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Abstract 

Overweight and obesity are becoming a major public health issue. Pancreatic 

lipase is a key enzyme to catalyze the hydrolysis of 50-70% of dietary fat in the 

digestive system. Inhibition of pancreatic lipase activity can block fat absorption 

in gastrointestinal tract, further control obesity incidence. On the other hand, 

α-glucosidase is also a key enzyme to hydrolysis polysaccharides and 

disaccharides into glucose in small intestine. Inhibition of α-glucosidase activity 

can block digestion and absorption of carbohydrates, further control metabolism 

disorders such as diabetes and obesity. Food legumes are widely used in people’s 

life with multiple pharmacological activities. The author extracted total phenolics 

and saponin components from 13 commonly consumed food legumes produced in 

China, did a systematic comparative study investigating their inhibitory effects 

against digestive enzymes (pancreatic lipase and α-glucosidase), and screened 

adzuki bean (Vigna angularis L.) as the further target bean. The results showed 

that the different concentrations of total phenolic extract from adzuki bean (0.25, 

0.5, 0.75, 1 mg/mL) inhibited hydrolysis of triolein about 24.1, 24.0, 30.7, and 

36.3%, respectively, while different concentrations of total saponin extracts from 

adzuki bean (0.25, 0.5, 0.75, 1 mg/mL) inhibited hydrolysis of triolein about 15.9, 

23.5, 30.1, and 29.2%, respectively. On the other hand, phenolic extract of adzuki 

bean at the concentration from 0.25 to 1 mg/mL exhibited much more than 80% 

α-glucosidase inhibitory activity, while saponin extract of adzuki bean exhibited 

56.4 to 68.7% α-glucosidase inhibitory activity. Based on the results of pancreatic 
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lipase inhibitory activity, at the concentration of 1 mg/mL, phenolics extract and 

saponin extract of adzuki bean (mean 32.5%) and pinto bean (mean 27%) had the 

stronger inhibitory effects. Moreover, phenolics extract and saponin extract of 

adzuki bean (mean 79.25%) and pinto bean (mean 72.85%) also had the stronger 

inhibitory effects on α-glucosidase activity. In addition, adzuki bean is widely 

used and has diverse application in foods and drugs. In a word, it indicated that 

adzuki bean is one of the best target beans to further study anti-obesity and 

anti-diabetes effects via cell and animal models.  

Flavonoids and saponins in adzuki bean were obtained and characterized by 

high performance liquid chromatography with diode array detection and electro 

spray ionization-tandem multi-stage mass spectrometry in succession. Among 15 

compounds identified, four flavonoids (catechin, vitexin-4″-O-glucoside, 

quercetin-3-O-glucoside, and quercetin-3-O-rutinoside) and six saponins 

(azukisaponin I, II, III, IV, V, and VI) in adzuki bean were further quantified by 

external calibration method using high performance liquid chromatography mass 

spectrometry with the program of time segment and extract ion chromatogram 

analysis.  

Animal model is a good way to intuitively evaluate the anti-obesity effect of 

adzuki bean. So the anti-obesity effects of adzuki bean in mice fed with a high-fat 

diet was investigated. ICR female mice were fed with a high fat diet administrated 

orally with different doses of adzuki bean extracts for eight weeks. Total extract, 

flavonoids and saponins of adzuki bean enhanced lipolysis (166.1%, 175.6%, and 
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152.6%, respectively). Compared to the final body weight (33.6 g) of the high-fat 

diet group, oral administration (300 mg/kg per day) of total extract, flavonoids 

and saponins of adzuki bean significantly reduced the final body weight of mice, 

and significantly decreased the adipose tissue accumulation. The adzuki bean 

intervention also significantly reduced the levels of serum triglyceride, total 

cholesterol, low density lipoprotein-cholesterol, and liver lipid. Adzuki bean 

demonstrated the anti-obesity effects on mice fed with a high fat diet, such effects 

may mediated through the inhibitory effects of flavonoids and saponins from 

adzuki bean on α-glucosidase and pancreatic lipase activities, and lipolysis 

enhancement effect of active components from adzuki bean.  

Obesity is characterized biologically at the cellular level by as an increase in 

the number of preadipocutes and an increase in the size of adipocytes 

differentiated from preadipocytes in adipose tissue. 3T3-L1 cell model was used 

to reveal the mechanism of anti-obesity effects of adzuki bean in the present study. 

The results showed that adzuki bean total extract, adzuki bean flavonoids, adzuki 

bean saponins, four mono flavonoides (catechin, vitexin-4″-O-glucoside, 

quercetin-3-O-glucoside, and quercetin-3-O-rutinoside) and six mono saponins 

(azukisaponin I, II, III, IV, V, and VI) exhibited inhibitory effect of proliferation of 

3T3-L1 cells, and the inhibitory rate of proliferation of 3T3-L1 cells was about 

20%. Mature adipocytes were stained by Oil Red O and the lipid accumulated 

exhibited red color, while the preadipocytes could not been stained. The data of 

the effects of adzuki bean samples on lipid accumulation during the differentiation 
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period of 3T3-L1 cells revealed that azukisaponin II had the highest inhibitory 

effect (49.72%) with a dose dependent manner from 50 to 500 μg/mL. It indicated 

that adzuki bean may block the differentiation of 3T3-L1 cells from preadipocytes 

to mature adipocytes which contribute to anti-obesity effects. Most of adzuki bean 

samples significantly blocked the triglyceride accumulation and enhanced 

lipolysis by increseaing the released of glycerol during differentiation of 3T3-L1 

cell. Additionally, adzuki bean samples except catechin significantly inhibited 

glycerol-3-phosphase dehydrogenase activity in 3T3-L1 cells, which indicated 

that adzuki bean samples had the ability to inhibit triglyceride synthesis.  

   Real-time polymerase chain reaction and Western blot methods were used to 

investigate the intervention effects of adzuki bean total extract, adzuki bean 

flavonoids, adzuki bean saponins, quercetin-3-O-rutinoside, and azukisaponin II 

isolated from adzuki bean on the related gene expressions. These adzuki bean 

samples inhibited differentiation of 3T3-L1 cell by decreasing the expression of 

peroxisome proliferator-activated receptor γ and CCATT/enhancer-binding 

protein α (major adipocyte transcription factors) at messenger ribonucleic acid 

level and protein level in adipocytes. Additional, they inhibited adipogenesis by 

decreasing the expression of fatty acid synthase, promoting lipolysis by increasing 

the expression of hormone-sensitive lipase and adipose triglyceride lipase, made 

energy balance by regulating the expression of leptin, adenosine monophosphate 

-activated protein kinase, and tumor necrosis factor α, and induced cell apoptosis 

by increasing the expression of bax and decresing the expression of B-cell 
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lymphoma 2. These findings provide insight into the molecular mechanisums 

through regulation of the related gene expression in 3T3-L1 adipocytes. It also 

suggested that adzuki bean had a positive effect in prevention and treatment of 

adipogenesis-related obesity, and might be a good option of functional foods to 

control obesity.  
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Chapter 1  

Introduction 

1.1. Overview on obesity 

1.1.1. Occurrence of obesity 

Overweight and obesity are defined by World Health Organization (WHO) as 

abnormal or excessive fat accumulation that presents a risk to health. WHO 

reported that one billion adults were overweight, while more than 300 million 

were obese (WHO, 2010). Overweight and obesity are becoming a major public 

health issue. It is a serious leading metabolic disease in the world. “Globesity” can 

present its global epidemic, and also attract people’s attention.   

In 2008, 34% men and 35% of women were overweight, while 10% of men 

and 14% of women in the world were obese. 26% of adult people were obesity in 

the WHO Region of the Americas, and only 3% of adult people were obesity in 

WHO Region for South-East Asia. Generally speaking, obesity occurs mostly in 

high income countries, it also occurs mostly in female not male. Moreover, it is 

also reported that more than 40 million preschool children, that is 6%, were obese 

or overweight in 2007. In a word, the worldwide epidemic of obesity has been 

becoming more and more increasingly serious (Finucane et al., 2011). Besides, 

each year at least 2.8 million people die due to being overweight or obese (WHO, 

2011).  

 1 



1.1.2. Causes of obesity  

There are lots of reasons for causing obesity, such as genetics, diet excess, 

food addiction, lack of exercise, and thermogenesis barriers. Poston and Foreyt 

believed that the main reason of causing obesity was the energy intake exceeds the 

consumption of energy required (Poston and Foreyt, 1999), and the excess energy 

changed into fat storage in the body. WHO reported that obesity for an individual 

is usually the result of an imbalance between calories consumed and calories 

expended (WHO, 2010). A person with high calories foods may become 

unhealthy increase in weight. Moreover, a person with no moderate physical 

activity also may result in an energy imbalance and increase body weight. 

1.1.3. Consequences of obesity 

Overweight and obesity lead to many serious diseases, like high blood 

pressure, diabetes, strokes, cancer (Kushner, 2002; Festi et al., 2004; Nammi et al., 

2004). With increasing BMI, risks of these diseases increase steadily (WHO, 

2002). Raised BMI also increases the risk of breast cancer, colon cancer, and 

oesophagus cancer (WHO, 2002; World Cancer Research Fund/American Institute 

for Cancer Research, 2009). Overweight and obesity cause 44% of diabetes, 23% 

of ischaemic heart disease and 7-41% in the world (WHO, 2010). Overweight and 

obesity also lead to more deaths in the world. It occurs not only in high-income 

countries but also in middle/low-income countries. 

1.1.4. Prevention and treatment of obesity  

Dr Margaret Chan (Margaret, 2011) said that obesity is the signal that 
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something is terribly wrong in the policy environment. Widespread obesity in a 

population is not a marker of failure of individual willpower, but of failure in 

policies at the highest level.  

To solve the problem of obesity, diet therapy, increased physical activity, 

pharmacotherapy, behavioral therapy, surgery, and any combination of the above 

have been considered for patients with varying degrees of obesity. There are many 

articles reported that high fat diet could induce obesity of rats or mice (Zhao et al., 

2005; Liu et al., 2008). Diet control, inhibiting diet fat absorption is the best way 

to control obesity comparing to weight loss drugs and surgery with side effects. 

Orlistat, which can inhibit gastric and pancreatic lipase, has been used in obesity 

management by inhibiting the fat absorption from the diet.  

Eating a healthy diet can also help prevent obesity. Diets including 

carbohydrates, fats, or proteins all of them contain calories. To remain in balance 

and maintain your body weight, the calories consumed must be balanced by the 

calories used. Obesity induced by diets, especially dietary fat, is becoming more 

and more harmful to human health. Therefore, a person who wants to be health 

and stay away of obesity should limit total fat intake, shift fat consumption away 

from saturated fats to unsaturated fats and increase consumption of fruit, 

vegetables, legumes, whole grains and nuts. Of course, sugar and salt also should 

not be eaten too much. Besides these, moderate physical activity should be done.  

1.1.5. Pancreatic lipase inhibitors 

Pancreatic lipase is a key enzyme to catalyze the hydrolysis of dietary fat in 

 3 



the digestive system (Mukherjee, 2003). 50-70% of the dietary fat can be 

hydrolyzed by this enzyme. Thus inhibition of pancreatic lipase activity can block 

fat absorption in gastrointestinal tract, further control obesity incidence, especially 

diet induced obesity.  

Orlistat is a gastrointestinal lipase inhibitor and is also effective for the 

treatment of human obesity. However, it has certain unpleasant gastrointestinal 

side effects like oily stools, oily spotting and flatulence among others (Hadváry et 

al., 1988; Hauptman et al., 1992; Billington et al., 1994; Drent et al., 1995; 

Sjöström et al., 1998). Therefore, researchers devote to search pancreatic lipase 

inhibitors from natural products as anti-obesity agents (Han et al., 1999; 2001; 

2002; 2005; Kwon et al., 2003; Nakai et al., 2005; Xu et al., 2005; Kimura et al., 

2006; Yoshizumi et al., 2006). 

1.1.6. α-Glucosidase inhibitors 

α-Glucosidase is a key enzyme to hydrolysis polysaccharides and 

disaccharides into glucose in small intestine. The activity of α-glucosidase can 

affect the absorption and utilization of starch, dextrin, sucrose and other 

carbohydrates (Kato et al., 1997; Hanefeld et al., 2005; Krentz and Bailey, 2005). 

Thus inhibition of α-glucosidase activity can block digestion and absorption of 

carbohydrates, further control metabolism disorders such as diabetes and obesity.  

α-Glucosidase inhibitors such as acarbose, miglitol and voglibose also reduced 

postprandial hyperglycaemia primarily by interfering with the 

carbohydrate-digesting enzymes and delaying glucose absorption (Mooradian and 
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Thurman, 1999; Scheen, 2003). Vannasaeng et al (1995) studied the effects of 

acarbose, α-glucosidase inhibitor, in 36 patients. The results were shown that 

acarbose could significantly decrease postprandial blood glucose level, 

glycosylated hemoglobin level, serum triglycerides level and body weight. 

However, they also indicated that flatulence was the major side effect of acarbose 

found in 42% patients (Vannasaeng et al., 1995).  Kojima et al (2010) firstly 

reported that the α-glucosidase inhibitor miglitol induced pneumatosis cystoides 

intestinalis of the diabetes patients. In current market, acarbose, miglitol and 

voglibose are used to treat diabetes with the side effects of gastrointestinal 

disturbances that mainly including flatulence, abdominal distension, borborygmus 

and diarrhea (Vannasaeng et al., 1995; Fujisawa et al., 2005; Kojima et al., 2010; 

Kumar and Sinha, 2012).  

Therefore, more and more scientists focus on searching the α-glucosidase 

inhibitors from natural products. Phenolics from Solanum melongena were 

reported to have effects of α-glucosidase inhibitory effect (Kwon et al., 2008). 

Dong et al (2010) evaluated the effects of flavonoid-rich extract obtained from 

80% ethanol extract from the leaves of Crataegus cuneata Sieb. et Zucc on 

α-glucosidase activity. The results indicated that the flavonoid-rich extract could 

maximum inhibit 64.3% α-glucosidase activity and the inhibition was 

uncompetitive according to the Lineweaver-Burk plot.  

1.1.7. 3T3-L1 cell model 

Obesity is characterized biologically at the cellular level by an increase in the 
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number and size of adipocytes differentiated from fibroblastic pre-adipocytes in 

adipose tissue. Inhibition of preadipocyte proliferation plays a key role in the 

mechanisms of anti-obesity. 3T3-L1 preadipocytes have been used in biological 

research for many years. It is important in explanation of cellular mechanisms 

about diabetes, obesity and related disorders after being originally derived from 

Swiss mouse embryo tissue by Dr. Howard Green of Harvard Medical School.  

Hasegawa (2001) investigated the anti-obesity effects of garcinia extract 

isolated from the fruit of the Garcinia cambogia on 3T3-L1 cells. Garcinia extract 

could inhibit accumulation of lipid droplets and reduce the peak droplet area of 

3T3-L1 cells cultured with insulin. Hsu et al (2003) obtained extract of Toona 

sinensis leaves with 50% alcohol solution, and then studied its lipolysis effects in 

3T3-L1 differentiated adipocytes. Its lipolytic activity induced by Toona sinensis 

leaf extract was diminished, which may be involved in the protein kinase C 

pathway and may be down-regulated by cyclic adenosine monophosphate 

(cAMP).  

Ahn et al (2006) indicated that Kochujang, Korean fermented red pepper paste, 

is a mixture of fermented soybeans, wheat, and red pepper powder, decreased 

lipid accumulation in 3T3-L1 adipocytes by inhibiting adipogenesis through 

down-regulation of sterol regulatory element-binding protein 1-c and peroxisome 

proliferator-activated receptor γ (PPARγ) and by stimulation of lipolysis due to 

the increase of hormone-sensitive lipase activity. Phenolic acids (chlorogenic acid, 

gallic acid, o-coumaric acid and m-coumaric acid) decreased the cell population 
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growth of 3T3-L1 preadipocytes, and the half maximal inhibitory concentration of 

a substance (IC50) values were respectively 72.3, 43.3, 48.2, and 49.2 mM (Hsu et 

al., 2006). Chlorogenic acid, o-coumaric acid, and m-coumaric acid caused cell 

cycle arrest, while gallic acid did not. But it could increase the number of 

apoptotic cells in both time- and dose-dependent manners. Pine needle extract 

treatment suppressed both glycerol-3-phosphate dehydrogenase activity and 

expression of PPARγ in cultured 3T3-L1 adipocytes (Jeon and Kim, 2006). 

Further animal experiments showed that pine needle extract significantly 

decreased body weight gain and visceral fat mass in rats fed with high fat diet. It 

could also reduce plasma parameters, like total cholesterol. Murosaki et al (2007) 

reported that a combination of caffeine, arginine, soy isoflavones and L-carnitine 

could significantly decrease 3T3-L1 differentiation and lipid accumulation, while 

it also could significantly increase lipolysis in 3T3-L1 adipocytes. 

Zizyphus jujuba was investigated about the effects on adipocyte differentiation 

of 3T3-L1 preadipocytes (Kubota et al., 2009). The results showed that 

chloroform fraction of Zizyphus jujube extract had the highest inhibitory effect on 

lipid accumulation and glycerol-3-phosphate dehydrogenase activity. Hsu and Yen 

(2006) reported that naringenin, rutin, hesperidin, resveratrol, naringin and 

quercetin could inhibit 3T3-L1 pre-adipocytes, and quercetin had the highest 

inhibitory effects (71.5%). Apoptosis assays and western analyses indicated that 

quercetin efficiently inhibited cell population growth and apoptosis induction in 

3T3-L1 pre-adipocytes. Oleanolic acid, a triterpenoid compound, is one of the 
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major components in vegetables and plants. It was reported that oleanolic acid 

could reduce the induction of PPARγ and ccaat-enhancer-binding proteins α 

(C/EBPα) (Sung et al., 2010). 

The anti-obesity effect of extract of purple sweet potatoes on 3T3-L1 

adipocytes was investigated by Ju et al (2011). Differentiated 3T3-L1 adipocytes 

were treated with a purple sweet potato extract at concentrations of 1, 2, and 3 

mg/mL for 24 hours. The results showed that the extract could diminish leptin 

secretion, suppressed the expression of messenger ribonucleic acid (mRNA) of 

lipogenic and inflammatory factors and promoted lipolytic action. Water extract of 

Lethariella cladonioides could cause a significant increase in glycerol release and 

reduce the protein expression of the adipogenic transcription factors, PPARγ and 

CCATT/enhancer-binding protein α (C/EBPα) (Sung et al., 2011). Through 

reviewing the previous articles about in vitro 3T3-L1 cell assays, we found that it 

is a good method to study the mechanisms of anti-obesity agent containing dietary 

components. 
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1.2. Anti-obesity effects of food legumes 

1.2.1. Anti-obesity of foods 

Unhealthy diet is one of the main risk factors for chronic diseases. Hill et al 

(2000) believed that dietary fat intake was directly or indirectly related to the 

occurrence of obesity, diabetes, high cholesterol and other diseases. Consumption 

of bioactive compounds from diet or dietary supplementation is one of possible 

ways to control obesity and to prevent or reduce the risks of getting various 

obesity-related diseases.  

The most effective method of body weight control is to control diet fat intake. 

Lots of scientists want to control obesity through diet, which is one of the most 

scientific and effective ways. Whilst lingonberry, arctic bramble, cloudberry, 

strawberry and raspberry were reported to have anti-obesity effects (Prior et al., 

2008; McDougall et al., 2009). Citrus (Haaz et al., 2006; Dallas et al., 2008), 

zingiber (Han et al., 2005), curcumin (Ejaz et al., 2009), Platycodi Radix (Xu et 

al., 2005), Asian ginseng (Yun et al., 2004), American ginseng (Liu et al., 2010), 

food legumes (Lee et al., 2005; Kwon et al., 2007; Ørgaard and Jensen, 2008; 

Takahashi et al., 2009), oolong tea, green tea and their components (Han et al., 

1999; Kao et al., 2000; Han et al., 2001; Murase et al., 2002; Lin and Lin-Shiau, 

2006; Koo and Noh, 2007; Moon et al., 2007; He et al., 2009) were reported to 

have the effects of anti-obesity by different mechanisms. In these anti-obesity 

foods, there are two kinds of active ingredients mainly including saponins and 

phenolics.  
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1.2.2. Anti-obesity of food legumes 

Food legumes are widely used in people’s life. Food legumes are popular with 

people in the world. Saponins and phenolics from food legumes have been 

reported to possess many pharmacological activities such as anti-inflammatory 

(Zha et al., 2011), anti-cancer (Pei et al., 2010; Zhang and Popovich, 2010) and 

human resin inhibition (Takahashi et al., 2008). American Pulse Association, US 

Dry Bean Council, USA Dry Pea & Lentil Council jointly drafted the “Pulse 

Health Initiative Strategic Plan” in September, 2010 (American Pulse Association, 

2010). This plan supported investigation on nutrition and health benefits of food 

legumes as a priority area, and called for researchers to find scientific methods to 

explain food legumes’ specific contribution to the areas of anti-obesity, 

anti-diabetes, anti-cardiovascular disease and anti-cancer. Researchers are 

encouraged to first perform mechanism study based on in vitro cell models or 

experimental animal models so that reach a goal to reduce by half obesity and its 

complications (diabetes, cancer and cardiovascular diseases) within 20 years by 

consuming food legumes. After carefully studying this strategic plan, we found 

that several legumes-related associations have commonly strong needs in 

anti-obesity research of food legumes. However, according to Dr. Xu Baojun’s 

working experience in the United States and a recent in-depth literature 

investigation, anti-obesity research of food legumes has not started in U.S.A. yet. 

It is still lack of sufficient scientific basis (molecular mechanisms and their 

function in overall adiposity) to explain scientific principle of these popular civil 
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practices in weight control using food legumes. Therefore, we decided to step in 

this research area and to secure a place in the international arena within a few 

years. China is one of the largest countries in producing and consuming food 

legumes, if Chinese scholars become active researchers in the field of anti-obesity 

research of food legumes, it will make important practical significance, and great 

strategic significance for future international cooperation research and product 

development.  

“Eating beans to lose weight” have been practiced since the Song Dynasty of 

China; currently “Eating beans to lose weight” are still very popular folk practices 

in China, Japan and South Korea.  

Before 2005, there are only limited scientific articles about health benefits of 

food legumes in obesity prevention or weight control (Bhathena and Velasquez, 

2002; Lee et al., 2005). Park et al (Park et al., 2007; Kwon et al., 2007) 

investigated the effect of anthocyanins from black soybean seed coats on rats fed a 

high fat diet. The results showed that the anthocyanins in black soybean seed 

coats decreased high fat diet-induced body weight, adipose tissue weight, and 

serum lipid parameters. A high-fat plus chickpea diet could reduce epididymal fat 

pad weight of rats and plasma lipid parameters (Yang et al., 2007). 

Chickpea-treated obese rats also showed a markedly lower leptin and lipoprotein 

lipase (LPL) mRNA content in epididymal adipose tissue.  

The anti-obesity effects of soyasaponins (Lee et al., 2005), and soy 

isoflavones (Ørgaard and Jensen, 2008; Cope et al., 2008; Cederroth and Nef, 
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2009; Takahashi et al., 2009) have been reported. Maruyama et al (2008) reported 

that adzuki bean juice could lower serum triglyceride concentrations in healthy 

young women. Itoh and Furuichi (2009) obtained hot water extract from adzuki 

bean, and then purified it by HP-20 resin. 40% ethanol-eluted fraction was used 

for further animal study. The results indicated that it could lower serum 

cholesterol level in rats fed with high-fat cholesterol diet. Wu et al (2011) studied 

the effects of alcohol extract from adzuki bean on decreasing lipid and 

anti-obesity of the Kunming male and female mice fed with a high-fat diet. The 

results showed that it could reduce significantly body weight and adipose weight 

of mice fed with a high fat diet. Moreover, the effect was greater in female mice 

than in male.  
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1.3. Adzuki bean 

Adzuki bean (Vigna angularis L.) plant is an annual vine, and produces pods, 

each containing approximately 10 seeds. It is widely grown in East Asian 

countries, mainly in China, where it has been cultivated for thousands of years. 

Adzuki bean is one of the high-value food legumes like soybean and mung bean. 

The cultivars have different colors like red, white, black, gray, and adzuki bean 

with red color is mainly known. In the past, adzuki bean owned relatively low cost. 

Recent years, the price of adzuki bean has been increased with the discovery of its 

high nutritional value and pharmacological actions. Adzuki bean was firstly 

recorded in “Shen Nong's herbal classic”, and then also recorded in “Compendium 

of materia medica”. According to the traditional Chinese medicine, adzuki bean is 

sweet and sour in taste, and neutral in nature. It owns the functions like desiccant 

diuresis, removing the abscess, and swelling detoxification. So it is used as a 

diuretic, antidote, and remedy for dropsy and beriberi in traditional Chinese 

medicine, while it is also boiled and consumed as a dessert or snack food or 

confectionery products in people’s daily life.  

