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ARTICLE INFO ABSTRACT

Keywords: Background: Current pharmacological therapies for hypercholesterolemia remain
C. aurantifolia limited, particularly among individuals who exhibit intolerance to statins. Citrus
Lime peel aurantifolia (lime) has been proposed as a natural alternative with lipid-lowering
Cholesterol properties that could help prevent cardiovascular complications. Objective: This study

Hypercholesterolemia
Cardiac and liver
function

aimed to evaluate the effects of ethanol extract of lime peel (Citrus aurantifolia) on body
weight, serum lipid profile, and histological changes in the liver and aorta of rats fed a
high-fat diet. Methods: Lime peels were extracted by maceration using 96 % ethanol and
administered to male Wistar rats (Rattus norvegicus) that had previously received a high-
fat diet for 42 days. The experimental groups included a normal control, a high-fat diet
control, a simvastatin-treated group, and three lime peel extract groups (50, 75, and 100
mg/kg body weight). The parameters observed included body weight, total cholesterol
(TC), triglycerides (TG), low-density lipoprotein (LDL), high-density lipoprotein (HDL),
and histological features of the liver and aorta. Results: High-fat feeding significantly
increased body weight compared with the standard diet (P < 0.001). Treatment with lime
peel extract and simvastatin significantly reduced body weight (P < 0.05), lowered TC
and TG, and increased HDL relative to the untreated high-fat group. Simvastatin was
more effective than the extract in reducing LDL (P < 0.05), while neither treatment
significantly altered aortic morphology (P > 0.05). Histological analysis showed a higher
proportion of normal hepatocytes in the lime peel-treated groups, particularly at 100
mg/kg (P = 0.001). Conclusion: Ethanol extract of C. aurantifolia peel demonstrated
hypocholesterolemic effects and partial improvement in liver histology in rats fed a high-
fat diet, suggesting its potential as a supportive natural therapy for hypercholesterolemia.

1. Introduction

have been identified for the increasing risk of

Increasing trends of fast food, bad sanitation, non-communicable diseases such as obesity and
and other kinds of fat-rich diet consumption cardiovascular diseases [1, 2]. A worldwide

Abbreviations: TC, Total Cholesterol; LDL, Low-Density Lipoprotein; HDL, High-Density Lipoprotein; TG,
Triglycerides; HFD, High-Fat Diet; C. aurantifolia, Citrus aurantifolia
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study revealed a significant association between
dietary fat intakes with higher risk of coronary
heart disease, particularly those with higher
compositions of trans fats and saturated fats [3].
Consumption of these fats could promote fat
deposition within the artery, particularly in the
form of cholesterol-rich substances like low-
density lipoprotein (LDL) [4]. Thereafter,
changes on the accumulated LDL molecules
could occur through oxidation and glycation,
which further mediates their phagocytosis by
macrophages. This cascade of events leads to
the formation of atherosclerotic plaque, a
hardened and narrowed lesion within the arterial
intima-media consisting of cholesterol, cellular
debris, calcium deposits, and inflammatory cells
[5]. The presence of atherosclerosis has been
suggested as the primary cause of myocardial
infarction. ~ Moreover, elevated plasma
cholesterol  levels  (hypercholesterolemia),
especially triglyceride (TG) and LDL, have
been found to increase the risk of non-
communicable diseases such as cancer, diabetes
mellitus, and obesity [6].

