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Abstract

Cassia obtusifolia L of the Leguminosae family, a commonly used traditional Chinese medicine, has been employed for its therapeutic properties, 
including heat-clearing, vision improvement, blood nourishment, and intestinal moistening. It is believed to possess pharmacological effects 
such as hepatoprotection, blood pressure reduction, lipid-lowering, immune enhancement, anti-aging, Alzheimer’s disease improvement, 
and laxative effects. Lipid-lowering refers to the ability of certain substances to reduce fat accumulation or promote fat metabolism. However, 
the current scientific research on the lipid-lowering effects of C. obtusifolia L is limited. In this study, we subjected C. obtusifolia L to different 
processing methods and evaluated the extracts using 3T3-L1 adipocytes. Statistical analysis was conducted to compare the differences between 
the water and alcohol extracts of the raw and processed samples. The impact of different processing methods on fat metabolism and synthesis 
was assessed. The results revealed that the vinegar-processed alcohol extract of C. obtusifolia L exhibited the most prominent inhibitory effect on 
fat accumulation. This extract contained abundant flavonoid compounds, such as C. obtusifolia L flavones and C. obtusifolia L flavonoid glycosides. 
These compounds are believed to stimulate fat metabolism and inhibit fat synthesis, thereby contributing to the reduction of intra-organ fat 
accumulation. Further research is warranted to elucidate the underlying mechanisms and evaluate the potential therapeutic applications of these 
seeds in weight management.
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Introduction 

Overweight and obesity are global health issues caused 
by an energy imbalance, with energy intake exceeding energy 
expenditure. Obesity is a major risk factor for various other 
diseases, including type 2 diabetes, hypertension, heart disease, 
and stroke. Recognized as a chronic condition in modern 
medicine, obesity affects the functioning of internal organs 
and leads to numerous complications. Currently, traditional 
Chinese medicine offers limited pharmacological treatments 
for overweight and obesity, while the use of Western medicine 
may come with side effects [1]. The World Health Organization 
(WHO) has shown increasing interest in traditional medicine, 
including herbal medicine, in recent years, and the Chinese  

 
community highly values the application of herbal medicine 
in daily life and disease treatment. C. obtusifolia L, listed as a 
superior herb in the Shen Nong’s Herbal Classic, is a commonly 
used traditional Chinese medicine and a valuable resource as it 
possesses hepatoprotective, immune-enhancing, and anti-aging 
properties. In the past few decades, it has been used for benefits 
of or care for the eyes, liver protection and the treatment of 
overweight and other metabolic disorders such as hyperlipidemia 
and diabetes [2]. To investigate the potential lipid-lowering effect 
of C. obtusifolia L and its contribution to weight loss, this study 
examines the lipid-lowering properties of C. obtusifolia L using 
four different processing methods. 
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These methods include raw and processed samples, utilizing 
water and alcohol extracts. Additionally, the study evaluates 
the effects of these processing methods on lipid-lowering by 
assessing their impact on 3T3-L1 adipocytes. Furthermore, 
High-Performance Liquid Chromatography (HPLC) is employed 
to measure the changes in composition of the key component, 
chrysophanol, in raw and processed cassia seeds. By correlating 
the processing methods with the lipid-lowering effects observed 
in 3T3-L1 adipocytes, this study aims to provide insights into the 
potential of C. obtusifolia L as a weight-loss agent. C. obtusifolia 
L, listed as a superior herb in the Shen Nong’s Herbal Classic, is a 
commonly used traditional Chinese medicine in clinical practice. 
It is mainly produced in provinces in China, such as Anhui, 
Guangxi, Sichuan, Zhejiang, and Guangdong, where it is cultivated 
in various regions. The seeds are harvested in autumn, dried, and 
then removed from the pods for use. The Compendium of Materia 
Medica describes its therapeutic effects as follows: “It is used for 
treating blurred vision, excessive ocular discharge, red and white 
membranes, redness and pain in the eyes, and prolonged use 
improves visual acuity.” Its taste is described as sweet, bitter, salty, 
and neutral, and it enters the liver meridian. C. obtusifolia L refers 
to the dried mature seeds of the annual herbaceous plants C. 
obtusifolia L or C. tora L. They are rhomboid in shape, resembling 
horse hooves, slightly pointed at one end, and truncated at the 
other, with a yellow-green surface and a slightly bitter taste [3]. 