Recently, it is also reported that adzuki bean owned biological activities, such 

as anticancer (Itoh et al., 2004a), anti-hypercholesteremia (Han et al., 2003a; Han 

et al., 2003b), hepatoprotective effects (Han et al., 2004), antidiabetes (Itoh et al., 

2004b), and renal protective effect (Sato et al., 2005a; Sato et al., 2005b). Adzuki 

bean is known to contain lots of chemical constituents: sugars, cyclitols, 

digalactosyl ononitol (Peterbauer et al., 2003), starch (Yousif et al., 2003), 
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proteins (Yousif et al., 2003), polyphenols, such as (+) epicatechin, (+) catechin, 

quercetin, vitexin or their derivatives (Itoh et al., 2012; Mukai et al., 2011; Wang 

et al., 2011; Yao et al., 2011a; Yao et al., 2012), and saponins, such as 

azukisaponin I, II, III, IV, V, and VI (Kitagawa et al., 1983a; 1983b) and AZ I 

(Iida et al., 1997), II, III, and IV (Iida et al., 1999), some of which are active 

ingredients and contribute to its pharmacological effects diversity. The structure 

diversity of the chemical constituents is the key important factor in studying the 

pharmacological effects of adzuki bean. However, there is lack of systematic 

review of adzuki bean on its chemical constituents and pharmacological actions. 

Therefore, to avoid many detours, the main purpose of this article was to review 

chemical constituents and pharmacological actions of adzuki bean to provide 

scientists and researchers with systematic and reliable evidences for further study.  

1.3.1. Chemical constituents 

1.3.1.1. Nutrients  

Adzuki bean seed coats were obtained from Japanese red and white adzuki 

beans, respectively (Sato et al., 2005a; Sato et al., 2005b). The contents of 

moisture, protein, fat, ash, dietary fiber, carbohydrate, vitamine E, pigments (total 

polyphenols and total proanthocyanidins) were determined.  

It was reported that the composition of dry 80% ethanol extract from adzuki 

bean contained 4.9% moisture, 6.7% protein, 17.2% fat, 5.8% ash, and 65.4% 

carbohydrate, 1.1% dietary fiber, 9.3% total polyphenols and 9% 

proanthocyanidins (Mukai and Sato, 2009). The composition per 100g of 
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manufactured adzuki bean extract from Cosmo Foods was given: 4.26 g moisture, 

2.89 g protein, 2.26 g sodium, 436 mg phosphorus, 9.83 mg iron, 93.9 mg calcium, 

1.71 g potassium, 328 mg magnesium, 5.19 mg zinc, 0.08 mg riboflavin, 9.50 g 

dietary water-soluble fiber. The product contains an average of 16% polyphenols 

(including 470 mg anthocyanidins, 20.7 mg catechins, 2.33 mg caffeic acid, 2.62 

mg ferulic acid, 44.5 mg quercetin, and 102 mg protocatechuic acid) 

(Kitano-Okada et al., 2012). However, the author did not point the detailed 

analysis methods. Moreover, Li et al. reported that fatty acid composition, free 

amino acids, γ-aminobutyric acid, and mineral existed in the adzuki bean sprouts 

(Li et al., 2011).  

1.3.1.2. Sugars, starch and their derivatives  

Adzuki bean contained sugars (sucrose, raffinose and stachyose), cyclitols, 

and their respective monogalactosyl derivatives. A monogalactoside of D-ononitol 

(1D-4-O-methyl-myo-inositol) was isolated from adzuki bean. Its structure was 

originally proposed to be 

O-α-D-galactopyranosyl-(1→5)-4-O-methyl-D-myo-inositol by. Peterbauer et al. 

revised its structure to be 

O-α-D-galactopyranosyl-(1→3)-4-O-methyl-D-myo-inositol (digalactosyl 

ononitol) (Peterbauer et al., 2003).  

Starch and protein were also reported to exist in adzuki bean, and their 

contents varied from different storage conditions, like temperature and relative 

humidity (Yousif et al., 2003). Resistant starch, which is considered the third type 
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of dietary fiber due to its deliver some of the benefits of insoluble fiber and some 

of the benefits of soluble fiber, was also exist in adzuki bean (Han et al., 2003a).  

1.3.1.3. Proteins 

The relationship between structure and function is very important. Adzuki 

bean proteinase inhibitorⅠwas purified, which is in a crystalline form and is 

double-headed, and pointed out its amino acid sequence (Ishikawa et al., 1979). 

Double-headed protease inhibitors AB I, AB II a, and AB II c with the molecular 

weights of 9166, 8661, and 8756 Da were obtained from adzuki beans (Ishikawa 

et al., 1985). A trypsin inhibitor with a molecular weight of 13 kilodalton (kDa) 

for adzuki bean was isolated by heat at 70 ℃ for 10 min and ammonium sulfate 

precipitation (Wati et al., 2010).  

1.3.1.4. Lipids 

Yoshida et al. used chloroform/methanol to extract total lipids from adzuki 

beans (Vigna angularis) (Yoshida et al., 2009). AgNO3-thin-layer chromatography 

(TLC) and gas chromatography (GC) were applied to analyze fatty acid 

distributions and molecular species of triacylglycerols. The lipids were mainly 

made up of phospholipids (74.3%), triacylglycerols (13.5%), hydrocarbons (4.6%) 

and sterol esters (4.0%). The lipids of adzuki beans from five cultivars comprised 

mainly phospholipids (72.2-73.4 wt-%), and triacylglycerols (20.6-21.9 wt-%) 

(Yoshida et al., 2010). Lee et al. extracted aroma chemicals from fresh adzuki 

beans by simultaneous steam distillation and solvent extraction, and measured the 

total aroma chemicals by gas chromatography with a flame ionization detector 
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(lee et al., 2000). However, the authors did not give the chromatogram of gas 

chromatography.  

1.3.1.5. Polyphenols and flavonoids 

Two pure flavonoid compounds were isolated from ethyl acetate-soluble 

fractions of adzuki bean by enzyme assay-guide fraction method, and were 

identified as vitexin and isovitexin by the spectral data of hydrogen-1 nuclear 

magnetic resonance (1H NMR) and carbon-13 magnetic magnetic resonance (13C 

NMR) (Yao et al., 2011a). In succession, (+)-catechin, (+)-epicatechin, 

(+)-catechin 7-O-β-D-glucopyranoside, (+)-epicatechin 7-O-β-D-glucopyranoside, 

(+)-luteoliflavane 7-O-β-D-glucopyranoside, (-)-luteoliflavane 

7-O-β-D-glucopyranoside, and rutin were separated from extract of ethanol 40% 

(EtEx.40) of adzuki bean by column chromatography over multiple columns like 

Sephadex LH20, ODS (Chromatorex DM-1020T), and silica gel 60, preparative 

thin-layer chromatography and reverse-phase high-performance liquid 

chromatography. They were finally identified by infra-red spectrum (IR), mass 

spectra, 1H NMR and 13C NMR (Itoh et al., 2012). A xanthylium-related pigment 

(Figure 1.1) was obtained from adzuki bean by Yanase et al. (Yanase et al., 2012). 

The compound was unique in that the xanthylium skeleton in this molecule.  
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Figure 1.1. Structure of a xanthylium-related pigment. 

 

After that, pigments which contributed the purplish-red colour were isolated 

from adzuki bean (Takahama et al., 2013). One pigment was a condensation 

product of cyaniding and (+)-catechin (vigacyanidin), in which the 5-hydroxy and 

C-4 positions of the cyaniding moiety were substituted by the addition of the 

5-hydrosy and C-6 position of the (+)-catechin moiety, respectively (Figure 1.2). 

The other pigment was an isomer of vigacyanidin, which yield was much lower 

than vigacyanidin. 

 

 

Figure 1.2. Proposed structure of vigacyanidin. 
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Amarowica et al. identified 29 compounds in adzuki bean crude by high 

performance liquid chromatography with photodiode array detection and mass 

spectrometry (HPLC-PAD-MS), which belong to different classes of phenolic 

compounds (Amarowicz et al., 2008). Among phenolic acids and derivatives, 

protocatechuic acid and aldehyde, trans p-coumaric acid and its malonyl ester 

were identified. Quercetin, quercetin 3-O-arabinglucoside, quercetin 

3-O-rutinoside, quercetin 3-O-galactoside, quercetin 3-O-glucoside, myricetin 

3-O-rhamnoside and kaempferol 3-O-rutinoside were found as the representative 

flavonols. 

HPLC profiles exhibited that methanol extract of adzuki bean contained 

p-coumaric acid, quercetin/kaempferol and their derivatives (Wang et al., 2011), 

while ethanol extract contained caffeic aid, chlorogenic acid, p-coumaric, ferulic 

acid, and sinapic acid (Yao et al., 2011b).Adzuki bean coat extract contained 

catechin, procyandins B1, and rutin by analyzed using HPLC-MS, but the 

spectrum was not given (Mukai and Sato, 2011). Yao et al. investigated 8 phenolic 

compounds in adzuki bean from different altitudinal of China. Ultra performance 

liquid chromatography (UPLC) 8 phenolic compounds (catechin, epicatechin, 

p-coumaric, ferulic acid, vitexin, isovitexin, sinapic acid, quercetin) (Yao et al., 

2012). In summary, the structures of representative flavonoids in adzuki bean 

were shown in Figure 1.3.  
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Figure 1.3. Structures of representative flavonoids in adzuki bean. 

 

1.3.1.6. Saponins 

2,3-dihydroxy-6-methy-4H-pyran-4-one conjugated saponin, was obtained by 

Iida et al. from adzuki beans (Vigna angularis) (Iida et al., 1997). Az I belong to 

triterpenoid saponin with a conjugate of the 

2,3-dihydroxy-6-methy-4H-pyran-4-one moiety. Its molecular formula is 

C48H74O17, and the molecular weight is 922. Subsequently, Iida et al obtained 

another three 2,3-dihydroxy-6-methy-4H-pyran-4-one conjugated saponins, 

named Az II (1098), Az III (1082), and Az IV (1084) (Iida et al., 1999). In 1983, 

Kitagawa et al. isolated and identified azukisaponin I, II, III, IV (Kitagawa et al., 

1983a), V, and VI (Kitagawa et al., 1983b). Kinjo et al. isolated two white 

amorphous powders from adzuki bean and identified them as azukisaponin II with 

the molecular weight 796, and azukisaponin VI with the molecular weight 1134 

(Kinjo et al., 1998). The structures of AZ saponins and azukisaponins from adzuki 

bean were shown in Figure 1.4. 
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Figure 1.4. Chemical structures of AZ saponins and azukisaponins in adzuki 

bean. 
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1.3.2. Pharmacological actions 

1.3.2.1. Effects on anti-oxidation 

Lee et al. reported that aroma extracts from adzuki beans inhibited 

malonaldehyde formation from cod-liver oil by 76% at the 250 μL/mL level (Lee 

et al., 2000). Polyphenolic compounds were extracted from adzuki bean 

(Amarowcz et al., 2004). Total antioxidant activity of adzuki bean extract was 

determined and the results were expressed as mmoL Trolox/mg. Total value of 

adzuki bean extract was 1.76 μmoL Trolox/mg in the table 1 in the authors’ article. 

Maybe the authors’ made a mistake mmoL and μmoL. But total antioxidant 

activity of adzuki bean extract was the highest one in that of seven kind beans 

(faba bean, broad bean, adzuki bean, red bean, pea, red lentil, and green lentil).  

In 2008, Amarowca et al. extracted phenolic compounds from adzuki bean 

using 80% (v/v) aqueous acetone again (Amarowicz et al., 2008). This time 

Amarowca et al. used a Sephadex LH-20 column to divide the crude extract into 

two fractions. Fraction I was eluted using ethanol and consisted of low-weight 

phenolics. Fraction II was eluted using water/acetone (1:1; v/v), and consisted of 

tannins. The content of total phenolics in Fraction II was the highest (189 mg/g) 

with the highest total antioxidant activity (4.17 μmoL Trolox/mg). A commercial 

adzuki bean extract being supplied by Cosmo Foods Co., Ltd, Tokyo, Japan, was 

evaluated for antioxidant effectiveness in cured and uncured cooked pork 

sausages, and the results revealed that the adzuki bean extract is a potential 

antioxidant (Jayawardana et al., 2011). Yao et al. determined the antioxidant 
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activity of fifteen legumes in China by 1,1-diphenyl-2-picrylhydrazyl radical 

2,2-diphenyl-1-(2,4,6-trinitrophenyl)hydrazyl (DPPH) radical scavenging 

activities. All extracts of legumes exhibited different levels of antioxidant activity 

(1.28-46.83 μmoL Trolox/g). The result on DPPH in ethanol extract of adzuki 

bean was 18.08 μmoL Trolox/g (Yao et al., 2011b). 

Total phenolics from defatted adzuki bean (black and red) flours were 

extracted with 80% aqueous methanol containing 1% HCl (1:50, w/v) under 

reflux (Sreerama et al., 2012). The antioxidant activities of the total phenolics 

were determined by five assays, including DPPH free radical scavenging activity, 

ferric reducing antioxidant power assay, hydrogen peroxide scavenging activity, 

superoxide anion radical scavenging activity, and ferrous ion-chelating activity. 

Adzuki bean (black) exhibited the highest DPPH scavenging activity (5.7 μmoL 

Trolox/g), followed by adzuki bean (red) (4.4 μmoL Trolox/g). The values of 

ferric reduced antioxidant power of adzuki bean (black and red) were respectively 

34.46 and 27.39 mmoL Fe2+ equivalents/100g defatted flour. Adzuki bean red 

variety scavenged 71.1% of H2O2 in the medium, while adzuki bean black was 

64.33%. Adzuki bean (black) variety showed superoxide anion radical scavenging 

capacity of 56.1%, while adzuki bean (red) showed no more than 40%. Adzuki 

bean (red) showed significantly higher ferrous ion chelating activity than adzuki 

bean (black). 

Xu and Chang extracted phenolic compositions from legumes besides adzuki 

bean by acetone/water/acetic acid (70:29.5:0.5, v/v/v) and determined their 
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antioxidant activity (Xu and Chang, 2012). The values of DPPH free radical 

scavenging activity, oxygen radical absorbing capacity, and peroxyl radical 

scavenging capacity were 17.0 μmoL Trolox/g, 162.1 μmoL Trolox/g, and 77.9 

μmoL Trolox/g, respectively. But adzuki bean did not exhibit dose-dependent 

cellular antioxidant activity. All ethanol extracts of adzuki beans with altitudinal 

variation exhibited 1,1-diphenyl-2-picrylhydrazyl radical activities (from 

78.39-88.39 μmoL Trolox/g). Moreover, total phenolic content and total flavonoid 

content were highly correlated with the antioxidant capacity (Yao et al., 2012).  

1.3.2.2. Anti-microbial 

Extracts of four types of colored adzuki beans, green, black, red, and white 

adzuki beans were obtained by distilled water (Hori et al., 2006). Eight bacterial 

species (Table 1.1) were used to evaluate their antibacterial activity. Extract from 

white adzuki bean inhibited the growth of all eight bacterial species. Extract from 

black adzuki bean inhibited the growth of Bacillus subtilis, Enterococcus faecalis, 

Escherichia coli and Pseudomonas aeruginosa. Extract from red adzuki bean 

inhibited the growth of Escherichia coli, Pseudomonas aeruginosa and 

Salmonella cholerasuis. Extract from green adzuki bean inhibited the growth of 

Enterococcus faecalis, Escherichia coli and Pseudomonas aeruginosa. The 

authors pointed out that polyphenols in colored adzuki beans might be responsible 

for their antibacterial activity.  
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Table 1.1. Microorganisms and medium used in the antimicrobial susceptibility 

test. 

Organism Medium Temperature 

 
Aeromonas hydrophila 

 

ZoBell2216E agar 20 

Bacillus subtilis JCM1465 Nutrient agar with 0.5% 

 

37 

Enterococcus faecalis JCM5803 Trypto-soya agar 37 

Escherichia coli JCM5491 Nutrient agar with 0.5% 

 

37 

Pseudomonas aeruginosa 

 

Nutrient agar with 0.5% 

 

37 

Salmonella cholerasuis JCM1652 Nutrient agar with 0.5% 

 

37 

Staphylococcus aureus JCM2413 Nutrient agar with 0.5% 

 

37 

Vibrio parahaemolyticus 

 

ZoBe112216E agar 37 

The information was from Hori et al. (2006).  

 

1.3.2.3. Anti-inflammatory 

Methanol extract of adzuki bean (Vigna angularis) showed the inhibitory 

activity on the progress of atopic dermatitis-like skin lesions in NC/Nga mice 

induced by 1-chloro-2,4-dinitrobenzene (Collantes et al., 2012). Methanol extract 

of adzuki bean significantly reduced the numbers of mast cells in the skin, 

eosinophil ratio in peripheral leucocytes, relative mRNA expression of 

inflammatory cytokines in the spleen, and serum IgE levels of the NC/Nga mice.  

1.3.2.4. Anti-allergic 

Itoh et al. (Ioth et al., 2012) fractionated the hot water extract of adzuki bean 

to 4 fractions by column chromatography of Diaion HP-20. 40% ethanol elute 

extract had the strongest inhibition on antigen-stimulated degranulation in rat 

basophilic leukemia RBL-2H3 cells. 40% ethanol elute extract suppressed 
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intracellular elevation of [Ca2+]i and production of intracellular reactive oxygen 

species production by inactivating Lyn following Ag stimulation. The total water 

extract of adzuki bean and 40% ethanol elute extract suppressed the passive 

cutaneous anaphylaxis reaction. So adzuki bean was good for alleviating type I 

allergic symptoms.  

1.3.2.5. Hepatoprotective effects  

Wu et al. (Wu et al., 2001) reported that water extract of adzuki bean 

suppressed serum glutamate-oxalate-transaminase and serum 

glutamate-pyruvate-transaminase activities in acetaminophen-induced 

hepatotoxicity rats. The hepatoprotective effect of adzuki bean extract in serum 

transaminases activity reduced with increasing doses. But the authors also 

reported that the hepatoprotective effect of adzuki bean extract was much lower 

than that of mung bean extract. Han et al. (Han et al., 2004) investigated the 

hepatoprotective effect of water-extract from adzuki bean (Vigna angularis) hulls 

on acetaminophen-induced damage in rat liver. The similar results suggested that 

adzuki bean extract would serve as a prophylactic against oxidative damage to the 

liver. Ohba et al. (Ohba et al., 2005) reported that adzuki bean extract was 

beneficial for recovering from the D-galactosamine-induced damage in rat liver, 

and pointed out that the mechanism of hepatoprotective might increase the hepatic 

glutathione peroxidase, glutathione reductase, and Mn- and Cu, Zn-superoxide 

dismutase mRNA levels.  

1.3.2.6. Renal protective effects 
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Sato et al. (Sato et al., 2005a) reported that red and white adzuki bean (Vigna 

angularis) seed coats, especially red adzuki bean seed coats, had protective effects 

on renal interstitial fibrosis of male rats induced by cisplatin. Adzuki bean seed 

coats reduced the extent and magnitude of damage in the fibrotic areas in the 

corticomedullary junction in cisplation induced rat kidney histologically. Adzuki 

bean seed coats also decreased the number of macrophages in cisplation induced 

damage rat kidney. Moreover, Sato et al. (2005b) also reported that adzuki bean 

seed coats had similar protective effect on renal cortex in streptozotocin-induced 

diabetic rats. It suppressed the increased number of infiltrating macrophages and 

mRNA expression of monocyte chemoattractant protein-1 in 

streptozotocin-induced diabetic rats. 

1.3.2.7. Anti-diabetic effects 

α-Glucosidase is a key enzyme involved in intestinal glucose absorption. 

Inhibition of α-glucosidase may be a way to help reduce glucose absorption and 

contribute to anti-diabetes. α-Glucosidase inhibition activity of extracts and 

compounds obtained from adzuki bean were evaluated in vitro (Yao et al., 

2011a).The ethyl acetate-soluble fraction exhibited the highest inhibitory effects 

on α-glucosidase activity of the four partion parts, CH2Cl2-soluble fraction (IC50 

of more than 500 mg/mL), ethyl acetate-soluble fraction (IC50 of 53.74 mg/mL), 

n-butyl alcohol-soluble fraction (IC50 of 173.69 mg/mL), and residual extract 

(IC50 of more than 500 mg/mL). The monomer compounds vitexin and isovitexin 

showed higher inhibitory effects compared to the extracts. Vitexin was the most 
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active (IC50 of 0.4 mg/mL), followed by isovitexin (IC50 of 4.8 mg/mL).  

α-Glucosidase inhibition activities of fifteen legumes in China was 

investigated by Yao et al. (2011b). Ethanol extract of adzuki bean exhibited the 

highest α-glucosidase inhibition activity, and the inhibitory rate was 64.33%. All 

ethanol extracts of adzuki beans with altitudinal variation exhibited inhibitory 

effects on α-glucosidase activity, and the inhibitory rates were from 15.04 to 

62.57% (Yao et al., 2012). α-Glucosidase inhibition was not correlated with the 

phenolic acids in the extracts.  

Sreerama et al. reported that phenolic extracts from adzuki bean varieties on 

the activity of α-glucosidase indicated a dose-response relationship with their IC50 

values 26.28 mg/mL for adzuki bean (black) and 319.22 mg/mL for adzuki bean 

(red) (Sreerama et al., 2012). The results showed that extract of adzuki bean 

(black) had the stronger effects on inhibiting α-glucosidase activity. 

Itoh et al. (2004b) thought that hot water extract of adzuki beans (Vigna 

angularis), especially 40% ethanol fraction by Diaion HP-20 column, suppressed 

the postprandial blood glucose level and the endogeous blood insulin level in 

normal mice and streptozotocin-induced type 1 diabetic rats by inhibiting 

α-glucosidase and α-amylase. 40% ethanol fraction of hot water extract by Diaion 

HP-20 column was also reported to low blood glucose levels, serum insulin levels, 

urinary glucose, urinary microalbumin/creatinine ratio, liver triacylglycerol, and 

total cholesterol of spontaneously diabetic KK-Ay mice, type 2 diabete (Itoh et al., 

2009a).  
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1.3.2.8. Adjusting blood pressure 

Mukai and Sato (Mukai and Sato, 2009) reported that 80% ethanol extract of 

adzuki bean with antioxidant activity attenuated the elevation of blood pressure of 

spontaneously hypertension rats. It is consistent with the authors’ previous article 

which reported that adzuki bean extract suppressed the elevation of blood pressure 

in hypertension rats (Sato et al., 2008). The mechanism of low blood pressure was 

to increase nitric oxide production and decrease the expressions of endothelial 

nitric oxide synthase and inducible nitric oxide synthase in the aorta and kidney in 

hypertension rats (Mukai and Sato, 2009).  

Adzuki bean seed coats containing polyphenol exhibited attenuate vascular 

oxidative stress and inflammation during the progression of hypertension in 

spontaneously hypertension rats (Mukai and Sato, 2011). Adzuki bean seed coats 

decreased the vascular generation of O2
- measured by lucigenin-enhanced 

chemiluminescence, and suppressed the mRNA expression of p47phox subunit of 

nicotinamide adenine dinucleotide phosphate oxidase in the aorta of 

spontaneously hypertension rats analyzed by reverse transcriptase-polymerase 

chain reaction. It also suppressed the mRNA expression of macrophage 

chemoattractant protein-1 and its receptor C-C chemokine receptor 2 and the 

protein expression of inducible nitric oxide synthase and cyclooxygenase-2 in the 

aorta of spontaneously hypertension rats. 

1.3.2.9. Antihyperlipidemic effects  

Matsumoto and Ono (Matsumoto and Ono, 2002) reported the relationship 
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between serum lipid concentrations and lipid metabolism in ad libitum-fed mal 

Sprague-Dawley rats fed with adzuki bean diet. Adzuki bean diet significantly 

lowered the serum triglyceride concentrations and serum total cholesterol 

concentrations of the rats. It also decreased the lipid concentrations like total 

lipids, triglycerides, and cholesterol, and glucose-6-phosphate dehydrogenase 

activity. The authors thought that the lipogenic effect of adzuki bean might be 

through decreasing liver glucose-6-phosphate dehydrogenase activity. 

Resistant starch of adzuki bean reduced serum cholesterol concentration in 

rats, which due to the enhanced levels of hepatic scavenger receptor class B1 

mRNA and cholesterol 7alpha-hydroxylase mRNA (Han et al., 2003b). In 2005, 

Han et al. (Han et al., 2005) confirmed adzuki resistant starch lowered serum 

cholesterol by enhancing the hepatic low density lipid-receptor mRNA and 

cholesterol 7alpha-hydroxylase mRNA. Moreover, the serum cholesterol-lowering 

function of adzuki resistant starch was also related to increase the faecal bile acid 

excretion and decrease the hepatic 3-hydroxy-3-methylglutaryl-coenzyme A (CoA) 

reductase mRNA level in rats.  

