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ABSTRACT

Background: Obesity is considered an emergency health problem through out the world and is
characterized by an increase in the number and size of adipocytes in adipose tissue. Some
phytochemical bioactive have been shown to inhibit adipocyte differentiation and induce adipocyte
apoptosis.

The Objective: In this ex vivo study, we evaluated the cytotoxic effects, antiobesity and
antidiapogenesis potential of ethanol extract of Detam 1 soybean seed (EEDS), Jati Belanda
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leaves (EEJB) and their combinations on 3T3-L1 cells.

Experimental Approach: The cytotoxic effect of EEDS and EEJB were assayed using MTS assay.
Triglyceride (TG) level and inhibitory activity were assayed using a TG assay kit. Glucose 6-
phosphate dehydrogenase (G6PD) activity and inhibitory activity were determined by using G6PDH
assay kit. The cholesterol level was measured according to the Chol Kit Randox protocol.

Results: The lowest cytotoxic activity and safe substances on 3T3-L1 cell were EEDS and EEJB in
50 and 10 pg/ml of concentration. EEJB in the concentration of 50 ug/ml was the most active to
inhibit G6PD, TG, and cholesterol activity with inhibition activities 47.30%, 37.93% and 73.91%
respectively compared to the control (differentiated 3T3-L1 adipocyte).

Conclusion: Ethanol extract of Detam 1 soybean seed and Jati Belanda leaves posses the
inhibitory potential on G6PD, triglyceride and cholesterol activities in 3T3-L1 cell line and the most
active compound showed by ethanol extract of Jati Belanda leaves.

Keywords: Obesity; adipogenesis; Detam 1 soybean; Jati belanda; 3T3-L1; G6PD; triglyceride;

cholesterol.
1. INTRODUCTION

Recently, obesity becomes one of the most
serious problem worldwide [1]. It is the most
common global metabolic disorders defined as a
condition of excessive body adipose tissue
determined by standardized measuring [2].
Obesity is a chronic dissease characterized by
excess of body fat caused by imbalance between
energy intake and expenditure [1]. It is caused by
excessive energy intake for a long period and
commonly followed by hormonal imbalances,
therefore it has a strong association with chronic
diseases such as diabetes, cardiovascular
diseases, hypertension, osteoarthritis, some
cancer and inflammation-based pathologies [3].
At cellular level, obesity is characterized by an
increase in the number and size of adipocytes in
adipose tissue [4,3]. Formation of new adipocytes
from precusor cells- is defined as adipose tissue
growth, which further leading to an increase in
adipocyte size [5]. Adipocytes have a particularly
large capacity to synthesize and store
triglycerides in overfeeding condition, as well as
to hydrolise and release triglycerides as FFAs
and glycerol during fasting [6]. Developing
antiobesity drugs that are efficacious and have
minimal side effects is highly needed [2]. There
are several mode of action from natural
compounds to treat obesity such as metabolic
stimulants, appetite suppresants, starch blockers,
glucose/insulin metabolism, lipid metabolism, and
adipocyte-specific effects [5]. Some
phytochemical bioactive have been shown to

inhibit adipocyte differentiation and induce
adipocyte apoptosis [7,8].
Black soybean [Glycine max (L) Merr.,

Fabaceae] is one of the most important crops for
human and animal consumption, and the most

important organic components of soybean seed
are the proteins (40%) and oil (20%) [9]. Black
soybean contains high-quality proteins and
isoflavones, the seed coats contain anthocyanin
[10]. Black soybean contain phytochemical
bioactive that has antilipemic, lipase inhibitory,
lipoxygenase inhibitory and antithrombotic
activities [11]. Detam 1 black soybean which
were used in this study contains proteins higher
than average soybean, 41.82% and oil 35.61%
[12].

