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Abstract

Banana peels contain nutrients and active compounds that have anti-obesity effects. Quercetin and flavonoids
identified in banana peels have emerged as a promising candidate for developing novel therapeutics to address obesity.
Quercetin can reduce fat accumulation by regulating lipogenesis. Research on in silico on banana peel extract and the
effects of banana peel on lipid profiles and adipokine levels is still limited. This study aimed to analyze the effects of raja
banana peel extract (RBPE) on lipid profiles, dipeptidyl peptidase-4 (DPP-4) specific activity, leptin, and adiponectin
levels in male Wistar rats with obesity. Molecular docking was performed to demonstrate the interaction between
quercetin and DPP-4, leptin, and adiponectin receptors in carbohydrate and fat regulation. An in vivo study used a pre-
posttest control group design in 30 male Wistar rats with obesity. This study measured total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglyceride (TG), DPP-4 specific
activity, leptin, and adiponectin levels. The results showed that the RBPE administration decreased significantly TC (p <
0.001) and LDL-C levels (p < 0.001), increased HDL-C level (p < 0.001), increased DPP-4 specific activity (p < 0.001),
and reduced leptin levels, but did not increase adiponectin levels (p = 0.274). In conclusion, RBPE administration might

offer a promising therapeutic approach for obesity by regulating cholesterol and lipid metabolism.
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Introduction

Obesity is an excessive fat accumulation in the
body that becomes a health problem in the global
community and is a main risk factor for non-
communicable diseases, such as type 2 diabetes
mellitus, cancer, cardiovascular disease, and chronic
kidney disease [1-4]. A previous study conducted in
Florida, USA, found that as many as 60% - 70% of obese
patients experience dyslipidemia [5]. Obesity is
characterized by a Body Mass Index (BMI) of > 25

kg/m? [6]. Around 38% of the world’s population was
overweight and obese in 2020, and the prevalence is
expected to increase to 50% by 2030 [7]. In Indonesia,
the prevalence of obesity in the adult population
increased from 21.8% in 2018 to 23.4% in 2023. The
prevalence is expected to grow by 7.9% in children and
5.8% in adults by 2035 [8,9]. The economic burden of
overweight and obesity reached 1.96 trillion USD in
2020 and is predicted to increase to 4 trillion USD by
2035. The financial burden is a combination of
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treatment costs, economic impairment due to premature
death, and economic impairment due to lost productivity
[9]. In addition, an estimated mortality rate of diseases
related to obesity is approximately 2.8 million persons
per year [10].

There are 2 factors that cause obesity: modifiable
factors, i.e., lifestyle and environment, and those that
cannot be modified, i.e., genetics. Unhealthy lifestyles,
such as frequent consumption of high-energy and high-
fat foods and lack of physical activity, cause highly
absorbable free fatty acids (FFAs), which increase the
secretion of very low-density lipoprotein cholesterol
(VLDL-C), containing high TG levels, and FFAs in the
blood circulation. Furthermore, FFAs will be re-
synthesized into TGs and stored in muscle and adipose
tissues, resulting in hyperplasia and hypertrophy of
adipose tissues, which will lead to increased body
weight (BW) and leptin secretion [11,12]. High leptin
levels will increase the intensity of proinflammatory
cytokine release, followed by a decrease in adiponectin
levels. Increased adipose tissues and BW correlate with
increased DPP-4 as well. The role of DPP-4 in
inactivating the hormone glucagon-like peptide-1 (GLP-
1) causes changes in BW by regulating gastric emptying
time and changes in appetite [13]. In obesity, leptin
levels are proportionally elevated (hyperleptinemia)
with the amount of body fat. Some obese individuals
show leptin resistance that results in a reduction of
biological leptin activity in the target organs, such as the
hypothalamus, for the regulation of food intake,
resulting in reduced satiety, increased nutrient intake,
and continued weight gain [14,15]. Adiponectin is
another adipokine that is inversely correlated with body
fat. Obesity is associated with reduced adiponectin
levels (hypoadiponectinemia), which is observed in both
total and high molecular weight (HMW) adiponectin
forms, playing important roles in enhancing insulin
sensitivity, promoting fatty acid oxidation, and reducing
inflammation. Therefore, low adiponectin levels,
especially in those with increased visceral fat, contribute
to insulin resistance and increase the risk of type 2
diabetes and other metabolic complications [16,17].

Management of obesity is conducted through non-
pharmacological and pharmacological approaches [18].
The majority of obese patients fail to lose their BW
through non-pharmacological approaches due to a lack
of obedience and motivation [19]. In addition, the use of

synthetic anti-obesity drugs such as orlistat,
phentermine-topiramate, naltrexone-bupropion, and
liraglutide for a long time frequently causes side effects
such as nausea, vomiting, steatorrhea, insomnia,
gastrointestinal disorders, and memory loss. Therefore,
there is a necessity to develop alternative
pharmacological therapies for obesity derived from
natural ingredients [4,20].

