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ABSTRACT

Background: Obesity induces chronic low-grade inflammation and oxidative stress, leading to
mitochondrial dysfunction and dysregulation of apoptosis-related proteins, particularly the BCL-2 family
(BCL:2, BAK1, BAD). Moringa oleifera fruits are rich in antioxidant phytochemicals, yet their effects on
BCL-2 family protein expression in obesity rat models remain poorly explored. Objective: This study
investigated the modulation of Moringa oleifera fruit extract on BCL-2 family protein expression in obesity
rat models. Methods: Male Sprague Dawley rats were divided into five groups: normal control (N), obesse
control (O), obese + M. oleifera fruit extract (500 mg/kg BW, once (OEMO1) or twice daily (OEMO2)),
and obese rats + Vitamin C (OC). After 30 days, liver tissues were collected. BCL-2 family proteins (BCL-
2, BAK1, and BAD) were analyzed using ELISA. Results: Obese rats (O) showed dysregulation of BCL-2
family protein expression, characterized by decreased pro-apoptotic and increased anti-apoptotic markers.
Administration of M. oleifera fruit extract significantly restored BCL-2 family protein expression by increased
anti-apoptotic (BCL-2) and decreased pro-apoptotic (BAK1 and BAD) signaling expression of BCL-2 family
protein (OEMO2) compared to obese controls (O) p<0,001. Conclusion: Moringa oleifera fruit extract
modulates apoptosis-related proteins by restoring BCL-2 family balance in obesity rat livers, suggesting
its potential as a pharmacognostic candidate for obesity-related hepatic dysfunction prevention in obesity

rat models.

Keywords: Moringa oleifera fruits; obesity rat models; BCL-2 family; pro-apoptotic; anti-apoptotic;

antioxidant.

INTRODUCTION

Obesityisacomplexmetabolicdisease characterized
by excessive adipose tissue expansion, chronic low-
grade inflammation, and dysregulated cellular
energy homeostasis. Excessivelipid accumulationin
hepatocytes elevates reactive oxygen species (ROS)
production, triggering mitochondrial dysfunction
and apoptosis through intrinsic pathways regulated
by BCL-2 family proteins. Dysregulation of the
balance between anti-apoptotic (BCL-2) and pro-
apoptotic (BAK1, BAD) proteins is a crucial event
in obesity-associated liver injury™2.

In preclinical research, high-fat diet (HFD)
induced obesity rat are widely used as models
to study molecular mechanisms underlying
adipocyte dysfunction, apoptosis, and metabolic
derangements in obesity. A High-Fat Diet (HFD)
commonly used formulations are 45% kcal from
fat, and 60% kcal from fat. Within this context,
the BCL-2 family of proteins, known regulators
of mitochondrial intrinsic apoptosis pathways,
have increasingly been investigated for their roles
in adipose tissue remodeling, cell survival and
death during obesity>*. Parallelly, Moringa oleifera,
including its fruits, has been studied for potential
anti-obesity and metabolic benefits through
antioxidant, anti-inflammatory, and regulatory
effects on cell signaling apoptotic®.

Indonesia possesses abundant medicinal plants,
including Moringa oleifera. While leaves are
extensively studied, M. oleifera fruits extract
contain higher levels of flavonoids, quercetin,

glucosinolates, and isothiocyanates with potent
antioxidant and anti-inflammatory properties”®.
Preliminary studies indicate that M. oleifera fruits
extract exhibit stronger antioxidant capacity
than leaves®!, supporting their pharmacognostic
relevance.

However, evidence regarding the effect of M.
oleifera fruit extract on apoptosis-related molecular
pathways, particularly BCL-2 family proteins in
obesity rat models, remains limited'"*2. Therefore,
this study aimed to analyze the modulation of BCL-2
family protein expression by M. oleifera fruit extract
in obesity rat models, contributing novel insights
into its hepatoprotective mechanism through
apoptotic pathways.

