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Abstract   

Adipogenesis is the process by which preadipocytes develop into mature 
adipocytes and an increase in adipose mass may lead to obesity. Obesity is 

categorized as a chronic, low-grade inflammatory condition that can give rise to 
reactive oxygen species (ROS) production. Antioxidants help mitigate ROS, 
protecting cells and tissues from oxidative damage. Therefore, this study 

evaluates the antioxidant activities and inhibitory effects of Parkia speciosa 
Hassk. pod extract (PSPE) on adipogenesis in 3T3-L1 adipocytes. High-
performance liquid chromatography (HPLC) detected gallic acid and p-

coumaric acid in PSPE, with concentrations of measured at 53.97 ± 0.76 µg/mL 
and 1.74 ± 0.11 µg/mL, respectively. The IC50 values for 2,2-diphenyl-1-
picrylhydrazyl (DPPH) scavenging and ferric-reducing antioxidant power (FRAP) 

were determined to be 57.05 ± 0.22 µg/mL and 325.3 ± 4.85 µg FeSO4/mL 
extract, respectively. MTT assay results indicated that PSPE concentrations 
ranging from 31.25 to 250 µg/mL maintained over 80% cell viability, while oil 

red O staining demonstrated reduced lipid accumulation at concentrations of 
62.5 and 125 µg/mL after 48 and 72 hours of treatment. These findings suggest 
that PSPE has potential as a natural antioxidant and anti-adipogenic agent, 

capable of inhibiting lipid accumulation and mitigating oxidative damage. 
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Introduction   

Adipogenesis is the process through which preadipocytes mature into 
adipocytes, specialized cells that store and regulate energy in the form of fat (1). 
Excessive dietary calorie intake, coupled with inadequate energy expenditure, 
can lead to an increase in adipose mass and consequently, contribute to 
obesity. Obesity is a chronic, low-grade inflammatory condition, also known as 

metaflammation, with an abnormal accumulation of adipose tissue. This 
inflammatory state can lead to increased production of reactive oxygen species 
(ROS) (2). ROS are a type of free radical, most of which are highly reactive and 
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inherently unstable. They can act as either oxidants or 
reductants, as they are capable of donating or accepting 

electrons from other molecules (3). These ROS are typically 
generated during oxygen metabolism and encompass 
radicals like superoxide, hydroxyl radicals and peroxyl 

radicals, as well as non-radicals like hydrogen peroxide, 
hypochlorous acid and ozone. Due to their distinctive 
chemical properties, ROS can instigate DNA damage in 

biological systems and trigger the oxidations of lipids and 
proteins within cells (4). 

 Antioxidants are substances that play a vital role in 
preventing oxidation and neutralizing free radicals, thereby 

protecting cells and tissues from oxidative damage (5). The 
primary function of antioxidant systems is to maintain 
oxidants at optimal level rather than eliminate them entirely 

(6). There are two types of antioxidants: endogenous, which 
are essential for cellular activities and overall health and 
exogenous, which may be required during periods of 

oxidative stress when endogenous antioxidants are 
insufficient (7). 

 Parkia speciosa Hassk., also known as stink bean, is a 
member of the Fabaceae family and belongs to the genus 

Parkia and species speciosa (also classified under 
Leguminosae and Mimosaceae). It is widely distributed 
throughout tropical regions like Malaysia, Indonesia, 

Thailand and the Philippines. According to Azizul et al. (8), 
both the seeds and pods of Parkia speciosa Hassk. may help 
treat chronic health conditions such as inflammation, 

diabetes, atherosclerosis and sometimes even cancer. 
Numerous studies have supported the medicinal properties 
of both the seeds and pods of Parkia speciosa Hassk. (9-15). 

