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Abstract 

The exploration of natural products as anti-obesity candidates needs to be performed 

urgently since obesity has become a worldwide epidemic and many drugs for this health 

condition were withdrawn due to their serious adverse events such as psychiatric disorders 

and drug dependence. The 1,4-bis(3,4,5-trimethoxyphenyl)-tetrahydro-furo(3,4-c) furan, a 

saponin isolated from Indonesian Swietenia macrophylla seeds extract has the potential to 

modulate obesity because it acts as a potent PPAR-γ agonist in silico and the seeds’ 

hypolipidemic effect has been proven. The cytotoxicity study is a crucial part of the early 

pharmaceutical development stage, whilst, the exploration of 1,4-bis(3,4,5-

trimethoxyphenyl)-tetrahydro-furo(3,4-c) furan to ensure the compound’s safety in pre-

adipocytes and macrophage cells which play a crucial role in obesity pathogenesis is still 

limited. This study aims to explore the cytotoxicity of saponin isolate on 3T3-L1 (pre-

adipocytes) and RAW 264.7 (macrophages) cell lines to ensure its safety profile in vitro. 

Both cell lines were exposed to various concentrations of the isolate (3.125-200 µg/mL), 

then metformin was used as the standard drug and DMSO as solvent control for 24 hrs. 

The cytotoxicity test was conducted by MTT assay and IC50 was determined by probit 

analysis. Most of the 1,4-bis(3,4,5-trimethoxyphenyl)-tetrahydro-furo(3,4-c) furan did not 

affect the viability of 3T3-L1 and RAW 264.7 with the IC50 148.90±12.22 and 84.78±1.69 

µg/mL, respectively. Metformin and DMSO also did not alter the viability of both cells. 

These results were promising as a basis for further development since the isolates’ IC50 

value was more than the cytotoxic threshold of NCI guidelines. 

1. Introduction 

Obesity is a major health burden and global concern 

since it increases the risk of developing diseases and is 

associated with several health conditions such as 

hypertension, diabetes, cardiovascular disease, and 

cancer (Johnson and Mincey, 2016; Chooi et al., 2019). 

The most widely used for measuring obesity is body 

mass index (BMI), due to a relatively inexpensive 

procedure and simple metric which indicates overall 

body fatness (Nguyen and El-Serag, 2010; Chooi et al., 

2019) The BMI is calculated as weight in kilograms 

divided by height in meters squared (kg/m2). The World 

Health Organization (WHO) and the National Institutes 

of Health categorize individuals as overweight once their 

BMI ranges from 25 to 29.9 kg/m2 and as obese when 

more than 30.0 kg/m2 (Nguyen and El-Serag, 2010).  

Over the past 35 years, obesity prevalence has been 

almost 2-fold higher worldwide. In 2014, among the 

adult population over 18 years, the cases reached 11% in 

men and 15% in women. Additionally, more than 42 

million children aged below 5 years were overweight in 

2013 (Johnson and Mincey, 2016). Overall estimation 

shows that obese individuals spend 42% more on 

healthcare expenditures than their normal-weight 

counterparts (McCafferty et al., 2020).  

Approximately 90% of type 2 diabetes (T2D) 

patients are included in the obesity category based on 

BMI criteria. Furthermore, mounting evidence proved 

that the increase in BMI has a linear relationship with an 
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elevated risk of T2D and insulin resistance development 

(Selassie and Sinha, 2011). Obesity and T2D have been 

recognized as chronic pro-inflammatory conditions, and 

macrophage polarization serves as a link in their 

pathogenesis. In obesity, an enlargement of adipose 

tissue triggers monocytes' recruitment to adipocytes and 

other peripheral tissues. This process also creates an 

important influence on glucose homeostasis in the liver, 

skeletal muscle and pancreas. In obesity, monocytes 

differentiate and polarize towards proinflammatory M1 

macrophages which produce cytokines and induce 

inflammation, cell dysfunction and insulin resistance 

development (Samaan, 2011; Kraakman et al., 2014).  

There are three pivotal approaches related to lifestyle 

modification in the management of obesity, including 

dietary and physical activity interventions, as well as 

behaviour modification (McCafferty et al., 2020). 

Meanwhile, pharmacological intervention is needed for 

people with a BMI exceeding 30 kg/m2 and obese 

patients with related comorbidities and BMI of more 

than or equal to 27 kg/m2 (Apovian et al., 2015).  

In recent years, several classes of obesity drugs have 

been available such as lipase inhibitors, selective 

serotonin receptor agonists and GLP-1 agonists. 

However, those used in clinical settings raise concern 

due to the risk of undesired side effects including 

moderate to severe gastrointestinal disturbances, 

specifically for lipase inhibitors and GLP-1 agonists. 

