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INTRODUCTION: 
Diabetes mellitus type 2 is one of the common diseases 
that strike individuals who are obese or overweight [1]. 
To date, there are no signs that obesity and diabetes 
mellitus problems among modern society in 185 
countries will decline [2-3]. Diabesity has been coined to 
describe obesity-dependent diabetes [4]. Development of 
insulin resistance prompting diabetes mellitus in obese 
individuals contributed by a few factors such as 
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ABSTRACT: Background: Obesity lead to various side effects including diabetes mellitus. 
Although there have been modern treatments to combat obesity and diabetes mellitus, there is a 
tendency among the community to use traditional plant-based treatments. Aim: This study was 
conducted to compare the potential of Piper sarmentosum leaves aqueous extract (PSAE) and Piper 
betle leaves aqueous extract (PBAE) as anti-obesity and anti-diabetic agents. Methodology: 
Qualitative phytochemical screening was conducted using standard technique. Radical scavenging 
activity was measured by DPPH assay. Lipase inhibition activity was measured by pancreatic lipase 
inhibitory activity and the quantity of ρ-nitrophenol released from ρ-nitrophenyl α-D-
glucopyranoside was measured by α-glucosidase inhibitory assay. Results: Piper sarmentosum and 
Piper betle aqueous extracts qualitatively contained Flavonoids, Phenols, Tannins, Saponins, 
Terpenoids and Steroids. The findings also show that both extracts at a maximum concentration 
demonstrated antioxidant activity or inhibition of DPPH radicals (PSAE = 40.3±3.7%; PBAE = 
28.8±2.9 %), pancreatic lipase inhibitory activity (PSAE = 67.4±3.2; PBAE = 48.2±2.4 %) and α-
glucosidase inhibitory activity (PSAE = 76.89±5.79 %; PBAE = 51.65±4.84 %). Conclusion: In 
conclusion, Piper sarmentosum and Piper betle aqueous extracts have potential as anti-obesity and 
anti-diabetic agents. 
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elevation of circulating non-esterified fatty acids 
(NEFA) and triglyceride (TG) [5]. NEFA, otherwise 
called unsaturated fatty acids are particles delivered 
from triglycerides by the activity of the lipase enzyme. 
Nowadays, advances in medicine have greatly changed 
the methods of treatment for obesity and obesity-
dependent diabetes. Interestingly, there is still a part of 
society that is interested in traditional treatment methods 
inherited from previous generations. This sort of 
traditional medical knowledge needs to be preserved as 
an irreplaceable asset, recorded and experimentally 
demonstrated.  
Piperaceae, otherwise called the pepper family is an 
enormous family of flowering plants that may be small 
trees, climbers, vines, shrubs, or herbs [6]. This family is 
made out of around 3600 species within two main 
genera, Piper and Peperomia. The vast majority of 
species are widely distributed throughout the tropic and 
subtropic regions. Morphologically, the leaves of 
Piperaceae are simple with entire margins and 
positioned at the base of the plant or along the stem. 
Flowers are bisexual or unisexual with 2 to 6 stamens, 
terminal inflorescences, held in spikes or racemes 
opposite the leaves and there are 3 to 4 stigmas attached 
to a single pistil for each flower [7]. Fruits are fleshy 
drupes with a single seed per fruit. Each seed has a 
minute embryo and mealy perisperm. The stems can be 
simple or branched. Roots can be terrestrial or epiphytic 
and often rhizomatous. The taxonomical classification of 
the Piperaceae is presented as follows; 
Kingdom: Plantae (plants) 
Subkingdom: Tracheobionta (vascular plants) 
Superdivision: Spermatophyta (seed plants) 
Division: Magnoliophyta (flowering plants) 
Class: Magnoliopsida (dicotyledons) 
Subclass: Magnoliidae 
Order: Piperales 
Family: Piperaceae 
Genus: Piper L. (about 2000 species) and Peperomia R. 
and P. (about 1600 species) 
Various phytochemicals have been isolated from 
Piperacea including Alkaloids, Terpenes, Amides, 
Phenylpropanoids, Chromenes/Chromanes, Prenylated 
Benzoic acid derivatives, Lignans, Secolignans, and 
many more [8]. Piperaceae have been utilized worldwide 
as culinary flavors and to treat a few illnesses such as 
high fever, cough, bone fracture, stomach ache, 
toothache, urological problems, parasitic infection, high 
fever, low or high blood pressure, blood glucose 

