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Abstract

Article History:

Purpose: To improve adipocytes differentiation & glucose uptake activity of 3T3-L1 cells
through sirtuin-1, peroxisome proliferator-activated receptor γ (PPAR γ), glucose transporter type
4 (GLUT-4) of (+)-catechin & proanthocyanidin fraction Uncaria gambir Roxb.
Methods: Adipocytes differentiation activity of (+)-Catechin of Uncaria gambir Roxb. was
determined by oil red O staining method & glucose uptake activity was determined by measuring
2-deoxyglucose uptake on 3T3-L1 cells. The ability of (+) - catechin as an activator of sirtuin-1
was assessed by administration of (+) - catechin with the presence of a specific inhibitor of
sirtuin-1, nicotinamide. Metformin 1 mM & 5 mM were used as positive control. Sirtuin-1, PPAR
γ & GLUT-4 expressions were determined by RT-PCR.
Results: (+)-Catechin & proanthocyanidin fraction of Uncaria gambir Roxb. were found to
increase adipocyte differentiation & glucose uptake by increasing activity of sirtuin-1 as well as
metformin (P ≤ 0.05). PPAR γ, GLUT-4 and sirtuin-1 expressions were known to be responsible
for this activities.
Conclusion: These results indicate that (+)–catechin & proanthocyanidin fraction of Uncaria
gambir Roxb. could be utilized as a renewable bioresource to develop potential antidiabetic
and antiobesity agents.
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Introduction
Diabetes mellitus patients in 2000 recorded as many
as 171 cases and was estimated to be 366 million in
2030. Diabetes mellitus may result in decreased body
productivity due to complications caused. Obesity is a
physiological condition which is a major risk factor for
type 2 diabetes mellitus.1 There were previous studies
suggested natural compounds containing polyphenols
have a positive impact on the development of type 2
diabetes mellitus related to obesity.2 Uncaria gambir Roxb.
is one of the plants found in Southeast Asia that is used
by traditional communities to treat diabetes because of its
polyphenol compounds.3
The main polyphenol in Uncaria gambir Roxb. are
the catechin family with the major compound is (+)
-catechin. Catechins on Uncaria gambir Roxb. has two
forms, monomers and polymers. Catechin polymer
which is found in the dimer forms is proanthocyanidin.
Proanthocyanidin is a dimeric compound of catechins
which is more larger & polar than catechins.4,5 Procyanidin

B3,was known to have an activity as an alpha glucosidase
inhibitors which were stronger compared to (+)-catechin
and acarbose was used as a positive control. Procyanidin
B3 had an IC50 value of 17.3 µM, (+)-catechin 53.8 µM,
and acarbose 312.6 µM.5
The cell which is responsible for the development of
obesity are adipocyte cells. Adipocyte cells in addition
to have a function in storage, it also has an ability to
secrete various proteins protein in the form of enzymes,
transcription factors and carrier molecules.5,6 Proteins
such as sirtuin-1, peroxisome proliferator-activated
receptor γ (PPAR γ), and GLUT-4 have an important role
in the development of obesity and type 2 diabetes mellitus.7
Sirtuin-1 is a master regulator enzyme found in adipocyte
cells and plays a role in the body’s energy balance. PPAR
γ is a transcription factor that is responsible for the
differentiation of adipocyte cells. Glucose transporter type
4 (GLUT-4) is a carrier molecule that is responsible for
glucose uptake activity to enter adipocyte cells.6,7 Sirtuin-1
had been hypothesized to play a role in the regulation of
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PPAR γ and GLUT-4 genes. There were several studies
showing adipose cells in obese patients expressing
expression of sirtuin-1 and PPAR γ in small amounts.3,8
Polyphenol compounds such as catechins & its derivatives
were proven to stimulate the activity of sirtuin-1, PPAR γ,
& GLUT-4.2,3,8
The research on (+)-catechins & proanthocyanidins
as an antidiabetic from Uncaria gambir Roxb. is still at
the Cellular level and has not explained further about its
molecular mechanism. This research will investigate the
effect of (+)-catechins and proanthocyanidin fraction
of Uncaria gambir Roxb. on differentiation and glucose
uptake activity through sirtuin-1, PPAR γ, GLUT-4 in
3T3-L1 adipocyte cell.
Materials and Methods
Chemicals
(+)–Catechin was from Uncaria gambir Roxb. The
purity of (+)–catechin was approximately 99.9 % and
were purchased from PT. Andalas Sitawa Fitolab,
Padang, Indonesia (Code: RC-03401). Mouse 3T3-L1
fibroblast (CL-173) was kindly given by Prof. M. Taher.
from International Islamic University Malaysia (IIUM).
Glucose uptake kit was Promega Glucose Uptake-Glo™
J1342 (Madison, Wisconsin, USA). TRIzol reagent was
purchased from Invitrogen (Waltham, Massachusetts,
USA). cDNA Synthesis Kit was purchased from Bioline
BIO-65054 (Tauton, MA, USA). cDNA was amplified
using PCR Bioline SensiFAST SYBR No-ROX kit BIO98005 (Tauton, MA, USA). All other chemicals were
analytical grade and purchased from Sigma Aldrich,
Singapore. The period of study was from February 2017
to September 2019.
Plant material and Preparation of proanthocyanidin
fraction
Five kilograms fresh leaves of Uncaria gambir Roxb.
harvested in Kebun Tumbuhan Obat Farmasi (KTOF)
UPT, Sumatran Biota Laboratory, Andalas University.
The sample specimen was identified and deposited in
the herbarium of Andalas University (No: 343/K-ID/
ANDA/2019). The leaves were laid at oven (50 oC, 24 h).
All of the sample were pulvered by a grinder.

