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ABSTRACT

A high-fat diet (HFD) is a major risk factor for insulin resistance (IR), obesity, and metabolic
disorders. Flavonoids have been reported to attenuate IR and obesity-related metabolic alterations
in experimental animal models. As Piper sarmentosum Roxb. leaves are rich in flavonoids and
phenolic compounds, this study aimed to evaluate the effects of the ethanol extract of P.
sarmentosum leaves (EEPS) on body weight, abdominal circumference, and liver index in HFD-
fed mice. Mice were fed an HFD to induce IR and treated with EEPS at different doses. EEPS at
250 mg/kg significantly attenuated HFD-induced increases in body weight gain (12.80%),
abdominal circumference (8.44%), and liver index (6.87%) compared with the negative control
group (p < 0.05). These findings suggest that EEPS attenuates HFD-induced increases in body
weight, abdominal adiposity, and liver index in mice.
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INTRODUCTION development of DM is strongly linked to

Diabetes mellitus (DM) is considered insulin resistance (IR). Most patients with

one of the leading health problems chronic disease, e.g., DM and cardiovascular

worldwide, with a rapid increase in incidence disease (CVD), have shown a history of meal

rate and mortality as reported by the imbalances, such as excessive carbohydrate

International Diabetes  Federation. In and high-fat diet (HFD) intakes (Chen et al.,

Southeast Asian countries, the prevalence of
DM reached 106.9 million; of those, 20.4
million were in Indonesia (International

Diabetes Federation, 2025). The

2023).

High-fat diet (HFD) has been reported
to contribute to the development of insulin
resistance (IR) through multiple proposed

mechanisms, including reductions in short-
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chain fatty acids (SCFAs), impaired
activation of free fatty acid receptors
(FFARs), and increased oxidative stress and
hyperglycemia. IR is also linked with the
buildup of abdominal fat and increased body
weight (Abbasi & Khodadadi, 2025). An
increase in body weight is a parameter for IR
development in metabolic disorders. Among
middle-aged adults in the Netherlands,
greater accumulation of visceral and liver fat
was observed in individuals who experienced
weight gain and IR (Verkouter et al., 2019).
Flavonoids have shown inhibition
against IR development in rodents.
Supplementation with flavonoids, such as
anthocyanidins and hesperidin, has resulted
in a significant restoration in glucose uptake
in the IR group, suggesting IR amelioration
(Sui et al., 2025). Piper sarmentosum Roxb.
(Piperaceae) leaves are traditionally used in
Sundanese medicine. Studies have shown
they contain flavonoids and phenolic
compounds (Azelan et al., 2020). Previous
studies indicate that the ethanol extract
contains high levels of phenolic and
flavonoid compounds, with total phenolic
content (TPC) of 60.61 £ 0.96 mg GAE/g and
a flavonoid content (TFC) of 70.14 + 0.38 mg
QE/g (Nguyen et al, 2020). In a fructose-
induced obesity model, treatment with the
methanol extract of P. sarmentosum at a dose

of 125 mg/kg exhibited anti-obesity and
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antihyperlipidemic effects, which were

attributed to decreased adipocyte
accumulation and suppression of HMG-CoA
reductase activity (Kumar et al., 2021). This
study aimed to evaluate the effects of the
ethanol extract of Piper sarmentosum leaves
(EEPS) on body weight gain, abdominal
circumference, and liver index in mice fed a

HFD.

METHODS
Tools and Materials

Tools were an analytical digital
balance (Ohaus Pioneer PA 114), a rotary
evaporator (RV 8, IKA), a water bath
(Memmert), macerator, oral gavage (sonde),
volumetric flasks and other chemical
glasswares  (Pyrex), blender (Sharp),
evaporating disk, steel cabinet oven (Shel
Lab), surgical blade (GEA), mice cage
equipped with drink bottle, disposable
syringe 1 mL (OneMed).

Materials included Piper sarmentosum
Roxb. leaves, metformin tablets (500 mg,
Hexfarm), sodium carboxymethyl cellulose
(Na-CMC, technical grade), 70% ethanol
(technical grade), and distilled water.

Animals were Swiss-Webster mice
with a weight of approximately 20 g. A
commercial high-fat diet (HFD-60%;
BioCalorix, Faculty of Pharmacy, Widya
Mandala Catholic University Surabaya,
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Indonesia) was used to induce IR. The HFD
contained approximately 338.9 g fat, 180.2 g
protein, and 340.0 g carbohydrates per
kilogram of diet, corresponding to 60%,
14%, and 26% of total energy, respectively,
with a  metabolizable  energy  of
approximately 5,131 kcal/kg.
Research Path
1.  Extract Preparation

Fresh leaves were collected Balai
Penelitian Tanaman Rempah dan Obat, Kota
Bogor, Jawa Barat, Indonesia and were
authenticated by Arifin Surya Dwipa Irsyam
(https://www.scopus.com/authid/detail.uri?a
uthorld=57211286941; https://herbarium.sit
h.itb.ac.id/profil-kurator/), a certified

botanist at the School of Life Sciences and

Technology, = Bandung  Institute  of
Technology  (Bandung, @ West Java,
Indonesia),

(https://herbarium.sith.itb.ac.id/koleksi/).
The material was confirmed to be Piper
sarmentosum Roxb. of the family Piperaceae
(document number
7696/IT1.C11.2/TA.00/2025) with
characteristics that matched those described
in the reference.

