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Introduction

Hyperlipidemia is characterized by the increment of 
normal levels of plasma lipids such as cholesterol, triglyc-
erides, cholesterol esters, phospholipids and sometimes 
of plasma lipoproteins including very low-density lipo-
protein (VLDL) and low-density lipoprotein (LDL) along 
with a decrement of high-density lipoprotein (HDL) levels 
(1, 2). Currently, it has become a widespread disorder and 
a threatening cause of many metabolic dysfunctions which 
may contribute to several prevalent diseases like heart dis-
eases, atherosclerosis, high blood pressure, diabetes mel-
litus, hypercholesterolemia, obesity and so on (3, 4) result-
ing in upraised rate of both morbidity and mortality inci-
dence all over the world (5). The extravagant consumption 
of dietary lipids gives rise to hyperlipidemia leading to the 
elevation of plasma cholesterol levels, which in turn cause 

more than four million deaths yearly (6, 7). Life style mod-
ification approaches like less intake of fatty foods, giving 
up smoking, performing aerobic exercise, and dietary 
therapies have been implemented to treat hyperlipidemic 
disease. Moreover, allopathic hypolipidemic drugs can 
also alleviate the risks of other associated life-threatening 
disease states (8, 9). Both monotherapy and combination 
therapy of anti-hyperlipidemic drugs have elucidated ef-
ficacy in the treatment of hyperlipidemia. Notably, there 
have been five major classes of anti-hyperlipidemic drugs 
available are- statins including lovastatin, pravastatin, sim-
vastatin, atorvastatin, rosuvastatin; bile acid binding resins 
like, cholestyramine and colestipol; fibric acid derivatives 
including, gemfibrozil, bezafibrate, fenofibrate; nicotinic 
acid derivatives like, niacin; and cholesterol absorption in-
hibitors like, ezetimibe (6). However, these commercially 
available anti-hyperlipidemic therapies like statins, deliver 
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Piper betle L. leaves are very popular and traditionally used to chew with betel nut in many Asian countries. 
In this study, P. betle leaves juice (PBJ) was subjected to evaluation for its antihyperlipidemic activity in the 
high-fat-diet-induced hyperlipidemic rats model. Swiss albino rats were allowed to high-fat- diet for one 
month, followed by concurrent administration of PBJ for another month. The rats were then sacrificed and 
collected blood, tissues and organs. Pharmacokinetic, toxicological studies and molecular docking studies 
were performed using SwissADME, admetSAR and schrodinger suit-2017. Our investigation showed a pro-
mising effect of PBJ on body weight, lipid profile, oxidative and antioxidative enzymes, and the principle 
enzyme responsible for the synthesis of cholesterol. PBJ at 0.5 - 3.0 mL/rat significantly reduced body weight 
of hyperlipidemic rats compared to control. PBJ at the doses of 1.0, 1.5, 2.0, and 3.0 mL/rat significantly 
(p<0.05, p<0.01, p<0.001) improved the levels of TC, LDL-c, TG, HDL-c and VLDL-c. Similarly, PBJ doses 
starting from 1.0 mL/rat to 3.0 mL/rat reduced the oxidative biomarkers AST, ALT, ALP, and creatinine. The 
level of HMG-CoA was significantly reduced by PBJ doses 1.5, 2, and 3 ml/rat. A number of compounds 
have been found to have good pharmacokinetic profile and safety and 4-coumaroylquinic acid exerted the 
best docking score among them. Thus our findings clearly demonstrated the potential lipid-lowering activi-
ties of PBJ both in vivo and in silico studies. PBJ can be a good candidate for the development of antihyper-
lipidemic medication or as an alternative medicine.
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some major side effects including gastrointestinal discom-
fort, rhabdomyolysis, myalgia, myopathy and dizziness 
which abate their credibility (10). These side effects are 
more prevalent at higher doses of statins (6). In addition, 
these drugs can also cause kidney damage, cardiomyopa-
thy along with an escalation in type 2 diabetes (11, 12). To 
compensate this, the usage of alternative treatments and 
therapies like herbal medicinal plants containing hypolip-
idemic constituents, have been increased and their popu-
larity is rising day by day among both normal people and 
physicians across the world (3). The prospective therapeu-
tic value and minimum or no-observable adverse-effects of 
nutraceuticals, functional foods and phytomedicines have 
created a lucrative option to the scientists and physicals 
around the world for the treatment of different diseases 
like type 2 diabetes mellitus (13-15), hyperlipidemia (16), 
obesity (17), cancer (18-19), immune impairment (20-21), 
inflammation (22-23), infections (24-26), neurological dis-
orders (27), aging (28), etc. Thus, alternative medications 
such as consumption of lipid-lowering medicinal plants to 
attain antihyperlipidemic activity were observed in differ-
ent localities. Furthermore, even in developed countries 
this approach has been adopted in a large scale, especially 
when conventional drugs have failed to alleviate the dis-
ease state notably (3).  

Piper betel L., an evergreen and perennial creeper from 
the Piperaceae family, is renowned for its heart shaped 
leaves (29). It is native to Malaysia although cultivated 
in several other Asian countries including Bangladesh, 
India, Myanmar, Srilanka, Thailand, Vietnam etc. (30, 
31). Leaf of P. betel is edible and known as “Paan” with 
a minimum hundreds of varieties (32). Betel leaf, having 
a pungent taste and distinct aroma due to the presence 
of phenols and terpenes is popularly used to chew with 
areca nut and slacked lime in many countries, especially 
taken after meals by local people as a mouth freshener. Its 
folkloric medicinal use includes wound healing and tonic 
properties. In China, this plant is believed as a cure of sev-
eral disorders including detoxification (30). This leaf has 
profound importance in different social, cultural, and reli-
gious events in Hindu culture (33). Besides, oil extracted 
from betel leaf is utilized as a raw material of perfumes 
and food additives (34). Betel leaf comprises of several 
bioactive phytoconstituents which exert diverse pharma-
cological activities including antibacterial, anticancer, an-
thelminthic, antihypertensive, antiprotozoal, antifungal, 
antihistaminic, antifungal and antidiabetic properties (29). 
Moreover, the leaves are also popular in the treatment 
of alcoholism, asthma, leprosy, bronchitis and dyspepsia 
(35).  