Statin therapy is most widely prescribed to
treat hypercholesterolemia, particularly to
reduce the risks of atherosclerosis and
cardiovascular diseases [7, 8]. However, the
therapy is challenging in some individuals with
low statin tolerance, resulting in suboptimal
reduction of LDL cholesterol, thereby posing
them to recurrent atherosclerotic cardiovascular
disease (ASCVD) [9-11]. Moreover, adverse
effects of statins include myopathy and
rhabdomyolysis [12]. In cases when the efficacy
is suboptimal, including that deriving from
resistance development, increasing the intake
dose of statin is necessary [13, 14]. To provide
efficacious and safe treatment, looking for other
alternatives, especially from natural products, is
crucial [15].
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Plant-based natural products are gaining
traction in research due to their promising
efficacy and safety [16, 17]. Natural products
have been reported to possess a wide range of
biological activities with distinct chemical
structure, yet similar characteristics of those
synthetic [18, 19]. The strong anti-proliferative
effects of tamarind leaf on cancer cells are due
to the apigenin compound [20]. Among the
investigated herbal medicines, lime (Citrus
aurantifolia) stands out as the promising source
of bioactive phytocompounds [21, 22]. In
previous research, lime peel (LP) extract is
found to a potent analgesic and anti-
inflammatory agent [23]. Pharmacological
activities of LP are thought to be derived from
its secondary metabolites, such as alkaloids,
terpenes, phenolics, and flavonoids.
Specifically, plants of this genus are major
sources for coumarins, limonoids, and
carotenoids that have been witnessed to exert a
variety of biological functions [24].

Herein, lime peel extract was investigated for
its efficacy in reducing cholesterol levels using
an animal model. Previous studies have reported
that the ethanolic extract of Citrus aurantifolia
exhibits  potential  antihypercholesterolemic
activity based on in silico analysis [25]. In
addition, orange peel (Citrus x sinensis) has
been shown to exert protective and therapeutic
effects on the liver by inhibiting the release of
inflammatory cytokines and improving gut
microbiota composition in rat models [26],
while citrus peel from Citrus medica was
reported to reduce free fatty acid levels and
increase fecal triglyceride excretion [27]. Plants
belonging to the same genus are known to share
similar  phytochemical profiles, including
flavonoids, phenolic compounds, saponins,
tannins, and terpenoids, which are associated
with lipid-modulating activity [28]. Therefore,
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the purpose of the present study was to evaluate
the effects of ethanolic extract of
C. aurantifolia peel on plasma lipid levels, body
weight, and histological changes in the liver and
aorta in a rat model of hypercholesterolemia.

2. Materials and methods
2.1. Plant Specimen

Plant specimens were collected from Aceh
Besar Regency, Aceh, Indonesia. Taxonomical
identification was carried out at the National
Research and Innovation Agency-Jakarta (B-
2035/11.6.2/1R.01.02/8/2023). The specimen
was identified as C. aurantifolia (Christm.)
Swingle.

2.2. Preparation of lime peel extract

Peels of C. aurantifolia were extracted by
means of maceration with ethanol 96 % as the
solvent. Initially, the peels were crushed into fine
powder and air-dried at room temperature. The
powder was submerged in a sealed glass container
containing ethanol 96 % for three days, where
daily periodical stirring was  performed.
Thereafter, the macerate was collected using
Whatman No. 1 filter paper for filtration. The
remaining pulp was re-macerated two more times
using a similar protocol. The macerate was
evaporated using a rotary evaporator until an
extract paste was formed [29].

2.3. Animal and randomization

Thirty healthy male Wistar rats (Rattus
norvegicus) were obtained from the Faculty of
Veterinary Medicine, Universitas Syiah Kuala.
The animals were 1.5-2 months old and
weighed between 90 and 105 g at the start of the
study. All rats were acclimatized for seven days
under standard laboratory conditions with a
natural light—dark cycle and free access to food
and water. After acclimatization, the rats were
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randomly assigned into six groups (n = 5 per
group) using web-based randomization software
(https://www.randomizer.org/). This research
has received ethical approval from the Health
Research Ethics Commission of the Faculty of
Veterinary Medicine, Universitas Syiah Kuala,
Number 216/KEPH/\V//2023.
2.4. Intervention

