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Obesity is associated with metabolic disturbances, including insulin resistance, dyslipidemia, and leptin dysregulation.
Natural compounds with antioxidant and anti-inflammatory properties are being explored as potential alternatives to
pharmacological agents. The present work investigated the preventive and attenuating effects of ethanolic extracts of
Phyllanthus acidus (PA) and Zingiber aromaticum (ZA) against metabolic disturbances in a high-fat high-fructose
(HFHF) diet-induced obesity model. Rats were divided into groups and given either a normal diet, HFHF diet, or
HFHF diet combined with orlistat, PA, or ZA for 12 weeks. Key metabolic parameters were evaluated. The HFHF diet
significantly increased BMI, adiposity index, triglycerides, cholesterol, fasting glucose, insulin, Homeostasis Model
Assessment of Insulin Resistance (HOMA-IR), leptin, and malondialdehyde (MDA) compared with the standard diet.
Orlistat reduced leptin and oxidative stress, but had a limited impact on glucose-insulin indices. In contrast, ZA extract
attenuated leptin and MDA elevation, with moderate improvements. The ethanolic PA extract consistently demonstrated
the most comprehensive effects, attenuating HFHF-induced elevations in fasting glucose, reducing hyperinsulinemia
and HOMA-IR, improving lipid profiles, and lowering leptin and MDA to levels comparable with the normal diet and
orlistat groups. These findings indicate that the ethanolic PA extract exerts more comprehensive metabolic, hormonal,
and oxidative stress-modulating effects than ZA, and shows efficacy comparable to orlistat in several outcomes.

1. INTRODUCTION countries. In addition to significant weight gain, obesity is closely
Obesity has become a global health concern, with its linked to many metabolic disorders, such as dyslipidemia, insulin
prevalence gradually rising in both industrialized and developing resistance, and systemic inflammation, which together elevate
the risk of type 2 diabetes mellitus and cardiovascular illnesses.
The complex etiology of obesity highlights the necessity for
treatment approaches that decrease body weight and address the
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or complements to traditional anti-obesity pharmaceuticals.
Botanical extracts possessing antioxidant, anti-inflammatory,
and metabolic-regulating characteristics offer a viable strategy to
address the intricate pathophysiology of obesity [3].

Phyllanthus ~ acidus and Zingiber aromaticum are
traditionally used as edible plants and components of herbal
preparations in several Asian countries [4,5]. Phyllanthus
acidus leaves have been reported to contain diverse bioactive
phytochemicals, including flavonoids, phenolic acids, tannins,
alkaloids, terpenoids, and steroids, many of which exhibit
antioxidant, anti-inflammatory, and metabolic regulatory activities.
These compounds are known to scavenge reactive oxygen species,
modulate inflammatory mediators, and influence glucose and lipid
metabolism [6]. Previous work by Chongsa et al. [ 7] demonstrated
that aqueous extracts of P. acidus reduced visceral fat and improved
lipid profiles in middle-aged healthy rats, supporting its potential
role in lipid metabolism. However, its effects on hormonal
regulators such as leptin and its mechanisms under diet-induced
metabolic stress have not been fully explored [7].

Similarly, Z. aromaticum Val. (aromatic ginger)
contains terpenoids, phenolic compounds, flavonoids,
and essential oil constituents that exhibit antioxidant and
anti-inflammatory properties [8]. Members of the Zingiberaceae
family have been reported to modulate lipid metabolism,
improve insulin sensitivity, and attenuate oxidative stress,
suggesting that Z. aromaticum may offer complementary or
distinct mechanisms compared to P. acidus [9].

The presence of these phytochemical classes
provides a biochemical rationale for investigating PA and ZA
as candidates for preventing obesity-associated metabolic
disturbances. Although various studies have reported metabolic
benefits of Phyllanthus and Zingiber species, direct comparative
in vivo studies evaluating both plants under identical metabolic
conditions remain scarce, thereby supporting the need for
preclinical investigation before clinical translation. Accordingly,
this study evaluated the preventive and attenuating effects of
ethanolic extracts of P. acidus and Z. aromaticum, compared
with orlistat, on adiposity, lipid metabolism, glucose—insulin
homeostasis, leptin regulation, and oxidative stress in a high-fat
high-fructose diet-induced metabolic dysfunction model.

2. MATERIALS AND METHODS

2.1. Material and plant extraction

Dried powders of P. acidus (L.) Skeels leaves (PA)
and Z. aromaticum Val. Rhizomes (ZA) were obtained from
the UPT Herbal Laboratory of Materia Medika, Batu, Malang,
Indonesia. A total of 900 g of PA leaf powder was macerated
with 96% ethanol for 48 hours with occasional stirring, filtered,
and the residue was re-macerated twice. The combined filtrates
were evaporated to yield 65.7 g of PA extract. Similarly, 1,000 g
of ZA rhizome powder was extracted using the same procedure,
producing 58 g of ZA extract.

2.2. Qualitative phytochemical analysis

Qualitative phytochemical screening was performed
using standard color and precipitation tests. The presence of
flavonoids was indicated by an intense yellow color that faded

with dilute 10% NaOH. Phenolic and tannin compounds were
detected with 5% and 1% FeCl,, respectively, resulting in deep
blue or greenish-black colors. Alkaloids were assessed using
Mayer’s and Wagner’s reagents, with positive results indicated
by cream-colored or reddish-brown precipitates, respectively.
Steroids were tested via the Liebermann—Burchard reaction,
showing green or blue. Terpenoids were identified using
H,SO,, evidenced by a reddish-brown layer at the interface.
All tests were qualitative, reporting results as positive (+) or
negative (—) based on visual indicators, without quantitative
measurements [10].

2.3. Animals and experimental protocol

All experimental procedures were approved by the
Health Research Ethics Committee, Faculty of Medicine and
Health Sciences, Universitas Muhammadiyah Yogyakarta,
Indonesia (No. 029/EC-HC-KEPK FKIK UMY/1V/2023).
Thirty male Wistar rats (8§—10 weeks old, 200 + 20 g) were
obtained from the Food and Nutrition Study Center, Universitas
Gadjah Mada, Indonesia. Animals were randomly housed in
individual cages under controlled conditions (12:12 hours
light-dark cycle, room temperature 22°C + 2°C, relative
humidity 60% + 5%). Animals were acclimatized for 7 days
before the experiment.

Rats were randomly allocated into experimental
groups using a computer-generated random number sequence
after acclimatization. Investigators responsible for biochemical
assays and data analysis were blinded to group assignments.
There were five groups for the experimental animals
(n = 6 per group). The groups were divided as (1) Normal diet
(ND), rats maintained on standard chow; (2) Obese control
(OB), rats induced with a high-fat high-fructose (HFHF) diet
without treatment; (3) Orlistat-treated obese group (OB + O),
rats fed HFHF diet and administered orlistat at 10 mg/kg BW/
day; (4) PA-treated obese group (OB + PA), rats fed HFHF
diet and administered Phyllanthus acidus extract at 300 mg/kg
BW/day; and (5) ZA-treated obese group (OB + ZA), rats fed
HFHF diet and administered Zingiber aromaticum extract at
500 mg/kg BW/day.

The doses of P. acidus and Z. aromaticum extracts
were based on previously reported effective preclinical ranges
and preliminary laboratory observations indicating biological
activity without overt toxicity [11,12]. The orlistat dose was
selected from established experimental obesity models and
corresponds, following body surface area—based conversion, to
the therapeutic dose range in humans [13].