Fresh C. obtusifolia L seeds contain components such as 
chrysophanol, emodin, aloe-emodin, rhein, mucilage, ketones, and 
polysaccharides, which find extensive applications in medicine 
and the food industry. C. obtusifolia L extracts can increase 
the expression of cell hormones, thereby stimulating immune 
responses in T cells. Modern medical research has shown that C. 
obtusifolia L possesses hepatoprotective, blood pressure-lowering, 
lipid-lowering, immune-enhancing, anti-aging, Alzheimer’s 
disease-improving, laxative, anti-platelet aggregation, and anti-
obesity properties, as well as the ability to relieve constipation. 
C. obtusifolia L holds great potential for research and product 
development in medicinal and health-related fields [4,5]. The 
processing of traditional Chinese medicine is a pharmaceutical 
technique based on the theory of Chinese medicine. It involves 
processing medicinal herbs into medicinal materials according to 
different requirements such as medical treatment, formulation, 
preparation, and storage, as well as the properties of the herbs 
themselves. Traditional Chinese medicine processing technique 
is used when processing herbs into medicinal slices. In this 
study, C. obtusifolia L were subjected to four types of processing 
techniques, namely Stir-fried processed, Alcohol processed, 
vinegar processed, and salt processed, followed by extraction 
for experimentation [6,7]. 3T3-L1 murine preadipocytes are 
commonly used for analyzing preadipocyte differentiation, also 
known as adipogenesis. 

Few cell types can undergo adipocyte differentiation, 
with 3T3-L1 cells being a well-established model for studying 

adipogenesis [8,9]. 3T3-L1 fibroblasts differentiate into lipid-rich 
adipocytes, making them one of the most commonly used in vitro 
models in adipocyte biology research. This model is essential for 
studying adipogenesis, lipid metabolism, and hormone action. 
The preadipose cell line 3T3-L1 cells were isolated and expanded 
from Swiss 3T3 cells based on their ability to accumulate 
lipids [8-11]. Under normal conditions, 3T3-L1 preadipocytes 
exhibit a fibroblast-like phenotype. However, when treated with 
differentiation medium, these cells accumulate lipid droplets and 
acquire the characteristics of mature adipocytes. The process 
of adipocyte differentiation takes approximately two weeks, 
and differentiation can be confirmed through staining [12]. The 
preadipocyte cell line differentiates into mature adipocytes by 
treatment with various differentiation agents after growth arrest, 
including synthetic glucocorticoids like dexamethasone and the 
phosphodiesterase inhibitor 1-methyl-3-isobutylxanthine (IBMX) 
[8,10]. The most common differentiation protocol involves a 
combination of all three drugs [13-15]. The preadipocytes undergo 
cell cycle regulation and are then exposed to differentiation 
medium containing insulin, dexamethasone, and IBMX for two 
days. Subsequently, the cells are re-exposed to insulin for two 
days and then returned to normal growth medium [16]. The 
early response to differentiation medium involves upregulation 
of genes that drive adipogenesis, including C/EBP and PPAR 
subtypes [17,18]. Activation of the adipogenic gene expression 
program increases glucose uptake and triglyceride synthesis, with 
noticeable lipid accumulation observed in the cells approximately 
four days after the initial exposure to the differentiation medium 
[11]. 

Materials & Methods

Preparation Methods of C. obtusifolia L Seeds

The C. obtusifolia L seeds were prepared using different 
methods, including stir-frying, alcohol treatment, vinegar 
treatment, and salt treatment, following the traditional Chinese 
medicine processing techniques.

Stir-fried processed

Clean and dry 200g of C. obtusifolia L seeds. Place them in an 
infrared oven and heat at 180°C for 10-30 minutes. Remove from 
the oven and let them cool.

.Alcohol processed

Add 200g of C. obtusifolia L seeds to 20ml of yellow alcohol 
and let them soak for one day. On the next day, remove the seeds 
and place them in an infrared oven. Heat at 180°C for 10-30 
minutes. Remove from the oven and let them cool.