The experimental design of this study is
illustrated in Figure 1. Except for the healthy
control group, all rats were fed high-fat diet ad
libitum for the first 42 days to induce
hypercholesterolemia. Thereafter, the high-fat
diet group continued with standard feed without
treatment, while the remaining groups received
either simvastatin or lime peel (LP) extract for
28 days. Rats in the simvastatin group were
administered simvastatin at a dose of 0.18 mg
per 200 g body weight (equivalent to 9 mg/kg),
which was selected based on previous studies
demonstrating effective lipid-lowering activity
in rats without causing hepatic stress. Rats
assigned to the LP50, LP75, and LP100 groups
received ethanol extract of C. aurantifolia peel
at doses of 50, 75, and 100 mg/kg body weight,
respectively. These doses were chosen with
reference to earlier reports on citrus peel
extracts showing biological efficacy within this
range and to explore a potential dose—response
relationship. Simvastatin and LP extract were
administered once daily via an oral gavage
(nasogastric) tube for 28 days following the
high-fat feeding period. The control group
received standard feed and distilled water only
throughout the experiment. On day 71, all rats
were anesthetized with ketamine (100 mg/kg)
and xylazine (20 mg/kg) prior to euthanasia.
Blood samples (2 ml) were collected directly
from the heart for biochemical analysis, and
internal organs were subsequently harvested for
histological examination.
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Fig. 1. Research design of this study

2.5. Body weight and lipid profile

Body weights were measured both before
and after the treatment phase (day 43 and day
71, respectively). Serum total cholesterol (TC),

triglyceride (TG), high-density lipoprotein
cholesterol ~ (HDL-c), and  low-density
lipoprotein  cholesterol (LDL-c)  were

determined using Selectra Pro S (Indonesia)
following the guideline from the manufacturer.

2.6. Histopathological examination

Rat hearts and aortas were preserved for 24
hours in a 10 % formalin-neutral buffer
solution. The tissues were then rinsed with xylol
solution and dried with alcohol solutions of
various concentrations before being embedded
in paraffin blocks. Thereafter, tissues were
sliced to 4-um thickness wusing a rotary
microtome, placed on a glass slide, and stained
with eosin and haematoxylin, as suggested
previously [23]. The microscopic observations
were carried out under 400x magnification.

2.7. Data analysis
Data following a Gaussian distribution were
expressed as mean * standard deviation,
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whereas non-normally distributed data were
presented as median (interquartile range).
Normality of data distribution was evaluated
using the Shapiro-Wilk test. Changes in body
weight between day 43 and day 71 within the
same group were analyzed using a paired
Student’s t-test, while comparisons among
different groups were performed using one-way
ANOVA followed by Duncan’s post hoc test.
Statistical analyses were conducted using IBM
SPSS Statistics version 26.0 (IBM Corp.,
Armonk, NY, USA). Statistical significance was
defined as P < 0.05.

3. Results
3.1. Effect on body weight

High-fat feeding led to a significant increase
in body weight compared with standard feeding
by day 43 (P < 0.001, Figure 2). Rats receiving
a standard diet had a median body weight of 188
g (168 — 191 g), whereas those fed a high-fat
diet reached 265 g (245 — 284 g). Following
treatment, both simvastatin and lime peel (LP)
extract significantly reduced body weight
compared with the untreated high-fat diet group
(P < 0.05). Among the treated groups, the effect
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of simvastatin was comparable to that of the
highest dose of LP extract, with both showing
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However, body weights in all treatment groups
remained significantly higher than in the

greater reductions than lower LP doses. standard-diet control group (P < 0.05, Figure 3).
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Fig. 2. Effect of high-fat feeding on the rats’ body weight. Statistical significance P < 0.01
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Fig. 3. Effect of standard diet, high-fat diet, simvastatin, and lime peel (LP) extract (50, 75, and 100 mg/l) on rat body
weight. Data are presented as mean + SD. Bars with different letters (a, b, c) indicate statistically significant differences between
groups at P < 0.05 according to one-way ANOVA followed by Duncan’s post hoc test. Groups sharing at least one common letter are
not significantly different.

3.2. Effect on lipid profile
Serum TC, TG, LDL, and HDL levels after
treatment are presented in Figure 4. Both lime

peel  ethanol extract and  simvastatin
significantly reduced TC and TG levels
Journal of Medicinal Plants

compared with the untreated high-fat diet group
(P < 0.05). Administration of simvastatin also
markedly reduced LDL and increased HDL

levels, consistent  with its known
pharmacological effects (P < 0.05). In contrast,
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treatment with lime peel extract lowered TC and
TG levels but did not significantly alter LDL
compared with the high-fat control group
(P > 0.05). Interestingly, serum HDL levels
decreased in a dose-dependent manner
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following LP extract administration, with mean
values of 95 + 29, 89 + 26, and 71 + 25 mg/dl

observed at 50, 75, and 100 mg/l doses,
respectively.
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Fig. 4. Effect of LP extract on total cholesterol (TC) (a), low-density lipoprotein (LDL) (b), triglycerides (TG) (c), and
high-density lipoprotein (HDL) (d). Data are presented as mean + SD. Different letters indicate statistically significant
differences among groups (P < 0.05)
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3.3. Effect on histological characteristics of
aorta

