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Geniotrigona thoracica, a commonly cultivated stingless bee species in the Malaysian meliponid-

culture industry, produces propolis known for various biological activities, yet its anti-adipogenic 

potential remains underexplored. This study evaluated the anti-adipogenic effects of ethanolic 

extract of G. thoracica propolis (EEGP) on 3T3-L1 cells. Cytotoxicity was assessed in 3T3-L1 

preadipocytes across concentrations from 7.81 to 1000 µg/mL. Anti-adipogenic activity was 

examined using lipid accumulation assay, reactive oxygen species (ROS) measurement, and 

triglyceride quantification. Gene expression analysis using quantitative real-time PCR (qRT-

PCR) targeted key adipogenic markers: sterol regulatory element binding protein-1 (SREBP-1), 

peroxisome proliferator-activated receptor-gamma (PPAR-γ), and CCAAT/enhancer-binding 

protein-alpha (C/EBP-α). Gas Chromatography-Mass Spectrometry (GC-MS) was employed to 

identify chemical constituents of the extract. EEGP demonstrated no cytotoxicity across all tested 

concentrations and significantly reduced lipid accumulation, ROS levels, and triglyceride content 

in a dose-dependent manner. Additionally, EEGP suppressed the expression of SREBP-1, PPAR-

γ, and C/EBP-α during preadipocyte differentiation. GC-MS analysis revealed a diverse range of 

chemical compounds, including phenolics, terpenoids, aromatic compounds and sugar alcohol. 

These findings indicate that EEGP possesses anti-adipogenic properties without cytotoxicity, 

suggesting its potential as natural agent for obesity management. Nevertheless, further in vivo 

studies are warranted to confirm these effects and elucidate the underlying mechanisms.  
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Propolis, a complex resinous substance obtained from 

beehives, has been employed in traditional medicine 

for centuries due to its extensive array of biological 

activities, including antimicrobial, anti-inflammatory, 

antioxidant, and anticancer properties [1]. Its significance 

transcends cultural boundaries, with its composition and 

therapeutic potential being influenced by geographical 

factors and the specific plant sources utilized by the 

bees [2, 3]. Among the various bee species that produce 

propolis, stingless bees (Meliponini) have gained 

particular attention for the distinctive properties of 

their propolis, especially in regions such as Southeast 

Asia and South America [4, 5, 6]. 

 

One notable species, Geniotrigona thoracica, 

is extensively domesticated within the Malaysian  

meliponiculture industry [7]. This industry plays a 

crucial role in promoting sustainable agricultural  

practices and supporting rural economies, while  

simultaneously contributing to the conservation of 

native bee species [8,9,10]. The propolis produced by 

G. thoracica is rich in bioactive compounds, including 

flavonoids, phenolic acids, and terpenes, which underpin 

its diverse pharmacological effects [11, 12, 13, 

14]. However, despite the growing interest in 

propolis from stingless bees, research focusing 

specifically on the anti-adipogenic potential of G. 

thoracica propolis remains notably scarce. Previous 

studies have primarily concentrated on its 

antimicrobial, cytotoxicity, and antioxidant 

properties, leaving its potential role in obesity 

management largely unexplored. 

 

Obesity represents a significant global health 

challenge, with its prevalence reaching epidemic levels 

[15]. It is primarily driven by adipogenesis, the process 

by which preadipocytes differentiate into mature 

adipocytes, leading to excessive fat accumulation 

[16]. The regulation of adipogenesis is governed by 

a complex network of transcription factors, notably 

peroxisome proliferator-activated receptor-gamma 

(PPAR-γ), sterol regulatory element-binding protein-1 

(SREBP-1), and CCAAT/enhancer-binding protein-

alpha (C/EBP-α) [17]. The accumulation of lipids and 
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triglycerides during adipogenesis plays a critical role 

in the progression of obesity, with reactive oxygen 

species (ROS) serving as a significant contributing 

factor [18]. Elevated ROS levels induce oxidative 

stress, which not only disrupts normal cellular function 

but also enhances adipocyte dysfunction by interfering 

with insulin signaling and promoting inflammation 

[19]. Therefore, targeting the expression of these 

transcription factors and modulating lipid accumulation 

and ROS production presents a promising strategy for 

the development of anti-obesity therapies [17, 20].  

