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 Obesity and overweight are considered as one of the most serious problems worldwide. 
The stimulating factor of preadipocyte differentiation is known to be inhibited by curcumin. This 
study aims to examine whether lipid accumulation in adipocyte differentiation process using 
3T3-L1 cell lines is affected by Curcuma longa, one of the main natural sources of curcumin. 
This experimental study used 3T3-L1 preadipocyte cell line. C. longa extracts with different 
concentrations (0, 5, 10, and 20 ppm) were added. The cells were cultured in DMEM medium 
containing 10% FBS. Cells were then induced by MDI (methylisobutylxanthine, dexamethasone, 
insulin) that initiated the adipocyte differentiation process. Medium was then replaced every 2 
days. Insulin was added to the cells in the first medium replacement process to optimize glucose 
uptake and lipogenesis during differentiation process. The optimal adipocyte differentiation in 
control concentration (0 ppm) was obtained in day 12. Oil Red O solution were used to stain the 
cells and the cells were observed using microscope. Spectrophotometer was used to measure 
absorbance value at 550 nm wavelength. Treatment of 5 ppm of C. longa extract significantly 
increased lipid accumulation as compared to control group (p=0.0151). Addition of 10 ppm 
C. longa extract increased lipid accumulation (p>0.05), while treatment of 20 ppm C. longa 
extract reduced lipid accumulation (p>0.05). A significantly increased lipid accumulation was 
observed following a low dose of C. longa extract. On the other hand, high concentration of C. 
longa extract decreased lipid accumulation although not statistically significant. 

Keywords: 3T3-L1 cell line, adipocyte differentiation, Curcuma longa, lipid accumulation.



1222 AriyAnto et al., Biomed. & Pharmacol. J,  Vol. 13(3), 1221-1226 (2020)

	 Accumulation	of	adipose	tissue	sufficient	
to cause health problems is called obesity.3 Obesity 
and overweight are still considered as the main 
health problems in the world. Since 1975, obesity 
has tripled worldwide. More than 1.9 billion adults 
over the age of 18 are overweight, and of this 
number, 650 million are obese based on World 
Health Organization data.1 Obesity, in Indonesia, 
has become major health issues. It is higher in 
females than males with the prevalence of 28% 
and 23.1%, respectively.2 
 The risk of type 2 diabetes and 
cardiovascular disease is increased in obese 
people.4 Obesity is also a risk of metabolic 
syndrome characterized by insulin resistance, 
hyperinsulinemia, visceral or intraabdominal 
adipose buildup, glucose intolerance, low 
HDL cholesterol levels, hypertension, and 
hyperinsulinemia.3 Chronic diseases including 
diabetes, cardiovascular disease, and cancer also 
occur mainly due to obesity as risk factor.5

 In obesity, fat cells in adipocyte tissue can 
be up to 5 times the normal amount. Preadipocytes 
in adipose tissue are stimulated by excess nutrients 
for a long time so that they proliferate and 
differentiate into mature fat cells. The number 
of adipocytes increases due to an increase in 
the size and number of fat cells by hypertrophy 
and hyperplasia.6 The process of differentiation 
from preadipocytes to mature adipocytes is 
called adipogenesis.7 Adipocyte precursor cells 
can originate from multipotent mesenchyme or 
fibroblast-like cells.8 In adipogenesis process, 
there	is	a	change	from	fibroblast-like	preadipocytes	
or mesenchymal precursor cells that have not 
differentiated into mature insulin-responsive and 
lipid-laden adipocyte cells.9, 10

 Cell lines that are often used to determine 
the performance of lipid metabolism, hormone 
action, and adipogenesis are 3T3-L1 cell lines. In 
the 3T3-L1 cell line differentiation process there 
is	a	change	from	fibroblasts	to	cells	that	are	similar	
to lipid-containing adipocytes.11

 Curcumin is known to be able to inhibit the 
stimulating factor in preadipocyte differentiation of 
PPARg and C/EBPâ and also increase the inhibitory 
differentiation factor like Wnt/â-catenin.12 Previous 
study suggested that the anti-adipogenic effect 
on adipocyte differentiation is seen in low dose 
curcumin especially in doses of 15 µM. Cell death/

cell apoptosis occurs with high doses by 30 or 50 
µM.13

 Curcuma longa is one of the main natural 
sources of curcumin. This study aims to examine 
the effect of C. longa extract on lipid accumulation 
in the adipocyte differentiation process using 3T3-
L1 cell lines.