The powdered leaves of Uncaria gambir Roxb.,
were then soaked in methanol 70% for 9 days at room
temperature with frequent agitation for a period of 3 days.
The methanol extract was subsequently filtered through
Whatman No. 1 filter paper. Further step, to promote the
rapid removal of excess solvent, the samples were put on
flask of rotary evaporator to obtained extraction yields
18.65%.
Liquid-liquid extraction was done against 500 g of
methanol extracts with hexane, ethyl acetate, and butanol
to obtained hexane fraction (0%), ethyl acetate fraction
(40.6%), butanol fraction (10%). 10 g of butanol fraction
was directly subjected to a Diaion HP-20 (Sigma Aldrich,
Singapore) column (9 cm i.d. x 60 cm) with H2O by
increasing amounts of MeOH in stepwise gradient elution
to obtain 10 subfractions SA01–SA10, respectively. SA03
was a proanthocyanidin fraction, a brown powder 31.2
mg (0.32%). A brown bottle storage was required for all of
the Diaion HP-20 fractions until further use.
HPLC analysis
HPLC system (Shimadzu, Kyoto, Japan) was carried out
with a binary gradient pump (LC-10AD) at ambient
temperature (25-28°C) using the Hypersil BSD C18
column (4.6 × 100 mm, size 3 μm) (Thermo Scientific,
USA) with the C18 guard column. Water (A) and
methanol (B) as a mobile phase were sent at a flow rate
of 1000 mL/min based on programmed gradient elution:
100% (A) isocratic for 5 minutes, 90% (A) for 5 minutes,
80% (A) during 5 minutes, 70% (A) for 5 minutes, 60%
(A) for 5 minutes, 50% (A) for 5 minutes, 40% (A) for 5
minutes, 30% (A) for 5 minutes, 15% (A) for 5 minutes, 5
% (A) for 5 minutes, 0% (A) isocratic. The total running
time was 60 minutes. All mobile phase solutions were
made on the day of implementation. The quantification
of the proanthocyanidin fraction was set at 254 nm. The
results were analyzed using ChemStation software version
6 (Figure 1).
Proanthocyanidin content
Proanthocyanidin content in the SA03 fraction was
determined by the vanillin-HCl assay described by
Sun et al.9 To 100 μL of study solution or methanol (as

Figure 1. The purity of proanthocyanidin fraction was determined using HPLC analysis. The amount was measured by HPLC technique. The peak proanthocyanidin
fraction was observed at retention time of 8117 min.
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a control) in a study tube was added with 2.5 mL of
8% hydrogen chloride in glacial acetic acid and 2.4
mL of 1% vanillin in glacial acetic acid solution. The
reaction mixture was homogenized and incubated for 5
minutes. The absorbance at 510 nm was measured using
Spectrophotometer UV-VIS 3600 (Shimadzu, Japan). The
data for proanthocyanidin contents were expressed as
mg of (+)-catechin equivalent weight (CAE)/100 g of dry
mass (% b/b).
Cell culture
Cultures of 3T3-L1 cells were performed as described.
Confluent preadipocytes were treated with Supplement
in a cocktail of 10% fetal bovine serum (FBS) and 1%
combined antibiotic penicillin-streptomycin (10 000 μg/
mL) added on 37 C incubator in a 5% humidified CO2
atmosphere in Dulbecco’s modified Eagle’s medium
(DMEM).
Adipocyte differentiation
The cells were grown on 6 well-plates with a density of
1 × 105 cells/well. Two days later (defined as day-0), the
cells were driven for differentiation using a differentiating
medium i.e DMEM contained 10% FBS & MDI [0.5 mM
3-isobutyl-1-methylxanthine (IBMX), dexamethasone
0.25 deM, and 1 mg/mL of insulin] for 2 days. In order
to determine the adipocyte differentiation activity, 3T3L1 preadipocytes were given various concentrations of
study compounds (10.75; 21.5; 43 μM of (+)-catechin
& 25, 50, 100 μg/mL of proanthocyanidin fraction in
differentiating media (starting day 0). On the second
day, media differentiation was replaced with 10% FBS
media in DMEM added 1 μg/mL of insulin for two days
(4th day). The cell was then maintained at 10% FBS in
DMEM for the next 4 days (day 8) with media changes
every 2 to 3 days.10 Metformin 1 and 5 mM were used as
positive controls. Adipocytes differentiation scheme was
summarized in Table 1.
Viability study
This study was used to assess whether the sample inhibits
population viability. Viability study was performed by
3- (4,5-dimethyltiazol-2-il) -2,5-diphenyltetrazolium
bromide (MTT) according to Mosman.11 2 ×104 of 3T3-L1
cells are grown in 96 well plates and differentiation process