regulation, pain management and wound healing [9]. 
Among the well-known and widely used Piperaceae are 
Piper sarmentosum (Fig 1) and Piper betle (Fig 2). P. 
sarmentosum is known as ‘kaduk’ in Malay meanwhile, 
P. bettle is known as ‘sirih’ in Malay. Both species are 
widely distributed in the tropical and subtropical regions 
including Southeast Asia and Northeast India, and have 
high antioxidant activity [10]. The present investigation 
was conducted to compare the potential of these two 
Piperaceae species which are P. sarmentosum and P. 
betle as an anti-obesity and anti-diabetic by using the in-
vitro model. 

 
Fig 1. Piper sarmentosum leaves (Credit to Carousell 
Singapore). 

 
Fig 2. Piper betle leaves (Credit to IA Indonesia). 

MATERIALS AND METHODS: 
Chemicals, reagents and instruments: 
All chemicals and reagents were purchased from Sigma-
Aldrich (USA) via local distributors unless otherwise 
stated in the text. All instruments were calibrated and 
maintained in accordance with the manufacturer's 
manual. 
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Plant materials and aqueous extract preparation: 
Fresh Piper sarmentosum (DD-UiTM/27/2019)  
and Piper betle (DD-UiTM/28/2019) mature leaves were 
collected from Kampung Simpang Empat Dalam, 
District of Muallim, State of Perak, Malaysia 
(3.6890532° N, 101.5261683° E) in October 2019, 
during southwest monsoon (temperature in between 27 
to 33 °C and total rainfall in between 1800 to 3900 
mm) [11] and authenticated by a biologist from 
UniversitiPendidikan Sultan Idris, Malaysia. All 
collected leaves were washed thoroughly with tap water 
and air-dried under the shade at ambient temperature. 
The aqueous extract was prepared according to Fauzy 
and co-workers [12] with some modifications. Initially, 
dried leaves were pulverized into coarse powder by 
using an electrical blender (Pensonic PB-3203L, 
Malaysia), macerated in distilled water at a ratio of 1:10 
(w:v), and kept on an orbital shaker (Labtron LODS-
A10, UK) for 24 h at 200 rpm. Then the mixture was 
filtered using Whatman No 1 filter paper, evaporated 
using a rotary evaporator (Buchi R-210, Switzerland) 
and lyophilized using a freeze dryer (Christ Alpha 1-4 
LD Plus, Germany). The collected crude extracts (PSAE 
= Piper sarmentosum aqueous extract and PBAE 
= Piper betle aqueous extract) were kept at 4 °C prior to 
further experiments. 

Phytochemical screening: 
The qualitative screening was conducted using standard 
methods for Flavonoids, Phenols, Tannins, Saponins, 
Terpenoids, and Steroids [13-16]. 

DPPH assay: 
A spectrophotometric analysis using DPPH (2,2-
Diphenyl-2-picrylhydrazyl hydrate)was performed as 
previously described [17]. Briefly, 0.5 ml of 10 to 100 
mg/ml PSAE and PBAE were added to 2 ml of 0.2 
mmol/L DPPH solution dissolved in methanol 
(HmbGChemicals, Germany). The mixtures were 
vortexes, covered with aluminium foil and allowed to 
stand at room temperature for 30 min. Then the 
absorbance value of methanol (served as the negative 
control) and the mixtures were measured at 517 nm by 
using spectrophotometer (Shimadzu AA-760, Kyoto, 
Japan). A calibration curve in the range of 0.05 to 1.0 
mmol/L was used for the ascorbic acid, and data were 
expressed as ascorbic acid equivalent antioxidant 
activity (ASAC, mg/g). 
Radical scavenging activity (SA) (%) was calculated 
according to the following formula; 

SA (%) = [(A0–A1)/A0]×100 ……(1) 
Where, A0 = absorbance of the control, A1= absorbance 
of the extract. 

