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ABSTRACT
Background: Inhibition of adipogenesis has been a therapeutic target 
for reducing obesity and obesity‑related disorders such as diabetes, 
hypertension, atherosclerosis, and cancer. For decades, anti‑adipogenic 
potential of many herbal extracts has been investigated. One example 
is Garcinia cambogia extract  (GE) containing  (‑)‑hydroxycitric acid as an 
active ingredient. GE is currently marketed as a weight loss supplement, 
used alone or with other ingredients. Pear pomace extract (PE), another 
natural product, has been also shown to have anti‑adipogenic activity in a 
recent report. Objective: It was tested if the mixture of PE and GE (MIX) 
would produce more effective anti‑adipogenic activity than PE or GE alone. 
Materials and Methods: Differentiation of 3T3‑L1 preadipocyte was 
induced by adding insulin, dexamethasone, and isobutylmethylxanthine 
and lipid accumulation was measured by Oil Red O staining. Cellular 
markers for adipogenesis and lipolysis such as CCAAT/enhancer 
binding protein (C/EBP‑α), peroxisome proliferator‑activated receptor 
gamma  (PPAR‑γ), fatty acid synthase  (FAS), and hormone‑sensitive 
lipase  (HSL) was measured using immunocytochemistry. Results: 
MIX, compared to PE or GE alone, showed greater inhibition of 
lipid accumulation. Furthermore, MIX reduced the expression of 
adipogenesis‑related factors C/EBP‑α, PPAR‑γ, and FAS more than PE or 
GE alone did. In contrast, the expression of HSL the enzyme required 
for lipolysis was further enhanced in MIX‑treated adipocytes compared 
to the PE or GE alone treated groups. Conclusions: Anti‑adipogenic 
effect of PE and GE appears synergistic, and the MIX may be a useful 
therapeutic combination for the treatment of obesity and obesity‑related 
diseases.
Key words: Adipogenesis, anti‑obesity, garcinia cambogia extract, pear 
pomace extract

SUMMARY
•   PE and GE efficiently inhibited adipocyte differentiation by suppressing the 

expression of adipogenic transcription factor CEBP-α and PPAR-γ.
•   PE and GE significantly decreased the expression of adipogenic enzyme FAS.
•   PE and GE increased the expression of lipid degrading enzyme HSL.
•   Mixture of PE and GE exhibited additive or moderately synergistic effect on 

adipocyte differentiation and lipid accumulation.
Abbreviations used: CEBP-a: CCAT/enhancer binding protein alpha, 
CI: Combination Index, FAS: Fatty acid synthase, GE: Garcinia cambogia 
extract, HSL: Hormone sensitive lipase, PE: Pear pomace extract, PPAR-γ: 
Peroxisome proliferator-activated receptor gamma.
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INTRODUCTION
Obesity is one of the most common metabolic diseases. Obesity develops 
if energy intake exceeds energy expenditure, leading to excessive fat 
accumulation.[1] Excessive accumulation of body lipid may have an 
adverse effect on health such as hypertension, type  II diabetes mellitus, 
cardiovascular disease, cancer, and osteoarthritis.[2] The regulation 
of adipogenesis is now a new key target for ameliorating obesity.[3] 
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Adipogenesis is defined as the process of differentiation of preadipocytes 
into lipid accumulating mature adipocytes.[4] This process is regulated 
by a number of adipogenic transcription factors such as peroxisome 
proliferator‑activated receptor gamma  (PPAR‑γ) and CCAAT/enhancer 
binding protein (C/EBP).[5,6] For decades, studies have been conducted on 
many natural products to control the process of adipogenesis.[3] Among 
those extracts, Garcinia cambogia is one of the most popular supplements 
inhibiting adipogenesis.[7] Hydroxycitric acid  (HCA) is an active 

