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ABSTRACT: The present study was initiated to quantify the Isoflavones 

content that accumulated in soybean transgenics with RnPPARγ gene by 

using high performance liquid chromatography. The effects of methanolic 

leaves extract of transformed soybean in 3T3-L1 adipocyte cell line. The 

RnPPARγ transgenic soybean variety JS335 was developed and 

transgenics were confirmed by PCR and Southern blot techniques. The 

quantification of isoflavones compounds by HPLC showed that 

methanolic leaves extracts of transformed soybean contained Genistein 

(1.67µg/g extract), Daidzein (2.76µg/g extract), Rutin (32.06µg/g extract) 

and Quercetin (48.40µg/g extract) and methanolic leaves extracts of non-

transformed soybean contained Genistein (1.23µg/g extract), Daidzein 

(2.33µg/g extract), Rutin (26.16µg/g extract) and Quercetin (43.03µg/g 

extract) by comparing the chromatogram of the reference standards. In 

the present study revealed that secondary metabolite content was higher 

in the transformed plant than non-transformed plants. After treatment of 

transformed methanolic leaves, extracts on 3T3-L1 mature adipocytes 

significantly ameliorated lipid droplet accumulation and droplet reduction 

in adipocytes might be the result of lipid metabolism by lipolysis. 

INTRODUCTION: The obesity and overweight 

with physical inactivity are evaluated to cause 

diabetes 
1
.  Fat deposition in excess is the strongest 

risk factor for type 2 diabetes and it is considered in 

the characteristic features of physical activity and 

diet in human body. Almost 1.9 billion of adults as 

overweight were observed among these 600 million 

were obese 
2
 but the risk for other diseases such as 

T2DM, cardiovascular ailments and hypertension 

also increasing for them 
3
. Diabesity, characterized 

by adipose tissue expansion by increased 

adipogenesis i.e. increase in adipocytes number.  
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To store excess energy and fat in layer of 

subcutaneous has lower capacity and free fatty 

acids are release into liver. The overflow of free 

fatty acid into peripheral tissue and abdominal fat 

which leads to loss the insulin sensitivity and 

causes peripheral insulin resistance and also 

associated with type 2 diabetes 
4-6

.  

The cytoskeletal proteins that are convert the 

fibroblastic cells into adipocytes. The adipocyte 

differentiation and maturation called adipogenesis 

and the function is metabolism of fat 
7-9

. The 

process involves several events where multiple 

transcriptional factors are involved and their 

expressions are stage specific. The phosphorylation 

of C/EBP-α and C/EBP-β which activate 

expression of PPAR-γ and C/EBP-δ and C/EBP-β 

are observed after adipogenesis 
10, 11

. The 

proliferation of adipocytes activate by the 
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expression of C/EBP-α which is to initiate the 

adipocyte differentiation into mature adipocytes 
12, 

13
. In adipocytes, transcriptional factor C/EBP-α 

and PPAR-γ levels are elevated. The increased 

level of the development of fat and creates adipose 

tissue obesity which mediates insulin resistance 
14

. 

The PPAR-γ plays the major regulator for 

adipogenesis, which expressed specifically in 

adipose tissue 
15-17

. It was found that adiponectin is 

directly affected by obesity and the correlation 

between adiponectin and Body Mass Index 
18

. 

Adiponectin activate pathway of AMPK and 

PPARs which regulate adipocyte maturation 

marker, fatty acid oxidation and gluconeogenesis
5, 

18-21
. Dietary polyphenols are the subject of 

enhancing scientific interest due to their possible 

beneficial effects on human health 
22

. The soy flour 

and bread are containing polyphenolics and 

isoflavone to inhibit lipogenesis 
23

 and the 

ethanolic extracts of soybean had potential for anti-

adipogenesis in 3T3-L1 cell line 
24

. Numerous 

studies have reported for insulin sensitivity that 

activation of both PPARγ and PPARα to prevent 

the diabetes by improving homeostasis of lipid 

mechanisms due to the presence of isoflavones
25-33

. 

3T3-L1 cell line serves as best reliable and 

characterized in vitro model for adipogenesis 
34, 35

. 