The normal diet was prepared according to the
AIN-93M standard formulation, providing a total energy content
of 3.80 kcal/g. The HFHF diet was developed by modifying
the AIN-93M formulation to increase the proportion of fat and
by adding 25% (w/v) fructose to the drinking water, resulting
in a total energy content of 7.03 kcal/g (Table S1) [14,15]. To
induce obesity, both diet and water were supplied ad libitum
for 12 weeks. The extracts were administered orally once daily,
starting concurrently with the initiation of the HFHF diet. Body
weight was measured biweekly using a digital precision scale
(£0.01 g), while naso-anal length was assessed using a digital
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caliper. To measure body mass index (BMI), the formula is
body weight (g)/[naso-anal length (cm)]* [16].

The HFHF diet was selected to induce obesity with
insulin resistance, dyslipidemia, and oxidative stress, reflecting
the pathophysiological features of human metabolic syndrome.
Fructose supplementation accelerates hepatic lipogenesis and
impairs insulin signaling, while dietary fat promotes adiposity
and inflammation.

Finally, the rats were fasted for 8 hours and
anesthetized with chloroform. Blood was collected from
the orbital vein, and serum was isolated by centrifugation at
3,000 rpm for 20 minutes at 4°C. It was stored at —70°C for
subsequent biochemical analyses. Following blood collection,
rats were euthanized by cervical dislocation. Epididymal,
visceral, and retroperitoneal adipose tissues were excised,
rinsed with NaCl, and weighed. The adiposity index was
calculated as [(epididymal + visceral + retroperitoneal fat)/
final body weight]x100 [17].

2.4. Serum biochemical analysis

Fasting glucose, triglycerides (TG), total cholesterol
(TC), low-density cholesterol (LDL), and high-density
cholesterol (HDL) levels in serum were measured using a
blood chemistry autoanalyzer (Thermo Fisher Scientific)
with enzymatic colorimetric assay kits according to the
manufacturer’s instructions. Serum insulin, leptin, and
malondialdehyde (MDA) were measured using commercial
ELISA kits (Elabscience; insulin: Cat. No. E-EL-R2466; leptin:
Cat. No. E-EL-R0582; MDA: Cat. No. E-EL-0060) following
the manufacturers’ protocols. The detection ranges were 0.5-30
ng/ml for insulin, 0.1-10 ng/ml for leptin, and 0.1-20 nmol/ml
for MDA, with intra- and inter-assay coefficients of variation
below 10% and 12%, respectively. Serum samples were diluted
(1:5) for insulin and leptin assays when necessary to ensure
values fell within the standard curve. MDA concentrations
obtained from the standard curve (nmol/mL) were normalized to
total protein content and expressed as nmol/mg protein. Insulin
resistance was estimated using the HOMA-IR formula: [fasting
glucose (mg/dl) x fasting insulin (nU/ml)]/405. Insulin values
originally measured in ng/ml were converted to pU/ml using an
assay-appropriate conversion factor (1 ng/mL = 28.8 pU/ml )
before calculation [18].

2.5. Statistical analysis

Data were analyzed using SPSS. The Shapiro—Wilk
test was used to measure normality test. One-way ANOVA
followed by Tukey’s post hoc test was applied to statistically
analyze BMI, adiposity index, and biochemical parameters. The
HFHF-fed obese group (OB) served as the primary control for
evaluating the effects of P. acidus and Z. aromaticum, whereas
the OB+ O (HFHF + orlistat) group was included as a positive
pharmacological reference. All analyses were conducted using
two-tailed tests. It was presented as mean + SD (n = 6). Data
can be stated as statistically significant if the confidence level
is above 95% (p < 0.05). Superscript letters denote significant
differences at p < 0.05: a = compared with ND, b = compared
with OB, ¢ = compared with OB+O, d = compared with OB+PA.

3. RESULTS

3.1. Qualitative Phytochemical analysis

Qualitative phytochemical analysis indicated that
extracts of both P acidus and Z. aromaticum comprised
flavonoids, phenolic compounds, tannins, alkaloids, terpenoids,
and steroids. Colorimetric assays demonstrated the presence (+)
or absence (—) of significant secondary metabolites. The intensity
of color reactions suggested a greater number of flavonoids and
phenolics in P. acidus, suggesting a higher concentration of
antioxidant elements compared to Z. aromaticum (Table 1).

3.1.1. The impact of oral dosages of P. acidus and Z. aromaticum
extracts on the body composition in HFHF diet-induced obese
rats

By the end of the 12th week of dietary induction, the
OB group showed a significant increase in BMI compared to the
ND group (351 £3.22 vs. 281.3 £3.14, p <0.001). Concomitant
oral administration of PA and ZA extracts during HFHF feeding
significantly attenuated HFHF-induced BMI elevation relative
to the OB group. Notably, the final BMI of the OB+PA group
did not differ significantly from that of either the ND or OB+O
groups, indicating that PA extract and orlistat comparably
attenuated HFHF-associated body weight gain, maintaining
BMI at levels similar to normal-diet rats (Fig. 1).

Consistent with BMI changes, the adiposity index was
markedly increased in the OB group compared with the ND
group (8.74 £0.68 vs. 3.0 £ 0.29; p <0.001). Co-administration
of PA extract significantly attenuated HFHF-induced adiposity
compared with the OB group (3.66 £ 0.31 vs. 8.74 £ 0.68;
p < 0.001) and produced a greater reduction than ZA extract
(3.66 £ 0.31 vs. 6.17 = 0.35; p < 0.001). Furthermore, the
adiposity index in the OB+PA group was not significantly
different from that observed in the OB+O or ND groups (3.66 +
0.31vs.3.59+0.37 vs. 3.0+ 0.29; p > 0.05), indicating effective
attenuation of HFHF-induced fat accumulation (Fig. 2).

3.1.2. The impact of oral dosages of P. acidus and Z. aromaticum
extracts on dyslipidemia and metabolic regulation in obesity
model rats

Administration of a HFHF diet induced marked
alterations in lipid metabolism compared with the regular

Table 1. Qualitative phytochemical screening of Phyllanthus acidus
and Zingiber aromaticum extracts.

Phytochemical Reagent/ method Phyllanthus Zingiber
acidus extract aromaticum
extract
Flavonoids NaOH 10% ++ +
Phenolic FeCl, 5% ++ +
Tannins FeCl, 1% + +
Alkaloids Wagner’s + +
Steroids H,SO, + +
Terpenoids H,SO, + +

(++) = strong positive reaction; (+) = positive reaction; (—) = absent or negative reaction.
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Figure 1. Changes in BMI of Wistar rats over 12 weeks. Data are presented
as mean + SD (n = 6). The OB group showed a significant increase in BMI
compared to the ND group, while the OB+O, OB+PA, and OB+ZA groups
demonstrated lower BMI values than the OB group.
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Figure 2. Comparison of adiposity index among Wistar rat groups. Values are
presented as mean = SD (n = 6). Different superscript letters indicate significant
differences at p < 0.001.

diet (ND) group. OB exhibited significantly elevated serum
FFA (182.4 + 1.29 pmol/l vs. 60.1 £ 1.39 umol/l, p < 0.05),
TG (149.67 + 6.25 vs. 79.50 £ 2.66 mg/dl, p < 0.05), total
cholesterol (151.0 £ 4.93 vs. 90.5 + 3.27 mg/dl, p < 0.05),
and LDL (83.69 + 1.33 vs. 26.22 + 2.31 mg/dl, p < 0.05),
accompanied by a significant reduction in HDL (33.50 + 3.73
vs. 58.12 +4.07 mg/dl, p < 0.05) (Table 2).