However, the study of phytochemicals contents and 
antioxidant activities in ethanolic extract of Parkia speciosa 
Hassk. pods and its inhibitory effects on adipogenesis is still 

deficient due to the limited amount of research conducted. 
Thus, this study aims to evaluate the phytochemical 
composition, antioxidant capacity, as well as the 

adipogenesis inhibitory effect of Parkia speciosa Hassk. 
extract (PSPE) on 3T3-L1 adipocytes. 

 

Materials and Methods 

Plant materials and extract preparation 

The Parkia speciosa Hassk. fruits were collected from Kuala 

Krai, Kelantan and a voucher specimen (KM 0051/23) was 
archived at the University Putra Malaysia Herbarium. 

Approximately 2 Kg of pods were cut into smaller fragments, 
washed and subjected to a three-day oven-drying process at 
40°C. Following drying, the pods were ground into a powder 

and underwent extraction following the procedure outlined 
by Fithri et al. (16). Using a 1:2 ratio, the powdered pods were 
immersed in 70% ethanol at room temperature for four days, 

after which the supernatant was collected and filtered using 
No. 1 filter paper (Whatman, England). This process was 
repeated until the solution became colourless. The ethanol 

solution was then concentrated under reduced pressure 
using a rotary evaporator (Buchi, Switzerland) at 45°C. The 
resulting concentrated extract was freeze-dried to yield 

Parkia speciosa Hassk. ethanol extract (PSPE), which was 
stored at -20°C for subsequent use. 

HPLC analysis 

The Shimadzu Prominence HPLC system (Shimadzu, Kyoto, 

Japan) was employed for the phytochemical screening of 
PSPE. This system comprises an LC-20AT pump connected to 
a DGU-20A5 degasser, an SPD-20A UV/VIS detector, a SIL-20A 

autosampler, a CTO-10AS VP column oven and LC solution 
software (11). Separation was achieved using the Eclipse Plus 
C18 column (4.6 x 250 mm, 5 µm particle diameter) with the 

column temperature maintained at 40°C and a pressure limit 
set at 4000 psi. Mobile phase (A) consisted of 0.1% acetic acid 
in ultrapure water, while the mobile phase (B) was 

acetonitrile. A gradient elution method was employed based 
on the percentage of solvent B over time. Specifically, a linear 
gradient from 10% to 60% of solvent B was established over 

25 minutes. The injection volume was set at 10 µL and the 
flow rate was adjusted to 1.0 mL/min, with detection carried 
out at a wavelength of 280 nm. PSPE chromatograms were 

compared to standards of gallic acid, p-coumaric acid, 
catechin and kaempferol. Calibration curves were 
constructed for gallic acid and p-coumaric acid within a 

concentration range of 20-100 µg/mL. 

DPPH free radical scavenging assay 

The DPPH free radical scavenging assay was used to 

determine antioxidant activity, with slight adjustments (17). 
Briefly, 180 µL of DPPH solution (150 µmol/L) in methanol-

water (80:20, v/v) was mixed with 20 µL of the diluted sample 
in a 96-well microplate. After agitating the mixture for 60 
seconds, it was incubated for 40 minutes at room temperature 

without light. A microplate reader spectrophotometer (Tecan 
Infinite M200) was used to measure the absorbance at 515 nm 
against the blank. Each determination was performed in 

triplicate, with ascorbic acid serving as the positive control. 
The IC50 value, representing the concentration required to 
scavenge 50% of the free radicals produced by DPPH, was 

used to assess the scavenging ability of the sample. The IC50 
values were determined by constructing a calibration curve 
that related sample concentrations to scavenging activity (%). 