Jati Belanda-is belonging to the family
Sterculiaceae and commonly called Bastard
cedar. Jati Belanda leaves is used to treat
ailments like diarrhoea, disentery, cold, cough,
diuretic, astringent, and venereal disease [13].
The leaves also known to possess antimicrobial
activities, antiulcer activity related to the
presence of anthocyanidin and promising
antioxidant capacity related to the presence of
phenolic compounds and flavonoids [14-16]. This
plant extract also extensively used in Mexico for
the empirical treatment of type 2 diabetes melitus
[17]. According to the previous study, ethanol
extract of Detam 1 soybean seed (EEDS)
contained many secondary metabolites, like:
phenolic, flavonoid NaOH, triterpenoids, steroids,
saponins, quinones and tannins, but did not
contain alkaloids, while ethanol extract of Jati
Belanda Bumi Herbal Dago variety (EEJB) which
were used in this study contained: phenolic,
flavonoid H2SO4 triterpenoids, quinones and
tannins, but did not contain steroid alkaloids,
saponins [12,18]. Therefore, the aim of this study
is to evaluate the anti-adipogenesis and anti-
obesity activities of EEJB and EEDS in 3T3-L1
cells. 3T3-L1 preadipocytes cells is one of the
most useful and established cell lines for
adipogenesis proccess [2].
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2. MATERIALS AND METHODS

2.1 Plant Material
Extraction

Preparation and

Detam 1 soybean seed variety, which is a high
quality of black soybean that has been approved
by the Agricultural Ministry of Republic of
Indonesia; grown on the estate of Research Unit
and Development of Legumes and Tuber in
Malang, East Java Indonesia and Jati Belanda
plant grown in plantations of Bumi Herbal Dago,
North Bandung, Indonesia. The plant was
identified by herbarium staff, Department of
Biology, School of Life Sciences and
Technology, Bandung Institute of Technology,
Bandung, West Java, Indonesia. Extraction was
performed based on the simple maceration
method [12,18].

2.23T3-L1 Cell Culture and Adipocyte
Differentiation Induction

The mouse preadipocytes cells, 3T3-L1
(ATCC®CL-173) was obtained from CV Gamma
Scientific Biolab, Malang-East Java, Indonesia.
The 3T3-L1, were grown and maintained in
Dulbecco's Modified Eagle Medum (DMEM,
Biowest) supplemented with 10% calf serum
(Biowest) and 100 U/mLpenicillin-streptomycin
(Biowest) then incubated for 24 hours at 37 °C,
humidified atmospheres and 5% CO, After the
cells was confluence, medium was discharged
and cells were seeded in 96 well plate (3 x 10*
cells/ well) with DMEM suplemented with 10%
calf serum medium and then incubated for 48
hours. After cells reached 80% confluence, cells
were induced to differentiate using Millipore ECM
950 kit. Medium was replaced by initiation
medium (DMEM containing FBS 10% and
1:10000 dexamethasone), and incubated for 48
hours. Insulin medium was replaced with
progression medium (DMEM containing FBS
10% and 1 1000 insulin) and placed in
incubator for 48 hours. The medium then
replaced again with maintenance medium
(DMEM supplemented with 10% calf serum) and
incubated for 2-4 days in 37°C incubator [8]. Cell
then observed under the inverted light Olympus
microscope after Oil-red O staining (Millipore
ECM 950) [19,20].

2.3 Viability Assay

MTS (3 - (4, 5 - dimethylthiazol - 2 - yl) - 5 - (3 -
carboxymethoxyphenyl) - 2 - (4 - sulfophenyl) -
2H - tetrazolium) assay (Promega, Madison, WI,

USA) is a colorimetric method for determining the
number of viable cells in proliferation or
cytotoxicity assays [20,21]. The 3T3-L1 cells
were seeded in 96 well plates (5 x 10° cells/ well)
in 100 yL medium (DMEM containing 10% calf
serum and 100 U/mL penicilin-streptomycin) for
24 hours at 37°C humidified atmospheres and
5% CO, The medium then washed and
supplemented with 99 pyL new medium and 1 pL
of EEDS and EEJB in various concentrations
(10, 50, and 100 pg/ml) and incubated for 48
hours at 37°C and 5% CO, After 48 hours
medium was replaced by 20 pyl MTS and
incubated for 3 hours at 37°C. The absorbance
was measured at 490 nm wavelength [20]. The
viability assay was performed to determine the
safe concentrations for available concentrations
on the next assay.

