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Purpose: We unravel the effect of anthocyanin-containing purple sweet potato synbiotic yogurt (PSPY) on 3T3-L1 adipocyte 
differentiation and its fundamental molecular mechanisms.
Methods: Molecular docking simulation was performed to observe and identify the affinity and interaction between bioactive compounds 
and targeted proteins. MDI (isobutylmethylxanthine, dexamethasone, and insulin)-containing medium, a cocktail that stimulates adipogen-
esis, was used in this study. The toxic effect possibility of the yogurt product was evaluated using 3-[4, 5-dimethylthiazol-2-yl]-2.5 diphenyl 
tetrazolium bromide (MTT) assay. A 0.25%, 0.5%, 1%, and 5% (v/v) plain or purple sweet potato yogurt supernatant was given to 3T3-L1 
preadipocyte culture medium from 24 h after seeding until day 11 of MDI-induced differentiation. The mRNA expression and lipid 
accumulation were analyzed using RT-qPCR and Oil red O staining, respectively, on day 11 after differentiation induction.
Results: In silico study suggested that anthocyanin-derived compounds have the potential to inhibit peroxisome proliferator activated 
receptor gamma (PPAR-γ), a master regulator for white adipogenesis. Anthocyanin-containing PSPY significantly suppressed the 
expression of Pparg, Adipoq, Slc2a4, and Pgc1a. PSPY significantly suppressed Pparg with 1% and 5% concentrations, while with 
a concentration of 0.25%, PSPY significantly suppressed Adipoq expression as compared to control. Significant inhibition of Slc2a4 
and Pgc1a was observed starting from a 0.25% concentration of PSPY. The suppression of adipogenic genes was also observed with 
the treatment of plain yogurt; however, the effects were relatively lower than the PSPY. The group treated with 1% and 5% of PSPY 
also showed inhibition effects on lipid accumulation.
Conclusion: This study demonstrated PSPY inhibition effect on white adipocyte differentiation through suppression of Pparg and its 
downstream genes, Adipoq and Slc2a4, indicating the potential of this yogurt as a functional food for obesity management and prevention.
Keywords: adipocyte differentiation, anthocyanin, Pparg, purple sweet potato synbiotic yogurt

Introduction
Obesity is a global health problem whose prevalence increases from year to year.1 It is characterized by excessive fat deposition 
due to an imbalance between energy intake and energy expenditure.2 Obesity is accompanied by chronic low-grade inflammation, 
which is known to be an essential risk factor for the development of several metabolic diseases such as type 2 diabetes mellitus, 
coronary heart disease, cerebrovascular disease, and hypertension.3,4 To treat and prevent obesity, some strategies are required to 
change the lifestyle by improving physical activity and consuming healthy foods and a balanced diet.
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Yogurt is one of the functional foods that have the potential to improve human health, in which the lactic acid bacteria 
that ferment milk can act as probiotics. Probiotics consumption can modulate gut microbiota and give some benefits for 
health, such as maintaining intestinal permeability to prevent inflammation, transforming dietary phytochemicals into 
bioactive molecules, and producing antioxidants.5,6 It also has antimicrobial, immunomodulatory, and hepatoprotective 
effects and reduces adipogenesis and lipogenesis by suppressing insulin signaling.5–8

Yogurt, which contains probiotics and prebiotics, is known as synbiotic yogurt.9 Lactic acid bacteria, a probiotic, use 
prebiotic substances to provide nutrition for their growth and proliferation.10 Purple sweet potato (Ipomoea batatas L.) is 
rich in fermentable carbohydrates. Therefore, it can be used to fortify yogurt and act as a prebiotic.11 In addition to 
carbohydrates, purple sweet potato also contains other nutrients such as carotenoids, proteins, lipids, vitamins, minerals, 
dietary fibers, and many anthocyanins, a class of flavonoid compounds.12 Many studies have revealed that anthocyanins 
in purple sweet potato have beneficial health effects such as antioxidative, antiaging, immunomodulatory, antihypergly-
cemic, hepatoprotective, antimicrobial, and anti-obesity effects.13–16 Furthermore, purple sweet potato yogurt was 
reported to have relatively higher antioxidant activity compared to plain yogurt.17

A previous study by Khairani et al reported that purple sweet potato yogurt decreased visceral fat and liver weight in 
high-fat diet mice models and improved lipid profiles, including total cholesterol, triglycerides, and LDL level.18 

However, the molecular mechanisms explaining how purple sweet potato yogurt exerts anti-obesity effects are still 
poorly understood. This study aimed to investigate the potential effects of purple sweet potato yogurt on adipocyte 
differentiation and the underlying molecular mechanisms using 3T3-L1 preadipocytes, the most commonly used cell line 
in elaborating the molecular mechanisms of adipocyte differentiation in vitro.