Soy isoflavones regulate metabolism of lipid in 

diet-induced obesity rats 
36

. The oxidized soy oil 

rich in omega-6 fatty acids exposure and 

interaction demonstrated between triacylglyceride 

(TAG) accumulations within 3T3-L1 cells were 

reported 
36

. So the present study was aimed that 

whether the RnPPARγ gene in transformed 

soybean leaves can enhance the level of 

isoflavonoids such as genestein, daidzein, quercetin 

and rutin which are responsible for PPARγ 

expression. The methanolic leaves extracts of both 

transformed and non-transformed soybean were 

prepared for the quantification through HPLC and 

also analyzed some biochemical and antioxidant 

activities. The effects of methanolic leaves extracts 

of transformed and non-transformed soybean on 

accumulation of lipid were studied through in vitro 

method. 

MATERIALS AND METHODS: 

Extraction of Isoflavones from Soybean: 

Preparation of Sample: The leaves of both 

transformed which harbouring PPARγ gene and 

non-transformed soybean were collected and dried 

under shade. Leaves (10g) were extracted using 50 

ml of methanol in an orbital shaker (LabTech 

RC2100) at room temperature for 1 hour. The 

extracted leaves were centrifuged at 10,000 rpm for 

10 min (Eppendorf 5830) then the solution was 

filtered using a micro filter 
37

 with some 

modifications. The filtrate was evaporated using a 

vacuum evaporator at 80 °C and crude methanolic 

leaves extracts were used for further analysis. 

High-Performance Liquid Chromatography 

(HPLC): The isoflavones used as standard in 

purified form such as Quercetin, Rutin, Daizein and 

Genistein were purchased from Sigma-Aldrich, 

Bangalore. About 20μL of each sample was used 

for HPLC analysis. The analysis was performed on 

a C18 column (0.4 mm ID, 5.0 μm particle size, 

Japan) in a HPLC system (Waters 2690) with a 

photodiode array detector (Waters 996, USA). The 

wavelength was at 254 nm for Genistein and 

Daidzein and at 370 nm for Quercetin and Rutin 

and binary gradient solvent system was employed. 

The mobile phases with HPLC grade methanol 

(0.025%) and acidified Milli-Q water (0.025%) in 

the ratio of 1:1 were used. The initial gradient was 

20% solvent and after 40 min reaching 100% then 

returning to 20% at 45 min and maintaining the 

same condition up to 60 min. The flow rate (1 

ml/min) of the sample was carried out with a 

temperature of 25 °C. The contents of Isoflavones 

were separated within 60 minutes and the 

compounds were identified by comparing the UV 

spectra of standard and retention times. 

Formula: Concentration of Sample = (Area of 

Sample / Mean of Standard Area) × (Standard 

Weight / Dilution of Standard) × (Sample Dilution / 

Sample Weight). 

Biochemical and Antioxidant Activities: 

Total Protein Content: The Total Protein Content 

of both transformed and non-transformed 

methanolic leaves extracts were determined by the 

following the method of Bradford 
38

. 

α-Amylase Activity: The activity of α-Amylase 

was determined by following the method of 

Bernfeld 
39

. A reaction mixture of 1% soluble 

starch for 0.5ml prepared using acetate buffer (0.2 

M) and 0.5ml of enzyme solution was added and 

then incubated at 50 °C for 10 min. After 

incubation, the reaction was terminated by adding 
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1.0ml of DNS solution (1g of DNS dissolved in 20 

ml of 2 M NaOH, with 30g of sodium potassium 

tartrate and water to make it 100ml). A reaction 

mixture was kept in water bath at boiling 

temperature for 15 min and after cooling make up 

to 20ml of water. Absorbance was measured at 540 

nm (Shimadzu Co., Kyoto, Japan). The activity was 

defined as the amount of releasing reducing sugar 

in 1 minute under the controlled conditions. 

Antioxidant Activities: 

1, 12-picryl--diphenyl-hydrazyl (DPPH) Radical 

Scavenging Activity: DPPH, a stable radical with 

a characteristic strong absorbance at 517 nm in 

spectroscopy of deep violet colour is used to 

evaluate the scavenging activity of free radical for 

the sample. The best known natural and synthetic 

antioxidant standard such as an Ascorbic acid was 

used as positive control for comparison.  

