture in the form of mild vacuolar degeneration (at 200 mg/kg/day of HMSELS), normal hepatic
parenchyma composed of central veins and portal tracts with portal veins (at 400 mg/kg/day of HMSELS), thus
approving ameliorative effect of HMSELS. The present study results are in line with Zamzami38 that reported the
improvement of the histological structure in rabbits treated with Lepidium sativum seed extract concurrent to CCl-4
administration.

Conclusions
The HMSELS (at 400 mg/kg/day) showed more significant decreasing effect on the important liver function tests which
are main biomarker of NAFLD such as ALT, AST, ALP, and total bilirubin levels while increasing effect on serum
albumin level. This confirmed the restoring capacity of HMSELS on the deranged liver function tests (induced NAFLD)
in male Swiss albino mice fed on deep-fried palm oil diet. Moreover, the HMSELS at 400 mg/kg/day restored the liver
histopathology of mice almost similar toward the normal control group. Hence, it could be concluded that 400 mg/kg/day
doses of HMSELS had a better effect on liver function tests and liver histopathology that deranged or developed NAFLD
than 200 mg/kg/day dose. Therefore, the HMSELS might be helpful as the dose increase in preventing future damages
caused by deep-fried palm oil diet such as liver damage which is the main triggering factor for different chronic disease.
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