The dried materials (1700 g) were put
in a blender and ground. The powdered
material was extracted by maceration using

70% ethanol for 3 x 24 hours. The extract was

collected, filtered, rotary evaporated at 50 °C
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and 40 rpm, and further heated with a water

bath set at 50 °C until the ethanol extract of

P. sarmentosum (EEPS) was obtained

(279.085 g).

2.  Determination of Total Phenol
Content (TPC) and Total Flavonoid
Content (TFC)

TPC and TFC were analyzed based on
the procedures specified in the Indonesian
Herbal Pharmacopoeia (Farmakope Herbal
Indonesia, 2nd Edition, 2017). For TPC
determination, gallic acid solutions at
concentrations of 20, 40, 60, 80, and 100
were employed as calibration standards,
while quercetin at the corresponding
concentrations was used for TFC
determination. TPC was measured using a
spectrophotometer at 765 nm, while TFC was
measured at 410 nm. The results were
expressed as milligrams of gallic acid
equivalents per gram of extract (mg GAE/g
extract) for TPC and milligrams of quercetin
equivalents per gram of extract (mg QE/g
extract) for TFC.

3.  Effects of EEPS on the Weight Gain,

Abdominal Circumference, and
Liver Index in Mice Fed a High-Fat
Diet

The animal handling procedure is
approved by the Research Ethics Committee,
Indonesia

Universitas Padjadjaran,
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(https://kep.unpad.ac.id/; approval document
number 147/UN6.KEP/EC/2026).

A total of 25 adult male Swiss-Webster
mice weighing 20-30 g were randomly
divided into five groups (n = 5/group). IR
was induced by feeding the mice an HFD for
14 days. The animals were subsequently
assigned to five groups: (1) the normal
control group, which received standard feed
and Na-CMC suspension; (2) the negative
control group, which received a high-fat diet
along with Na-CMC suspension; (3) the
positive  control  group, which was
administered a high-fat diet and metformin as
the standard treatment in Na-CMC
suspension; (4) the test I group, which
received a high-fat diet and EEPS at a dose
of 250 mg/kg in Na-CMC suspension; and
(5) the test II group, which received a high-
fat diet and EEPS at a dose of 500 mg/kg in
Na-CMC suspension.

After 14 days of HFD induction, mice
received EEPS or metformin once daily by
oral gavage during the treatment period,
while continuing the HFD. At the end of the
experimental period, the animals were
sacrificed, and the liver was excised and

weighed for analysis.

Liver index (%) = % x 100
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4.  Statistical Analysis

Data were tested for normality and
homogeneity of variance and were found to
meet the assumptions required for ANOVA.
One-way ANOVA was then employed to
assess differences among the study groups,
followed by post hoc comparisons using the
least significant difference (LSD) test. Data
are presented as mean + SD, with statistical

significance established at p < 0.05.

RESULTS AND DISCUSSION

The preparation of P. sarmentosum
extract yielded 279.085 g, or 16.06%, which
fulfills the requirement for Piper extract in
the Indonesian Herbal Pharmacopoeia 2017
(Kementerian Kesehatan Republik
Indonesia, 2017).

TPC and TFC of EEPS were
determined to be 72.5106 mg GAE/g extract
and 27.3398 mg QE/g extract, respectively.
Compared with the findings of Nguyen et al.
(2020), our extract exhibited a higher TPC
but a lower TFC, whereas the previously
reported values were 60.61 + 0.96 mg GAE/g
and 70.14 = 0.38 mg QE/g, respectively
(Nguyen et al., 2020).

The 14-day experimental period was
selected based on preliminary optimization
conducted before the main study, which
showed that BioCalorix HFD increased body

weight after 7 days of feeding. This approach
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was further supported by previous studies
demonstrating that short-term HFD feeding
is sufficient to induce early metabolic
alterations. For example, Dedual et al. (2019)
reported that four days of HFD feeding
impaired glucose tolerance and induced
hepatic  steatosis in C57BL/6J mice.
Although metabolic alterations may vary
depending on the duration of HFD feeding,
diet composition, and animal model used, a
14-day experimental period was considered
sufficient to evaluate the effects of EEPS on
HFD-induced metabolic alterations. In the
present study, these alterations were assessed
through changes in body weight, abdominal
circumference, and liver index (Dedual et al.,
2019).

The percentage change in body weight
among the different treatment groups is
presented in Figure 1.
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Figure 1. Effects of EEPS on the % weight
gain of mice fed a high-fat diet

Excessive body weight gain is
considered an important factor in the onset

and progression of IR. This condition is
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generally linked to increased adipose tissue
accumulation and obesity due to impaired
insulin action, specifically its inability to
inhibit hepatic glucose production and to
enhance glucose uptake by adipose tissue.