The free radical scavenging activity of transformed 

and non-transformed methanolic leaves extract of 

soybean was measured by 2, 2-diphenyl-1-picryl-

hydrazil (DPPH) calorimetric method of 

Shirwaikar et al., 
40

. The DPPH solution (0.1 mM) 

was prepared using ethanol; 1ml of DPPH solution 

was added to 3ml of soybean extracts solution in 

water at different concentrations (20, 40, 60, 80 and 

100 μg/ml). After 30 minutes of incubation, the 

absorbance was measured at 517 nm (Shimadzu 

Co., Kyoto, Japan). The absorbance of the reaction 

mixture lower which indicates free radical 

scavenging activity is higher.  

Superoxide Radical Scavenging Activity: The 

superoxide radical is generated by added sodium 

hydroxide to dimethyl sulfoxide by following the 

method of Elizabeth and Rao 
41

. The generated 

superoxide remains stable in solution, which 

reduces nitroblue tetrazolium (NBT) into formazan 

dye and incubated at room temperature then it can 

be measured at 560 nm. To the reaction mixture of 

1ml of alkaline DMSO (1ml DMSO containing 5 

mM NaOH in 0.1ml water) added 0.3ml of various 

concentration (20, 40, 60, 80 and 100μg/ml) of 

methanolic leaves extracts of both transformed and 

non-transformed soybean.  

The reaction was initiated by addition of 0.1ml of 

NBT (1mg/ml). The absorbance was measured at 

560 nm (Shimadzu Co., Kyoto, Japan). The same 

procedure was repeated for the standard of ascorbic 

acid. For the above mentioned calorimetric 

activities was calculated using the standard 

formula: An IC50 value of the extract (50% of 

inhibition of DPPH and Superoxide radicals). 

Cytotoxicity Assay: Chemicals and Reagents: 

Acridine orange was obtained from Sigma, USA. 

MTT (3-[4, 5-dimethylthiazol-2-yl]- 2, 5- diphenyl 

tetrazolium bromide) from Invitrogen USA. All 

other fine chemicals were obtained from Sigma–

Aldrich, St. Louis.  

MTT Assay: The cytotoxicity of transformed and 

non-transformed methanolic leaves extracts of 

soybean on the viability of the 3T3-L1 cells was 

measured by the MTT assay. The 3T3-L1 cells 

were growing onto a 96-well plate for 24 hr.  

Then 3T3-L1 cells were treated with different 

concentrations (0 to 100µg/ml) of both transformed 

and non-transformed methanolic leaves extracts of 

soybean for 48 hr. At the end of the incubation 

period, 20µl of MTT (5mg/ml) was added to each 

well and then incubated at 37 °C for 4 hr 
42

. The 

medium was then discarded. A total of 200µl 

DMSO was added, the optical density values were 

measured at 492 nm and the percentage (%) cell 

viability relative to control cells was calculated. 

Oil Red O Staining: The 3T3-L1 cells were treated 

with different concentrations (0 to 100µg/ml) of 

both transformed and non-transformed methanolic 

leaves extracts of soybean after 8 days of 

differentiation, the intracellular lipid accumulation 

in the 3T3-L1 cells was visualized by Oil Red O 

staining. Cells were washed with PBS, fixed with 

10% neutral buffered formalin for 15 min. Cells 

were then stained with Oil Red O solution (a 

mixture of three parts of 0.5% (w/v) Oil Red O in 

isopropanol and two parts of water) for 20 min 

followed by washing twice with water. Cells were 

kept in water and photographed. The Oil Red O 

was then dissolved in 0.3ml of isopropanol per well 

and the absorbance was read at 495 nm 
42

. 

Statistical Analysis: The results were analyzed 

statistically with three replicates and expressed as 

Mean ± Standard Error. Values are analyzed by 

Duncan’s Multiple Range Test (One-Way ANOVA 

using SPSS 16 version) and P ≤ 0.05 as considered 

significant value.  
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RESULTS: HPLC: The yield of methanolic 

leaves extracts of non-transformed (26.45%) and 

transformed (24.1%). The polyphenolic profiles 

(isoflavones) of soybean are shown in Table 1.  
 