Phytochemical analysis of betel leaves provides an 
abundant source of carbohydrates, alkaloids, tannins, ter-
penoids, phenols, essential oils, and major other classes 

and isolated compounds include 1, 8-cineole, cadinene, 
camphene, caryophyllene, limonene, quercetin, pinene, 
chavicol, ally pyrocatechol, piperitol, carvacrol, safrole, 
eugenol, chavibetol, safrole, thymol, allyl eucalyptol, 
pyrocatechol monoacetate, eugenol, terpinen-4-ol, eug-
enyl acetate, quercetin etc. (36) However, the antihyper-
lipidemic potential of this popular plant leaf has not yet 
been explored extensively. Therefore, we have aimed to 
conduct this study for the evaluation of P. betel leaf juice 
(PBJ) extract on high-fat-diet induced hyperlipidemia and 
hepatic oxidative stress in Swiss albino rats. 

A computational method is a reliable, currently used 
approach in drug discovery research to identify active 
phytochemical compounds from various databases (37). 
In the drug discovery process with the help of a computa-
tional approach, the selection of structural proteins is one 
of the major tasks. HMG-CoA reductase is an enzyme has 
been taken for this in silico study. It is one of the most 
common drug targets because of its prominent role in an-
ti-hyperlipidemic activity (38). A total of 73 compounds 
were screened against HMG-CoA reductase by doing mo-
lecular docking study. Among them, the top binding affini-
ty phyto-compounds: 1-phenylpropene-3,3-diol diacetate, 
4-Chromanol, 4-ρ-coumaroylquinic acid, Benzeneacetic 
acid, 4-terpineol, β-sitosterol, stigmasterol, aristololactam 
A-II. The selected compounds were taken for further as-
sessment using ADME/T, and drug likeness properties.

Materials and Methods

Materials
Betel (Piper betel L.) leaves were purchased from local 

sources in Bangladesh. The Cow’s fat, dalda, cholesterol, 
ghee, coconut oil, and sodium cholate used in the high fat 
diet formulation were locally purchased. Ketamine HCl 
and Xylazine HCl were purchased from Sigma-Aldrich 
(St. Louis, MO, USA). All other analytical grade reagents 
were locally procured and purchased. Simvastain as a 
standard lipid lowering drug was purchased from a local 
pharmacy. 

Preparation of Piper betel L. leaves juice (PBJ)
The betel leaves were washed with distilled water and 

twenty-five (25) medium sized whole betel leaves with the 
pod (weight 113 g) were masticated and pressed in mortar 
and pestle to collect the juice with pressure. A total of 25 
mL juice was collected from 113 g leaves. The PBJ was 
collected in a glass jar and stored at 4-8°C temperature 
from where it was used for experiment purposes.    
 Preparation of high-fat diet

A high-fat diet formulation was used for the induction 
of hyperlipidemia in Swiss albino rats. The composition of 
high fat diet has been presented in Table 1. The cow’s fat 

Sl. No. Name of the ingredients Quantity of ingredients Percentage of ingredients
01 Cow’s fat 600  g 20%
02 Dalda/Ghee 180 g 6%
03 Coconut oil 60 g 2%
04 Normal rats pellets diet 2.1 kg 70%
05 Cholesterol 60 g 2%

Total 3 Kg 100%

Table 1.  High fat diet formulation.
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entire period of observation for 14 days, the animals were 
observed and monitored for any changes in behavior, body 
weight, urinations, food intake, water intake, respiration, 
convulsions, tremor, temperature, constipation, changes in 
eye and skin colors and mortality of the animals. 

Induction of hyperlipidemia
After the adaptation period, Swiss albino rats (7-9 

weeks of age) were fed with a specially prepared high-
fat diet (Table 1), consisting of 20% cow’s fat, 6% dalda, 
2% cholesterol, 2% coconut oil, 70% standard normal 
diet (w/w) for 1 month to induce hyperlipidemia. After 1 
month, the rats were treated with PBJ along with the con-
tinuation of the high fat diet for another month.

Experiment design
The rats were divided into the following eight (08) 

groups; each group will contain 5 rats:
Group-I: Normal control (rats received normal pellet diet 
and water, no treatment) 
Group-II: Hyperlipidemic control (hyperlipidemic rats, no 
treatment)
Group-III: PBJ 0.5 mL/rat 
Group-IV: PBJ 1 mL/rat
Group-V: PBJ 1.5 mL/rat 
Group-VI: PBJ 2.0 mL/rat 
Group-VII: PBJ 3.0 mL/rat
Group-VIII: Standard lipid lowering drug - Simvastatin (4 
mg/kg)

The Swiss Albino rats were administered with different 
doses of PBJ by oral gavaging every day for 30 days of the 
study period.

Measurement of body weight of rats
Body weights of rats were measured before starting the 

experiments, one month after the high fat diet, and at the 
end of the experiment in which the rats were treated with 
PBJ for another one month along with a high-fat-diet. 

Determination of lipid profile and oxidative biomark-
ers in rats 

At the end of the experiment period, blood was col-
lected by cardiac puncture from the animals using anes-
thesia. The blood was then centrifuged at 3000 rpm for 
15 min, and the serum was stored at -80 °C for analysis. 
The amounts of total cholesterol (TC), triglycerides (TG), 
low-density lipoprotein (LDL-c), high-density lipoprotein 
(HDL-c), and apolipoprotein B-48 (apoB48) were mea-
sured by using commercial assay kits according to the 
manufacturer’s instructions (Roche, Basel, Switzerland). 
Other biomarkers which include aspartate transaminase 
(AST), alanine transaminase (ALP), alkaline phosphatase 
(ALP), and serum creatinine were determined following 
the standard protocol (41).