Ferric reducing antioxidant power (FRAP) assay  

The FRAP value of the PSPE (31.25-1000 µg/mL) was 

determined with slight adjustments of the methodology (18). 
A freshly prepared acetate buffer (300 mM, pH 3.6), a 10 mM 
2,4,6-tri(2-pyridyl)-s-triazine (TPTZ) solution in 40 mM HCl and 

20 mM ferric chloride hexahydrate (FeCl3.6H2O) solution were 
combined to create the FRAP reagent. Prior to use, the FRAP 
reagent was prepared by mixing 10 mL of TPTZ solution, 10 

mL of ferric solution (FeCl3.6H2O) and 100 mL of acetate buffer 
in a 10:1:1 ratio. In a 96-well microplate, 25 µL of samples and 
125 µL of FRAP reagent were mixed, followed by a 30-minute 

incubation at 37°C with gentle agitation. The reduction of the 
colourless ferric complex (Fe3+-tripyridyltriazine) into the blue 
ferrous complex (Fe2+-tripyridyltriazine) was measured using 

a UV-Vis microplate reader was used at 593 nm. Ascorbic acid 
(31.25-1000 µg/mL) was used as the positive control. A 
calibration curve was established using various 

concentrations of ferrous sulphate (FeSO4) (3.125-100 µg/mL) 
and all determinations were done in triplicates. 
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Cell culture materials  

The 3T3-L1 mouse embryonic fibroblast cells and newborn 
calf serum (NCS) were obtained from the American type 
culture collection (ATCC), based in Manassas, USA. Fetal 
bovine serum (FBS) was sourced from Tico Europe 
(Netherlands). Dulbecco's modified Eagle's medium (DMEM), 
human recombinant insulin and antibiotic-antimycotic mixed 
stock were acquired from Nacalai Tesque Inc. situated in 
Kyoto, Japan. Phosphate-buffered saline (PBS) was obtained 
from Invitrogen, Inc. headquartered in Carlsbad, CA. 3-
isobutyl-1-methylxanthine (IBMX) was purchased from Sigma
-Aldrich (St. Louis, USA). Dexamethasone was from MedChem 
(USA). 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) stains obtained from Merck (Germany) and oil 
red O (ORO) was obtained from R & M chemicals (UK). 

Culture, differentiation and treatment of 3T3-L1 cells 

The undifferentiated 3T3-L1 fibroblasts (ATCC CL-173) were 
cultured in complete growth media containing DMEM, 
supplemented with 10% NCS, 100 units/mL of penicillin and 
100 µg/mL of streptomycin with slight modification (19). The 
cultures were nurtured in T75 flasks in a humidified 5% CO2 
incubator at 37°C until they reached 70-80% confluency. For 
assay purposes, a 96-well plate was used to seed 3T3-L1 
preadipocytes at a density of 1 × 104 cells/well. Two days post-
confluence, the preadipocytes were differentiated into mature 
adipocytes (day 0) by replacing the growth medium with 
differentiation medium containing DMEM, supplemented with 
10% FBS, 0.5 mM IBMX, 10 µg/mL insulin, 0.25 µM 
dexamethasone, 100 units/mL of penicillin and 100 µg/mL of 
streptomycin and cultured for three days (day 3). After three 
days of differentiation, the medium was replaced with 
maintenance medium containing DMEM, supplemented with 
10% FBS, 10 µg/mL insulin, 100 units/mL of penicillin and 100 
µg/mL of streptomycin. The media was replaced every three 
days until mature adipocytes were obtained on day 15. The 
cells were then subjected to treatment on day 15 with varying 
concentrations of PSPE (31.25 - 1000 µg/mL). 

Cell viability 

The effects of PSPE on the viability of mature adipocytes were 
assessed using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H
-tetrazolium bromide (MTT) assay with minor modification 
(20). Various concentrations of PSPE, ranging from 31.25 to 
1000 µg/mL, were administered to the differentiated cells for 
72 hours in a humidified 5% CO2 incubator at 37°C. Cells 
treated with culture medium only served as control. The MTT 
assay was performed by adding 20 µL of 5 mg/mL MTT 
reagent to each well and the plates were incubated at 37°C 
for 4 hours. To dissolve the MTT-formazan complex formed, 
the culture media was removed and replaced with 200 µL of 
dimethyl sulfoxide (DMSO). A microplate reader was used to 
measure the optical density, which indicates the formazan 
concentration at 590 nm. Cell viability was measured as a 
percentage relative to control cells using absorbance, which 
is correlated with the number of living cells. 