Natural ingredients, such as those from fruit
plants, have fewer side effects and contain active
compounds that can act as anti-obesity agents [21].
Research by Konda et al [22] showed that
administration of prebiotic banana juice can reduce BW,
total fat, and blood glucose levels in obese rats. Banana
is a tropical fruit that is the largest fruit produced and
highly consumed by the Indonesian community, with
9.3 million tons produced in 2023 [23]. As much as 40%
of the banana fruit consists of fruit peel, so the amount
of banana peel waste is abundant. Banana utilization
only focuses on the pulp, while the peel is only used as
animal feed or processed into organic fertilizer [24,25].
Several studies have indicated that banana peels have
health benefits such as antioxidant, anti-diabetes, anti-
hypertension,  anti-microbial,  anti-cardiovascular
disease, anti-cancer, anti-inflammatory, anti-obesity,
anti-ulcer, and anti-malaria [26]. Banana peels contain
nutrients and bioactive compounds that exert anti-
obesity activities by inhibiting pancreatic lipase and
decreasing serum lipids [27]. Flavonoids in banana peels
can reduce fat accumulation through the regulation of
lipogenesis, and our previous study shows that banana
peel extract contains 0.338 mg/mL quercetin [28,29].
However, the phytochemicals in Raja banana (Musa
acuminata) peel extract (RBPE), especially quercetin,
have not been tested in silico. In addition, RBPE in our
study can significantly reduce BW, BMI, and body fat
composition in obese male rats [30]. Therefore, these in
silico and in vivo studies aimed to analyze the effects of
RBPE on lipid profiles, DPP-4 specific activity, leptin,
and adiponectin levels in male Wistar rats with obesity.

Materials and methods

Materials

Ripe raja banana peels were obtained from a fruit
seller in Klaten city, Central Java province, Indonesia.
Methanol and filter paper were provided by the
Phytochemical Laboratory of Setia Budi University,
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Surakarta city, Central Java province. Male Wistar rats
were purchased from CV. Dunia Kaca Ngargoyoso
district, Karanganyar regency, Central Java province.
Broiler Starter 2 (BR-2) feed was purchased from PT.
Japfa Comfeed Indonesia Tbk in Sragen regency,
Central Java province. High Fat High Fructose (HFHFr)
and water were provided by the Integrated Laboratory
Technical Implementation Unit of Universitas Sebelas
Maret, Surakarta. Orlistat was purchased from PT.
Novell while the
adipokines assay
(ELISA) kit, and Gly-Pro p-nitroanilide substrate were

Pharmaceutical Laboratories,

enzyme-linked immunosorbent

from Bioenzy, Indonesia, and Sigma-Aldrich USA,

respectively.

Raja banana peels

Raja banana peel flour Soaked

< W
1 2
| —

Figure 1 Extraction of Raja banana peels using 80% methanol.

Molecular docking of DPP-4 and adipokines
with quercetin derived from RBPE

The crystal structures of target proteins were
obtained from the RCSB Protein Data Bank: PDB ID:
1X70 for DPP-4, PDB ID: 8X80 for leptin receptor,
PDB ID: 5LXG for adiponectin receptor 1, and PDB ID:
SLX9 for adiponectin receptor type 2. The quercetin
molecular structure was retrieved from NCBI PubChem
with CID 5280343. Initially, the protein structures were
prepared by removing solvent molecules and ligands
and adding hydrogen and charges, while the quercetin
structure was prepared by adding hydrogen and charges
and making all flexible bonds rotatable using AutoDock
Tools version 1.5.7 (Scripps Research, USA). To
validate the docking method, we molecularly re-docked

Filtered using filter paper

in 80% methanol

Extraction of Raja banana peels

The maceration method was referred to as Devina
et al. [31]. One kg of banana peel flour was soaked in 10
L of 80% methanol (1:10 weight/volume) for 3x24 h in
a closed container and then filtered using filter paper to
get clear filtrates. The filtrate was re-macerated twice,
and the filtered filtrates were concentrated using a rotary
evaporator at 80 rpm, 80 °C, and dried using an oven at
45 - 50 °C. The thickened extract was stored in a
refrigerator at 4 °C before use (Figure 1). From
phytochemical analysis, the RBPE contained 0.338
mg/dL quercetin.

Concentrated using a rotary
evaporator

the adipokine proteins using the native ligand using the
AutoDock Vina, and all results showed the root mean
standard deviation below 2 A. The prepared proteins and
quercetin molecules were docked using AutoDock Vina
1.1.2, and the resulting complexes were visualized using
Biovia Discovery Studio Visualizer 2024 (Biovia,
USA).

Animal and experimental design

This experimental study was conducted at the
Integrated Laboratory Technical Implementation Unit
of Universitas Sebelas Maret with a pre-posttest control
group design. The study protocols were approved by the
Research Ethics Committee of the Faculty of Medicine,

Universitas Sebelas Maret (No.
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50/UN27.06.11/KEP/EC/2023 and
63/UN27.06.11/KEP/EC/2024). A total of 30 healthy
male Wistar rats (Rattus norvegicus) aged 4 - 5 weeks
and weighing 140 - 200 g were used in this study. The
number of research samples was calculated using the
degree of freedom (E) formula [32]. The rats were
placed in polypropylene cages in a room that
experienced a 12-hour light-dark cycle, a temperature of
22 - 27 °C, and a humidity of 37% - 57%. All rats were
acclimatized for 7 days and given drinking water ad
libitum and standard BR-2 feed.