Determination of HMG-CoA reductase enzyme in liver 
tissue

The amount of HMG-CoA reductase enzyme was mea-
sured in the tissue homogenates of experimental rats by 
RT-PCR method as previously followed by other research-
ers (42). Briefly, TRIzol reagent (Invitrogen, CA, USA) 
was used for the total extraction of RNA from the liver tis-
sues following the manufacturer’s instructions. The tissues 
were homogenized  and 1 mL of TRIzol reagent was added 

and dalda were melted with heat and gradually added to 
the normal pellets diet in a bucket. The liquids were mixed 
well with the pellets and allowed to become semi-solid/
solid mass. Similarly, cholesterol and coconut oil were 
poured into the blended pellets and again homogenously 
mixed. Finally, coconut oil was added to the pellets. Thus, 
high fat diet pellets were prepared and rats were provided 
with this high fat diet instead of the normal pellets diet.     

Experimental animals
The experiments were conducted in Swiss albino rats, 

aged between 8-12 weeks. The rats having the age of 6-8 
weeks old were purchased from Shanghai Laboratory Ani-
mal Center (SLAC, Shanghai, China). In Bangladesh, the 
Swiss albino rats (6-8 weeks) were purchased from Animal 
Breeding Laboratory of Jahangirnagar University. The rats 
were housed six per plastic cage provided with wood chip 
bedding maintaining a 12 h light/dark cycle and allowed to 
free access to standard rodent food and water ad libitum. 
Environmental changes were strictly controlled and prior 
to any experiment, the animals were kept for 1 week to 
adjust to the new housing environment.

Ethical approval of experimental protocol 
The ethical approval was obtained from the Animal 

Ethics Committee of Shandong Provincial Hospital affili-
ated to Shandong University, Jinan, Shandong Province, 
China (Approval Number: 2020-031101) and Animal Eth-
ics Committee of State University of Bangladesh, Dhan-
mondi, Dhaka, Bangladesh (Ethical approval No. 2020-
02-03/SUB/A-AEC/0004). The experiments were con-
ducted according to the approved Animal Use Protocol by 
the Ethics Committee and following the rules, regulations, 
and laws of Shandong prefecture of China, maintaining 
the animal use rules and laws of Bangladesh, and in ac-
cordance with the Guidelines for Care and Use of Labora-
tory Animals published by the US National Institutes of 
Health. The Federation of European Laboratory Animal 
Science Associations (FELASA) guidelines and recom-
mendations were followed to reduce the pain and stress of 
the experimental animals. At the end of the experiments, 
the rats were sacrificed with anesthesia overdose: Ket-
amine HCl (100 mg/kg) and xylazine (10 mg/kg) through 
intraperitoneal route (39).

Acute toxicity study of PBJ
Oral acute toxicity study (LD50 determination) of Pip-

er betel L. juice extract (PBJ) was performed following the 
OECD (Organization for Economic Cooperation and De-
velopment) by Fixed Dose Procedure (OECD protocol no. 
420) as followed by Kifayatullah et al. (2015) (40). Briefly, 
Swiss Albino female (nulliparous and nonpregnant) rats, 
age: 8 weeks, were acclimatized to laboratory conditions 
7 days prior to experiment. The rats were divided into five 
groups, each comprising 5 animals. Group-1 served as the 
untreated control (received water only), group-2, 3, and 4 
received PBJ doses 1000 mg/kg, 3000 mg/kg, and 5000 
mg/kg, respectively. The rats were overnight fasted for 
food (not fasted for water) before dosing and fasted for 
food 3-4 hours after the administration of doses. The ani-
mals were observed individually during the first 30 min-
utes after dosing, special attention was given during the 
first 4 hours, then to observe periodically during the first 
24 hours to see any toxic effect in the animals. During the 



4

XiBo Jing et al. / Piper betle improved hyperlipidemia and oxidative stress , 2022, 68(9): 1-13

to 100 mg of homogenized tissue samples. After this, the 
tissues were incubated at room temperature for 5 min to 
allow complete disassociation of nuclear proteins. The rest 
of the procedures were followed as described by Im et al 
(2014) (43). 

Histopathological observation of liver
Histopathological experiments were performed as de-

scribed by Song et al. (44). After sacrificing the rats, livers 
were collected and immediately fixed in 10% buffered for-
malin (pH 7.4) and embedded in paraffin. A portion of the 
liver was cut (4–5 μm), stained with haematoxylin-eosin 
(H&E), and the sections were examined with a computer-
aided microscope for the determination of morphological 
and/or pathological changes (×600 magnification). The 
histological scores were assessed as mentioned by Ishak 
et al (45). Scoring systems were performed as followed 
by Yahya et al. (46) based on a sum of  three parameters: 
inflammation grade, cell infiltration, and tissue disruption. 
H&E staining in the liver was scored using a scale of 0 
to 4 (0 = no inflammation grade, cell infiltration, and tis-
sue disruption; 1 = 0–25% inflammation grade, cell infil-
tration and tissue disruption; 2 = 25–50% inflammation 
grade, cell infiltration and tissue disruption; 3 = 50–75% 
inflammation grade, cell infiltration and tissue disruption; 
and 4 = 75–100% inflammation grade, cell infiltration and 
tissue disruption). Each tissue was evaluated for the sum 
of three parameters and by the degree of liver injury us-
ing a qualitative score that ranged from 0 to 4. A score of 
0 was categorized as no damage, scores between 1 and 2 
were categorized as light injury, and scores of 3 and 4 were 
categorized as serious injury. The assessed area has been 
indicated by arrow.  At least three areas were analysed. 
Scoring had been done by blinded method.

Statistical analysis
The data were analyzed by one-way analysis of vari-

ance (ANOVA) using Statistical Package for Social Sci-
ences (SPSS) software (version 25.0) of IBM (Interna-
tional Business Machines) Corporation, USA, followed by 
Dunnett’s-T3 and Tukey HSD tests to determine statistical 
significance between groups. The type of post-hoc test to 
be used was determined based on the value in ‘signifi-
cance’ column of the Test of Homogeneity of Variances. 
In case the value in the significance column is higher than 
0.05 then Dunette’s-T3 post-hoc test is followed. Con-
versely, the Tukey HSD post hoc test is followed in case 
of significance value 0.05 or lower. The data are means ± 
S.E.M. (standard error mean) of five animals with 95% 
confidence intervals (CI). The p-value, p< 0.05 was con-
sidered as statistically significant.