Materials and Methods
Molecular Docking Analysis
Protein Preparation
The proteins used in this simulation were PPAR-g, ADIPOQ, PGC-1α, and GLUT4. Crystallized protein structures were 
downloaded from Protein Data Bank Website (https://rcsb.org), while GLUT4 was modeled using the SWISS-MODEL 
Server.19 Protein structures were obtained and prepared using Discovery Studio 2017 and AutoDock 1.5.6. The 
preparation was carried out by removing water molecules and natural ligands, followed by adding polar hydrogen 
atoms and calculating the Kollman partial charge.20

Molecular Modeling of the Test Compounds and Protein Active Site Identification
Test compounds used in this study were Cyanidin-3-caffeoyl-p-hydroxy benzoyl sophoroside-5-glucoside, Peonidin-3-caffeoyl 
sophoroside-5-glucoside, and Peonidin-3-caffeoyl-p-hydroxy benzoyl sophoroside-5-glucoside that were included in anthocya-
nin-derived compounds. Molecular structures of the compound were drawn using GaussView Software and optimized geome-
trically using Gaussian 03W Software.21 The semi-empirical method was chosen with Austin Model 1 as the basic set. The 
optimized structures with modification of their partial charges were used as an input for molecular docking simulation.

The macromolecular enzymes were prepared and processed for binding site identification, evaluation, and exploration process 
to check their biological activity using BIOVIA Discovery Studio 2020 Software.22

Molecular Docking Simulation and Analysis
Molecular docking simulation was performed using MGLTools 1.5.6 equipped with AutoDock4 to observe and identify the 
affinity and interaction between bioactive compounds and proteins. The gap between the enzyme and the bioactive compound 
surface was limited to 0.375 Å as a maximum radius. All simulations were carried out by 52 × 50 × 50 grid box size21 and 
continued using the Lamarckian Genetic Algorithm method with 100 confirmations.23

Molecular interactions between protein and test compounds were identified and evaluated based on Gibbs’ binding 
value.21 The ligands’ docking conformation was determined by selecting the compounds with the highest affinity. Amino 
acid residues that play a role in the molecular interactions were then observed using BIOVIA Discovery Studio 2020 
Software.22
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Preparation of Purple Sweet Potato Synbiotic Yogurt
Lactic acid bacteria (L. bulgaricus ATCC-11842 and S. thermophilus FNCC-0015) were prepared to be used as probiotics. These 
probiotics were provided and prepared in Advanced Biomedical Laboratory, Division of Microbiology and Parasitology 
Laboratory, Faculty of Medicine, Universitas Padjadjaran, Indonesia. Firstly, the bacteria were cultured in medium I containing 
10% skim milk in DeMan, Rogosa, and Sharpe (MRS) broth medium. Following that, 10% (v/v) of the cultured product from the 
medium I was subcultured into medium II (whole, skim milk) to make the starter yogurt. Finally, the starter yogurt was used to 
make the plain skim milk yogurt, and 3% of purple sweet potato flour was mixed to make the purple sweet potato yogurt.

For yogurt treatment on 3T3-L1 preadipocytes, 10–12 mL of purple sweet potato yogurt was placed in a 15 mL conical tube 
and was centrifuged at 8000 rpm for 10 min. The supernatant of the yogurt was filtered using a 0.2 μm syringe filter and disposable 
syringe twice. The filtered supernatant-containing conical tube was wrapped in aluminum foil and stored in a 4°C storage cabinet 
until used in the following steps.