24 G6PD (Glucose-6-Phosphate Dehy-
drogenase) Assay

The 3T3-L1 cells were seeded in 96 well plates
(5 x 10° cells/ well) in 100uL medium (DMEM
containing 10% calf serum and 100 U/mL
penicilin-streptomycin) for 24 hours at 37°C
humidified atmosphere and 5% CO,. G6PD was
assayed using G6PD kit (Abnova Cat KA 0880).
According to the cytotoxicity of the EEDS and
EEJB on 3T3-L1, we concluded that EEDS and
EEJB were safe and nontoxic. 20 uL samples of
medium from cell culture after EEDS and EEJB
treatment (10 and 50 pg/mL of concentration)
and G6PD positive kit for positive control were
added into the well and then 30 pl assay buffer
and 50 ul developer work were added. The
assay buffer without samples was used for blank.
The absorbance was measured at 450 nm. Then
the samples were incubated at 37°C for 30 min in
dark room. After 30 min, the samples were
measured again using at 450 nm of wavelength.
G6PD concentration was determined by equation
1 (Fig. 1).

Standard Curve GPDG 3T3L1 (JB, KD)
0,5
0,45 =0,080x-0,017"®
0,4 RI=0
& 035
£ o3 /./
£ 0,25
S -
3 02 —
£ o015 e
0,1
0,05 -
0 - -
0,00 1,00 2,00 3,00 4,00 5,00 6,00 7,00
GPDH activity (nmol/min/ml)

Description: B = blank sample; T2= second
absorbance measurment result; T1= first absorbance
measurement; result V= total volume
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2.5 Triglyceride (TG) Assay

The triglyceride level was measured according to
Randox protocol using Randox TR 210 assay Kkit.
500 pL mix reaction contained 450 pL reagen
with 5 yL sample (cell lysate after treatment in
concentration of 10 and 50 pg/mL) was
incubated in 37°C for 5 minutes. ddH20 was
used for blank well and standard reagent was
used for standard well. Standard reaction was
prepared in seven different concentrations using
serial dilution (2.180; 1.090; 0.545; 0.273; -0.136;
0.068 and 0.034 mmol/L). The absorbance was
measured in 500 nm of wavelength. Triglyceride
concentration was calculated using the equation
2 (Fig. 2).

Standard Curve Triglyceride 3T3L1 (JB. KB)

Bbsorbance

Triglyceride (mmolfL)

2.6 Cholesterol Assay

The cholesterol level assay was measured
according to the Chol Kit Randox CH 200
protocol. 500 yL mix reagent was added into 24
well plate. 5 yL sample (cell lysate after EEDS
and EEJB treatment in concentration of 10 and
50 pg/mL) was added into the sample well. 5 yL
of ddH,O was used as blank sample. 5 pL
standard solution was added into the standard
well. Standard reaction was prepared in seven
different concentration using serial dilution
(5.170; 2.585; 1.293; 0.646; 0.323; 0.162; and
0.081 mmol). The reaction then incubated at
37°C for 5 minutes. The absorbance was
measured in 500 nm of wavelength. The
cholesterol concentration was calculated using
the equation 3 (Fig. 3).

2.7 Statistical Analysis

All data were derived from three independent
experiments. Statistical analysis was conducted
using SPSS software (version 17.0). Value were
presented as meantstandard  deviation.
Significant differences between the groups were
determined using the Analysis of Variat (ANOVA)
and Duncan Post Hoc Test. Statistical
significance was set at p < 0.05.

Standard Curve Cholesterol
3T3L1 (JB, KD)

0,25

0,2 *

0,15 =

0,1
0,05 < —

Absorbance

el 1 'S

_0,04,000—1,000—2,000—3,000—4,000—5 oBb= %7830 7,000 8,000
Cholesterol Content (mmol/L)

3. RESULTS
3.1 Adipocyte Differentiation Induction,
Viability Assay

Cell culture of 3T3-L1 cell is a prefibroblast cell
which in some conditions can propagated
become adipocyte cell. Five (5) days insulin
induction transformed cell to accumulate
intracellular lipid become lipid droplet. Fig. 4
showed the normal cells and adipocyte
differentiation induction cells with red lipid
droplet.

Cytotoxic or viability activity was assayed using
the MTS assay. The percent of cells viability was
determined by comparing the cells viability value
of among samples (EEJB, EEDS and also the
combination of both extract) to the control. This
viability assays (Table 1) showed that viability of
samples were concentration dependent manner.
EEJB, EEDS in 50 and 10 pyg/mL concentration
were more safe compared to the other fractions,
so it can be used for the next assays in 3T3-L1
cells. The combination of both extract was
potentially toxic to the 3T3-L1 cells showed by
less than 90% viable cells in 50, 10 and 5 pg/mL
concentration but in concentration of 2.5 ug/ml,
viability of combination of both extract was safe,
mean 90.85%, showed in Table 1.