In silico study

Molecular Docking tools
Molecular docking of ligand-receptors has been per-

formed by using Schrodinger suites 2017-1. Discovery 
studio (v 4.1) was used for the visualization.

Ligand and protein preparation
2D SDF structures of isolated compounds found from 

the literature review were imported and prepared by us-
ing LigPrep in Maestro 11.1. OPLS_2005 force field (47) 

was implemented to study the conformational energy of 
the system. 

Target proteins for antihyperlipidemic activity were 
selected according to the literature studies. The crystal 
structure PDB formats of HMG-CoA reductase (PDB ID: 
1HW8) responsible for activity analysis was imported 
from the RCSB Protein Data Bank (PDB) an online da-
tabase (https://www.rcsb.org/). In the Protein Preparation 
Wizard, preprocessing, optimization, and minimization 
processes were completed (48, 49). These processes are 
parts of Schrodinger suit-maestro (v11.1). The structures 
were optimized at pH 7.0 followed by removal of water 
molecules fewer than 3 H-bonds to non-waters. Restrained 
minimization was done where heavy atoms are converged 
to RMSD of 0.30 Å with the implemented OPLS_2005 
force field (47). 

Glide ligand molecular docking
The prepared proteins and ligands are ready for mo-

lecular docking. The molecular docking was done to find 
the best receptors for the presumed activities of the ligands 
in silico, so that more in vivo investigations may be done 
to see how they compare to the standard medications that 
have been used as treatments for certain activities.  Ligand 
docking option in Schrodinger suite-maestro (v11.1) was 
utilized to perform the docking. The spreadsheets and 
structures were then exported. For 3D visualization of re-
ceptor-ligand binding interaction Discovery Studio (v 4.1) 
software was used (50). 

Determination of pharmacokinetic parameters by 
Swiss ADME

A predictive approach used for predicting the oral 
absorptivity and pharmacokinetic properties of selected 
compounds were performed by using SwissADME, an 
online platform (51). The pharmacokinetic parameters 
or drug-likeness properties (total molecular weight of the 
compounds, lipophilicity (LogP), the number of hydrogen-
bond acceptors, and the number of hydrogen-bond donors 
based on the Lipinski’s rule) of the selected compounds 
were determined(51). Toxicity was analyzed in an online 
site (http://lmmd.ecust.edu.cn/admetsar2). 

Protein-Ligand Interaction Visualization by Discovery 
Studio (v4.1)

For 3D visualization of receptor-ligand binding inter-
action Discovery Studio (v 4.1) software was used.   Then 
the image files of interactions were downloaded.

Results

Effect of PBJ on the body weight of hyperlipidemic rats
Table 2 summarizes the effect of PBJ in hyperlipidemic 

rats model and showed a notable effect on the reduction of 
body weight. Administration of high fat diet for one month 
remarkably increased the body weight of experimental rats 
in the hyperlipidemic control group (HC) (from 161.8 gm 
to 288.4 gm; increased rate 78.25%) compared to the non-
high fat diet control (NHC) group (174.2 gm to 183.8 gm; 
increased rate 5.51%). Rats were further provided with 
high-fat diet for another month along with the treatment 
with different doses of PBJ (0.1 mL/rat - 3.0 mL/rat) and 
the weights were redocumented. As presented in Table 2, it 
has been shown that the hyperlipidemic control rat weight 
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(319.00 ± 7.127) has significantly increased due to the 
exposure of rats with high fat diet compared to the weight 
(186.00 ± 3.563) of non-hyperlipidemic control group 
(NHC) (rats of normal diet) (ɸɸɸ p<0.001). On the contra-
ry, all five groups of rats treated with five different doses 
of PBJ (0.5, 1.0, 1.5, 2, and 3 mL/rat) exhibited prominent 
(***p<0.001) abatement in body weight compared to the 
hyperlipidemic control rats. Simvastatin (4 mg/kg), used 
as a standard lipid lowering drug group also exhibited a 
potential reduction of body weight (206.4 ± 3.429 g) when 
compared with hyperlipidemic control (***p<0.001). The 
amounts of daily food intake and estimated energy levels 
of different groups of experimental rats are presented in 
Table 3. 

Effect of PBJ on the lipid profile in hyperlipidemic 
Swiss Albino rats

The effect of PBJ on lipid profile in hyperlipidemic rats 
has been presented in Fig. 1. The normal values of lipids 
in rats are TC 113.99±2.18 mg/dL, LDL-c 49.64±1.82 mg/
dL, TG 76.13 ± 2.38 mg/dL, HDL-c 49.14±1.05 mg/dL, 
VLDL-c 15.22 ±0.48 mg/dL (44). Treatment of hyperli-
pidemic rats with PBJ at the doses of 1.0, 1.5, 2.0, and 
3.0 mL/rat potentially reduced the total cholesterol levels 
(TC) (Fig.1A) and triglyceride (TG) (Fig. 1C) compared 
to the hyperlipidemic control (HC) rats group. PBJ at the 
dose of 1.5, 2.0, and 3.0 mL/rat significantly lowered the 
levels of low-density lipoprotein (LDL-c) (Fig. 1B). The 
level of very low density lipoprotein cholesterol (VLDL-
c) were significantly reduced by PBJ 1.0, 2.0, and 3.0 mL/
rat (Fig. 1E) comparing to that of hyperlipidemic control. 
Additionally, PBJ at the doses of 1.5, 2.0, and 3.0 mL/rat 
enhanced the high-density lipoprotein (HDL-c) in hyper-
lipidemic rats compared to untreated rats group (Fig. 1D).