Figure 2: Effects of PE, GE, and MIX on lipid accumulation in 3T3‑L1 adipocytes. 3T3‑L1 preadipocytes were differentiated into adipocytes with differentiation 
media for 8 days. The cells were treated with PE, GE, and MIX during the differentiation period. Lipid accumulation in the cells was analyzed by Oil Red O 
staining. (a) The micrographs of Oil red O‑stained adipocytes. (b) Stained oil droplets were dissolved in isopropyl alcohol and quantified by reading the 
absorbance at 520 nm. PE: Pear pomace extract; GE: Garcinia cambogia extract
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ingredient extracted from G. cambogia. It inhibits adenosine triphosphate 
citrate lyase which is required for fatty acid and cholesterol biosynthesis.
[8] However, there has been a precaution against prolonged use of G. 
cambogia extract (GE) due to a possible hepatotoxicity.[9] Consequently, an 
alternative strategy to utilize anti‑adipogenic effect of GE while minimizing 
hepatotoxicity has been seeked. Mixtures of natural products are often 
adopted for the treatment and prevention of a disease because the mixture 
containing diverse ingredients could evoke additive or even synergistic 

Figure  1: The viability of 3T3‑L1  cells was not significantly affected by PE or GE. 3T3‑L1 preadipocytes were treated with various concentrations of 
GE  (a), PE  (b), and MIX  (c) for 48 h. Cell viability was determined using an MTS‑PMS kit. Only cells treated with the highest concentration of PE and GE 
mixture (MIX, 0.5+1 mg/ml) exhibited a significantly decrease in viability. Data are presented as mean ± standard deviation (n = 5) *P < 0.05. PE: Pear pomace 
extract; GE: Garcinia cambogia extract
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then maintained in 10% FBS DMEM containing 10 µg/ml insulin for 
another 4 days (D7). Cells at this condition were converted to mature 
adipocytes with accumulated fat droplet.

Cell viability (MTS‑PMS assay)
Cells were seeded at 5000 cells/well in 96‑well plate. After 24 h, cells were 
incubated in DMEM containing 10% FCS and various concentrations 
of PE, GE, and mixture of PE and GE  (MIX) for 48  h. The treatment 
media were removed and cells were washed twice with sterile phosphate 
buffered saline  (PBS). Cells were treated with 100 µL MTS working 
solution (0.5 mg/mL) and incubated for 4 h. The obtained colored solution 
was measured at test wavelength of 490  nm. The optical density  (OD) 
value of the control group was represented as 100% while the OD of other 
treatment groups was expressed as percentage of the control group.

Oil Red O staining
It was performed on D7 of cell differentiation. Cells were washed 
twice with PBS and fixed with 10% formalin for 60  min. The cells 
were then washed with 60% propanol and dried. Oil red O working 
solution was added and incubated for 10  min at room temperature. 

effect through multiple mode of action.[10] Pear is popular fruit which is 
commercialized in form of juices and soft drinks. Pear contains phenolic 
compounds such as arbutin, catechin, epicatechin, caffeic acid, and 
coumaric acid and is reported to prevent hyperglycemia and dyslipidemia.
[11] Recent studies showed pear pomace, a manufacturing byproduct of 
pear juice could be utilized to suppress adipocyte differentiation[11] and to 
improve some obesity‑related disorders.[12] Here, our aim is to test if the 
combination of pear pomace extract (PE) and GE would produce more 
effective anti‑adipogenic activity than PE or GE alone.

MATERIALS AND METHODS
Materials and reagents
3T3‑L1 differentiation
To induce preadipocyte differentiation, 3T3‑L1 preadipocytes were 
cultured until confluent in Dulbecco’s modified Eagle’s medium (DMEM) 
containing 10% heat activated fetal calf serum (FCS). Two days after 
confluence (D0), the cells were differentiated with DMEM containing 
10% fetal bovine serum  (FBS), 0.5 mM isobutylmethylxanthine, 1 
µM dexamethasone, and 10 µg/ml insulin for 3 days (D3). Cells were 

Figure 3: Effect of PE, GE, and MIX on the expression of CCAAT/enhancer binding protein‑α in 3T3‑L1 adipocytes. 3T3‑L1 preadipocytes were differentiated 
into adipocytes by incubation with isobutylmethylxanthine, dexamethasone, and insulin for 8 days. The cells were exposed to PE (30 µg/ml), GE (60 µg/ml), 
and MIX during the differentiation period. (a) Representative image of immunofluorescence labeled CCAAT/enhancer binding protein α. (b) Measurement 
of fluorescence intensity of CCAAT/enhancer binding protein α. Values are mean ± standard deviation (n = 3) *P < 0.05. PE: Pear pomace extract; GE: Garcinia 
cambogia extract
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Then, the solution was removed and cells were washed with PBS. Oil 
Red O‑stained lipid droplets were photographed using a phase‑contrast 
microscope  (Olympus CKX53). Then, Oil Red O was extracted with 
isopropanol and OD at 520 nm was measured.

