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Background: There would be over 600 million people living with diabetes by 2040 as 
predicted by the World Health Organization. Diabetes is characterized by raised blood sugar 
and insulin resistance. Insulin regulates the influx of glucose into the cell by upregulating the 
glucose transporter type 4 (GLUT4) expression on the plasma membrane. Besides, PPAR-γ 
also controls the metabolism of glucose in adipose tissues. Curcuma mangga Val., denoted as 
C. mangga, is a native Indonesian medicinal plant that has many beneficial effects, including 
an antidiabetic potential.
Purpose: In this research, we aimed to disclose the hypoglycemic activity of ethanol extract 
of C. mangga (EECM) in 3T3-L1 fibroblasts-derived adipocyte cells in regulating glucose 
uptake as confirmed by the GLUT4 and PPAR-γ gene expression.
Methods: The uptake of glucose was determined using radioactive glucose, while the gene 
expression of GLUT4, PPAR-γ, and β-actin was quantified using mRNA segregation and 
real-time quantitative reverse transcription-polymerase chain reaction (RT-qPCR).
Results: We discovered that EECM interventions (200 and 50 μg/mL) increased glucose 
uptake in lipid-laden 3T3-L1 cells by 14.75 and 8.86 fold compared to the control non- 
insulin, respectively (p < 0.05). At the same doses, they also increased GLUT4 mRNA 
expression by 8.41 and 11.18 fold compared to the control non-insulin, respectively (p < 
0.05). In contrast, EECM interventions (200 and 50 μg/mL) showed lower levels of PPAR-γ 
mRNA expression compared to the control metformin, indicating the anti-adipogenic poten-
tials of EECM.
Conclusion: EECM showed hypoglycemic activity in lipid-laden 3T3-L1 cells by improv-
ing glucose ingestion into the cells, which was mediated by increased GLUT4 expression and 
downregulated PPAR-γ expression.
Keywords: 3T3-L1 adipocytes, Curcuma mangga Val, glucose uptake, GLUT4, PPAR-γ

Introduction
According to the World Health Organization, more than 400 million people were 
diagnosed with diabetes in 2015, and it was predicted to reach up to 600 million by 
2040.1 Diabetes arises as a consequence of inadequate insulin synthesis by the 
pancreas to regulate the glucose influx into the cells due to the damage of insulin- 
producing cells, which is mainly categorized as type 1 diabetes. In different cases, 
however, our body might produce sufficient insulin but unfortunately, our body 
cannot recognize it and use it properly, which is known as insulin resistance and 
categorized as type 2 diabetes. As a consequence of both abnormalities, there is 
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a significant increase in the amount of glucose in the 
bloodstream. The uncurbed glucose level in the blood-
stream will damage the blood vessels, nerves, and other 
organs.2,3

In order to regulate the glucose entrance mechanism 
into the living cells, insulin activates the glucose transpor-
ters (GLUT) in a process called GLUT translocation. 
There are currently 14 GLUT isoforms and at least one 
GLUT isoform in each type of cell. However, the type that 
is mainly regulated by insulin is GLUT4.4,5 Insulin resis-
tance, such as in diabetes, will downregulate the expres-
sion of this transporter, causing a reduction in cellular 
glucose ingestion.5

Peroxisome proliferator-activated receptor-gamma 
(PPAR-γ) also regulates glucose metabolism.6 This tran-
scription factor is predominantly found within adipocytes, 
endothelial cells, and vascular smooth muscle cells as it 
acts as sensors with various compounds. PPAR-γ controls 
the expression of heterogeneous genes, including those 
related to cell transformation, lipid deposition, and the 
glucose transfiguration or, more specifically, the insulin 
response.1,7

Agricultural products, including fruits and vegetables, 
as well as herb crops have many potentials for human 
healths, such as a source of natural antioxidants.8,9 In 
particular, many members of the Zingiberaceae family, 
such as Curcuma mangga Val. (C. mangga), have been 
researched as an alternative treatment for diabetes.10 