3.2 G6PD Inhibition Activity

EEJB and EEDS were used to determine G6PD
inhibition activity in 3T3-L1 cells. The highest
G6PD inhibitory activity was showed by EEJB in
the concentration of 50 ug/ml (Table 2). Glucose-
6-phosphate dehydrogenase (G6PD) is the
cytosolic enzyme that plays a role in penthose
phospate pathway. The high activity of G6PD in
adipocyte cells caused the lipid metabolism
disregulation and insulin resistance [22].

3.3 Triglyceride (TG) Inhibition Activity

Table 3 showed that EEDS and EEJB could
reduce TG-level in 3T3L1 cells. EEJB had the
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Fig. 4. 3T3-L1 cell culture. The figure was obtained from inverted olympus microscop
10 x 100 magnification
(a). cell without adipogenesis induction; (b). adipogenesis induction cells with red lipid droplet

Table 1. Mean and Duncan post hoc test 3T3L1 cells’ viability of single and combination
extract were measured in triplicate

Samples Absorbance
100 pg/mi 50 pg/ml 10 pg/mli 5 ug/ml 2.5 ug/ml

EEJB 81.77+1.36 a 90.79£1.21b

EEDS 85.39+1.12 a 93.7910.44 b

Combination 76.66+1.23 a 81.64+2.32 b 84.85+1.62c 88.1841.30d 90.85+0.79 e

Data were presented as mean + standard deviation. Different letters in the same row
(concentrations) are significant at p < 0.05 (Duncan post hoc test)
highest activity to inhibit TG for both 4. DISCUSSION

concentrations. Triglyseride is one kind of
molecule that affect insulin sensitivity. The higher
the TG level exhibited the lower the insulin
sensitivity [23].

Table 2. Mean and Duncan post hoc G6PD
activity (nmol/min/ml) and G6PD inhibition
activity (%) of EEJB and EEDS in 3T3-L1
cells, were measured in triplicate

Samples G6PD
(nmol/min/ml)
EEJB 50 pg/ml 0.14+0.01 a
EEJB 10 pg/ml 0.21+£0.01 b
EEDS 50 pg/ml 0.22+0.00 bc
EEDS 10 pg/ml 0.24+0.01 ¢
Control 0.27+0.02 d

Control: induced 3T3-L1Cell without treatment.
Data are presented as mean * standard deviation.
Different letters in the same column
(Among samples) are significant at p < 0.05 (Duncan
post hoc test)

3.4 Cholesterol Inhibition Activity assay

Both of EEJB and EEDS showed cholesterol
inhibition activity over 50% (Table 4). EEJB had
the highest activity. Obesity has an association
with  decreasing  high-density  lipoprotein
cholesterol (HDL-C) concentration [24].

Obesity is considered an emergency health
problem throughout the world. Primarily, obesity
is a disorder of lipid metabolism and the enzyme
involved in this process could be selectively
targeted to develop antiobesity drugs. [25]
Different parts of medicinal plants like stem,
flower, seed, root, fruit, etc. are used to obtain
pharmacologically active metabolite. [26] In the
previous study, combination of EEDS and EEJB
showed good effects in inhibition of lipase
pancreas activity, and the best combination is
EEDS : EEJB = 1 : 2.[18] In this ex vivo study,
we evaluated the antiobesity and
antiadipogenesis potential of EEJB and EEDS on
3T3-L1 cells. 3T3-L1 preadipocytes, which can
be induced to differentiate into adipocytes
according to the coordinated program are one of
the most useful and established cell lines for
researching the adipogenesis process [2]. Our
results demonstrated that EEJB and EEDS
exhibited potent to inhibit GEBPD, trygliceride (TG)
and cholesterol activity to prevent obesity. EEJB
and EEDS exhibited positive result as
antiadipogenesis and antiobesity and non-toxic
to the 3T3-L1 cells. Viability test is important
aspect to test the bioactive toxicity. Viability test
is important aspect of pharmacology that deals
with the adverse effect of bioactive substance on
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Table 3. Mean and Duncan post hoc triglyceride activity (nmol/min/ml) and triglyceride
inhibition activity (%) of single and combination extract in 3T3-L1 cells, were measured in
triplicate for sample

Samples Triglyceride

Triglyceride (mmol/L) Triglyceride

(mg/dL)