TABLE 1: QUANTIFICATION OF ISOFLAVONES OF TRANSFORMED AND NON-TRANSFORMED 

METHANOLIC LEAVES EXTRACTS THROUGH HPLC ANALYSIS 

Name of the 

 Samples  

Isoflavones (µg/g) 

Genistein Daidzein Rutin Quercetin Total Content 

Non-transformed 1.23 ± 0.30
b
 2.33 ± 0.30

b
 26.16 ± 0.32

b
 43.03 ± 0.14

b
 73.13 ± 0.29

b
 

Transformed 1.67 ± 0.40
a
 2.76 ± 0.90

a
 32.06 ± 0.23

a
 48.40 ± 0.12

a
 85.16 ± 0.32

a
 

 

Retention time for the methanol extract of 

transformed soybean leaves at 19.206, 8.446, 

13.269 and 18.781 min corresponded well with the 

standard chromatogram peaks of Quercetin, Rutin, 

Genistein and Daidzein and at 19.806, 8.967, 

13.497 and 18.254 min respectively (Fig. 1a-d).  

 
FIG. 1A: HPLC CHROMATOGRAM OF METHANOLIC LEAVES EXTRACTS OF TRANSFORMED AND NON-

TRANSFORMED SOYBEAN WITH QUERCETIN AT 370 nm 

 
FIG. 1B: HPLC CHROMATOGRAM OF METHANOLIC LEAVES EXTRACTS OF TRANSFORMED AND NON-

TRANSFORMED SOYBEAN WITH RUTIN AT 370 nm 
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FIG. 1C: HPLC CHROMATOGRAM OF METHANOLIC LEAVES EXTRACTS OF TRANSFORMED AND NON-

TRANSFORMED SOYBEAN WITH GENISTEIN AT 254 nm 

 
FIG. 1D: HPLC CHROMATOGRAM OF METHANOLIC LEAVES EXTRACTS OF TRANSFORMED AND NON-

TRANSFORMED SOYBEAN WITH DAIDZEIN AT 254 nm 

The quantification of isoflavones compounds by 

HPLC showed that methanolic leaves extracts of 

transformed soybean contained Genistein (1.67µg/g 

extract), Daidzein (2.76µg/g extract), Rutin 

(32.06µg/g extract) and Quercetin (48.40µg/g 

extract) and methanolic leaves extracts of non-

transformed soybean contained Genistein (1.23µg/g 

extract), Daidzein (2.33µg/g extract), Rutin 

(26.16µg/g extract) and Quercetin (43.03µg/g 

extract) by comparing the chromatogram of the 

reference standards. In the present study revealed 

that secondary metabolite content was higher in the 

transformed plant than non-transformed plants. 

Biochemical Activities: Total protein content was 

increased in transformed (5.58mg/g) than non-

transformed (5.03mg/g) methanolic leaves extracts 

of soybean (Fig. 2).  

 
FIG. 2:  TOTAL PROTEIN CONTENT OF BOTH 

TRANSFORMED AND NON-TRANSFORMED 

METHANOLIC LEAVES EXTRACTS OF SOYBEAN ± 

SE 

The α-amylase activity was decreased in non-

transformed (110.54 ± 0.2) and slightly increased 
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in transformed (116.89 ± 0.4) methanolic leaves 

extracts of soybean (Fig. 3). 

 
FIG. 3: IN VITRO ALPHA AMYLASE ACTIVITY OF 

TRANSFORMED AND NON - TRANSFORMED 

METHANOLIC LEAVES EXTRACTS OF SOYBEAN ± 

SE 

Antioxidant Activity: In the present study, 

transformed and non-transformed methanolic 

leaves extracts was able to interact intensively with 

DPPH and reduced the stable violet DPPH radical 

to the yellow DPPH-H, reaching their 50% 

reductive plateau ranging between 2.09 and 69.50 

µg/ml for extracts and standard respectively (Fig. 

4). The reference antioxidant ascorbic acid 

recorded the highest scavenging efficiency toward 

DPPH radicals (2.09µg/ml) followed by 

transformed (44.76µg/ml) and non-transformed 

(69.50µg/ml). 

 
FIG. 4:  DPPH RADICAL SCAVENGING ACTIVITY OF 

METHANOLIC LEAF EXTRACTS OF TRANSFORMED 

AND NON-TRANSFORMED SOYBEAN ± SE 

Superoxide radical scavenging activity of 

transformed and non-transformed methanolic 

leaves extracts were assessed by alkaline DMSO 

method. The plant extracts moderately inhibit the 

superoxide radical generation. The values were 

represented in Fig. 5. The reference antioxidant 

ascorbic acid recorded the highest scavenging 

efficiency toward superoxide radicals (21.09 

µg/ml) followed by transformed (25.90µg/ml) and 

non-transformed (33.91µg/ml). 