C. mangga is locally recognized as temu mangga, kunyit 
putih, or kunir putih. It is an indigenous plant from Java, 
which has antiallergic, antioxidative, antiproliferative, 
antitumor, antimicrobial, analgesic, lipid peroxidative, 
and cytotoxic properties.11,12 According to Pujimulyani 
et al,13 EECM contains important phytochemical com-
pounds, including gallic acid, catechin, epicatechin, epi-
gallocatechin, epigallocatechin gallate, and gallocatechin 
gallate of roughly 0.124 × 10−3, 0.134 × 10−3, 0.442 × 
10−3, 0.113 × 10−3, 0.037 × 10−3, and 0.159 × 10−3 g/g 
dried extract, respectively.

The essential oils of C. mangga also have antibacterial 
potencies toward Staphylococcus aureus, Escherichia coli, 
Pseudomonas aeruginosa, and Bacillus cereus, and has 
antimycotic activities toward Cryptococcus neoformans 
and Candida albicans.12 However, its antidiabetic poten-
tials are mostly undiscovered. Therefore, in this experi-
ment, we examined whether EECM can improve glucose 
uptake in lipid-laden 3T3-L1 cells through modulation of 
GLUT4 and PPAR-γ mRNA expression.

Materials and Methods
White Saffron Rhizomes and Extraction 
Methods
C. mangga rhizomes were freshly harvested from Bantul, 
Yogyakarta in October 2017. The rhizomes were harvested 
after 10 months of growth, as indicated by the natural fall 
of plants or leaves. At this time, the rhizomes usually have 
bright yellow flesh and smell like mangoes. The structure 
of land for planting was clay, where manure was given 
once in the third month of plant growth. After cleaning, 
drying, and crushing, the fine powder was extracted by 
soaking 250 g of fine powder in 1.5 L of 70% distilled 
ethanol (most of the substantial compounds of C. mangga 
are soluble in ethanol). Then, the solution was filtered 
every 24 h until 3 days to gain colorless filtrate. 
Thereafter, the filtrate was vaporized and stored at −20 ° 
C prior to use.10

Cell Culture, Differentiation, and 
Treatment
The pre-adipocyte form of 3T3-L1 cell lines (purchased 
commercially from American Type Culture Collection, 
Manassas, USA; Catalogue #CL173) was subjected to 
cell culture in DMEM (Gibco, 11995065) supplemented 
with 10% of FBS (Gibco, 26140079) and 1% of antibiotic 
and antimycotic (ABAM) (Gibco, 15240–062) and main-
tained in a conditioned cell incubator (37 °C, 5% CO2). In 
order to induce cell differentiation of the pre-adipocyte 
cells into 3T3-L1 fibroblasts-derived adipocytes, 1 × 106 

3T3-L1 cells were seeded in T25 flasks and incubated for 
24 h in the conditioned incubator. Then, cells were differ-
entiated using the adipogenesis kit from Merck 
(ECM950). Every 48 h, the medium was renewed until 
the cells were fully differentiated on day 8 post-induction 
(the cells began to differentiate on day 4 post-induction). 
The differentiated cells were confirmed using Oil Red-O 
(lipid maculation).14,15 The differentiated cells were trea-
ted with EECM (200 and 50 μg/mL), curcumol (Chengdu, 
15012104) (200 and 50 μg/mL), metformin (Hexpharm) 
(100 µM), and insulin (Merck Ecm950FR) (1 µM).10 

Cells treated with insulin was set as the positive control, 
while cells treated with PBS was set as the negative 
control. Control metformin was set for comparison to 
EECM and curcumin because metformin is a commonly 
used drug to treat type-2 diabetes, while curcumol was 
used because it showed good lipid removal in our pre-
vious study.