Concomitant administration of orlistat during HFHF
feeding (OB+O) significantly attenuated HFHF-induced
dyslipidemia, with TG, TC,and HDL levels shifting toward normal
values. Similarly, co-administration of P. acidus extract (OB+PA)
and Z. aromaticum extract (OB+ZA) significantly attenuated
HFHF-induced lipid abnormalities. Notably, the OB+PA group
exhibited marked reductions in serum FFA, TG, total cholesterol,
and LDL, with HDL levels comparable to those of the ND group.
The OB+ZA group also demonstrated favorable effects, although
the magnitude of improvements was less pronounced than that
observed in the OB+O and OB+PA groups (Table 2).

3.1.3. The impact of oral dosages of P. acidus and Z. aromaticum
extracts on serum glucose and insulin levels in obese rats

Impairment of glucose homeostasis, characterized
by elevated fasting blood glucose, serum insulin, and HOMA-
IR, was observed in the OB group following HFHF feeding.
The fasting blood glucose level in the OB+PA group was
significantly lower than in the OB+O and OB+ZA groups,
indicating attenuation of HFHF-induced hyperglycemia,
and was comparable to that of the ND group. A similar trend
was observed for serum insulin and HOMA-IR, with the
OB+PA group showing greater reductions than the OB+O
and OB+ZA groups, reflecting attenuation of HFHF-induced
hyperinsulinemia and insulin resistance, although the values
did not fully normalize to those of the ND group (Table 3).

3.1.4. The impact of oral dosages of P. acidus and Z. aromaticum
extracts on serum leptin and oxidative stress markers in obese rats

Rats fed the HFHF diet (OB group) exhibited a
significant increase in serum leptin (2.92 £ 0.16 ng/ml) and

Table 2. Serum free fatty acids and lipid profile in control and treated obese rats.

Analyzes ND OB OB+0 OB + PA OB +ZA
FFA (umol/l) 60.1 +1.39 182.4 +1.29° 104.7 £ 1.79* 93.0 £ 1.29%b¢ 129.7 4 1.192bed
TG (mg/dl) 79.50 £ 2.66 149.67 + 6.25° 79.00 + 3.52° 103.17 & 7.27%b¢ 108.0 £ 6.78b¢
Total cholesterol (mg/dl) 90.5+3.27 151.0 £4.93¢ 89.3 +5.57° 92.0+£2.96° 103.17 £9.15%bed
LDL (mg/dl) 26.22 +£2.31 83.69 £ 1.332 40.88 +3.83% 41.08 £2.23%0 41.3+£4.07
HDL (mg/dl) 58.12+4.07 33.50 +3.73¢ 58.33+2.16° 57.67 +3.26° 49.50 + 1.872bed

Values are presented as mean + SD (n = 6). Different superscript letters indicate significant differences at p < 0.05.

Table 3. Serum glucose and insulin levels in control and treated obese rats.

Analyzes ND OB OB+0 OB + PA OB +ZA
FBG (mg/dl) 94.33 £2.58 166.0 + 11.47° 121.5 + 4.76*° 104.5 £ 5.990¢ 136.0 + 2.89abed
Insulin (pU/ml)" 10.0 +0.34 22.3+0.88" 15.1£0.26* 11.9 +£0.27%b¢ 16.8 £ 0.242bed
Homa-IR 2.33 £0.06 9.16 +0.83¢ 4.53 £0.14%° 3.08 +0.20%0¢ 5.66 +0.16%0<4

“Insulin values were converted from ng/mL to pU/mL prior to HOMA-IR calculation. Values are presented as mean + SD (n = 6). Different superscript letters

indicate significant differences at p < 0.05.
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Table 4. Serum leptin and MDA levels in control and treated obese rats.

Analyzes ND OB OB+O OB + PA OB +ZA
Leptin (ng/ml) 0.48 £0.07 2.92 £0.16* 2.02 +0.38° 0.66 = 0.03°¢ 0.78 £ 0.02°
MDA (nmol/mg protein) 3.20+0.14 7.31 +0.38° 5.92 +0.27* 3.83 £ 0.4140 4.20 £ 0.30%>¢

Values are presented as mean = SD (n = 6). Different superscript letters indicate significant differences at p < 0.05.

MDA levels (7.31 + 0.38 nmol/mg protein) compared with
the ND group (0.48 £ 0.07 ng/ml and 3.20 + 0.14 nmol/mg
protein, respectively; p < 0.05). The OB+O group demonstrated
a significant attenuation of HFHF-induced elevations in leptin
(2.02 £ 0.33 ng/ml) and MDA levels (5.92 = 0.27 nmol/mg
protein) relative to the OB group. Both the OB+PA and OB+ZA
groups also significantly attenuated HFHF-induced increases
in leptin to levels approaching those of the ND group, and
more markedly reduced HFHF-induced MDA accumulation
compared with the OB and OB+O groups (Table 4).

4. DISCUSSION

Qualitative phytochemical analysis verified the
existence of flavonoids, phenolic compounds, tannins, alkaloids,
terpenoids, and steroids in the extracts of both P. acidus and
Z. aromaticum. However, more intense color changes were
noted in the P. acidus extract during the flavonoid test with 10%
NaOH and the phenolic test with 5% FeCl,, suggesting a greater
relative quantity of these antioxidant compounds compared to
Z. aromaticum. While quantitative standardization (e.g., LC—
MS profiling) was not performed, the extraction was conducted
under controlled conditions ensuring reproducible composition
of key phytochemical groups.

The combined intake of a HFHF diet in rats for 12
weeks in this study successfully induced obesity and replicated
the pathophysiological circumstances seen in human obesity
[19]. This model exhibits notable alterations in visceral fat
accumulation in rats, resulting in the enlargement of adipocytes,
which play a role in weight gain [20]. The presence of fructose
in the diet leads to the buildup of lipogenic triacylglycerol and
cholesterol in the liver, which subsequently reduces insulin
sensitivity and induces glucose intolerance, thus contributing to
insulin resistance [18].

The HFHF diet also induces changes in inflammation
and oxidative stress, which are indicative of obesity-related
disorders [21]. In particular, excessive fat accumulation was
accompanied by a marked elevation in circulating leptin
levels, reflecting the development of leptin resistance. This
phenomenon is commonly observed in diet-induced obesity,
where hyperleptinemia fails to suppress appetite and energy
storage, exacerbating adiposity and metabolic dysfunction [22].

This investigation assessed, for the first time, the
comparative effects of PA and ZA extracts on body composition.
The OB group, which did not receive any treatment,
administered PA and ZA extracts, along with an HFHF diet,
reduced fat accumulation and continued body weight loss
(Figs. 1 and 2). Even the final BMI in the OB+PA group did not
show any significant difference when compared with the ND
and OB+O groups.