Effects of treatment on aortic wall thickness
and lumen diameter are summarized in Figure 5.
The thickness of the aortic wall, encompassing
both the intima and media layers, ranged from
95 £ 15 pum in the high-fat group to 115 * 15
um in the simvastatin group. Corresponding
histological images are shown in Figure 6.
Lumen diameter values ranged from 1355 um
(1083 — 1618 um) in the LP75 group to 1676
um (1541 — 1694 um) in the high-fat group.
However, statistical analysis indicated no
significant differences in either aortic wall
thickness or lumen diameter among the groups
(P > 0.05). Although not statistically significant,
histological examination suggested that high-fat
feeding increased aortic wall thickness relative
to the healthy control. Simvastatin treatment
appeared to reduce this thickening, while LP
extract showed a dose-related tendency toward
improvement. Among the extract-treated
groups, LP100 demonstrated the greatest
reduction in wall thickness, approximating the
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effect seen with simvastatin. Nevertheless, none
of the treatments fully restored aortic wall
morphology to the level observed in the healthy
control.

3.4. Effect on histological characteristics of
hepatocytes

Numbers of normal and necrotic hepatocytes
post-treatment are presented in Figure 7. The
histological images for the rats’ liver with a
focus on hepatocytes are presented in Figure 8.
A significantly higher number of normal
hepatocytes was obtained in group LP100 as
compared to healthy (P = 0.002) and high-fat
controls (P = 0.002). The increase in normal
hepatocytes among groups receiving LP extract
was dose dependent, where the cell numbers
were 15+ 1.2, 17 £ 1.7, and 19 £ 2.5 for groups
LP50, LP75, and LP100, respectively. Numbers
of necrotic hepatocytes ranged from 24 + 2.5 to
29 £ 16 in groups LP100 and LP50,
respectively. No significant difference was
observed among all groups for the number of
necrotic hepatocytes (P > 0.05).
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Fig. 5. Effect of PL extract on aortic wall thickness (a) and lumen diameter (b). The same letter indicates non-significant
value (P > 0.05).
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Fig. 6. Histological images of the aortic wall in rats from each group (H&E staining, 200 um scale). The high-fat diet

group shows thicker aortic walls compared with the healthy control. Simvastatin and lime peel (LP) extract treatments (50, 75, and

100 mg/l) showed variable wall thickness, with LP100 and simvastatin groups demonstrating thinner walls relative to the high-fat
group. Vertical lines indicate the measured aortic wall thickness.
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Fig. 7. Effect of LP extract on the number of normal hepatocytes (a) and the number of necrotic hepatocytes (b). The
same letter indicates non-significant value (P > 0.05).
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Fig. 8. Histological images depicting rats’ normal (blue arrow) and necrotic hepatocytes (black arrow).

4. Discussion

In the present study, rats receiving high-fat
diets experienced a significant increase of body
weight as compared to their standard-feed
counterpart. Obesity and overweight have been
shown to be associated with cardiovascular
diseases such as arteriosclerosis, stroke, and
myocardial infarction, which are closely related
to lipoprotein metabolism [30]. Body weight of
rats significantly increased after being fed a
high-cholesterol diet for 8 weeks [31]. Weight
gain can also increase total cholesterol levels,
LDL, TG, and reduce HDL [32].

Secondary metabolites in plants can inhibit
carbohydrate- and lipid metabolizing enzymes
such as a-glucosidase, a-amylase, and various
lipases present in the gastrointestinal tract.
Amylase and glucosidase are the main enzymes
responsible for digesting carbohydrates and
resulting in the release of glucose through
glucose transporters [33]. Synthesis of lipids
and fatty acids from glucose and esterification
of lipids into TG are then stored in adipose
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tissue, leading to obesity [34]. The group of rats
that received the extract experienced the same
weight loss or was not different from the group
of rats that received simvastatin therapy. This
proves that phenolic compounds, flavonoids,
tannins, saponins, and terpenoids contained in
lime peel extract have the potential to reduce fat
in the body and contribute to the weight loss of
rats [25].