Administration of RBPE

An obese male rat model was developed using an
existing method [33]. We used an HFHFr diet
containing 610 calories, 16.6% carbohydrates, 13.11%
proteins, and 54.64% fats. The HFHFr diet, constituting
10% of the rat’s body weight, was given daily for 28
days. Once male rats became obesity with Rohrer index
> 30 g/em?, they were divided into 5 groups: Negative
control (C—) given aquadest, positive control (C+) given
12.3 mg/kg BW/day orlistat, and treatment groups (T1,
T2, and T3) given 200, 400, and 800 mg/kg BW/day
RBPE respectively for 28 days. The orlistat and RBPE
were diluted in 2 mL of aquadest and given to rats orally

using a blunt needle every morning.

Measurements of lipid profile and DPP-4
specific activity

Lipid profiles and DPP-4 specific activity were
examined on days 0, 14, and 28 of the intervention. The
rats were fasted for 12 h before blood collection, and
whole blood was taken from the orbital sinus and
collected using a separator serum tube. Total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C), and
high-density lipoprotein cholesterol (HDL-C) levels
were examined using the Cholesterol Oxidase-
Peroxidase Aminoantypirin Phenol (CHOD-PAP)
method, while triglyceride (TG) levels were examined
using the Glycerol 3 Phosphate Oxidase-Phenol Amino
Phenazone (GPO-PAP) method. The DPP-4 specific
activity was assessed using the colorimetric assay,
referring to the previous protocol [34]. Ten pL serum
blood samples were diluted in 40 uL PBS pH 7.4 and
mixed with 50 pL Gly-Pro p-nitroanilide substrate. The
DPP-4 specific activity was measured
spectrophotometrically within 60 min for every 10-

minute interval and was calculated using the Beer-
Lambert formula.

Immunoassay of leptin and adiponectin levels

Leptin (BZ-08181650-EB) and adiponectin (BZ-
08188570-EB) levels were examined from serum
samples collected on days 0 and 28 of the intervention.
Measurements were performed using the ELISA method
based on the manufacturer’s instructions, and the optical
density was measured using a spectrophotometer (Bio-
Rad, USA) at 450 nm wavelength.

Statistical analysis

All data were presented as mean + standard
deviation (SD) and analyzed using the Shapiro-Wilk test
to determine the normality of data and the Levene test
of variance to determine the homogeneity of data. Total
cholesterol and LDL-C levels were analyzed using the
one-way ANOVA test and followed by the Post-Hoc
LSD (Least Significant Difference) test. The data were
also analyzed using the repeated-measure ANOVA and
Bonferroni Post Hoc tests for total cholesterol and LDL-
C levels. DPP-4 specific activity, Triglyceride, and
HDL-C levels were analyzed using the Kruskal-Wallis
test, followed by the Post Hoc Mann-Whitney test, and
the Friedman test, followed by the Wilcoxon Post Hoc
test. Leptin levels were analyzed using the Kruskal-
Wallis test and followed by Dunn’s Post Hoc test. The
Wilcoxon test was used to analyze the difference
between day 0 and day 28. Adiponectin levels were
analyzed using the one-way ANOVA test and continued
with the LSD Post Hoc test. Meanwhile, to analyze the
difference in leptin and adiponectin levels between day
0 and day 28 using a paired t-test. Data analysis was
performed using SPSS version 26 with a 95%
confidence level, and a p-value < 0.05 was considered

statistically significant.

Results and Discussion

To identify the potential molecular mechanisms of
RBPE as an anti-obesity agent, this study conducted
molecular docking of quercetin with key target proteins
involved in energy metabolism and appetite regulation,
namely DPP-4, leptin receptor, and adiponectin receptor
proteins. Table 1 presents the binding energy and
binding sites of quercetin and the reference standards
with the target proteins. Our results exhibited that

quercetin was able to interact with the target proteins,
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but the binding affinity was higher than that of the
reference standards.

Figures 2A - 2B show the interactions between
sitagliptin and quercetin with DPP-4. The molecular
docking results showed that quercetin had a higher
binding affinity (7.6 kcal/mol) than sitagliptin (—8.8
kcal/mol) as a reference drug. Sitagliptin had 10

with Asn710 and Argl25 residues; 3 hydrophobic bonds
with Tyr666, Tyr662, and Phe357 residues; and 5
halogen bonds with Ser630, Glu205, Val207, and
Glu206. The interaction between DPP-4 and quercetin
revealed 2 hydrogen bonds with Glu206 and Tyr547, 4
hydrophobic bonds with Tyr662, Tyr666, and Phe357,
and one ionic bond with Argl25.