Effect of PBJ on the activities of oxidative and antioxi-
dant enzymes 

Figure 2 (A-D) demonstrates the positive effect of PBJ 
on biochemical markers in experimental hyperlipidemic 
rats model. The normal value of AST is 50-150 IU/L, ALT 
10-40 IU/L, ALP 30-130 IU/L, and Creatinine 0.25 – 3.09 
mg/dL in rats (52, 53). As shown in the Fig. 2, high-fat-

Figure 1. Effect of PBJ on TC (Fig. A), LDL-c (Fig. B), TG (Fig. C), 
HDL-c (Fig. D), and V-LDL-c (Fig. E) in rats. Swiss Albino rats were 
given high-fat-diet for a month followed by another one month of 
concurrent administration of treatment and high-fat-diet. Values are 
expressed as means ± S.E.M. of five rats in each group. *Data diffe-
red significantly (*p<0.05, **p<0.01) when compared to hyperlipide-
mic control (HC) Group. ɸData differed significantly (ɸ p<0.05, ɸɸ 
p<0.01) when compared to non-hyperlipidemic control (NHC) group.

Treatment group
Body weight in gram  

Body weight before 
high fat diet

Body weight 1 month 
after high fat diet

Body weight after 1 month 
treatment of  hyperlipidemic rats 

Non-hyperlipidemic Control (NHC) 174.2 183.8 186.00 ± 3.563
Hyperlipidemic control (HC) 161.8 288.4 319.00 ± 7.127 ɸɸɸ

Piper betle L. juice (PBJ) 0.5 mL/rat 178 291.2 197.00 ± 6.607 ***
Piper betle L. juice (PBJ) 1.0 mL/rat 177.8 291.4 220.00 ± 7.69 ***
Piper betle L. juice (PBJ)  1.5 mL/rat 163.8 271.6 200.00 ± 5.54 ***
Piper betle L. juice (PBJ)  2.0 mL/rat 182.6 294.6 210.00 ± 5.357 ***
Piper betle L. juice (PBJ) 3.0 mL/rat 170.2 295.8 218.6 ± 6.867 ***

Simvastatin (4 mg/kg) 184.2 302.8 206.4 ± 3.429 ***
Values are expressed as means ± S.E.M. of five rats in each group. 
* Data differed significantly (*p < 0.05, **p < 0.01, ***p < 0.001) when compared to   hyperlipidemic control (HC) group.
ɸ Data differed significantly (ɸ p < 0.05, ɸ ɸ p < 0.01, ɸ ɸ ɸ p < 0.001) when compared to non-hyperlipidemic control (NHC) group.

Table 2. Effect of PBJ on body weight of rats.

Rats group vs. food intake and energy levels NHFD HFDC HFD+PBJ HFD+Simvastatin
Food intake (g/ day/rat) 11.21 ± 1.25 10.53 ± 1.12 10.20 ± 1.03 10.34 ± 1.45
Energy levels (KJ/day/rat) 214.953 ± 21.182 300.621 ± 28.784 292.14 ± 26.471 293.738 ± 37.265 

NHFD: Non high fat diet control group
HFDC: High fat diet control group
HFD +PBJ: High Fat Diet rats treated with Piper betle leaf juice
HFD + Simvastatin: High Fat Diet rats treated with Simvastatin

Table 3. Food intake and estimated energy levels of experimental rats.
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diet in rats drastically enhanced the levels of AST (131.0 
± 5.507 U/L vs. 61.0 ± 5.507 U/L), ALT (81.0 ± 5.507 U/L 
vs. 38.0 ± 1.732 U/L), ALP (165.67 ± 5.783 U/L vs. 87.0 ± 
4.932 U/L) and creatinine (1.933 ± 0.049 mg/dL vs. 0.686 
± 0.095 mg/dL), respectively. However, treatment of hy-
perlipidemic rats with PBJ at the doses of 1.0, 1.5, 2.0, and 
3.0 mL/rat significantly diminished the levels of AST (Fig. 
2A) and ALP (Fig. 2C) biomarkers. While the levels of 
ALT and, creatinine were significantly reduced by PBJ 2.0 
and 3.0 mL/rat (Fig. 2B), and PBJ 0.5, 1.0, 1.5, 2.0, and 
3.0 mL/rat (Fig. 2D), respectively.  Simvastatin (4 mg/kg), 
as a standard antihyperlipidemic drug, also significantly 
diminished the levels of AST (**p<0.01), ALT (*p<0.05), 
ALP (*p<0.05), and creatinine (**p<0.01). 

 
Attenuation of the levels of HMG-CoA by PBJ in the 
liver tissues of high-fat-diet rats

Figure 3 shows the effect of different concentrations of 
PBJ (0.5 mL/rat to 3.0 mL/rat) administered orally. The 
level of HMG-CoA reductase enzyme has been tremen-
dously increased in the high-fat- diet rats compared to 
non-hyperlipidemic animals. However, treatment of the 
high-fat-diet rats with PBJ at the doses of 1.5, 2, and 3 
mL/rat significantly (*p<0.05, **p<0.01, *p<0.05, respec-
tively) reduced the levels of HMG-CoA reductase enzyme 
in liver tissues. Simvastatin (4 mg/kg) as a positive control 
has also significantly attenuated the level of HMG-CoA 
reductase enzyme in liver tissues. The highest reduction of 
HMG-CoA reductase enzyme was observed to by PBJ at 
the dose of 3.0 mL/rat which was even much lower than 
that of the level of HMG-CoA level reduced by standard 
lipid lowering agent simvastatin (4.0 mg/kg) (Fig. 3). 

Effect of PBJ on histopathological assessment of high 
fat diet-induced liver damage

Histopathological observation of liver sections of non-
hyperlipidemic control rats showed normal cellular archi-
tecture, distinct hepatic cells, sinusoidal spaces, central 
vein, and no accumulation of fat (Fig. 4A). In high-fat-
diet group, hepatic cells were found to have hyperplasia, 
cellular degeneration, inflammation, and accumulation of 

fat (Fig. 4B). The rats treated with PBJ (0.5, 1.0, 1.5, and 
2 mL/rat) (Fig. 4C, D, E, F, G) and Simvastatin 4 mg/kg 
(Fig. 4H) showed almost normal architecture of the hepatic 
cells having signs of protection with the reduced number/
absence of inflammatory cells, vascular degeneration and 
significant reduction/absence of fatty cells accumulation. 