 

Given the well-documented health benefits of 

propolis from various bee species, the lack of research 

on the anti-adipogenic effects of G. thoracica propolis 

highlights a significant gap in the literature. This study 

aims to investigate the anti-adipogenic effects of 

ethanolic extract of G. thoracica propolis (EEGP) 

on 3T3-L1 cells, a widely used in vitro model for 

studying adipogenesis. By assessing the extract's 

impact on lipid accumulation, ROS production, 

triglyceride levels, and the expression of key 

adipogenic genes, this research seeks to elucidate the 

potential of G. thoracica propolis as a natural agent 

for obesity management. Additionally, the study 

contributes to the understanding of the chemical 

composition of G. thoracica propolis, further enhancing 

its value within the Malaysian meliponiculture industry. 

 

EXPERIMENTAL 

 

Propolis Collection and Extraction 

 

Raw propolis was collected in July 2022 from the 

previously documented location described by Idris et 

al. (2023) [13]. The preparation of EEGP followed the 

extraction protocol established by Zohdi et al. (2024) 

[21]. In brief, the propolis was macerated in ethanol 

and agitated at 250 rpm for 48 hours, maintaining a 

temperature range of 25-28°C. The mixture was then 

filtered, and the supernatant was concentrated using 

rotary evaporation at 40°C. The extract was kept 

overnight in a freezer at -18°C to eliminate wax, 

followed by centrifugation at 2500 rpm for 5 minutes. 

The final supernatant was collected, lyophilized and 

kept at -20°C.  

 

Cell Culture and Differentiation 

 

Mouse 3T3-L1 preadipocytes were sourced from the 

American Type Culture Collection (ATCC, CL-173, 

Manassas, VA, USA). The cells were cultured and 

differentiated according to the protocol established 

by Lee et al. (2011) [22] with slight modifications. 

The preadipocytes were cultured in high-glucose 

Dulbecco's Modified Eagle Medium (DMEM) 

containing 10% fetal bovine serum (FBS) and 1% 

penicillin-streptomycin (P/S) at 37°C in a 5% 

CO₂ atmosphere. Upon reaching 90% confluence,  

differentiation was initiated on day 0 using a hormonal 

induction cocktail comprising 0.5 mM 3-isobutyl-1-

methylxanthine (IBMX), 1.0 µM dexamethasone 

(DEX), and 10 µg/mL insulin. On day 2, the medium 

was replaced with regular DMEM containing 10  

µg/mL insulin, and cells were treated with EEGP at 

varying concentrations. The medium was refreshed 

every two days, and assays were performed on day 8 

after the start of differentiation [23].  

 

Cell Viability 

 

Cell viability and cytotoxicity were assessed using 

the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 

bromide (MTT) assay. In this assay, 3T3 -L1 

preadipocytes were seeded at a density of 1 × 10⁴ 

cells per well in 96-well plates. Cells were then 

exposed to EEGP at concentrations ranging from 

7.81 to 1000 µg/mL. After incubation, the cells were 

treated with MTT solution and incubated in the dark 

for 4 hours at 37°C. The resulting formazan crystals 

were dissolved in dimethyl sulfoxide (DMSO), and 

absorbance was measured at 570 nm using a multi-

well plate reader. N-Acetylcysteine (NAC) served as 

a positive control. The percentage of viable cells was 

calculated according to the following equation. 

 

Lipid Accumulation Assay 

 

Lipid accumulation in differentiated adipocytes was 

quantified using Oil Red O (ORO) staining, based on 

the method by Choi et al. (2018) [18]. Differentiated 

adipocytes treated with varying concentrations of 

EEGP (1000, 500, 100, 50, 10 µg/mL) were fixed in 

10% formaldehyde for 1 hour after three phosphate-

buffered saline (PBS) washes. The fixed cells were 

then stained with 0.5% ORO solution for 30 minutes 

at room temperature. Excess stain was removed by 

washing with water, and the stained lipid droplets 

were observed microscopically. Quantification was 

performed by eluting the stain with isopropanol, and 

the absorbance was measured at 490 nm. NAC was 

utilized as a positive control. Lipid accumulation was 

expressed as a percentage using the following formula.