During the 14-day induction period, the
mice exhibited an increase in body weight,
indicating that the induction protocol not
only induced insulin resistance but also
promoted body weight gain in the
experimental animals. As depicted in Figure
1, EEPS-treated mice displayed a tendency
toward lower body weight gain compared
with the negative control group (Yan, 2024).

Body weight increased by 12.80% and
14.50% in the groups treated with EEPS at
doses of 250 mg/kg and 500 mgkg,
respectively, compared with 19.70% in the
negative control group. Notably, the lower
dose was more effective in attenuating body
weight gain than the higher dose. However,
administration of EEPS at 500 mg/kg did not
result in a statistically significant reduction in
body weight gain compared with the negative
control group (p > 0.05).

Overall, EEPS treatment did not show
a proportional dose—response effect on body
weight gain. The higher dose did not provide
additional benefit compared with the lower
dose, suggesting a non-linear dose—response

relationship. These findings may indicate

331



Pharmacoscript Volume 9 No. 2 Agustus 2026

that EEPS at 250 mg/kg is more effective in
limiting body weight gain in HFD-fed mice.

Dose escalation of EEPS did not result
in enhanced efficacy in attenuating body
weight gain. This observation may reflect the
occurrence of a ceiling effect, whereby
increasing the dose beyond an optimal range
fails to elicit further biological responses. In
addition, the diverse bioactive constituents
contained within the extract may interact
antagonistically at higher concentrations,
potentially reducing the overall therapeutic
effect and preventing a proportional increase
in efficacy (Lema, Ningsih, and Nopiyanti,
2015).

The significant difference observed
between the positive and negative control
groups (p < 0.05) may reflect the
pharmacological effects of metformin. One
proposed  mechanism  involves  the

upregulation  of Growth

Differentiation Factor 15 (GDF15), formerly

circulating

termed macrophage inhibitory cytokine-1
(MIC-1), a stress-responsive member of the
transforming growth factor beta (TGF-P)
superfamily. Produced by multiple tissues,
GDF15 interacts with Glial Cell-Derived
Neurotrophic Factor Family Receptor Alpha-
Like (GFRAL) in the brainstem to regulate
appetite and energy intake. This signaling
pathway decreases food consumption and

may consequently contribute to the
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attenuation of body weight gain in
metformin-treated animals (Al-Kuraishy and
Batiha, 2022; Kaneto et al., 2021).

A hallmark of obesity is the excessive
accumulation of visceral adipose tissue,
especially in the abdominal cavity. Excessive
visceral fat accumulation, accompanied by
reduced leptin responsiveness and cytokine
infiltration within adipose tissue, promotes
an increase in intracellular free fatty acid
concentrations. Metabolic abnormalities,
such as hyperinsulinemia and IR, have been
associated with increased concentrations of
circulating FFA (Bilbina, Zurriyani, and
Feriyani, 2024). These findings suggest that
EEPS may reduce abdominal fat

accumulation associated with the HFD

feeding group, as shown in Figure 2.
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Figure 2. Effects of EEPS on the %
abdominal circumference of
mice fed a high-fat diet

These results indicate a positive
association between body weight and
abdominal circumference, whereby higher

body weight is accompanied by increased
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abdominal circumference in experimental
animals. EEPS at a dose of 250 mg/kg
reduced the increase in abdominal
circumference by 8.44%, while EEPS at 500
mg/kg showed an 8.36% change. In contrast,
the negative control group exhibited a
10.53% increase. These findings suggest that
the treatment may have attenuated abdominal
fat accumulation, which is commonly
observed under diabetic conditions (Zhao et
al., 2023).

The liver index was evaluated as an
additional parameter in this study. Variations
in liver index appeared to be associated with
differences in body weight among the
experimental animals. Figure 3 presents the

percentage of liver weight relative to body

weight in each treatment group.
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Figure 3. Effects of EEPS on the liver index
of mice fed a high-fat diet

The elevated liver index observed in
the negative control group may indicate
morphological alterations in the liver,

potentially resulting from lipid accumulation

..... Pharmacoscript Volume 9 No. 2, Agustus 2026

induced by prolonged consumption of an
HFD. This observation is consistent with the
characteristics of insulin resistance, which is
frequently associated with increased ectopic
lipid deposition in hepatic tissue (Deng et al.,
2024).

Treatment with EEPS at 250 mg/kg
significantly reduced liver index compared
with the negative control group, whereas the
500 mg/kg dose showed no significant effect.
A reduction in liver index of 6.87% was
observed at the 250 mg/kg dose, while a
reduction of 7.61% was observed at the 500
mg/kg dose. Overall, changes in liver index
following EEPS administration did not show
a clear dose-response relationship,
suggesting that increasing the dose does not

necessarily result in a greater effect

(Sukandar, Qowwiyah and Larasati, 2011).

CONCLUSION

This study demonstrated that EEPS at
250 mg/kg significantly attenuated body
weight gain, reduced abdominal
circumference, and lowered liver index in

mice fed a high-fat diet.
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