Moreover, selective serotonin receptor agonists have 

been reported to cause adverse events ranging from mild 

e.g. headaches and dizziness to severe types e.g. 

serotonin syndrome and depressant effects (McCafferty 

et al., 2020). Sibutramine (a serotonin and noradrenaline 

reuptake inhibitor) was an anti-obesity drug withdrawn 

from the market in 2012 by the US FDA due to 

increasing the risk of heart attack and stroke. In late 

2008, rimonabant was also withdrawn from the European 

market because meta-analysis studies showed that it 

elevated risks for the development of severe side effects 

related to brain functions such as anxiety, depression and 

a high risk of suicide (Dietrich and Horvath, 2012).  

Anti-obesity drugs’ safety needs to be improved, and 

the development of alternative drugs should be 

investigated more intensively, hence the herbal remedies 

exploration currently become an attractive focus (Liu et 

al., 2017). In recent decades, one of the secondary 

metabolites that have been highlighted regarding the 

pharmacological potential as anti-obesity from natural 

compounds is saponin (Marrelli et al., 2016). 

Chiisanoside saponins isolated from the leaves of 

Acanthopanax sessiliflorus were proven to significantly 

lower serum triglyceride, inhibit dietary fat absorption, 

and suppress body weight gain in high-fat diet-induced 

obese mice (Yoshizumi et al., 2008).  

The 1,4-bis(3,4,5-trimethoxyphenyl)-tetrahydro-furo

(3,4-c) furan, a saponin isolated from Indonesian S. 

macrophylla seeds extract is expected to have biological 

effects in modulating obesity because the in-silico study 

showed its potential as a PPAR-γ agonist (Nugraha, 

2012). The PPAR-γ molecule acts as a regulator to 

restore macrophage polarization to the M2 state. Another 

PPAR-γ agonist is thiazolidinediones (TZD) which 

suppress circulating low-density lipoprotein (LDL) and 

triglyceride levels. Additionally, PPAR-γ agonists create 

anti-inflammatory effects on adipocytes through their 

role in suppressing the production of pro-inflammatory 

mediators such as TNF-α, IL-6, and iNOS (Corzo and 

Griffin, 2013). This evidence underlies the possibility of 

the isolated saponin being a potential anti-obesity agent. 

Previous in vivo evidence also showed that the 

alcoholic extract of S. macrophylla seeds possesses a 

hypolipidemic effect since it reduces the levels of total 

cholesterol, LDL-cholesterol (LDL-C), very low-density 

lipoprotein cholesterol (VLDL-C) and triglycerides 

while increasing high-density lipoprotein cholesterol 

(HDL-C) in rats induced by streptozotocin (Kalpana and 

Pugalendi, 2011). Besides being effective in lowering 

blood glucose, the methanol extract of S. macrophylla 

seeds decreases cholesterol and triglycerides in T2D rat 

models induced by streptozotocin and nicotinamide 

(Maiti et al., 2008).  

The development of the saponin isolate from S. 

macrophylla seeds as an anti-obesity candidate requires a 

sequential drug discovery process. The cytotoxicity 

study is a crucial part of the modern pharmaceutical 

development process at the early stage of creating the 

formulation. The use of appropriate cell-based assays 

such as in vitro cell line models for assessing the toxicity 

offers early identification related to the potential 

cytotoxicity of a compound and acts as a prediction for 

human-specific toxicity. Moreover, the application of in 

vitro toxicity tests brings benefit to preclinical studies 

due to its feasibility, cost-effectiveness and 

reproducibility (Bácskay et al., 2018).  

On the other hand, the exploration of 1,4-bis(3,4,5-

trimethoxyphenyl)-tetrahydro-furo(3,4-c) furan, 

particularly to ensure its safety profile in pre-adipocytes 

and macrophage cells which play a crucial role in obesity 

pathogenesis is still limited. This study aimed to explore 

the cytotoxicity of 1,4-bis(3,4,5-trimethoxyphenyl)-

tetrahydro-furo(3,4-c) furan on 3T3-L1 and RAW 264.7 

cell lines. It also serves as an initial effort to discover and 

develop the compound as a new candidate for obesity 

therapy. 
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2. Materials and methods 

2.1 Materials 

Both 3T3-L1 and RAW 264.7 were obtained from 

the collection of the cell culture laboratory, Department 

of Pharmacology and Therapy, Faculty of Medicine, 

Public Health and Nursing, Universitas Gadjah Mada, 

Yogyakarta, Indonesia. These cell lines were originally 

purchased from the American Type Culture Collection 

(ATCC) (Manassas, VA, USA). The 1,4-bis(3,4,5-

trimethoxyphenyl)-tetrahydro-furo(3,4-c) furan isolate 

was obtained from Dr. Sri Mursiti, Faculty of 

Mathematics and Natural Sciences, Universitas Negeri 

Semarang. Furthermore, Dulbecco's modified Eagle's 

medium (DMEM), fetal bovine serum (FBS), penicillin 

and streptomycin, fungizone, dimethyl sulfoxide 

(DMSO), and trypsin-ethylene diamine tetra acetic acid 

(EDTA) were obtained from Gibco (Life Technologies 

Corporation, United Kingdom). Meanwhile, metformin 

hydrochloride was purchased from Sigma-Aldrich, St. 