Figure 3. Effects of PBJ on HMG-CoA reductase enzyme levels in 
liver tissues of experimental rats. Swiss Albino rats were provided 
with high-fat-diet for a month followed by concurrent administra-
tion of treatment and high-fat diet for another month. The amount of 
HMG-CoA reductase enzyme was measured in the tissue homoge-
nates of experimental rats by RT-PCR method. Values are expressed 
as means ± S.E.M. of five rats in each group. *Data differed signi-
ficantly (*p<0.05, and **p<0.01) when compared to hyperlipidemic 
control (HC) group. # Data differed significantly (##p<0.01) when 
compared to non-hyperlipidemic control group.

Figure 2. Effects of PBJ on AST (Fig. A), ALT (Fig. B), ALP (Fig. C), 
and creatinine (Fig. D) in rats. Swiss Albino rats were provided with 
high-fat-diet for a month followed by concurrent administration of 
treatment and high-fat diet for another month. Values are expressed as 
means ± S.E.M. of five rats in each group. *Data differed significantly 
(*p<0.05, **p<0.01) when compared to hyperlipidemic control (HC) 
group. ɸData differed significantly (ɸ p<0.05, ɸɸ p<0.01) when com-
pared to non-hyperlipidemic control (NHC) group.

Figure 4. Representative photomicrographs of liver histopatholo-
gy. Liver sections from Swiss Albino rats group of non-hyperlipide-
mic control (A), hyperlipidemic control (B),  PBJ 0.5 mL/rat (C), PBJ 
1.0 mL/rat (D), PBJ 1.5 mL/rat (E), PBJ 2.0 mL/rat (F), PBJ 3.0 mL/
rat (G), and Simvastatin 4 mg/kg (H), respectively. H = hyperplasia, 
IC = Inflammatory cells, CD = cellular degeneration, F = fat deposi-
tion, PV = portal vein, CV = central vein. Pictures of hematoxylin and 
eosin (H&E) staining are at 10 × magnification and Bar scale: 20 µ.
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Inflammation grade, cell infiltration, and tissue disruptions 
scores in histopathological observations are presented in 
Table 4. 

Oral acute toxicity study of PBJ
 Oral acute toxicity study of PBJ was carried 

out following OECD guideline Fixed Dose Procedure 
(OECD protocol no. 420) as mentioned in the Methodo-
logy section. No case of mortality was observed during 
the 14 days of treatment with a limited dose of 5000 mg/
kg BW of PBJ. All treated animals could tolerate the PBJ 
doses and there was no statistically significant difference 
in body weight between the treated and untreated groups. 
The animals did not exhibit any abnormalities or major 
behavioural changes such as respiratory distress, abnormal 
locomotion, tremors, salivation, diarrhoea, sleep, walking 
backwards, reactions to handling, catalepsy, coma or any 
toxic symptoms either immediately or during the post-
treatment observational period of 14 days. Thus, we can 
say that the LD50 for oral administration of PBJ is higher 
than 5000 mg/kg B.W. and is apparently nontoxic. The-
refore, the used doses of PBJ (0.5-3.0 mL/rat) were well 
tolerated by the animals (data not shown). 

Isolated phytocompounds from PBJ 
A total of 73 phytocompounds were found to be iso-

lated from the leaves of Piper betle L. which include Hy-
droxychavicol (29, 52, 53), Eugenol (29, 52), Isoeugenol 
(29, 54); 4-allyl-1,2-diacetoxybenzene, 1-n-dodecanyloxy 
resorcinol, desmethylenesqualenyl deoxy-cepharadione-
A, 4-Chromanol, 1-phenylpropene-3,3-diol diacetate, 
Neophytadiene, Elemicin, anethole, 3-ρ-coumaroylquinic 
acid, 4-ρ-coumaroylquinic acid, 4-chromanol, phenol 2 
methoxy 4–(−2propenyl) acetate, Hexadecanoic acid, Oc-
tadecanoic acid, 2,3- bis(hydroxy)propyl ester, Benzenea-

cetic acid, estragole, β-cubebene, acetyleugenol, amphene, 
a-limonene, safrole, 1,8-cineole, 4-terpineol, 4-allyl-
2-methoxy-phenolacetate, and 4-allylpheny acetate (29). 
Besides, Chavicol, carvacrol, Chavibetol, ursolic acid, 
cadinene, p-cymene, cepharadione A, dotriacontanoic 
acid, tritriacontane, adinene, hentriacontane, pentatria-
contane, n-triacontanol, stearic acid, piperlonguminine, 
α-pinene, β-sitosteryl palmitate, β-sitosterol, stigmasterol, 
4-allyl resorcinol,  aristololactam A-II, pellitorine, N-iso-
butyl-2E,4E-dodecadienamide, Dehydropipernonaline, 
piperdardine, piperolein-B, guineensine, syringaresinol-
O-β-D-glucopyranoside, pinoresinol, cepharadione 
A, 6β-hydroxystigmast-4 -en - 3- one, β-daucosterol, 
(2E,4E)-N-isobutyl-7-(3',4'-methylenedioxyphenyl)-2,4-
heptadienamide, 23-hydroxyursan-12-en-28-oic acid, 
β-sitosterol-3-O-β-D-glucoside-6'-O-palmitate, (2S)-4'-
hydroxy-2,3-dihydrofl avonone-7-O-β-D-glucoside, and 
α-ethyl glucoside (54); caryophyllene, chavibetol acetate, 
4-allylphenyl acetate, and ß-pinene (29,54); Allypyroca-
techol monoacetate (29, 55); allylpyrocatechol 3,4-diace-
tate, and allylpyrocatechol piperbetol (56).  

Molecular docking results
 By searching the research articles, 73 isolated 

compounds were found as mentioned earlier. Among 
these, compounds that are found in the Pubchem database 
have been performed molecular docking studies (Tables 
5-7). A number of compounds: 1-phenylpropene-3,3-
diol diacetate, 4-Chromanol, 4-ρ-coumaroylquinic acid, 
Benzeneacetic acid, 4-terpineol, β-sitosterol, stigmaste-
rol, aristololactam A-II  showed promising binding score 
with HMG-CoA reductase (PDB ID: 1HW8)  (Table 5). 
4-ρ-coumaroylquinic acid exerted best binding affinity is 
-6.915 Kcal/mol, whereas simvastatin showed -5.741Kcal/
mol. The order of binding score is: 4-ρ-coumaroylquinic 

Groups Inflammation grade Cell infiltration Tissue disruption
Group-I 0.50 0.25 0.45
Group-II 3.90 3.20 3.80
Group-III 1.15 1.10 1.05
Group-IV 1.12 1.08 1.03
Group-V 0.90 0.85 0.95
Group-VI 0.86 0.87 0.85
Group-VII 0.56 0.54 0.65
Group-VIII 0.59 0.70 0.40

Table 4. Scoring for Inflammation grade, Cell infiltration, and Tissue disruption.