Adzuki bean polyphenols was prepared by 80% ethanol, and then subjected to 

Daiaion SP-850 column eluting by ethanol after distilled water (Nishi et al., 2008). 

Adzuki bean polyphenols increased the lactate dehydrogenase level, but almost no 

change in other liver parameters like glutamic oxaloacetic transaminase, and 

alkaline phosphatase, which suggested adzuki bean polyphenols showed slightly 

more improvement in liver function in mice fed with high-cholesterol feed. 
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Adzuki bean polyphenols was also reported to suppress serum total cholesterol in 

mice fed with high-cholesterol feed which was attributable to the reduction in 

very low density lipoprotein + intermediate density lipoprotein + low density 

lipoprotein cholesterol lever not high density lipoprotein level.  

Itoh and Furuichi (Itoh and Furuichi, 2009b) obtained hot water extract from 

adzuki bean, and then purified it by HP-20 resin. 40% Ethanol-eluted fraction 

from the column was used for further animal study. 40% Ethanol fraction of 

adzuki bean decreased serum total cholesterol concentration in rats fed a high-fat 

cholesterol diet and serum triacyglycerol concentration in rats fed a 

cholesterol-free high-fat diet. However, Itoh and Furuichi also pointed out that the 

experimental diet including 5% 40% ethanol fraction of adzuki bean caused side 

effects such as diarrhea.  

Wu et al. (2011) reported that alcohol extract from adzuki bean decreased 

blood lipid parameters, especially blood triglyceride level of the Kunming male 

and female mice fed with a high-fat diet, and the effect was greater in female mice 

than in male.  

Kitano-Okada (2012) reported that adzuki bean extract from Cosmo Foods 

inhibited liver lipid accumulation and increased lipid metabolism like faecal 

weight and faecal lipid excretion in rats with high-fat diet. The similar trend also 

existed in rats fed with normal diet. Adzuki bean extract reduced triglyceride level 

and suppressed glycerol phosphate dehydrogenase activity in human 

pre-adipocytes which might be a better reflection of human lipid metabolism.  
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Yu et al. obtained a purified saponin mixture containing 79.26% azukisaponin 

V and 20.74% soyasaponin I from alfalfa (Medicago sativa L.) (Yu et al., 2011). 

The saponin mixture significantly inhibited the increase of total cholesterol, 

triacylglycerol and low density lipoprotein cholesterol levels, and the decrease of 

plasma high density lipoprotein cholesterol level in hyperlipidemic mice induced 

by Triton WR-1339. The effects on plasma lipid metabolism through enhanced the 

activities of lipoprotein lipase and hepatic triglyceride lipase in liver and increased 

their mRNA levels of the hyperlipidemic mice.  

Azuki juice and concentrated juice were made to healthy young women 

(Maruyama et al., 2008). Azuki juice contained total polyphenol 880 mg per 150g, 

while concentrated azuki juice contained total polyphenol 1960 mg per 150 g. In 

vivo, azuki juice and concentrated juice significantly reduced 15.4% and 17.9% of 

serum triglyceride concentrations to young healthy women, respectively. So 

adzuki bean juice intake might be beneficial for preventing hypertriglyceridemia.  

1.3.2.10. Anti-obesity effects 

Pancreatic lipase is a key enzyme to catalyze the hydrolysis of dietary fat in 

the digestive system (Mukherjee, 2003), and 50-70% of the dietary fat can be 

hydrolyzed by this enzyme. Thus inhibition of pancreatic lipase activity can block 

fat absorption in gastrointestinal tract, further control obesity incidence, especially 

diet induced obesity. Sreerama et al. reported that phenolic extracts from adzuki 

bean varieties on the activity of pancreatic lipase in vitro (Sreerama et al., 2012). 

Both phenolic extracts of adzuki bean (black) and adzuki bean (red) exhibited 
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strong inhibitory activity on pancreatic lipase with the IC50 values 7.92 mg/mL 

and 9.85 mg/mL, respectively. It is consistent with that adzuki bean extract from 

Cosmo Foods exhibited inhibitory effects on pancreatic lipase activity with a 

dose-dependent relationship (Kitano-Okada, 2012). Meanwhile, it increased the 

concentration of oleic acid release by lipase-catalysed hydrolysis. Adzuki juice 

and concentrated adzuki juice also inhibited pancreatic lipase activity 29.2% and 

56.9%, respectively (Maruyama et al., 2008). 

In addition, in vivo experiments were carried out by more and more scientists. 

Matsumoto and Ono (Matsumoto and Ono, 2002) firstly reported the anti-obesity 

effects of adzuki bean. Adzuki bean diet reduced the final body weight and 

decreased the body weight gains with no toxicity to the health of ad libitum-fed 

male Sprague-Dawley rats. Adzuki bean diet reduced abdominal fat, black fat and 

epididymal fat of the rats, especially the epididymal fat.  

Wu et al (Wu et al., 2011) studied the effects of alcohol extract from adzuki 

bean on anti-obesity of the Kunming male and female mice fed with a high-fat 

diet. Alcohol extract of adzuki bean reduced significantly body weight and 

adipose weight of mice fed with a high fat diet. It is mention that the effect was 

greater in female mice than in male.  

Adzuki bean polyphenols which contained 103 mg of phenolic compounds per 

gram was adzuki bean coats which was removed, collected, dried and ground after 

adzuki bean were immersed overnight in distilled water (Mukai et al., 2013). 

Adzuki bean polyphenols significantly decreased body weights in pregnant Wister 
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rats fed with adzuki bean polyphenolics-containing control diet during lactation.  

1.3.2.11. Efficacy of anticancer   

40% ethanol fraction of hot-water extract from adzuki bean adsorbed by 

Diaion HP-20 resin had a strong inhibition effects on adhesion, invasion, and 

metastasis of murine B16 melanoma cells in vitro (Itoh et al., 2005a). It indicated 

that 40% ethanol fraction of hot-water extract from adzuki bean attenuated 

experimental lung metastasis produced by inoculation of B16-BL6 melanoma 

cells. Hot-water extract of adzuki bean (Vigna angularis) was fractionated by 

HP-20 column chromatography, and four fractions were obtained including water 

fraction, 40% ethanol fraction, 60% ethanol fraction and 80% ethanol fraction 

(Itoh and Furuichi, 2005b). Water fraction increased melanogenesis in the 

B16-BL6 melanoma cells with concentration-dependently, and increased melanin 

content in a dose-dependent manner without affecting cell growth. Other three 

fractions exhibited no effect on melanogenesis. Water fraction activated tyrosinase 

induction, which is key enzyme of melanin synthesis. It stimulated melanogenesis 

occurring at the transcriptional level due to increase the gene expression of 

tyrosinase and tyrosinase-related protein 2. Moreover, water fraction of hot-water 

extract from adzuki bean increased melanin contents in the back and abdomen 

hair samples of C3H//HeJ mice.  

Estrogen-like effects of ethanol extract from adzuki bean mainly containing 

catechin, quercetin, myricetin and myricetin-rutinosides, was firstly reported to 

significantly stimulate the proliferation of the MCF-7/BOS cell line (Zhao et al., 
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2005). The molecular mechanism was that ethanol extract of adzuki bean 

increased both mRNA and protein levels of progesterone receptor in the cell line, 

and altered the estrogen receptor intracellular distributions which made estrogen 

receptor appearing in both cytoplasm and nucleus (Zhao et al., 2007).  

Heat-stable extract from adzuki bean (Vigna angularis) exhibited the greatest 

stimulation of differentiation of bone marrow cells into immature dendritic cells 

of 13 edible beans (Nakaya et al., 2012). Adzuki bean extract increased the level 

of interleukin-6 (IL-6) produced by sequential treatment of dendritic cells with 

and lipopolysaccharide. Adzuki bean extract inhibited the growth of human 

leukemia U937 cells, and increased the induction of its apoptosis. It suggested that 

adzuki bean and its extract was beneficial to cancer prevention and 

immunotherapy.  

In 2002, Itoh et al. demonstrated that a hot water extract of adzuki bean 

inhibited the proliferation and induced the apoptosis of human stomach cancer 

cells in vitro (Itoh et al., 2002). In 2004, Itoh et al. reported that 40% ethanol 

fraction of hot water extract of adzuki bean suppressed benzo(a)pyrene-induced 

tumorigenesis in the forestomach of A/J mice in vivo (Itoh et al., 2004a).  

Xu and Chang investigated the effects of 13 commonly consumed food 

legumes on proliferation of nine human cancer cell lines including squamous 

carcinoma cell (CAL 27), gastric adenocarcinoma cell (AGS), hepatocellular 

carcinoma cell (HepG2), colorectal adenocarcinoma cell (SW 480), colorectal 

adenocarcinoma cell (Caco-2), prostate carcinoma cell (DU145), ovary 
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adenocacinoma cell (SK-OV-3), breast adenocacinoma cell (MCF-7), and 

leukemia cell (HL-60) (Xu and Chang, 2012). Adzuki bean was one of the 

legumes, and inhibited the proliferation of all 9 human cancer cell lines. It is 

different from that adzuki bean stimulated the proliferation of the MCF-7 cell 

(Zhao et al., 2005; Zhao et al., 2007). The occurrence might be the experimental 

materials prepared in different ways, which might contain different chemical 

constituents resulting in the reverse phenomenon.   
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1.4. Aims of the project  

Overweight and obesity are becoming a major public health issue. It is a 

serious leading metabolic disease in the world, like high blood pressure, diabetes, 

strokes, cancer. The data in 2011 showed that each year at least 2.8 million people 

die due to being overweight or obese. Therefore, prevention and treatment of 

obesity is no longer ignored by individual and government. To solve the problem 

of obesity, diet therapy, increased physical activity, pharmacotherapy, behavioral 

therapy, surgery, and any combination of the above have been considered for 

patients with varying degrees of obesity. Diet control, inhibiting diet fat 

absorption is the best way to control obesity comparing to weight loss drugs and 

surgery with side effects. Eating a healthy diet can also help prevent obesity. A 

person who wants to be health and stay away of obesity should limit total fat 

intake, shift fat consumption away from saturated fats to unsaturated fats and 

increase consumption of fruit, vegetables, legumes, whole grains and nuts. 

Consumption of bioactive compounds from diet or dietary supplementation is one 

of possible ways to control obesity and to prevent or reduce the risks of getting 

various obesity-related diseases.  

Currently, anti-obesity study and lipid-lowing effects of foods have become 

one of the hottest research area, weight-control effects of natural chemical 

compositions derived from food are attracting much attention of researchers in 

pharmaceutical and food industries. Food legumes are popular with people in the 

world, as the essential food ingredient of diet, directly impact on the human health. 
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Saponins and phenolics from food legumes have been reported to possess many 

pharmacological activities such as anti-inflammatory, anti-cancer and human resin 

inhibition. “Eating beans to lose weight” have been practiced since the Song 

Dynasty of China; currently “Eating beans to lose weight” are still very popular 

folk practices in China, Japan and South Korea. Before 2005, there are only 

limited scientific articles about health benefits of food legumes in obesity 

prevention or weight control. It is still lack of sufficient scientific basis to explain 

scientific principle of these popular civil practices in weight control using food 

legumes.  

Therefore, the aims of the project were carried out according to the following 

steps based on the author’s previous study.  

Pancreatic lipase inhibitor can block fat absorption in gastrointestinal tract, 

further control obesity incidence, especially diet induced obesity. α-Glucosidase 

inhibior can block digestion and absorption of carbohydrates, further control 

metabolism disorders such as diabetes and obesity. The author determined the 

inhibitory effects of food legumes in China against pancreatic lipase and 

α-glucosidase in vitro, and to screen pancreatic lipase inhibitors and α-glucosidase 

inhibitors from food legumes. Findings from current investigation (adzuki bean) 

were set foundation for further anti-obesity research via animal and cell models. 

Adzuki bean was reported to own various pharmacological activities such as 

antioxidant, hepatoprotective effects, anti-obesity and anticancer. However, the 

researchers focus on the extract of adzuki bean more than its mono chemicals. The 

 38 



information, especially saponin information on adzuki bean, is incomplete, the 

name and structure of “AZ” and azukisaponin are confused. Moreover, there are 

limited articles in recent years to systematically and comprehensively investigate 

flavonoids and saponins of adzuki bean. Therefore, the author aimed to establish a 

method to separate individual flavonoids and saponins from adzuki bean, 

characterize their chemical structures by high performance liquid chromatography 

with diode array detection and electro spray ionization-tandem multi-stage mass 

spectrometry (HPLC-DAD-ESI-MSn), and further quantify them by HPLC-MS.  

To confirm the anti-obesity effects of adzuki bean, the mice fed with a high-fat 

diet were respectively treated with adzuki bean total extract, adzuki bean 

flavonoids, and adzuki bean saponins for 8 weekes. The body weight, adipose 

tissue weights, serum parameters, and liver lipid parameters were investigated.  

To reveal the mechanism of the anti-obesity of adzuki bean, 3T3-L1 cell 

model was used in the present study. The effects of adzuki bean samples including 

the ectracts and the isolated mono compounds on the proliferation of 3T3-L1 

preadipocytes were determined by 

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) 

method. Their effects on the differentiation of 3T3-L1 preadipocytes and lipid 

visual assay were determined by Oil O red staining method. The accumulation of 

triglyceride in mature adipocyte affects cell volume, the increase of triglycerides 

leads to the increase of total adipose tissue. The intracellular triglyceride content 

in adipocyte was determined after co-culturing with adzuki bean samples. 
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Additionally, cellular lipolysis is a period of triglyceride hydrolysis. During the 

triglyceride hydrolysis period, glycerol and free fatty acid from adipocytes were 

released and glycerol was usually recognized as a marker of adipocyte lipolysis. 

So the release of glycerol content of adipocyte was determined after treated with 

adzuki bean samples. Glycerol-3-phosphate dehydrogenase (GPDH) is an enzyme 

related with lipid metabolism. GPDH activity has been used as a major indicator 

of the adipogenesis for screening of the differentiation inhibitors or for elucidating 

the mechanism of the differentiation. GPDH rapidly increase during the 

differentiation from preadipocytes to adipocytes. In the present study, effect of 

adzuki bean samples on GPDH activity of differentiated 3T3-L1 cells was 

evaluated.  

Gene regulation occurs in every step of the proliferation and differentiation of 

3T3-L1 cells, plays an important role in lipid metabolism, and is the predominant 

molecular target for anti-obesity. Differentiation of adipocyte is accompanied by 

changes of gene expression in cells, while C/EBPα and PPARγ are the two key 

transcription factors that affect cell differentiation, which further relate to the 

development of obesity. Decreased both gene expressions can inhibit cell 

differentiation and reduce the intracellular accumulation. It is an important 

biochemical molecule in the field of obesity. The present study investigated the 

effects of adzuki bean samples on the C/EBPα and PPARγ gene expression at 

mRNA level and protein level in adipocyte.  

Obesity is known to be caused by the accumulation of excessive fat in 
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adipocytes as triglyceride. To balance adipogenesis and lipolysis, related enzyme 

play key roles, such as fatty acid synthase (FAS), hormone-sensitive lipase (HSL), 

and adipocyte triglyceride lipase (ATGL). FAS is one of the key enzymes in fatty 

acid synthesis, and plays an important role in lipid accumulation. HSL and ATGL 

are two key enzymes to hydrolyze triglycerides, and responsible for about 95% 

lipolysis. The intervention effects of adzuki bean samples on the expression of 

FAS, HSL and ATGL were studied by real-time polymerase chain reaction 

(RT-PCR) and Western blot.  

Leptin plays an important role in the control of body fat storage by the 

regulation of food intake and total body energy expenditure. AMPK signaling is 

reported to be important to control energy, and further improve metabolic 

disorders such as diabetes, obesity and cancer. It is reported that activated AMPK 

inhibited the differentiation of preadipocytes and inhibited fat form. Tumor 

necrosis factor α (TNF-α) plays a key regulatory role in adipocytes, such as 

inducing leptin product, promoting cell dissolve fat, inhibiting the growth of 

adipocytes, inducing the apoptosis of preadipocytes. So the expression of leptin, 

AMPK and TNF-α were also studied in adipocytes after treated with adzuki bean 

samples.  

Regard to apoptosis, it is a major form of cell death, and indicates the death of 

energy storage in cell. Bax increases the membrane’s permeability, which leads to 

the release of cytochrome c from mitochondria, activation of caspase-9 and 

initiation of the caspase activation pathway for apoptosis. B-cell lymphoma 2 
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(Bcl-2) is another one member of the Bcl-2 family of regulator protein that 

regulates cell death. It is different from bax that Bcl-2 inhibits cell apoptosis and 

exerts a survival function in response to a wide range of apoptotic stimuli 

inhibition of mitochondrial cytochrome c release. The intervention effects of 

adzuki bean samples on the expression of bax and Bcl-2 were measured by 

real-time PCR and Western blot.  
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Chapter 2 

Inhibitory Effect of Phenolics and Saponins from Commonly 

Consumed Food Legumes in China on Pancreatic Lipase Activity 

and α-Glucosidase Activity 

2.1. Introduction   

It is well known that overweight and/or obesity lead to many serious diseases, 

such as high blood pressure, diabetes, strokes, cancer. Pancreatic lipase is a key 

enzyme to catalyze the hydrolysis of dietary fat in the digestive system, 50-70% 

of the dietary fat can be hydrolyzed by this enzyme (Mukherjee et al., 2003). Thus 

inhibition of pancreatic lipase activity can block fat absorption in gastrointestinal 

tract, further control obesity incidence, especially diet induced obesity. 

α-Glucosidase is a key enzyme to hydrolysis polysaccharides and disaccharides 

into glucose in small intestine. The activity of α-glucosidase can affect the 

absorption and utilization of starch, dextrin, sucrose and other carbohydrates 

(Hanefeld et al., 2005; Krentz and Bailey, 2005). Thus inhibition of α-glucosidase 

activity can block digestion and absorption of carbohydrates, further control 

metabolism disorders such as diabetes and obesity.  

Currently, drug orlistat is a gastrointestinal lipase inhibitor and is also 

effective for the treatment of human obesity. However, it has certain unpleasant 

gastrointestinal side effects like oily stools, oily spotting and flatulence among 

others (Drent et al., 1995; Sjöström et al., 1998). Therefore, researchers devote to 
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search pancreatic lipase inhibitors from natural products as anti-obesity agents 

(Han et al., 2000; Han et al., 2002; Xu et al., 2005; Kwon et al., 2003; Kimura et 

al., 2006). Meanwhile, scientists focus on searching the α-glucosidase inhibitors 

from natural products, for instance, phenolics from Solanum melongena (Kwon et 

al., 2008).  

Food legumes are widely consumed as natural food materials in people’s life 

by Chinese and other populations. Food legumes have been reported to possess 

diverse heath beneficial effects, such as anti-inflammatory (Zha et al., 2011), 

antioxidant (Xu and Chang, 2007; Xu and Chang, 2012), anti-cancer (Xu and 

Chang, 2007), anti-diabetes (Bhathena and Velasquez, 2002), obesity prevention 

(Bhathena and Velasquez, 2002; Lee et al., 2005). China, as one of the largest 

countries in producing food legumes, consumes tremendous food legumes each 

year. Therefore, investigation on health promoting effect of food legumes 

commonly consumed in China possesses significant scientific merit; such study 

can explain how Chinese receive benefits from consuming food legumes. The 

current study was aimed to determine the inhibitory effects of food legumes in 

China against pancreatic lipase and α-glucosidase, and to screen pancreatic lipase 

inhibitors and α-glucosidase inhibitors from food legumes. Findings from current 

investigation will set foundation for further anti-obesity research via animal and 

cell models. 
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2.2. Materials and methods 

2.2.1. Materials 

Total 13 food legumes (Figure 2.1), such as yellow soybean (Glycine max L.), 

mung bean (Phaseolus aureus L.), adzuki bean (Vigna angularis L.), black bean 

(Phaseolus vulgaris L.), green pea (Pisum sativum L.), fava bean (Vicia faba L.), 

cowpea (black-eyed pea) (Vigna unguiculata), lentil (Lens culinaris), red kidney 

bean (Phaseolus vulgaris L.), lima bean (Phaseolus lunatus), pinto bean 

(Phaseolus vulgaris L.), rock bean (Millettia velutina Dunn), and black soybean 

(G. max L.), were collected from local supermarket (Zhuhai, China).  
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Yellow soybean (YSB)       Mung bean (MB)        Adzuki bean (AB)              

   

Black bean (BB)        Green pea (GP)            Fava bean (FB) 

   

     Cowpea (CP)           Lentil (LT)           Red kidney bean (RB) 

   

   Lima bean (LB)          Pinto bean (PB)          Rock bean (YB) 

 

Black soybean (BSB) 

Figure 2.1. Photos of 13 commonly consumed food legumes in China. 
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2.2.2. Chemicals and apparatus 

Triolein, taurocholic acid sodium salt hydrate, N-[tris (hydroxymethyl) 

metyl]-2- aminopropanesulfonic acid buffer (TES buffer), phosphatidylcholine, 

porcine pancreatic lipase, α-glucosidase, and p-nitrophenyl-α-glucopyrabisude 

were all purchased from Sigma (St. Louis, MO, USA). Other chemicals such as 

sodium dihydrogen phosphate dehydrate, disodium hydrogen phosphate 

dodecahydrate, were of analytical grade. 

722-visible (VIS) spectrophotometer was purchased from Shang hai Precision 

and Scientific Instrument Co., Ltd. FLUOstar Omega 415-1179 was purchased 

from BMG LABTECH GmbH of Germany.  

2.2.3. Methods 

2.2.3.1. Extraction of total phenolics 

Food legumes were extracted according to author’s previous article (Xu and 

Chang, 2007). Briefly, the sample powders (10 g each) weighed accurately was 

respectively added into a set of 250 mL Erlenmeyer flasks. 100 mL of 

acetone/water/acetic acid (70:29.5:0.5, v/v/v) extraction solvent were added to the 

Erlenmeyer flasks. The flasks were sealed and the mixtures were shaken at 300 

rpm at room temperature on an orbital shaker for 3 hr. The mixtures were 

extracted for another 12 hr by setting in the dark. The extracts were transferred to 

the centrifuge tubes and centrifuged by a TG16-WS centrifuge at 3000 rpm for 10 

min. The supernatants were then filtered into tubes. The residues were extract with 

another 100 milliliters of acetone/water/acetic acid (70:29.5:0.5, v/v/v) extraction 
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solvent. With the above extraction method, the samples were extracted for the 

second time. The two times extract solutions were then combined, evaporated the 

organic solvent, and freeze dried the remaining water solution. The dried extracts 

were restored at 4 ℃ in the dark for use.  

2.2.3.2. Determination of total phenolic content 

Total phenolic content (TPC) was determined by a Folin-Ciocalteu assay using 

gallic acid (GA) as the standard according to the author’s previous article with a 

small modification (Xu and Chang, 2007). The above total phenolic extracts of 13 

food legumes were weighed and made to 2.5 mg/mL sample solutions.  

Stock solution of standard GA (1000 μg/mL) was prepared by dissolving 100 

mg GA in distilled water and made to volume in a 100 ml volumetric flask. The 

stock solution of standard GA was diluted with water and 10 μg/mL, 50 μg/mL, 

100 μg/mL, 200 μg/mL, 400 μg/mL, 800 μg/mL, and 1000 μg/mL of working 

solutions were finally obtained.  

The sample solutions or processing water or stand solutions (50 µL) were 

respectively added into the tube with 3 mL of distilled water. 250 µL of 

Folin-Ciocalteu reagent was then added into each tube and mixed. Within 5-8 min, 

750 µL of sodium carbonate solution was pipette into each tube, mixed and 

incubated for 8 min at the room temperature. The mixture was allowed to stand 

for 2 h at the room temperature. The absorbance was measured at 765 nm against 

a reagent blank, which was composed of the same reagents except that 50 µL of 

distilled water instead of sample solution or standard solution. The total phenolic 
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content was expressed as gallic acid equivalents (mg of GAE/g of beans) from 

triplicate test using the calibration curve of GA.  

2.2.3.3. Extraction of saponin 

The total saponin was extracted according to previous articles (Lu et al., 2003; 

Yang and Cao, 2006). Briefly, the above 13 legume powders were respectively 

defatted by petroleum ether for 8 hr and then extracted with 70% ethanol for 7 hr 

by Soxhlet extraction. The extract solutions were dried, extracted by n-butanol, 

and precipitated by ether. The total saponin extracts were obtained after drying the 

precipitate. 