interactions with DPP-4, consisting of 2 hydrogen bonds

Table 1 Molecular docking result of quercetin and its ligand standards with DPP-4, LepR, AdipoR type 1, and AdipoR

type 2.
Compound cip ~ Binding energy Binding site
P (kcal/mol) g
DPP-4
Sitagliptin 4369359 -8.8 Asn710, Argl25, Tyr666, Tyr552, Phe357, Ser630, Glu205, Val207, Glu206
Quercetin 5280343 -7.6 Glu206, Tyr547, Tyr662, Tyr666, Phe357, Argl25
Leptin receptor
Leptin - -13.6 Tyrd72, Leud71, Ser507, Leu506, Leu505, Phe504, 11e503, Leud42, GIn501,
Phe563, Argd68, Asp532
Quercetin 5280343 -6.1 Tyrd41, Asp532, Asn566, Phe563, LeuS05, Leud43, Arg615
Adiponectin receptor 1
AdipoRon 16307093 -8.7 Tyr310, Phe340, Val344, Ala314, Phe271, 1le212, Tyr209, Ala249, Ala213
Quercetin 5280343 -7.4 Tyr209, Ala249, Ala314, Ala213, 1le212, Ala253, Phe271
Adiponectin receptor 2
AdipoRon 16307093 -10.6 Leu283, Ala279, Tyr328, Tyr321, Phe351, Ala325, Val355, 11e226, Arg278,
11e223, Asp219
Quercetin 5280343 -9.3 Gly258, Leu283, Ala279, Tyr321, I11e227, Phe351, Ala325, 11e223, Leu226

Interactions

[:l van der Waals
- Conventional Hydrogen Bond D Pi-Pi T-shaped [:] Halogen (Fluorine) D Pi-Alkyl

[:l Pi-Pi Stacked - Pi-Sigma :] Alkyl

Figure 2 Molecular docking results between (A) DPP-4 and sitagliptin and (B) DPP-4 and quercetin visualized using the
BioVia Studio, and presented in 3- and 2-dimensional images.
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Interactions

[[] van der waals

I Pi-Pi stacked

- Conventional Hydrogen Bond :] Pi-Alkyl

I Unfavorabie Donor-Donor

Figure 3 The 3-dimensional visualization and 2-dimensional interactions of molecular docking results between (A) LepR

and leptin; (B) Leptin receptor and quercetin.

The binding mode and interacting residues
between leptin and quercetin with the leptin receptor are
shown in Figure 3. The binding affinity of leptin was —
13.6 kcal/mol, and it formed 7 hydrogen bonds with
Tyrd72, Ser507, Leu505, Phe504, 11e503, Leud42,
GIn501; 3 hydrophobic bonds with Leu471, Leu506,
and Phe563; 2 ionic bonds with Phe504 and Arg46S;
and 1 unfavorable negative-negative interaction with
Asp532. Quercetin was found to interact with the leptin
receptor, with —6.1 kcal/mol binding energy.
Furthermore, quercetin made 3 hydrogen interactions
with Tyrd441, Asp532, and Asn566; 4 hydrophobic

Interactions

l:l van der Waals
- Pi-Sigma |:| Pi-Alky!

I P T-shaped

bonds with Phe563, Leu505, and Leu442; and 1
unfavorable donor-donor interaction with Arg615.

Figure 4 represents the 3-dimensional docking
complexes and interactions between AdipoRon and
quercetin with AdipoR protein type 1. AdipoRon
afforded 9 hydrophobic interactions with Tyr310,
Phe340, Val344, Ala314, Phe271, Ile212, Tyr209,
Ala249, and Ala213 with —8.7 kcal/mol binding energy.
Quercetin had a higher binding energy (-7.4 kcal/mol)
than AdipoRon and generated one hydrogen bond with
Tyr209 and 9 hydrophobic bonds with Tyr209, Ala249,
Ala314, Ala213, Ile212, Ala253, and Phe271.

I Pi-Pi Stacked

Figure 4 The 3-dimensional visualization and 2-dimensional interactions of molecular docking results between (A)

Adiponectin receptor protein type 1 and AdipoRon; (B) Adiponectin receptor protein type 1 and quercetin.
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Figure 5 shows the 3-dimensional visualization
and 2-dimensional interactions of molecular docking
results between (A) AdipoR type 2 and AdipoRon; (B)
AdipoR type 2 and quercetin. AdipoRon had —10.6
kcal/mol binding affinity and formed 2 hydrogen bonds
with Leu283 and Ala279; 9 hydrophobic bonds with

Interactions

Tyr328, Tyr321, Phe351, Ala325, Val355, Leu226,
Arg278, and 11e223; and 1 ionic bond with Asp219.
Quercetin built up 4 hydrogen bonds with Gly358,
Leu283, Ala279, and Tyr321 and 7 hydrophobic bonds
with [1e227, Phe351, Ala325, 11e223, Tyr321, Leu226,
with —9.3 kcal/mol binding affinity.

[ van der Waals Pi-Sigma ] Carbon Hydrogen Bond ] Ayl
B conventional Hydrogen Bond I Pi-Pi Stacked I Pi-Anion Pi-Alkyl

Figure 5 The 3-dimensional visualization and 2-dimensional interactions of molecular docking results between (A)
AdipoR type 2 and AdipoRon; (B) AdipoR type 2 and quercetin.