 

 

𝐶𝑒𝑙𝑙 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (%) =  
(𝑀𝑒𝑎𝑛 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑔𝑟𝑜𝑢𝑝)

(𝑀𝑒𝑎𝑛 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑔𝑟𝑜𝑢𝑝)
 𝑋 100 

 

 

𝐿𝑖𝑝𝑖𝑑 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 (%) =  
(𝑀𝑒𝑎𝑛 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑔𝑟𝑜𝑢𝑝)

(𝑀𝑒𝑎𝑛 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑔𝑟𝑜𝑢𝑝)
 𝑋 100 
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Nitroblue Tetrazolium (NBT) Assay 

 

The effect of EEGP on ROS production was evaluated 

using the NBT assay, as outlined by Choi et al. (2018) 

[18]. 3T3-L1 preadipocytes were cultured to confluence 

and differentiated into adipocytes in the presence of 

EEGP at various concentrations (1000, 500, 100, 50, 

10 µg/mL). On day 8 of differentiation, cells were 

incubated in PBS containing 0.2% NBT for 90 minutes. 

The formazan produced by ROS was dissolved in 50% 

acetic acid, and absorbance was measured at 570 nm. 

NAC was used as a positive control. The NBT staining 

solution was prepared by dissolving 20 mg of NBT 

powder in 10 mL of PBS. The results of the NBT assay 

were expressed as a percentage using the following 

formula: 

 

 

 
 

Triglycerides (TG) Quantification Assay 

 

The intracellular TG content was quantified using a 

commercial TG colorimetric assay kit (BioVision Inc., 

Milpitas, CA, USA). In brief, 3T3-L1 adipocytes treated 

with various concentrations of EEGP (1000, 500, 100, 

50, 10 µg/mL) were washed twice with cold PBS and 

then lysed in a lysis buffer containing 1% Triton X-

100 in PBS. The cell lysates were homogenized in 

isopropanol, followed by mixing with the enzyme 

working solution provided in the kit. The samples 

were incubated for 10 minutes at 37°C, and absorbance 

was measured at 510 nm using a microplate reader. 

 

Quantitative Real-time PCR (qRT-PCR) Analysis 

 

Total RNA was extracted from 3T3-L1 adipocytes 

treated with EEGP at different concentrations (1000, 

500, 100, 50, 10 µg/mL) using a commercial RNA 

isolation kit (Promega, Madison, WI, USA). The 

extracted RNA was then reverse transcribed into  

cDNA using a reverse transcriptase enzyme according 

to the manufacturer’s instructions. RT-PCR was 

performed by amplifying the cDNA with primers 

listed in Table 1. The amplification protocol involved 

an initial denaturation at 95°C for 10 seconds, followed 

by 40 cycles of 95°C for 10 seconds, 60°C for 5 seconds, 

and 72°C for 30 seconds. The specificity of the amplified 

products was confirmed by generating melting curve 

profiles, which involved cooling the samples to 65°C 

for 15 seconds and then gradually heating to 95°C 

while recording fluorescence. β-Actin was used as an 

internal control, and each experiment was conducted 

in triplicate. 

 

Gas Chromatography-Mass Spectrometry (GC-MS) 

Analysis 

 

The EEGP was subjected to silylation procedure 

following the method described by Bankova et al. 

(2019) [24]. In brief, approximately 1 mg of EEGP 

was mixed with 50 µL of pyridine and 75 µL of N-

Methyl-N-(trimethylsilyl) trifluoroacetamide (MSTFA). 

The mixture was then heated at 80°C for 20 minutes. 

After heating, the sample was filtered through a PTFE 

0.25 µm syringe filter and transferred to a vial for GC-

MS analysis.  