Our findings suggested that high-fat diets
improved the LDL-c. These results are in
contrast to the results of a previous study in
which rats fed a high-fat diet showed a
significant increase in total cholesterol, alanine
aminotransferase ~ (ALT), TG, aspartate
aminotransferase (AST), and lipid peroxidation
[35]. The aqueous extract of palm fruit can
damage kidney function, affect the lipid profile,
and alter serum electrolyte concentrations [36].
Simvastatin intake can reduce LDL-c levels.
HMG-CoA reductase inhibitors (statins) are
lipid-lowering drugs used in the primary and
secondary prevention of coronary heart disease
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[37]. Simvastatin  works by inhibiting
hydroxymethylglutaryl-coenzyme A reductase,
which subsequently lowers cholesterol and
triglycerides while increasing high-density
lipoprotein [38, 39].

From the histopathological analysis in the
present study, aortic wall thickness and lumen
diameter (atherosclerosis indicators) were
similar across all groups. Administration of LP
extract was associated with an increase in the
number of normal hepatocytes, although the
number of necrotic hepatocytes remained
unchanged. This finding may suggest a potential
protective influence on liver histology, but it
does not provide sufficient evidence to confirm
hepatoprotective activity. In a previous study,
hesperidin isolated from citrus extract was
regarded as a hepatoprotective agent by
promoting nuclear factor-like 2 and heme
oxygenase 1 [40]. The reduction of cholesterol
in the liver is known to stimulate HMG-CoA
reductase enzymatic activity, thereby enhancing
endogenous cholesterol synthesis [41].

The amount of bile acids in the enterohepatic
system will decrease as a result of this enhanced
bile acid excretion through the stool. By
drawing more cholesterol into the blood, the
liver will create bile acids, which will cause the
blood's cholesterol levels to drop [42]. The liver
is essential for survival and plays a role in
almost every metabolic function of the body.
Therefore, it is highly susceptible to residual
metabolites, toxic substances, and injuries
caused by circulatory disorders [43].

In a different study citrus extract was found
to prevent hepatocellular injury attributed to its
antioxidant properties [44]. Polyphenols hold a
key role in managing obesity and lipid disorder
as the disease often induce hepatocellular injury
through oxidative stress which eventually lead
to the formation of tumor [45]. Aqueous garlic
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extract, vitamin C, and vitamin E-Se may be
useful ~ substances  for  lessening  the
hepatotoxicity caused by lead acetate [46].
Previously, C. aurantifolia-derived products
were suggested as potential anti-cholesterol
agent [21, 22]. Challenges in preparing in vivo
dyslipidemia model have been recognized in
previous studies [47, 48]. It is imperative that
future research should be performed using better
animal model, either by expanding the study
period or using an inducing agent such as
D-galactose [49].

5. Conclusion

A high-cholesterol  diet  significantly
increased body weight in rats, confirming the
successful induction of hypercholesterolemia.
Administration of ethanol extract of Citrus
aurantifolia peel effectively reduced body
weight and improved serum lipid profiles,
showing comparable efficacy to simvastatin in
lowering total cholesterol and triglycerides and
elevating HDL levels. Simvastatin, however,
remained more effective in reducing LDL
concentrations. Neither lime peel extract nor
simvastatin produced significant changes in
aortic wall thickness, lumen diameter, or
necrotic hepatocyte counts. Nevertheless, both
treatments increased the number of normal
hepatocytes, suggesting a potential protective
influence on liver histology. Overall, the
findings indicate that lime peel extract, a natural
product from Aceh Province, exhibits promising
hypocholesterolemic activity and may serve as a
supportive natural remedy for managing
hypercholesterolemia. Further studies
incorporating biochemical assays and longer
observation periods are warranted to confirm its
hepatoprotective potential and elucidate the
underlying mechanisms.
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