Immunocytochemistry
Cells were cultured on 4 well Lab‑Tek™ (Thermo Fisher scientific, cat#154526) 
chambers and differentiated as described above. At D7, cells were 
washed with cold PBS followed by fixation with 4% paraformaldehyde 
for 15 min. The cells were incubated in blocking/permeabilizing buffer 
(PBS with 5% normal donkey serum and 0.25% Triton X‑100) for 1 h at 
room temperature. Then, the preparations were incubated overnight at 
4°C with the primary antibodies diluted in the blocking/permeabilizing 
buffer. After 3 washes fluorescence‑labeled secondary antibodies diluted in 
the blocking/permeabilizing buffer was reacted in samples for 1 h at room 
temperature. Samples were then rinsed once with blocking/permeabilizing 
buffer and twice with PBS. Using Fluorsave® mounting medium, the 
samples were mounted on slides. Specific immunolabeling was initially 
examined under epifluorescence microscope, and confocal images were 
obtained using a confocal laser scanning microscope (LSM710, Zeiss). 
Antibody against C/EBP‑α (Santa cruz biotechnology, cat#sc‑61), PPAR‑γ 
(Santa cruz biotechnology, cat#sc‑7273), fatty acid synthase (FAS) (Santa 

cruz biotechnology, cat#sc‑20140), and hormone‑sensitive lipase (HSL) 
(Abcam, cat#sc‑ab45422) were used at 1:500. Alexa Fluor 488 (Invitrogen, 
cat#A21206) and Alexa Fluor 555  (Invitrogen, cat#A31570) tagged 
secondary antibodies generated in donkey were used at 1:1000. Control 
preparations, in which the primary antibody was omitted, were imaged 
under comparable exposure conditions to test for specificity. No specific 
labeling was observed in this condition.

Statistical analysis
Data were presented as mean ± standard deviation. Group differences were 
assessed by One‑way analysis of variance and Tukey’s multiple comparison 
post hoc tests. The differences between groups at P < 0.05 were considered 
statistically significant. Synergism in the combination of GE and PE was 
determined by Chou‑Talalay method.[13] The combination index (CI) for 
MIX was calculated using CompuSyn software (Combosyn Inc.).

RESULTS
Effect on cell viability and adipocyte differentiation 
of 3T3‑L1 preadipocytes
Obesity is often associated with increased lipid accumulation, which 
can occur by adipocyte differentiation.[4] Inhibition of adipocyte 

Figure 4: Effect of PE, GE, and MIX on the expression of PPAR‑γ in 3T3‑L1 adipocytes. (a) Representative image of immunofluorescence labeled peroxisome 
proliferator‑activated receptor gamma.  (b) Graphical representation of fluorescence intensity of peroxisome proliferator‑activated receptor gamma 
expression. Values are mean ± standard deviation (n = 3) *P < 0.05. PE: Pear pomace extract; GE: Garcinia cambogia extract
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differentiation is a target for the anti‑obesity therapy. Therefore, we 
examined the anti‑adipogenic effect of the PE, GE, and MIX and the 
underlying mechanism using 3T3‑L1 preadipocyte cells. We first examined 
concentration‑dependent cytotoxicity of PE, GE, and MIX by MTS‑PMS 
assay. Concentration up to 500 µg/ml PE, 1 mg/ml GE and MIX (up to 250 µg/
ml PE + 500 µg/ml GE) did not affect the viability of 3T3‑L1 cells [Figure 1]. 
Next, we examined whether PE, GE, and MIX inhibit differentiation 
of 3T3‑L1 preadipocytes into adipocytes. In a preliminary experiment, 
various concentrations and compositions of PE, GE, and MIX were 
compared and the final concentration of PE, GE, and MIX was determined 
at the point where the most effective inhibition of lipid accumulation was 
observed without any loss of cell viability (data not shown). Preadipocytes 
were treated with differentiating media in the presence or absence of PE 
30 µg/ml, GE 60 µg/ml, and their MIX for 8 days, and intracellular lipid 
accumulation was quantified. More than 90% of the cells differentiated 
into mature adipocytes. Cell treated with 30 µg/ml PE alone showed slight 
inhibition  (4.1  ±  2.9% reduction) of lipid accumulation. Treatment with 
60 µg/ml GE showed significant inhibition of adipocyte differentiation and 