Pujimulyani et al                                                                                                                                                     Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                       

Journal of Experimental Pharmacology 2020:12 364

http://www.dovepress.com
http://www.dovepress.com


Glucose Uptake Assay
In order to measure glucose ingestion in 3T3-L1 fibroblasts- 
derived adipocytes treated with EECM, curcumol, metformin, 
and insulin, the radioactive 2-deoxyglucose (10 μM 2 and 2,5 
μCi 2-deoxy-D-(3H)-glucose) was used (Abcam, ab136955). 
The primers used in this process were Krebs, Ringer, 
Phosphate, and 4-(2-hydroxyethyl)-1-piperazineethanesulfo-
nic acid (HEPES). Then, the amount of radioactive glucose 
entering the cells was measured using Multiskan™ GO 
Microplate Spectrophotometer at a 412-nm wavelength.15 To 
quantify the glucose uptake, the 2-deoxyglucose (2-DG) con-
centration of samples, which is comparable to concentrated 
2-DG-6-phosphate (2-DG6P), was calculated using equa-
tion (1):

2 � DG uptake ¼
Sa
Sv
ðpmol=μL or nmol=mL or μMÞ (1) 

where Sa is the amount of 2-DG6P (in pmol) in the 
sample well calculated from the standard curve and Sv is 
sample volume (in μL) added into the sample well.

mRNA Isolation and Real-Time 
Quantitative Reverse 
Transcription-Polymerase Chain Reaction 
(RT-qPCR)
mRNAs were segregated from lipid-laden 3T3-L1 cells 
using the Aurum Total RNA mini kit (Biorad, 7326820). 
Then, the mRNAs were reversed into cDNAs using iScript 
reverse transcriptase (Biorad, 1708840). Moreover, RT- 
qPCR using SsoFast Evergreen Supermix (Biorad, 
1725200) was performed according to the manufacturers’ 
directions, in which the pre-incubation cycle was set at 95 
°C for 30 sec followed by 40 cycles of denaturation at 95 °C 
for 30 sec, annealing at 59 °C for 20 sec, and extension at 72 

°C for 10 sec. The sequences of primers used in this study 
were as follows: 5´GAGCCTGAATGCTAATGGAG3´ 
(GLUT4 forward), 5´GAGAGAGAGCGTCCAATGTC3´ 
(GLUT4 reverse), 5´TTATCAAGGGTCCCAGTTTC3´ 
(PPAR-γ forward), 5´TTATTCATCAGGGAGGCCAG3´ 
(PPAR-γ reverse), 5´TCTGGCACCACACCTTCTACA 
ATG3´ (β-actin forward), and 5´AGCACAGCCTGG 
ATAGCAACG3´ (β-actin reverse). The interpretation of 
RT-qPCR was done by the real-time PCR system (Pikoreal 
96, Thermo Scientific, TCR0096).15

Statistical Analysis
IBM SPSS Statistics 20 software was used to statistically 
analyze the data with the interpretation based on One-way 
Analysis of Variance (ANOVA) and Duncan’s Multiple 
Range Test (DMRT) with a 95% confidence interval (p < 
0.05). Then, the results were displayed as mean ± standard 
deviation (SD) (n= 3).14,15

Results
Cell Culture and Differentiation
In vitro model of adipocyte-like cells was established from 
pre-adipocyte cells (3T3-L1) treated with adipogenesis kit 
(Merck, ECM950). This treatment could trigger cell transfor-
mation from fibroblast-like cells into adipocyte-like cells. The 
pre-adipocyte cells changed their morphology between 4 days 
and 8 days. The initial morphology of the pre-adipocytes was 
fibroblast-like cells (Figure 1A), and they changed into adi-
pocyte-like cells within 8 days as confirmed by the intracel-
lular lipid droplet as stained with Oil Red-O (Figure 1B).