Louis, USA. 

2.2 Cell culture 

The two cell lines were grown and maintained in a 

DMEM medium supplemented with 10% FBS, HEPES 

[4-(2-hydroxyethyl)-1-piperazine ethane sulfonic acid] 2 

g/L and NaHCO3 (sodium bicarbonate) 2 g/L. To 

minimize contamination risk, 1% penicillin-streptomycin 

and 0.5% fungizone were added to the culture medium. 

The cells were incubated at 37°C in humidified 5% CO2 

atmosphere until they reached confluence, and then 

harvesting was performed by trypsinization procedure 

for further cytotoxicity testing. 

2.3 Cell cytotoxicity assay 

The cytotoxicity measurements were conducted on 

3T3-L1 and RAW 264.7 using the MTT [3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] 

assay. This was based on the principle that tetrazolium, 

an MTT substrate was converted into purple formazan by 

viable cells with an active metabolism state. The 

formazan accumulated as an insoluble precipitate. 

Hence, it was necessary to add a solubilizing solution 

such as a mixture of detergent and organic solvent to 

promote absorbance detection on a spectrophotometer 

and activity as a marker of viable cells (Riss et al., 

2004).  

The 3T3-L1 and RAW 264.7 were added into 96 

well microplates at a density of 104 cells per well and 

incubated at 37℃ overnight to permit their attachment. 

The cells were exposed to various concentrations of the 

isolate (3.125-200 µg/mL), for 24 hrs at 37℃ in 

humidified 5% CO2 atmosphere. Additionally, other 

groups were administrated with metformin as a standard 

drug or DMSO as a solvent control at the range of 7.81-

500 µg/mL and 3.125×10-5- 2×10-3 v/v, respectively. 

A day later, the media was discarded from the 

microplate and 100 mL of MTT solution was added to 

each well. Following the incubation for 4 hrs at 37℃ 

with 5% CO2 humidity was the addition of 100 µL of 

SDS and NaOH mixture. The microplate was wrapped 

immediately using aluminium foil and then incubated 

overnight at room temperature. 

A microplate reader (Bio-RAD iMarkTM) at 595 nm 

wavelength was used for absorbance assessment, and the 

cell viability in each concentration was calculated by the 

following formula (Intarasam et al., 2020): 

2.4 Statistical analysis 

The data of 3T3-L1 and RAW 264.7 cell viability 

toward S. macrophylla seed isolate, metformin, and 

DMSO were expressed as IC50 (half-maximal inhibitory 

concentration) that was evaluated from probit analysis, 

then the statistical analysis was conducted using SPSS 

software 23 version. 

 

3. Results  

3.1 The cytotoxicity of 1,4-bis(3,4,5-trimethoxyphenyl)-

tetrahydro-furo(3,4-c) furan on 3T3-L1 and RAW 264.7 

cell lines 

To explore and initiate the drug discovery and 

development pipelines of 1,4-bis(3,4,5-

trimethoxyphenyl)-tetrahydro-furo(3,4-c) furan as an anti

-obesity candidate, a cytotoxicity study was conducted 

on 3T3-L1 and RAW 264.7. These cell lines represented 

adipocytes and macrophages associated with obesity 

pathogenesis. 

Figure 1 shows that 1,4-bis(3,4,5-trimethoxyphenyl)-

tetrahydro-furo(3,4-c) furan at the most given range of 

concentrations did not affect the viability of 3T3-L1 

cells, except at 100-200 µg/mL with an IC50 value of 

148.90±12.22 µg/mL. Meanwhile, Figure 2 demonstrates 

the lower IC50 value of the isolate for RAW 267.4 cells 

(84.78±1.69 µg/mL) compared to 3T3-L1. 

3.2 The cytotoxicity of metformin as positive control on 

3T3-L1 and RAW 264.7 cell lines 

A positive control is used as a reference to assess the 

expected response of a test. Its selection should be 

initiated promptly in an in vitro-based development 

study. The positive control is necessary to run 

concurrently with the test item whenever an in vitro 

method is performed (OECD, 2018). Therefore, the 

cytotoxicity of metformin as a positive control of obesity 
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therapy was evaluated against 3T3-L1 and RAW 264.7 

cell lines.  

According to Figures 3 and 4, metformin at all 

concentrations given (7.81-500 µg/mL) did not have 

negative effects on the viability of 3T3-L1 and RAW 

264.7. The viability of both cell lines at various 

concentrations of metformin was above 88%. 