Vinegar processed

Add 200g of C. obtusifolia L seeds to 20 ml of vinegar and let 
them soak for one day. On the next day, remove the seeds and 
place them in an infrared oven. Heat at 180°C for 10-30 minutes. 
Remove from the oven and let them cool.
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Salt processed

Add 200g of C. obtusifolia L seeds to 20ml of 2% saline 
solution and let them soak for one day. On the next day, remove 
the seeds and place them in an infrared oven. Heat at 180°C for 
10-30 minutes. Remove from the oven and let them cool.

Extraction Method of C. obtusifolia L Seeds

The four different processed C. obtusifolia L seeds were 
separately soaked in 300ml of reverse osmosis (RO) water and 
95% ethanol for 24 hours. Ultrasonic oscillation was performed 
for 3 hours, and the extract was then filtered under vacuum. 
The filtered extract was subjected to vacuum concentration and 
freeze-dried to obtain crude extract, which was stored at -20°C for 
further use. The C. obtusifolia L seed extract powder was weighed 
and dissolved in RO water and dimethyl sulfoxide (DMSO) to 
prepare different concentrations. The solution was then filtered 
through a 0.22µm filter for later use.

Evaluation of the Lipolytic Effect of C. obtusifolia L Seeds on 
3T3-L1 Adipocytes

3T3-L1 Cell Culture

3T3-L1 murine preadipocytes were cultured in Dulbecco’s 
Modified Eagle Medium (DMEM) medium supplemented with 
10% fetal bovine serum (FBS) and maintained in a 5% CO2, 37°C 
incubator. After one or two days, when the cells reached 70-80% 
confluency, 2000 cells/well were seeded in 96-well culture plates 
[19]. 

Cell Viability Assay

Cell viability was determined using the 3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) 
assay, which measures cell metabolic activity [20]. Eight different C. 
obtusifolia L seed extracts were prepared by dissolving the extract 
powder in DMEM medium to achieve concentrations of 6.25, 3.15, 
1.6, and 0.8 ppm. The solutions were filtered through a 0.22 µm 
filter. The culture medium in the 96-well plates containing 3T3-
L1 cells was replaced with the respective concentrations of the 
seed extracts and incubated for 72 hours. Then, 100 µL of 5mg/ml 
MTT solution was added to each well and incubated for 1-4 hours. 
The formazan crystals formed by viable cells were dissolved in 
dimethyl sulfoxide (DMSO), and the absorbance at 570nm was 
measured using a spectrophotometer to determine cell viability. 
The cell viability percentage was calculated using the formula:

[OD570(sample)/ OD570(control)] × 100%

Adipocyte Differentiation Inhibition Assay

Adipocyte differentiation inhibition was assessed using the 
Oil Red O lipid staining and quantification method. Oil Red O dye 
binds to intracellular lipid droplets, staining them red [21-25]. 
Cells with higher levels of accumulated lipid droplets indicate a 
higher degree of adipocyte differentiation. The culture medium in 

the 6-well plates containing 3T3-L1 cells was replaced with DMEM 
medium supplemented with 10% fetal bovine serum for four 
days of proliferation. When the cells reached confluency, external 
differentiation agents (10 μg/ml insulin, 0.5 mM IBMX, and 1 μM 
dexamethasone) were added to induce cell differentiation. This 
day was designated as day 0 of cell differentiation. Fresh medium 
with insulin was replaced every two days. The eight different C. 
obtusifolia L seed extracts were prepared by dissolving the extract 
powder in DMEM medium to achieve a concentration of 0.8 ppm 
and filtered through a 0.22 µm filter. The culture medium in the 
6-well plates was replaced with the 0.8 ppm seed extract solutions 
and incubated for 24 hours. The cells were fixed with 10% 
formaldehyde (2400 μl) and kept in fresh formaldehyde for up to 
two days. After removal of formaldehyde, the cells were washed 
with isopropanol and stained with Oil Red O dye. The stained 
cells were photographed, and to extract the lipid content, the cells 
were incubated with isopropanol. The absorbance at 520nm was 
measured using a spectrophotometer, and the absorbance value 
was proportional to the concentration of lipids. The percentage 
of adipocyte differentiation inhibition was calculated using the 
formula:

[OD520(sample)/ OD520(control)] × 100% [26, 27]