Glucose Uptake Assay
As shown in Figure 2, compared to control non-insulin, all 
treatments exhibited remarkable increases in glucose 

Figure 1 The morphological changes of 3T3-L1 cells. (A) 3T3-L1 pre-adipocytes. (B) 3T3-L1 fibroblasts-derived adipocytes as validated by the Oil Red-O staining. 
Magnification: 40X, scale bars: 200 µm.
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uptake (p < 0.05). The highest uptake was found in cells 
treated with EECM (200 μg/mL), followed by control 
metformin, curcumol (50 μg/mL), curcumol (200 μg/ 
mL), EECM (50 μg/mL), and control insulin, indicating 
glucose uptake of 24.49, 21.93, 19.06, 15.54, 14.71, and 
11.89 μM, respectively. EECM interventions (200 and 50 
μg/mL) could increase glucose uptake in lipid-laden 3T3- 
L1 cells by 14.75 and 8.86 fold compared to the control 
non-insulin, respectively (p < 0.05). Moreover, the control 
metformin as the type-2 diabetes drug showed a relatively 
high glucose uptake. It could elevate glucose uptake in 
lipid-laden 3T3-L1 cells by 13.21 fold compared to the 
control non-insulin. Meanwhile, curcumol interventions 
(200 and 50 μg/mL) could improve glucose ingestion in 
lipid-laden 3T3-L1 cells by 9.35 and 11.48 fold, indicating 
lower glucose uptake than EECM (200 μg/mL), but higher 
than EECM (50 μg/mL).

GLUT4 Gene Expression
The GLUT4 gene expression of all treatments was signifi-
cantly higher than that of the control non-insulin (Figure 3). 
The adipocyte cells treated with insulin, metformin, EECM, 
and curcumol showed relatively higher GLUT4 mRNA 
expression ranging from 3.32 to 11.18 fold compared to 
the control non-insulin, which was only 1.00 fold. EECM 
interventions (200 and 50 μg/mL) increased the mRNA 
expression of GLUT4 by 8.41 and 11.18 fold compared to 
the control non-insulin, respectively (p < 0.05). Moreover, 
the control metformin indicated a slightly higher GLUT4 
gene expression than EECM (200 μg/mL), but lower than 

EECM (50 μg/mL). Meanwhile, curcumol intervention was 
not significantly different with EECM at the same dose (200 
μg/mL) in improving GLUT4 gene expression in lipid- 
laden 3T3-L1 cells, but at the lower dose (50 μg/mL), 
curcumol was less potent than EECM.

PPAR-γ Gene Expression
PPAR-γ gene expression was the highest in the control 
metformin, which was around 23.26 fold, while the figures 
for EECM (200 μg/mL), EECM (50 μg/mL), curcumol 
(200 μg/mL), and curcumol (50 μg/mL) were 7.93, 
16.27, 5.69, and 4.52 fold, respectively (Figure 4). The 
PPAR-γ gene expression of the control insulin and non- 
insulin was slightly different. Although EECM was more 
potent than metformin in suppressing PPAR-γ gene 
expression, it was less potent than curcumol. Curcumol 
could downregulate PPAR-γ mRNA expression by about 4 
times compared to the control metformin.

Discussions
Insulin has many functions in the cells, but it has a major 
function as a glucose uptake regulator in the adipose tissue. 
This hormone binds to its receptors at the surface of the fat 
cells and triggers the process called GLUT4 translocation, 
where the GLUT4 vesicles eject their contents and move 
GLUT4 to the outermost membrane for protein activation.4,5 

It has been proven that, in obese transgenic mice, the over-
expression of GLUT4 increases insulin sensitivity, and the 
lack of GLUT4 expression will cause insulin resistance. In 
obesity, there is a reduction of the expression of this gene, thus 
causing insulin resistance. This might be caused by increased 

Figure 2 Glucose uptake in lipid-laden 3T3-L1 cells treated with different treat-
ments: (I) control insulin, (II) control metformin, (III) control non-insulin, (IV) EECM 
200 μg/mL, (V) EECM 50 μg/mL, (VI) curcumol 200 μg/mL, and (VII) curcumol 50 
μg/mL. Data are presented as mean ± SD. Different symbols (a, b, c, d, e, f, and g) 
display a significant difference (p < 0.05) among treatments. ANOVA and DMRT 
were used for data interpretation (n= 3).