3.3 The cytotoxicity of DMSO as control solvent on 3T3-

L1 and RAW 264.7 cell lines 

Applied solvents should not affect the health or 

phenotypes of cells used in in vitro methods. When 

diluted in media, the solvent concentration should be 

kept as low as possible. The common solvent 

concentration for DMSO and ethanol is less than 1% 

(OECD, 2018). The potential toxic effect on the test 

system should be assessed by comparing the groups with 

and without solvent exposure. To ensure the cytotoxicity 

results of 1,4-bis(3,4,5-trimethoxyphenyl)-tetrahydro-

furo(3,4-C) furan on 3T3-L1 and RAW 264.7 were not 

affected by the solvent, DMSO cytotoxicity was also 

evaluated in both cell lines. 

Figures 5 and 6 demonstrate that the various 

concentrations of DMSO (3.125×10-5 - 2×10-3 v/v) did 

not affect 3T3-L1 and RAW 264.7 viability. The cell 

viability was above 94% at all concentrations of DMSO. 

Figure 1. The percentage of cell viability and IC50 in 3T3-L1 

cell line after 24 hrs incubation with various concentrations of 

saponin isolate of S. macrophylla seeds extract. Measured 

using MTT assay. The values represent as mean ± standard 

deviation from two independent experiments. 

Figure 2. The percentage of cell viability and IC50 in RAW 

264.7 cell line after 24 hrs incubation with various 

concentrations of saponin isolate of S. macrophylla seed 

extract. Measured using MTT assay. The values represent as 

mean ± standard deviation from two independent experiments. 

Figure 3. The percentage of cell viability and IC50 in 3T3-L1 

cell line after 24 hrs incubation with various concentration of 

metformin as positive control. Measured using MTT assay. 

The values represent as mean ± standard deviation from two 

independent experiments. 

Figure 4. The percentage of cell viability and IC50 in RAW 

264.7 cell line after 24 hrs incubation with various 

concentrations of metformin as positive control. Measured 

using MTT assay. The values represent as mean ± standard 

deviation from two independent experiments. 

Figure 5. The percentage of cell viability and IC50 in 3T3-L1 

cell line after 24 hrs incubation with various concentration of 

DMSO as solvent control. Measured using MTT assay. The 

values represent as mean ± standard deviation from two 

independent experiments. 
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4. Discussion  

Exploration of natural products as a new strategy for 

obesity therapy needs to be urgently performed. This is 

because the trend of obesity continues to rise and has 

become a worldwide epidemic (Liu et al., 2017). On the 

other hand, many anti-obesity drugs have been 

withdrawn from the market. Onakpoya et al. (2016) 

reported the withdrawal of 25 anti-obesity drugs from 

1964 to 2009, mainly monoamine neurotransmitters class 

because they caused serious adverse events such as 

psychiatric disorders, cardiotoxicity, abuse and drug 

dependence (Onakpoya et al., 2016). 

Obesity occurs due to an imbalance between energy 

intake and expenditure. It is characterized by dysfunction 

of white adipose tissues which are unable to expand 

adequately to store excess energy. This process leads to 

lipotoxicity because of ectopic fat accumulation (Longo 

et al., 2019). Adipose tissue plays an important role in 

obesity and metabolic complication. The ectopic fat 

accumulation, specifically in the liver and skeletal 

muscles is one of the prone mechanisms which describe 

the link between obesity, insulin resistance and T2D 

development (Bano, 2013). During obesity, there is 

recruitment and differentiation of monocytes into 

macrophages, followed by their polarization toward M1 

macrophages. The M1 macrophages trigger a pro-

inflammatory state, whilst M2 secretes anti-

inflammatory cytokines for restoring adipose tissue 

homeostasis (Castoldi et al., 2016).  

The 3T3-L1 is a well-established pre-adipose cell 

line which was derived from Swiss 3T3 mouse embryos 

at the age of 17 to 19 days. The morphology of this cell 

line is similar to fibroblasts which can be differentiated 

to produce a mature adipocyte-like phenotype when 

cultured under appropriate conditions. Nearly one-third 

of studies focusing on the adipogenesis and obesity-

related characteristics published in the last 5 years used 

3T3-L1 as a subject (Ruiz-Ojeda et al., 2016). The 3T3-

L1 are easier to culture at a more affordable cost 

compared to freshly isolated cells. This cell line is quite 

useful in identifying the crucial molecular markers, 

transcription factors and various pathways related to 

preadipocyte differentiation (Poulos et al., 2010). 

Therefore, 3T3-L1 cells have been used massively for 

the exploration of compounds or nutrients' role in the 

adipogenesis process as well as to study their molecular 

mechanisms to evaluate the potential of these various 

agents as anti-obesity candidates (Poulos et al., 2010; 

Ruiz-Ojeda et al., 2016).  