Culture and Differentiation of 3T3-L1 Cells and Yogurt Treatment
The 3T3-L1 cells, a murine fibroblast/pre-adipocyte cell line, were obtained from the German Diabetes Centre, Düsseldorf, and 
the Institute of Pharmacology and Toxicology, University Hospital of Bonn. The 3T3-L1 preadipocytes were cultured in high- 
glucose Dulbecco’s modified eagle medium (DMEM, Sigma, USA) containing 10% fetal bovine serum (FBS, Sigma, USA) and 
1% penicillin-streptomycin at 37°C, 5% CO2. The cell line was cultured in 12-well plates with a seeding amount of 12 × 104 cells/ 
well until 100% confluent. The confluent cells were further cultured in DMEM for 48 h. Afterward, the cells were induced by an 
MDI differentiation cocktail consisting of 0.5mM methyl-isobutyl-xanthine (Sigma, USA), 1 μM dexamethasone (Sigma, USA), 
and 10μg/mL insulin (Sigma, USA), which was determined as day 0 of the experiment.

After culturing the cells in MDI-containing DMEM for 48 h, on day 3, the medium was then replaced with 10μg/mL insulin- 
containing DMEM. Further, to optimize glucose uptake and lipogenesis during the differentiation process, the cells were cultured 
with the same medium (10 μg/mL insulin-containing DMEM) until day 10. The medium replacement was conducted every 48 h. 
Yogurt treatment was given to the cells by adding 0.25%, 0.5%, 1%, and 5% (v/v) of plain yogurt supernatant and purple sweet 
potato yogurt supernatant into the medium starting from 24 h after cell seeding until day 11 throughout the experiment. Staining of 
lipid droplets in the cells and RNA extraction for RT-qPCR analysis were performed on day 11.

MTT Assay
The possibility of the toxic effect of purple sweet potato yogurt and plain yogurt on 3T3-L1 preadipocytes was done 
using 3-[4,5-dimethylthiazol-2-yl]-2.5 diphenyl tetrazolium bromide (MTT) assay as previously described.24 The cells 
were seeded in 96-well plates, incubated for 24 h, and treated with 0.25%, 0.5%, 1%, and 5% (v/v) of purple sweet potato 
yogurt supernatant or plain yogurt supernatant for 72 h. MTT reagents were then added to the cells for 4 h, and the 
reaction was stopped using DMSO. The plate was then shaken to dilute the crystal formazan before measuring the 
absorbance using a microplate reader at a wavelength of 550 nm. The percentage of cell death was calculated based on 
the absorbance value of the sample (cell treated with yogurt), control, and blank.

Quantitative RT-qPCR Analysis
Quantitative RT-qPCR was used to measure the mRNA expression of genes analyzed in this study. Total RNA was 
isolated from the cells using the Quick-RNA™ cDNA Synthesis Kit (Bioline Reagents Ltd., UK). Afterward, quanti-
tative RT-PCR was performed using SensiFast™ SYBR® No-ROX Kit according to the manufacturer’s instructions. The 
polymerase activation was set at 95°C for 2 min, followed by 40 cycles of denaturation at 95°C for 5 s and annealing/ 
extension at 60–65°C for 20 s. All mRNA expression was normalized with Ppib mRNA expression. The primers used in 
this study are listed in Table 1.25

Oil Red O Staining
The cells were stained on day 11 of differentiation with Oil Red O (ORO, Sigma, USA) as previously described 
(Wakabayashi, 2009). Briefly, the cells were washed with phosphate-buffered saline (PBS, Sigma, USA) and fixed with 
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10% formaldehyde in PBS for 10 min. After washing the cells twice in PBS, the cells were stained for 15–20 min in 
freshly diluted ORO solution (0.18% (wt/vol) ORO in 60% isopropanol). After removing the stain, the cells were washed 
with PBS twice, and the images were taken under a microscope (Olympus CK40) with 100x and 200x magnifications.

Statistical Analysis
Statistical analysis in this study was performed using GraphPad Prism ver. 9 (GraphPad Software, Inc., La Jolla, CA) 
based on one-way ANOVA followed by Tukey’s post hoc test for multiple comparisons. The results were expressed as 
mean ± standard deviation (SD). Differences between groups were considered statistically significant at p<0.05.

Results
Anthocyanin-Derived Compounds Potentially Inhibit PPAR-γ
Ligand and Protein Preparation
In the molecular docking analysis, the three test compounds, namely Cyanidin-3-caffeoyl-p-hydroxy benzoyl sophoroside- 
5-glucoside, Peonidin-3-caffeoyl sophoroside-5-glucoside, and Peonidin-3-caffeoyl-p-hydroxy benzoyl sophoroside-5-glucoside 
were successfully imaged and optimized, as shown in Figure 1. The three compounds’ structural descriptions were taken from 
a previous study.26 Further, the protein structure was successfully prepared and visualized, as shown in Figure 2.