 

The GC-MS analysis was conducted using an 

Agilent G-59770 system (Agilent Technologies Inc., 

California, USA) equipped with an HP-5MS silica 

capillary column (30 m x 250 µm x 0.25 µm film 

thickness). Helium was used as the carrier gas at a 

flow rate of 1.0 mL/min. The oven temperature was 

programmed to start at 80°C, held for 1 minute, then 

gradually increased to 160°C at a rate of 5°C/minutes 

(held for 2 minutes), and finally elevated to 280°C 

at a rate of 10°C/min (held for 5 minutes). A 1 µL 

sample was injected in split mode, with the injector 

temperature set at 250°C. Compound identification 

was based on spectral data comparison with the 

National Institute of Standards and Technology 

(NIST14) library, using peak area and retention time 

as criteria. 

 

Statistical Analysis 

 

Data were expressed as mean ± standard deviation 

(SD). Statistical comparisons among experimental 

groups were performed using one-way Analysis of 

Variance (ANOVA), followed by Duncan's post 

hoc test. Differences were considered statistically 

significant at p< 0.05. 

 

 

Table 1. Primer sets for real-time quantitative polymerase chain reaction. 

 

Gene Forward (5’-3’) Reverse (5’-3’) 

PPARγ TTTTCAAGGGTGCCAGTTTC AATCCTTGGCCCTCTGAGAT 

C/EBPα TTACAACAGGCCAGGTTTCC GGCTGGCGACATACAGTACA 

SREBP-1 TGTTGGCATCCTGCTATCTG AGGGAAAGCTTTGGGGTCTA 

β-actin CTGTCCCTGTATGCCTCTG ATGTCACGCACGATTTCC 

 

𝑅𝑂𝑆 (%) =  
(𝑀𝑒𝑎𝑛 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑔𝑟𝑜𝑢𝑝)

(𝑀𝑒𝑎𝑛 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑔𝑟𝑜𝑢𝑝)
 𝑋 100 
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Figure 1. Effect of EEGP on the viability of 3T3-L1 adipocytes determined by MTT assay. Cells were treated with 

different concentration of EEGP (7.81 to 1000 µg/mL). Control group represents cells treated with 0.5% DMSO  

and 5 mM NAC as positive control. Results are represented as mean ± SD of three independent experiments. 

 

 

RESULTS AND DISCUSSION 

 

Effect of EEGP on Cell Viability in 3T3-L1 Cells 
 

The MTT assay results demonstrated that EEGP, at 

concentrations ranging from 7.81 to 1000 µg/mL, did 

not exhibit cytotoxic effects on 3T3-L1 preadipocytes, 

as cell viability remained consistently above 80% across 

all tested concentrations (Figure 1). This finding suggests 

that EEGP is non-toxic within the tested concentration 

range, allowing subsequent experiments to be conducted 

without compromising cell integrity. Given the practical 

considerations of concentration range and cell population 

management, five non-cytotoxic doses were selected 

for further experimentation. Our findings align with 

previous research by Ikeda et al. (2011) [25], which 

reported no cytotoxicity in 3T3-L1 cells when Brazilian 

propolis extracts were tested at concentrations up to 

50 μg/mL. In contrast, Iio et al. (2010) [26] observed 

a reduction in cell viability at 100 μg/mL when using 

Brazilian red propolis extract on 3T3-L1 cells. These 

differences may be attributed to variations in the 

chemical composition of propolis, which can differ based 

on geographic origin, botanical sources, and extraction 

methods. Additionally, differences in experimental 

conditions, such as the duration of exposure and the 

specific assay protocols used, could also contribute 

to the observed variability in cytotoxicity results. 
 

Effect of EEGP on Lipid Accumulation in 3T3-L1 

Cells 
 

The impact of EEGP on intracellular lipid accumulation 

was evaluated using ORO staining. Microscopic  

examination revealed a gradual reduction in the  

number of lipid droplets with increasing concentration 

of EEGP (Figure 2A). Treatment with EEGP at  

concentrations of 10, 50, 100, 500, and 1000 µg/mL 

resulted in significant reductions (p<0.05) in lipid 

levels by 56.36, 41.47, 40.22, 37.34, and 36.84%, 

respectively, compared to the control group (Figure 2B). 