EEJB 50 pg/ml 0.79+0.01 a 70.34+0.86 a
EEJB 10 pg/ml 0.92+0.01 b 81.81+£0.10 b
EEDS 50 pg/ml 1.04+0.01 ¢ 92.51+0.56 c
EEDS 10 pg/ml 1.17+0.02d 103.28+1.73 d
Control 1.28+0.02 113.51+1.48 e

Control: induced 3T3-L1Cell without treatment.
Data are presented as mean + standard deviation.
Different letters in the same column
(among samples) are significant at p < 0.05 (Duncan post hoc test)

Table 4. Mean and Duncan post hoc cholesterol activity (nmol/min/ml) and cholesterol
inhibition activity (%) of single and combination extract in 3T3L1 cells, were measured in

triplicate

Samples Cholesterol

Cholesterol Cholesterol

(mmol/L) (mg/dL)
EEJB 50 pg/mi 0.754£0.06 a 28.93+2.49 a
EEJB 10 pg/mi 1.20+0.13c 46.38+5.07c
EEDS 50 pg/ml 1.00+0.13b 38.73+4.99b
EEDS 10 pg/ml 1.27+0.13 ¢ 49.22+4.96 ¢
Control 2.87+0.01d 110.89+0.35d

Control: induced 3T3-L1Cell without treatment.
Data are presented as mean +* standard deviation. Different letters in the same column
(Among samples) are significant at p < 0.05 (Duncan post hoc test)

living organism prior to the use as drug or
chemical in clinical use [27-29]. EEDS and EEJB
at concentration 50 ug/ml and 10 ug/ml were
approved to be safe, showed by the results of
cells viability is more than 90%. However the
viability of combination of both extract at the
same concentration did not show the same
results. Combination of EEDS and EEJB showed
the safe viability to 3T3-L1 cells at concentration
2.5 ug/ml. One of possibility reason is there were
potentiation effects of combination of EEDS and
EEJB in lipase pancreas inhibition. The active
substance in each extract were sinergistically
produced better results than single extract,
EEDS EEJB, but this condition may lead to
potentiation of the toxic effects also. Therefore it
is needed an investigation of their effects in
subchronic toxicity test on experimental animal.

G6PD can accelerate adipogenesis through
generating ligand peroxisome proliferator-
activated receptor y (PPARy) which is

transcription factor in adipogenesis [22,30,31]. In
the present study, EEJB and EEDS showed an

ability to inhibit G6PD in a concentration
dependent manner. These results suggest that
EEJB and EEDS have anti-adipogenesis effect.
There have been some report that soybean
decreased body weight, serum lipid, and adipose
tissue [32,33].

High plasma TG is associated with obesity [23].
In present study EEDS and EEJB could lower TG
level. Triglyceride metabolism is activated by
expression of Acetyl-CoA carboxylase (ACC),
FAS, and adipocyte-specific fatty acid binding
protein (aP2) genes. Our result demonstrated
that EEDS and EEJB inhibit the TG synthesis.
The decrease TG content may result from
decreasing lipid synthesis [34].

Protein in soybean had been reported as lipase
inhibitor [18,34,35]. Soybean (Glycine max)
contains protein, fat, esential amino acids, and
phytochemicals including isoflavones,
tocopherols, saponins and anthocyanins [36] that
have been found to inhibit low-density lipoprotein
(LDL) oxidation in vitro [37,38]. Several recent
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studies using soybean powder have reported its
blood lipid lowering effects in diabetic patients
with hyperlipidemia or hypercholesterolaemic
otherwise healthy subjects [39]. Soybean protein
isolate mainly composed of B-conglycinin and
glycinin and well known to decrease plasma
cholesterol level [40]. Detam 1 soybean protein
extract using Deak method has been approved
that contains high (-conglycinin level [41].
Previous study showed that EEDS contained
secondary metabolites: flavonoid and tannin (18).
Genistein as one of soybean flavonoid also could
inhibit the adipocyte differentiation [42]. In ethyl
acetate fraction of EEDS, contained the highest
level of genistein [12]. Jati Belanda leaves have
already known to contained alkaloids, flavonoid,
tannin, and steroid/triterpenoid [43] and in the
EEJB also contained flavonoid and tannin, but
did not contain steroid alkaloids and saponnin
[18]. Tannin were hypothesized to reduce fat
absorption in gastrointestinal tract by inhibit
lipase pancreas enzyme [44]. Tannic acid as a
major component of tannin stimulates glucose
transport and inhibits adipocyte differentiation in
3T3-L1 cells [45]. EEJB with these two
mechanisms of action of tannin, showed the best
result in this present study. Based on our ex vivo
study, we recomended EEJB and EEDS have
beneficial effects as antiadipogenesis and
antiobesity potential agent. Another previous
study that conducted combination EEDS and
EEJB in therapeutic dose to male Wistar rats
showed good results in reducing body weight
and are safe to be consumed according to the
observation of histopathology jejunum mucosa
[46]. However, further mode of action test,
preclinical and clinical studies should be pursued
before pharmaceutical applications.