Materials and Methods

research design
 This research was an in vitro experimental 
laboratory research. The purpose of this study is 
to determine whether C. longa extract can inhibit 
lipid accumulation in the differentiation process of 
adipocytes using 3T3-L1 cell lines.
C. longa extraction 
 First, C. longa was selected, washed, 
and the skin was peeled. Then C. longa was cut 
into small pieces, dried, and blended until became 
delicate. Twenty grams of C. longa was put into 
the	flask	and	was	extracted	with	ethanol.	
 The filtrate from the first extraction 
process	was	put	into	a	distillation	flask	to	continue	
the process in separating C. longa from the solvent. 
The distillation process was performed at 80oC for 4 
hours to obtain solvent and residue. The remaining 
water and ethanol that was still present in residue 
was removed by drying it at 100oC for 4 hours in the 
oven. The C. longa extract that had been obtained 
was dissolved to produce concentrations of 5, 10, 
and 20 ppm. 
Culture and differentiation of 3t3 Cell line
 In	 the	 first	 step	 of	 this	 study,	 3T3-L1	
preadipocytes were cultured in DMEM (Sigma, 
USA) medium containing 10% FBS (Sigma, 
USA) at 37oC, 5% CO2. The cells were cultured 
for 48 hours or until 100% confluent. Day 0 
of adipocyte differentiation was begun when 
cells in DMEM medium were induced by MDI 
differentiation cocktail consisting of 0.5 mM 
methylisobutylxanthine (Sigma, USA), 1 µM 
dexamethasone (Sigma, USA), and 10 µg/ml 
insulin (Sigma, USA). Four-well plates were used 
in this experiment. Each well was added with 
different concentrations of C. longa extracts (0, 5, 
10, and 20 ppm), and cells were then incubated for 
48 hours. 
 After 48 hours, in day 3, medium was 
then replaced with DMEM containing 10 µg/ml 
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insulin to optimize glucose uptake into the cells and 
lipogenesis during differentiation process. The cells 
were incubated for 48 hours. In day 5, medium was 
then replaced with DMEM. In day 7, the culture 
medium was replaced again with DMEM. In day 
12, the optimal adipocyte differentiation was 
obtained in concentration control (0 ppm).
oil red o staining
 Before staining, the cells were rinsed 
with	PBS	(Sigma,	USA)	twice	and	fixed	with	4%	
formaldehyde for 10 minutes and formaldehyde 
was then removed. The cells were rinsed again with 
PBS twice then were washed by isopropanol 60% 
for 1 minute. After rinsing and washing process, 
cells were stained with Oil Red O (Sigma, USA) 

solution for 15-20 minutes. The cells were then 
rinsed again with PBS twice. Lipid accumulation 
was observed using microscope as red stain.
Oil Red O Quantification
 The cells were incubated with isopropanol 
100% for 5 minutes to dissolve the red stain. 
The absorbance value was measured at 550 
nm wavelength using a spectrophotometer and 
compared between the wells containing different 
C. longa extract concentrations.
statistical analysis
 The data were analyzed using graph pad 
8.0.1 with one-way ANOVA, followed by Tukey’s 
post-hoc test and presented in mean±SD.

Fig. 1. Macroscopic and microscopic pictures of 3T3-L1 cell line after Oil Red O staining. MDI: 0.5 mM 
methylisobutylxanthine, 1 µM dexamethasone and 10 µg/ml insulin
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results and disCussion