had been completed. Subsequently, 86, 43, 21.5 μM (+)
–catechin & 100, 50, and 25 μg/mL proanthocyanidin
fraction were incubated for 24 hours.10,12 20 μL of MTT
stock solution (5 mg/mL) was added to each well &
incubation was carried out during 4 hours at 37°C for the
next 100 𝜇L DMSO was added. Read the absorbance at 570
nm on the Promega Glomax microplate reader SA3030
(Madison, Wisconsin, USA). The concentration of the
sample that caused the decrease in cell viability compared
to the negative control was not used in further studies.
Oil red O staining study
This study aims to determine the effect of (+)–catechins
and proanthocyanidin fraction Uncaria gambir Roxb. on
the cell differentiation activity of 3T3-L1 cell. Eight days
after the differentiation process, cells were washed three
times with PBS and allowed to stand in the presence of
4% formalin for 15 min at room temperature. After the
formalin period, cells were washed with PBS and given
an Oil Red O dye solution (3 parts of 0.5% Oil Red O in
isopropanol and 2 parts of water) for 30 minutes.10 Cells
were washed twice with water, dried thoroughly and
visualization were placed under an Olympus microscope
(Tokyo, Japan). Quantitative analysis was carried out by
dissolving cells and oil red with isopropanol, a general oil
solvent and optical density of 520 nm were performed by
a Promega Glomax microplate reader SA3030 (Madison,
Wisconsin, USA).
Deoxyglucose uptake study
Uptake glucose activity was analyzed by measuring
2-deoxyglucose (2DG) uptake by 3T3-L1 cells according
to the manufacturer’s instruction. A mature adipocyte
3T3-L1 cells were incubated for 1 hours with (+)-catechin
10.75; 21.5; 43 µM, proanthocyanidin fraction 25,
50, & 100 µg/mL, and 1 mM metformin in PBS. The
luminescence signal was detected as a relative light unit
(RLU) on the Promega luminometer SA3030 (Madison,
Wiscosin, USA).
In order to investigate the inhibitory activity of 2DG
uptake through sirtuin-1 on adipocytes, mature adipocytes
3T3-L1 were treated with sirtuin-1 specific inhibitors,
nicotinamide. The nicotinamide 30 mM was used in this
assay based on preliminary study. Nicotinamide was added
30 min before addition of (+)-catechin, proanthocyanidin

Table 1. Differentiation cocktails of adipocyte
Day

Negative Control

Positive Control

Treatmen Group

0

DMSO 0,01 %, Medium
(DMEM/ 10% FBS), MDI

DMEM, 10% FBS, & MDI (IBMX 0.5 mM,
dexamethasone 0.25 µM & insulin 1 μg/mL),
metformin 1 and 5 mM

DMEM, 10% FBS, & MDI (IBMX 0,5 mM, dexamethasone
0.25 µM and insulin 1 μg/mL), (+)catechin or
proanthocyanidin fraction

2

DMEM/ 10% FBS and insulin
1 μg/mL

DMEM, 10% FBS and insulin 1 μg/mL

DMEM, 10% FBS and insulin 1 μg/mL

4-8

DMEM/ 10% FBS

DMEM/ 10% FBS

DMEM/ 10% FBS
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fraction, and metformin.13 Calculation of 2DG6P
concentration was based on the 2DG6P standard curve.
A quantitative reverse transcriptase polymerase chain
reaction (qRT-PCR) study
RNA from adipocyte cell were obtained using TRIzol
reagent. The purity of RNA was known by A260/A280 ratio
using Thermo Scientific NanoDro spectrophotometer
2000 (Waltham, MA, USA). The obtained mRNA was
then transcribed backwards to cDNA using the SensiFAST
cDNA Synthesis Kit according to the manufacturer’s
instructions. cDNA was amplified using PCR SensiFAST
SYBR No-ROX kit on RT-PCR devices (BioRad CFX96).
The mRNA oligonucleotide sequences obtained using
Geneious Prime (version 2020.0.4) were as follows: mouse
GLUT-4 (F: 5-CAG CTC TCA GGC ATC AAT -3 & R :
5-TCT ACT AAG AGC ACC GAG-3), PPAR γ (F: 5-CCA
AGA ATA CCA AAG TGC GA-3 & R: 5-TGC TTT ATC
CCC ACA GAC TC-3), sirtuin-1 (F: 5-GTT CGT GGA
GAT ATT TTT AAT CAG-3 & R: 5-GGG TAT AGA ACT
TGG AAT TAG TGC-3), & Beta-actin as a control (F:5ACA CCC CAG CCA TGT ACG-3 & R: 5 TGG TGG
TGA AGC TGT AGC C-3. The results were presented in
the form of mRNA expression levels relative to control.
Statistics
Data were calculated as mean ± SD from three experiments.
ANOVA SPPS version 19 was used. If the data were
normally distributed, the post hoc study employed was
Tukey HSD and if the data were not normally distributed,
a Kruskal-Wallis was performed followed by MannWhitney. A P ≤ 0.05 was considered as significant.
Result and Discussion
Identification of proanthocyanidin fraction
The purity of proanthocyanidin fraction of SA03 from
Uncaria gambir Roxb. which was identified by HPLC
methods (Figure 1) and proanthocyanidin content was
> 75% eq. (+)–catechin as identified by the vanillin-HCl
assay.14
Study of (+)-catechin & proanthocyanidin fraction on
the viability of 3T3-L1 cells
Viability study was a study to determine the number of
living cells due to variations in the treatment of (+)-catechin
and proanthocyanidin fraction of Uncaria gambir Roxb.
on the 3T3-L1 cells. The highest concentrations of
(+)-catechin 43 𝜇M and proanthocyanidin fraction 200
µg/mL both of them had no effect on the cell viability (P >
0.05, Data were normally distributed). (+)-Catechins had
a viability inhibiting activity of 50% at a concentration of
9.24 mM, while the proanthocyanidin fraction was 239.88
µg/mL.
Other researchers indicated the same result with our
study. The effect of (-)-epigallocatechin gallate, a family
of catechins, at a dose of >50 μM showed a decrease of