lipid accumulation (14.7% ±1.8% reduction) in 3T3‑L1 cells. However, cell 
treated with the MIX showed greater inhibition (26.9 ± 5% reduction) of 
lipid accumulation compared to PE and GE alone [Figure 2]. The CI value 
for this combination was 0.75, which suggests moderate synergism of the 
combination. MIX efficiently inhibited adipocyte differentiation of 3T3‑L1 
preadipocytes and the inhibitory effects were not due to its cytotoxicity.

Effect on the expression of adipogenic transcription 
factors during adipocyte differentiation
Adipocyte differentiation is accompanied by increased expression 
of adipogenic transcription factors including C/EBP‑α and 
PPAR‑γ.[5,6] These transcriptional factors play crucial role in promoting 
genes responsible for adipocyte differentiation and maturation such 
as FAS.[14,15] These factors are known to be regulators of the synthesis, 
transport, and storage of lipids during adipocyte differentiation.[16] We 
used immunocytochemistry analysis to examine the inhibitory effect of 
PE, GE, and MIX on the expression of adipogenic transcription factors 
during the adipocyte differentiation. C/EBP‑α protein expression 

Figure 5: Effect of PE, GE, and MIX on the expression of FAS in 3T3-L1 adipocytes. (a) Representative image of immunofluorescence labeled FAS. (b) Graphical 
representation of fluorescence intensity of FAS. Values are mean ± standard deviation (n = 3) *P < 0.05. FAS: Fatty acid synthase; PE: Pear pomace extract; GE: 
Garcinia cambogia extract
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levels were significantly increased in differentiated adipocytes on day 
8 compared to undifferentiated 3T3‑L1  [Figure  3]. Treatment with 
PE 30  µg/ml, GE 60  µg/ml, and MIX during differentiation period 
significantly suppressed the expression of C/EBP‑α. Among the treatment 
groups, MIX showed the greatest inhibitory effect on C/EBP‑α expression 
[Figure 3, MIX 43.64% ± 3.7%, PE 18.5% ± 8.8%, GE 28% ± 3.1% inhibition]. 
Similarly, treatment with GE and MIX significantly reduced the expression 
of PPAR‑γ level. The PPAR‑γ expression was not influenced by PE alone. 
Among the treatment groups, MIX showed the strongest inhibitory 
effect on the expression of PPAR‑γ [Figure  4, MIX  37.7% ± 2.5%, 
PE 7.38% ± 9.761%, and GE 23.8% ± 3.4% inhibition].

Effect on the expression of adipogenic enzyme 
fatty acid synthase
We further investigated the effect of PE, GE, and MIX on the expression 
of one of the lipogenic gene markers, FAS, which triggers the synthesis 
of fatty acids and triglycerides.[15] As shown in Figure 5, the expression 
levels of FAS dramatically increased in differentiation medium treated 
cells compare to undifferentiated cells. Addition of PE 30  µg/ml or 

GE 60  µg/ml in the differentiation media significantly decreased 
the FAS expression. The combination of PE and GE suppressed FAS 
expression even further (MIX 43.7% ± 15%, PE 12.2% ± 4.2%, and GE 
17.1% ± 3.4% inhibition), suggesting that the combination is effective 
agent in suppressing lipid synthesis in adipose tissue.

Effect on the expression of lipid degrading enzyme 
hormone sensitive lipase
The lipolysis pathways in adipocytes are initiated by the enzyme known 
as HSL.[17] It has a capacity to degrade triglyceride and is the rate‑limiting 
enzyme of lipolysis in adipose tissue. Using immunohistochemistry, we 
examined the expression level of HSL in the presence and the absence of 
PE, GE, and MIX. Unlike the undifferentiated 3T3‑L1 cells expressing 
high level of HSL, differentiated adipocytes expressed very low level of 
HSL [Figure 6]. Adding PE, GE, and MIX in the differentiation media 
significantly enhanced the HSL expression and MIX was the strongest 
enhancer of the HSL expression (MIX 313.2% ± 100.2%, PE 10% ± 75.2%, 
and GE 129.4% ± 90.5% increase). It suggests that MIX may be a strong 
promoter of lipid degradation in adipose tissue [Figure 6].