Figure 3 The expression of GLUT4 in lipid-laden 3T3-L1 cells treated with 
different treatments: (I) control insulin, (II) control metformin, (III) control non- 
insulin, (IV) EECM 200 μg/mL, (V) EECM 50 μg/mL, (VI) curcumol 200 μg/mL, and 
(VII) curcumol 50 μg/mL. Data are presented as mean ± SD. Different symbols (a, b, 
cd, de, and e) display a significant difference (p < 0.05) among treatments. ANOVA 
and DMRT were used for data interpretation (n= 3).
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oxidative stress and inflammatory cytokines release.16,17 

According to Pujimulyani et al,10 C. mangga fractions have 
nitric oxide and H2O2 scavenging properties. In our previous 
study, oral administration of pressure-blanched C. mangga in 
oxidized lipid-treated wistar rats could improve antioxidative 
properties and lipid profiles in vivo.18 In another research, 
C. mangga extract was capable of preventing further damages 
to pancreatic β-cells (insulin-producing cells) caused by 
alloxan in mice.19 Therefore, in this experiment, we attempted 
to discover the antidiabetic potentials of C. mangga extract in 
3T3-L1 fibroblasts-derived adipocytes in regulating glucose 
uptake, as confirmed by the expression of GLUT4, which is 
the glucose transporter that mediates insulin-dependent glu-
cose ingestion and PPAR-γ genes that modulate glucose and 
lipid metabolism.

Figure 2 shows the profile for glucose uptake in lipid- 
laden 3T3-L1 cells without and with treatments of EECM, 
curcumol, and metformin compared to the control groups. 
In our previous study, EECM showed good biocompatibil-
ity because it showed low cytotoxicity in 3T3-L1 adipo-
cytes in all selected concentrations (6.25, 12.5, 25, 50, 
100, and 200 μg/mL) with cell viability above 90%. In 
addition, EECM, curcumol and metformin could reduce 
the lipid droplet formation in lipid-laden 3T3-L1 cells.20 

The biological or pharmacological activity of the studied 
EECM on cells might be attributed to the multi substance’s 
active ingredients contained in the extract, including cur-
cumin, gallic acid, catechin, epicatechin, epigallocatechin, 
epigallocatechin gallate, and gallocatechin gallate.

In the present study, EECM (200 μg/mL) was the most 
effective treatment among others to improve the glucose 

uptake in 3T3-L1 fibroblasts-derived adipocytes. This result 
was linear with a preceding investigation that examined the 
ability of curcumin, one of the primary compounds in 
C. mangga, in escalating the glucose ingestion in skeletal 
muscle as intervened by the increased GLUT4 expression 
through the PLC-PI3K pathway and in recovering the insulin 
resistance in muscular tissue through the LKB1-AMPK 
pathway.21 A previous investigation by Virtanen et al22 

revealed that glucose ingestion in adipocytes might increase 
or remain stable upon metformin intervention. This regula-
tion might be due to the phosphorylation by adenosine mono-
phosphate-activated protein kinase (AMPK) of critical 
biological catalysts as well as inscription factors that mod-
ulate gene expression.23 Consequently, the synthesis of pro-
tein, lipid, and glucose was impeded, while glucose ingestion 
and fatty acid oxidation were induced.24 A previous study 
found that the translocation of GLUT4 and GLUT8 in the 
atria cells of healthy mice and type-1 diabetic mice was 
suppressed by 70% and 90%, respectively.25 However, after 
insulin stimulation, the expressions of GLUT4 and GLUT8 
were upregulated, followed by the increase of glucose 
uptake.25 Therefore, high GLUT4 expression would increase 
the uptake of glucose into cells.17,25