 Lipid accumulation in macroscopic and 
microscopic pictures was indicated by the red stain. 
The comparison between control and cells treated 
with different concentration of C. longa extract 
showed that concentration of 5 ppm appeared to 
have higher lipid accumulation than control, 10 
ppm had comparable lipid accumulation as control 
group, while 20 ppm concentration showed a 
reduction of lipid accumulation (Figure 1). 
 A quantitative analysis was performed to 
confirm	these	findings	(Figure	2).	The	results	of	
absorbance measurement, which represented Oil 
Red O-stained lipid accumulation, showed that 5 
ppm	sample	had	significantly	higher	absorbance	
as compared with control group (Figure 2). At 10 
ppm concentration, absorbance was showed to be 
higher than control group despite red-stained lipid 
accumulation appeared to be comparable with 
control in Figure 1. The absorbance of 20 ppm 
concentration only showed a slight decrease as 
compared with control group which did not very 
correspond to the obvious difference in red stain 
observed in Figure 1. Statistical analysis showed 
significant	data	between	control	(0	ppm)	and	5	ppm	
(p=0.0151), 10 ppm and 20 ppm (p=0.0487), and 
5 ppm and 20 ppm (p=0.0057). The comparison 
of control group (0 ppm) to 10 ppm, control to 
20 ppm, 5 ppm to 10 ppm, and 5 ppm to 20 ppm 
showed	non-significant	results	(p>0.05) (Figure 2).
 Our study indicated that lower dose 
of C. longa	 extract	 significantly	 increased	 lipid	
accumulation, while, on the contrary, higher 
concentration of C. longa extract decreased lipid 
accumulation even though statistically was not 
significant.
 Previous study examining the effect of 
curcumin in cell adipogenic differentiation in 
mouse showed that curcumin dosage of 2-10 µm 
did not obtain substantial morphological changes 
in 3T3-L1, otherwise cell death occurred in 25 
µm dosage.14 This study supported the increasing 
effect of lipid accumulation data in 5 ppm dosage 
and decreasing effect of lipid accumulation in 
20 ppm. The other reason which might explain 
increasing effect of 5 ppm C. longa extract in 
lipid accumulation can be due to type of mouse 
used in establishing 3T3-L1 cell line. The loss 
of Nrf2 in C57BL6 mice was seen to impair 

adipocyte differentiation. Curcumin was predicted 
to activate Nrf2 so that stabilized C/EBP and 
PPARC. That mechanism can promote adipocyte 
differentiation.12

 One possible mechanism that can explain 
the biphasic effect of C. longa extract on lipid 
accumulation, depending on concentration, is the 
various compounds present in C. longa extract. C. 
longa extract was reported to contain numerous 
active compounds including curcumin, volatile 
sesquiterpenes, monoterpenes and other volatile 
substances while the composition might vary due 
to differences in species, climate and geographical 
location.15 The increased of lipid accumulation 
at sample added with 5 ppm extract in this study 
might be due to the effect of curcuminoids 
and sesquiterpenoids. These compounds might 
induce glucose uptake from the culture medium 
into adipocytes in our experiments and enhance 
lipogenesis for lipid accumulation. This hypothesis 
might be in line with previous study which revealed 
that curcuminoids and sesquiterpenoids inhibited 
the increase of blood glucose level.16 Another 
possibility is that addition of low concentration of 
curcumin might also increase insulin sensitivity 
as previously reported in a study conducted in 
C2C12 muscle cell line.17 On the contrary, high 
concentration of curcumin might induce apoptosis 
in preadipocytes, and, subsequently, inhibit lipid 
accumulation as previously reported.13 Moreover, 

Fig. 2. Quantitative analysis using spectrophotometer at 
550 nm wavelength after being dissolved by isopropanol 
100%. The absorbance value was measured. *p<0.05, 
**p<0.01
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it was also unraveled that metal complexes of 
curcuminoids might accumulate in cytoplasm and 
induce apoptosis.18

 In this study, we found discrepancy 
between macroscopic and microscopic pictures 
and quantitative absorbance level of Oil Red 
O-stained lipid accumulation. The absorbance 
of lipid accumulation at 10 ppm was higher than 
control group (Figure 2) although the red stain 
in macroscopic and microscopic pictures was 
comparable with control group (Figure 1). In 
addition, the absorbance of 20 ppm group only 
showed a slight decrease as compared with control 
group (Figure 2), while the difference between 
these groups in macroscopic and microscopic 
pictures in Figure 1 was very obvious.  This 
discrepancy can occur due to several factors such 
as differences in the protocol used in the elution 
of dye and absorbance measurement.19 During 
dye elution, we incubated the samples with 100% 
isopropanol without shaking for 5 minutes to avoid 
evaporation of isopropanol. We then measured the 
absorbance at 550 nm.  Kraus et al suggested that 
the optimized protocol was to incubate the samples 
with 100% isopropanol for 10 minutes on an orbital 
shaker and to measure the absorbance at 510 nm.19 
 The limitation of this study is that we did 
not measure mRNA expression of adipogenic genes 
such as Pparg, Fabp4 and Adipoq	to	confirm	the	
differences in the lipid accumulation and degree of 
differentiation among samples

ConClusion

 This study showed that the addition 
of C. longa extract in low dose increased lipid 
accumulation	significantly.	On	the	other	hand,	high	
concentration of C. longa extract decreased lipid 
accumulation	although	not	statistically	significant.
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