Molecular Docking
The test compounds simulated in this study are the main active compounds in the purple sweet potato, which are reported to reduce 
blood sugar levels.27,28 In this study, the molecular docking of proteins related to adipogenesis was simulated to see whether the 
decrease in blood sugar levels was related to their activity on adipogenesis and precisely to determine the affinity strength. Each 
test compound was successfully docked to the receptor’s active site by producing 100 conformations for each compound.

The tabulation of conformational energy for each compound against the protein is presented in Table 2. The compound with 
the lowest conformational energy, which indicated the highest affinity, was selected.29 The simulation results show that the 
compound Peonidin-3-caffeoyl-p-hydroxy benzoyl sophoroside-5-glucoside has a significantly higher affinity with PPAR-γ 
compared to other compound-protein combinations.

Interaction analysis was carried out to see the molecular binding mode of the compound with the lowest energy in each protein, 
as shown in Figure 3. Interaction analysis of each protein-compound complex shows interaction in red that is commonly referred 
to as unfavorable interactions developed a steric collision between amino acid side chains with chemical compounds, where this 
interaction indicates poor activity.30 However, there is a difference in the amount between each complex. The protein-compound 
complex with the least unfavorable interaction was PPAR-γ protein with only four unfavorable interactions.31 Meanwhile, the 
other proteins showed relatively more unfavorable interactions ranging between 7 and 11 interactions (Figure 3).

Table 1 Primer Sequences for RT-qPCR Analysis

No. Primer Name Sequences

1 Pgc1a-Fw 5’-GAGGGCTCCGGCACTTC-3’

2 Pgc1a-Rv 5’-CGTACTTGCTTTTCCCAGATGA-3’

3 Pparg-Fw 5’-CAAGAATACCAAAGTGCGATCAA-3’

4 Pparg-Rv 5’-GAGCTGGGTCTTTTCAGAATAATAAG-3’

5 Adipoq-Fw 5’-CAGTGGATCTGACGACACCAA-3’

6 Adipoq-Rv 5’-GAACAGGAGAGCTTGCAACAGT-3’

7 Slc2a4-Fw 5’-TAACTTCATTGTCGGCATGGG-3’

8 Slc2a4-Rv 5’-TGAAGAAGCCAAGCAGGAGG-3’

Abbreviations: Fw, forward primer; Rv, reverse primer.
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Purple Sweet Potato Synbiotic Yogurt Does Not Affect 3T3-L1 Viability
The MTT assay aimed to confirm whether plain yogurt and purple sweet potato yogurt can affect 3T3-L1 growth and viability. The 
result shows that the treatment of 0.25%, 0.5%, 1%, and 5% (v/v) of plain yogurt supernatant (indicated as P0.25, P0.5, P1, and P5, 
respectively, in Figure 4) and PSPY supernatant (indicated as U0.25, U0.5, U1, and U5, respectively, in Figure 4) only affect less 
than 20% cell viability, suggesting that plain yogurt and PSPY up to the concentration of 5% are not toxic to 3T3-L1 
preadipocytes.32

Figure 1 The 3D Structures of Cyanidin-3-caffeoyl-p-hydroxybenzoyl sophoroside-5- glucoside (a), Peonidin-3-di caffeoyl sophoroside-5-glucoside (b), Peonidin-3-caffeoyl- 
p-hydroxybenzoyl sophoroside −5- glucoside (c).
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Purple Sweet Potato Synbiotic Yogurt Inhibits White Adipocyte-Specific Genes During 
3T3-L1 Adipocyte Differentiation
The mRNA expression of Pparg, Adipoq, Slc2a4, and Pgc1a was measured to investigate PSPY’s capability to suppress white 
adipocyte-specific genes during 3T3-L1 adipocyte differentiation. Measurement of samples under the treatment of 0.25%, 0.5%, 
1%, and 5% of plain yogurt supernatant (indicated as P0.25, P0.5, P1, and P5, respectively, in Figure 5) and PSPY supernatant 
(indicated as U0.25, U0.5, U1, and U5, respectively, in Figure 5) was conducted on day 11 of differentiation period.