5. CONCLUSION

Ethanol extract of Detam 1 soybean seed and
Jati Belanda |leaves posses inhibitory potential on
G6PD, triglyceride and cholesterol activities in
3T3-L1 cell line line and the most active
compound showed by ethanol extract of Jati
Belanda leaves.

ACKNOWLEDGEMENTS

We would like to thank the Higher Ministry of
Education of the Republic of Indonesia for the
Competitive  Grant  funding SP  DIPA-
023.04.2.189789/2014 so that this research can
be accomplished.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Holubkova A, Penesova A, Sturdik E,
Mosovska S, Mikusova L. Phytochemicals
with the potential effects in metabolic
syndrome prevention and therapy. Acta
Chimica Slovaca. 2012;5(2):186-1999.

2. NIH, NHLBI, NAASO. The practical guide;
identification, evaluation, and treatment of
overweight and obesity in adults; 2000.
[Cited November 30, 2013].

Available: www.nih.gov.id

3. Williams D, Edwards D, Hamernig |, Jian L,
James A. Vegetables containing
phytochemicals with potential anti-obesity
properties: A review. Food Res Int. 2013;
52(1):323-333.

4. Furuyashiki T, Nagayasu H, Aok |, Bessho
H, Hashimato T, Kanazawa K, et al. Tea
ctechin suppresses adipocyte
differentiation accompanied by down-
regulation of PPARgamma2 and
C/EBPalpha in 3T3-L1 cells. Biosci
Biotechnol Biochem. 2004;68(11):2353-
2359.

5. Rayalam S, Fera M, Baile C.
Phytochemicals and regulation of the
adipocyte life cycle. J Nutr Biochem. 2008;
19:717-726.

6. Guilherme A, Virbasius J, Puri V, Czech M.
Adipocytes dysfunctions linking obesity to
insulin resistance and type 2 diabetes. Nat
Rev Mol Cell Biol. 2008;9(5):367-377.

7. Lin J, Della-Fera M, Baile C. Green tea
polyphenol epigallocatechin gallate inhibits
adipogenesis and induces apoptosis in
3T3-L1 adipocytes. Obes Res. 2005;13:
982-990.

8. Yang JY, Della-Fera M, Rayalam S, Ambati
S, Baile C. Enhanced pro-apoptotic and
anti-adipogenic effects of genistein plus
guggulsterone in 3T3-L1 adipocytes.
BioFactors. 2008;30:159-169.

9. Malencic D, Popovic M, Miladinovic J.
Phenolic content and antioxidant
properties of soybean (Glycine max (L.)
Merr.) Seeds. Molecules. 2007;12:576-
581.

10. Choung M, Baek I, Kang S, Han W, Shin
D, Moon H, et al. |Isolation and
determination of anthocyanins in seed
coats o black soybean (Glycine max (L.)

310



1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hidayat et al.; JSRR, 6(4): 304-312, 2015; Article no.JSRR.2015.156

Merr). J Agric Food Chem. 2001;49:5848-
5851.

Tang GY, Li XJ, Zhang HY. antidiabetic
components contained in vegetables and
legumes. Molecules. 2008;13:1189-1194.

Hidayat M, Kurnia D, Sujatno M,
Sutadipura N, Setiawan. (2010).
Comparison  of  macronutriton  and

isoflavone content in Detam 1 dan Wilis
seed, tempeh, and soybean extracts and
its potential in decreasing body weight.
Bionatura. 2010;12:5-13.

Ramakhrisna A, Sinha A, Kumari B,
Bhatnagar C. A review on pharmacognistic,
phytochemical, chemical profile, and
apoptosis induction in yeast cells of Jati
Belanda. Pharmanest. 2014;5(3):2130-
2141.