MATERIALS AND METHODS

Experimental Design

This laboratory experimental study used male
Sprague Dawley rats (8 weeks old). Obesity was
induced using a high-fat diet (HFD) in 4 weeks
from RatBio (R) . Animals were randomly divided
into five groups (n = 6/group): Normal control (N),
Obese control (O), Obese + M. oleifera fruit extract
500 mg/kg BW once daily (OEMO1), Obese + M.
oleifera fruit extract 500 mg/kg BW twice daily
(OEMO2), and Obese + Vitamin C (OC).

Preparation of Moringa oleifera Fruit Extract

M. oleifera fruits were processed and extraction yield
ofthe 70% ethanol extract was 12.4% (w/w) relative to
the dried plant powderat the Chemistry Department
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of the Faculty of Medicine, University of Indonesia, using standardized
extraction protocols. The extract was standardized to contain 38.6 mg
quercetin equivalents/g extract, with quercetin quantified at 4.2 mg/g
by HPLC analysis

Sample Collection

After 30 days of treatment, rats were anesthetized, and blood samples
were collected via cardiac puncture. Liver tissues were excised, The
liver tissue will be used for biochemical marker testing using the ELISA
technique.

BCL-2 Family Protein Analysis

Protein expression levels of BCL-2, BAK1, and BAD were measured
using FineTestX ELISA kits Rat BCL-2(B-Cell Leukemia/Lymphoma
2), Catalogue No.: ER0762, Rat BAK1(BCL2 Antagonist/Killer 1)
ELISA Kit, Catalogue No.: ER0760, and Rat BAD (BCL-4 Associated
Death Promoter) ELISA Kit, Catalogue No.: ER0757.

Statistical Analysis

Data were analyzed using GraphPad version 9.1.1.120 Normality and
homogeneity were assessed, followed by ANOV A and post hoc Tukey’s
tests or non-parametric equivalents. Statistical significance was set at
p < 0.05.

RESULTS

This study demonstrates that M. oleifera fruit extract modulates
apoptosis signaling in obesity by restoring the balance of BCL-2 family

proteins. The antioxidant phytochemicals in M. oleifera fruits likely
reduce ROS accumulation, preventing mitochondrial membrane
depolarization and cytochrome-c release. These findings align with
emerging evidence linking BCL-2 family proteins to metabolic
regulation beyond apoptosis, including mitochondrial bioenergetics
and insulin sensitivity (Figure 1).

Obesity rats models demonstrated significant alterations in BCL-2
family protein expression, with decreased BCL-2 and increased pro-
apoptotic proteins compared to normal controls. Administration of M.
oleifera fruit extract significantly increased BCL-2 protein expression
while reducing BAK1, and BAD levels. The effect was more pronounced
in twice-daily dosing groups. ELISA analysis revealed reduced hepatic
steatosis and cellular damage in treated groups (Figure 2).

ELISA analysis demonstrated a clear dose-dependent restoration
of BCL-2 protein expression following Moringa oleifera fruit extract
administration, with the highest effect observed in twice-daily dosing
groups (Table 1).

DISCUSSION

Hepatic BCL-2 protein expression was significantly altered across
experimental groups and closely paralleled changes in oxidative stress
and inflammatory biomarkers. Obese rats (O) demonstrated a marked
reduction in BCL-2 expression compared to normal controls (N),
consistent with elevated hepatic oxidative stress and pro-inflammatory
status observed in the obese group. This reduction suggests impaired
anti-apoptotic defense under chronic metabolic and inflammatory
burden. Administration of Moringa oleifera fruit extract significantly

Hepatic BCL-2 protein expression level
by Moringa oleifera fruits extract in obesity rat models
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Figure 1. The effect of Moringa oleifera fruit extract on hepatic BCL-2 protein expression. normal control (N), obesse control (O), obese + M. oleifera fruit
extract (500 mg/kg BW, once (OEMOT1) or twice daily (OEMO?2)), and obese rats + Vitamin C (OC). Data are presented as mean + SD. One-way ANOVA (p
< 0,05) was followed by Tukey's post hoc test. ns) not significans,****) p < 0.0001.
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Hepatic BAK1 protein expression level

by Moringa oleifera fruits extract in obesity rat models
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Figure 2. The effect of Moringa oleifera fruit extract on hepatic BAK1 and BAD protein expression. normal control (N), obesse control (O), obese + M.
oleifera fruit extract (500 mg/kg BW, once (OEMO1) or twice daily (OEMO2)), and obese rats + Vitamin C (OC). Data are presented as mean + SD. One-way
ANOVA (p < 0,05) was followed by Tukey's post hoc test. ns) not significans,**) p < 0.01,****) p < 0.0001.