The RAW 264.7 is a monocyte/macrophage-like cell 

of the Abelson leukaemia virus transformation cell line 

which originated from the BALB/c mice. This cell line is 

often used for in vitro studies because it is described as a 

suitable model for macrophage cells (Taciak et al., 

2018). Due to the important role of 3T3-L1 and RAW 

264.7 in obesity pathogenesis, 1,4-bis(3,4,5-

trimethoxyphenyl)-tetrahydro-furo(3,4-c) furan should 

be basically considered as a non-toxic compound on both 

cell lines for further development. 

4.1 The viability of 3T3-L1 and RAW 264.7 cell lines 

toward saponin isolate of Swietenia macrophylla seeds 

extract 

The cytotoxicity results in Figures 1 and 2 showed 

that the isolate at the most given range of concentrations 

did not affect 3T3-L1 viability, except at 100-200 µg/mL 

with an IC50 value of 148.90±12.22 µg/mL. On the RAW 

267.4 macrophages, a lower IC50 value (84.78±1.69 µg/

mL) was discovered compared to 3T3-L1. Based on the 

US National Cancer Institute (NCI) guidelines, the 

isolate was not toxic to all of the cell lines in this study. 

A crude extract is considered a highly cytotoxic agent 

provided it has an IC50 value of ≤ 20 µg/mL, whilst the 

cut-off IC50 value for a pure compound is ≤ 4 µg/mL 

following the incubation periods of 48 and 72 hrs in vitro 

(Ramasamy et al., 2012; Graidist et al., 2015; Alabsi et 

al., 2016).  

4.2 The viability of 3T3-L1 and RAW 264.7 cell lines 

toward metformin 

Metformin was used as a positive control because it 

is an oral antihyperglycemic agent that has been 

approved and is widely known for T2D treatment. 

Recently, metformin is the main focus of many studies as 

additional therapy in pediatric obesity management 

Figure 6. The percentage of cell viability and IC50 in RAW 

264.7 cell line after 24 hrs incubation with various 

concentrations of DMSO as solvent control. Measured using 

MTT assay. The values represent as mean ± standard 

deviation from two independent experiments. 
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(Lentferink et al., 2018). A meta-analysis by Hui et al. 

(2019) on 34 trials involving a total of 8461 participants 

revealed metformin significantly decreases the body 

weight as well as BMI index. This also showed that the 

most appropriate dose for adolescents is 1000 mg/day for 

3 months and adults are to consume 3000 mg/day for 6 

months (Hui et al., 2019).  

The data in Figures 3 and 4 showed that the IC50 of 

metformin for 3T3-L1 and RAW 264.7 could not be 

determined by probit analysis because the cells’ viability 

at all concentrations was above 88%. Compared to the 

IC50 values of metformin which were undetermined in all 

tested cell lines (Figures 3 and 4), the IC50 of 1,4-bis

(3,4,5-trimethoxyphenyl)-tetrahydro-furo(3,4-c) furan 

was lower and at risk for further development. 

Meanwhile, the isolate’s safety profile is still promising 

concerning the IC50 cut-off value from NCI and 

considering the results from cytotoxicity screening of 

other natural compounds which was conducted on the 

3T3L1 cell line.  

Several traditional remedies from the Newfoundland 

region of Canada were reported as potential candidates in 

T2D and obesity management. They have activities in 

inhibiting a-amylase and a-glucosidase enzymes as well 

as decreasing lipid droplet and intracellular lipid 

accumulation in the 3T3-L1 cell line observed by Oil-red 

O staining. Moreover, 3T3-L1 viability was more than 

80% in all of the treatment compounds at a concentration 

of 50 µg/mL (Sekhon-Loodu and Rupasinghe, 2019). 

Hasan et al. (2017) suggested that a compound 

concentration is considered safe provided the tested 

cell’s viability exceeds 50%. The ethanol extract of 

Tetracera indica stems at the highest concentration (100 

µg/mL) was documented to be safe against 3T3-L1 

adipocytes since it only causes 18.40% inhibition or the 

cell viability still reaches 81.60% (Hasan et al., 2017). 

The isolate concentrations estimated to be safe for 

3T3-L1 and RAW 264.7 cell lines were 148.90±12.22 

and 84.78±1.69 µg/mL, respectively since at those 

concentrations the cells’ viability exceeded 50%. This 

present study provides evidence in determining the 

proper concentration for further in vitro-based studies to 

obtain the isolate’s efficacy, specifically by exploring its 

potency as an anti-obesity candidate. 

4.3 The viability of 3T3-L1 and RAW 264.7 cell lines 

toward DMSO 

Figures 5 and 6 indicate that DMSO was not toxic to 

3T3-L1 and RAW 267.4 because the cells’ viability 

exceeded 94% at all its concentrations. This result 

indicates the used of DMSO as a solvent in this present 

study can be tolerated due to not affecting the 

cytotoxicity results of the tested isolates. 