 
FIG. 5: SUPEROXIDE DISMUTASE SCAVENGING 

ACTIVITY OF METHANOLIC LEAF EXTRACTS OF 

TRANSFORMED AND NON-TRANSFORMED SOYBEAN 

± SE 

Adipocytes are the major target cells of PPARγ-

agonists in vitro and in vivo. PPARγ is well 

demonstrated which has a major role in inhibiting 

differentiation of adipose tissue.  

Effect of Methanolic Leaves Extracts of 

Transformed and Non-transformed Soybean on 

3T3-L1 Cell Viability: The effect of transformed 

and non-transformed methanolic leaves extracts of 

soybean on 3T3-L1 cells viability was determined 

by the MTT assay. The results indicated that 48 hr 

exposure of cells with transformed and non-

transformed methanolic leaves extracts of soybean 

caused a concentration-dependent reduction of pre-

adipocyte proliferation and viability (Fig. 6a and 

b).  

 
FIG. 6 A: CYTOTOXIC EFFECT OF METHANOLIC 

LEAVES EXTRACTS OF TRANSFORMED AND NON-

TRANSFORMED SOYBEAN BY MTT ASSAY ± SE 

The effect was found to suppress the growth of the 

3T3-L1 pre-adipocytes for transformed methanolic 

leaves extracts of soybean with 47.33 %. 
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A. CONTROL 

B. NON-TRANSFORMED METHANOLIC LEAVES 

EXTRACTS OF SOYBEAN (100 µg/ml) 

 
C. TRANSFORMED METHANOLIC LEAVES EXTRACTS 

OF SOYBEAN (100 µg/ml) 

FIG. 6B: CYTOTOXIC EFFECT OF METHANOLIC 

LEAVES EXTRACTS OF TRANSFORMED AND NON-

TRANSFORMED SOYBEAN BY MTT ASSAY 

Methanolic Leaves Extracts of Transformed and 

Non-transformed Soybean inhibits lipid 

accumulation in 3T3-L1 adipocytes: To 

investigate the effect of transformed and non-

transformed methanolic leaves extracts of soybean 

on adipogenesis, intracellular lipid accumulation 

was determined (Fig. 7a and b). Confluent 3T3-L1 

cells were differentiated into mature adipocytes 

with a quantity of oil droplets in cells. Microscopic 

observation showed that 3T3-L1 cells treated with 

methanolic leaves extracts maintained the 

fibroblastic morphology and a few fat droplets 

were observed after differentiation. Quantification 

of the extracted Oil Red O stain showed that the 

lipid content was also significantly reduced (Fig. 7 

a).  

 
FIG. 7A: OIL RED O STAINING FOR LIPID 

ACCUMULATION OF TRANSFORMED AND NON-

TRANSFORMED METHANOLIC LEAVES EXTRACT 

OF SOYBEAN FOR ANTIDIABETIC ACTIVITY IN 

3T3-L1 PRE-ADIPOCYTE CELL LINE ± SE 

 
A. CONTROL 

 
B. NON-TRANSFORMED METHANOLIC LEAVES 

EXTRACTS OF SOYBEAN (100 µg/ml) 

 
C. TRANSFORMED METHANOLIC LEAVES EXTRACTS 

OF SOYBEAN (100 µg/ml) 
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Methanolic leaves extracts of transformed soybean 

(100µg/ml) could significantly reduce oil droplets 

(27%) compared with the negative adipogenesis 

control (Fig. 7b). Oil Red O staining indicated that 

transformed soybean could strongly suppress the 

differentiation of 3T3-L1 pre-adipocytes. 

DISCUSSION: Isoflavones are used for their 

health beneficial roles such as protection against 

hormone dependent osteoporosis and cancers in 

human and animal systems 
43, 44

. There have been 

efforts to engineer their biosynthesis in non-

leguminous plants, but very limited success could 

be achieved 
45-51

. So the present study conducted 

that the RnPPARγ gene incorporated transformed 

and non-transformed methanolic leaves extracts of 

soybean with were enhanced the level of 

isoflavones. The well established beneficial effects 

of soy isoflavones on insulin sensitivity and lipid 

metabolism have been recently attributed to the 

activation of PPARγ and PPARα respectively 
25, 52, 

53
. However, little is known about the possibility 

that isoflavones activate PPARβ/ δ, which play a 

critical role in the regulation of metabolic 

homeostasis and also in cardiac lipid metabolism 
54, 

55
. Our results indicated that level of soy 

isoflavones may be enhanced due to expression of 

PPARγ. 