viability on 3T3-L1 cell.15 The statement of Sakurai et al in
2009 was also in accordance with this study. (+)–catechin
at a highest dose of 43 µM, still showed high viability that
was not significantly different with control (P > 0.05).16
The results of XTT (sodium 30-[1-[(phenylamino)carbonyl]-3,4-tetrazolium] -bis (4-methoxy-6-nitro)
benzenesulfonic hydrate assay showed that 300 μg/mL
proanthocyanidin-rich extracts 68.4% did not show a
change in viability of 3T3-L1 cells.17 The dose of the
proanthocyanidin fraction 50 μg/mL, in this study, was
the only dose that did not change viability. A dose of 100
μg/mL caused a decrease in viability of 24% and a dose
of 200 μg/mL by 40%. This was slightly different from
previous studies. The reason for these difference was a
variation of a plant sources, parts, extraction & isolation
methods, as well as the viability study methods employed.
Previous researcher used the Pinus maritima bark while in
our study we used leaves from the Uncaria gambir Roxb.
differences in the origin of a plant may cause differences
in the compounds contained therein.2,5
Differentiation activity assay by (+)-catechin and
proanthocyanidin fraction Uncaria gambir Roxb.
Differentiation activity assay was done using Oil red
O staining. Non-toxic concentrations based on MTT
viability study for (+)-catechins were 43, 21.5, & 10.75
μM and proanthocyanidin fraction were 100, 50, 25 μg/
mL. The effect of the positive control groups and the
treatment groups compared to the negative control in this
study were showed to be significantly (P ≤ 0.05) except for
the proanthocyanidin fraction 25 μg/mL which was not
significantly different (P > 0.05) (Figure 2).
Metformin 1 and 5 mM in this study proved to have an
ability to increase 3T3-L1 cell differentiation compared
to negative control. This result was consistent with
previous research which stated that a low-dose of 1.252.5 mM metformin stimulated cell differentiation by
1.7 times compared to negative control.18 The previous
study mentioned that 5-10 mM metformin had a lower
differentiation activity than metformin 1 mM.
12.5, 25, 50, 100, and 200 μM (+)-catechins of
Rhododendron groenlandicum (Oeder) Kron & Judd
(Labrador tea) stimulated 3T3-L1 cell differentiation
measured by triglyceride accumulation of 1.1-2.5 times
compared to control.19 The results of this study were
in agreement with our research. (+)–Catechins in our
research increased cell differentiation activity. A 10.75
to 43 µM (+)–catechin increased cell differentiation by
2-3 times compared to negative control (P ≤ 0.05). The
negative control group showed significantly different
from the 100 and 50 µg/mL proanthocyanidin fractions
(P ≤ 0.05). All data were normally distributed.
The previous study indicated that proanthocyanidin
–rich extracts from grape seeds had an ability to
reduced the size and increase the amount of rat adipose
tissue.20 Polyphenols in their activation against AMPK,
Advanced Pharmaceutical Bulletin, 2020, Volume 10, Issue 4
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Figure 2. Effect of different concentration of (+)-catechin & proanthocyanidin
fraction on the differentiation of 3T3-L1 adipocytes. Data is represented as
mean ± SD, with n = 3 per group. *P ≤ 0.05 compared to control.