We found that quercetin had a higher binding
energy than the reference standards in all target proteins.
Moreover, the docking results between quercetin and
DPP-4 showed that quercetin did not interact with the
catalytic site of DPP-4 (Ser630), indicating that
quercetin is not a potential DPP-4 inhibitor [35]. In
contrast, quercetin formed interactions with the leptin-
binding region, particularly with the Leu505 residue,
which could potentially abolish leptin responsiveness
[36]. To the AdipoR type 1 and 2, quercetin binds to the
key amino acid residues (AdipoR1: R267, F271, Y310,
and AdipoR2: R278, F282, Y321), indicating that
quercetin potentially acts as an adiponectin agonist [37].
Hence, quercetin potentially inhibits LepR and acts as
an adiponectin agonist, while not as a DPP-4 inhibitor.
These in silico findings are an important contribution as
they provide a strong hypothetical molecular basis for
the anti-obesity effects of RBPE and directly guide the
interpretation of our in vivo results. Specifically, the
interaction of quercetin with the Leu505 residue on the
LepR is particularly important as this site is known to be
crucial for leptin binding, potentially leading to leptin
resistance and appetite modulation.  Similarly,

quercetin’s binding to key residues (AdipoR1: R267,
F271, Y310, and AdipoR2: R278, F282, Y321) on
AdipoR suggests the activation of signaling pathways
that promote insulin sensitivity and fat metabolism.
These aspects are not merely computational predictions
but form a crucial initial mechanistic framework to
explain the observed changes in adipokine and lipid
profiles in obese animal models receiving RBPE. This
integrated approach represents a fundamental step in
elucidating the complex mechanisms behind RBPE’s
anti-obesity action and lays the groundwork for future in

vitro and in vivo studies.

Effects of RBPE administration on TC, TG,
LDL-C, and HDL-C levels

This study used control groups (C— and C+) and
treatment groups (T1, T2, and T3) to analyze the effect
of RBPE administration on lipid profiles. Obesity is a
well-recognized major risk factor for dyslipidemia, and
approximately 60 - 70% of obese and 50 - 60% of
overweight individuals exhibit dyslipidemia [5,38].
Previous research studies showed that all lipid profiles
were significantly increased in obese individuals [39].
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Figure 6 represents the mean TC, TG, LDL-C, and
HDL-C levels on days 0, 14, and 28 after interventions.
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Figure 6 The lipid profile changes in five rat groups with or without RBPE administration: (A) Mean TC levels; (B)
Mean TG levels; (C) Mean LDL-C levels; (D) Mean HDL-C levels. Data is shown as mean = SD. Comparative effects
of RBPE administration on TC and LDL-C in obese male rats were analyzed using one-way ANOVA and post-hoc
Bonferroni test, and repeated measures ANOVA (p < 0.05). Comparative effects of RBPE administration on TG and
HDL-C in obese male rats were analyzed using Kruskal-Wallis and post-hoc Dunn test, and Friedman (p < 0.05).

the RBPE

intervention had different effects on mean TC levels

Research findings showed that
depending on the rat group and the duration of the
intervention (Figure 6A). There was no significant
difference in TC levels between all rat groups at DO day
0 intervention), D14 (day 14 intervention), and D28 (day
28 intervention) of intervention. At the end of the
intervention, C—, C+, and T1 groups had a significant
decrease in TC levels (p < 0.001), while the mean TC
levels in T2 (76.28 + 18.93 mg/dL) and T3 groups
(79.53 £ 18.88 mg/dL) increased. The lowest mean TC
levels occurred in T1 (69.48 + 19.91 mg/dL), and the
highest mean was in the C— group (82.90 + 18.54
mg/dL). After 14 days of intervention, TG levels in all
groups increased and decreased after 28 days of
intervention, except in groups T1 and T3 (Figure 6B).

There were no significant differences among the rat

groups during the RBPE intervention. The highest mean
TG levels on intervention day 14 were in the C— group
(140.72 £79.13 mg/dL), and the lowest mean was in the
T1 group (99.30 + 22.04 mg/dL). Meanwhile, the
highest mean TG levels on intervention day 28 occurred
in the T3 group (137.32 + 80.62 mg/dL), and the lowest
mean was in the C+ group (90.35 £ 30.59 mg/dL). In
Figure 6C, mean LDL-C levels in all rat groups
decreased after 14 days of intervention, but increased
again after 28 days of intervention. After 14 days of
intervention, the T2 group (18.70 +4.32 mg/dL) had the
lowest mean LDL-C level, and the C+ group had the
lowest mean LDL-C level (23.70 + 4.56 mg/dL) at the
D28 intervention. For HDL-C levels, there were
significant differences among rat groups at DO and D14,
DO and D28, and D14 and D28 (p < 0.011). After 28
days of intervention, all rat groups showed a significant
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difference (p < 0.001). Increased mean HDL-C levels
were observed in all rat groups over the intervention
time. After 14 and 28 days of intervention, the highest
mean HDL-C levels were in the T3 groups (34.50 +5.77
and 41.05 £ 7.17 mg/dL).