Oil red O staining 

Lipid accumulation was evaluated following the oil red O 
staining procedures with minor adjustments (21). Briefly, 
after treating 3T3-L1 adipocytes with PSPE (31.25-125 µg/mL) 
for 24, 48 and 72 hours, the medium was removed and the 

cells were rinsed with PBS. Subsequently, the cells were fixed 
with 100 µL of 10% formalin for 60 minutes at 24°C, followed 
by washing with 60% isopropanol and allowing them to dry 
completely before staining. Lipid droplet staining was 
performed by adding oil red O working solution to each of the 
wells for 20 minutes at 24°C, followed by rinsing with distilled 
water. The cells were then washed again with distilled water. 
To evaluate the lipid accumulation, 100% isopropanol was 
added to each well for 10 minutes at 24°C. A microplate 
reader set to 490 nm was used to quantify the eluted stains 
after they were transferred to a 96-well plate. The results are 
presented in reference to the differentiated control cells and 
comparative analysis was conducted between the treatment 
doses at each time point.   

Statistical analysis 

Statistical analysis was performed using GraphPad Prism 
software, version 9.5.1 (GraphPad Software, Inc. La Jolla, USA). 
The outcomes of three independent experiments are 
presented as mean ± standard error of the mean (SEM). 
Statistical comparisons among the treatment groups were 
conducted using a one-way analysis of variance (ANOVA), 
followed by Tukey’s post hoc test for cell viability and oil red O 
staining assays. To establish statistical significance, a threshold 
of p < 0.05 was used. 

 

Results  

Extraction yield 

The extraction yield of Parkia speciosa Hassk. pods using 70% 
ethanol was determined to be 37.83%. The methodology 
used in this study involved soaking 600 g of dried Parkia 
speciosa Hassk. pod powder in 1.2 L of 70% ethanol and 
shaking it for 3-4 days at room temperature using an orbital 
shaker. This process was continued by replacing the solvent 
until it became colourless, which ultimately resulted in a yield 
of 37.83%. 

HPLC analysis 

In this study, gallic acid and p-coumaric acid in PSPE were 
successfully detected and quantitated using reverse-phase 
HPLC. Gallic acid and p-coumaric acid were identified in PSPE 
comparing their retention time to those of the standards (Fig. 
1). The concentrations of gallic acid and p-coumaric acid in 
PSPE (10 mg/mL) were 53.97 ± 0.76 µg/mL and 1.74 ± 0.11 µg/
mL, respectively (Table 1).     

DPPH free radical scavenging assay 

The amounts of extract (PSPE) and positive control (ascorbic 
acid) required to reduce the level of the free radical DPPH by 
50% (IC50) were 57.05 ± 0.22 µg/mL and 23.13 ± 0.33 µg/mL, 
respectively (Fig. 2). These results demonstrate that PSPE had 
approximately 0.2 times the potency of ascorbic acid.  

Ferric reducing antioxidant power (FRAP) assay 

The FRAP values of PSPE and ascorbic acid are shown in 
Table 2. The highest FRAP value demonstrated by PSPE was 
325.3 ± 4.85 µg FeSO4/mL, while that of ascorbic acid was 
377.5 ± 2.58 µg FeSO4/mL. The results revealed that PSPE 
exhibited a lower FRAP value at all concentrations compared 
to ascorbic acid.  
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Cell viability 

The MTT assay was performed to assess the effects of PSPE 

on cell viability and survival before analyzing the functional 
effects of the extract. Mature 3T3-L1 adipocytes were treated 

with various concentrations of PSPE (31.25-1000 µg/mL). 
Table 3 shows the percentages of cell viability relative to the 
differentiated control cells after 72 hours of cell treatment. 