Compounds name
1HW8
Docking Score Glide energy

1. Simvastatin -5.741 -43.223
2. 1-phenylpropene-3,3-diol diacetate -5.418 -37.666
3. 4-Chromanol -5.313 -22.702
4. 4-ρ-coumaroylquinic acid -6.915 -49.333
5. Benzeneacetic acid -5.384 -21.919
6. 4-terpineol -5.064 -22.652
7. β-sitosterol -5.161 -30.523
8. stigmasterol -5.237 -31.355
9. aristololactam A-II -5.435 -30.889

Table 5. Isolated compounds that exerted promising docking scores of with HMG-CoA reductase- an enzyme 
responsible for cholesterol synthesis.
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acid> simvastatin> aristololactam A-II> 1-phenyl-
propene-3,3-diol diacetate> Benzeneacetic acid> 4-Chro-
manol> stigmasterol> β-sitosterol> 4-terpineol.

Pharmacokinetic profile
The pharmacokinetic features of the substances set by 

Lipinski were determined using SwissADME, an online 
tool. Lipinski has here declared that if a drug/compound 
follows the following criteria such as molecular weight 
<500 amu, hydrogen bond donor site < 5, hydrogen bond 
acceptor site < 10, and lipophilicity value LogP ≤5, then 
the compound would be orally bioavailable. The study 
showed that all compounds complied with the rules of Li-
pinski, suggesting the strong oral bioavailability of these 
compounds (Table 7). 

Discussion

High-fat diet can increase cholesterol levels in suscep-
tible individuals, which in turn results in hyperlipidaemia 
and obesity (57). Besides, hyperlipidaemia, a severe risk 
factor of coronary complications is considered as a promi-
nent aetiology of early death throughout the world (58).  
Previous studies also reported that an elevated level of 
HDL-c and diminished levels of TG, TC, and LDL-c alle-
viate cardiac health by preventing ischemic condition (59). 
The action of antihyperlipidemic agents can be attributed 
to improving the cessation of intestinal cholesterol absorp-
tion, catabolism of body cholesterol, interfering with the 
production of lipoproteins along with enhanced expres-
sion of LDL-c receptors in the liver and their protection 
and elimination of LDL-c from the blood by promoting 
their degradation. However, all these episodes either col-
lectively or independently abridged LDL-c levels result-
ing in mitigation of TC concentration in blood during the 
treatment with sample extracts (60, 61). 

The present study was conducted to investigate the role 
of P. betle leaf juice in high-fat diet-induced hyperlipidae-
mic conditions. High-fat diet significantly increased TG, 
TC, LDL-c, and VLDL-c levels as expected in rat models 
along with a prominent reduction in HDL-c levels com-
pared to the normal physiologic range. In this experiment, 
when the P. betle leaves juice was co-administered with 
the high-fat diet, it delivered very promising responses in 
all parameters which were very closely comparable to the 
standard drug, simvastatin. PBJ at the dose of 2.0 mL/rat 
has showed the highest level reduction of TC, LDL-c, TG, 
and VLDL-c (Fig. 1 A, B, C, and E); whereas the same 
dose of PBJ (2.0 mL/rat) exhibited the highest level of 
increment of HDL-c compared to hyperlipidemic control 
group (Fig. 1D). Similarly among all the used doses of 
PBJ (0.5-3.0 mL/rat), the highest level of effects for the 
reduction of AST, ALT, ALP, and creatinine (Fig. 2 A-D) 
have been observed by PBJ (2.0 mL/rat). Based on the re-
sults we can conclude that the optimum dose of PBJ is 
2.0 mL/rat. Similar to our findings, Venkadeswaran et al. 
(2014) reported that seven days treatment of Triton WR-
1339-induced hypercholesterolemic rats with Piper betle 
extract (500 mg/kg b.wt) significantly lowered the levels 
of TC, TG, LDL-c, VLDL-c and glucose in blood (62). 
They also showed that Piper betle extract increased HDL-c 
and, enzymatic and non-enzymatic antioxidants in hepatic 
tissues. Additionally, they also reported that treatment of 
the hyperlipidemic rats with eugenol (5 mg/kg), the phyto-

compound of Piper betle, in the same study exerted more 
stronger effect to reduce TC, TG, LDL-c, VLDL-c, and 
blood glucose levels as well as improvement of HDL-c 
and antioxidants (62). Their study concluded that eugenol 
from Piper betle is the bioactive compound or one of the 
bioactive compounds responsible for the hyperlipidemic 
activity of Piper betle. Another study conducted by Sara-
vanan and Pugalendi (2004) reported that co-administra-
tion of P. betel leaf ethanol extract (100-300 mg/kg) for 30 
days along with the daily dose of alcohol (alcohol induced 
hyperlipidemia) significantly lowered lipid levels in plas-
ma and hepatic tissues compared to ethanol-treated control 
rats, and the highest hypolipidemic effect was observed by 
300 mg/kg of the extract (63). In contract to the finding 
of Venkadeswaran et al (2014), Saravanan and Pugalendi 
(2004) also reported that the leaf ethanol extract of P. betle 
significantly increased blood glucose levels in hyperlip-
idemic rats. Another study conducted by Thirumalai et al 
(2014) also reported the hypolipidemic activity of metha-
nol extract of P. betle in high fat diet induced hyperlipid-
emic rats with the significant lowering of the levels of TC, 
TG, LDL, and VLDL (64). 