interestingly, had been reported to be stronger than
metformin by 50 to 200 times.21,22 These findings caused
(+)-catechins, a polyphenol compound, had a stronger
action or almost the same as metformin. An increase in
AMPK activity would lead to an increase in the activity of
the sirtuin-1 enzyme & PPAR γ, two genes who responsible
for the activity of cell differentiation.23,24
The 50 and 25 µg/mL proanthocyanidin fraction,
however, their cell differentiation activity was seen to be
lower than metformin. This was probably caused by the
structure of proanthocyanidin which has more polar
groups than metformin.5,25,26 Other supporting studies
revealed that flavonoids which have a hydroxyl groups do
not exhibit an increasing effect of triglyceride amount &
cell differentiation effects on adipocyte cells.27,28
Glucose uptake study by (+)-catechin & proanthocyanidin
fraction Uncaria gambir Roxb
This study was designed to evaluate the effect of
(+)-catechin and proanthocyanidin fraction on the
glucose uptake activity. The 2-deoxiglucose molecule is a
molecule that has an ability to interact in the same way
as glucose. It can interact with glucose transporters & can
be phosphorylated by the hexokinase enzyme & becomes
a 2DG6P.29 The activity of 2-deoxiglucose uptake was
analyzed by measuring the concentration of 2DG6P that
successfully formed on 3T3-L1 adipocyte cells.
To determine the uptake activity of 2-deoxy-D-glucose
(2DG), differentiated 3T3-L1 cell were treated with
(+)-catechin & proanthocyanidin fractions for 1 hours.
The cells were treated with 1 mM metformin as a positive
controls. The 2DG uptake effect on 1 mM metformin,
43, 21.5, & 10.75 μM (+)-catechins & 100, 50, 25 μg/mL
proanthocyanidin fractions compared to the negative
control had been shown to be statistically significant based
on Mann-Whitney study (P ≤ 0.05). 1 mM metformin
increased 2DG6P concentration by 4 times compared
to negative control. This result was in agreement with
previous studies reporting 1 mM metformin increased
2-deoxy-D-[3H] glucose uptake by 4 times compared to
606
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negative control10,30 (Figure 3).
The 50 µM (-)–catechin in the presence of insulin was
increased 2-deoxy-D-[14C] glucose by 1.2 times compared
to negative control of 3T3-L1 cells.31 A florescence basedmethod of 200 µg/mL proanthocyanidin-rich extract
(purity: 68.4% ) from Pinus maritima stem bark increased
2DG uptake by 1.2 times compared to negative control.18
Proanthocyanidin extracts of grape seeds (140, 105, and
70 µg/mL) stimulated 2-deoxy-d-[3H]glucose uptake by 5,
2.6, and 2.2 times compared to negative control.32 All the
data of (+)-catechins & proanthocyanidin fractions were
vary due to the location of growing plant, sample extraction
methods, and glucose uptake methods variation.
The (+)-catechins showed no significant difference of
2DG6P concentrations against 1 mM metformin (P > 0.5).
Metfromin and polyphenols had been shown to increase
glucose uptake activity through AMPK, sirtuin-1, and
GLUT 4.21,22,33 The previous report was in line with our
research which stated metformin and (+)-catechins had no
significant difference of 2-deoxyglucose uptake activity (P
> 0.05). Proanthocyanidin, a phenolic group compound,
showed a slight difference of 2DG uptake activity from
catechins. Proanthocyanidin structure is larger and has
more polar property than metformin.4,25 It tends to cause
a weaker effects in 2DG uptake activity of 3T3-L1 cell.5,26
Proanthocyanidin fractions exhibited a lower 2DG6P
concentrations than (+)-catechin significantly (P ≤ 0.05).
Chemical structures that are more lipophilic tend to show
a higher glucose uptake activity and GLUT-4 translocation
in adipocyte cells, but not in muscle cells.25,26
Research on activator sirtuin-1 as an antidiabetic has
received attention for a long time. This was because of
the Sirtuin-1 gene decline in patients with type 2 diabetes
mellitus.34 Sirtuin-1 plays a role in increasing activity of
glucose uptake through the carrier molecule, GLUT4, in adipocyte cells.3,4,12 Metformin, which was a wellestablished antidiabetic drug, showed an increase on
AMPK enzyme activity. It resulted in a sirtuin-1 increasing

Figure 3. The effects of different concentration of (+)-catechin &
proanthocyanidin fraction in glucose uptake of 3T3-L1 adipocytes. Data is
represented as mean ± SD, with n = 3 per group. *P ≤ 0.05 compared to
control.
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activity.35 Polyphenol compound, resveratrol, increase
glucose analog uptake activity and act as an sirtuin-1
activator.12,36
The effect of nicotinamide was statistically significant
based on Mann-Whitney study which was characterized
by the decrease of a glucose uptake activity compared
to the groups without nicotinamide administration
(P ≤ 0.05). The result was in line with the previous
research conducted by Xiao et al.33 The administration of
nicotinamide to all of the treatment groups, in this study,
showed a significant difference in the decrease of 2DG6P
compared to the treatment group without nicotinamide
administration (P > 0.05).
Role of (+)-catechin and proanthocyanidin fraction in
PPAR γ, GLUT-4, and sirtuin-1 expression
Further study were an attempt using the RT-PCR
method. This study was performed to find out whether
(+)-catechin & proanthocyanidin fraction Uncaria
gambir Roxb. induce cell differentiation and glucose
uptake activity at mRNA levels. The results showed
that (+)-catechin (10.75 µM) and proanthocyanidin
fraction (25 μg/mL ) both could increase the excretion

of sirtuin-1 mRNA (Figure 4), PPAR γ (Figure 5), and
GLUT-4 (Figure 6). Metformin, (+)-catechin, and
fraction of proanthocyanidin had been shown to increase
sirtuin-1 expression compared with negative controls
(P > 0.05, All the datas were normally distributed). This
was in line with the previous study of which stated that
metformin is an activator of sirtuin through the in silico
study.35 Epigallocatechin gallate 10 μM increased 2DG6P
uptake through sirtuin-1 by florescence method.33
The cell differentiation activity was regulated by PPAR
γ gene.7,8 An increase in PPAR γ expression would cause
an increase in the cell differentiation activity of insulinsensitive adipose cells.10 Metformin, (+)-catechin, and the
proanthocyanidin fraction were shown to increase PPAR
γ expression compared to negative controls (P > 0.05).
These results were in line with previous study which
stated that 1 mM of metformin stimulated AMP-activated
protein kinase (AMPK) through decreasing the regulation
of phosphatase and tensin homolog (PTEN). PTEN
inhibition improved insulin sensitivity. The improvement
of insulin sensitivity was very closely related to the
increased cell differentiation activity of adipocyte cells.
Increased AMPK activity by metformin thus also had an
impact on increasing PPAR γ gene.37 (+)-Catechins which
increase PPAR γ gene were in accordance with the previous
study. (-)-Catechins derived from green tea have been
shown to induce adipocyte differentiation in human bone
marrow mesenchymal stem cells (hBM-MSCs) through
stimulation of PPAR γ transcription activity.38 There were
studies, however, stated that (-)-epigallocatechin gallate,
(-)-catechin 3-gallate and (-)-epigallocatechin suppressed
the differentiation of adipocyte cells.16,39 This difference
was due to variation in research methods. Catechins, on
those studies, were given at the end of the differentiation
stage (late stages, day 8), while this study, catechin was
given at an early stage (day 0).16,39 Pinent et al in 2004 study

Figure 4. Effect of metformin 1 mM, (+)-catechin (10.75 μM), proanthocyanidin
fraction (25 μg/mL) on sirtuin-1 expression. Data is represented as mean ±
SD, with n = 3 per group. *P ≤ 0.05 compared to control. Cq : Quantification
level.