The highest concentration of PSPE (1000 µg/mL) resulted in 
59.62% cell viability, whereas the lowest concentration of 
PSPE (31.25 µg/mL) and simvastatin (10 µM) were 99.86% and 

99.59% viability, respectively. Cells treated with PSPE at 
concentrations between 31.25 to 250 µg/mL for 72 hours 
showed more than 80% cell viability as compared to the 

control cells and was significantly reduced at concentration 
1000 µg/mL (59.62%).  

 

Oil red O staining 

The anti-adipogenic potential of the extracts was 

investigated through intracellular lipid accumulation by oil 
red O staining in mature adipocytes after treatment for 24, 48 

and 72 hours. The cells were stained and the representative 
images of the droplets were acquired at 10× microscopic field 
magnification (Fig. 3). At 24 hours, no notable distinctions 

were observed among the experimental groups. However, at 
48 and 72 hours, cells treated with PSPE at concentrations of 
62.5 and 125 µg/mL, as well as those treated with 

simvastatin, displayed a slight reduction in lipid droplets 
compared to the control group.  

 The stained cells were then eluted and quantified at 
490 nm using a microplate reader. While microscopic 

examinations did not reveal discernible differences in lipid 
droplets among the groups, a subsequent quantitative 
analysis following cell elution revealed significant reductions 

  Retention time (min) 
Concentration of compounds in PSPE (µg/mL) 

  Standard PSPE 

Gallic acid 3.506 3.495 53.97 ± 0.76 

p-coumaric acid 10.442 10.442 1.74 ± 0.11 

Fig. 2. The DPPH scavenging activity of the ethanolic extract of PSPE and ascorbic acid. 

Fig. 1. Chromatograms of (a) standards (100 μg/mL) and (b) PSPE (10 mg/mL). 

Table 1. Retention time of gallic acid and p-coumaric acid in 10mg/mL PSPE compared to standard compounds. The concentration of compounds in PSPE                 

reported as mean ± SEM, n=3  

Concentration (µg/mL) FRAP value of PSPE (µg FeSO4/mL) FRAP value of ascorbic acid                      
(µg FeSO4/mL) 

31.25 47.64 ± 2.35 96.75 ± 2.47 

61.5 92.46 ± 2.87 179.3 ± 0.94 

125 150.1 ± 2.94 270.8 ± 5.12 

250 230.9 ± 5.71 335.4 ± 1.01 

500 294.9 ± 1.34 369.7 ± 0.39 

1000 325.3 ± 4.85 377.5 ± 2.58 

Table 2. The FRAP value of PSPE and ascorbic acid calculated from the standard curve and reported as mean ± SEM, n=3 
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in some groups. At 24 hours, no significant changes were 
noted in either microscopic examination or lipid 

accumulation when comparing the treated cells with the 
untreated group. However, at 48 hours and 72 hours, the 
number of lipid droplets in adipocytes was found to be 

considerably lower in the treated group than in the control 
group with a significant reduction observed in the 
quantitative evaluation at concentrations of 62.5 and 125 µg/

mL (Fig. 4). These results indicate the anti-adipogenic effects 
of PSPE (62.5 and 125 µg/mL) and simvastatin began at 48 
hours, with no notable differences compared to the effects 

observed at 72 hours. 

 

Discussion 

Extraction yield 

The extraction yield of Parkia speciosa Hassk. pods in 70% 

ethanol was 37.83%. Several factors may influence the 
extraction yield and these include the type of solvent used, 
the extraction method, the extraction time, as well as the 

origin of the material or sample (22). This result is slightly 
different from the previous study, where the extraction yield 
obtained was 19.66% and 24.7%, respectively (9, 16). Even 

though the solvent and method of extraction used were the 
same in our study, the origin of Parkia speciosa Hassk. 
collected was different (16). On the other hand, the solvent 

and the method of extraction were also different when 
compared to our study (9). Thus, these may contribute to the 
difference in the percentage of extraction yield. 