Notably, at concentration ranging from 50 to 1000 

μg/mL, EEGP exhibited lipid reduction comparable to 

that observed in cells treated with NAC, the positive 

control (32.36%) (p>0.05). The reduction in lipid 

accumulation observed in this study suggests that 

EEGP effectively inhibits adipogenesis in 3T3-L1 

cells. The dose-dependent nature of this inhibition, 

particularly at higher concentrations, indicates a  

potential disruption in the pathways involved in lipid 

synthesis and storage.  

 

Previous studies have demonstrated that propolis 

extracts, rich in bioactive compounds such as phenolic 

acids and flavonoids, can modulate adipogenesis 

by interfering with key signaling pathways involved 

in fat cell differentiation [27]. According to 

Daleprane and Abdalla, (2013) [28], these 

compounds interfere with the differentiation of 

preadipocytes into mature adipocytes, thereby 

reducing lipid storage. For instance, quercetin, a 

prominent phenolic compound in propolis, has been 

shown to inhibit lipid accumulation throughout the 

adipocyte differentiation process [28]. The observed 

dose-dependent reduction in lipid accumulation suggests 

that EEGP has a significant role in regulating lipid 

metabolism, potentially offering therapeutic benefits 

in managing obesity.  
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Figure 2. Effects of EEGP on lipid accumulation in 3T3-L1 adipocytes. (A) Microscopic images of adipocytes 

treated with EEGP at concentrations of 10, 50, 100, 500 and 1000 µg/mL, followed by Oil Red O staining 

(Magnification: 4×).     Indicate red-stained droplets. (B) Quantification of lipid accumulation after Oil Red O 

elution. The control group represents cells treated with 0.5% DMSO, with5 mM NAC as the positive control. 

Results are represented as mean ± SD from three independent experiments. Bars with different letters indicate 

statistically significant differences (p<0.05). 
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Figure 3. Effect of EEGP on triglyceride content in 3T3-L1 adipocytes. Control group represents cells treated 

with 0.5% DMSO and 5 mM NAC as positive control. Results are represented as mean ± SD of three 

independent experiments. Bars with different letters are significantly different (p<0.05). 

 

 

Effect of EEGP on Triglyceride Content in 3T3-L1 

Cells 

 

The effect of EEGP on intracellular triglyceride 

content was evaluated in 3T3-L1 preadipocytes. 

Cells treated with EEGP (10, 50, 100, and 1000 μg/mL) 

and NAC showed significantly lower (p<0.05) TG 

accumulation (0.94, 0.89, 0.85, 0.70, 0.62, and 0.55 

mmol/L, respectively) compared to the control (2.00 

mmol/L) (Figure 3). Notably, no significant difference 

(p>0.05) was observed between EEGP treatment at 

500 and 1000 μg/mL and NAC. The results of this 

study demonstrate that EEGP significantly reduces 

intracellular TG accumulation in 3T3-L1 preadipocytes 

across all tested concentrations, with reductions 

observed in a dose-dependent manner. The lowest TG 

levels were noted in cells treated with the highest 

concentrations of EEGP (500 and 1000 μg/mL), 

which exhibited similar effects to the positive control, 

NAC. This suggests that EEGP is effective in limiting 

TG accumulation, which is a key factor in the 

development of adipocytes and overall adiposity. 

 

The observed decrease in TG levels with 

EEGP treatment is consistent with previous studies 

that have highlighted the potential of propolis extracts 

in modulating lipid metabolism. Propolis extract 

has been shown to inhibit TG synthesis by down-

regulating the activity of key enzymes involved in lipid 

biosynthesis, such as acetyl-CoA carboxylase (ACC) 

and fatty acid synthase (FAS) [29,30]. Triglycerides, 

the primary form of stored fat in adipocytes, serve as 

a crucial marker for assessing adipocyte function and 

overall lipid metabolism [31]. Elevated triglyceride 

levels are often associated with metabolic disorders, 

including obesity [32]. In this study, EEGP treatment 

led to a significant decrease in intracellular triglyceride 

levels, reinforcing its potential role in modulating lipid 

metabolism and reducing obesity-related risks. 