The result showed that PSPY (indicated by U in Figure 5A) inhibited Pparg expression in a dose-dependent manner. 
Significant inhibition was observed in the concentration of 1% and 5% (Figure 5A). On the other hand, plain yogurt 
(indicated by P in Figure 2a) also inhibits Pparg expression in the concentration of 0.5%, 1%, and 5%. However, the 
degree of inhibition was not in line with the increase in concentration (Figure 5A).

Figure 2 The 3D protein structures of ADIPOQ (a), GLUT4 (b), PGC-1α (c), and PPAR-γ (d).

Table 2 Tabulation of Conformational Energy of Each Compound Against the Protein

Ligand Binding Energy (Kcal/mol)

Adipoq Glut4 Pgc1-α PPAR-γ

Cyanidin-3-caffeoyl-p-hydroxybenzoylsophoroside-5- glucoside 392.88 659.38 501.81 31.97

Peonidin-3-dicaffeoylsophoroside-5-glucoside 606.91 1430 498.25 161.76

Peonidin-3-caffeoyl-p-hydroxybenzoylsophoroside-5- glucoside 1340 379.44 161.3 16.1
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Figure 3 Analysis of compound interaction with the lowest binding energy in ADIPOQ (a), GLUT4 (b), PGC-1α (c), and PPAR-γ (d) proteins.

Journal of Experimental Pharmacology 2023:15                                                                                   https://doi.org/10.2147/JEP.S405433                                                                                                                                                                                                                       

DovePress                                                                                                                         
223

Dovepress                                                                                                                                                        Ariyanto et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Further, the RT-qPCR result on Adipoq expression demonstrates the inhibitory effect of PSPY (indicated by U in Figure 5B) 
and plain yogurt (indicated by P in Figure 5B) on this gene in a dose-dependent manner, as compared with control. Interestingly, 
the degree of inhibition on Adipoq mRNA expression caused by PSPY treatment was higher than those caused by plain yogurt 
treatment (Figure 5B). With a concentration of 0.25%, PSPY treatment yields significant inhibition of Adipoq expression 
compared with control (p<0.01). Meanwhile, plain yogurt treatment with 0.25% concentration does not significantly inhibit 
Adipoq expression (p>0.05). Furthermore, for the concentration of 0.25% and 0.5%, the degree of inhibition caused by PSPY is 
about two-fold higher than those caused by plain yogurt. The statistical comparison between two yogurts at the same concentration 
does not show significant differences (Figure 5B). These findings imply that purple sweet potato synbiotic yogurt exerts a stronger 
inhibitory effect on Adipoq expression than plain yogurt.

Treatment of purple sweet potato yogurt (indicated by U in Figure 5C) and plain yogurt (indicated by P in Figure 5C) 
decreased the expression of Slc2a4, a gene-encoding glucose transporter type 4 (Glut4), in a dose-dependent manner 
(Figure 5C). Moreover, the degree of inhibition yielded by purple sweet potato yogurt treatment is higher than those caused 
by plain yogurt treatment (Figure 5C). At a concentration of 0.25%, purple sweet potato yogurt treatment produced 
significant inhibition of Slc2a4 expression as compared with control (p<0.01), while plain yogurt treatment did not cause 
significant inhibition (p>0.05). In addition, at concentrations of 0.25%, 0.5%, and 1%, the degree of inhibition exerted by 
purple sweet potato yogurt is about two-fold higher than those caused by plain yogurt. At the concentration of 0.25%, the 
comparison between the two yogurts showed a very significant difference (p<0.0001, Figure 5C). These findings suggested 
that purple sweet potato synbiotic yogurt has a stronger inhibitory effect on Slc2a4 expression than plain yogurt.

Similarly, Pgc1a mRNA expression during adipocyte differentiation significantly decreased in a dose-dependent 
manner (p<0.001) upon treatment with both purple sweet potato yogurt and plain yogurt. The higher the intervention 
concentration was given, the more inhibition was observed. Moreover, purple sweet potato yogurt demonstrated 
a stronger suppression effect on Pgc1a expression than plain yogurt at 0.25% and 0.5%. Even though the differences 
between the group with the same concentration were not statistically significant (Figure 5D), this result suggested that 
purple sweet potato synbiotic yogurt yields a stronger inhibitory effect on Pgc1a expression compared with plain yogurt.