Camporese A, Balick M, Arvigo R, Esposito
R, Morsellino N. Screening of anti-bacterial
activity of medicinal plants from Belize

(Central America). J Ethnopharmacol.
2003;87:103-107.
Hor M, Henrich M, Rimpler H.

Proanthocyanidin polymers with antise-
cretory activity and proanthocyanidin
oligomers from Gua. Phytochem. 1996;42:
109-119.

Boligon A, Feltrin A, Gindri A, Athayde M.
Essential oil composition, antioxidant and
antimicrobial activities of Jati Belanda
from Brazil. Med Aromat Plants. 2013;2(3):
1-4.

Alonso-Castro A, Salazar-Olivo L. The anti-
diabetic properties of Guazuma ullmifolia
Lam are mediated by the stimulation of
glucose uptake in normal and diabetic
adipocytes without inducing adipogenesis.
J Ethnopharmacol. 2008;118(2):252-256.
Hidayat M, Soeng S, Prahastuti S.
Characteristics of combinations ethanol
extract of Detam 1 soybean (Glycine max
L. merr) /EEDS and ethanol extract of Jati
Belanda leaves (Guazuma ulmifolia) /[EEJB
in potential inhibition of pancreas lipase
enzyme. Proceeding. International
Symposium of Natural Products and
Medicine, ITB, Bandung; 2012.

Kasturi R, Joshi V. Hormonal regulation of
stearoyl coenzyme a desaturase activity
and lipogenesis during adipose conversion
on 3T3-L1 cells. J Biol Chem. 1982;257:
12224-30.

Malich G, Markovic B, Winder C. The
sensitivity and specificity of the MTS
tetrazolium assay for detecting the In vitro
cytotoxicity of 20 chemicals using human

31

21.

22.

23.

24.

25.

26.

27.

28.

290.

30.

31.

cell lines. Toxicol. 1997;124:179-192.

Park J, Rho H, Kim K, Choe S, Lee Y, Kim
J. Overexpression of glucose-6-phospate
dehydrogenase is associated with lipid
dysregulation and insulin resistance. Mol
Cell Biol. 2005;25:5146-57.

Wang L, Li L, Ran X, Long M, Zang M, Tao
Y, et al. Ellagic acid reduces adipogenesis

through  inhibition  of differentiation-
prevention of the induction of Rb
Phosphorylation in3T3-L1 adipocytes. J

Evid Based Complementary Altern Med.
2013;20(113):1-11.

Lei F, Zhang X, Wang W, Xing D, Xie W,
Su H, et al. Evidence of anti-obesity effects
of promegranate leaf extract in high-fat diet
induced obese mice. Int J Obesity. 2007;
31:1023-1029.

Deshpande M, Shengule S, Apte K, Wani
M, Piprode V, Parab P. Anti-obesity activity
of Ziziphus mauritiana: A potent pancreatic
lipase inhibitor. Asian J Pharm Clin Res.
2013;6(2):168-173.

Sivasangari S, Vijayanand N, Rathinavel
S. Antidiabetic activity of Cynodon dactylon
(L.) Pers. extract in alloxan induced rats.
Int J Pharm Pharm Sci. 2014;6(4):1-5.
Rajalaksmi A, Jayachitra A, Gopal P,
Krithiga N. Toxicity analysis of different
medicinal plant extracts in Swiss Albino
Mice. BioMed Research. 2014;1(2):1-6.
Subramanion L, Zuraini Z, Yen C, Yee L,
Lachimanan Y, Screenivasan S. Acute oral
toxicity of methanolic seed extract of
Cassia fistula in Mice. Molecules. 2011;16:
5268-5282.

Lalitha P, Shubashini K, Jayanthi P. Acute
toxicity of extracts of Eichhornia crassipes
(MART.) SOLMS. Asian J Pharm Clin Res.
2012;5(4):59-61.

Depress J, Moorjani S, Tremblay A,
Ferland M, Lupien P, Nadeau A, et al.
Relation of high plasma triglyceride level

associated with obesity and regional
adipose tissue distribution to plasma
lipoprotein-lipid composition in

premenopausal women. Clin Invest Med.
1989;12(6):374-80.

Lee OH, Seo DH, Park CS. Puerarin
enhances adipocyte differentiation,
adiponectin expression, and antioxidant
response in 3T3-L1 cells. Biofactors. 2010;
36(6):459-467.