Pancreatic lipase inhibitory assay: 
Pancreatic lipase inhibitory assay was adapted from Kim 
and colleague [18]. Briefly, Orlistat (Chepla Pharm, 
Germany) as a positive control, PSAE and PBAE crude 
extracts were diluted in 10 % DMSO into the following 
concentrations: 0, 25, 50 and 100 µg/ml. Then 0.1 ml of 
porcine pancreatic lipase (1 mg/ml) was added to the test 
tube containing 0.2 ml of the various concentrations (0, 
25, 50 and 100 µg/ml) of PSAE and PBAE crude 
extracts. The mixture was made up to 1 ml with Tri-HCl 
solution (pH 7), covered with aluminium foil and 
incubated at 25 °C for 15 min. Following the incubation 
period, 0.1 ml of PNPB solution (20.9 mg p-nitrophenyl 
butyrate in 2 ml of acetonitrile) was added into each test 
tube and incubated again at 37 °C for 30 min.  
Pancreatic lipase activity was measured by measuring 
the hydrolysis of PNPB (p-nitrophenyl butyrate) into p-
nitrophenol at 405 nm by using a spectrophotometer 
(Shimadzu AA-760, Kyoto, Japan). 
Lipase inhibition (LI) (%) was calculated according to 
the following formula; 
LI (%) = 100-[(B-b)/(A-a)×100] ……(2) 
Where, A = the activity without inhibitor, a = the 
negative control without inhibitor, B = the activity with 
inhibitor and b = the negative control with inhibitor. 

α-glucosidase inhibitory assay: 
The inhibition of α-glucosidase activity was carried as 
previously described [19]. Briefly, 1 mg of α-glucosidase 
was dissolved in 100 ml of phosphate buffer saline (pH 
6.8) containing 200 mg of bovine serum albumin. About 
10 µL of acarbose (Hangzhou Pharmaceutical, China) as  
a positive control, PSAE and PBAE at various 
concentrations (0, 25, 50, 100 and 200 µg/ml) were 
transferred to the test tube and mixed with 490 µL of 
phosphate buffer saline (pH 6.8) and 250 µL of 5 mM ρ-
nitrophenyl α-D-glucopyranoside. The mixture was 
incubated at 37 °C for 5 min. Following the incubation 
period, 250 µl of α-glucosidase was added and incubated 
again at 37 °C for another 15 min. The reaction was 
terminated by the addition of Na2CO3 (200 µL, 200 
mM). The inhibition of α-glucosidase activity was 
measured by measuring the quantity of ρ-nitrophenol 
released from ρ-nitrophenyl α-D-glucopyranoside at 400 
nm by using a spectrophotometer (Shimadzu AA-760, 
Kyoto, Japan). 
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Statistical analysis: 
One-way analysis of variance (ANOVA) and Tukey’s 
post hoc test were conducted by using standard 
statistical software. In all cases, p<0.05 was considered 
statistically significant.  

RESULTS AND DISCUSSION: 
Phytochemical: 
Piper sarmentosum aqueous extract (PSAE) and Piper 
betle aqueous extract (PBAE) qualitatively contained 
high flavonoids, phenols and tannins (Table 1). The 
qualitative phytochemical analysis also revealed the 
existence of Saponins, Terpenoids and Steroids in both 
aqueous extracts at different amounts. Saponins and 
terpenoids are heavily found in PBAE while steroids are 
heavily found in PSAE. Flavonoids are a large group of 
naturally occurring plant-phenolic compounds that 
possess many biological and pharmacological actions 
against obesity and obesity-dependent diabetes [20]. 
Phenols, Tannins and Saponins are secondary 
compounds with known antioxidant potential, anti-
obesity and improving insulin sensitivity [21]. Terpenoids 
have been reported as pancreatic lipase and α-
glucosidase inhibitors in several findings [22-23]. 