Figure 5. Effect of metformin 1 mM, (+)-catechin (10,75 μM), proanthocyanidin
fraction (25 μg/mL) on PPAR γ expression. Data is represented as mean ± SD,
with n= 3 per group. *P ≤ 0.05 compared to control. Cq : Quantification level.

Figure 6. Effect of metformin 1 mM, (+)-catechin (10,75 μM), proanthocyanidin
fraction (25 μg/mL) on GLUT-4 expression. Data is represented as mean ± SD,
with n= 3 per group. *P ≤ 0.05 compared to control. Cq : Quantification level.
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was in accordance with this study. Proanthocyanidin from
grape seed stimulated PPAR γ gene expression.32 Glucose
uptake activity was regulated by the GLUT-4 gene.7,10
(+)-catechin (P ≤ 0.05). Metformin and proanthocyanidin
fraction (P > 0.05) have been shown to increase PPAR γ
expression compared to negative controls. This was in
accordance with previous study, which stated that 1 mM
Metformin increased PPAR γ gene expression compared
to negative control.10 Ueda et al in 2010 declared that 50
μM non gallate type catechins increased GLUT-4 gene
expression in 3T3L1 cells.12 Proanthocyanidin from
elderberry extract increased GLUT-4 in muscle cells.40
The main regulatory enzyme, sirtuin-1, regulates cell
differentiation & glucose uptake activity in adipocyte
cells. Thus, an increase in the sirtuin-1 gene leading to the
increase of PPAR γ and GLUT-4 gene.7 The study results
at the mRNA level were in agreement with those shown
in the cell differentiation and 2DG uptake activities.
Increased levels of sirtuin-1, PPAR, and GLUT-4 mRNAs
were manifested by an increase in cell differentiation and
2DG uptake activity.6-8
Mature adipocyte cells developed from the cell
differentiation process of pre-adipocyte cells, which its
presence is needed for controlling whole energy balance
and glucose homeostasis. This is evidenced by research
stating GLUT-4 gene is only expressed in adult fat cells.41,42
The limitations of the present study were the in vivo study
had not yet been operated. For this reason, an in vivo study
needs to be carried out for further research.
Conclusion
In summary, this research brought a new evidence
that (+)-catechin and proanthocyanidin fraction of
Uncaria gambir Roxb. had an ability to increase the
sirtuin-1 expression which was proven on the increase
of cell differentiation activity which was confirmed via
PPAR 𝛾 expression and glucose uptake via GLUT-4
expression. These results indicated that (+)-catechin &
proanthocyanidin fraction of Uncaria gambir Roxb. may
be a candidate for preventing obesity particularly among
diabetic patients.
Ethical Issues
Not applicable.

2.

3.

4.

5.

6.
7.
8.

9.
10.

11.

12.

13.

Conflict of Interest
Authors declare no conflict of interest in this study.
Acknowledgments
The authors wish to sincerely thank Prof. Dr. Muhammad
Taher (International Islamic University Malaysia) who kindly
provided the 3T3-L1 cells. This research work was supported by
a grant from the Ministriy of Research, Technology, & Higher
Education Republic of Indonesia, (Grant No.324/SP2H/LT/
DRPM/IX/2016).
References
1. Blüher M. Obesity: global epidemiology and pathogenesis.
608

Advanced Pharmaceutical Bulletin, 2020, Volume 10, Issue 4

14.
15.

16.