Figure 6: Effect of PE, GE, and MIX on the expression of HSL in 3T3‑L1 adipocytes. (a) Representative image of immunofluorescence labeled HSL. (b) Graphical 
representation of fluorescence intensity of HSL. Values are mean ± standard deviation (n = 3) *P < 0.05. PE: Pear pomace extract; GE: Garcinia cambogia 
extract; HSL: Hormone‑sensitive lipase
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DISCUSSION
Excessive fat accumulation due to energy overload causes overweight and 
obesity. Obesity may lead to serious diseases such as diabetes, cardiovascular 
diseases, chronic kidney disease, and several forms of cancer.[1] Currently 
used anti‑obesity agents are appetite suppressants such as sibutramine and 
rimonabant.[18,19] Another group of drugs reduces obesity by inhibiting 
fat absorption, for example, orlistat. However, these drugs often show 
adverse effects such as insomnia, increased appetite, asthenia, nausea 
and anorexia  (sibutramine), constipation, bladder pain, diarrhea, fever, 
loss of appetite, nasal congestion, and difficulty in sleeping (Orlistat) and 
some psychiatric issues (rimonabant).[20] Due to this undesirable adverse 
effect of the drugs, people are seeking an alternative method for reducing 
obesity. Adipogenesis, the new key target of anti‑obesity drugs, is the 
process where mesenchymal cells differentiate into preadipocytes followed 
by second differentiation into lipid accumulating adipocytes. It requires 
sequential activation of transcription factors such as PPAR‑γ and C/EBP‑α 
and induction of adipocyte‑related protein such as FAS.[21] FAS are the 
gene involved in lipogenesis which triggers the synthesis of fatty acids and 
triglycerides.[14,21] Therefore, these factors are useful markers to assess the 
anti‑adipogenic activity of a new regimen.
Modern medicine available for the prevention and treatment of obesity 
tends to show adverse effect on chronic use.[22] Consequently, as convenient 
alternatives for the treatment and prevention of obesity, natural medicinal 
plants have drawn public’s attention.[22,23] Anti‑adipogenic activity of GE a 
plant extract on 3T3‑L1 cell has been previously well documented. GE has 
significantly reduced the lipid accumulation by inhibiting adipogenic key 
regulators such as PPAR‑γ and C/EBP‑α in 3T3‑L1 adipocytes.[8,24] Similarly, 
Rhyu et al. have demonstrated that pear pomace extracts also attenuated 
lipid accumulation by inhibiting PPAR‑γ, C/EBP‑α, and FAS expression.[11]

In this study, we have demonstrated that the combination of GE and PE 
effectively suppressed lipid accumulation in 3T3‑L1 cells. The significantly 
decreased expression of C/EBP‑α, PPAR‑γ, and FAS indicated that the 
treatment inhibited adipocyte maturation and adipogenesis. Furthermore, 
our data demonstrated that MIX was more efficient than GE or PE alone 
in suppressing adipogenesis. Similarly, MIX strongly promoted the 
expression of HSL the lipolytic enzyme catalyzing the release of fatty 
acids from triacylglycerol‑rich lipid storage droplets of adipocytes.[16] 
Taken together, our data suggest that PE and GE act synergistically in 
suppressing adipogenesis and promoting lipolysis and thereby, prevent 
lipid accumulation in adipose tissue.

CONCLUSION
The combination of PE and GE, compared to PE or GE alone, showed 
stronger inhibition of lipid accumulation. MIX showed effective inhibition 
of C/EBP‑α, PPAR‑γ, and FAS expression, while it enhances expression 
of HSL, suggesting greater anti‑adipogenic and lipolytic activity. These 
results indicate that anti‑obesity effect of PE and GE appears synergistic 
and the MIX may be a useful therapeutic combination for the treatment 
of obesity and obesity‑related diseases.
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