2.2.3.4. Determination of total saponin content 

Total saponin content (TSC) was determined according to the 

spectrophotometric method by Hiai et al (Xu and Chang, 2012). Briefly, 0.1 mL 

of legume extract, 0.4 mL of 80% methanol solution, 0.5 mL of freshly prepared 

8% vanillin solution (in ethanol), and 5.0 mL of 72% sulfuric acid were mixed 

well in an ice-water bath. The mixture was warmed in a water bath at 60 ℃ for 

10min and then cooled in ice-cold water. Absorbance at 544 nm was recorded 

against the reagent blank. The results were expressed as milligrams of diosgenin 

equivalent per gram of legume (mg of DE/g) on a dry weight basis from a 

standard curve of different concentrations of diosgenin in 80% aqueous methanol. 

2.2.3.5. Pancreatic lipase activity 

Lipase activity was determined according to the previous articles with a slight 

modification (Zapf et al., 1981; Tsujita and Okuda, 1983). Briefly, a suspension of 
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triolein 80 mg, phosphatidylcholine 10 mg and taurocholic acid 5 mg in 9 mL of 

0.1 M TES buffer (pH 7.0) containing 0.1 M NaCl was sonicated for 10 min by a 

KQ 5200 DE ultrasonic equipment from Kun Shan Ultrasonic Instruments Co., 

Ltd (Jiangsu, China). This sonicated substrate suspension 10 μL was incubated 

with 50 μL of pancreatic lipase and 100 μL of various concentrations of 

chondroitin sulfate solution for 30 min at 37 ℃ in a final volume of 250 μL. The 

incubation mixture was added to 3 mL aliquots of a 1 : 1 (v/v) mixture of 

chloroform and n-heptane containing 2% (v/v) methanol and extracted by shaking 

the tubes horizontally for 10 min by a vortex from Xinkang Medical Apparatus 

Co., Ltd (XK96-A. Jiangsu, China). The mixture was centrifuged at 3000 rpm for 

10 min (TG16-WS centrifuge, Hunan, China), and the upper aqueous phase was 

removed by suction. 1 mL of copper reagent was then added to the lower organic 

phase. The tube was shaken for 10 min, the mixture was centrifuged at 3000 rpm 

for 10 min, and 1.5 mL of the upper organic phase, which contained copper salts 

of the extracted free fatty acids, was treated with 1.5 mL of 0.1% (w/v) 

bathocuproine in chloroform containing 0.05% (w/v) 

3(2)-t-butyl-4-hydroxyanisole. The absorbance was then measured at 480 nm by 

722-visible (VIS) spectrophotometer (Shanghai, China). The % inhibition of 

pancreatic lipase activity was calculated by the following equation: 

100)(%
480

480480 



Control

SampleControl

A

AA
Inhibition

 

2.2.3.6. α-Glucosidase activity assay 

   α-Glucosidase inhibitory activity of food legumes was investigated according 
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to the method of Kwon with slight modification in our latest publication (Kwon et 

al., 2008; Song et al., 2013). Briefly, a volume of 50 μL of different 

concentrations of 1 mg/mL of different sample solutions and 100 μL of 0.1 M 

phosphate buffer (pH 6.9) containing α-glucosidase solution (1.0 U/mL) were 

incubated in a 96-well plate at 25 ℃ for 10 min. After pre- incubation, 50 μL of 5 

mM p-nitrophenyl-α-D-glucopyranoside solution in 0.1 M phosphate buffer (pH 

6.9) was added to each well at 5 s intervals. The reaction mixtures were incubated 

at 25 ℃ for 5 min. Absorbance readings were recorded at 405 nm by microplate 

reader (FLUO star Omega 415-1179, BMG LABTECH GmbH, Germany), and 

the absorbance of a control which contained 50 μL of buffer solution instead of 

the extract was recorded under same experimental conditions. The % inhibition of 

α-glucosidase activity was calculated by the following equation: 

100)(%
405

405405 



Control

SampleControl

A

AA
Inhibition

 

2.2.3.7. Statistical analysis   

All experiments were performed in triplicates. The values were expressed as 

means ± standard deviation (SD). Statistical analysis was done using SPSS 

software (version 21). One-way analysis of variance (ANOVA) was used to 

analyze significant differences. The criteria for statistical significance was p ＜ 

0.05.  
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2.3. Results and discussion  

2.3.1. Total phenolic content and total saponin content in 13 food legumes 

Total phenolic content (TPC) and total saponin content (TSC) values of 

thirteen selected beans were shown in Table 2.1. The total phenolic content was 

expressed as gallic acid equivalents (mg of GAE/g of beans) through the 

calibration curve of gallic acid. Total saponin content was expressed as milligrams 

of diosgenin equivalent per gram of legume (mg of DE/g) on a dry weight basis 

from a standard curve of different concentrations of diosgenin in 80% aqueous 

methanol. TPC of thirteen food legumes was in the range of 1.06 ± 0.08 (green 

pea) to 13.95 ± 0.06 (lentil) mg of GAE/g of beans. The highest TPC value was 

found in lentil, followed by fava bean (13.47 ± 0.26 mg GAE/g), adzuki bean 

(13.11 ± 0.09 mg GAE/g), etc. With regard to total saponin content of thirteen 

food legumes, TSC of thirteen food legumes was in the range of 18.49 ± 0.29 

(fava bean) to 53.27 ± 0.08 (black soybean) mg of DE/g of beans. The highest 

TSC value was found in black soybean, followed by adzuki bean (45.60 ± 0.17 

mg DE/g), yellow soybean (37.30 ± 0.68 mg DE/g), etc. 

 

 

 

 



 

Table 2.1. Total phenolic content and total saponin content in 13 food legumes. * 

Names 
Total phenolic content 

mg of GAE/g food legumes 

Total saponin content 

mg of DE/g food legumes 

YSB 2.75 ± 0.07 c 37.30 ± 0.68 i 

MB 8.19 ± 0.05 f 32.24 ± 0.24 f 

AB 13.11 ± 0.09 j 45.60 ± 0.17 j 

BB 10.21 ± 0.13 h 34.29 ± 0.34 g 

GP 1.06 ± 0.08 a 22.32 ± 0.06 b 

FB 13.47 ± 0.26 k 18.49± 0.29 a 

CP 1.95 ± 0.15 b 35.39 ± 0.03 h 

LT 13.95 ± 0.06 l 34.74 ± 0.52 g 

RB 7.30 ± 0.25 e 31.89 ± 0.33 f 

LB 1.17 ± 0.16 a 29.65 ± 0.08 e 

PB 5.95 ± 0.35 d 28.52 ± 0.07 d 

YB 10.53 ± 0.25 i 23.51 ± 0.06 c 

BSB 9.75 ± 0.10 g 53.27 ± 0.08 k 

Yellow soybean (YSB), mung bean (MB), adzuki bean (AB), black bean (BB), 
green pea (GP), fava bean (FB), cowpea (black-eyed pea) (CP), lentil (LT), red 
bean (RB), lima bean (LB), pinto bean (PB), rock bean (YB), and black soybean 
(BSB). 
*Data are expressed as means ± standard deviation (SD) (n=3); values within each 
type of legume marked by the same letter within same column are not significant 
different (p＞0.05). 
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2.3.2. Effects of total phenolic extracts and total saponin extracts from 13 

food legumes on pancreatic lipase activity 

Effects of total phenolic and total saponin extracts (at the concentration of 1 

mg/mL) from 13 food legumes on pancreatic lipase were presented in Figure 2.2. 

The results revealed that the inhibitory effects of food legumes against pancreatic 

lipase differed between phenolic extract and saponin extract, also varied from the 

species of legumes. Total saponin extract from black bean exhibited the highest 

pancreatic lipase inhibitory rate (41.8%), followed by total phenolic extract from 

adzuki bean (36.3%), total saponin extract from yellow soybean (34.1%), total 

saponin extract from pinto bean (32.6%), total phenolic extract from mung bean 

(31.6%), total saponin extract from adzuki bean (29.2%), and so on. Among these 

beans, both phenolic and saponin extracts from adzuki bean presented effectively 

inhibitory effects against pancreatic lipase. Pinto bean exhibited the similar trends 

as adzuki bean. Total saponin extracts from yellow soybean, black bean, rock bean 

and red kidney bean inhibited pancreatic lipase activity, while total phenolic 

extract from these beans did not. On the contrary, total phenolic extracts from fava 

bean, black soybean and cowpea exhibited pancreatic lipase inhibitory activity, 

while total saponin extracts from these beans did not. It can be concluded that it is 

necessary to screen pancreatic lipase inhibitors from food legumes before further 

anti-obesity study of food legumes. 

Taken yellow soybean and adzuki bean as examples (Figure 2.3 and Figure 

2.4), the pancreatic lipase inhibitory activity was enhanced with the increases of 
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concentrations of total saponin extracts. Figure 2.3 showed that different 

concentrations of total saponin extract from yellow soybean (0.25, 0.5, 0.75, 1 

mg/mL) inhibited hydrolysis of triolein about 21.9, 30.9, 31.4, and 34.1%, 

respectively, while total phenolic extract from yellow soybean presented no 

inhibitory effects against pancreatic lipase activity. Figure 2.4 showed that 

different concentrations of total phenolic extracts from adzuki bean (0.25, 0.5, 

0.75, 1 mg/mL) inhibited hydrolysis of triolein about 24.1, 24.0, 30.7, and 36.3%, 

respectively, while different concentrations of total saponin extracts from adzuki 

bean (0.25, 0.5, 0.75, 1 mg/mL) inhibited hydrolysis of triolein about 15.9, 23.5, 

30.1, and 29.2%, respectively.  

It was reported that total phenolics extracted from mung bean inhibited 17.7% 

of pancreatic lipase activity, and that from adzuki bean inhibited 9.85% of 

pancreatic lipase activity (Sreerama et al., 2012). The reasons for the different 

data from the authors’ may owe to the different extract methods. Reflux extraction 

at 55 ℃ with 80% aqueous methanol containing 1% HCl (1:50, w/v) was used to 

extract for 1 hr by Sreerama et al (Sreerama et al., 2012). The extraction time was 

too short and the post treatment was omitted, which might affect their inhibitory 

effects against pancreatic lipase activity. Pancreatic lipase is a key enzyme to 

affect fat accumulation in the body, and inhibition of pancreatic lipase activity can 

control obesity, especially the diet induced obesity. Inhibitory effects of phenolics 

against pancreatic lipase have been reported (Sreerama et al., 2012; Karamać and 

Amarowicz, 1996), meanwhile anti-obesity effects of saponins from Chinese 
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medicines in mice and/or rats models were also documented in our previous 

published papers (Han et al., 2000; Han et al., 2002; Liu et al., 2010). Saponins 

from soybean and phenolics (isoflavones and anthocyanins) from yellow and 

black soybeans also have been reported to have anti-obesity effects (Lee et al., 

2005; Ørgaard and Jensen, 2008; Park et al., 2007; Kwon et al., 2007). Adzuki 

bean was reported to have anti-obesity effects by animal experiments and a 

clinical study (Ttoh and Furuichi, 2009; Maruyama et al., 2008). Our current 

results suggested that the inhibitory effects of total extracts from food legumes 

against pancreatic lipase activity may contribute to their anti-obesity effects. 
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Figure 2.2. Effects of 13 food legumes (1 mg/mL) against pancreatic lipase  

activity. 

* Data are expressed as means ± standard deviation (n=3); values above the bars 

marked by the same letter within same type of extracts are not significant different 

(p＞0.05). Yellow soybean (YSB), mung bean (MB), adzuki bean (AB), black 

bean (BB), green pea (GP), fava bean (FB), cowpea (black-eyed pea) (CP), lentil 

(LT), red kidney bean (RB), lima bean (LB), pinto bean (PB), rock bean (YB), and 

black soybean (BSB). 
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Figure 2.3. Dose dependent relationship of yellow soybean extracts against 

pancreatic lipase activity. 
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Figure 2.4.  Dose dependent relationship of adzuki bean extracts against 

pancreatic lipase activity. 
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2.3.3. Effects of total phenolic extracts and total saponin extracts from 13 

food legumes on α-glucosidase activity  

The effects of total phenolic and total saponin extracts from 13 food legumes 

against α-glucosidase activity are shown in Figure 2.5. At the concentration of 1 

mg/mL, total phenolic extracts exhibited higher α-glucosidase activity than that of 

total saponin extracts except for YSB, LB, BSB, CP, and GP. Total saponin extract 

from yellow soybean exhibited 60.9% α-glucosidase inhibitory activity. It is 

worth mentioning that total phenolic extract from yellow soybean did not inhibit 

α-glucosidase activity in the present study. Lima bean and cowpea exhibited the 

similar trends as yellow soybean. The contrary trend was that total phenolic 

extract from mung bean effectively inhibited 85.3% of α-glucosidase activity, but 

total saponin extract from it did not inhibit α-glucosidase activity. For total 

phenolic extracts, black soybean, rock bean, red kidney bean, pinto bean, and 

adzuki bean effectively inhibited α-glucosidase activity at the concentration of 1 

mg/mL. The inhibitory rates were 56.8, 62.4, 71.51, 89.7, and 90.5%, respectively. 

For total saponin extracts, pinto bean, black soybean, adzuki bean, rock bean, and 

red kidney bean, also effectively inhibit α-glucosidase activity at the concentration 

of 1 mg/mL. The inhibitory rates were 55.2, 54.2, 68.7, 87.9, and 89.8%, 

respectively. Total phenolic extracts from adzuki bean, black bean, fava bean, 

lentil, rock bean, and red kidney bean inhibited over 80% of α-glucosidase 

activity at the concentration of 1 mg/mL. Moreover, the α-glucosidase inhibitory 

rate of total phenolic extracts from fava bean and pinto bean about were larger 
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than 90% at the concentration of 1 mg/mL. Total phenolic and total saponin 

extracts from green pea had no inhibitory effects against α-glucosidase activity. 

Generally speaking, total phenolic extracts from food legumes had the better 

inhibitory effects against α-glucosidase activity than that of total saponin extracts.  

The previous articles also reported that adzuki bean possessed α-glucosidase 

inhibitory effects (Sreerama et al., 2012; Yao et al., 2011; Yao et al., 2011). Yao et 

al. showed that adzuki bean had the highest (64.3%) inhibition activity, followed 

by goa bean (60.4%), rice bean (57.9%), in which the α-glucosidase inhibitory of 

adzuki bean was a little bit lower than our current result (Yao et al., 2011). It is 

consistent with our current results that lima bean, mung bean, and soybean 

exhibited the inhibitory effects against α-glucosidase activity. The present study 

further confirms their inhibitory ability against α-glucosidase activity. Inhibitory 

effects of black bean, green pea, fava bean, cowpea (black-eyed pea), lentil, red 

bean, pinto bean, rock bean, and black soybean against were found for first time. 

The results showed that some phenolics and saponins extracts had no 

inhibitory effects to pancreatic lipase activity and α-glucosidase activity, while 

others had good inhibitory effects. The reasons were diverse, such as the total 

chemical composition content, the types of the chemical composition. The 

author’s previous also exhibited the effects of structures of chemicals on enzyme 

activity (Liu et al., 2010). That is, protopanaxatriol types of ginsenosides (PTG) 

did not inhibited pancreatic lipase activity, while protopanaxdiol types of 

ginsenosides (PDG) inhibited pancreatic lipase activity significantly.  

 59 



 

0

10

20

30

40

50

60

70

80

90

100

YSB MB AB BB GP FB CP LT RB LB PB YB BSB
Food legumes

α-
gl

uc
os

id
as

e 
in

hi
bi

to
ry

 r
at

e 
(%

)

Extract method 1 (1 mg/mL)
Extract method 2 (1 mg/mL)

lm

e
f

nn

j
i

k

i

g

h

i

mn
l

n

h

k

mnn

j

Phenolic extract
Saponin extract

 

Figure 2.5. Effects of 13 food legumes (1 mg/mL) against α-glucosidase. 

* Data are expressed as means ± standard deviation (n = 3); values above the bars 
within the same type of extracts marked by the same letter are not significant 
different (p＞0.05). Yellow soybean (YSB), mung bean (MB), adzuki bean (AB), 
black bean (BB), green pea (GP), fava bean (FB), cowpea (black-eyed pea) (CP), 
lentil (LT), red kidney bean (RB), lima bean (LB), pinto bean (PB), rock bean 
(YB), and black soybean (BSB). 
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2.4. Chapter summary 

In a word, inhibitory effects of pancreatic lipase activity and α-glucosidase 

activity of total phenolic extracts and total saponin extracts from commonly 

consumed food legumes in China vary considerably. Therefore, it is necessary to 

screen the enzyme inhibitors from food legumes. In the present study, both total 

phenolic and total saponin extract of adzuki bean exhibited inhibitory effects 

against pancreatic lipase activity, and the inhibitory rates were 36.3% and 29.2%, 

respectively. Meanwhile total phenolic extract of adzuki bean inhibited over 80% 

of α-glucosidase activity, and total saponin extract of adzuki bean inhibited nearly 

70% of α-glucosidase activity. The author conclude that adzuki bean is the best 

target bean among commonly consumed food legumes, and further studies such as 

in vitro cell assays and in vivo animal models should be carried out in the future to 

figure out the molecular mechanism behind anti-obesity effects of adzuki bean. 

 

 

 

 

 

 

 

 

 

 61 





Chapter 3 

Characterization and Quantification of Flavonoids and Saponins 

in Adzuki Bean (Vigna angularis L.) by HPLC-DAD-ESI-MSn 

Analysis 

3.1. Introduction   

Adzuki bean is mainly produced and consumed in China and several other 

countries in East Asia. It has been used as a diuretic, antidote, and remedy for 

dropsy and beriberi in traditional Chinese medicine and also used as food for 

thousands of years. Extensive bioactivities of adzuki bean, such as anti-tumor 

(Itoh et al., 2002; 2005), anti-diabetes (Itoh et al., 2004; Itoh and Furuichi, 2009), 

antioxidant (Wu et al., 2004; Yao et al., 2011; Sreerama et al., 2012; Xu and 

Chang, 2012), and hepatoprotective effect (Han et al., 2004) have been reported. 

These bioactivities are contributed by chemical constituents in beans, mainly 

including flavonoids and saponins. The previous articles showed that adzuki bean 

contained flavonoids such as (+) epicatechin, (+) catechin, quercetin, vitexin or 

their derivatives (Wang et al., 2011; Yao et al., 2011; Itoh et al., 2012; Yao et al., 

2012); and saponins, such as azukisaponin I, II, III, IV, V, and VI (Kitagawa et al., 

1983a; 1983b) and AZ I (Iida et al., 1997), II, III, and IV (Iida et al., 1999). The 

information, especially saponin information on adzuki bean, is incomplete, the 

name and structure of “AZ” and azukisaponin are confused. Moreover, there are 

limited articles in recent years to systematically and comprehensively investigate 
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flavonoids and saponins of adzuki bean. Therefore, the present study aimed to 

establish a method to separate individual flavonoids and saponins from adzuki 

bean, characterize their chemical structures by HPLC-DAD-ESI-MSn, and further 

quantify them by HPLC-MS.  
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3.2. Materials and methods  

3.2.1. Materials  

Adzuki beans (Vigna angularis L.) were identified by Prof. Jinming Mu of 

Faculty of Agronomy in Jilin Agricultural University. 

3.2.2. Chemicals and reagents  

Chromatographic grade acetonitrile and methanol were purchased from Merck 

(Darmstadt, U.S.A.). (+) Catechin, (+) epicatechin, quercetin-3-O-rutinoside, 

quercetin-3-O-glucoside and vitexin-4″-O-glucoside were purchased from Sigma 

(St. Louis, MO, U.S.A.). Saponin standards of azukisaponin I, II, III, IV, V, and VI 

were obtained from adzuki bean saponins by the author. Other chemicals, such as 

ethanol, methanol, and acetone were of analytical grade. Macro porous resins 

AB-8 was supplied by Nankai University. Polyamide resin was purchased from 

Sinopharm Chemical Reagent Co., Ltd. (Beijing, China). 

3.2.3. Preparation of saponin standards from adzuki bean 

Saponin standards of azukisaponin I, II, III, IV, V, and VI were separated from 

adzuki bean saponins by silica gel column chromatography TLC tracking and 

purified by high efficiency liquid phase preparative chromatography. Foam 

reaction exhibited persistence of foam and the foam did not disappear after 

heating. Their ultraviolet-visible spectra were shown in Figure 3.1, and they had 

end absorption of ultraviolet. MS showed that azukisaponin I with the molecular 

weignt of 780 due to the molecular ion [M-H]- at m/z 779; azukisaponin II with 

the molecular weignt of 796 due to the precursor ion at m/z 795; azukisaponin III 
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with the molecular weight of 810 because of its molecular ion [M-H]- at m/z 809; 

azukisaponin IV with the molecular weight of 972 due to the existence of ion 

[M-H]- at m/z 971; azukisaponin V with the molecular weight of 942 due to the 

existence of ion [M-H]- at m/z 941; azukisaponin VI with the molecular of 1134 

because of the [M-H]- ion at m/z 1133. Inaddition, the data of their fragmen ions 

were also consistent with the previous articles (Kitagawa et al., 1983a; 1983b).  

 

 

 

 

Figure 3.1. The ultraviolet-visible spectra of saponin standards. 

 

3.2.4. Preparation of flavonoids and saponins from adzuki bean 

The flavonoids and saponins of adzuki bean were prepared according to the 

previous articles (Jia and Lu, 2008; Itoh et al., 2009; Xie et al., 2009; Wang et al., 

2010). Extraction and isolation scheme of total extract, flavonoids and saponins 

Azukisaponin I Azukisaponin II 

Azukisaponin III Azukisaponin IV 

Azukisaponin V Azukisaponin VI 
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from adzuki bean was shown in Figure 3.2. Briefly, adzuki bean was ground; 14 

kg of the powder was then extracted with 140 L of 70% ethanol for three times. 

The combined extracts were filtrated and concentrated to remove ethanol. The 

remaining aqueous solution was extracted with 14 L of petroleum ether at room 

temperature for three times. The aqueous phase was then extracted with 14 L of 

n-butanol at room temperature three times. The n-butanol layer was evaporated 

under vacuum to obtain 158.6 g of extract which was defined as adzuki bean total 

extract (ABTE). Flavonoids of adzuki bean were collected from the 45% ethanol 

elution fraction from AB-8 resin column after eluting with water. The collected 

crude flavonoids of adzuki bean were subjected to the second column with 

polyamide according to the literature (Wu et al., 2009; Wei et al., 2011; Ke et al., 

2012), and the flavonoids were further obtained in 40% ethanol fraction from 

polyamide column after eluting with 10% ethanol. Finally, the enriched adzuki 

bean flavonoids (ABF) were obtained from the supernatant after precipitating with 

methanol- acetone. The enriched saponin of adzuki bean was collected in the 80% 

ethanol fraction from AB-8 resin column after eluting with 45% ethanol. With 

precipitation method, adzuki bean saponins (ABS) were further purified with 

precipitation method by adding methanol- acetone. The mono compounds were 

obtained according to the procedure of saponin standards preparation.   
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Figure 3.2. Extraction and isolation scheme of total extract, flavonoids and 

saponins from adzuki bean. 
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3.2.5. High performance liquid chromatography analysis 

The chemical constituents of adzuki bean total extract (ABTE), adzuki bean 

flavonoids (ABF) and adzuki bean saponins (ABS) were identified by liquid 

chromatography- ion trap mass spectrometry. HPLC analysis was performed on an 

Agilent 1100 series HPLC system equipped with degasser, binary pump, diode 

array detector and auto-sampler (San Francisco, USA). The separation was 

performed on a Phenomenex C8 column (150 × 2.0 mm, 5 μm). Gradient elution 

was performed using water containing 10 mM ammonium acetate (A) and 

acetonitrile (B). Initial conditions were 10% B for 10 min, changed to 15% B at 

30 min and 25% B at 45 min, and then 35% B at 55 min, 45% B at 60 min and 

55% B at 70 min. Flow rate was set at 0.2 mL/min, and ultraviolet (UV) 

absorption was measured at wavelength of 205 nm and 262 nm for saponins and 

flavonoids, respectively. The sample injection volume was 10 μL.  

3.2.6. Electro spray ionization-tandem multi-stage mass spectrometry 

analysis 

ESI-MS analysis was carried out on an Esquire 4000 ion trap mass 

spectrometer (Bruker-Daltonics, Bremen, Germany) with an electrospray 

ionization (ESI) interface. The instrument was operated at an ionization voltage of 

+4000V and source temperature of 300 ℃. Nitrogen was used as nebulizer gas at 

30 psi and drying gas at a flow rate of 9 L/min. Collision energy was optimized 

for each compound. Three time segments were used in mass spectrometric 

acquisition in order to optimize the instrumental parameters for  each compound to 
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increase the peak intensity. The full scan of ions ranging from m/z 100-m/z 1200 

in the negative ion mode was used. Retention times and MS chromatograms of all 

flavonoids and saponins were confirmed by authentic standards, respectively. The 

HPLC chromatograms and total ion chromatograms (TIC) were obtained using the 

above method.  
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3.3. Results and Discussion  

3.3.1. Optimization of sample preparation 

Flavonoids distribute in nature widely, especially in a large number 

biologically active natural products. Most flavonoids exhibit two major maximum 

UV absorption wavelengths, namely the range of 240-285 nm and the range of 

300-400 nm. While most saponins exhibit no ultraviolet absorption. The current 

results revealed the presence of flavonoids mainly in 45% ethanol fractions and 

the presence of saponins mainly in 80% ethanol fractions by AB-8 resin column. 