Reduced mean TC, TG, and LDL-C levels
occurred in all rat groups after 14 days of intervention,
which might result from the standard diet compared to
the HFHFr diet. In contrast, the lipid profiles increased
after 28 days of intervention, which can be caused by the
rat’s adjustment process and homeostasis mechanisms
after the RBPE intervention. During the intervention,
lipolysis increases glucocorticoid hormone levels and
Apolipoprotein B (ApoB), which contains a lot of LDL-
C. Lipolysis can also cause a decrease in body weight
and can reduce basal energy requirements in rats, so that
the homeostasis mechanism will prevent the oxidation
of fatty acids and glycerol in the body. This causes the
amount of fatty acids and glycerol to become excessive
in the blood, resulting in the reformation of TG, LDL-
C, and VLDL-C [40]. In addition, providing a standard
diet during the intervention without food restriction can
cause an imbalance in basal energy in rats, increasing
total cholesterol, triglycerides, and LDL-C levels.
Previous research studies showed that administering
resveratrol and 30% calorie restriction could reduce TC,
TG, LDL-C levels, and increase HDL-C levels [41].

The contradictory effect of RBPE administration
was observed in our present study. Administration of
200 mg/kg BW RBPE decreased TC levels, while higher
doses of RBPE 400 and 800 mg/kg BW/day increased
TC levels in obese male rats. Our findings are in line
with a research study conducted by Indriawati and
Atiyah [42], which administration of kepok banana peel
extract at 200 mg/kg BW/day is more effective in
reducing TC levels compared to a higher dose (400
mg/kg BW). Our results also supported Tsatsakis’ study
[43], which higher doses of banana peel extract can be
harmful, while lower doses can provide beneficial
effects. However, our research findings are different
from the research study conducted by Berawi and
Bimandama [44], which found that the administration of
8.4 mg/day of kepok banana peel ethanol extract for 14
days reduced TC levels. The previous study used
ethanol, while our study used 80% methanol. The

different results are related to differences in using

extraction solvents that can affect the solubility of
bioactive compounds such as quercetin.

The TG levels in our study did not show a
significant difference after RBPE administration. The
mean TG levels increased in all treatment groups, while
decreasing in the control group. The results of our study
are different from a previous research study, which
administration of banana peel (Musa acuminata)
supplements for 4 weeks reduced TG levels [45]. This
discrepancy may be due to rat physiological organs, the
adjustment process, and homeostatic mechanisms
during the RBPE intervention. In addition, the
carbohydrate content in the standard feed during the
intervention also increased TG levels, which is higher
than the HFHFr feed (48% - 50% vs 16.6%). Jung and
Choi [46] reported that a high-carbohydrate diet can
increase TG levels. In contrast to TC and TG levels,
LDL-C levels in the Tl and T2 groups decreased
significantly compared to the C— group. The HDL-C
levels in all rat groups increased, and the highest
increase occurred in the T3 group, compared to the other
groups. Our results align with a previous research study,
which found that giving banana peel supplements for 4
weeks reduced LDL-C levels and increased HDL-C
[45]. Changes in these lipid profiles after RBPE
administration are probably caused by the presence of
quercetin in RBPE. Previous research mentioned that
consumption of shallot juice enriched with quercetin for
8 weeks significantly reduced TC, LDL-C levels, and
increased HDL-C levels. However, it did not affect TG
levels [47]. The action mechanism of quercetin on lipid
profiles was perhaps due to activating and increasing
adenosine monophosphate-activated protein kinase
(AMPK) expression through the stimulation of
phosphoinositide-3-kinase-protein kinase B and liver
kinase B1 activities. AMPK activation can lead to
increased Peroxisome Proliferator-Activated Receptor
alpha and gamma (PPARa/y) expression, decreased
expression of acetyl-CoA carboxylase, 3-hydroxy-3-
methylglutaryl-CoA reductase, and sterol-regulatory
element binding protein 1 in the liver to improve lipid
metabolism and reduce lipid accumulation. AMPK can
inhibit the activity of Acetyl-CoA carboxylase and
carbohydrate response element-binding protein, and the
gene expression of sterol regulatory element-binding
transcription factor 1c. Quercetin can increase the gene

expression of PPAR-y, which plays a role in lipid
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metabolism and insulin. Quercetin will inhibit the
lipogenesis process by inhibiting the action of
Lysophosphatidic acid acyltransferase theta (LPAATO),
Diacylglycerol O-Acyltransferase 1 (DGATI1), and
Lipinl. This causes a decrease in lipid accumulation and
TG levels [48,49].

A high dose of RBPE administration reduced
DPP-4 specific activity

The effect of RBPE on DPP-4 specific activity is
shown in Figure 7. Significant differences among rat
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< 0.001, Figure 7A. Figure 7B shows that RBPE
administration significantly increased DPP-4 specific
activity after 28 days of intervention, with p < 0.001,
compared to the C+ group. After 14 days of
intervention, there was a significant difference between
C+ and T1, T2, and T3 (p = 0.012). After 28 days of
intervention, the T3 group (0.47 + 0.09 mU/min/mg
protein) had the lowest mean DPP-4 specific activity.
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Figure 7 DPP-4 specific enzyme activity changes in five rat groups with or without RBPE administration. (A)

Comparative effect of RBPE administration among obese male rats on day 0, 14, and 28 interventions. (B) Comparative

effect of RBPE administration within obese male rats’ groups on DPP-4 activity from day 0, 14, to 28 interventions. *

was significantly different between rats’ groups at DO with D28 intervention and D14 with D28 intervention. ** was a

significant difference compared to the C+ group.