 

Effect of EEGP on ROS Production in 3T3-L1 

Cells 

 

The NBT assay was performed to evaluate the effect 

of EEGP on ROS generation during adipogenic  

differentiation. Treatment with EEGP at concentrations 

of 10, 50, 100, 500, and 1000 μg/mL resulted in 

significant inhibition of ROS generation by 51.56, 48.37, 

43.05, 42.06, and 41.06%, respectively, compared to the 

control group (Figure 4). Notably, at concentrations 

ranging from 100 to 1000 μg/mL, EEGP reduced 

ROS formation to levels comparable to those observed 

with NAC treatment (33.57%), with no significant 

difference (p>0.05). These findings indicate that EEGP 

significantly inhibits ROS generation during adipogenic 

differentiation of 3T3-L1 cells in a dose-dependent 

manner. 

 

Elevated ROS levels have been shown to  

promote adipocyte differentiation and lipid accumulation 

by activating redox-sensitive transcription factors 

and signaling pathways [33]. The ability of EEGP to 

suppress ROS formation suggests that it may interfere 

with these oxidative stress-mediated pathways, thereby 

inhibiting adipocyte differentiation and reducing lipid 

accumulation. These findings align with previous 

research that has demonstrated the antioxidant  

capacity of propolis and its active constituents, such 

as flavonoids and phenolic acids, in reducing ROS 

levels and protecting against oxidative damage [34]. 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Control NAC 10 50 100 500 1000

Tr
ig

ly
ce

rid
e 

co
nc

en
tra

tio
n 

(m
m

ol
/L

)

EEGP concentration (µg/ml)

a

d

b
c c

d
d



140   Lini Idris, Muhammad Amirul Adli, Shahida Muhamad  Chemical Profiling and Anti-Adipogenic  

         Mokhtar, Noor Meliza Jamil, Zolkapli Eshak,  Effects of Geniotrigona thoracica Propolis  

         Nurunajah Ab Ghani and Rozaini Mohd Zohdi  Extract in 3T3-L1 Cells 

Furthermore, Zullkiflee et al. (2022) [35] reported 

that propolis exhibits potent antioxidant activity, 

neutralizing ROS and exerting anti-inflammatory effects 

against oxidative stress. By maintaining cellular redox 

balance and preventing oxidative damage, EEGP may 

offer protective effects in the context of obesity and 

related metabolic disorders. 

 

Effect of EEGP on the Expression of Adipogenic 

Transcription Factors in 3T3-L1 Cells 

 

The expression levels of key adipogenic transcription 

factors, including PPAR-γ, C/EBP-α, and SREBP-1, 

were assessed using qRT-PCR to evaluate the effect 

of EEGP on target genes involved in adipogenesis. 

The results demonstrated that EEGP treatment 

significantly suppressed the expression of these 

transcription factors in a dose-dependent manner 

compared to the control group (Figure 5). Notably, 

at higher concentrations (500 and 1000 μg/mL), the 

inhibitory effects of EEGP were comparable to those 

of NAC, with no significant difference observed 

(p>0.05). These findings suggest that EEGP effectively 

reduces the expression of adipogenic transcription 

factors that are essential for the differentiation of 

preadipocytes into mature adipocytes.  

 

Adipogenesis is a tightly regulated process 

governed by transcription factors such as C/EBP-α, 

and PPAR-γ, which play a critical role in adipocyte 

differentiation and the regulation of genes involved in 

lipid metabolism [19]. The observed decrease in these 

transcription factors by EEGP aligns with prior 

studies that have highlighted the potential of propolis 

and its bioactive constituents, such as flavonoids 

and phenolic acids, to modulate adipogenic signaling 

pathways [36]. For instance, caffeic acid phenethyl 

ester (CAPE), a well-known component of propolis, 

has been reported to significantly inhibit the expression 

of PPAR-γ and C/EBP-α in adipocytes, leading to 

reduced triglyceride accumulation in 3T3-L1 cells 

[28, 37]. 