It was reported that AB-8 resin was good at separating chemical constituent 

according to the polarity (Liu et al., 2010). After that, polyamide column was 

employed to further purify the flavonoids. 40% Ethanol eluent from polyamide 

column was obtained, and the fraction was rich in flavonoids. Precipitation with 

methanol-acetone was applied to further separate flavonoids and saponins from 

adzuki bean. Flavonoids existed in the supernatant fraction, while saponins 

presented in the precipitate fraction. Finally, adzuki bean total extract (ABTE), 

adzuki bean flavonoids (ABF) and adzuki bean saponins (ABS) (Figure 3.2) were 

obtained and utilized for HPLC-DAD-ESI-MSn analysis. 

3.3.2. Optimization of HPLC-DAD-ESI-MSn conditions  

A binary mobile phase of water/acetic acid (98:2, v/v) (solvent A) and 

water/acetonitrile/acetic acid (78:20:2, v/v/v) (solvent B) with gradient program to 

separate flavonoids such as quercetin derivatives, cinnamic acid derivatives and 

kaempferol derivatives were applied previously (Wang et al., 2011, 960). A 
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mixture of solvent A (HPLC water containing 0.05% trifluoroacetic acid (TFA)) 

and solvent B (acetonitrile: methanol: TFA = 30:10:0.05) was also used to 

separate phenolics including flavonoids and their derivatives in another report 

(Yao et al., 2011). In current article, several aqueous mobile phases, consisting of 

methanol, water or acetonitrile and water (with or without adjusting pH value), or 

different buffers (such as ammonium acetate, ammonium formate and formic 

acid), with altered flow rates, and different gradient compositions, were used to 

optimize HPLC chromatographic conditions. The results showed that the mobile 

phase of water containing 10 mM ammonium acetate combined with mobile 

phase B containing acetonitrile were feasible for HPLC-MS system. The flow rate 

was set at 0.2 mL/min, the gradient eluting conditions were 10% B for 10 min, 

changed to 15% B at 30 min, 25% B at 45 min, 35% B at 55 min, 45% B at 60 

min and 55% B at 70 min. Such conditions exhibited good separation for both 

flavonoids and saponins (Figure 3.3). Previously, Alltima C18 column (Yao et al., 

2011), and Phenomenex Luna C18 column (Wang et al., 2011) were respectively 

used to separate flavonoids such as catechin, vitexin, and quercetin. In current 

article, different chromatographic columns such as C18 column, C8 column, 

purchased from different companies (such as Agilent, Waters, Phenomenex, 

Shimadzu) were attempted, and finally the Phenomenex C8 column (150 × 2.0 

mm, 5 μm) were selected. As regards to the selection of the wavelength, 205 nm 

was employed to detect oleanene-glucuronides in commercial edible beans (Kinjo 

et al., 1998), while 230 nm (Muhetaer et al., 2011), 280 nm (Yao et al., 2011), and 
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320 nm (Wang et al., 2011) were used to monitor phenolics including flavonoids 

and their derivatives. Therefore, the current working wavelength at 205 nm for 

detecting saponins and the wavelength of 262 nm for detecting flavonoids were 

set according to the preliminary experiments. The HPLC chromatograms of 

adzuki bean total extract (205 nm and 262 nm) were presented in Figure 3.3A. 

The peaks of HPLC chromatogram detected at 262 nm disappeared after 50 min, 

while the peaks of HPLC chromatogram detected under 205 nm showed up after 

50 min. Figure 3.3B showed the chromatogram (262 nm) of adzuki bean 

flavonoids. Figure 3.3C exhibited the chromatogram (205 nm) of adzuki bean 

saponins.  

 

Figure 3.3. HPLC-DAD chromatograms of adzuki bean extracts. 

A, HPLC-DAD chromatogram of adzuki bean total extract at 205 nm and 262 nm, 
respectively; B, HPLC-DAD chromatogram of adzuki bean flavonoids at 262 nm; 
C, HPLC-DAD chromatogram of adzuki bean saponins at 205 nm.  
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Subsequently, electro spray ionization (ESI) conditions for detecting 

flavonoids and saponins were optimized. A direct infusion experiment was firstly 

employed in negative ion detection mode. Under the optimized MS conditions, 

the m/z 289 precursor ion was identified as catechin. The m/z 609 precursor ion, 

which produced the m/z 463, m/z 301 daughter ions, was identified as quercetin-

3-O-rutinoside. The m/z 463 precursor ion, which produced the m/z 301 daughter 

ion, was identified as quercetin-3-O-glucoside. The m/z 431 precursor ion was 

identified as vitexin. The m/z 593 precursor ion, which produced the m/z 431 

daughter ion, was identified as vitexin 4″-O-glucoside. In order to detect the 

chemical constituents effectively and simultaneously, the program of time 

segments with different MS conditions were used in this article. Figure 3.4 

showed HPLC-ESI-MS total ion chromatograms of adzuki bean samples. The 

authors focused on 15 major peaks as marked in Figure 3.4A for further structural 

analysis. Similar to the saponins standards, the m/z 779, m/z 795, m/z 809, m/z 971, 

m/z 941, and m/z 1133 precursor ions were for azukisaponin I, II, III, IV, V and VI, 

respectively. The detailed MSn information of azukisaponins was discussed in the 

following identification analysis.  

3.3.3. Analysis of flavonoids in adzuki bean by HPLC-ESI-MSn 

A total of 15 major peaks in HPLC-ESI-MS total ion chromatograms of 

adzuki bean total extract were marked in Figure 3.4A. The information of the 

retention times, m/z for the [M-H]- ions and the collision induced dissociation 

(CID) fragments of peaks were listed in Table 3.1. Peaks 1-9 were identified as 
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flavonoids by HPLC-DAD-ESI-MSn by comparing the retention times and 

ESI-MSn spectra with those of authentic standards, and the chemical structures of 

these flavonoids were shown in Figure 3.5. 

 

 

 

 

 

Figure 3.4. HPLC-ESI-MS total ion chromatograms of adzuki bean extracts. 

A, HPLC-ESI-MS total ion chromatogram of adzuki bean total extract; B, 
HPLC-ESI-MS total ion chromatogram of adzuki bean flavonoids; C, 
HPLC-ESI-MS total ion chromatogram of adzuki bean saponins.  
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Figure 3.5. Chemical structures of flavonoids in adzuki bean identified by 

HPLC-ESI-MSn. 
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Peak 1:  

(+) Catechin-7-O-β-D-glucopyranoside 

Peak 2:  

(+) Catechin 

Peak 3:  

(+) Epicatechin- 

7-O-β-D-glucopyranoside-glucoside 

Peak 4:  

(+) Epicatechin-7-O-β-D-glucopyranoside 

Peak 5: 

Quercetin-3-glucoside-glucoside 

Peak 6:  

Vitexin-4″-O-glucoside- rhamnose 

Peak 7 :  

Quercetin-3-O-rutinoside 

Peak 8 :  

Quercetin-3-O-glucoside 

Peak 9 :  
Vitexin-4″-O-glucoside 
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Table 3.1. HPLC-ESI-MSn data of identified flavonoids and saponins in adzuki bean. (To be continued) 

Peak No. Retention time 
(min) 

-MS 
[M-H]- 
(m/z) 

Daughter ion  
of MS2 
(m/z) 

Daughter ion  
of MS3 

(m/z) 

Identity 

1 7.5 451 289  (+) Catechin-7-O-β-D-glucopyranoside 
2 11.3 289    (+) Catechin 
3 24.1 613  451 289 (+) Epicatechin- 

 7-O-β-D-glucopyranoside-glucoside 
4 25.7 451  289  (+) Epicatechin- 

 7-O-β-D-glucopyranoside 
5 27.9 625  493 

463 
463, 301 
301 

Quercetin-3-glucoside-glucoside 

6 30.1 739  593 
431 

431, 413 
 

Vitexin-4″-O-glucoside- rhamnose 

7 37.5 609  463 301 Quercetin-3-O-rutinoside 
8 39.6 463  301  Quercetin-3-O-glucoside 
9 40.5 593  431 413 Vitexin-4″-O-glucoside 
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Table 3.1. HPLC-ESI-MSn data of identified flavonoids and saponins in adzuki bean. (Continuous) 

Peak No. Retention time 
(min) 

-MS 
[M-H]- 
(m/z) 

Daughter ion  
of MS2 
(m/z) 

Daughter ion  
of MS3 

(m/z) 

Identity 

10 57.7 971 809 
647 
629 
485 

647, 485 
485 

Azukisaponin IV 

11 60.4 1133 809 
629 
471 

629, 471 Azukisaponin VI 

12 63.2 941 795 
633 
457 

633, 615, 457 
615, 457 
 

AzukisaponinV 

13 64.9 795 633 
457 

615, 457 Azukisaponin II 

14 66.4 779 617 
599 
441 

599, 441 Azukisaponin I 

15 67.7 809 647 
471 

471 Azukisaponin III 
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For peak 1, the retention time was 7.5 min, and the m/z 451 precursor ion was 

presented in Figure 3.6A-1. As shown in Figure 3.6-2, the m/z 289 daughter ion 

was the main fragment ion of the parent ion at m/z 451. Moreover, the m/z 289 ion 

was the precursor ion of (+) catechin. Therefore, peak 1 was identified as (+) 

catechin-7-O-β-D-glucopyranoside according to the above information and the 

previous article (Itoh et al., 2012). The retention time of peak 2 was 11.3 min, and 

peak 2 was identified to be (+) catechin comparing the retention time and the ESI 

(-)-MS spectra with the authentic standard (+) catechin. The m/z 289 precursor ion 

for peak 2 was presented in Figure 3.6B. Peak 3 was speculated to be (+) 

epicatechin-7-O-β-D-glucopyranoside-glucoside with the retention time 24.1 min 

and m/z 613 (Figure 3.6C-1) as the precursor ion [M-H]-. As shown in Figure 

3.6C-2, the m/z 451 and m/z 289 daughter ions were the main fragment ions of the 

parent ion at m/z 613. 

The peak 4 gave the retention time 25.7 min, which was different from the 

retention time of (+) catechin-7-O-β-D-glucopyranoside, and its parent ion [M-H]- 

was at m/z 451 (Figure 3.6D-1). As shown in Figure 3.6D-2, the m/z 289 

daughter ions were the main fragment ions of the parent ion at m/z 451. 

Comparing the HPLC-MS results of the standards of catechin to epicatechin, peak 

4 was speculated to be epicatechin with one glucoside. According to the previous 

article (Itoh et al., 2011), the peak 4 was speculated to be (+) 

epicatechin-7-O-β-D-glucopyranoside. For peak 5, the precursor ion m/z 625 with 

the retention time 27.9 min was observed in Figure 3.6E-1. The CID of peak 5 
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produced main fragment ions at m/z 493, and m/z 463 in the ESI-MS2 and MS3 

spectra (Figure 3.6E-2 and Figure 3.6E-3). Hence, the peak 5 was speculated to 

be quercetin-3-O-glucoside-glucoside. The precursor ion of peak 6 was at m/z 739 

(Figure 3.6F-1), and one of the daughter ions was at m/z 593 of peak 6 (Figure 

3.6F-2), which was also the parent ion of peak 9 (Figure 3.6I-1). Peak 6 lost an 

ion m/z 146, this suggested that the compound of peak 6 contained a rhamnose as 

compared to peak 9. In the ESI-MS3 spectrum (Figure 3.6F-3), the fragmentation 

ion at m/z 431 produced from MS2 of the fragment ion at m/z 593. Peak 6 was 

speculated to be vitexin 4″-O-glucoside- rhamnose. Peaks 7 and 8 were 

respectively identified to be quercetin-3-O-rutinoside and quercetin-3-O-glucoside 

according to the retention times (37.5 min and 39.6 min, respectively) and MS 

information of their standards (Figure 3.6G and Figure 3.6H).  

For peak 9, the de-protonated molecular ion [M-H]- was at m/z 593(Figure 

3.6I-1), which molecular weight can be 594. In the ESI-MS2 spectrum (Figure 

3.6I-2), the fragment ions at m/z 431 and m/z 413 were the daughter ions from the 

precursor ion m/z 593. Based on the above information and the retention time of 

the standard vitexin and vitexin-4″-O-glucoside, peak 9 was finally confirmed to 

be vitexin-4″-O-glucoside. Similar to peak 6, the daughter ions m/z 431 and m/z 

413 were also observed in the ESI-MS2 spectrum (Figure 3.6F-2).  
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Figure 3.6. ESI (-) MS, MS2, and MS3 spectra of identified flavonoids in adzuki 

bean. (To be continued) 
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Figure 3.6. ESI (-) MS, MS2, and MS3 spectra of identified flavonoids in adzuki 

bean. (To be continued) 
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Figure 3.6. ESI (-) MS, MS2, and MS3 spectra of identified flavonoids in adzuki 

bean. (To be continued)  
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Figure 3.6. Continuous  

Peak 1 (A): (A-1) -MS spectrum of peak 1 ([M-H]-), (A-2) -MS2 spectrum of the 
ion at m/z 451. Peak 2 (B): (B-1) -MS spectrum of peak 2 ([M-H]-). Peak 3 (C): 
(C-1) -MS spectrum of peak 3 ([M-H]-), (C-2) -MS2 spectrum of the ion at m/z 
613, (C-3) -MS3 spectrum of the ion at m/z 451. Peak 4 (D): (D-1) -MS spectrum 
of peak 4 ([M-H]-), (D-2) -MS2 spectrum of the ion at m/z 451. Peak 5 (E): (E-1) 
-MS spectrum of peak 5 ([M-H]-), (E-2) -MS2 spectrum of the ion at m/z 625, (E-3) 
-MS3 spectrum of the ion at m/z 463. Peak 6 (F): (F-1) -MS spectrum of peak 6 
([M-H]-), (F-2) -MS2 spectrum of the ion at m/z 739, (F-3) MS3 spectrum of the 
ion at m/z 593. Peak 7 (G): (G-1) -MS spectrum of peak 7 ([M-H]-), (G-2) -MS2 
spectrum of the ion at m/z 609, (G-3) MS3 spectrum of the ion at m/z 463. Peak 8 
(H): (H-1) -MS spectrum of peak 8 ([M-H]-), (H-2) -MS2 spectrum of the ion at 
m/z 463. Peak 9 (I): (I-1) -MS spectrum of peak 9 ([M-H]-), (I-2) -MS2 spectrum 
of the ion at m/z 593. 
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3.3.4. Analysis of saponins in adzuki bean by HPLC-ESI-MSn 

Peaks 10-16 (Figure 3.4) were identified to be saponins of adzuki bean 

according to the retention times and MS information. Their structures were shown 

in Figure 3.7. The following were the detailed analysis procedures. The molecular 

weight of peak 10 was confirmed to be 972 due to the existence of ion [M-H]- at 

m/z 971 (Figure 3.8A-1), and four fragment ions of MS2 at m/z 971 (809 

[M-H-Glc]-, m/z 674 [M-H-Glc-Glc]-, m/z 629 [M-H-Glc-Glc-H2O]-, m/z 485 

[M-H-Glc-Glc-Glc]-) (Figure 3.8A-2), and the existences of fragment ions of MS3 

at m/z 809 and m/z 647 (Figure 3.8A-3), respectively. It was in tune with the 

standard and the previous article (Yoshiteru et al., 1984). Taken together, peak 10 

was identified as azukisaponin IV (Figure 3.7).  

The CID of peak 11 with the [M-H]- ion at m/z 1133 (Figure 3.8B-1) resulted 

in fragments at m/z 971, m/z 809, m/z 795, and m/z 471 (Figure 3.8B-2). MS3 

spectrum at m/z 971 ([M-H-Glc]-), m/z 809 ([M-H-Glc-Glc]-) and m/z 795 

([M-H-Glc-Glc-Glc-H2O]-) were presented in Figure 3.8B-3, Figure 3.8B-4, and 

Figure 3.8B-5, respectively. It was the same as the previous article (Kinjo et al., 

1998). So peak 11 was identified as azukisaponin VI.  

The retention time of peak 12 was 63.2 min and the molecular ion was at m/z 

941 (Figure 3.8C-1). CID of the molecular ion of peak 12 produced three 

predominant fragments at m/z 795 ([M-H-Rha]-), m/z 633 ([M-H-Rha-Glc]-), and 

m/z 457 ([M-H-Rha-Glc]-) (Figure 3.8C-2). Its MS3 spectrum at m/z 795 

exhibited the fragment ions at m/z 633 and m/z 457, in which the ion m/z 795 lost 
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a glucosyl, and a glucosyl with a glucuronic residue (Figure 3.8C-3). MS3 

spectrum at m/z 633 also produced the fragment ion m/z 457, which lost a 

glucuronic residue from the m/z 633 (Figure 3.8C-4). It was identified to be 

azukisaponinV, which was consistent with the previous articles (Kang et al., 1987; 

Kinjo et al., 1998; Avunduk et al., 2008).   

The retention time of peak 13 was 64.9 min, and the precursor ion was at m/z 

795 (Figure 3.8D-1), which suggested its molecular weight was 796. Its MS2 

spectrum at m/z 795 and MS3 spectrum at m/z 633 were shown in Figure 3.8D-2 

and Figure 3.8D-3, respectively. The identification of azukisaponin II of peak 13 

was based on the above information and the similarity of MS2 with those reported 

by Kinjo et al. (Kinjo et al., 1998; Sakamoto et al., 1992).   

Mass spectrometric analysis of peak 14 with the retention time at 66.4 min 

indicated that the molecular ion [M-H]- present at m/z 779 (Figure 3.8E-1). The 

fragment ions of m/z 617, m/z 599, and m/z 441 produced from the negative 

ESI-MS2 spectrum at m/z 779 ([M-H]-) in Figure 3.8E-2. Its MS3 spectrum at m/z 

617 further confirmed the result (Figure 3.8E-3). Therefore, peak 14 was 

identified as azukisaponin I based on the above results and the previous article 

(Kitagawa et al., 1983).   

The molecular ion of peak 15 was at m/z 809 ([M-H]-) (Figure 3.8F-1), and 

the molecular weight of peak 15 was 810. The fragment ion of m/z 647 indicated 

the loss of a glucose residue and m/z 471 indicated the losses of a glucose residue 

and a glucuronic residue. The detailed results were found in the MS2 spectrum at 
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m/z 809 (Figure 3.8F-2). In its MS3 spectrum, the main daughter ion at m/z 471 

([M-H-Glc-GlcA]-) was found from the fragment ion at m/z 647 (Figure 3.8F-3). 

Moreover, it was consistent with the results reported by Kitagawa et al. (1983). 

Finally, peak 15 was identified as azukisaponin III.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.7. Chemical structures of saponins in adzuki bean identified by 

HPLC-ESI-MSn. 
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Figure 3.8. ESI (-) MS, MS2, and MS3 spectra of identified saponins in adzuki 

bean. (To be continued)  
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Figure 3.8. ESI (-) MS, MS2, and MS3 spectra of identified saponins in adzuki 

bean. (To be continued)  
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Figure 3.8. ESI (-) MS, MS2, and MS3 spectra of identified saponins in adzuki 

bean. (To be continued)  
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Figure 3.8. Continuous  

Peak 10 (A): (A-1) -MS spectrum of peak 10 ([M-H]-), (A-2) -MS2 spectrum of 
the ion at m/z 971, (A-3) -MS3 spectrum of the ion at m/z 809. Peak 11 (B): (B-1) 
-MS spectrum of peak 11 ([M-H]-), (B-2) -MS2 spectrum of the ion at m/z 1133, 
(B-3) -MS3 spectrum of the ion at m/z 971; (B-4) -MS3 spectrum of the ion at m/z 
809, (B-5) -MS3 spectrum of the ion at m/z 795. Peak 12 (C): (C-1) -MS spectrum 
of peak 3 ([M-H]-), (C-2) -MS2 spectrum of the ion at m/z 941, (C-3) -MS3 
spectrum of the ion at m/z 795; (C-4) -MS3 spectrum of the ion at m/z 633. Peak 
13 (D): (D-1) -MS spectrum of peak 13 ([M-H]-), (D-2) -MS2 spectrum of the ion 
at m/z 795, (D-3) -MS3 spectrum of the ion at m/z 633. Peak 14 (E): (E-1) -MS 
spectrum of peak 14 ([M-H]-), (E-2) -MS2 spectrum of the ion at m/z 779, (E-3) 
-MS3 spectrum of the ion at m/z 617. Peak 15 (F): (F-1) -MS spectrum of peak 15 
([M-H]-), (F-2) -MS2 spectrum of the ion at m/z 809, (F-3) -MS3 spectrum of the 
ion at m/z 647. 
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In the previous articles, other saponins were found in adzuki bean, namely Az 

I with the molecular weight of 922 (Iida et al., 1997), Az II with the molecular 

weight of 1098, Az III with the molecular weight of 1082, and Az IV with the 

molecular weight of 1084 (Iida et al., 1999). The main differences of these 

saponins with the saponins of the present article were at the C-21 in Figure 1.4. In 

the present article, no Az saponins were detected in adzuki bean samples. The 

reason may be their limited contents in adzuki bean or the procedure of 

preparation for adzuki bean samples.  

3.3.5. Quantification of flavonoids and saponins in adzuki bean 

The program of time segments of MS analysis was employed to enhance 

sensitivity for flavonoids and saponins analysis. Among 15 compounds identified, 

four flavonoids (catechin, vitexin-4″-O-glucoside, quercetin-3-O-glucoside, and 

quercetin-3-O-rutinoside) and six saponins (azukisaponin I, II, III, IV, V, and VI) 

in adzuki bean samples were further quantified by external calibration using 

HPLC-MS methods with the program of “time segments” and extract ion 

chromatogram (EIC) analysis.  

For making a standard curve of flavonoids, seven standard working solutions 

with 1 ng/mL, 2 ng/mL, 5 ng/mL, 20 ng/mL, 50 ng/mL, and 80 ng/mL, and 100 

ng/mL were made by diluting from high concentration stock solutions, and 

analyzed by HPLC-DAD-MSn using the above conditions, sequentially. Seven 

levels of saponins standard working solutions with 2 ng/mL, 5 ng/mL, 10 ng/mL, 

40 ng/mL, and 60 ng/mL, 80 ng/mL, and 100 ng/mL were used to construct the 
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standard curves. The curve of peak area (Y) versus flavonoid standard 

concentration (X) was plotted. The linear regression equation were Y = 42769 X + 

3 × 106, (catechin, R2 = 0.994), Y = 2 × 106 X + 5 × 106, (quercetin-3-O-rutinoside, 

R2 = 0.9976), Y = 2 × 106 X + 2 × 107, (quercetin 3-glucoside, R2 = 0.943), Y = 3 

× 106 X + 7 × 107, (vitexin-4″-O-glucoside, R2 = 0.9969), Y = 2 × 106 X + 4 × 107, 

(azukisaponin IV, R2 = 0.9916), Y = 3 × 106 X + 2 × 107, (azukisaponin VI, R2 = 

0.9906), Y = 2 × 106 X + 3 × 107, (azukisaponin V, R2 = 0.9985), Y = 4 × 106 X + 

2 × 107, (azukisaponin II, R2 = 0.9923), Y = 1 × 106 X + 4 × 107, (azukisaponin I, 

R2 = 0.9911), and Y = 1 × 106 X - 1 × 107, (azukisaponin III, R2 = 0.9909), 

respectively.  

The limit of detection (LOD) was calculated with Signal/Noise ratio better 

than 3, and the limit of quantification (LOQ) was calculated with Signal/Noise 

ratio better than 10. In the present article, the range for LOD of flavonoids 

standards was from 0.30 to 0.81 ng/mL, while the range for LOQ of saponins was 

from 0.7 to 1.42 ng/mL. The results showed that the contents of catechin (49.4 

mg/g), quercetin-3-O-rutinoside (404.7 mg/g), quercetin-3-O-glucoside (90.1 

mg/g) and vitexin- 4″-O-glucoside (74.6 mg/g) in adzuki bean flavonoids extract 

were much higher than that of the adzuki bean total extract (12.4 mg/g, 225.9 

mg/g, 21.4 mg/g, and 36.7 mg/g, respectively). Meanwhile, the contents of 

azukisaponin IV (11.4 mg/g), azukisaponin VI (206.3 mg/g), azukisaponin V 

(283.2 mg/g), azukisaponin II (389.7 mg/g), azukisaponin I (5.4 mg/g), and 

azukisaponin III (27.6 mg/g) in adzuki bean saponins extract were much higher 
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than that of adzuki bean total extract (6.6 mg/g, 20.0 mg/g, 165.9 mg/g, 186.9 

mg/g, 8.9 mg/g, and 79.0 mg/g, respectively) (Table 3.2).  