Nat Rev Endocrinol 2019;15(5):288-98. doi: 10.1038/
s41574-019-0176-8
Chung S, Yao H, Caito S, Hwang JW, Arunachalam G,
Rahman I. Regulation of SIRT1 in cellular functions: role of
polyphenols. Arch Biochem Biophys 2010;501(1):79-90. doi:
10.1016/j.abb.2010.05.003
Dihingia A, Ozah D, Ghosh S, Sarkar A, Baruah PK, Kalita
J, et al. Vitamin K1 inversely correlates with glycemia and
insulin resistance in patients with type 2 diabetes (T2D)
and positively regulates SIRT1/AMPK pathway of glucose
metabolism in liver of T2D mice and hepatocytes cultured
in high glucose. J Nutr Biochem 2018;52:103-14. doi:
10.1016/j.jnutbio.2017.09.022
Nasir NM, Khandaker MM, Mat N. Bioactive compound
and therapeutic value of the some Malaysia medicinal
plants: a review. J Agron 2015;14(4):319-30. doi: 10.3923/
ja.2015.319.330
Zebua EA, Silalahi J, Julianti E. Hypoglicemic activity of
gambier (Uncaria gambir Robx.) drinks in alloxan-induced
mice. IOP Conf Ser Earth Environ Sci 2018;122(1):012088.
doi: 10.1088/1755-1315/122/1/012088
Upadhyay J, Farr O, Perakakis N, Ghaly W, Mantzoros C.
Obesity as a disease. Med Clin North Am 2018;102(1):13-33.
doi: 10.1016/j.mcna.2017.08.004
Haeusler RA, McGraw TE, Accili D. Biochemical and
cellular properties of insulin receptor signalling. Nat Rev
Mol Cell Biol 2018;19(1):31-44. doi: 10.1038/nrm.2017.89
Afzal N, Hassan M, Fatima S, Tariq S, Qayum I. Expression
of peroxisome-proliferator activated receptors-γ in
diabetics, obese and normal subjects. J Ayub Med Coll
Abbottabad 2016;28(1):130-4.
Sun B, Ricardo-da-Silva JM, Spranger I. Critical factors of
vanillin assay for catechins and proanthocyanidins. J Agric
Food Chem 1998;46(10):4267-74. doi: 10.1021/jf980366j
Taher M, Mohamed Amiroudine MZ, Tengku Zakaria
TM, Susanti D, Ichwan SJ, Kaderi MA, et al. α-Mangostin
improves glucose uptake and inhibits adipocytes
differentiation in 3T3-L1 cells via PPARγ, GLUT4, and
leptin expressions. Evid Based Complement Alternat Med
2015;2015:740238. doi: 10.1155/2015/740238
Mosmann T. Rapid colorimetric assay for cellular growth
and survival: application to proliferation and cytotoxicity
assays. J Immunol Methods 1983;65(1-2):55-63. doi:
10.1016/0022-1759(83)90303-4
Ueda M, Furuyashiki T, Yamada K, Aoki Y, Sakane I, Fukuda
I, et al. Tea catechins modulate the glucose transport system
in 3T3-L1 adipocytes. Food Funct 2010;1(2):167-73. doi:
10.1039/c0fo00105h
Gomez LA, Alekseev AE, Aleksandrova LA, Brady PA,
Terzic A. Use of the MTT assay in adult ventricular
cardiomyocytes to assess viability: effects of adenosine
and potassium on cellular survival. J Mol Cell Cardiol
1997;29(4):1255-66. doi: 10.1006/jmcc.1996.0363
Sarkar SK, Howarth RE. Specificity of the vanillin test
for flavanols. J Agric Food Chem 1976;24(2):317-20. doi:
10.1021/jf60204a041
Taher M, Amiroudine M, Jaffri JM, Amri MS, Susanti D,
Abd Hamid S, et al. A lignan with glucose uptake activity
in 3T3-L1 adipocytes from the stem bark of Knema
patentinervia. Pak J Pharm Sci 2017;30(4):1335-9.
Sakurai N, Mochizuki K, Kameji H, Shimada M, Goda
T. (-)-Epigallocatechin gallate enhances the expression
of genes related to insulin sensitivity and adipocyte

(+)-Catechin & proanthocyanidin fraction of U. gambir improve adipocytes differentiation & glucose uptake

17.
18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

differentiation in 3T3-L1 adipocytes at an early stage
of differentiation. Nutrition 2009;25(10):1047-56. doi:
10.1016/j.nut.2009.02.012
Lee HH, Kim KJ, Lee OH, Lee BY. Effect of pycnogenol on
glucose transport in mature 3T3-L1 adipocytes. Phytother
Res 2010;24(8):1242-9. doi: 10.1002/ptr.3193
Chen D, Wang Y, Wu K, Wang X. Dual effects of metformin
on adipogenic differentiation of 3T3-L1 preadipocyte in
AMPK-dependent and independent manners. Int J Mol Sci
2018;19(6). doi: 10.3390/ijms19061547
Eid HM, Ouchfoun M, Saleem A, Guerrero-Analco JA,
Walshe-Roussel B, Musallam L, et al. A combination of
(+)-catechin and (-)-epicatechin underlies the in vitro
adipogenic action of Labrador tea (Rhododendron
groenlandicum), an antidiabetic medicinal plant of the
Eastern James Bay Cree pharmacopeia. J Ethnopharmacol
2016;178:251-7. doi: 10.1016/j.jep.2015.12.021
Pascual-Serrano A, Arola-Arnal A, Suárez-García S, Bravo
FI, Suárez M, Arola L, et al. Grape seed proanthocyanidin
supplementation reduces adipocyte size and increases
adipocyte number in obese rats. Int J Obes (Lond)
2017;41(8):1246-55. doi: 10.1038/ijo.2017.90
Bahadoran Z, Mirmiran P, Azizi F. Dietary polyphenols
as potential nutraceuticals in management of diabetes:
a review. J Diabetes Metab Disord 2013;12(1):43. doi:
10.1186/2251-6581-12-43
Zang M, Xu S, Maitland-Toolan KA, Zuccollo A, Hou X,
Jiang B, et al. Polyphenols stimulate AMP-activated protein
kinase, lower lipids, and inhibit accelerated atherosclerosis
in diabetic LDL receptor-deficient mice. Diabetes
2006;55(8):2180-91. doi: 10.2337/db05-1188
Cantó C, Auwerx J. PGC-1alpha, SIRT1 and AMPK, an
energy sensing network that controls energy expenditure.
Curr Opin Lipidol 2009;20(2):98-105. doi: 10.1097/
MOL.0b013e328328d0a4
Han GD, Zhang S, Marshall DJ, Ke CH, Dong YW.
Metabolic energy sensors (AMPK and SIRT1), protein
carbonylation and cardiac failure as biomarkers of thermal
stress in an intertidal limpet: linking energetic allocation
with environmental temperature during aerial emersion. J
Exp Biol 2013;216(Pt 17):3273-82. doi: 10.1242/jeb.084269
Landrier JF, Marcotorchino J, Tourniaire F. Lipophilic
micronutrients and adipose tissue biology. Nutrients
2012;4(11):1622-49. doi: 10.3390/nu4111622
Vahmani P, Meadus WJ, Turner TD, Duff P, Rolland
DC, Mapiye C, et al. Individual trans 18:1 isomers are
metabolised differently and have distinct effects on
lipogenesis in 3T3-L1 adipocytes. Lipids 2015;50(2):195204. doi: 10.1007/s11745-014-3982-8
Khalilpourfarshbafi M, Gholami K, Murugan DD, Abdul
Sattar MZ, Abdullah NA. Differential effects of dietary
flavonoids on adipogenesis. Eur J Nutr 2019;58(1):5-25. doi:
10.1007/s00394-018-1663-8
Matsuda H, Kogami Y, Nakamura S, Sugiyama T, Ueno
T, Yoshikawa M. Structural requirements of flavonoids
for the adipogenesis of 3T3-L1 cells. Bioorg Med Chem
2011;19(9):2835-41. doi: 10.1016/j.bmc.2011.03.040
Valley MP, Karassina N, Aoyama N, Carlson C, Cali JJ,
Vidugiriene J. A bioluminescent assay for measuring
glucose uptake. Anal Biochem 2016;505:43-50. doi:
10.1016/j.ab.2016.04.010
Susanti D, Amiroudine MZ, Rezali MF, Taher M. Friedelin