High-performance liquid chromatography (HPLC) Analysis

High-performance liquid chromatography was performed 
to determine the composition of C. obtusifolia L seeds extract 
on a HITACHI 2695 under the following conditions: Column: 
ODS, 5 μm, (4.6 × 250 mm), Mobile phase A: Acetonitrile, Mobile 
phase B: 0.1% H3PO4, Detection: HITACHI 5430 Detector UV at 
254 nm, Flow rate: 1 mL/min Injection volume: 10 μL [28,29]. 
Approximately 0.5 g of the sample powder was accurately weighed 
and placed in a conical flask. To this, precisely 50 mL of methanol 
was added and the weight was determined. The mixture was 
heated under reflux for 3 hours, allowed to cool, and reweighed. 
The weight loss was compensated by adding methanol, and 
the solution was thoroughly mixed. The resulting solution was 
filtered and the filtrate was concentrated to dryness. Then, 30 mL 
of 10% hydrochloric acid was added and the mixture was heated 
under reflux for 1 hour. After cooling, the ethyl acetate layer was 
extracted four times with 30 mL portions.

 The combined ethyl acetate layers were concentrated to 
dryness. The residue was dissolved in methanol and transferred 
to a 25 mL volumetric flask. Methanol was added to the flask up 
to the mark, and the solution was mixed, filtered, and used as 
the test solution. The test solution was further filtered through 
a 0.45 μm membrane filter before subjecting it to HPLC analysis. 
Standard chrysophanol was accurately weighed and dissolved in 
100% methanol to prepare a series of solutions with different 
concentrations. The solutions were filtered through a 0.45 μm 
membrane filter to obtain the standard curve solution. Then, 10 
μL of each solution was injected for High-performance liquid 
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chromatography (HPLC) analysis. The peak area or height of the 
standard solutions was used for linear regression to construct 
a calibration curve and determine the equation and correlation 
coefficient of the calibration curve.

Statistical Analysis

The significance of the differences was by the unpaired 
Student’s t-test. Statistical analyses were performed using 
Prism statistical software (Prism 7.0a; GraphPad Software Inc., 
San Diego, CA, USA). The significance level was set at p ≤ 0.05. 
A p-value less than 0.05 was considered statistically significant, 
indicating meaningful differences among the groups.

Results 

Cell Viability（MTT（Assay

The cell viability assay was performed on 3T3-L1 cells using 

eight different samples, consisting of four different processed C. 
obtusifolia L seed samples extracted with either water or alcohol, 
at various concentrations. Among these samples, the lowest 
concentration of 0.8 ppm exhibited the highest cell viability, 
indicating lower cytotoxicity towards 3T3-L1 cells (Figure 1). 
The morphological changes of the 3T3-L1 cells were examined 
under a phase-contrast microscope after 24 hours of treatment 
with eight different formulations at four different concentrations 
of raw and processed C. obtusifolia L seed samples extracted 
with alcohol and water. The results suggest that the 3T3-L1 cells 
treated with 0.8 ppm of the extracts appeared healthy and least 
deleterious (Figure 2). Concentrations at 0.8 ppm of the extracts 
were chosen in the subsequent quantification experiment. For 
quantification, Oil Red O dye was used to stain intracellular lipid 
droplets, which appear red. Cells with a higher abundance of lipid 
droplets indicate a greater degree of adipocyte differentiation.

Figure 1: Cell viability assay (MTT) for raw and processed C. obtusifolia L seed samples extracted with alcohol and water. Control (C), Salt 
processed alcohol extract (S-E), Vinegar processed alcohol extract (V-E), Alcohol processed alcohol extract (A-E), Stir-frying processed 
alcohol extract (SF-E), Salt processed water extract (S-W), Vinegar processed water extract(V-W), Alcohol processed water extract (A-W), 
Stir-Fried water extract (SF-W).

Inhibitory effects of the eight different formulations on 3T3-
L1 cells

To evaluate the inhibitory effects of the eight different 
formulations on 3T3-L1 cells, cells were plated in 6-well plates 
containing DMEM supplemented with 10% fetal bovine serum for 
four days to allow proliferation. Upon reaching confluency, external 
differentiation agents (10 μg/ml insulin, 0.5 mM IBMX, and 1 μM 
dexamethasone) were added to induce cell differentiation. The 
culture medium in the 6-well plates was then replaced with the 
eight different 0.8 ppm C. obtusifolia L seed extract solutions 