The current findings align with, yet extend, the earlier
observations of Chongsa et al. [7], who reported that aqueous

P acidus extracts reduced adiposity and improved lipid profiles
in non-obese rats [7]. Our data demonstrate that ethanolic PA
extract exerts broader metabolic regulation by improving insulin
sensitivity, restoring leptin homeostasis, and reducing oxidative
stress under diet-induced obesity conditions. This integrated
response suggests that PA targets multiple nodes within the
insulin—leptin—oxidative axis rather than lipid metabolism
alone. The enhanced phenolic and flavonoid content in the
ethanolic extract may underlie these mechanisms, offering a
plausible molecular basis for its superior efficacy compared
with Z. aromaticum and equivalence to orlistat.

The anti-obesity effect of P acidus extract
demonstrated in this study is also consistent with evidence
from related species such as P. emblica. Polyphenol-rich
extracts from P. emblica may restrict the differentiation of
3T3-L1 cells by diminishing the expression of PPARy and
C/EBPua, and reducing intracellular lipid accumulation [23-25].
Specific evidence on the impact of PA extract on preadipocyte
development is limited. However, the bioactive constituents of
PA extracts, including flavonoids, phenolics, terpenoids, and
alkaloids [4,26,27], enable these extracts to work via analogous
mechanisms to other extracts that have been tested [28,29].
Flavonoids and phenolics, particularly quercetin, gallic acid,
and other phenolic acids, have long been associated with anti-
obesity activity through adipogenesis inhibition mechanisms
[28,30,31]. This provides a strong biological foundation to
clarify the in vivo observations of fat formation and weight
reduction in the test subjects of this investigation.

In parallel, the OB+ZA group also showed the
potential to significantly inhibit BMI improvement compared
to the OB group, although it was less effective than the OB+PA
and OB+O groups. The impact of Z aromaticum on this
investigation may be attributed to various molecular pathways.
Zingiber aromaticum will likely share several bioactive
compounds with Z. officinale and Z. zerumbet, including
essential oils, polyphenols, and flavonoids [32,33]. The Zingiber
species is characterized by these compounds’ antioxidant, anti-
inflammatory, and antimicrobial properties [34,35].

Consistent with alterations in body composition,
the OB group presented elevated circulating free fatty acids
(FFAs) and a detrimental lipid profile, which was characterized
by increased total cholesterol, triglycerides, and LDL-C, as
well as a decrease in HDL-C, in accordance with changes in
body composition (Table 1). These changes are in accordance
with the dyslipidemia commonly associated with metabolic
syndrome and obesity [36]. Supplementing with PA and ZA
significantly improved the lipid profile by lowering FFA, total
cholesterol, triglycerides, and LDL-C levels, while increasing
HDL-C levels.

PA extract’s potential to prevent metabolic disorders
and maintain lipid homeostasis has been supported by
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additional studies demonstrating its capacity to modulate
antioxidant enzymes and reduce lipid peroxidation [37].
Moreover, other species in the Phyllanthus genus, such as
P. emblica, have been shown to inhibit adipogenesis, reduce
triglyceride and cholesterol levels, and modulate the expression
of genes associated with lipid metabolism [23,24,38]. These
results indicate that P. acidus may exert its beneficial effects
through analogous mechanisms, which could at least partly
account for the results observed in this study. Concurrently,
serum lipid parameters were also enhanced by ZA extract,
although to a lesser extent than those of PA or orlistat. The
precise mechanisms are not fully elucidated, yet its documented
antioxidant and anti-inflammatory properties may enhance lipid
management [39,40]. These findings suggest that ZA may serve
as a supplementary therapeutic option for managing obesity.
Nevertheless, further research is needed to elucidate its specific
molecular mechanisms.

The HFHF diet in the OB group effectively elicited a
series of metabolic abnormalities, marked by hyperglycemia,
hyperinsulinemia, elevated HOMA-IR, increased serum
leptin, and augmented oxidative stress (as indicated by MDA)
(Tables 2 and 3). These findings highlight the impact of chronic
food surplus on adipocyte hypertrophy, aberrant adipokine
production, and heightened lipid peroxidation, all of which
ultimately lead to the metabolic problems linked to obesity
[41-43].

Among the interventions, P. acidus (PA) extract
had the most significant ameliorative effects across many
metabolic parameters. PA normalized fasting glucose, reduced
hyperinsulinemia and HOMA-IR, and lowered leptin and MDA
levels to near-normal values. These findings indicate that PA
may operate through multiple complementary mechanisms.
Previous reports support its glycemic potential; ethanolic seed
extracts of P. acidus exerted significant hypoglycemic effects
in both normoglycemic and streptozotocin-induced diabetic
rats within 812 hours of treatment, associated with a-amylase
and a-glucosidase inhibition and improved insulin sensitivity
through antioxidant actions [44]. Similarly, ethanolic leaf
extracts of P. acidus reduce blood glucose levels comparably
to glibenclamide without inducing hypoglycemia in normal
rats, suggesting its function as a safe metabolic modulator
[45]. Beyond P. acidus, related species such as P amarus
have demonstrated improvements in glucose tolerance, insulin
sensitivity, and lipid homeostasis in high-fructose-diet Wistar
rats [46]. The results suggest that the therapeutic benefits of
the Phyllanthus genus may be attributed to a range of bioactive
compounds that regulate glucose metabolism, improve lipid
homeostasis, and mitigate insulin resistance.

The stronger glucose and insulin effects observed
in the present study compared with Chongsa et al. [7] likely
reflect key methodological and chemical differences [7].
The use of a HFHF diet model introduced metabolic stress
characterized by insulin resistance and oxidative imbalance,
creating a pathophysiological context in which insulin-
sensitizing compounds could act effectively. Furthermore,
ethanolic extraction (96%) yielded a broader spectrum of
bioactive compounds, particularly flavonoids and phenolic

acids, that may activate AMPK and IRS-1/Akt signaling,
enhancing glucose uptake and restoring insulin sensitivity.
These differences, combined with the longer treatment duration
(12 weeks vs. 6 weeks in Chongsa’s study), likely contributed to
the more pronounced glycemic regulation observed here.

The current findings indicate that P acidus (PA)
significantly reduces leptin levels, aligning with other studies
that emphasize the impact of polyphenol-rich plant extracts on
enhancing adipokine equilibrium [47,48]. In obesity, increased
leptin levels typically indicate excessive leptin synthesis and
reduced leptin sensitivity; therefore, normalizing circulating
leptin is crucial for reestablishing metabolic equilibrium.

In parallel, PA effectively reduced MDA, indicating
its potent antioxidant activity. This result aligns with previous
studies that demonstrate its capacity to restore natural antioxidant
defenses, specifically superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPx). By enhancing these
enzymatic systems, PA efficiently neutralizes free radicals and
limits lipid peroxidation, thereby reducing circulating MDA
level. These antioxidant effects are closely linked to leptin
normalization, as oxidative stress and inflammation are key
contributors to leptin resistance. Accordingly, P acidus may
facilitate leptin homeostasis through combined antioxidant and
anti-inflammatory actions, a mechanism similarly suggested for
related species such as P. emblica, which has shown promise
in mitigating leptin resistance by reducing oxidative stress and
inflammatory burden [49].

The observed concomitant reduction in leptin and
MDA with PA treatment indicates that the extract not only
enhances lipid metabolism but also restores redox and hormonal
balance. This dual action suggests activation of antioxidant
defenses alongside modulation of leptin sensitivity, thereby
contributing to improved insulin responsiveness and attenuation
of metabolic stress in diet-induced obesity.