In this study the level of isoflavones such as 

Quercetin, Rutin, Genistein and Daidzein were 

quantified (Table 1). Quercetin also reduced 

maltose induced postprandial hyperglycemia in 

type 2 diabetics by inhibiting intestinal α-

glucosidase activity 
56

, inhibition of insulin-

dependent activation of a phosphoinositol-3 kinase 

(PI-3K) 
57

, increase adiponectin levels 
58

 and 

decrease the intestinal maltose activity 
59

. The 

PPAR regulated gene, carnitine palmitoyl-

transferase I (CPT-I) that is regulated with fatty 

acid oxidation was identified in a genetic screen 

searching for soy isoflavones regulated mRNAs 
60

. 

Recently evaluation of the PPAR induced acyl-

CoA oxidase (ACO) gene demonstrated in a set of 

OZRs that ACO mRNA was significantly increased 

in rats fed diets containing either casein with 

rosiglitazone or isoflavone compared to levels of 

casein alone in rats 
61

.  

The quercetin improves nutritional parameters and 

ameliorates the metabolic alterations were noticed 

this may enhanced by methanolic leaves extracts of 

soybean treatment. Moreover, quercetin normalized 

glucose levels and minimized the extracts related 

toxic effects on liver and kidney functions. These 

effects are associated with the powerful antioxidant 

properties of quercetin 
62

. Anthocyanins of soybean 

have antioxidant effect and can be useful for the 

treatment of diabetes, cardiovascular disorders and 

cancers 
63

. Recently genistein has been reported to 

act as a ligand of PPARγ 
64

. Accordingly this study 

quantified the levels of isoflavones in that amount 

of quercetin was higher in transformed methanolic 

leaves extracts of soybean compared with non-

transformed. 

Sakamoto et al., 
65

, suggest that daidzein regulates 

pro-inflammatory gene expression by activating 

PPAR-α and -γ and inhibiting the JNK pathway in 

adipocyte and macrophage co-cultures. 

Accordingly this study revealed that the levels of 

daidzein were enhanced in transformed leaves of 

soybean with RnPPARγ. If daidzein was LBD-

independent, it might be alternatively due to post-

translational modifications of PPARγ that affect its 

activity. Indeed, they have found that daidzein 

induces a translocation from the cytosol to the 

nucleus by using western blot techniques. Although 

the nuclear receptor super family was named after 

their nuclear localization, evidence supports that 

they also present an extra nuclear localization.  

Depending upon ligand stimulation appears to exert 

important roles for nuclear receptors due to 

changes in localization, although little information 

is known about the mechanism that provokes 

cytosolic fraction or nucleo cytoplasmic shuttling 

of PPARγ 
66, 67

. PPARγ activates ligand binding to 

control gene expression at the nucleus 
68

; in 

addition, ligand binding also appears to enable 

translocation of PPARγ from the cytosol into the 

nucleus 
69, 70

 and associated with an enhancement 

of its nuclear activity. Hsu and Yen 
71

 found that 

rutin exhibits anti adipogenic activity mediated by 

the inhibition of the expression of C/EBPα and 

PPARγ2. 

In the digestive system, Alpha-amylase is a key 

enzyme and catalyzes the hydrolysis of starch, 

which is a principal source of glucose in the diet 
72

. 

In the small intestine, the activity of  α -amylase 

correlates with postprandial glucose levels, the 

control of important factor in postprandial 

hyperglycemia, which is linked to the type 2 DM. 
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Our results are in agreed with previous studies and 

demonstrated that phenolic phytochemicals derived 

from plant have lower α-amylase inhibitory activity 

and stronger inhibition potential against α-

glucosidase 
73-75

 and such natural inhibitors of 

enzyme would offer an attractive therapeutic 

approach for the treatment of postprandial 

hyperglycemia 
74

. Therefore, these results indicate 

that soybean methanolic extract enriched with 

Genistein, Daidzein, Rutin and Quercetin have the 

potential to contribute the management of type 2 

diabetes, because of their potent inhibition against 

of α -amylase. 