 

 

Fig. 3. Images of lipid droplets in control, simvastatin (10 µM) and PSPE 

(31.25 - 125 µg/mL) treated group acquired at 10X microscopic field 
magnification for 24 hours, 48 hours and 72 hours.  

Concentration (µg/mL) Percentage of cell viability (%) 

Simvastatin 99.59 ± 5.89 

31.25 99.86 ± 5.13 

61.5 99.91 ± 10.28 

125 93.10 ± 4.35 

250 82.15 ± 8.33 

500 70.77 ± 9.17 

1000 59.62 ± 14.48* 

Table 3. Percentages of cell viability relative to the differentiated control 

cells after 72 hours of cell treatment and reported as mean ± SEM, n=3. 
*Significant reduced from control cells (p < 0.05) 

Fig. 4. Lipid accumulation in 3T3-L1 cells after treated with simvastatin (10 μM) and PSPE (31.25 - 125 μg/mL) for (a) 24 hours, (b) 48 hours and (c) 72 hours. Data 

are expressed as the mean ± SEM of 3 independent experiments (n = 3). *Indicate significant differences with respect to control (p < 0.05). 
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HPLC analysis 

Phytochemical compounds which are gallic acid and p-
coumaric acid in PSPE were successfully detected and 
quantified. Even though the phytochemical components of 
PSPE were discussed in earlier studies, there were no 
previous reports on the presence of p-coumaric acid found in 
the extracts of Parkia speciosa Hassk. pods (12, 21, 22). Based 
on the prior studies done, they had identified the compounds 
in their extract that included gallic acid, chlorogenic acid, 
ellagic acid, kaempferol, vanillic acid, epicatechin, catechin 
quercetin and rutin (12, 21-24). The location and season of 
the collection may have an impact on the phytochemical 
makeup of the plants (11). 

 The method of extraction and identification of the 
compounds used also could affect the compounds detected. 
Specifically, even though the same detection wavelength was 
utilized in the study done by Ko et al. (23), the solvent used for 
the plant extraction in their study was 95% ethanol. 
Furthermore, the solvent utilized in the mobile phase is also 
different. These could be the cause of the disparity in our 
results. To date, no study utilizes 70% ethanol as the 
extraction solvent in analyzing the phytochemical 
constituents of Parkia speciosa Hassk. pods via HPLC, and 
according to Gan & Latiff (25), using 70% ethanol as the 
extraction solvent makes it possible to perfectly attract polar 
compounds up to the desired semi-polar compounds from a 
plant. Therefore, in this study, we identified and quantified 
gallic acid and p-coumaric acid by HPLC analysis. This choice 
of solvent in our study may have also contributed to the 
detection of p-coumaric acid in the extract, which has been 
first reported. 

DPPH free radical scavenging assay 

This study revealed that the IC50 of PSPE and ascorbic acid 
were 57.05 ± 0.22 µg/mL and 23.13 ± 0.33 µg/mL, respectively. 
The IC50 value of an antioxidant compound is inversely 
proportional to its antioxidant activity. Thus, the lower 
antioxidant activity indicates a higher IC50  value. The DPPH 
scavenging activity of Parkia speciosa Hassk. extract 
exhibited a slightly higher IC50 value, which was 64.2 µg/mL 
(23). Even though the same solvent was used in this study, the 
percentage of the solvent used was 95% ethanol. Thus, this 
may influence the results since the different extraction 
solvents may result in different compounds extracted.    

 On the other hand, a study determined the DPPH 
scavenging activity by using 70% ethanolic extract of Parkia 
speciosa Hassk. pods, showed that the IC50 value was also 
slightly higher (75.72 µg/mL) when compared to our extract 
(16). Although the solvent and percentage used were the 
same as in our study, the location of Parkia speciosa Hassk. 
collected was from Indonesia. Therefore, this could affect the 
phytochemical composition of the plants since the location 
and season of the collection may have an impact on the 
phytochemical makeup of the plants and thus, will affect its 
antioxidant properties. 