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

and lanosterol from Garcinia prainiana stimulated
glucose uptake and adipocytes differentiation in 3T3L1 adipocytes. Nat Prod Res 2013;27(4-5):417-24. doi:
10.1080/14786419.2012.725399
Cho SY, Park PJ, Shin HJ, Kim YK, Shin DW, Shin ES, et al.
(-)-Catechin suppresses expression of Kruppel-like factor
7 and increases expression and secretion of adiponectin
protein in 3T3-L1 cells. Am J Physiol Endocrinol Metab
2007;292(4):E1166-72. doi: 10.1152/ajpendo.00436.2006
Pinent M, Blay M, Bladé MC, Salvadó MJ, Arola L,
Ardévol A. Grape seed-derived procyanidins have an
antihyperglycemic effect in streptozotocin-induced diabetic
rats and insulinomimetic activity in insulin-sensitive cell
lines. Endocrinology 2004;145(11):4985-90. doi: 10.1210/
en.2004-0764
Xiao N, Mei F, Sun Y, Pan G, Liu B, Liu K. Quercetin, luteolin,
and epigallocatechin gallate promote glucose disposal in
adipocytes with regulation of AMP-activated kinase and/
or sirtuin 1 activity. Planta Med 2014;80(12):993-1000. doi:
10.1055/s-0034-1382864
Calabrese V, Cornelius C, Leso V, Trovato-Salinaro
A, Ventimiglia B, Cavallaro M, et al. Oxidative stress,
glutathione status, sirtuin and cellular stress response in
type 2 diabetes. Biochim Biophys Acta 2012;1822(5):729-36.
doi: 10.1016/j.bbadis.2011.12.003
Cuyàs E, Verdura S, Llorach-Parés L, Fernández-Arroyo
S, Joven J, Martin-Castillo B, et al. Metformin is a direct
SIRT1-activating compound: computational modeling
and experimental validation. Front Endocrinol (Lausanne)
2018;9:657. doi: 10.3389/fendo.2018.00657
Cao D, Wang M, Qiu X, Liu D, Jiang H, Yang N, et al.
Structural basis for allosteric, substrate-dependent
stimulation of SIRT1 activity by resveratrol. Genes Dev
2015;29(12):1316-25. doi: 10.1101/gad.265462.115
Lee SK, Lee JO, Kim JH, Kim SJ, You GY, Moon JW, et al.
Metformin sensitizes insulin signaling through AMPKmediated PTEN down-regulation in preadipocyte 3T3-L1
cells. J Cell Biochem 2011;112(5):1259-67. doi: 10.1002/
jcb.23000
Shin DW, Kim SN, Lee SM, Lee W, Song MJ, Park SM, et
al. (-)-Catechin promotes adipocyte differentiation in
human bone marrow mesenchymal stem cells through
PPAR gamma transactivation. Biochem Pharmacol
2009;77(1):125-33. doi: 10.1016/j.bcp.2008.09.033
Furuyashiki T, Nagayasu H, Aoki Y, Bessho H, Hashimoto
T, Kanazawa K, et al. Tea catechin suppresses adipocyte
differentiation accompanied by down-regulation of
PPARgamma2 and C/EBPalpha in 3T3-L1 cells. Biosci
Biotechnol Biochem 2004;68(11):2353-9. doi: 10.1271/
bbb.68.2353
Ho GT, Kase ET, Wangensteen H, Barsett H. Phenolic
elderberry extracts, anthocyanins, procyanidins, and
metabolites influence glucose and fatty acid uptake
in human skeletal muscle cells. J Agric Food Chem
2017;65(13):2677-85. doi: 10.1021/acs.jafc.6b05582
Avogaro A, de Kreutzenberg SV, Fadini GP. Insulin
signaling and life span. Pflugers Arch 2010;459(2):301-14.
doi: 10.1007/s00424-009-0721-8
Zhou X, Shentu P, Xu Y. Spatiotemporal Regulators for
Insulin-Stimulated GLUT4 Vesicle Exocytosis. J Diabetes
Res 2017;2017:1683678. doi: 10.1155/2017/1683678

Advanced Pharmaceutical Bulletin, 2020, Volume 10, Issue 4

609