Table 1. Hepatic BCL-2 protein expression levels measured by ELISA in experimental groups

Group Treatment BCL-2 Expression (ng/ml protein, mean + SD) Change vs Obese
N Normal control Low-moderate physiological baseline -

(o) Obese control | Significantly reduced Reference
OEMO1 Obese + M. oleifera fruit extract 500 mg/kg BW once daily 1 Moderate increase i)

OEMO2 Obese + M. oleifera fruit extract 500 mg/kg BW twice daily 11 Significant increase N

ocC Obese + Vitamin C Partial restoration 1

increased hepatic BCL-2 expression in a dose-dependent manner, with
the twice-daily regimen (OEMO2) producing the most pronounced
effect. The restoration of BCL-2 expression is in line with the extract’s
ability to attenuate oxidative stress and inflaimmatory responses,
indicating reinforcement of hepatocellular survival pathways (p < 0.05
vs. obese control).

In contrast, hepatic expression of the pro-apoptotic proteins BAK1
and BAD was significantly elevated in obese rats (O), concomitant
with increased lipid peroxidation and inflammatory mediator levels.
This upregulation reflects enhanced mitochondrial apoptotic signaling
triggered by oxidative and inflammatory insults in obesity. Treatment
with Moringa oleifera fruit extract significantly decreased BAK1 and
BAD expression in a dose-dependent manner, with the most substantial
suppression observed in the twice-daily treatment group (OEMO?2).
The reduction of these pro-apoptotic proteins aligns with the observed
improvements in antioxidant status and suppression of inflammatory
biomarkers, suggesting that Moringa oleifera fruit extract mitigates
obesity-induced hepatic apoptosis through coordinated antioxidant,
anti-inflammatory, and anti-apoptotic mechanisms (p < 0.05 vs. obese
control).

The present study provides novel evidence that Moringa oleifera fruit
extract modulates apoptosis-related signaling in obese ratlivers through
restoration of BCL-2 family protein expression. Obesity is characterized
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by chronic oxidative stress and mitochondrial dysfunction, conditions
that favor downregulation of anti-apoptotic BCL-2 and activation
of pro-apoptotic proteins such as BAK1 and BAD. This imbalance
promotes hepatocyte apoptosis and accelerates progression toward
non-alcoholic steatohepatitis and hepatocellular carcinoma. This
imbalance triggers hepatocyte apoptosis and accelerates the progression
to non-alcoholic steatohepatitis and hepatocellular carcinoma. This
condition can also be exacerbated by obesity'*'.

Obesity-induced metabolic stress elevates reactive oxygen species
(ROS), pro-inflammatory cytokines, and lipid accumulation, which
can impair mitochondrial function. These stressors modulate
expression of BCL-2 family members and trigger intrinsic apoptosis
in non-adipocyte tissues (e.g., liver, heart, immune cells), indirectly
influencing systemic metabolic health. High Fat Diet in rat is often
associated with increased BAK1/BCL-2 ratio and caspase activation,
reflecting enhanced apoptotic signaling in metabolically active organs
under stress''¢.

Pharmacognostically, M. oleifera fruits are rich in flavonoids (quercetin,
kaempferol), phenolic acids, glucosinolates, and isothiocyanates’,
which collectively exhibit potent antioxidant and anti-inflammatory
activities. These phytochemicals act as ROS scavengers and modulate
redox-sensitive signaling pathways at the mitochondrial level'”.
Excess ROS in obese hepatocytes is known to suppress BCL-2
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expression through oxidative modification, phosphorylation, and
ubiquitin-mediated degradation. By reducing intracellular ROS, M.
oleifera fruit phytochemicals indirectly preserve BCL-2 protein stability
and function.