Essential oils are important bioactive components
in many medicinal plants, including Phyllanthus and
Zingiber species, and are widely recognized for their
antioxidant and anti-inflammatory activities. Recent reviews
indicate that essential oils, as complex mixtures of volatile
compounds, can scavenge reactive oxygen species, suppress
pro-inflammatory mediators, and enhance endogenous
antioxidant defense systems, thereby contributing to their
broad biological effects [50,51]. In particular, essential oils
rich in terpenoids and phenylpropanoids have been reported
to influence metabolic pathways involved in glucose and lipid
regulation. These activities may partly explain the reductions
in MDA and leptin observed after PA and ZA administration
in the present study. Therefore, the protective effects of PA
and ZA are likely the result of synergistic actions between
essential oils and other phytochemicals such as polyphenols
and flavonoids.

Unlike PA, orlistat predominantly reduced leptin
and MDA levels but did not completely normalize glucose
and insulin parameters. This finding is consistent with
its established mechanism as a gastrointestinal lipase
inhibitor that reduces dictary fat absorption and limits lipid
accumulation. Orlistat is widely used clinically as an anti-
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obesity drug due to its efficacy in promoting weight loss
and improving selected lipid parameters [52]. However, its
influence on insulin resistance and systemic inflammation
remains inconclusive. Some studies suggest that orlistat
may exert modest or inconsistent effects on fasting glucose
and HbAlc, particularly in individuals with type 2 diabetes
[53], and may not sufficiently target the inflammatory and
oxidative components of metabolic syndrome [54]. In
addition, gastrointestinal adverse effects, including oily
stools, diarrhea, abdominal discomfort, fecal urgency, and
increased defecation, frequently reduce patient adherence,
thereby limiting its overall therapeutic utility [55].

The administration of Z. aromaticum (ZA) extract
in this trial showed a minor effect relative to PA or orlistat;
however, it significantly suppressed insulin resistance,
decreased leptin levels, and reduced oxidative stress, as
evidenced by the decrease in MDA levels. These effects may
be attributed to its bioactive constituents, including zerumbone,
gingerol, and shogaol, which are well documented to possess
antioxidant and anti-inflammatory properties [56]. While ZA
may improve certain aspects of lipid metabolism, evidence
regarding its direct modulation of glucose homeostasis
remains limited and sometimes contradictory [57]. Indeed,
although some ginger-derived compounds have been reported
to enhance insulin sensitivity, others exhibit only partial or
context-dependent efficacy, particularly in diet-induced obesity
models [58].

Although the current work did not include
biochemical safety panels, our observations showed no
mortality or observable clinical signs of toxicity (such
as changes in grooming, locomotor activity, or feeding
behavior) were detected during the 12-week treatment period.
Earlier toxicology work on P. acidus reported no significant
hepatotoxicity or nephrotoxicity in acute/subacute protocols at
doses in the range commonly used in rodent studies, and other
reports demonstrate organ-protective activities of P. acidus
extracts in preclinical models [6,45]. We therefore consider
the applied doses to fall within an acceptable preclinical
safety margin; however, comprehensive biochemical and
histopathological safety evaluations remain warranted in
future studies.

5. CONCLUSIONS

In conclusion, both ethanolic extract P. acidus and
Z. aromaticum demonstrated beneficial effects in attenuating
HFHF diet-induced metabolic disturbances, with P. acidus
exhibiting more consistent improvements in adiposity, lipid
profile, glucose control, and leptin levels. These findings
underscore the preventive and modulatory potential of P,
acidus against obesity-associated metabolic dysfunction.
However, further research is necessary to elucidate its
mechanistic pathways, particularly in relation to leptin
resistance and inflammatory signaling. In addition, although
leptin was selected as a primary adipokine marker in the present
study, the absence of adiponectin measurement represents a
limitation that should be addressed in future investigations.

Current research in our laboratory is investigating these
aspects using purified P. acidus extract obtained via bioassay-
guided fractionation and identification of specific active
constituents, including the assessment of leptin signaling,
adipokine profiling, and dose-response relationships, to more
precisely delineate its therapeutic potential.

6. ACKNOWLEDGMENT

This research was financed by the Basic
Domestic Collaborative Research Grant from Universitas
Muhammadiyah Yogyakarta. The authors express gratitude to
the Herbal Medicine Research Center at Universitas Gadjah
Mada for its collaborative assistance and provision of research
facilities.

7. DECLARATION OF GENERATIVE AI IN
SCIENTIFIC WRITING

In analyzing scientific content, the authors did not
employ generative Al technologies. Al-assisted tools, such
as Scopus Al for literature exploration and Quillbot for
language editing, were used solely to enhance readability
and facilitate reference searching. The authors take full
responsibility for the scientific accuracy and interpretation
of the work.

8. AUTHOR CONTRIBUTIONS

All authors made substantial contributions to
conception and design, acquisition of data, or analysis and
interpretation of data; took part in drafting the article or revising
it critically for important intellectual content; agreed to submit
to the current journal; gave final approval of the version to
be published; and agree to be accountable for all aspects of
the work. All the authors are eligible to be author as per the
International Committee of Medical Journal Editors (ICMJE)
requirements/guidelines.

9. CONFLICTS OF INTEREST

The authors report no financial or any other conflicts
of interest in this work.

10. ETHICAL APPROVALS

The study protocol was approved by the Health
Research Ethics Committee, Faculty of Medicine and Health
Sciences, Universitas Muhammadiyah Yogyakarta, Indonesia
(Approval No.: 029/EC-HC-KEPK FKIK UMY/IV/2023).

11. DATA AVAILABILITY

All data generated and analyzed are included in this
research article.

12. PUBLISHER’S NOTE

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of the
publisher, the editors and the reviewers. This journal remains
neutral with regard to jurisdictional claims in published
institutional affiliation.



Ranti et al. / Journal of Applied Pharmaceutical Science 2026;16(05):226-235 233

13. SUPPLEMENTARY MATERIAL

The supplementary material can be accessed at the link

here: https://japsonline.com/admin/php/uploadss/4786 pdf.pdf

REFERENCES

1.

10.

1.

12.

Suren Garg S, Kushwaha K, Dubey R, Gupta J. Association between
obesity, inflammation and insulin resistance: insights into signaling
pathways and therapeutic interventions. 2023;1:110691-1. doi:
https://doi.org/10.1016/j.diabres.2023.110691

Kusumaningrum A, Mudigdo B, Purwanto D, Indarto S. The Effects
of Methanol Extract of Rue Leaves (Ruta graveolens) on Body
Weight, Lipid Profile, Adipokine Levels, TCPTP, and Perilipin-1
Expression in Obesity Model Rats. Trends Sci. 2025;22(9):10407.
doi: https://doi.org/10.48048/tis.2025.10407

Li L, He Y, Zhou X. The role and challenges of plant extracts in
obesity management. Mol Biol Rep. 2025;19:52(1). doi: https://doi.
org/10.1007/s11033-025-10706-w

Tan SP, Tan EN, Lim QY, Nafiah MA. Phyllanthus acidus (L.) Skeels:
areview of its traditional uses, phytochemistry, and pharmacological
properties. J Ethnopharmacol. 2020;253:112610. doi: https://doi.
org/10.1016/j.jep.2020.112610