HMG-CoA reductase (3-Hydroxy-3-methyl glutaryl-
CoA reductase) is a polytopic transmembrane protein that 
plays critical role in the synthesis of cholesterol by cata-

Figure 5. Ligand receptor interactions: A) Simvastatin+HMG-CoA 
reductase; B) 4-p-coumaroylquinic acid+HMG-CoA reductase; C) 
4-Terpineol+HMG-CoA reductase; D) 1-phenylpropene-3,3-diol 
diacetate+HMG-CoA reductase; E) 4-Chromanol+HMG-CoA reduc-
tase; F) Aristolactam-AII+HMG-CoA reductase;  G) Benzeneacetic 
acid+HMG-CoA reductase; H) Beta-sitosterol+HMG-CoA reductase; 
I) Stigmasterol+HMG-CoA reductase.
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lyzing the rate-limiting step in cholesterol synthesis (65). 
The cholesterol synthesis reaction is mediated by sterols 
and non-sterol metabolites derived from mevalonate, in 
which HMG-CoA is converted to mevalonate (66). HMG-
CoA reductase inhibitory mechanism is extensively fo-
cused in the discovery of novel anticholesterolemic drugs 
based on cholesterol-synthesis-inhibiting mechanism. Al-
though statins (such as atorvastatin, simvastatin, rosuvas-
tatin, etc.) of synthetic origin have been shown to display 
antihyperlipidemic action by inhibiting HMG-CoA reduc-
tase via the mevalonate pathway. and though statins are 
well tolerated, these drugs are reported to exhibit potential 
side-effects including renal failure, hepatotoxicity, muscle 
wastage, etc. (56, 67). Hence, it is very important to search 
for novel drug molecule(s) and/or alternative medicines 
that would be used for the treatment of hyperlipidemia 
with minimal or no side-effects and its associated co-mor-
bidities. In this respect, the present finding is significant 
to deliver important data for the progress of the develop-
ment of alternative medicaments or novel medicines from 
P. betle is it can be used directly for the amelioration of 
hyperlipidemia. 

Our findings observed that the lipid lowering activity 
of PBJ was increased in a dose dependent manner starting 
from 0.5 mL/rat upto the 2.0 mL/rat and then started to 
decline. Thus the optimum dose for the lipid lowering ac-
tivity of PBJ was reported to be 2.0 mL/rat.  Although PBJ 
3.0 mL/rat also showed significant activities to decrease 
bad cholesterols and inhibited HMG-reductase enzymes, 
its effect was less than the dose of 2.0 mL/rat. It is assumed 
that the doses of PBJ higher than 3.0 mL/rat would exhibit 
lesser activities than that of its respective lower doses al-
though we have not applied higher doses than BPJ 3.0 mL/
rat. It is not clear why the higher doses of drugs/bioactive 
compounds exhibit less activity with higher doses beyond 
the optimum dose. Once hypothesis is that every drug 
molecule/bioactive compound works either by binding its 
specific cellular receptors or by binding with endogenous 
biomolecules. When such kind of available binding sites 
are saturated with the increased dose of drugs (by the opti-
mum dose), the higher dose may have drug/molecule that 
cannot bind to increase its therapeutic response. Rather the 
additional molecules/drugs in some way interrupt to the 
affinity, efficacy, and ultimately the therapeutic response 
of the drug. In the case of PBJ, the maximum affinity and 
efficacy was exhibited by PBJ 2.0 mL/rat, and higher dose 
PBJ 3.0 mL/rat exhibited lower activity than that its pre-
vious dose because of the saturation of specific receptors 
of PBJ bioactive compound(s) that is responsible for its 
therapeutic action.      

Histopathological observation of liver sections was 
also documented the efficacious role of P. betle juice in ex-
perimental rat models. In addition, previously conducted 
phytochemical analysis of P. betle revealed several phyto-
chemicals including polyphenols, by which it may exert its 
noteworthy benevolent activity by alleviating the hyper-
lipidaemia state (68). Along with this, further molecular 
docking study corroborates this finding: many compounds 
showed promising results, yet 4-ρ-coumaroylquinic acid 
manifested a much better score than that of simvastatin, 
an antihyperlipidemic drug that blocks HMG-CoA reduc-
tase, thereby may be the responsible mechanism of inhib-
iting cholesterol synthesis (Figure 4). Venkadeswaran et 
al. (2014) showed the potential antihyperlipidemic activ-

ity of eugenol, the bioactive compound of P. betle (62). 
Thus, the bioactive compound responsible for hyperlip-
idemic activities in our study would be eugenol and/or 
4-ρ-coumaroylquinic acid among other phytocompounds. 
Interactions of ligands with amino acid residues will be 
boon for synthesizing new drug candidates for the treat-
ment of hyperlipidemia. This observation also ascertains 
the claim of considering P. betle as a promising candidate 
for drug discovery or using betel leaf juice preparations for 
the treatment of hyperlipidaemia. In our study, we could 
not investigate the phytochemical profiling and identifica-
tion of responsible bioactive phytocompound(s) and also 
evaluation of the bioactive compounds for its antihyperlip-
idemic activities. However, further studies are warranted 
to identify and determination of the bioactive compound(s) 
responsible for antihyperlipidemic activities as well as to 
elucidate its underlying mechanism of actions.     

The conducted study on a high fat diet-induced hyper-
lipidemic rat model provides new insights into the antihy-
perlipidemic activity of P. betle L. leaf juice by evaluating 
biochemical and histopathological parameters. Reduction 
of TG, TC, LDL-c, and VLDL-c levels as well as promo-
tion of HDL-c concentrations by PBJ clearly demonstrated 
a potential lipid lowering activity of P. betle which were 
very close to the commercially available drug, simvas-
tatin (used as a reference drug) and gives a ray of hope 
to consider it as a possible wellspring of hypolipidemic 
drug agents or the PBJ can be directly used as an alterna-
tive medicine for the treatment of hyperlipidemia. Addi-
tionally, in molecular docking analysis, several bioactive 
promising biomolecules exhibited optimistic binding af-
finity to specific proteins, and the ADME study displayed 
their drug-like characters. However, further studies are re-
quested to establish the responsible active compounds and 
their possible mode of action as well as a complete safety 
profile. 
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