For the past two decades, an explosive interest in 

the role of oxygen free radicals, more generally 

known as “reactive oxygen species” (ROS) and of 

“reactive nitrogen species” (RNS) in clinical 

medicine and experimental 
76

. In biological 

systems, ROS or RNS are known to play a dual 

role since they can be either harmful or beneficial 

to living systems 
77

. ROS can be important 

mediators of damage to cell structures, including 

nucleic acids, proteins and membranes of lipids 

termed as oxidative stress 
78

. Reactive oxygen 

species and reactive nitrogen species such as 

hydroxyl radical, superoxide anions and nitric 

oxide inactivate enzymes and damage intracellular 

components causing injury through binding and 

lipid peroxidation.  

The harmful effects of ROS are balanced by the 

antioxidants which hinder the processes of 

oxidative and thereby prevent oxidative stress 
79

. 

Despite the presence of the antioxidant defense 

system to counter act oxidative damage from ROS, 

during the life cycle oxidative damage accumulates 

and damage to DNA, to proteins and to lipids due 

to radical has been proposed to play a role in the 

development of diseases such as, arteriosclerosis, 

cancer, arthritis, neurodegenerative disorders and 

other conditions 
80

.   

To measure the efficiency of natural antioxidants 

either as plant extracts or as pure compounds 

developed by great number of in vitro methods. In 

vitro methods can be divided into two major 

groups: a) Hydrogen atom transfer reactions like 

Total radical trapping antioxidant potential 

(TRAP), Oxygen Radical Absorbance Capacity 

(ORAC) and β carotene bleaching; b) Electron 

transfer reactions like Ferric reducing antioxidant 

power (FRAP), Superoxide anion radical 

scavenging assay, α- diphenyl-β-picrylhydrazyl 

radical scavenging assay (DPPH), Trolox 

equivalent antioxidant capacity (TEAC), Hydroxyl 

radical scavenging assay, total phenol assay and 

Nitric oxide radical scavenging assay 
80

. These 

methods are popular due to their high speed and 

sensitivity. However, it is essential to evaluate 

antioxidant capacity of plant materials because of 

the complex nature of the phytochemicals 
81

.  

Non enzymatic antioxidant activity is measured by 

DPPH radical scavenging activity. An antioxidant 

scavenges the DPPH free radical by donating 

hydrogen, the purple colour of the DPPH solution 

becomes light yellow. The decrease in the 

absorbance was measured of radical scavenging 

activity. IC50 value corresponds with the higher 

antioxidant power was lower. DPPH radical 

scavenging activity of soybean methanolic leaves 

extracts were shown in the Fig. 4. 

In the present study, DPPH and Superoxide radical 

scavenging assays were used to evaluate the 

antioxidant capacity of both transformed and non-

transformed methanolic leaves extracts. DPPH 

assay is based on a hydrogen donor is an 

antioxidant. The activity of an antioxidant was 

measured by spectrophotometrically determining 

its absorbance at 515 nm to scavenge DPPH. Free 

radical with a dark purple colour becomes 

colourless when it reacts with antioxidants to form 

non-radicals. The results expressed that the 

transformed methanolic extract of soybean contain 

more amount of hydrogen donor molecules such as 

Genistein, Daidzein, Rutin and Quercetin which 

may reduce the production of radicals and the 

decolorization in the DPPH assay. 

Our results further support the view that strong 

scavenging properties of soybean extracts on 

superoxide anion possibly render them as 

promising antioxidants. The results suggested that 

all the extracts are capable of scavenging free 

radicals, so it is able to prevent the initiation of free 

radical-mediated chain reactions by stabilizing 

reactive species before they can participate in 

deleterious reactions. In the present, the superior 

antioxidant activity of transformed leaves 

methanolic extract due to the present of higher 

content of Isoflavones. 
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Recent data proved that ROS react with thiol 

protein to produce sulphur oxidations which 

attenuates signal of insulin receptor and inhibits 

cellular uptake of TG from the blood stream 
82

. 

Antioxidant activities could be inversely correlated 

with leptin and insulin resistance. Administration 

of quercetin enhanced SOD and GSH-Px activities 

in monosodium glutamate-treated rats and only 

doses of 75mg/kg quercetin were able to reduce 

both insulin and glucose levels in the rats. 

Quercetin acts as an effective antioxidant either by 

promoting antioxidant activities or by scavenging 

ROS after diffusion into the lipid bilayer 

membranes 
83

. 