These results are in agreement with the reports of 

Hebling et al. (2015) who demonstrated that DMSO 

0.0004-0.008% v/v administered to the odontoblast-like 

MDPC-23 cell line did not reduce the number of 

adherent cells or induce cellular necrosis. Although the 

DMSO concentrations used were relatively higher (0.003

-0.2% v/v) than previous study, they also had no effect 

on 3T3-L1 and RAW 264.7 viability. 

The DMSO concentration mentioned in this current 

study can still be tolerated because it is supported by 

another study which showed DMSO at 0.5% v/v did not 

influence lymphocyte cell proliferation. The lymphocyte 

cell proliferation began to decrease with exposure to 

concentrations of 1% and 2% v/v (De Abreu Costa et al., 

2017).  

The results showed that the isolate was not toxic to 

the 3T3-L1 and RAW 267.4 cell lines. These were 

promising since the toxic effect of a drug candidate is the 

most important cause of the termination in the 

development project of a new drug (Emmerich et al., 

2021). The in vitro safety profile of the isolate supports 

its further development as a candidate for future obesity 

management. 

 

4. Conclusion  

It was indicated that 1,4-bis(3,4,5-trimethoxyphenyl)

-tetrahydro-furo(3,4-c) furan, a saponin isolated from 

Indonesian S. macrophylla seed extract at certain 

concentrations did not affect the viability of 3T3-L1 and 

RAW 267.4 cell lines with IC50 values more than the cut-

off value from NCI guidelines. These results were 

promising as a basis for further development of the 

compound, considering that the two cell lines tested play 

a significant role in obesity pathogenesis. 

As a preliminary study, this can also be used as a 

guide for determining the appropriate concentration of 

1,4-bis(3,4,5-trimethoxyphenyl)-tetrahydro-furo(3,4-c) 

furan for further in-depth in vitro and in vivo studies to 

explore its efficacy and might lead to the discovery of a 

new safe candidate for obesity management. 

 

Conflict of interest  

The authors declare no conflict of interest.  

 

Acknowledgments 

This research was financially supported by Doctoral 

Dissertation Research Grant from Universitas Sebelas 

Maret with the contract number 254/UN27.22/

PT.01.03/2022. 



 Yudhani et al. / Food Research 8 (Suppl.2) (2024) 1 - 8 7 

 https://doi.org/10.26656/fr.2017.8(S2).7 © 2024 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

References 

Alabsi, A.M., Lim, K.L., Paterson, I.C., Ali-Saeed, R. 

and Muharram, B.A. (2016). Cell cycle arrest and 

apoptosis induction via modulation of mitochondrial 

integrity by Bcl-2 family members and caspase 

dependence in Dracaena cinnabari-treated H400 

human oral squamous cell carcinoma. Biomed 

Research International, 2016, 4904016. https://

doi.org/10.1155/2016/4904016 

Apovian, C.M., Aronne, L.J., Bessesen, D.H., 

McDonnell, M.E., Murad, M.H., Pagotto, U., Ryan, 

D.H. and Still, C.D. (2015). Pharmacological 

management of obesity: An endocrine society 

clinical practice guideline. Journal of Clinical 

Endocrinology and Metabolism, 100(2), 342-362. 

https://doi.org/10.1210/jc.2014-3415 

Bácskay, I., Nemes, D., Fenyvesi, F., Váradi, J., Vasvári, 

G., Fehér, P., Vecsernyés, M. and Ujhelyi, Z. (2018). 

Role of cytotoxicity experiments in pharmaceutical 

development. In Çelik, T.A (Ed). Cytotoxicity, p. 

131- 146. InTech Open E-Book. https://

doi.org/10.5772/intechopen.72539 

Bano, G. (2013). Glucose homeostasis, obesity and 

diabetes. Best Practice and Research Clinical 

Obstetrics and Gynaecology, 27(6), 715-726. https://

doi.org/10.1016/j.bpobgyn.2013.02.007 

Castoldi, A., De Souza, C.N., Saraiva Câmara, N.O. and 

Moraes-Vieira, P.M. (2016). The macrophage switch 

in obesity development. Frontiers in Immunology, 6, 

637. https://doi.org/10.3389/fimmu.2015.00637 

Chooi, Y.C., Ding, C. and Magkos, F. (2019). The 

epidemiology of obesity. Metabolism, 92, 6-10. 

https://doi.org/10.1016/j.metabol.2018.09.005 

Corzo, C. and Griffin, P.R. (2013). Targeting the 

peroxisome proliferator-activated receptor-γ to 

counter the inflammatory milieu in obesity. Diabetes 

and Metabolism Journal, 37(6), 395-403. https://

doi.org/10.4093/dmj.2013.37.6.395 

De Abreu Costa, L., Ottoni, M.H.F., Dos Santos, M.G., 

Meireles, A.B., De Almeida, V.G., De Fátima 

Pereira, W., De Avelar-Freitas, B.A. and Brito-Melo, 

G.E.A. (2017). Dimethyl sulfoxide (DMSO) 

decreases cell proliferation and TNF-α, IFN- γ, and 

IL-2 cytokines production in cultures of peripheral 

blood lymphocytes. Molecules, 22, 1789. https://

doi.org/10.3390/molecules22111789 

Dietrich, M.O. and Horvath, T.L. (2012). Limitations in 

anti-obesity drug development: The critical role of 

hunger-promoting neurons. Nature Review Drug 

Discovery, 11(9), 675-691. https://doi.org/10.1038/

nrd3739 

Emmerich, C.H., Gamboa, L.M., Hofmann, M.C.J., 

Bonin-Andresen, M., Arbach, O., Schendel, P., 

Gerlach, B., Hempel, K., Bespalov, A., Dirnagl, U. 