 

 

 
 

Figure 4. Effect of the EEGP on ROS production in 3T3-L1 adipocytes. Control group represents cells treated 

with 0.5% DMSO and 5 mM NAC as positive control. Results are represented as mean ± SD of three 

independent experiments. Bars with different letters are significantly different (p<0.05). 
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Figure 5. Effect of EEGP on the expression of adipogenic transcription factors in 3T3-L1 adipocytes. Control 

group represents cells treated with 0.5% DMSO and 5 mM NAC as positive control. Results are represented as 

mean ± SD of three independent experiments. Bars with different letters are significantly different (p<0.05). 
 

 

 

Table 2. Phytochemical compounds identified in EEGP using GC-MS. 
 

Retention 

Time (min) 

Compound Name Area (%) 

 Phenolic Compounds  

10.7627 2-Methoxy-4-vinylphenol 0.31 

8.2062 Catechol, TMS derivative 0.11 

24.5433 2,4-Dihydroxybenzoic acid, 3TMS derivative 0.58 

23.4618 2,6-Dihydroxyacetophenone, 2TMS derivative 1.46 

28.2602 5-Methylsalicylic acid, 2TMS derivative 1.46 

30.8877 Cardanol C17:1 (TMS) 0.87 

 Terpenoids  

13.2863 Caryophyllene 0.18 

14.0843 1,4,7, -Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z- 0.18 

17.0865 (-)-Globulol 0.11 

28.142 Taraxasterol 0.21 

 Sugar Alcohols  

22.4733 Myo-Inositol, 6TMS derivative 0.94 

24.727 Scyllo-Inositol, 6TMS derivative 1.36 

 Aromatic Compounds  

24.3949 1,2-Benzenedicarboxylic acid, butyl 2-methylpropyl ester 0.22 

34.121 6H-Benzo[b]naphtho[2,3-h] carbazole 0.39 

6.2831 5-Methyl-2-phenylindolizine 0.18 

* TMS derivative: trimethylsilyl derivative 

 

 

GC-MS Analysis 

 

The GC-MS analysis of EEGP identified a total of 15 

phytochemical compounds, with phenolic compounds 

being the predominant class, followed by terpenoids, 

sugar alcohols, and aromatic compounds (Table 2). 

Among these, 2,6-dihydroxyacetophenone and 

5-methylsalicylic acid were the most abundant 

phenolics, which are known for their antioxidant 

and anti-inflammatory properties [38, 39, 40]. The 
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presence of taraxasterol, a significant terpenoid, 

further highlights the potential therapeutic properties 

of EEGP due to its reported anti-adipogenic and anti-

inflammatory effects [41, 42]. The identification of 

myo-inositol, a sugar alcohol, is particularly noteworthy 

given its roles in lipid metabolism and insulin  

sensitivity [43, 44]. This diverse chemical profile 

suggests that the anti-adipogenic effects observed in 

the study may be attributed to the synergistic action 

of these bioactive compounds, warranting further 

investigation into their individual and combined 

mechanisms of action. 

 

CONCLUSION 

 

In conclusion, EEGP demonstrated anti-adipogenic 

effects without inducing cytotoxicity, suggesting its 

potential as a natural agent for obesity management. 

These findings provide a foundation for further  

exploration of G. thoracica propolis in the context of 

natural product research and its potential applications 

in addressing obesity. Additionally, this highlights 

the importance of stingless bee products within the 

Malaysian meliponiculture industry, encouraging 

their sustainable use and further investigation into 

their diverse applications. Future studies could focus 

on elucidating the specific bioactive compounds 

responsible for the observed effects, as well as their 

mechanisms of action at the molecular level.  

Additionally, in vivo studies are recommended to assess 

the efficacy and safety of G. thoracica propolis in 

animal models of obesity. This could be complemented 

by research into its effects on metabolic parameters 

such as glucose and lipid profiles.  
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