Ferric reducing antioxidant power (FRAP) assay 

In this study, PSPE had a lower FRAP values compared to 
ascorbic acid. Although PSPE had lower FRAP values, it 
demonstrated nearly the same amount of FRAP values with 
ascorbic acid for all concentrations. This is because ascorbic 

acid is one of the potent reducing agents that increases the 
absorption of iron by converting Fe3+ to Fe2+ (26). In the 
presence of TPTZ, the ability of an antioxidant to reduce Fe
(III) to Fe(II) in a redox reaction is measured by using the FRAP 
assay, resulting in the formation of an intense blue Fe(II)-
TPTZ complex (23, 25). The methanol extract solvent showed 
that the FRAP value of Parkia speciosa Hassk. pod extract was 
299.62 µg FeSO4/mL (25). This value was slightly lower than 
that of PSPE, potentially due to differences in the extraction 
solvent used. 

 Furthermore, it was revealed that the IC50 value of the 
extract was 274 ± 16.1 µg/mL (23). Since the data presented 
and the standard utilized to present the FRAP value for the 
study were different, the results cannot be compared. 
However, although the result was incomparable, both studies 
showed and claimed that there was the presence of 
antioxidant activities in PSPE when tested using FRAP assay. 

Cell viability  

The maximum dose of PSPE (1000 µg/mL) resulted in lowest 
cell viability, while the lowest concentrations of PSPE (31.25 
µg/mL) and simvastatin (10 µM) were 99.86% and 99.59%, 
respectively. These results revealed that as the concentration 
of the PSPE increased, the viability of 3T3-L1 mature 
adipocytes decreased. To the best of our knowledge, there is 
currently no data in the scientific literature that reveals the 
effects of PSPE treatments on cell viability in 3T3-L1 mature 
adipocytes. As a result, we are unable to compare the effects 
of our extracts on cell viability to the findings of other studies. 
However, experiments that used different plant extracts 
revealed a similar pattern in which the cell viability of 3T3-L1 
adipocytes reduced when higher doses of extract were 
utilized (27, 28). These reducing patterns may be caused by a 
variety of factors, including the plant extracts themselves, 
which may contain cytotoxic substances that might harm 
cells, the concentration of the extracts utilized and the 
duration of the treatment. 

Oil red O staining 

The number of lipid droplets in adipocytes was found to be 

considerably less in the PSPE-treated group than in the 
control group at 48 hours and 72 hours, and there was also a 

significant reduction seen in quantitative evaluation at 
concentrations of 62.5 and 125 µg/ml. In a study done by Li et 
al. (28) examining the apoptosis of 3T3-L1 cells by using 

pomegranate flower extract (PFE), it was found that the 
relative quantitative oil red O staining resulted in a significant 
decrease of the 3T3-L1 cells differentiation rate after treating 

with PFE. Red pepper leaf extracts significantly reduced lipid 
accumulation when compared to the control group, 
indicating that the extracts repressed lipid accumulation 

during differentiation (29). The reduction in lipid 
accumulation may be associated with the compound found 
in the plant extracts. The ability of the bioactive compounds 

in the plant extract to suppress the adipogenesis of mature 
adipocytes may account for the decrease of lipid droplets in 
3T3-L1 adipocytes (30). In our study, gallic acid and p-

coumaric acid, which were previously known to have the 
ability to inhibit adipogenesis, were detected in PSPE. 
Therefore, this might be one of the factors that contribute to 

the anti-adipogenic effects of PSPE. 
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Conclusion 

In conclusion, the PSPE exhibited antioxidant activity and 

anti-adipogenic effects owing to the presence of phenolic 
compounds. These findings imply that the ethanolic extract 

of Parkia speciosa Hassk. could serve as a promising natural 
antioxidant and anti-adipogenic agent that is beneficial in 
suppressing lipid accumulation and thus preventing oxidative 

damage to the body.  
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