During the intervention, DPP-4 specific activity
increased in all groups, but DPP-4 specific activity in
the T3 group was lower than in the other groups. Our
results are different from a previous research study,
which consumption of bananas before meals for 7 days
reduced DPP-4 specific activity [50]. In addition, pure
quercetin is a better inhibitor of DPP-4 activity
compared to sitagliptin, with an IC50 value of 4.02
nmol/mL. In addition, quercetin with a 1.65 nmol/mL
concentration can inhibit DPP-4 activity by 21.93%
[51]. In our study, quercetin concentration was 0.338
mg/dL or 11.18 nmol/mL, which is higher than the
research conducted by Singh et al. [51], but the dose
could not inhibit DPP-4 specific activity. The different
results may be caused by other bioactive compounds
present in RBPE that increase DPP-4 specific activity.

In addition, Singh et al. [51] used pure quercetin, while

our study used RBPE containing quercetin.

Effects of RBPE administration on leptin and
adiponectin levels

After 28 days of RBPE administration, leptin
levels in the treatment groups decreased significantly
compared to the control groups (p = 0.008). Specifically,
significant reductions were observed in the T2 (p =
0.022) and T3 groups (p = 0.003) compared to the C—
group, and also in the T2 (p = 0.033) and T3 groups (p
= 0.004) when compared to the C+ group (Figure 8A).
On day 28, the C— group showed the highest leptin levels
(2.77 £ 0.67 ng/mL), while the T2 group had the lowest
(1.54 £ 0.30 ng/mL).

In contrast to leptin, adiponectin levels presented
a different pattern. A significant difference between



Trends Sci. 2026; 23(1): 11243

11 0f 17

groups of rats in T1 and T2 was observed at DO and D28
(»p = 0.028). However, while the Kruskal-Wallis test
showed significant differences across all groups on day
28 (p = 0.022), there was no significant difference in the
change from DO to D28 (ADO0-D28, p = 0.274).
Furthermore, no significant difference was found
between the C— and C+ groups. On day 28, the C+ group
experienced the lowest average decrease in adiponectin
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levels (1.03 +0.38 mg/L), whereas the T2 group showed
the highest average decrease (3.28 + 0.05 mg/L). The
measurement of leptin and adiponectin levels, as key
hormones in energy regulation and insulin sensitivity,
was a crucial objective in understanding RBPE’s anti-
obesity effects. Our findings provide important insights
into how this extract influences adipokine balance under
obese conditions.
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Figure 8 The change in leptin and adiponectin levels after the RBPE administration. (A) Leptin levels; (B) Adiponectin

levels. Data is shown as mean = SD. Comparative effect of RBPE administration within obese male rats’ groups from

day 0 to 28 interventions was calculated using Kruskal-Wallis. The Post Hoc test was performed with the Post Hoc Dunn

test. The comparative effect of RBPE administration among obese male rats on days 0 and 28 was calculated using the

Wilcoxon test. *There was a significant difference compared to the C— group (p < 0.05). **was a significant difference

compared to the C+ group (p < 0.05). ***was a significant difference compared to the C— and C+ group (p < 0.05).

Leptin levels were reduced in all rat groups on day
28 of intervention, but the greatest reduction was
observed in the highest dose of RBPE administration,
which indicates a dose-dependent manner. Our research
findings support a previous research study showing a
decrease in leptin levels in obese rats given 5 mL/Kg
BW/day banana fruit juice with pectinase [22]. The
decrease in leptin levels corresponded to the decrease in
body fat mass of obese mice. Quercetin could suppress
the expression of lipogenesis transcription factors, such
as PPARy, C/EBPa, and C/EBPa, and sterol regulatory
element-binding protein 1 (SREBP-1c¢), and their target
genes [52]. PPARy is a major transcription factor in
adipogenesis that promotes the maturation of

preadipocytes into adipocytes, resulting in decreased fat

accumulation. The C/EBPa is another critical
transcription factor involved in adipogenesis that
regulates the expression of genes required for adipocyte
differentiation. C/EBPa inhibition by quercetin disrupts
the differentiation process, leading to reduced adipocyte
formation. Meanwhile, SREBP-1c is a transcription
factor crucial for regulating lipogenesis, especially in
the liver and adipose tissue. SREBP-1c drives the
expression of genes involved in fatty acid synthesis.
SREBP-1c inhibition by quercetin will reduce fatty acid
synthesis and potentially reduce triglyceride
accumulation in adipocytes [53]. In addition, quercetin
regulates enzyme expression by decreasing lipoprotein
lipase (LPL) and increasing adipose triglyceride lipase
(ATGL) and hormone-sensitive lipase (HSL) [52].
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Figure 9 This figure illustrates the relationship between the administered RBPE dose and leptin (A) and adiponectin (B)

hormone levels in obese male rats after 28 days of intervention. Data is presented as correlation points for each individual.

A. Downward trend in leptin levels is observed with increasing RBPE doses. The linear R? value of 0.289 indicates that

28.9% of the variability in leptin levels on Day 28 can be explained by the RBPE dose. B. Adiponectin levels appear to

slightly increase with increasing RBPE doses, but with a linear R? value of 0.103, indicating that only about 10.3% of the

variability in adiponectin levels can be explained by the RBPE dose.