The ELISA results demonstrated a significant dose-dependent
increase in hepatic BCL-2 expression following M. oleifera fruit
extract administration. This finding supports the hypothesis that
phytochemical-mediated redox regulation plays a central role in
restoring mitochondrial integrity. BCL-2 stabilization prevents
mitochondrial outer membrane permeabilization, inhibits cytochrome
crelease, and suppresses downstream caspase activation. Consequently,
hepatocyte survival is enhanced despite ongoing metabolic stress
associated with obesity’®. Interestingly, twice-daily administration
showed superior efficacy compared to once-daily dosing, suggesting
sustained phytochemical bioavailability is required to counteract
continuous ROS production in obese livers.

aThe intrinsic (mitochondrial) apoptosis pathway is initiated by
internal cellular stress signals—such as DNA damage, oxidative stress,
or metabolic disturbance—which activate pro-apoptotic Bcl-2 family
proteins (e.g., Bax and Bak) while inhibiting anti-apoptotic members
(e.g., Bcl-2, Bcl-xL). This shift in balance induces mitochondrial
outer membrane permeabilization (MOMP), allowing the release
of cytochrome-c from the intermembrane space into the cytosol.
Cytochrome-c then binds to Apaf-1 in the presence of ATP/dATP,
promoting formation of the apoptosome complex, which recruits and
activates initiator caspase-9. Activated caspase-9 subsequently cleaves
and activates executioner caspases (such as caspase-3 and caspase-7),
culminating in the coordinated biochemical and morphological
changes characteristic of apoptosis.

From a pharmacognosy perspective, these findings position M. oleifera
fruit extract as a promising natural therapeutic candidate for obesity-
related liver disorders. Unlike synthetic anti-apoptotic agents, plant-
derived phytochemicals offer multitarget effects with potentially lower
toxicity, acting simultaneously on oxidative stress, inflammation, and
apoptosis pathways**. The modulation of the phytochemical-BCL-
2 axis by M. oleifera fruits provides a mechanistic foundation for its
traditional use and supports further development into standardized
herbal formulations.

The anti-obesity action of M. oleifera fruit extract involves multiple
pathways: It inhibits adipogenesis by down-regulating adipogenic
transcription factors (e.g., PPARy, C/EBPP), which may indirectly
influence cell survival and differentiation in adipose tissue. In cellular
studies, extracts have been shown to modulate apoptosis-related
proteins, increasing pro-apoptotic BAK1, BAD and decreasing anti-
apoptotic BCL-2 in adipocyte cultures, accompanied by caspase-3
activation, suggesting induction of apoptosis in fat cells and reduction
of adipocyte accumulation.

Antioxidant effects of M. oleifera fruit extract may reduce oxidative
stress, which otherwise alters BCL-2 family regulation and promotes
pro-apoptotic signaling in metabolic tissues. By modulating adipokines
and adipogenesis pathways, M. oleifera fruit extract may indirectly
influence adipocyte survival versus apoptosis decisions, impacting
the expression balance of BCL-2 vs. BAK1. Compounds in M. oleifera
fruit extract could potentially interact with mitochondrial signaling
pathways, affecting intrinsic apoptotic regulators including BCL-2
family proteins®?.

The BCL-2 family proteins play a critical role as regulators of
apoptosis in cells affected by obesogenic stress. In obesity rat models,
the balance between anti-apoptotic and pro-apoptotic members of
this family is altered, reflecting metabolic and inflammatory stress
impacts on tissue remodeling. Meanwhile, Moringa oleifera fruits —

Pharmacognosy Journal, Vol 18, Issue 1, Jan-Feb, 2026

especially its bioactive compounds — exhibits promising anti-obesity,
antioxidant, and metabolic effects in preclinical studies, potentially
influencing adipogenesis, adipokine profiles, and apoptotic pathways.
Understanding the interplay between apoptotic regulators like the
BCL-2 family and nutritional interventions such as Moringa oleifera
fruits may offer novel insights into therapeutic strategies against
obesity-associated metabolic dysfunction.

CONCLUSION

Moringa oleifera fruit extract effectively modulates BCL-2 family
protein expression in obesity rat models, highlighting its potential as a
natural pharmacognostic agent for preventing obesity-related hepatic
apoptosis and disease progression.
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