Purple Sweet Potato Synbiotic Yogurt Inhibits Lipid Accumulation During Adipocyte 
Differentiation
The lipid droplets in the cells were stained with Oil red O to evaluate whether inhibition of adipogenic genes by purple 
sweet potato yogurt also leads to the inhibition of lipid accumulation during the differentiation process. The staining 

Figure 4 Viability of 3T3-L1 cell line under the treatment of plain yogurt supernatant (P) and purple sweet potato synbiotic yogurt supernatant (U) using MTT assay. P0.25: 
0.25% plain yogurt, P0.5: 0.5% plain yogurt, P1: 1% plain yogurt, P5: 5% plain yogurt, U0.25: 0.25% purple sweet potato yogurt, U0.5: 0.5% purple sweet potato yogurt, U1: 
1% purple sweet potato yogurt, U5: 5% purple sweet potato yogurt.
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process was conducted on day 11 differentiation, and the lipid droplets were observed under the microscope. The results 
indicated that purple sweet potato yogurt treatment at a concentration of 1% and 5% inhibits the formation of lipid 
droplets. Meanwhile, plain yogurt inhibited lipid accumulation in the concentration of 5% (Figure 6). This finding 
demonstrated that purple sweet potato synbiotic yogurt inhibited lipid accumulation during 3T3-L1 adipocyte 
differentiation.

Figure 5 Relative mRNA expression of white adipocyte-specific genes on day 11 of 3T3-L1 adipocyte differentiation under the treatment of plain yogurt supernatant (P) and 
purple sweet potato synbiotic yogurt supernatant (U). 
Notes: (A) Inhibition of Pparg expression in a dose-dependent manner by PSPY. The expression of (B) Adipoq, (C) Slc2a4, and (D) Pgc1a is inhibited by both PSPY and plain 
yogurt in a dose-dependent manner. Pparg, Adipoq, Slc2a4, and Pgc1a mRNA expression was measured by RT-qPCR and normalized by Gapdh. RT-qPCR data are presented as 
mean+SD. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, n.s., not significant. P0.25: 0.25% plain yogurt, P0.5: 0.5% plain yogurt, P1: 1% plain yogurt, P5: 5% plain yogurt, 
U0.25: 0.25% purple sweet potato yogurt, U0.5: 0.5% purple sweet potato yogurt, U1: 1% purple sweet potato yogurt, U5: 5% purple sweet potato yogurt.
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Figure 6 Microscopic pictures of 3T3-L1 cells after Oil red O staining on day 11 of differentiation under the treatment of plain yogurt supernatant (P) and purple sweet 
potato synbiotic yogurt supernatant (U). P0.25%: 0.25% plain yogurt, P0.5%: 0.5% plain yogurt, P1%: 1% plain yogurt, P5%: 5% plain yogurt, U0.25%: 0.25% purple sweet 
potato yogurt, U0.5%: 0.5% purple sweet potato yogurt, U1%: 1% purple sweet potato yogurt, U5%: 5% purple sweet potato yogurt.
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Discussion
The objective of this study was to elaborate on the potential effects of purple sweet potato synbiotic yogurt on white 
adipocyte differentiation and the underlying molecular mechanisms. Our data showed that anthocyanin-containing purple 
sweet potato synbiotic yogurt inhibited the expression of white adipocyte-specific genes (Pparg, Adipoq, and Slc2a4), 
consequently inhibiting lipid accumulation during adipocyte differentiation. Moreover, molecular docking analysis 
showed that anthocyanin-derived compounds potentially inhibit PPAR-γ.

Adipocyte differentiation is a process that mostly depends on adipogenic gene expressions, including in 3T3-L1 
preadipocytes. Those gene expressions will affect and can be seen in the adipocyte phenotype, such as lipid droplet 
accumulation at the end of the differentiation stage. Induction of Pparg, Cebpa, and their downstream genes such as 
Adipoq and Slc2a4 was reported to drive white adipocyte differentiation.33 Inhibition of adipocyte differentiation is one 
of the promising strategies for obesity management and prevention.34

Yogurt is one of the anti-obesity probiotic diets with several underlying molecular mechanisms. Conjugated linoleic 
acid (CLA) content in yogurt can lower Pparg expression.35 A study conducted by Guanlin et al showed a dose- 
dependent decrease of Pparg expression after induction by CLA.36 Lactic acid-producing bacteria as probiotic content in 
yogurt also support anti-adipogenic properties of yogurt. Decreases in lipid accumulation and triglyceride content due to 
the effect of probiotic bacteria were observed in previous research conducted by Lee et al.37 The current study showed 
consistent results with previous reports that yogurt treatment to 3T3-L1 preadipocytes decreased the expression of Pparg 
and its downstream genes such as Adipoq and Slc2a4 in a dose-dependent manner.