The differentiation of new fat cells termed as 

adipogenesis, considered a vigorous process and 

also intensive research field 
84

. Numerous reports 

of adipogenesis have been performed using the 

3T3-L1 cell line 
85-88

. The changes in lipid 

accumulation and morphology of the cells were 

clearly observed on 4
th

 day after the addition of 

differentiation media. The complete adipocyte 

differentiation could be achieved between 8 to 10 

days 
89

. The viability of control, quercetin or 

isorhamnetin treated and non-differentiated cells 

was higher than 90%; 3T3-L1 cells were 

maintained for 10 days for further observations in 

terms of lipid accumulation, morphology and 

biomarker measurements 
90

.  

Yang et al., 
90

 investigations stated that 

concentration of 25µM decreased lipid accumulation 

around 15.9 ± 2.5% and concentration of 12.5µM 

was not significantly different from control. 

Furthermore, combinations of quercetin with 

resveratrol down-regulated the lipid accumulation 

by 68.7 ± 0.7% was found. Yang et al.,
 90

 also 

reported that quercetin concentrations from 0.1 to 

20µM have potential in demonstrating dependent 

inhibition of adipocyte differentiation. Our results 

suggest that transformed methanolic leaves extracts 

of soybean might be effective in inhibiting lipid 

accumulation may be due to the presence of PPARγ 

gene. In this study, we demonstrated that 

incubation with both transformed and non-

transformed methanolic leaves extracts reduced the 

lipid accumulation in a dose-dependent manner 

(Fig. 7a and b). This antidiabetic effect of soybean 

with PPARγ gene was achieved at different 

concentrations that did not affect cell viability 

according to the MTT assay. Several reports were 

suggested that the phytochemicals are potential 

anti-obesity agents and understanding the activities 

of these compounds during adipogenesis is 

essential to the development of new treatments for 

obesity 
91

. Due to lipid accumulation, the 

differentiation of preadipocytes into adipocytes is 

associated with an increased number of oil red o-

positive cells.  

PPARγ is one of the isotypes of PPAR, which are 

ligand-activated transcription factors. They play a 

crucial role in the regulation of lipid and glucose 

metabolism in the condition of obesity 
92

. It 

involves in the regulation of adipogenic process by 

binding to PPAR response elements in the 

promoter region of several target genes such as 

FABP4, lipoprotein lipase, glucose transporter-4, 

adiponectin and leptin. C/EBPα protein involves in 

the adipose tissue development by interacting with 

PPAR in their respective transcriptional targets 
93

. 

Cdk4 kinase activity induced in response to signals 

of extracellular such as growth factors and signal 

translation from extracellular into cell cycle 

activation. Transcription factor E2F1 is the effector 

of the cdk/cyclin pathway, which stimulates the 

transition between pre-adipocyte proliferation and 

adipocyte differentiation through activation the 

PPARγ expression. Furthermore, Cdk4 is an 

upstream regulator of the E2F1/RB pathway and 

participates in adipocyte differentiation 
94

. 

Fang et al., 
95

 reported that in the mature 3T3-L1 

cell system, kaempferol and quercetin significantly 

improved insulin-stimulated glucose uptake, 

similar to a PPARγ agonist, such as rosiglitazone. 

Further experiments with transfected cells 

demonstrated in the PPARγ reporter gene assay 

that kaempferol and quercetin served as weak 

partial agonists. When combination of PPARγ 

agonist, rosiglitazone to 3T3-L1 pre-adipocytes, 

they could inhibit 3T3-L1 differentiation in a dose-

dependent manner. A recent study that combined 

G, quercetin, and R and synergistically inhibited 

preadipocyte differentiation 
96

. The competitive 

ligand binding assay confirmed that kaempferol 

and quercetin compete at the same binding site of 

PPARγ with rosiglitazone. The HPLC results 

proved that methanolic transformed soybean leaves 

extracts had quercetin was quantified with high 

content than the non-transformed that this may 

trigger the lipid accumulation. 
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CONCLUSION: The present study demonstrated 

that methanolic leaves extracts of transformed 

soybean had beneficial effects on α-amylase 

activity. After treatment of transformed methanolic 

leaves, extracts on 3T3-L1 mature adipocytes 

significantly ameliorated lipid droplet accumulation 

and droplet reduction in adipocytes might be the 

result of lipid metabolism by lipolysis. 
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