 

Table 3.2. Flavonoids and saponins contents in extracts from adzuki bean. 

Peak 
No. 

Compounds  Contents 
(mg/g ABTE a) 

Contents 
(mg/g ABF b) 

Contents 
(mg/g ABS c) 

2 Catechin 12.37  49.39  ND d 
7 Quercetin-3-

O-rutinoside 
225.99 

404.73 
ND 

8 Quercetin-3-O-glucoside 21.37 90.08 ND 
9 Vitexin-4″-O-glucoside 36.66  74.60 ND 
10 Azukisaponin IV 6.63  ND 11.40  
11 Azukisaponin VI 20.04  ND 206.35  
12 Azukisaponin V 165.99  ND 283.21  
13 Azukisaponin II 186.99  ND 389.73  
14 Azukisaponin I 8.90  ND 5.42  
15 Azukisaponin III 79.03  ND 27.58  
a ABTE, adzuki bean total extract; b ABF, adzuki bean flavonoids; c ABS, adzuki 
bean saponins; d ND, not detected.  
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3.4. Chapter summary 

Flavonoids and saponins of adzuki bean have been produced by column 

chromatography and solvent precipitation. The present study has established a 

powerful method using HPLC-DAD-ESI-MSn in electro spray negative mode to 

separate and characterize nine flavonoids and six saponins in adzuki bean rapidly. 

A simple and sensitive method has been established for quantification of 

flavonoids and saponins in adzuki bean samples. Current preparation and analysis 

of flavonoids and saponins from adzuki bean could promote pharmacological 

experiments and attain much more reasonable experimental results. 
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Chapter 4 

Saponins and flavonoids from adzuki bean (Vigna angularis L.) 

ameliorate high-fat-diet induced obesity in ICR mice 

4.1. Introduction   

Overweight and obesity not only affect people’s appearance but also affect 

human health. It is becoming a major public health issue globally. Unhealthy diet 

is one of the major risk factors for chronic diseases like obesity and diabetes. It is 

widely accepted that dietary fat intake was directly or indirectly related to the 

occurrence of obesity, diabetes, high cholesterol and other diseases (Hill et al., 

2000). Consumption of bioactive compounds from diet or intake of dietary 

supplementation is one of possible ways to control obesity and to prevent or 

reduce the risks of developing various obesity-related diseases.  

Adzuki bean is mainly produced and consumed in China and several other 

countries in East Asia. It has been used as traditional Chinese herbal medicine and 

food for over thousands of years. The bioactivities, such as anti-tumor (Itoh et al., 

2002; 2005), anti-diabetes (Itoh et al., 2004; Itoh et al., 2009), and antioxidant 

(Wu, 2004; Yao et al., 2011; Sreerama et al., 2012; Xu and Chang, 2012), have 

been documented previously. However, reports on health benefits of adzuki bean 

in obesity prevention or weight control are limited. It is still lack of sufficient 

scientific basis to explain scientific principle of these popular civil practices in 

weight control using adzuki bean. Therefore, the purpose of this study was to 
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explain the anti-obesity effects of adzuki bean through in vitro enzymatic assays, 

in vitro lipolysis and in vivo study of obese mice. 

4.2. Materials and methods 

4.2.1. Materials 

Adzuki beans (Vigna angularis L.) were identified by Prof. Jinming Mu of 

Faculty of Agronomy in Jilin Agricultural University. Triolein, taurocholic acid 

sodium salt hydrate, N-[tris (hydroxymethyl) metyl]-2- aminopropanesulfonic 

acid (TES) buffer, phosphatidylcholine, porcine pancreatic lipase, α-glucosidase, 

and p-nitrophenyl-α- glucopyranoside were purchased from Sigma (St. Louis, MO, 

U.S.A.). Lipid assay kits for testing triglycerides (TG), total cholesterol (TC), 

high density lipoprotein- cholesterol (HDL-C) and low density 

lipoprotein-cholesterol (LDL-C), were purchased from Biosino Bio-technology 

and Science Inc. (Beijing, China). Other chemicals, such as sodium dihydrogen 

phosphate dehydrate, disodium hydrogen phosphate dodecahydrate, were of 

analytical grade. Macroporous adsorptive resins AB-8 was supplied by Nankai 

University and polyamide resin was purchased from Sinopharm Chemical 

Reagent Co., Ltd. (Beijing, China). 

4.2.2. Experimental animals 

Female ICR mice, three weeks old, were obtained from the Experimental 

Animal Holding Center of Jilin University, and housed individually in plastic 

cages in a 12/12 h light/dark cycle in a temperature-and humidity-controlled room 

for one week adaptation. The animals were allowed to access food and water 
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freely. The healthy ones were used for further anti-obesity study. Young male 

Wistar rats (five weeks old) were also obtained from the Experimental Animal 

Holding Center of Jilin University, which were utilized to carry out the in vitro 

lipolysis experiments. The Animal Care and Use Committee of Jilin Agricultural 

University approved all experimental procedures. This study was conducted 

according to the National Research Council’s Guide for the Care and Use of 

Laboratory Animals. 

4.2.3. Diets for ICR mice 

Both normal diet and high-fat diet were purchased from the feed center of the 

Experimental Animal Holding Center of Jilin University (Changchun, China). 

Normal diet consisted of 5% fat, 53% carbohydrate, 23% protein, and total 

calorific value 25 kJ/kg. High-fat diet consisted of 22% fat, 48% carbohydrate, 

and 20% protein, and total calorific value 44.3 kJ/kg. The diets were stored at 

-20 ℃ and prepared freshly each day to avoid auto-oxidation of lipids. 

4.2.4. Preparation of flavonoids and saponins from adzuki bean 

Adzuki bean samples were prepared according to the previous articles (Jia and 

Lu, 2008; Itoh and Furuichi, 2009; Xie et al., 2009; Wang et al., 2010). Briefly, 

adzuki bean was ground and 14 kg of the powder was then extracted with 140 L of 

70% ethanol for three times. The combined extract solution was filtrated and 

concentrated to remove ethanol. The remaining aqueous solution was extracted 

with 14 L of petroleum ether at room temperature for three times. The aqueous 

phase was then extracted with 14 L of n-butanol at room temperature three times. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Jia%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18457845
http://www.ncbi.nlm.nih.gov/pubmed?term=Lu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=18457845
http://www.ncbi.nlm.nih.gov/pubmed?term=Itoh%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19036561
http://www.ncbi.nlm.nih.gov/pubmed?term=Furuichi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19036561
http://www.ncbi.nlm.nih.gov/pubmed?term=Xie%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=20112727
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20ZP%5BAuthor%5D&cauthor=true&cauthor_uid=21137375
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The n-butanol solution was evaporated under vacuum to obtain 158.6 g of 

n-butanol extract which was adzuki bean total extract (ABTE). The crude 

flavonoids were collected in the 45% ethanol fraction from AB-8 resin column 

after eluting with water. The collected flavonoids of adzuki bean were subjected to 

the second column with polyamide according to the literatures (Wu et al., 2009; 

Wei et al., 2011; Ke et al., 2012), and the enriched flavonoid was further obtained 

in 40% ethanol fraction after eluting with 10% ethanol from polyamide column. 

Adzuki bean flavonoids (ABF) was obtained from the supernatant after 

precipitating with methanol- acetone finally. The enriched saponin of adzuki bean 

was collected in the 80% ethanol fraction after eluting with 45% ethanol by AB-8 

resin column. With further precipitation method,  adzuki bean saponins (ABS) was 

precipitated by the reagents of methanol- acetone.  

   Characterization and quantification of flavonoids and saponins of ABTE, ABF 

and ABS isolated from adzuki bean were carried out by high performance liquid 

chromatography with diode array detection and electro spray ionization-tandem 

multi-stage mass spectrometry (HPLC-DAD-ESI-MSn). The details were shown 

in the author’s other article. The results briefly showed that the contents of 

catechin (49.4 mg/g), quercetin-3-O-rutinoside (404.7 mg/g), 

quercetin-3-O-glucoside (90.1 mg/g) and vitexin- 4″-O-glucoside (74.6 mg/g) in 

ABF were much higher than that of ABTE (12.4 mg/g, 225.9 mg/g, 21.4 mg/g, 

and 36.7 mg/g, respectively). Meanwhile, the contents of azukisaponin IV (11.4 

mg/g), azukisaponin VI (206.3 mg/g), azukisaponin V (283.2 mg/g), azukisaponin 

http://www.ncbi.nlm.nih.gov/pubmed?term=Wu%20XR%5BAuthor%5D&cauthor=true&cauthor_uid=20112728
http://www.ncbi.nlm.nih.gov/pubmed?term=Wei%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=22233046
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II (389.7 mg/g), azukisaponin I (5.4 mg/g), and azukisaponin III (27.6 mg/g) in 

ABS were much higher than that of ABTE (6.6 mg/g, 20.0 mg/g, 165.9 mg/g, 

186.9 mg/g, 8.9 mg/g, and 79.0 mg/g, respectively).  

4.2.5. Pancreatic lipase activity assay 

Refer to Chapter 2.  

4.2.6. α-Glucosidase activity assay 

Refer to Chapter 2. 

4.2.7. Lipolysis assay 

Young male Wistar rats (150 - 160 g) were given a standard laboratory normal 

diet and water freely. The rats were kept in a 12/12 h light/dark cycle in a 

temperature-and humidity-controlled room. Then the rats were killed by cervical 

dislocation and their epididymal adipose tissues were quickly collected. Fat cells 

were isolated from the epididymal adipose tissue according to a previous article 

(Rodbell, 1964). Briefly, the epididymal fat pads excluding the vascular were 

rinsed in Hank’s buffer, and dried by filter paper. Thin distal portions from each 

epididymal fat pad were cut into several small pieces with scissors. Collagenase 

solution was added to the minced tissue pieces, and incubated at 37 ℃ for 1 hr. 

After incubation, the tissue was dispersed into small fragments, and filtered. The 

filtrate was centrifuged at 1000 rpm, and finally the fat cells were collected from 

the upper layer.  

The fat cell fraction was incubated for one hour at 37 ℃ in Hank’s balanced 

solution (pH 7.4) supplemented with 2.5% bovine serum albumin (BSA), 
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noradrenaline and the indicated amounts of tests. According to the previous article 

(Okuda et al., 1986), the release of free fatty acid was measured. Briefly, the 

incubation mixture (250 μL) was mixed with 3 mL of chloroform-n-heptane (1:1, 

v/v) containing 2% methanol and extracted by shaking the tube horizontally for 10 

min in a shaker. The mixture was centrifuged at 3000 rpm at 25℃ for 5 min, and 

the upper aqueous phase was removed by suction. Copper reagent (1 mL) was 

then added to the lower organic phase. Then the tube was shaken for 10 min, the 

mixture was centrifuged at 3000 rpm at 25℃ for 10 min, and 1.5 mL of the upper 

organic phase was treated with 1.5 ml of 0.1% (w/v) bathcurproine in chloroform 

containing 0.05% (w/v) 3-(2)-tert-butyl-4-hydroxyanisol. The absorbance was 

then measured at 480 nm by 722-visible spectrophotometer (Shanghai, China). 

The effects of lipolytic relative to control and standard noradrenaline were 

calculated as the following equation: 
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4.2.8. Estimation of relative parameters of mice fed with a high-fat diet  

After adaptation to the normal diet and the new life condition for one week, 

the healthy mice were randomly divided into eight groups (one normal group, 

seven high-fat diet groups) according to the weight, of eight mice each group. The 

normal group was fed with normal diet and other seven groups were fed with a 

high-fat diet for four weeks. Then the normal diet group (ND) was constantly fed 

with normal diet and the mice were orally administered physiological saline per 

day for additional four weeks. The high-fat diet groups were treated with different 

http://www.ncbi.nlm.nih.gov/pubmed?term=Okuda%20H%5BAuthor%5D&cauthor=true&cauthor_uid=3027721
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ways for additional four weeks and were further divided into high-fat diet group 

(HFD) treated with physiological saline, HFD group orally administered with total 

extract of adzuki bean (ABTE) of 60 mg/kg per day (HFD + ABTE60), HFD 

group with ABTE of 300 mg/kg (HFD + ABTE300), HFD group with ABF of 60 

mg/kg (HFD + ABF60), HFD group with flavonoids of adzuki bean (ABF) of 300 

mg/kg (HFD + ABF300), HFD group with ABS of 60 mg/kg (HFD + ABS60), 

and HFD group with saponins of adzuki bean (ABS) of 300 mg/kg (HFD + 

ABS300).  

After eight weeks of different treatments, blood was taken from each mouse 

by the artery and vein of fossa orbitalis (Liu et al., 2010). Then the blood was 

centrifuged at 4℃ and the serum of each mouse was obtained and frozen at -80℃ 

until further analysis. Serum triglycerides (TG), total cholesterol (TC), high 

density lipoprotein-cholesterol (HDL-C), and low density lipoprotein-cholesterol 

(LDL-C) were determined using the lipid assay kits by BS-400 Clinical Chemistry 

Analyzer (Mindray, Shenzhen, China), respectively.  

After sampling blood, mice were killed by cervical fracture. The heart, liver, 

spleen, kidney, thymus and adipose tissues (parametrial plus peritoneal and 

perirenal adipose tissue) were quickly sampled and weighed. The liver tissues 

were stored at -80℃ until further analysis. The liver TG and TC concentrations 

were measured by the following method: 0.5 g of the liver tissue was 

homogenized in 4.5 mL of Krebs Ringer phosphate buffer (pH 7.4), then 0.2 mL 

of the homogenate was extracted with 4 mL chloroform/methanol (2 : 1, v/v), the 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20R%22%5BAuthor%5D


102 

 

extract was concentrated under a nitrogen stream. The dry residue was analyzed 

using TG and TC test kits.   

4.2.9. Statistical analysis 

The values were expressed as means ± standard errors (SE). Statistical 

analysis was calculated by ANOVA using SPSS software (version 21). Scheffe's 

test was used to analyze the data. The criterion for statistical significance was p 

＜ 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4.3. Results and discussion 

4.3.1. Effects of adzuki bean on α-glucosidase and pancreatic lipase activities 

in vitro 

The present study exhibited that total extract, flavonoids and saponins from 

adzuki bean demonstrated inhibitory effects on both α-glucosidase and pancreatic 

lipase in dose-dependent manner at the concentration ranged from 0.25 to 1 

mg/mL in the assay system using triolein emulsified with phosphatidylcholine 

(Table 4.1). Flavonoids of adzuki bean (1 mg/mL) exhibited the highest inhibitory 

rate of α-glucosidase with 91.5%, followed by saponin (68.3%), and total extract 

(55.7%). The inhibitory rates of α-glucosidase were respectively much higher than 

50% except for the total extract of adzuki bean at the concentration of 0.25 

mg/mL. With regard to pancreatic lipase activity, total extract, flavonoids, and 

saponins of adzuki bean exhibited the similar inhibitory rates (around 40%).  

Human put focus on prevention and treatment of overweight and obesity 

because of both appearance and health. Overweight and obesity result from an 

energy imbalance. α-Glucosidase is a key enzyme to hydrolysis polysaccharides 

and disaccharides into glucose in small intestine (Vannasaeng et al., 1995; 

Mooradian and Thurman, 1999; Scheen, 2003). Inhibition of α-glucosidase 

activity can block digestion and absorption of carbohydrates, further control 

metabolism disorders such as diabetes and obesity; while pancreatic lipase is a 

key enzyme to catalyze the hydrolysis of dietary fat in the digestive system 

(Mukherjee, 2003), 50-70% of the dietary fat can be hydrolyzed by this enzyme. 
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Thus inhibition of pancreatic lipase activity can block fat absorption in 

gastrointestinal tract, further control obesity incidence, especially diet induced 

obesity. The previous articles also reported that adzuki bean had the inhibitory 

effects on the two enzymes (Yao et al., 2011; Yao et al., 2011; Sreerama et al., 

2012). Yao et al tested α-glucosidase activity of 16 food legumes, and the results 

showed that adzuki bean had the highest inhibition activity (Yao et al., 2011). 

Further study of different fractions of 70% ethanol extract of adzuki bean also 

exhibited inhibitory effects on α-glucosidase. In the present study, total extract, 

flavonoids and saponins from adzuki bean demonstrated inhibitory effects on both 

α-glucosidase and pancreatic lipase. In the present study, total extract, flavonoids 

and saponins from adzuki bean demonstrated inhibitory effects on both 

α-glucosidase and pancreatic lipase. Moreover, flavonoids of adzuki bean (1 

mg/mL) inhibited α-glucosidase activity with 91.5%. While total extract, 

flavonoids, and saponins of adzuki bean exhibited pancreatic lipase activity 

around 40%.  
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Table 4.1. Effect of adzuki bean on α-glucosidase and pancreatic lipase activities.*  

Concentration of 
samples (mg/mL) 

α-Glucosidase inhibition 
(%)  

Pancreatic lipase inhibition 
(%)  

Control 0 0 ± 0 a 0 ± 0 a 
    
ABTE 0.25 48.69 ± 0.51 b 23.77 ± 2.04 b 
 0.50  50.67 ± 0.44 c 29.25 ± 2.67 bc 
 0.75  52.74 ± 0.20 d 36.40 ± 1.78 de 
 1.00 55.65 ± 0.23 e 42.90 ± 0.81 e 
    
ABF 0.25 81.74 ± 0.20 f 38.63 ± 2.21 bc 
 0.50  87.09 ± 0.39 g 29.34 ± 1.62 c 
 0.75  88.52 ± 0.28 g 33.89 ± 2.73 de 
 1.00 91.84 ± 0.29 h 39.65 ± 1.16 e 
    
ABS 0.25 57.63 ± 0.22 i 21.17 ± 1.11 b 
 0.50  62.84 ± 0.25 j 25.07 ± 1.16 bc 
 0.75  67.50 ± 0.60 k 39.83 ± 1.21 e 
 1.00 68.33 ± 0.09 k 42.80 ± 1.81 e 

*ABTE, total extract of adzuki bean; ABF, flavonoids of adzuki bean; ABS, 
saponins of adzuki bean. Values are expressed as means ± SE of three experiments. 

Values marked by the same letters within column are not significantly different (p 
＜ 0.05).  
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4.3.2. Effects of adzuki bean on noradrenaline-induced lipolysis of isolated fat 

cells from rats 

Lipolysis assay was carried out in the present study according to the previous 

articles (Okuda et al., 1986; Han et al., 1999). The present article showed that 

total extract, flavonoids and saponins of adzuki bean enhanced the 

noradrenaline-induced lipolysis in the isolated fat cells.  

Total extract, flavonoids and saponins of adzuki bean enhanced the 

noradrenaline-induced lipolysis (166.1%, 175.6% and 152.6%, respectively) in 

the isolated fat cells at the concentration of 1 mg/mL (Table 4.2). While total 

extract, flavonoids and saponins of adzuki bean without noradrenaline also 

enhanced lipolysis (136.8%, 112.9% and 119.7%, respectively) in the fat cells at 

the same concentration. In a word, total extract, flavonoids and saponins of adzuki 

bean enhanced the noradrenaline-induced lipolysis in the isolated fat cells. It 

implied that adzuki bean could contribute to weight lose by breaking down fats.  
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Table 4.2. Effect of adzuki bean on noradrenaline-induced lipolysis in isolated fat 

cells from rats.*  

Treatments  Lipolysis (% of control) 
Mean ± SE (n = 3) 

None 0 ± 0 a 
Noradrenaline (0.01 µg/mL) 100 ± 0 b 
Noradrenaline + ABTE (1mg/mL) 166.08 ± 4.09 ef 
ABTE (1mg/mL) 136.84 ± 7.54 d 
Noradrenaline + ABF (1mg/mL) 175.63 ± 7.93 f 
ABF (1mg/mL) 112.87 ± 3.09 bc 
Noradrenaline + ABS (1mg/mL) 152.63 ± 5.92 e 
ABS (1mg/mL) 119.69 ± 3.51 c 

*ABTE, total extract of adzuki bean; ABF, flavonoids of adzuki bean; ABS, 
saponins of adzuki bean. Values are expressed as means ± SE of three experiments. 

Values marked by the same letters within column are not significantly different (p 
＜ 0.05).  
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4.3.3. Effects of adzuki bean on body weight of mice fed with a high-fat diet 

for eight weeks 

Body weight is a key index which is to evaluate obesity level. The kinetic 

changes of body weight of mice with different treatments during eight weeks were 

presented in Figure 4.1. There was a whole increase trend of body weights; 

however, there were significant (p ＜ 0.05) differences between the high fat diet 

group and other groups with or without treatment of total extract of adzuki bean, 

flavonoids of adzuki bean or saponins of adzuki bean. After eight weeks, high-fat 

diet increased the body weights of high-fat diet group mice from 21.96 g to 33.61 

g, while body weights of normal diet group mice increased from 21.86 g to 29.00 

g. Compared to the high-fat diet group, total extract of adzuki bean treatments 

(300 mg/kg per day) significantly (p ＜ 0.05) reduced the final body weight by 

7.7%, while total extract of adzuki bean treatments (300 mg/kg per day) reduced 

the final body weight by 10.0%. Adzuki bean flavonoids and adzuki bean 

saponins treatments also revealed significant reduction of the final body weight as 

compared to the high-fat diet group, especially adzuki bean flavonoids (300 

mg/kg per day) treatment with reduction of the final body weight by 12.2%. It was 

consistent with the previously article which reported that alcohol extract of adzuki 

bean reduced the body weight of male and female Kunming mice fed with a 

high-fat diet (Wu et al., 2011). Additionally, adzuki bean seed coats could 

significantly reduce body weight of streptozotocin-induced diabetic rats (Sato et 

al., 2005), while hot water extract of adzuki bean also could reduce body weights 
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of rats (Itoh and Furuichi, 2009).  
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Figure 4.1. Effect of adzuki bean on body weight of mice fed with a high-fat diet 

for eight weeks.  

Values are expressed as means ± SE (n = 8). Values marked by the same letters 
within final body weight are not significantly different (p ＜ 0.05).  
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4.3.4. Effects of adzuki bean on organ weight and adipose tissue weight of 

obese mice 

Thymus weight, liver weight, spleen weight and kidney weight of mice with 

different treatments were analyzed deliberatively after eight weeks (Table 4.3). 

Adzuki bean treatments increased the thymus weight and decreased the liver 

weight as compared to the high-fat diet group. The weight of spleen with or 

without adzuki bean treatment showed no differences in the present study. With 

regard to kidney, total extract of adzuki bean, flavonoids of adzuki bean and 

saponins of adzuki bean could reduce kidney weight as compared to high-fat diet 

group mice, and the flavonoids of adzuki bean and saponins of adzuki bean 

exhibited the better effect, the kidney weight in the mice treated with flavonoids 

and saponins were almost similar to that of normal diet group mice.  
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Table 4.3. Effect of adzuki bean on organ weights of mice fed with a high-fat diet for eight weeks.*  

Groups Final body weight 
(g/mouse) 

Thymus 
(g/mouse) 

Liver  
(g/mouse) 

Spleen  
(g/mouse) 

Kidney  
(g/mouse) 

ND 29.002 ± 0.284 a 0.085 ± 0.004 b 1.156 ± 0.056 a 0.126 ± 0.003 a 0.296 ± 0.009 a 
      
HFD 33.611 ± 0.544 c 0.065 ± 0.004 a 1.947 ± 0.097 d 0.119 ± 0.004 a 0.336 ± 0.013 b 
      
HFD+ABTE60 31.035 ± 0.722 a 0.067 ± 0.004 a 1.485 ± 0.036 c 0.121 ± 0.008 a 0.302 ± 0.014 ab 
HFD+ABTE300 30.242 ± 0.366 ab 0.075 ± 0.005 a b 1.401 ± 0.031 bc 0.126 ± 0.003 a 0.304 ± 0.013 ab 
      
HFD+ABF60 30.973 ± 0.779 b 0.067 ± 0.006 a 1.238 ± 0.018 a 0.127 ± 0.003 a 0.292 ± 0.009 a 
HFD+ABF300 29.500 ± 0.193 ab 0.072 ± 0.007 a b 1.176 ± 0.048 a 0.123 ± 0.005 a 0.282 ± 0.015 a 
      
HFD+ABS60 30.668 ± 0.472 b 0.068 ± 0.009 a b 1.317 ± 0.054 ab 0.123 ± 0.007 a 0.294 ± 0.009 a 
HFD+ABS300 29.539 ± 0.406 ab 0.070 ± 0.004 a b 1.162 ± 0.030 a 0.128 ± 0.007 a 0.279 ± 0.010 a 
*ND, normal diet group; HFD, high-fat diet group; HFD+ABTE60, high-fat diet group orally administered total extract of adzuki bean of 60 
mg/kg per day; HFD+ABTE300, high-fat diet group orally administered total extract of adzuki bean of 300 mg/kg per day; HFD+ABF60, HFD 
group with ABF of 60 mg/kg; HFD+ABF300, HFD group with ABF of 300 mg/kg; HFD+ABS60, HFD group with ABS of 60 mg/kg; 
HFD+ABS300, HFD group with ABS of 300 mg/kg. Values are expressed as means ± SE (n = 8). Values marked by the same letters within 
column are not significantly different (p ＜ 0.05).  
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Body fat, especially abdominal fat, is harmful to human health. A previous 

article had reported that adzuki bean decreased adipose tissue weights in mice and 

rats (Wu et al., 2011). Our results verified the previous findings. The bar chat 

(Figure 4.2) compared perirenal and parametrial plus peritoneal adipose tissue 

weights among the mice groups with different treatments. Feeding a high-fat diet 

for eight weeks caused significant (p ＜ 0.05) increases tissue weight in both 

perirenal and parametrial plus peritoneal adipose tissue as compared to the normal 

diet group. The perirenal and parametrial plus peritoneal adipose tissue weights of 

high-fat diet group were 0.59 g and 1.74 g respectively, while that of normal diet 

group were 0.11 g and 0.32 g. Adzuki bean treatment reduced significantly both 

perirenal and parametrial plus peritoneal adipose tissue weights as compared to 

the high-fat diet group. It was an increase trend with the increased dose of total 

extract of adzuki bean, flavonoids of adzuki bean, or saponins of adzuki bean. 