Adiponectin levels decreased in all groups on day
28, but a high dose of RBPE administration had the
smallest changes in adiponectin levels. These results
may be related to the other bioactive compounds against
quercetin activity. No studies have reported the RBPE
biological effects on leptin and adiponectin levels in
obese rats, but a similar study used ambon banana peel
[22]. Our results are different from a previous study
conducted by Konda et al. [22], which gave probiotic
ambon banana fruit juice with pectinase for 20 weeks,
increased adiponectin levels, better than obese rats
treated with orlistat. These different results are likely
due to differences in the composition of the intervention
ingredients, including differences in banana species,
probiotics, and pectinase. The Konda’s study had a
longer intervention time than our study. Wyskida et al.
[54]; Guo et al. [55] also reported that the increased
adiponectin levels were seen after 12 weeks of
intervention. The serum samples in our study may have
undergone degradation because of multiple freezing-
thawing cycles during our experiment, since adiponectin
is more stable when stored at —20 to —80 °C. Harries et
al [56] reported that multiple freeze-thaw cycles can
reduce adiponectin levels by up to 5% from baseline
[56]. Previous research stated that administration of
quercetin could reduce leptin and increase adiponectin
in mice given a high-fat diet [57]. This study used pure

quercetin, whereas this study did not use pure quercetin.
The anti-obesity effect of quercetin can increase AMPK
activity, so that proinflammatory cytokines can be
suppressed. The increased AMPK activity can reduce
inflammation, increase insulin sensitivity in adipose
tissues, and improve lipid profiles. In addition, quercetin
has strong antioxidant properties that reduce cell
inhibit
apoptosis in inflammatory cells, and reduce neutrophil

damage, inflammatory processes, induce
migration to inflammatory sites, thus helping reduce
inflammation’s intensity and improve normal conditions
[58,59]. The significant finding of reduced leptin levels,
especially at higher RBPE doses (T2 and T3), indicates
the clinically relevant anti-obesity potential of RBPE by
potentially enhancing leptin sensitivity or reducing
leptin resistance. This is elegantly supported by the
molecular docking findings showing quercetin’s
interaction with the leptin receptor, providing a strong
molecular mechanistic basis for the observed in vivo
effects. Although the adiponectin response showed a
more complex pattern with a decrease across all groups
and might have been influenced by experimental factors
such as freeze-thaw cycles or intervention duration, it is
crucial to also consider the potential for complex
feedback regulatory mechanisms where a reduction in
body fat mass (which can be inferred from leptin
decrease) might affect

indirectly adiponectin
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production, or the presence of other compounds within
the extract modulating this response. This study
nevertheless provides valuable preliminary data on the
influence of RBPE on adipokines, which has been
sparsely reported previously. Our findings are the first
to comprehensively integrate in silico and in vivo
approaches to explore the effects of RBPE on lipid
profiles and adipokines, offering fundamental new
insights into the therapeutic potential of this natural
compound in obesity management and highlighting
promising molecular pathways for future investigation.

Although RBPE administration indicates some
beneficial effects on obese rats, our research study has
some weaknesses. We extracted raja banana peels using
methanol, which might not preserve other compounds
that can act as anti-obesity agents. Secondly, we did not
analyze bioactive compounds other than quercetin in
RBPE that have opposite effects to quercetin. Our study
is the first to examine DPP-4-specific activity in obese
rats, so we cannot compare the results of DPP-4-specific
activity with other similar studies. Our study also did not
apply food restriction during the RBPE intervention.
Therefore, changes in TC, TG, and LDL-C levels after
RBE intervention are counteracted by the presence of
carbohydrates in the standard diet. Furthermore, a short
RBPE intervention period may have limited changes in
DPP-4 specific activity, leptin, and adiponectin levels,
as these adipokines show dynamic fluctuations and
often require prolonged exposure to therapeutic agents
to elicit better effects. This study also did not test the
toxicity of RBPE administration.

Conclusions

Quercetin in RBPE does not interact with the DPP-
4 catalytic sites but potentially interacts with leptin and
adiponectin receptors. Administration of RBPE at 800
mg/kg BW/day for 28 days effectively increases HDL-
C and decreases leptin and adiponectin levels, while
reducing TC and LDL-C levels at 200 mg/kg BW/day.
RBPE administration has an effect on DPP-4 specific
activity. RBPE administration does not affect TG levels
in obese male rats. Quercetin in RBPE is an important
bioactive compound that potentially becomes an herbal
medicine for obesity through leptin inhibition. Future
research is required to use other solvents to extract raja
banana peels in order to preserve bioactive compounds,

which have anti-obesity properties. Food restriction or a

low-carbohydrate diet is also required to further
investigate the beneficial effect of RBPE during the
intervention to improve lipid profiles optimally. A
longer duration of intervention, at least 12 weeks, is also
important to make more substantial and significant
changes in adipokine activity and levels. In addition,
subacute and chronic toxicity tests are required to
determine possible adverse effects of RBPE
administration.
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