and incubated for 24 hours. Based on the cell inhibition rate test 
conducted on 3T3-L1 cells using the eight different samples at 
a concentration of 0.8 ppm, it can be concluded that two of the 
alcohol extracts (salt processed alcohol extract (S-E) and vinegar 
processed alcohol extract (V-E)) exhibited greater inhibitory 
effects on 3T3-L1 cells compared to most of the water extracts, 
except for salt processed water extract (S-W), which showed 
comparable effects to salt processed alcohol extract (S-E). 
Overall, the vinegar processed alcohol extract showed the highest 
inhibitory effect (Figure 3).
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Figure 2:  Morphological changes of 3T3-L1 cells after 24 hours of treatment with eight different formulations at four different concentrations 
of processed C. obtusifolia L seed samples extracted with alcohol and water. Control (C), Salt processed alcohol extract (S-E), Vinegar 
processed alcohol extract (V-E). Alcohol processed alcohol extract (A-E), Stir-frying processed alcohol extract (SF-E), Salt processed water 
extract (S-W), Vinegar processed water extract(V-W), Alcohol processed water extract (A-W), Stir-Fried water extract (SF-W).. 

Figure 3: Inhibitory effects of C. obtusifolia L seed sample extracts on 3T3-L1 cells. Control (C), Salt processed alcohol extract (S-E), Vinegar 
processed alcohol extract (V-E). Alcohol processed alcohol extract (A-E), Stir-frying processed alcohol extract (SF-E), Salt processed water 
extract(S-W), Vinegar processed water extract(V-W), Alcohol processed water extract (A-W), Stir-Fried water extract (SF-W).
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Adipocyte Differentiation Inhibition Assay 

The differentiation inhibitory effects of C. obtusifolia L seed 
samples extracts on 3T3-L1 cells were investigated after 24 
hours of treatment with eight different formulations at four 
different concentrations, using the Oil Red O lipid staining and 

quantification method. In the control group, visible red lipid 
droplets were observed, indicating the accumulation of lipid 
droplets around the adipocytes, while in the treatment groups, 
the formation of red lipid droplets was absent (Figure 4).

Figure 3: Inhibitory effects of C. obtusifolia L seed sample extracts on 3T3-L1 cells. Control (C), Salt processed alcohol extract (S-E), Vinegar 
processed alcohol extract (V-E). Alcohol processed alcohol extract (A-E), Stir-frying processed alcohol extract (SF-E), Salt processed water 
extract(S-W), Vinegar processed water extract(V-W), Alcohol processed water extract (A-W), Stir-Fried water extract (SF-W).

High-performance liquid chromatography (HPLC) Analysis

Table 1: Content of chrysophanol in raw and processed C. obtusifolia 
L seeds.

Item Chrysophanol 
Content (%)

Raw C. obtusifolia L Seeds alcohol extract 36.65

Vinegar processed alcohol extract 41.90

Stir-fried processed alcohol extract 20.08

Salt processed alcohol extract 20.95

Alcohol processed alcohol extract 29.43

Chrysophanol has been shown to exhibit lipid lowering 
properties in rats in 2013, and Chrysophanol has also been shown 
to lower cholesterol and triglyceride levels in zebrafish, as well as 
increase the frequency of peristalsis [30]. HPLC was conducted to 
analyze the composition of C. obtusifolia L seed extracts (Figure 
5). The results revealed the content of chrysophanol (%) in raw 
and processed C. obtusifolia L seeds (Table 1) as follows: Raw 
C. obtusifolia L had a chrysophanol content of 36.65%, vinegar 
processed alcohol extract had a chrysophanol content of 41.90%, 
stir-fried processed alcohol extract had a chrysophanol content 
of 20.08%, alcohol processed alcohol extract had a chrysophanol 
content of 29.43%, and salt processed alcohol extract C. obtusifolia 

L had a chrysophanol content of 20.95%,.