Murwanti R, Pratiwi RD, and Gani AP. Association of Zingiber
Aromaticum Vaal. With Zerumbone and Its Biological Activity: a
literature review. J Profesi Med J Kedokt Dan Kesehat. 2023;17(1).
doi: https:// doi.org/10.33533/jpm.v17i11.5816

Rajesham VYV, Raghavendra M, Ali PR, Reddy GS, Rama Rao T.
Protective effect of Phyllanthus acidus (L) skeel fruits on attenuation
of bleomycin-induced pulmonary fibrosis. J Appl Pharm Sci.
2025;15(1):133-40. doi: https://doi.org/10.7324/JAPS.2024.201016
Chongsa W, Radenahmad N, Jansakul C. Six weeks oral gavage of
a Phyllanthus acidus leaf water extract decreased visceral fat, the
serum lipid profile and liver lipid accumulation in middle-aged
male rats. J Ethnopharmacol. 2014;155(1):396—404. doi: https://doi.
org/10.1016/j.jep.2014.05.039

Gupta J, Sharma B, Sorout R, Singh RG, Ittishree, Sharma MC.
Ginger (Zingiber officinale) in traditional Chinese medicine: a
comprehensive review of its anti-inflammatory properties and clinical
applications. Pharmacol Res - Mod Chin Med. 2024;1:100561-1.
doi: https://doi.org/10.1016/j.prmcm.2024.100561

Seo SH, Fang F, Kang 1. Ginger (Zingiber officinale) attenuates
obesity and adipose tissue remodeling in high-fat diet-fed C57BL/6
mice. Int J Environ Res Public Health. 2021;18(2):631. doi: https://
doi. org/10.3390/ijerph18020631

Setiyowati PAI, Hasna AA, Khasanah YA, Herdiansyah MA,
Yuningtyaswari Y, Pramudya M, et al. Dietary supplementation of
Lotus ( Nelumbo nucifera Gaertn .) extract alleviates liver injury
induced by 2 - methoxyethanol in mice model. J Multidiscip
Appl Nat Sci. 2025;5(3):2025. doi: https://doi.org/10.47352/
jmans.2774-3047.300

Rupa R, Radha M, Naveen C, Jeevitha M. Phyllanthus acidus
( L .) skeels: a comprehensive review of its phytochemistry and
pharmacological perspectives. Int J Pharm Sci. 2025;3(9):2332-43.
doi: https://doi.org/10.5281/zenodo.17165985

Wibowo T, Wardana AP, Putro YK, Sugiarso D. Antioxidant
activities, total phenol, flavonoid, and mineral content in the rhizome
of various indonesian herbal plants. RASAYAN J. 2022;15(4):2724—
30. doi: https://doi.org/10.31788/RJC.2022.1548024

Nair A, Jacob S. A simple practice guide for dose conversion between
animals and human. J Basic Clin Pharm. 2016;7(2):27. doi: https://
doi.org/10.4103/0976-0105.177703

UGM De Castro, RAS Dos Santos, Silva ME, WG De Lima,
Campagnole-Santos MJ, Alzamora AC. Age-dependent effect
of high-fructose and high-fat diets on lipid metabolism and
lipid accumulation in liver and kidney of rats. Lipids Health Dis.
2013;12(1):1-1. doi: https://doi.org/10.1186/1476-511X-12-136

15.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Lozano I, Van der Werf R, Bietiger W, Seyfritz E, Peronet C, Pinget
M, et al. High-fructose and high-fat diet-induced disorders in rats:
impact on diabetes risk, hepatic and vascular complications. Nutr
Metab (Lond). 2016;13:15. doi: https://doi.org/10.1186/s12986-016-
0074-1

Angéloco LRN, Deminice R, Leme IDA, Lataro RC, Jorddo
AA. Bioelectrical impedance analysis and anthropometry for the
determination of body composition in rats: effects of high-fat and
high-sucrose diets. Rev Nutr. 2012;25(3):331-9. doi: https://doi.
org/10.1590/S1415-52732012000300003

Leopoldo AS, Lima-Leopoldo AP, Nascimento AF, Luvizotto
RA, Sugizaki MM, Campos DH, et al. Classification of
different degrees of adiposity in sedentary rats. Braz J Med
Biol Res. 2016;49(4):¢5028. doi: https://doi.org/10.1590/1414-
431X20155028

M. Awad S, M. El-shei N, Abdel-Sabo H, Ismail Abo HM.
Moringa, rosemary and purslane leaves extracts alleviate metabolic
syndrome in rats induced by high fat-high fructose diet. Pak J
Biol Sci. 2021;24(10):1022-33. doi: https://doi.org/10.3923/
pjbs.2021.1022.1033

Sunarti S, Rubi DS, Pramana AAC, Huriyati E, Santoso U.
The benefits of high-resistant starch and beta-carotene snack in
ameliorating atherogenic index and inflammation in obesity. Open
Access Maced J Med Sci. 2022;10(B):1767-73. doi: https://doi.
org/10.3889/0amjms.2022.9302

Janthakhin Y, Tunsophon S, Donrung N, Sutthiwong N, Khongrum
J, Gussayakorn B, et al. Hypolipidemic potential of roselle calyces
(Hibiscus sabdariffa) extracts and passion fruit (Passiflora edulis)
juice with pulp concentrate formulations in high fat diet-fed rats.
Trends Sci. 2024;22(11):10773. doi: https://doi.org/10.48048/
tis.2025.10773

Bayliak MM, Vatashchuk MYV, Gospodaryov DV, Hurza
VV, Demianchuk OI, Ivanochko MYV, et al. High fat high
fructose diet induces mild oxidative stress and reorganizes
intermediary metabolism in male mouse liver: alpha-
ketoglutarate effects. Biochimica Et Biophysica Acta - Gen
Subjects. 2022;1866(12):130226. doi: https://doi.org/10.1016/j.
bbagen.2022.130226

Hristov M, Landzhov B, Yakimova K. Cafeteria diet-induced
obesity reduces leptin-stimulated NADPH-diaphorase
reactivity in the hypothalamic arcuate nucleus of rats. Acta
Histochem. 2020;122(7):151616. doi: https://doi.org/10.1016/].
acthis.2020.151616

Lin Q, Hu H, Li X, Ma R, Xu L, Liu G, et al. Anti-obesity
and lipid-lowering effects of ellagic acid and fisetin from
Yunnan’s wild Phyllanthus emblica. Modern Food Sci Technol.
2024;40(1):19-26. doi: https://doi.org/10.13982/j. mfst.1673-
9078.2024.1.1193

Park SK, Lee YG, Lee JI, Kim MS, Park JH, Hwang JT, et al.
Phyllanthus emblica prevents adipogenesis by regulating histone
acetylation. Foods. 2025;14(2):2025. doi: https://doi.org/10.3390/
foods14020160

M, -X, Li W, -F, Huang L, -L, et al. Hypoglycemic activity of
Phyllanthus emblica L extracts and analysis of its main components.
Mod Food Sci Technol. 2017;33(9):96-101. doi: https://doi.
org/10.13982/j.mfst.1673-9078.2017.9.014

Abd Ghafar SZ, Mediani A, Maulidiani, Ramli NS, Abas F.
Antioxidant, a-glucosidase, and nitric oxide inhibitory activities of
Phyllanthus acidus and LC-MS/MS profile of the active extract.
Food Biosci. 2018;25:134-40. doi: https://doi.org/10.1016/].
bi10.2018.08.009