Saponins treatment (300 mg/kg per day) demonstrated the best effect in terms of 

reducing perirenal and parametrial plus peritoneal adipose tissue weights. The 

perirenal and parametrial plus peritoneal adipose tissue weights of mice treated 

with saponins of adzuki bean (300 mg/kg per day) were 0.12 g and 0.52 g, 

respectively. 
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Figure 4.2. Effect of adzuki bean on parametrial and perirenal adipose tissue 

weight of mice fed with a high-fat diet for eight weeks.  

Values are expressed as means ± SE (n = 8). Values marked by the same letters 
within parametrial or perirenal adipose tissue weight are not significantly different 
(p ＜ 0.05).  
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4.3.5. Effects of adzuki bean on biochemical parameters of serum and liver of 

obese mice 

Losing weight means to not only reduce body weight but also reduce bad 

blood lipid parameters and increase good blood lipid parameters. As the main risk 

factors for dyslipidemia (Klein, 2004), serum TC and TG was considered as 

unhealthy symbols of human body.  

In the present study, the high-fat diet significantly (p ＜ 0.05) induced fasting 

serum concentrations of serum triglycerides (TG), total cholesterol (TC), and low 

density lipoprotein-cholesterol (LDL-C), as compared to mice treated with the 

normal diet (Table 4.4). Adzuki bean treatment with the high-fat diet suppressed 

the increases of serum TG, TC, and LDL-C concentrations as compared to the 

high-fat diet group without adzuki bean treatment, while increased the level of 

high density lipoprotein-cholesterol (HDL-C). The higher dose of adzuki bean 

samples, the more decreases in serum TG, TC, and LDL-C concentrations, while 

more increases in serum HDL-C. Wu et al also pointed out that adzuki bean 

lowered blood TG and TC levels and increased HDL-C level of Kunming mice 

(Wu et al., 2011). Adzuki bean also decreased serum TC and TG levels of rats; 

however, it did not increase HDL-C level of rats (Itoh and Furuichi, 2009; 

Kitano-Okada et al., 2012).  

Feeding a high-fat diet caused mice liver to accumulate higher content of TG 

(18.00 μmol/g liver) and TC (8.26 μmol/g liver) as compared to the normal diet 

group (6.02 μmol TG/g liver and 4.13 μmol TC/g liver, respectively). The 
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concentration of liver TG was about 3-fold higher than that of the normal group, 

while liver TC was over 2-fold higher than that of the normal group. Adzuki bean 

treatments, especially the high dose, retarded the accumulation of liver TG and TC, 

but did not recover to the normal level.   
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Table 4.4. Effect of adzuki bean on serum parameters and liver parameters after eight weeks.* 

Groups                Serum parameters        Liver parameters 

 TG  
(mmol/L)  

TC 
(mmol/L)  

HDL-C 
(mmol/L)  

LDL-C 
(mmol/L)  

TG  
(μmol/g liver)  

TC  
(μmol/g liver)  

ND 1.27 ± 0.03 ab 2.86 ± 0.09 a 3.17 ± 0.12 c 0.35 ± 0.03 a 6.02 ± 0.05 a 4.13 ± 0.05 a 
       
HFD 2.43 ± 0.07 e 4.89 ± 0.13 f 2.20 ± 0.09 a 0.77 ± 0.03 e 18.00 ± 0.54 d 8.26 ± 0.07 e 
       
HFD+ABTE60 1.53 ± 0.07 d 4.19 ± 0.09 e 2.64 ± 0.06 b 0.68 ± 0.04 d 14.89 ± 0.35 c 6.51 ± 0.11 d 
HFD+ABTE300 1.31 ± 0.05 ab 4.02 ± 0.09 cde 2.66 ± 0.10 b 0.60 ± 0.02 c 11.97 ± 0.12 b 5.43 ± 0.12 b 
       
HFD+ABF60 1.29 ± 0.03 ab 4.16 ± 0.05 de 2.78 ± 0.04 b 0.69 ± 0.02 de 14.82 ± 0.37 c 6.68 ± 0.06 d 
HFD+ABF300 1.17 ± 0.04 a 3.75 ± 0.03 b 2.83 ± 0.04 b 0.53 ± 0.02 bc 11.56 ± 0.11 b 5.38 ± 0.10 b 
       
HFD+ABS60 1.47 ± 0.05 cd 3.91 ± 0.07 bcd 2.67 ± 0.08 b 0.70 ± 0.02 de 14.34 ± 0.14 c 6.65 ± 0.06 d 
HFD+ABS300 1.34 ± 0.02 bc 3.89 ± 0.07 bc 2.69 ± 0.07 b 0.50 ± 0.02 b 11.22 ± 0.07 b 5.74 ± 0.10 c 
Values are expressed as means ± SE (n = 8). Values marked by the same letters within column are not significantly different (p ＜ 0.05). * ND, 
normal diet group; HFD, high-fat diet group; HFD+ABTE60, high-fat diet group orally administered total extract of adzuki bean of 60 mg/kg 
per day; HFD+ABTE300, high-fat diet group orally administered total extract of adzuki bean of 300 mg/kg per day; HFD+ABF60, HFD group 
with ABF of 60 mg/kg; HFD+ABF300, HFD group with ABF of 300 mg/kg; HFD+ABS60, HFD group with ABS of 60 mg/kg; HFD+ABS300, 
HFD group with ABS of 300 mg/kg. TG: Triglycerides; TC: total Cholesterol; HDL-C: HDL-Cholesterol
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4.4. Chapter summary 

In summary, in vitro and in vivo anti-obesity effects of total extract, flavonoids 

and saponins extracted from adzuki bean were respectively investigated in the 

present study. The results indicated that total extract, flavonoids and saponins 

possessed the inhibitory effects against pancreatic lipase and α-glucosidase, while 

flavonoids and saponins enhanced the noradrenaline-induced lipolysis in fat cells. 

The animal study also demonstrated the anti-obesity ability of these components. 

Results showed that total extract, flavonoids and saponins from adzuki bean could 

decrease body weight, adipose tissue weights, serum TG, TC and LDL-C, and live 

lipids of mice fed with a high-fat diet while increase serum HDL-C by orally 

administered method. The results of the present study indicate that adzuki bean is 

a potential important food source for the prevention of obesity and the related 

diseases. Therefore, further studies should focus on the anti-obesity molecular 

mechanism of adzuki bean by cell models and the anti-obesity effects through 

clinical trials. In addition, new anti-obesity products derived from adzuki bean 

deserve to be developed in the future.  

 

 

 

 

 

 

 117 





Chapter 5 

Intervention Effects of Flavonoids and Saponins from Adzuki 

Bean on Proliferation and Differentiation of 3T3-L1 Preadipocyte 

5.1. Introduction 

Obesity is defined as abnormal or excessive fat accumulation that seriously 

threat human health. It is a metabolic, chronic, and complex disease. The 

increasing incidence of obesity is being more and more ferocious in recent years. 

The mechanism of obesity is a process of increasing the number and/or the size of 

fat cells (Spiegelman and Flier, 1996; Prins and O'Rahilly, 1997), and triglyceride 

accumulate excessively in adipose tissue.  

Adipose tissue plays an important role in energy homeostasis. Mammals have 

both white adipose tissue (WAT) which stores excess energy as triglyceride in 

lipid droplets, and brown adipose tissue (BAT) which utilizes lipids to generate 

heat in a process known as thermogenesis. Adipocytes are derived from 

multipotent mesenchymal precursor cells that commit to preadipocytes and then 

either remain dormant or proceed to become differentiated adipocytes (Hauner 

and Löffler, 1987; Charrière et al., 2003). Two model systems that are frequently 

used to study the differentiation process are: adipocytes isolated from 

stromal-vascular cells, and adipocytes differentiated from immortalized 

preadipocyte cell lines. 3T3-L1 mouse preadipocyte line has been the most 

commonly used in vitro cell model system, which induces white adipose tissue 
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production, and differentiate into adipocytes by the exist of inducer such as insulin, 

isobutylmethyl xanthine (IBMX), and dexamethasone (DEX) (Joost and 

Schürmann, 2001).  

Obesity is a pathologic phenomenon of adipocytes (López-Miranda et al., 

2007). It is recognized as an increase in the number of preadipocutes and an 

increase in the size of adipocytes differentiated from preadipocytes in adipose 

tissue (Prins and O'Rahilly, 1997). Theoretically, the ability to reduce the 

increasing rate of the number and the size of the preadipocytes is a key in 

prevention and treatment of obesity. Treating obesity mechanisms, for example, 

balanced energy intake and expenditure, decreased preadipocyte differentiation, 

decreased lipogenesis, increased lipolysis, and induction of adipocyte apoptosis, 

were all investigated (Wang and Jones, 2004). Inhibiting the proliferation and 

differentiation of preadipocytes also reach the aim to treat obesity. Measurement 

of cell viability and proliferation forms the basis for numerous in vitro assays of a 

cell population’s response to external factors. The reduction of tetrazolium salts is 

now widely accepted as a reliable way to examine cell proliferation. MTT (3-(4, 

5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide) method is widely used 

by lots of scientists. Yellow tetrazolium MTT is reduced by metabolically active 

cells, in part by the action of dehydrogenase enzymes, to generate reducing 

equivalents such as reduced form of nicotinamide-adenine dinucleotid (NADH) 

and reduced form of nicotinamide-adenine dinucleotide phosphate (NADPH). The 

resulting intracellular purple formazan can be solubilized and quantified by 
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spectrophotometric means. The MTT Reagent yields low background absorbance 

values in the absence of cells. For each cell type the linear relationship between 

cell number and signal produced is established, thus allowing an accurate 

quantification of changes in the rate of cell proliferation. 

   Oil Red O is a lysochrome (fat-soluble dye) diazo dye used for staining of 

neutral triglycerides and lipids. It has the appearance of a red powder. During the 

period of differentiation from preadipocytes to adipocytes, lipid drops 

accumulated in 3T3-L1 cells, which is a sign of cell maturation. Cells stained by 

Oil Red O can be observed under the microscope to record fat accumulation in the 

cytoplasm of a cell. Fat is specifically dyed to red and the proportion of red part 

presents differentiation rate of preadipocytes.   

   Adipocyte is mainly responsible for energy storage and accumulates 

triglycerides once nutrition is excess. The accumulation of triglyceride in mature 

adipocyte affects cell volume, the increase of triglycerides leads to the increase of 

total adipose tissue. Intracellular triglyceride content in adipocyte will be 

determined after co-culturing with adzuki bean extract or the compounds isolated 

from adzuki bean.  

The cytosolic enzyme glycerol-3-phosphase dehydrogenase (GPDH) appears 

to have an important role in the conversation of glycerol into triglyceride, and the 

level of activity of GPDH increases during the conversion of 3T3 cells (Wise and 

Green, 1979).  

Numerous evidences suggests that consumption of bioactive compounds from 
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natural foods is a good way to low risk of chronic disease, including prevent and 

treatment of obesity. Moreover, adzuki bean exhibited efficacious effects of 

anti-obesity in mice fed with a high-fat diet in Chapter four. Therefore, the present 

study was to investigate the effects of flavonoids and saponins from adzuki bean 

on proliferation and differentiation of preadipocytes by MTT method and Oil Red 

O staining methods, and to reveal the anti-obesity effects of adzuki bean, mainly 

the factor of controlling adipogenesis. 
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5.2. Materials and methods  

5.2.1. Cell line 

3T3-L1 preadipocyte cell line was purchased from ATCC, American Type 

Culture Collection (Manassas, VA, U.S.A.). The cells were Mus musculus (mouse) 

embryo fibroblast, and were adherent. 3T3-L1 is a continuous substrain of 3T3 

(Swiss albino) developed through clonal isolation. Cells undergo a pre-adipose to 

adipose like conversion as they progress from a rapidly dividing to a confluent 

and contact inhibited state. High serum content in the medium enhances fat 

accumulation.  

5.2.2. Materials and cell culture media 

Adzuki bean total extract, adzuki bean flavonoids, adzuki bean saponins, four 

mono flavonoides (catechin, vitexin-4″-O-glucoside, quercetin-3-O-glucoside, 

and quercetin-3-O-rutinoside) were obtained from Sigma (St. Louis, MO, U.S.A.), 

and six mono saponins (azukisaponin I, II, III, IV, V, and VI) were obtained by the 

author according to Chapter 3. 

The following media were the media used in the present study. Modified 

Eagle’s Medium (MEM) contained 1% antibiotics and 10% heat-inactivated fetal 

bovine serum. Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented 

with 1% antibiotics and 10% heat-inactivated fetal bovine serum. Induction 

medium I was DMEM containing 10 μg/mL insulin, 1 μM dexamethasone and 0.5 

mM isobutylmethyl xanthine. Induction medium II was DMEM containing 10 

μg/mL insulin.  
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5.2.3. MTT proliferation assay 

The relationship between 3T3-L1 cell number and absorbance was established 

in the present study. Briefly, 200 μL of the 3T3-L1 cell solutions (2.5×103 

cells/mL, 5×103 cells/mL, 1×104 cells/mL, 2.5×104 cells/mL, 5×104 cells/mL, 

1×105 cells/mL, 5×105 cells/mL, 1×106 cells/mL) were seeded into each well of 

96-well microplates, respectively, and the cells were cultured in MEM at 37 ℃  in 

5% CO2 and 95% air with an incubator until the cells attached. After attachment, 

20 μL MTT solution (5 mg/mL) was added to per well of 96-well microplates, and 

the 96-well microplates were put into the incubator at 37 ℃  for 4 h. The 

supernatants were carefully discarded. 200 μL dimethyl sulfoxide (DMSO) was 

added to each well, and the plates were shaken to dissolve the crystal product on a 

constant temperature oscillator. The absorbance was measured at 540 nm by 

microplate reader (FLUO star Omega 415-1179, BMG LABTECH GmbH, 

Germany) to determine the formazan formed by viable cells. 

Cell growth curve was obtained by the following method. 200 μL of the 

3T3-L1 cell solution (5×103 cells/mL) were seeded into per well of flat-bottomed 

96-well microplates, and incubated in MEM at 37 ℃ in 5% CO2 and 95% air 

with an incubator until the cells attached. After attachment for 12, 24, 36, 48, 72, 

96, 120 and 144 h, respectively, MTT treatment was done according the above 

procedure. 

200 μL of the 3T3-L1 cell solution (1×104 cells/mL) were seeded into per well 

of flat-bottomed 96-well microplates, and incubated in MEM at 37 ℃  in 5% CO2 



and 95% air with an incubator until the cells attached. After cell attachment, the 

cells were treated with different doses of adzuki bean samples. After treatment for 

24, 48, and 72 h, respectively, MTT treatment was done according the above 

procedure. Finally, the absorbance was measured at 540 nm by microplate reader 

to determine the formazan formed by viable cells. The effect of adzuki bean 

samples on cell proliferation was evaluated as absorbance relative to that of the 

control cultures. 

5.2.4. Adipogenesis and lipid visual assay by oil red O staining  

3T3-L1 cells (3×104 cells/well) were inoculated into 96-well culture plates and 

cultured in MEM supplemented with 1% antibiotics and 10% heat-inactivated 

fetal bovine serum to reach full confluence for 2 days in a humidified incubator. 

Two days post confluence (Day 0), the medium were changed to induction 

medium I for treatment group or fresh DMED containing 1% antibiotics and 10% 

heat-inactivated fetal bovine serum for control group. Three days after the 

induction (Day 3), medium were changed to induction medium II for treatment 

group or fresh DMEM containing 1% antibiotics and 10% heat-inactivated fetal 

bovine serum for control group. Five days after induction (Day 5), medium were 

changed to induction medium II for treatment group or fresh DMEM containing 

1% antibiotics and 10% heat-inactivated fetal bovine serum for control group. 

Three days later (Day 8), more than 80% of the cells were differentiation.  

Intracellular lipid accumulation was determined by oil red O staining method. 

Medium were removed from the cells. After washing by PBS for two times, the 
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cells were fixed with 10% formalin at room temperature for 30 min. The cells 

were washed by 60% isopropanol for two times for five minutes each. The plates 

were placed under a blowing hood until the wells were dry completely. Oil red O 

working solution was added to all wells including the background wells 

containing no cells and the cells were incubated for 30 min. The oil red O working 

solution was removed and distilled water was used to wash the cells several times 

until the water contained no visible pink color. The cells were washed again by 

60% isopropanol for two times for five minutes each. The plates were placed 

under a blowing hood until the wells were dry completely. 100% isopropanol was 

added into each well to extract the dye from the cells, and the plate was gently 

mixed for 30 min. During the differentiation, cells were treated with adzuki bean 

samples at concentrations indicated, respectively. Lipid accumulation was stained 

by oil red O at day 1, 3, 5, 8 of differentiation according to the above procedure. 

The absorbance of the extract dye was finally measured at 510 nm by microplate 

reader (FLUO star Omega 415-1179, BMG LABTECH GmbH, Germany). The 

results were expressed as a relative percentage of fully differentiated cells.  

Screening the extract or mono compound inhibiting differentiation obviously 

of 3T3-L1 cells from the above experiment in 96-well plate, the cells were seeded 

into 6-well plate and repeated the above procedure. Finally, the pictures were 

taken using an Olympus microscope (Tokyo, Japan).  

5.2.5. Triglyceride content assay 

3T3-L1 preadipocytes were seeded in 24-well culture plates and differentiated 
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according to the above differentiated procedure and at 6 days was treated with 

adzuki bean samples at different concentrations at 37 ℃ in a humidified 5% CO2 

incubator. Cells were washed with PBS and lysed in lysis buffer (1% Triton X-100 

in PBS). Then the cells were scraped and homogenized by sonication in ice-cold 

water for 1 min. After centrifugation, the cell lysate was collected and total 

triglyceride content in cells was determined using a commercial triglyceride assay 

kit (Beijing BHKT Clinical Reagent Co., Ltd, Beijing). Inhibition (%) was 

expressed as percent decrease in triglyceride content against control (0%). 

5.2.6. Glycerol release  

3T3-L1 cells were seeded at 4×104 cells/cm2 on 12-well culture plates and 

differentiated for 8 days as described above. Differentiated 3T3-L1 cells were 

treated with various concentrations of adzuki bean samples. Cell supernatants 

were collected after 72 h. Glycerol in medium was measured using a free glycerol 

determination kit and glycerol standards were used for calibration. Each 

experiment was performed in triplicate. Briefly, a free glycerol reagent solution 

was reconstituted with distilled water. The free glycerol reagent solution was then 

reacted with distilled water (blank), glycerol standard (standard), and samples for 

5 min. The mixture was transferred to a 96-well plate and absorbance was 

determined at 540 nm by microplate reader (FLUO star Omega 415-1179, BMG 

LABTECH GmbH, Germany).  

5.2.7. Measurement of glycerol-3-phosphate dehydrogenase activity 

3T3-L1 adipocytes were harvested 8 days after the initiation of differentiation. 
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Cells were incubated with different concentrations of adzuki bean samples during 

the period of differentiation at 37 ℃ in a humidified 5% CO2 incubator. The 

control group was also induced to differentiate without adzuki bean samples. 

Sample preparation and the determination procedure of GPDH activity were 

carried out according to the introduction of glycerol-3-phosphate dehydrogenase 

(GPDH) activity assay kit (GenWay, USA). Briefly, the culture medium was 

removed and the cells were washed twice with PBS. Then, 100-200 µl of Enzyme 

Extraction Buffer was added to each well. Immediately after the extraction, an 

equal volume of Dilution Buffer supplemented with 2-ME was added to the 

sample to prepare two-fold diluent. 100 µL of the substrate solution was dispensed 

into each well of a 96-well plate and the plate was preincubated at 30℃. 25 µL of 

a diluted sample was added and the plate was agitated. The absorbance at 340 nm 

at 30℃ was determined using a 96-well plate reader. The final results were 

expressed as 100% GPDH activity of differentiated cells without treatment of 

adzuki bean samples (Control). The GPDH activity of adzuki bean samples (%) 

was calculated to control.  

5.2.8. Statistical analysis 

Statistical analysis was calculated by ANOVA using SPSS software (version 

21). All data were expressed as means ± standard deviation (SD) of no less than 

three different determinations. The differences between treatment groups were 

analyzed by one-way analysis of variance (ANOVA). The criterion for statistical 

significance was p ＜ 0.05. 



5.3. Results and discussion 

5.3.1. Effect of adzuki bean samples on proliferation of 3T3-L1 preadipocyte  

The yellow tetrazolium MTT is reduced by metabolically active cells, in part 

by the action of dehydrogenase enzymes, to generate reducing equivalents such as 

NADH and NADPH. The resulting intracellular purple formazan can be 

solubilized and quantified by spectrophotometric means. Moreover, the yield of 

purple formazan is in direct proportion to the living cell numbers. Increasing 

amounts of living cells resulted in increased purple colouring. The values of the 

absorbance of this purple formazan colored solution can represent the formazan 

amount. The relationship between the concentration of 3T3-L1 preadipocytes and 

MTT absorbances was determined and shown in Table 5.1.  
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Table 5.1. The relationship between the concentration of 3T3-L1 preadipocytes and MTT absorbances. 

Cell concentration 

(No./mL) 

Blank  1 × 103 5 × 103 1 × 104 5 × 104 1 × 105 5 × 105 1 × 106 

A540 nm 0.028 ± 0.002 0.147 ± 0.031 0.210 ± 0.011 0.462 ± 0.027 0.693 ± 0.021 0.917 ± 0.028 1.357 ± 0.055 1.632 ± 0.032 
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From the growth curve of 3T3-L1 preadipocytes in Figure 5.1, the cells grew 

rapidly from 2 days. The period of 2 days to 4 days was the ncreased logarithmic 

phase.  
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Figure 5.1. Growth curve of 3T3-L1 preadipocytes. 

Values were expressed as means ± SD (n=6). The mean difference is significant 
from the data of the control (*p ＜ 0.05; **p ＜ 0.001).  

 

Therefore, effect of adzuki bean samples on proliferation of 3T3-L1 cells was 

designed according to the growth curve. 200 μL 3T3-L1 cell solutions (5 × 103 

cells/mL) was seeded in 96-well culture plate, and cultured for 24 h (Day 1). After 

that, the cells were treated with different concentrations of adzuki bean sample 

solutions and went on culturing for three days (Day 2, Day 3, and Day 4). Figure 

5.2 showed that the effect of adzuki bean samples on proliferation of 3T3-L1 cells 

at the concentration 800 μg/mL after treating for three days (Day 4). Adzuki bean 

samples like adzuki bean total extract, adzuki bean flavonoids, adzuki bean 

* 

** 

** 
** 

** 
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saponins, four mono flavonoides (catechin, vitexin-4″-O-glucoside, 

quercetin-3-O-glucoside, and quercetin-3-O-rutinoside) and six mono saponins 

(azukisaponin I, II, III, IV, V, and VI) exhibited inhibitory effect of proliferation of 

3T3-L1 cells, and the inhibitory rate of proliferation of 3T3-L1 cells was about 

20%. Azukisaponin II and azukisaponin V showed much more inhibitory effect of 

cell proliferation than other adzuki bean samples, however, the inhibitory rate was 

no more than 20%.  
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Figure 5.2. Effect of adzuki bean samples on proliferation of 3T3-L1 cells at the 

concentration 800 μg/mL after treating for three days (Day 4).  