and Parnham, M.J. (2021). Improving target 

assessment in biomedical research: the GOT-IT 

recommendations. Nature Review Drug Discovery, 

20(1), 64-81. https://doi.org/10.1038/s41573-020-

0087-3 

Graidist, P., Martla, M. and Sukpondma, Y. (2015). 

Cytotoxic activity of Piper cubeba extract in breast 

cancer cell lines. Nutrients, 7, 2707. https://

doi.org/10.3390/nu7042707 

Hasan, M.M., Ahmed, Q.U., Soad, S.Z.M., Latip, J., 

Taher, M., Syafiq, T.M.F., Sarian, M.N., Alhassan, 

A.M. and Zakaria, Z.A. (2017). Flavonoids from 

Tetracera indica Merr. induce adipogenesis and 

exert glucose uptake activities in 3T3-L1 adipocyte 

cells. BMC Complementary and Alternative 

Medicine, 17, 431. https://doi.org/10.1186/s12906-

017-1929-3 

Hebling, J., Bianchi, L., Basso, F., Scheffel, D., Soares, 

D., Carrilho, M., Pashley, D., Tjaderhane, L. and de 

Souza Costa, C. (2015). Cytotoxicity of dimethyl 

sulfoxide (DMSO) in direct contact with odontoblast

-like cells. Dental Material Journal, 31(4), 399-405. 

https://doi.org/10.1016/j.dental.2015.01.007 

Hui, F., Zhang, Y., Ren, T., Li, X., Zhao, M. and Zhao, 

Q. (2019). Role of metformin in overweight and 

obese people without diabetes: a systematic review 

and network meta-analysis. European Journal of 

Clinical Pharmacology, 75, 437-450. https://

doi.org/10.1007/s00228-018-2593-3 

Intarasam, S., Meemin, T., Kongsema, M. and 

Pradermwong, K. (2020). Cell viability enhancing 

and cellular protection activity of Vitex glabrata 

R.Br. crude fruits extract on TK6 and l929 cell lines. 

Thai Journal of Pharmaceutical Sciences, 44(4), 220

-228.  

Johnson, A.C. and Mincey, K.D. (2016). Obesity 

epidemiology worldwide. Gastroenterology Clinics 

of North America, 45(4), 571-579. https://

doi.org/10.1016/j.gtc.2016.07.012 

Kalpana, K. and Pugalendi, K.V (2011). Antioxidative 

and hypolipidemic efficacy of alcoholic seed extract 

of Swietenia macrophylla in streptozotocin diabetic 

rats. Journal of Basic and Clinical Physiology and 

Pharmacology, 22(1-2), 11-21. https://

doi.org/10.1515/JBCPP.2011.001 

Kraakman, M.J., Murphy, A.J., Jandeleit-Dahm, K. and 

Kammoun, H.L. (2014). Macrophage polarization in 

obesity and type 2 diabetes: Weighing down our 

understanding of macrophage function? Frontiers in 

Immunology, 5, 470. https://doi.org/10.3389/

fimmu.2014.00470 



8 Yudhani et al. / Food Research 8 (Suppl.2) (2024) 1 - 8 

 https://doi.org/10.26656/fr.2017.8(S2).7 © 2024 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

Lentferink, Y.E., van der Aa, M.P., van Mill, E.G.A.H., 

Knibbe, C.A.J. and van der Vorst, M.M.J. (2018). 

Long-term metformin treatment in adolescents with 

obesity and insulin resistance, results of an open 

label extension study. Nutrition and Diabetes, 8, 47. 

https://doi.org/10.1038/s41387-018-0057-6 

Liu, Yanfei, Sun, M., Yao, H., Liu, Y. and Gao, R. 

(2017). Herbal medicine for the treatment of obesity: 

An overview of scientific evidence from 2007 to 

2017. Evidence-Based Complementary and 

Alternative Medicine, 2017, 8943059. https://

doi.org/10.1155/2017/8943059 

Longo, M., Zatterale, F., Naderi, J., Parrillo, L., 

Formisano, P., Raciti, G.A., Beguinot, F. and Miele, 

C. (2019). Adipose tissue dysfunction as determinant 

of obesity-associated metabolic complications. 