Rajesham V'V, Raghavendra M, Ali PR, Reddy GS, Rao TR. Protective
effect of Phyllanthus acidus (L) skeel fruits on attenuation of bleomycin-
induced pulmonary fibrosis. J Appl Pharm Sci. 2025;15(01):133-140.
http://doi.org/10.7324/JAPS.2024.201016


https://doi.org/10.1016/j.diabres.2023.110691
https://doi.org/10.48048/tis.2025.10407
https://doi.org/10.1007/s11033-025-10706-w
https://doi.org/10.1007/s11033-025-10706-w
https://doi.org/10.7324/JAPS.2024.201016
https://doi.org/10.1016/j.prmcm.2024.100561
https://doi.org/10.47352/jmans.2774-3047.300
https://doi.org/10.47352/jmans.2774-3047.300
https://doi.org/10.5281/zenodo.17165985
https://doi.org/10.31788/RJC.2022.1548024
https://doi.org/10.4103/0976-0105.177703
https://doi.org/10.4103/0976-0105.177703
https://doi.org/10.1186/1476-511X-12-136
https://doi.org/10.1590/S1415-52732012000300003
https://doi.org/10.1590/S1415-52732012000300003
https://doi.org/10.3923/pjbs.2021.1022.1033
https://doi.org/10.3923/pjbs.2021.1022.1033
https://doi.org/10.3889/oamjms.2022.9302
https://doi.org/10.3889/oamjms.2022.9302
https://doi.org/10.1016/j.bbagen.2022.130226
https://doi.org/10.1016/j.bbagen.2022.130226
https://doi.org/10.1016/j.acthis.2020.151616
https://doi.org/10.1016/j.acthis.2020.151616
https://doi.org/10.3390/foods14020160
https://doi.org/10.3390/foods14020160
https://doi.org/10.13982/j.mfst.1673-9078.2017.9.014
https://doi.org/10.13982/j.mfst.1673-9078.2017.9.014
https://doi.org/10.1016/j.fbio.2018.08.009
https://doi.org/10.1016/j.fbio.2018.08.009

234

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Ranti et al. / Journal of Applied Pharmaceutical Science 2026;16(05):226-235

Zhu X, Dai X, Zhao L, Li J, Zhu Y, He W, et al. Quercetin activates
energy expenditure to combat metabolic syndrome through
modulating gut microbiota-bile acids crosstalk in mice. Gut
Microbes. 2024;16(1):2024. doi: https://doi.org/10.1080/19490976.
2024.2390136

Little R, Houghton MJ, Carr IM, Wabitsch M, Kerimi A, Williamson
G. The ability of Quercetin and ferulic acid to lower stored fat is
dependent on the metabolic background of human adipocytes. Mol
Nutr Food Res. 2020;64(12):¢2000034. doi: https://doi.org/10.1002/
mnfr.202000034

OhJ, Ahn S, Zhou X, Lim YJ, Hong S, Kim HS. Effects of Cinnamon
(cinnamomum zeylanicum) extract on adipocyte differentiation in 3T3-
L1 cells and lipid accumulation in mice fed a high-fat diet. Nutrients.
2023;15(24):2023. doi: https://doi.org/10.3390/nu15245110

R, Varshney R, Mishra N, Das D, Sircar P, Roy. A comparative
analysis of various flavonoids in the regulation of obesity and
diabetes: an in vitro and in vivo study. J Funct Foods. 2019;59:194—
205. doi: https://doi.org/10.1016/}.j{£.2019.05.004

Yasodai R, Kavimani M, Prabhu K. Phytochemical analysis and
quantitative nutritional evaluvation of Zingiber officinale roscae
(Ginger). Int J Res Pharm Sci. 2020;11(2):2090—4. doi: https://doi.
org/10.26452/ijrps.v11i2.2150

Abdul Rani AN, Gaurav A, Lee VS, Mad Nasir N, Md Zain S, Patil VM,
et al. Insights into biological activities profile of gingerols and shogaols
for potential pharmacological applications. Arch Pharm Res. 2025;48(7—
8):638—75. doi: https://doi.org/10.1007/s12272-025-01559-9

Assiry AA, Ahmed N, Almuaddi A, Saif A, Alshahrani MA, Mohamed
RN, et al. The antioxidant activity, preliminary phytochemical
screening of Zingiber zerumbet and antimicrobial efficacy against
selective endodontic bacteria. Food Sci Nutr. 2023;11(8):4853—60.
doi: https://doi.org/10.1002/fsn3.3462

Styawan AA, Susidarti RA, Purwanto, Windarsih A, Rahmawati N,
Sholikhah IKM, et al. Review on ginger (Zingiber officinale Roscoe):
phytochemical composition, biological activities and authentication
analysis. Food Res. 2022;6(4):443—-54. doi: https://doi.org/10.26656/
r.2017.6(4).500

Su X, Cheng Y, Zhang G, Wang B. Novel insights into the pathological
mechanisms of metabolic related dyslipidemia. Mol Biol Rep.
2021;48(7):5675-87. doi: https://doi.org/10.1007/s11033-021-06529-0
Jain NK, Lodhi S, Jain A, Nahata A, Singhai AK. Effects of
Phyllanthus acidus (L.) Skeels fruit on carbon tetrachloride-induced
acute oxidative damage in livers of rats and mice. Zhong Xi Yi
Jie He Xue Bao. 2011;9(1):49-56. doi: https://doi.org/10.3736/
jcim20110109

Y,-H, Hsu S,-Y, Chen J,-D, et al. Phyllanthus emblica L.
polysaccharides mitigate obesity via modulation of lipid metabolism
and gut microbiota in high-fat diet-fed mice. Food Funct.
2025;16(12):5008-28. doi: https://doi.org/10.1039/d5fo01499a
Mahfudh N, Sulistyani N, Kumalasari ID, Hilal AK, Refliandi R,
Othman F, er al. Antihyperlipidemic and hepatoprotective activity
of extracts of Zingiber cassumunar rhizome, Guazuma ulmifolia
leaves, and their combination in high-fat diet-fed rats. Acta Sci.Pol.
Technol. Aliment. 2024;23(1):39-47. doi: https://doi.org/10.17306/J.
AFS.001142

Adegbola PI, Fadahunsi OS, Ajilore BS, Akintola AO, Olorunnisola
OS. Combined ginger and garlic extract improves serum lipid
profile, oxidative stress markers and reduced IL-6 in diet induced
obese rats. Obes Med. 2021;23:2021. doi: https://doi.org/10.1016/j.
obmed.2021.100336

Tolib M, Syarif RA, Rizal DM, Wahyuningsih MSH, Arfian
N, Syafeti KD, et al. Effect of Physalis angulata fraction on
seminiferous tubules, Bax, Bcl-2 and SOD1 mRNA expression in
testicular diabetic rat model. J Appl Pharm Sci. 2025;15(08):109-16.
doi: https://doi. org/10.7324/JAPS.2025.229171

Stanhope KL, Havel PJ. Fructose consumption: potential mechanisms
for its effects to increase visceral adiposity and induce dyslipidemia

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

and insulin resistance. Curr Opin Lipidol. 2008;19(1):16-24. doi:
https://doi.org/10.1097/MOL.0b013e3282{2b24a