Antioxidant activity: 
Experimental results revealed that Piper 
sarmentosum aqueous extract (PSAE) and Piper 
betle aqueous extract (PBAE) possess antioxidant 
activity (Fig 3).  

 
Fig 3. Comparative radical scavenging activity of 
Piper sarmentosum and Piper betle aqueous extracts. 
 

PSAE showed higher antioxidant activity compared to 
PBAE (p<0.05) with estimated IC50 value at 126.69 
mg/ml and 175.89 mg/ml, respectively. Our findings are 
in accordance with previous studies that 
reported Piperaceae species contains significant 
antioxidant property [24]. Commonly known; antioxidants 
are linked to the ability to relieve problems such as 
obesity and diabetes. According to Kwak and co-
workers, obesity and obesity-dependent diabetes are 
closely associated with oxidative stress and their 
findings demonstrated that antioxidant activity is 
correlated with anti-obesity potential [25]. Wakene and 
co-workers also reported that antioxidant activity is 
positively correlated with anti-diabetic potential as 
shown in streptozotocin-induced diabetic mice [26]. 

Pancreatic lipase inhibitory activity: 
Piper sarmentosum aqueous extract (PSAE) showed 
moderate pancreatic lipase inhibitory activity (p<0.05) 
as compared to control, Orlistat (Fig 4). Piper 
betle aqueous extract (PBAE) also showed pancreatic 
lipase inhibitory activity but significantly (p<0.05) lower 
than PSAE and Orlistat. Previously, researchers 
demonstrated that Piper sarmentosum and Piper 
betle consumption led amelioration of obesity in in-
vitro and in-vivo models [27-28]. Phytochemical 
constituents found in PSAE and PBAE, especially 
flavonoids may contribute to the potential of both 
extracts as anti-obesity agent [20]. 

 
Fig 4. Comparative inhibitory effect of Piper 
sarmentosum and Piper betle on the activity of 
pancreatic lipase. 
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Table 1. Phytochemical contents of Piper sarmentosum aqueous extract (PSAE) and Piper betle aqueous extract 
(PBAE). 

Phytochemical Method PSAE PBAE 
Flavonoids Alkaline reagent test ++ ++ 

Phenols Ferric chloride test ++ ++ 
Tannins Lead acetate test ++ ++ 
Saponins Froth test + ++ 

Terpenoids Liebermann Burchard test + ++ 
Steroids Salkowski’s test ++ + 

Indicator: ++ strong presence, + low presence. 

α-glucosidase inhibitory activity: 
The α-glucosidase inhibitory activity of Piper 
sarmentosum aqueous extract (PSAE) and Piper 
betle aqueous extract (PBAE) are expressed in Fig 5. 
This inhibition was in a dose-dependent manner. 
Although both extracts showed inhibitory activity 
against α-glucosidase, PSAE had a higher inhibitory 
activity (p<0.05) as compared to PBAE. α-glucosidase 
inhibitory activity in PSAE and PBAE could be 
attributed to the Flavonoids, Phenols, Tannins, Saponins 
and Terpenoids [20-23]. Phenolic compounds, which are 
found in all plants, have been linked to the prevention of 
diabetes. Gas chromatography and mass spectroscopy 
(GC-MS) data showed that Piperaceae species rich with 
bioactive compounds were recognized as anti-diabetic 
agents [29]. 

 
Fig 5. Comparative inhibitory activities of Piper 
sarmentosum and Piper betle aqueous extracts against 
α-glucosidase. 

CONCLUSION: 
In conclusion, the current study demonstrated that the 
Piper sarmentosum leaves aqueous extract (PSAE) 
and Piper betle leaves aqueous extract (PBAE) exhibited 

potent effects as anti-obesity and anti-diabetic. This 
comparative result would be a guide in the selection of 
new drug candidates in combating obesity and obesity-
dependent diabetes. 
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