El-Abhar H, Schaalan M. Phytotherapy in
diabetes: Review on potential mechanistic
perspectives. World J Diabetes. 2014;5(2):
176-197.



32.

33.

34.

35.

36.

37.

38.

39.

Hidayat et al.; JSRR, 6(4): 304-312, 2015; Article no.JSRR.2015.156

Kwon SH, Ahn IS, Kim SO, Kong CS,
Chung HY, Do MS, et al. Anti-obesity and
hypolipidemic effects of black soybean
anthocyanins. J Med Food. 2007;10(3):
552-556.

Hsieh YH, Wang SY. Lucidone from
Lindera  erythrocarpa  Makino  fruits
suppresses adipogenesis in 3T3-L1 cells
and attenuates obesity and consequent
metabolic disorders in high-fat diet
C57BL/6 mice. Phytomedicine. 2013;20:
394-400.

Iswantini D, Silitonga R, Martatilofa E,
Darusman L. Zingiber cassumunar, Jati
Belanda, and Murraya paniculata extracts
as antiobesity: In vitro inhibitory effect on
pancreatic lipase activity. Hayati J Biosci.
2011;18(1):6-10.

Malenic D, Popovic M, Miladinovic J.
Phenolic content  and antioxidant
properties of soybean (Glycine max (L)
Merr.) seeds. Molecules. 2007;12(3):576-
581.

Xu B, Chang S. Antioxidant capacity of
seed coat, de hulled bean, and whole
black soybeans in relation to their
distributions of total phenolics, phenolic
acid, anthocyanin, and isoflavones. J Agr
Food Chem. 2008;56(18):8365-8373.
Takashi R, Ohmori R, Kiyose C,
Momiyama Y, Ohsuzu F, Kanda K
Antioxidant activities of black and yellow
soybeans against low density lipoprotein
oxidation. J Agri Food Chem. 2005;53(11):
4578-4582.

Correa C, Li L, Aldini G, Carini M, Chen
CYO, Cho CSM, et al. Composition and
stability of phytochemicals in fve varieties
of black soybeans (Glycine max). Food
Chem. 2010;123:1176-1184.

Aoyama T, Kohno M, Saito T, Fukui K,
Takamatsu K, Yamamoto T, et al
Reduction by phytate-reduce soybean beta

40.

41.

42.

43.

44.

45.

46.

conglycinin of plasma trygliceride level of
young adult rats. Biosci, Biotechnol
Biochem. 2001;65(5):1071-1075.
Mohamed G, lbrahim S, Elkhayat E, El
Dine R. Natural anti-obesity agents. B-
FOPCU. 2014;52:269-284.

Hidayat M, Sujatno M, Sutadipura N,
Setiawan Faried A. B-conglycinin content
obtained from two soybean varieties using
different  preparation and extraction
methods. Hayati Journ Biosci. 2011;18(1):
37-42.

Adnyana |, Yulinah E, Yuliet, Kurniati N.
Antidiabetic activity of aqueous leaf
extracts of Guazuma ulmifolia Lamk,
ethanolic extracts of Curcuma xanthorhiza
and their combinations in Alloxan-indued
Diabetic Mice. Res J Med Plant. 2013;7(3):
158-164.

Boligon A, Feltrin A, Gindri A, Athayde M.
Essential oil composition antioxidant and
antimicrobial  activites of Guazuma
ulmifolia from Brazil. Med Aromat Plants.
2013;2(3):1-4.

Sari |, Nurrochmad A, Setiawan |.
Indonesian herbals reduce cholesterol
levels in diet-induced hypercholesterolemia
through lipase inhibition. Malays J Pharm
Sci. 2013;11(1):13-20.

Liu X, Kim Jk, Li Y, Li J, Liu F, Chen X.
Tannic acid stimulates glucose transport
and inhibits adipocyte differentiation in
3T3-L1 Cells. J Nutr. 2005;20:165-171.
Hidayat M, Soeng S, Prahastuti S, Tiono
H, Krisetya YA, Sugiono M.
Characteristics of ethanol extract of Detam
1 Indonesian soybean and Jati Belanda
leaves and the effects of their
combinations on weight gain, and jejunum
histopathological changes in male Wistar
rats. EJMP. No 13440. In review process;
2015.

© 2015 Hidayat et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php ?iid=965&id=22&aid=8440

312