Gasparova Z, Ruskova E, Seckarova Michalikova D, Brnoliakova Z,
Svik K, Slovak L, et al. High-fructose intake-induced dyslipidemia
and oxidative stress accompanied by hippocampal dysfunctions
in hypertensive but not hypertriacylglycerolemic rats. Gen
Physiol Biophys. 2023;42(1):25-36. doi: https://doi.org/10.4149/
gpb_2022053

Chigurupati, S. Antioxidant and antidiabetic properties of Phyllanthus
acidus (L.) Skeels ethanolic seed extract. Int Food ResJ.2020;27(4):775—
82. Available from: http://www.iftj.upm.edu.my/27%20(04)%202020/
DONE%20-%2020%20-%20IFRJ19991.R1.pdf

N, Chaimum-Aom S, Chomko C, Talubmook. Toxicology and oral
glucose tolerance test (OGTT) of Thai medicinal plant used for
diabetes control, Phyllanthus acidus L. (Euphorbiaceae). Pharmacogn
J.2017;9(1):58-61. doi: https://doi.org/10.5530/pj.2017.1.11
Putakala M, Gujjala S, Nukala S, Desireddy S. Beneficial effects
of Phyllanthus amarus against high fructose diet induced insulin
resistance and hepatic oxidative stress in male Wistar rats. Appl
Biochem Biotechnol. 2017;183(3):744-64. doi: https://doi.
org/10.1007/s12010-017-2461-0

Huang YN, Chen SY, Lin JA, Chiang IC, Yen GC. Phyllanthus
emblica L. extract alleviates leptin resistance and lipid accumulation
by inhibiting methylglyoxal production. Food Biosci. 2023;53:2023.
doi: https://doi.org/10.1016/j.fbi0.2023.102619

Ibars-Serra M, Pascual-Serrano A, Ardid-Ruiz A, Doladé N,
Aguilar-Gonzalez S, Cirasino J, ef al. Resveratrol prevents weight
gain, counteracts visceral adipose tissue dysfunction, and improves
hypothalamic leptin sensitivity in diet-induced obese rats. Mol
Nutr Food Res. 2025;69(15):2025. doi: https://doi.org/10.1002/
mnfr.70075

Chang HY, Chen SY, Lin JA, Chen YY, Chen YY, Liu YC, et al.
Phyllanthus emblica fruit improves obesity by reducing appetite
and enhancing mucosal homeostasis via the gut microbiota-brain-
liver axis in HFD-induced leptin-resistant rats. J Agric Food Chem.
2024;72(18):10406—-19. doi: https://doi.org/10.1021/acs.jafc.4c01226
Mohammed HA, Sulaiman GM, Al-Saffar AZ, Mohsin MH, Khan
RA, Hadi NA, et al. Aromatic volatile compounds of essential oils:
distribution, chemical perspective, biological activity, and clinical
applications. Food Sci Nutr. 2025;13(9):¢70825. doi: https://doi.
org/10.1002/fsn3.70825

Mohammed HA, Sulaiman GM, Khan RA, Al-Saffar AZ, Mohsin
MH, Albukhaty S, ef al. Essential oils pharmacological activity :
chemical markers, biogenesis, plant sources, and commercial
products. Process Biochem. 2024;144:112-32. doi: https://doi.
org/10.1016/j.procbio.2024.05.021

Henness S, Perry CM. Orlistat: a review of its use in the management
of obesity. Drugs. 2006;66(12):1625-56. doi: https://doi.
0rg/10.2165/00003495-200666120-00012

Dimitrov D, Bohchelian H, Koeva L. Effect of Orlistat on plasma
leptin levels and risk factors for the metabolic syndrome. Metab
Syndr Relat Disord. 2005;3(2):122-9. doi: https://doi.org/10.1089/
met.2005.3.122

Aldekhail NM, Logue J, Mcloone P, Morrison DS. Effect of orlistat
on glycaemic control in overweight and obese patients with type
2 diabetes mellitus: a systematic review and meta-analysis of
randomized controlled trials. Obes Rev. 2015;16(12):1071-80. doi:
https://doi.org/10.1111/0br.12318

Filippatos TD, Derdemezis CS, Gazi IF, Nakou ES, Mikhailidis DP,
Elisaf MS. Orlistat-associated adverse effects and drug interactions:
a critical review. Drug Saf. 2008;31(1):53—65. doi: https://doi.
0rg/10.2165/00002018-200831010-00005

Suk S, Seo SG, Yu JG, Yang H, Jeong E, Jang Y, ef al. A bioactive
constituent of ginger, 6-shogaol, prevents adipogenesis and stimulates
lipolysis in 3T3-L1 adipocytes. J Food Biochem. 2016;40(1):84-90.
doi: https://doi.org/10.1111/jfbc.12191


https://doi.org/10.1080/19490976.2024.2390136
https://doi.org/10.1080/19490976.2024.2390136
https://doi.org/10.3390/nu15245110
https://doi.org/10.1016/j.jff.2019.05.004
https://doi.org/10.26452/ijrps.v11i2.2150
https://doi.org/10.26452/ijrps.v11i2.2150
https://doi.org/10.1007/s12272-025-01559-9
https://doi.org/10.1002/fsn3.3462
https://doi.org/10.26656/fr.2017.6(4).500
https://doi.org/10.26656/fr.2017.6(4).500
https://doi.org/10.1007/s11033-021-06529-0
https://doi.org/10.1039/d5fo01499a
https://doi.org/10.1016/j.obmed.2021.100336
https://doi.org/10.1016/j.obmed.2021.100336
https://doi.org/10.1097/MOL.0b013e3282f2b24a
https://doi.org/10.5530/pj.2017.1.11
https://doi.org/10.1007/s12010-017-2461-0
https://doi.org/10.1007/s12010-017-2461-0
https://doi.org/10.1016/j.fbio.2023.102619
https://doi.org/10.1002/mnfr.70075
https://doi.org/10.1002/mnfr.70075
https://doi.org/10.1021/acs.jafc.4c01226
https://doi.org/10.1016/j.procbio.2024.05.021
https://doi.org/10.1016/j.procbio.2024.05.021
https://doi.org/10.2165/00003495-200666120-00012
https://doi.org/10.2165/00003495-200666120-00012
https://doi.org/10.1089/met.2005.3.122
https://doi.org/10.1089/met.2005.3.122

57.

58.

Ranti et al. / Journal of Applied Pharmaceutical Science 2026;16(05):226-235 235

Singh YP, Girisa S, Banik K, Ghosh S, Swathi P, Deka M, et al.
Potential application of zerumbone in the prevention and therapy of
chronic human diseases. J Funct Foods. 2019;53:248-58. doi: https://
doi.org/10.1016/5.jf£.2018.12.020

Samadi M, Moradinazar M, Khosravy T, Soleimani D, Jahangiri P,
Kamari N. A systematic review and meta-analysis of preclinical and
clinical studies on the efficacy of ginger for the treatment of fatty
liver disease. Phyther Res. 2022;36(3):1182-93. doi: https://doi.
org/10.1002/ptr. 7390

How to cite this article:

Ranti I, Wahyuningsih MSH, Huriyati E. Protective role of
Phyllanthus acidus ethanolic extract in modulating leptin,
dyslipidemia, insulin resistance, and oxidative stress in
diet-induced obesity: A comparative study with Zingiber
aromaticum. J Appl Pharm Sci. 2026;16(05):226-235.
DOI: 10.7324/JAPS.2026.289621