Anti-adipogenic effect of probiotic yogurt can be enhanced by mixing it with prebiotics such as purple sweet potato to 
form a synbiotic yogurt.18 Anthocyanin and oligosaccharides are rich in purple sweet potato, so they can produce optimal 
effects on preventing and treating obesity.38 The oligosaccharide in purple sweet potato increases the content of probiotic 
bacteria to be more optimal in reducing lipid accumulation. Moreover, anthocyanins which are pretty abundant in purple 
sweet potatoes and are known to inhibit the expression of Pparg and Cebpa.39 It might explain why in this study, purple 
sweet potato yogurt had a stronger inhibition effect on adipogenic gene expression, in this case, Pparg, Adipoq, and 
Slc2a4 compared with plain yogurt.

Previous studies have suggested that peroxisome proliferator-activated receptor-gamma coactivator 1 alpha (PGC-1 
alpha) plays an important role in the browning of adipose tissue by stimulating mitochondrial biogenesis and inducing 
transcription factor Ppara which subsequently stimulates the expression of brown adipocyte-specific genes such as Ucp1 
and Prdm16.40,41 Interestingly, this study found that purple sweet potato yogurt and plain yogurt suppressed the mRNA 
expression of Pgc1a during 3T3-L1 differentiation, suggesting that brown adipogenesis might not increase as the 
compensation of inhibited white adipocyte differentiation. In addition to the inhibition effect of anthocyanin- 
containing purple sweet potato synbiotic yogurt on PPARG, this study also revealed the inhibition effect of sweet potato 
yogurt on Pgc1a expression. This finding supported the hypothesis that different molecular pathways regulate white and 
brown adipocyte differentiation.

In this experiment, the control cells, which were only treated with MDI stimulation without yogurt supplementation, 
accumulated lipid. The lipid accumulation occurred due to several interrelated factors, such as the abundance of glucose in the 
medium, increased expression of Slc2a4, which encodes and facilitates glucose transporter 4 (GLUT4) synthesis, and the presence 
of cAMP agonist IBMX, dexamethasone, and insulin (MDI mixture) which in turn, activated the insulin-induced adipocyte 
differentiation.42 Furthermore, MDI also increased the expression of Pparg and Cebpa, which accelerated adipogenesis by 
inducing their downstream genes such as Slc2a4 and Adipoq.40 In purple sweet potato synbiotic yogurt-treated cells, the induction 
of Pparg, Slc2a4, and Adipoq was inhibited, resulting in reduced lipid accumulation.

This study showed the inhibition effect of purple sweet potato synbiotic yogurt on adipocyte differentiation by 
suppressing Pparg and its down-regulated genes: Adipoq and Slc2a4. Although both plain and purple sweet potato yogurt 
showed an inhibition effect on these genes, more substantial inhibition effects were observed upon purple sweet potato 
yogurt supplementation.

The limitation of this study is that the inhibition effect of purple sweet potato synbiotic yogurt on the accumulation of 
lipid droplets, as observed in the microscopic picture in Figure 6, is not very obvious. This result might happen due to 
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several reasons. One possible reason is that the lipid accumulation in the control cells had not reached the optimal 
amount; thus, the inhibition in the purple sweet potato yogurt-treated cells could not be seen clearly. It was also possible 
that the white adipocyte accumulation happened through several molecular pathways. Therefore, it is recommended to 
investigate other genes responsible for other pathways, such as the insulin signaling pathway. Furthermore, this study 
showed promising results in adipogenic molecular pathway, and we also suggest to proceed this investigation to the 
in vivo study using mice models.

Conclusion
This study reveals the inhibition effect of purple sweet potato synbiotic yogurt on white adipocyte differentiation through 
the suppression of PPAR-γ, suggesting the potential of this yogurt for obesity management and prevention.
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