Discussion

C. obtusifolia L are classified as a superior herb in the Shen 
Nong’s Herbal Classic and are commonly used in clinical practice 
of traditional Chinese medicine. According to the Compendium 
of Materia Medica, they are documented to possess various 
activities such as improving eyesight, reducing blood pressure, 
protecting the liver, enhancing immunity, and anti-aging effects. 
The preparation of traditional Chinese medicine involves a series 
of processing and treatments of Chinese herbal medicines to 
enhance their efficacy, reduce toxicity, or alter the properties 
of the drugs. Generally, traditional Chinese medicines undergo 
preparation before use. From a modern scientific perspective, the 
basic principle of preparation is to alter the chemical composition 
of medicinal herbs through processing, thereby changing the 
effects of the drugs. Different drugs have different mechanisms 
of preparation, and studying the preparation process can help 
understand the mechanisms of action of traditional Chinese 
medicine staining [31-34]. Obesity, a condition characterized 
by an excess accumulation of body fat, arises from a complex 
interplay of factors predominantly centered around an energy 
imbalance: excessive caloric intake compared to insufficient 
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energy expenditure. This imbalance is often perpetuated by 
modern dietary habits favoring calorie-dense foods, sedentary 

lifestyles, genetic predispositions, and environmental factors 
influencing food availability and activity levels. 

Figure 4: Changes in cell morphology after 3T3-L1 cell differentiation. Control (C), Salt processed alcohol extract (S-E), Vinegar processed 
alcohol extract (V-E). Alcohol processed alcohol extract (W-E), Stir-frying processed alcohol extract (SF-E), Salt processed water 
extract(S-W), Vinegar processed water extract (V-W), Alcohol processed water extract (W-W), and Stir-Fried water extract (SF-W).

Figure 5: HPLC Chromatogram of (A) Raw C. obtusifolia L Seeds, (B) Vinegar processed alcohol C. obtusifolia L extract, (C) Stir-fried 
processed alcohol C. obtusifolia L extract, (D) Alcohol processed alcohol C. obtusifolia L extract, and (E) Salt processed alcohol C. obtusifolia 
L extract.
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Over time, the surplus energy is stored in the form of 
adipose tissue, leading to weight gain and subsequent obesity. 
Furthermore, obesity is not just a matter of excess weight but 
also a precursor to various metabolic syndromes, including type 
2 diabetes and high blood lipids, which significantly increase the 
risk of cardiovascular diseases and other health complications. 
In addressing obesity and its associated metabolic disorders, 
interventions targeting lipid-lowering actions play a pivotal role. 
Lipid-lowering actions encompass a range of strategies aimed at 
reducing fat accumulation or enhancing fat metabolism, including 
lifestyle modifications such as dietary changes and increased 
physical activity, pharmacological treatments like statins and 
fibrates, and the utilization of dietary supplements. By focusing 
on improving metabolic health, lowering blood lipid levels, and 
mitigating cardiovascular risks associated with obesity, these 
interventions foster long-term well-being and reduce the burden 
of obesity-related health complications on individuals and 
healthcare systems alike. In our study, we investigated the effects 
of processing C. obtusifolia L, a herb known for its medicinal and 
edible properties, using different adjuvants (alcohol, salt, and 
vinegar) and various processing methods (Stir-frying processing, 
vinegar processing, salt processing, and alcohol processing). 
Subsequently, we extracted the processed herbs using both 
reverse osmosis (RO) water and alcohol. To evaluate the outcomes, 
we employed the 3T3-L1 cell line and conducted tests to assess 
the impact of these processing methods on fat metabolism and 
synthesis. Statistical analysis was then employed to compare the 
differences between the water extraction and alcohol extraction 
groups for both raw and processed products.

Through this comprehensive approach, we aimed to 
determine the extent to which different processing techniques 
and extraction methods influence the metabolic properties 
of C. obtusifolia L, shedding light on its potential applications 
in promoting or inhibiting fat metabolism and synthesis. The 
findings of our study demonstrate that vinegar-processed alcohol 
extract of C. obtusifolia L exhibited the most potent inhibitory 
effect on fat accumulation, providing scientific validation for the 
herb’s potential application in weight reduction therapies, in line 
with evidence-based medical practices. Notably, changes in the 
composition of emodin in C. obtusifolia L were observed before 
and after processing, with higher emodin content detected after 
dry frying compared to raw material, while other processing 
methods led to a decrease in emodin content. However, further 
evidence is warranted to elucidate the specific lipid-lowering 
effects of C. obtusifolia L. Moving forward, our focus will be on 
identifying the active ingredients within its components for 
further testing, with the ultimate goal of developing processed C. 
obtusifolia L as a medicinal herb specifically targeted for weight 
reduction purposes. This research represents a significant step 
towards harnessing the therapeutic potential of C. obtusifolia L in 
combating obesity and related metabolic disorders.
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