International Journal of Molecular Sciences, 20, 

2358. https://doi.org/10.3390/ijms20092358 

Maiti, A., Dewanjee, S., Jana, G. and Mandal, S. (2008). 

Hypoglycemic effect of Swietenia macrophylla seeds 

against type II diabetes. International Journal of 

Green Pharmacy, 2, 224-227.  

Marrelli, M., Conforti, F., Araniti, F. and Statti, G.A. 

(2016). Effects of saponins on lipid metabolism: A 

review of potential health benefits in the treatment of 

obesity. Molecules, 21, 1404. https://

doi.org/10.3390/molecules21101404 

McCafferty, B.J., Hill, J.O. and Gunn, A.J. (2020). 

Obesity: scope, lifestyle interventions, and medical 

management. Techniques in Vascular and 

Interventional Radiology, 23(1), 100653. https://

doi.org/10.1016/j.tvir.2020.100653 

Nguyen, D.M. and El-Serag, H.B. (2010). The 

epidemiology of obesity. Gastroenterology Clinics 

of North America, 39(1), 1-7. https://

doi.org/10.1016/j.gtc.2009.12.014 

Nugraha, A. (2012). Molecular docking and 

antihyperglycemic activity of active compounds 

which isolated from methanol extract of Swietenia 

macrophylla King seeds in diabetic rats induced by 

streptozotocin (translate from Indonesia language). 

Yogyakarta, Indonesia: Universitas Gadjah Mada. 

OECD. (2018). Chapter 6. Test and reference/control 

items. In Guidance Document on good In Vitro 

Method Practices (GIVIMP), p. 97-121. Paris, 

France: OECD Publishing. https://

doi.org/10.1787/9789264304796-11-en 

Onakpoya, I.J., Heneghan, C.J. and Aronson, J.K. 

(2016). Post-marketing withdrawal of anti-obesity 

medicinal products because of adverse drug 

reactions: A systematic review. BMC Medicine, 14, 

191. https://doi.org/10.1186/s12916-016-0735-y 

Poulos, S.P., Dodson, M.V. and Hausman, G.J. (2010). 

Cell line models for differentiation: preadipocytes 

and adipocytes. Experimental Biology and Medicine, 

235(10), 1185-1193. https://doi.org/10.1258/

ebm.2010.010063 

Ramasamy, S., Wahab, N., Zainal Abidin, N., 

Manickam, S. and Zakaria, Z. (2012). Growth 

inhibition of human gynecologic and colon cancer 

cells by Phyllanthus watsonii through apoptosis 

induction. PLoS One, 7(4), e34793. https://

doi.org/10.1371/journal.pone.0034793 

Riss, T.L., Moravec, R.A., Niles, A.L., Duellman, S., 

Benink, H.A., Worzella, T.J. and Minor, L. (2004). 

Cell viability assays. In Markossian, S. (Ed.). Assay 

Guidance Manual, p. 1-25. Bethesda, USA: Eli Lilly 

and Company and the National Center for 

Advancing Translational Sciences. 

Ruiz-Ojeda, F.J., Rupérez, A.I., Gomez-Llorente, C., Gil, 

A. and Aguilera, C.M. (2016). Cell models and their 

application for studying adipogenic differentiation in 

relation to obesity: A review. International Journal 

of Molecular Sciences, 17, 1040. https://

doi.org/10.3390/ijms17071040 

Samaan, M.C. (2011). The macrophage at the 

intersection of immunity and metabolism in obesity. 

Diabetology and Metabolic Syndrome, 3, 29. https://

doi.org/10.1186/1758-5996-3-29 

Sekhon-Loodu, S. and Rupasinghe, H.P.V. (2019). 

Evaluation of antioxidant, antidiabetic and 

antiobesity potential of selected traditional medicinal 

plants. Frontiers in Nutrion, 6, 53. https://

doi.org/10.3389/fnut.2019.00053 

Selassie, M. and Sinha, A.C. (2011). The epidemiology 

and aetiology of obesity: A global challenge. Best 

Practice and Research: Clinical Anaesthesiology, 25

(1), 1-9. https://doi.org/10.1016/j.bpa.2011.01.002 

Taciak, B., Białasek, M., Braniewska, A., Sas, Z., 

Sawicka, P., Kiraga, Ł., Rygiel, T. and Król, M. 

(2018). Evaluation of phenotypic and functional 

stability of RAW 264.7 cell line through serial 

passages. PLoS ONE, 13(6), e0198943. https://

doi.org/10.1371/journal.pone.0198943 

Yoshizumi, K., Murota, K., Watanabe, S., Tomi, H., 

Tsuji, T. and Terao, J. (2008). Chiisanoside is not 

absorbed but inhibits oil absorption in the small 

intestine of rodents. Bioscience, Biotechnology and 

Biochemistry, 72(4), 1126-1129. https://

doi.org/10.1271/bbb.70761 