In this experiment, we found that treatments with 
EECM and curcumol could significantly improve the 
GLUT4 expression compared to the control non-insulin. 
The result was similar to the control metformin, which acts 
as a type-2 diabetes drug. However, the control insulin 
showed lower levels of GLUT4 expression compared to 
the control metformin, EECM, and curcumol. According 
to Cheng et al,26 the insulin receptor tyrosine kinase med-
iates the phosphorylation of insulin receptor substrate 1 
(IRS-1), which causes the displacement of the GLUT4 
molecules to the outermost layer of insulin-sensitive tis-
sues, such as in smooth muscle cells and adipocytes. 
Furthermore, curcumin could efficaciously mitigate the 
IRS-1 phosphorylation on Ser307 and improve the Akt 
phosphorylation in skeletal muscles.27 Consequently, an 
increase in glucose ingestion from the blood into these 
tissues was observed.28 In another study, nevertheless, 
methanol extract from C. longa root affected the incom-
plete prohibition of lipid synthesis in 3T3-L1 fibroblasts- 
derived adipocytes as confirmed by the reduced GLUT4 
expression and lipolysis initiation by the hormone- 
sensitive lipase (HSL) that restricts the lipolysis process.29

As one of the genes regulating glucose and lipid meta-
bolism, PPAR-γ becomes one of the primary targets for 
antidiabetic drugs. The activation of this receptor will alter 

Figure 4 The expression of PPAR-γ in lipid-laden 3T3-L1 cells treated with 
different treatments: (I) control insulin, (II) control metformin, (III) control non- 
insulin, (IV) EECM 200 μg/mL, (V) EECM 50 μg/mL, (VI) curcumol 200 μg/mL, and 
(VII) curcumol 50 μg/mL. Data are presented as mean ± SD. Different symbols (a, 
ab, bc, c, d, and e) display a significant difference (p < 0.05) among treatments. 
ANOVA and DMRT were used for data interpretation (n= 3).
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its ligand-binding domain, causing the activation of other 
target genes in glucose and lipid metabolism.30 PPAR-γ has 
two main isoforms, PPAR-γ1 and PPAR-γ2. The former is 
generally found in the intestines, macrophages, β-cells, 
muscles, livers, and adipose tissues, while the latter is 
found only in adipose tissue. However, lipid deposition 
will cause obesity appearing in the liver and skeletal 
muscles.1 Both isoforms are responsible for controlling 
glucose and lipid metabolism.1,30 Therefore, any defect 
would lead to insulin resistance. Besides, the PPAR-γ acti-
vation by its agonists will ameliorate insulin sensitivity.1,30 

In this experiment, we discovered that exposing lipid-laden 
3T3-L1 adipocytes to EECM and curcumol led to 
a decrease of the relative PPAR-γ mRNA expression, com-
pared to the control metformin. Metformin has been 
observed not to regulate the expression of adenosine tripho-
sphate (ATP) citrate lyases, which are the primary regulator 
of cholesterol and fatty acid synthesis.31 These results were 
similar to the investigation by Kim et al,32 demonstrating 
that lipid-laden 3T3-L1 adipocytes treated with kahweol 
had a significant reduction in the PPAR-γ mRNA levels 
and adipogenic marker genes such as adiponectin, mediat-
ing lipid efflux. Another study also revealed that dietary 
supplementation of curcumin could suppress the PPAR-γ 
and C/EBPa gene expression in vivo.33

Conclusion
In conclusion, we discovered that EECM treatment could 
improve the GLUT4 mRNA expression and subsequently 
increase the glucose ingestion in 3T3-L1 fibroblasts-derived 
adipocytes but downregulated the PPAR-γ mRNA expres-
sion. EECM intervention with a dose of 200 μg/mL has 
a remarkable potential for further in vivo study via oral 
administration. However, in order to improve its bioavail-
ability, EECM might need to be further prepared through 
nanoformulation for intravenous injection in mice models. 
The hypoglycemic activity of EECM through glucose and 
lipid metabolism might have positive effects on reducing the 
potency of insulin resistance, which is one of the main factors 
affecting glucose intolerance and type 2 diabetes.
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