Data were expressed as a percentage of the control level. Values were means ± SD 
(n=6). Letters with different superscripts were significantly different (p ＜ 0.05) 
among groups.  

 

Adzuki bean samples inhibited proliferation of 3T3-L1 cells in a dose 

dependent manner. Take azukisaponin V for example, Figure 5.3 exhibited that 
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800 μg/mL azukisaponin V inhibited 19.75% the proliferation of 3T3-L1 cells, 

400 μg/mL azukisaponin V inhibited 11.24% cell proliferation, and 200 μg/mL 

azukisaponin V inhibited no more than 5% cell proliferation.  
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Figure 5.3. Effect of adzukisaponin V (72 h) on proliferation of 3T3-L1 

preadipocytes in a dose dependent manner.  

Values were expressed as means ± SD (n=6). The mean difference is significant 
from the data of the control (*p ＜ 0.05; **p ＜ 0.001).  

 

In addition, Adzuki bean samples inhibited proliferation of 3T3-L1 cells in a 

time dependent manner. Figure 5.4 showed that the proliferation was inhibited 

after the cells were treated with 800 μg/mL adzuki bean saponins for 24 h, 48, and 

72 h. Treatment with 800 μg/mL adzuki bean saponins after 72 h (Day 4) 

significantly inhibited the proliferation of 3T3-L1 cells (19.75%), while treatment 

with 800 μg/mL adzuki bean saponins after 24 h (Day 2) inhibited only 9.92% the 
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** 

** 
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proliferation of 3T3-L1 cells. Similar to azukisaponin V, other adzuki bean 

samples such as adzuki bean total extract, adzuki bean flavonoids, four mono 

flavonoides, and mono saponins also exhibited inhibitory effect of proliferation of 

3T3-L1 cells in a dose and time dependent manners.  
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Figure 5.4. Effect of adzukisaponin V (800 μg/mL) on proliferation of 3T3-L1 

preadipocytes in a time dependent manner.  

Values were expressed as means ± SD (n=3). The mean difference is significant 
from the data of the control (*p ＜ 0.05; **p ＜ 0.001).  

 

5.3.2. Effect of adzuki bean samples on lipid accumulation during 

differentiation of 3T3-L1 cells 

   As shown in Figure 5.5, mature adipocytes (Figure 5C, D, E, F) were stained 

by Oil Red O and the lipid accumulated exhibited red color, while the 

preadipocytes could not been stained (Figure 5.5A, B).  

   To evaluate the effect of adzuki bean samples on differentiation of 3T3-L1 

** 

** 
**
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cells, 200 μL cell solutions (3 × 104 cell/mL) were seeded in each well of 96-well 

culture plates. During the differentiation period, the cells were treated with adzuki 

bean samples.  

 

  

  

   

Figure 5.5. Representative morphological images of 3T3-L1 preadipocytes and 

adipocytes stained by Oil Red O dye. 

A and B were preadipocytes, C, D, E, and F were adipocytes. 

 

A B 
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Figure 5.6 showed the effects of adzuki bean samples at the concentration of 

200 μg/mL on the inhibition of lipid accumulation during the differentiation 

period of 3T3-L1 cells. The data revealed that azukisaponin II had the highest 

inhibitory effect (49.72%) on lipid accumulation of 3T3-L1 cell differentiation 

among adzuki bean extracts or mono compounds isolated from adzuki bean.  
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Figure 5.6. Lipid accumulation effect of adzuki bean samples (200 μg/mL) on 

differentiation of 3T3-L1 cells. 

Values were expressed as means ± SD (n=6). Bars with different letters indicated 
statistically significant differences among groups at p ＜  0.05 by one-way 
ANOVA. 

 

The effects of different concentrations of azukisaponin II on lipid 

accumulation during the differentiation of 3T3-L1 cells was shown in Figure 5.7. 

Increasing the concentration of azukisaponin II from 50 to 500 μg/mL enhanced 
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the inhibitory effects of the lipid accumulation. Similar results were obtained 

using Oil Red O staining to detect the lipid accumulation in cells after treatments 

of other adzuki bean samples. These results indicated that adzuki bean may block 

the differentiation of 3T3-L1 cells from preadipocytes to mature adipocytes which 

contribute to anti-obesity effects.  
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Figure 5.7. The effects of different concentrations of azukisaponin II on lipid 

accumulation of differentiation of 3T3-L1 cells. 

Values were expressed as means ± SD (n=3). The mean difference is significant 
from the data of the control (*p ＜ 0.05; **p ＜ 0.001).  

 

5.3.3. Effect of adzuki bean samples on triglyceride accumulation in 3T3-L1 

cells  

3T3-L1 adipocytes were treated with different concentrations of adzuki bean 

samples or vehicle during its differentiation period. Most of adzuki bean samples 

(200 μg/mL) significantly blocked the triglyceride accumulation during 

differentiation of 3T3-L1 cell (Figure 5.8). Moreover, the inhibitory effect of 
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adzuki bean samples on triglyceride accumulation exhibited a dose dependent 

manner at the concentration from 50 to 500 μg/mL. Figure 5.9 was an example 

for adzuki bean saponins inhibiting triglyceride accumulation during the 

differentiation of 3T3-L1 cell. At the concentration from 0-200 μg/mL, adzuki 

bean saponins exhibited the linear inhibitory effect on triglyceride accumulation 

in differentiated cells. Compared to the differentiated cells without treatment of 

adzuki bean samples, the inhibitory rates were 17.91% (50 μg/mL), 32.77% (100 

μg/mL), 47.22% (150 μg/mL), and 66.73 % (200 μg/mL). 500 μg/mL Adzuki 

bean saponins inhibited 67.97% intracellular triglyceride accumulation during the 

differentiation of 3T3-L1 cell.  
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Figure 5.8. Effect of adzuki bean samples (200 μg/mL) on triglyceride in 3T3-L1 

cells.  

Values were expressed as means ± SD (n=3). Bars with different letters indicated 
statistically significant differences among groups at p ＜  0.05 by one-way 
ANOVA. 
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Figure 5.9. Effects of different concentrations of adzuki bean saponins on 

triglyceride accumulation of differentiation of 3T3-L1 cells. 

Values were expressed as means ± SD (n=3). The mean difference is significant 
from the data of the control (*p ＜ 0.05; **p ＜ 0.001).  
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5.3.4. Effect of adzuki bean on lipolysis in differentiated 3T3-L1 adipocytes 

Cellular lipolysis is a period of triglyceride hydrolysis. During the triglyceride 

hydrolysis period, glycerol and free fatty acid from adipocytes were released and 

glycerol was usually recognized as a marker of adipocyte lipolysis. To study 

whether adzuki bean samples increase the release of glycerol, the cells were 

treated with 200 μg/mL adzuki bean samples for 72 h after serum starvation of 

3T3-L1 differentiated cells. The results showed that adzuki bean samples 

enhanced lipolysis, and increased the released of glycerol in adipocytes (Figure 

5.10).  
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Figure 5.10. Effect of adzuki bean samples (200 μg/mL) on glycerol release 

during differentiation of 3T3-L1 cells.  

Cell supernatants were collected at 72 h after treated with adzuki bean samples. 
The values were expressed as means ± SD (n=3). Different letters were 
significantly difference (p ＜ 0.05). 
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To evaluate whether adzuki bean enhanced glycerol release in a time 

dependent manners, cell supernatants were collected after 24 h, 48 h, and 72 h, 

and glycerol release were detected. The increasing of the time with the increasing 

of glycerol release caused by adzuki bean samples to 3T3-L1 differentiated cells. 

For example, adzuki bean saponins (Figure 5.11).  
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Figure 5.11. Adzuki bean saponins enhanced glycerol release in dose and times 

manners. 

Cell supernatants were collected at 24, 48, and 72 h after treated with adzuki bean 
samples at the concentration from 0 to 500μg/mL. The values were expressed as 
means ± SD (n=3). Different letters were significantly difference (p ＜ 0.05). 
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5.3.5. Effect on glycerol-3-phosphate dehydrogenase activity 

Glycerol-3-phosphate dehydrogenase (GPDH) is an enzyme related with lipid 

metabolism. GPDH activity has been used as a major indicator of the 

adipogenesis for screening of the differentiation inhibitors or for elucidating the 

mechanism of the differentiation. GPDH rapidly increase during the 

differentiation from preadipocytes to adipocytes. In the present study, effect of 

adzuki bean samples on GPDH activity of differentiated 3T3-L1 cells was 

evaluated. During differentiated period, the cells were treated with or without 

adzuki bean samples. Compared to the control, adzuki bean samples (200 μg/mL) 

except catechin significantly inhibited GPDH activity in 3T3-L1 cells (Figure 

5.12).  
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Figure 5.12. Effect of adzuki bean samples (200 μg/mL) on GPDH activity in 

3T3-L1 cells.  

Values were expressed as means ± SD (n=3). Bars with different letters indicated 
statistically significant differences among groups at p ＜  0.05 by one-way 
ANOVA. 

 

Adzuki bean samples at the concentration from 0-500 μg/mL reduced the 

increase in GPDH activity in a dose dependent manner. Compared to the control, 

take adzuki bean saponins for example, adzuki bean saponins suppressed GPDH 

activity to 79.36% (50 μg/mL), 64.25% (100 μg/mL), 51.09% (150 μg/mL), 

32.57% (200 μg/mL), and 32.03% (500 μg/mL), respectively (Figure 5.13).  
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Figure 5.13. Effects of different concentrations of adzuki bean saponins on 

GPDH activity of 3T3-L1 differentiated cells. 

Values were expressed as means ± SD (n=6). The mean difference is significant 
from the data of the control (*p ＜ 0.05; **p ＜ 0.001).  

 

GPDH plays a central position in the triglyceride synthesis. The data indicated 

that adzuki bean samples inhibited GPDH activity, and further inhibited 

triglyceride accumulation of differentiated cells.  
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5.4. Chapter summary 

   In summary, adzuki bean total extract, adzuki bean flavonoids, adzuki bean 

saponins, four mono flavonoides (catechin, vitexin-4″-O-glucoside, 

quercetin-3-O-glucoside, and quercetin-3-O-rutinoside) and six mono saponins 

(azukisaponin I, II, III, IV, V, and VI) exhibited inhibitory effects on the 

proliferation and differentiation of 3T3-L1 cells. The inhibitory effects were in a 

time and dose dependent manner. The results obtained from the inveatigation 

indicated that the above adzuki bean samples including extracts and mono 

compounds inhibited lipid accumulation and promoted lipolysis of 3T3-L1 cell 

differentiation at various levels. Adzuki bean total extract, adzuki bean flavonoids, 

adzuki bean saponins, which used to do animal experiment, and quercetin-3-

O-rutinoside and azukisaponin II, were selected to further study of their 

intervention effects on the related gene expression in adipocytes.  
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Chapter 6 

Effects of Flavonoids and Saponins from Adzuki Bean on 

Preadipocyte Proliferation and Differentiation related Gene 

Expression 

6.1. Introduction   

Obesity is becoming more and more serious problem to human health 

(Finucane et al., 2011; WHO, 2011). Adipose tissue is not only the organism to 

store energy, but also the organism to balance energy metabolism. WHO believe 

that is excessive fat accumulation is the key reason resulting in overweight and 

obesity. Additionally, the differentiation of preadipocytes is the key factor 

resulting fat accumulation, mainly triglyceride accumulation. Gene regulation 

occurs in every step of the proliferation and differentiation of 3T3-L1 cells (Lehrke 

and Lazar, 2005; Ren et al., 2002). The regulation of relative genes is the 

predominant molecular target for anti-obesity. 

Proliferation and differentiation of fat cells is regulated by hormones, genes 

and signal transduction pathways, is a highly sophisticated process. There are 

many transcription factors, such as adipocyte fatty acid-binding protein (ap2), 

peroxisome proliferator-activated receptors (PPARs), CCATT/enhancer-binding 

proteins (C/EBPs), sterol regulatory element-binding protein-1c (SREBP-1c), and 

LPL, to participate in adipocyte differentiation process. Among them, C/EBPα 

and PPARγ are the major transcription factors, and regulate the differentiation of 
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fat cells. They are considered as the early marker in the differentiation period 

(Lehrke and Lazar, 2005). They play a key role in reducing the differentiation of 

preadipocytes (Spiegelman, 1998; Gregoire, 2001; Gregoire et al., 1998). 

Increasing the expression of C/EBPα and PPARγ promotes the differentiation of 

preadipocytes, and also promotes the ability of store lipids. In contrast, decreasing 

their expressions reduces fat accumulation, and inhibits the differentiation of 

3T3-L1 cells.  

Peroxisome proliferator-activated receptors (PPARs) are a group of nuclear 

receptor proteins that function as transcription factors regulating the expression of 

genes. PPARs play essential roles in the regulation of cellular differentiation, 

development, and metabolism (carbohydrate, lipid, protein), and tumorigenesis of 

higher organisms. Three types of PPARs have been identified alpha, beta, and 

gamma. Peroxisome proliferator-activated receptor γ (PPARγ) is a member of the 

ligand-activated receptor superfamily and functions as a transcriptional activator. 

PPARγ is one of the transcriptional factors from preadipocytes to adipocytes, and 

the expression is increased in adipocytes which mediates adipogenesis and lipid 

metabolism (Ren et al., 2002; Morrison and Farmer, 1999; Sharma and Staels. 

2007). PPARγ regulates fatty acid metabolism and induce adipocyte 

differentiation. PPARγ is expressed at high levels in adipose tissue in contrast to a 

variety of other tissues. In addition, PPARγ is present at low levels in 3T3-L1 

preadipocytes and is induced dramatically during adipocyte conversion using 

either normal differentiating conditions (dexamethasone, isobutyl-methylxanthine, 
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and insulin). Thus PPARγ may be important for adipose cell development and 

function (Chawla et al., 1994).  

Kadowaki et al. reported that obesity did not occur in PPARγ gene-deficient 

mice fat with a high-fat diet. It indicated that reduced expression of PPARγ can 

prevent high-fat diet-induced obesity (Kadowaki et al., 2002). 

CCATT/enhancer-binding proteins (C/EBPs) are a family of transcription 

factors that are critical for cellular differentiation. Six members of the family 

(such as α, β, γ) have been characterized and are distributed in a variety of tissues. 

Activated CCATT/enhancer-binding protein α (C/EBPα) not only promote the 

expression of itself, but also promote the expression of PPARγ, and plays a key 

role in differentiation of preadipocytes (Ramji and Foka, 2002). It is reported that 

the increasing expression of C/EBPα resulted in reducing differentiation of 

preadipocytes, and the decreasing expression of it resulted in inhibiting 

differentiation of preadipocytes. So C/EBPα plays a positive role in regulation of 

lipogenesis (Wu et al., 1999). In other words, decreasing the expression of 

C/EBPα can inhibit the differentiation of preadipocytes theoretically.  

Obesity is known to be caused by the accumulation of excessive fat in 

adipocytes as triglyceride. To balance adipogenesis and lipolysis, relative enzymes 

play a key role, such as FAS, HSL, and ATGL. FAS is one of the key enzymes in 

fatty acid synthesis, and plays an important role in lipid accumulation (Lefterova 

and Lazar, 2009). FAS is the enzyme of limiting speed in the last step of fatty acid 

synthesis. The function of FAS is to catalyze the reductive synthesis of palmitate 
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from acetyl-coenzyme A (acetyl-CoA) and malonyl-CoA, in the presence of 

NADPH, into long chain saturated fatty acids.  The expression of FAS is mainly 

regulated at the transcription level, and animal body fat is positively correlated 

with the expression level of FAS (Semenkovich，1997). FAS is mainly in liver and 

adipose tissue in mammals. Loftus et al. thought FAS may represent a therapeutic 

target for the control of appetite and body weight because of its role in the control 

of feeding behavior (Loftus et al., 2000).  

Lipolysis is the biochemical pathway to hydrolyze triglycerides into glycerol 

and fatty acids in cellular lipid droplets of all tissues and cell types, mainly in 

adipose tissue. It is also a good option to reduce human body weight. Lipolytic 

enzymes are required in mobilization of triglyceride stores in adipose tissue. 

Triglycerides form an important energy store in many living organisms. Adipose 

tissue serves as the primary storage depot for triglycerides in mammals. Lipolytic 

enzymes mobilize triglycerides during periods of starvation to provide organisms 

with necessary energy. Hormone-sensitive lipase (HSL) was once considered as 

the only enzyme to hydrolyze triglycerides in adipose tissue (Holm et al., 1988). It 

is a rate-limiting lipase in adipose lipolysis metabolism. It catalyzes triglycerides 

to free fatty acids, and then meets human body energy’s need. Adipose 

triglyceride lipase (ATGL) was then reported that it played an important role in 

regulation of fat metabolism (Zimmermann et al., 2004; Kralisch et al., 2005; 

Obrowsky et al., 2013). ATGL catalyzes the initial step in triglyceride hydrolysis 

in which triglyceride is hydrolyzed into dialycerides. HSL and ATGL are 
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responsible for about 95% lipolysis (Schweiger et al., 2006). It is reported that the 

increasing of triglycerides and the decreasing of non-esterified fatty acids 

occurred blood of mice without ATGL gene (Haemmerle et al., 2006).  

It is reported that leptin plays an important role in the control of body fat 

storage by the regulation of food intake and total body energy expenditure 

(Niswender and Schwartz, 2003). Leptin is secreted from adipocytes, reduces 

food intake, and increase energy expenditure (Ahima and Flier, 2000). So it plays 

an important role in energy balance. AMPK signaling is reported to be important 

to control energy, and further improve metabolic disorders such as diabetes, 

obesity and cancer (Carling, 2004). AMPK plays a key role in the regulation of 

energy homeostasis. The kinase is activated by an elevated adenosine 

monophosphate/adenosine triphosphate (AMP/ATP) ratio due to cellular and 

environment stress. It is reported that activated AMPK inhibited the differentiation 

of preadipocytes and inhibited fat form (Vingtdeux et al., 2011；Kong et al., 2009; 

Ramírez-Zacarías et al., 1992). 

Tumor necrosis factor α (TNF-α) is a multifunctional cell factor, and is 

synthesized and secreted in a wide range of tissues and cells. It is also one of the 

adipose tissue secreted products, and affects lipid metabolisms. TNF-α plays a key 

regulatory role in adipocytes, such as inducing leptin product, promoting cell 

dissolve fat, inhibiting the growth of adipocytes, inducing the apoptosis of 

preadipocytes (Prins et al., 1997; Porras et al., 1997). The researchers found that 

the expression level of the cytokine TNF in the adipose tissue of genetically obese 
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rodents is higher than that of normal rodents including human (Kern et al., 1995).  

Apoptosis is a major form of cell death, characterized initially by a series of 

stereotypic morphological changes. Bax is a key component for cellular induced 

apoptosis through mitochondrial stress (Wei et al., 2001; Wei et al., 2001). Bax is 

member of the Bcl-2 protein family that resides in the outer mitochondrial 

membrane (Jürgensmeier et al., 1998). Through interactions with pore proteins on 

the mitochondrial membrane, Bax increases the membrane’s permeability, which 

leads to the release of cytochrome c from mitochondria, activation of caspase-9 

and initiation of the caspase activation pathway for apoptosis (Xu et al., 2002). 

Increasing the expression of Bax induce cell apoptosis. B-cell lymphoma 2 (Bcl-2) 

is one of the Bcl-2 family of regulator protein that regulate cell death (Chipuk and 

Green, 2008). Bcl-2 inhibits cell apoptosis and exerts a survival function in 

response to a wide range of apoptotic stimuli inhibition of mitochondrial 

cytochrome c release. Caspases are essential for the execution of cell death by 

various apoptotic stimuli (Cohen, 1997). It is well known that the proteins of the 

Bcl-2 family play pivotal roles in cells undergoing apoptosis by interfering with 

caspase activity (Antonsson and Martinou, 2000).  

In the present study, the intervention effects of adzuki bean samples on 

relative genes in 3T3-L1 cell model at mRNA level and protein level was 

investigated by western blot and real-time PCR. It revealed its molecular 

mechanism for anti-obesity effects of extracts or mono compounds obtained from 

adzuki bean.  
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6.2. Materials and methods 

6.2.1. Experimental materials 

Adzuki bean total extract, adzuki bean flavonoids, adzuki bean saponins, and 

azukisaponin II were obtained in Chapter 3. Quercetin-3-O-rutinoside was 

purchased from Sigma (St. Louis, MO, U.S.A.). 

6.2.2. Cell line 

3T3-L1 preadipocyte cell line was purchased from ATCC, American Type 

Culture Collection (Manassas, VA, U.S.A.).  

6.2.3. Cell culture and treatment 

3T3-L1 cell were seeded in 6-well culture plates and cultured in MEM 

containing 10% fetal bovine serum for proliferation. The differentiated procedure 

was according to the chapter five. Differentiated 3T3-L1 cells were treated with 

various concentrations of adzuki bean samples.   

6.2.4. Antibodies  

Anti-β-actin, anti-PPARγ, anti-C/EBPα, anti-AMPKα, anti-ATGL, anti-HSL, 

anti-Fatty Acid Synthase, anti-TNF-α, anti-Bax, anti-Bcl-2, were purchased from 

Cell Signaling Technology (Beverly, Ma, USA). Leptin was purchased from Santa 

Cruz Biotechnology (Santa Cruz, CA). Secondary antibody was also purchased 

from Cell Signaling Technology (Beverly, Ma, USA). 

6.2.5. Primers 

The primers used in the experiments were designed by Takara (Takara Bio, Inc, 

Japan). The sequences were shown in Table 6.1. 
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6.2.6. Western blot analysis 

The culture medium of the 6-well culture plates was carefully removed, and 

the adherent cells were washed with cold PBS twice. Cold RIPA buffer (25 mM 

Tris●HCl pH 7.6, 150 mM NaCl, 1% NP-40, 1% Sodium deoxycholate, 0.1% SDS, 

and 1 mM protease and phosphatase inhibitors) (Thermo scientific, USA) was 

added to the cells, and lysed on ice for 5 min. The plates were swirled 

occasionally for uniform spreading. The cell scraper was used to gather the lysate 

to one side, and the lysate was collected and transferred to a microcentrifuge tube. 

The lysate was centrifuged 14000 × g for 15 min at 4 ℃ to pellet the cell debris. 

The supernatant was transferred to a new tube for further protein content 

determination using bovine serum albumin as a standard by Pierce BCA Protein 

Assay kit (Thermo scientific, USA).  

The above protein extraction was homogenized in 2 × loading buffer and 

heating at 98 ℃ for five minutes. Total protein was separated by SDS-PAGE using 

a 12% polyacrylamide gel in a Bio-Rad Mini-Protean apparatus (Bio-Rad 

Laboratories, Inc., USA). Then the proteins in the gel were transferred to a 

nitrocellulose membrane (Amersham Pharmacia Biotech., Buckinghamshire, UK) 

by the method of wet transferring.  

For detecting whether the protein was transferred to the membrane, the 

membrane was incubated in Ponceau S staining solution with gentle agitation and 

then rinsed in distilled water for the background is clean. After detecting, the 

membrane was continued washing until the stain was completely removed from 
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the protein bands.  

After transfer, the nitrocellulose membrane was washed with 25 ml TBST for 

5 min at room temperature, and blocked for 2 h at room temperature in 5% skim 

milk diluted in TBST. The membrane was washed three times for 5 min each with 

15 ml of TBST. The membrane was incubated with primary antibody (1:3000 

dilution of 1 mg/ml stock) in 10 mL TBST with gentle agitation overnight at 4°C. 

After washing three times, the membrane was incubated with horseradish 

peroxidase (HRP)-linked secondary antibody (Cell signaling Tec., Beverly, Ma, 

USA) (1:3000 dilution of 1 mg/ml stock) in 10 ml TBST with gentle agitation for 

1 hr at room temperature, and washed three times for 5 min each with 15 ml of 

TBST.  

The signals were detected by eECL Western Blot Kit (CoWin Bioscience Co., 

Ltd, China), a highly sensitive substrate detection kit used with horseradish 

peroxidase (HRP) in western blot, according to the procedures of the 

manufacture’s specifications. Briefly, the membrane was sufficiently washed in 

TBST after incubation with secondary antibody. Light emitting agent and 

stabilizer was mixed at the ratio of 1:1 in volume. The mixed solution was 

dropped on the membrane. The membrane was ensured completely immersed in 

the mixed solution, and incubated at room temperature for 5 min. Then the mixed 

solution was removed and the membrane was put between two plastic membranes. 

The X-ray film on the plastic membrane was exposed in dark room for 5 min. The 

film subjected to developing, fixing, rinsing, and drying.  
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Finally, the band intensities of the protein signals was quantified by 

densitometry using Quantity One software (Bio-rad, USA) and calculated 

according to the reference bands of β-actin.  

6.2.7. Ribonucleic acid preparation and real-time polymerase chain reaction 

The cells in 6-well culture plates were washed by PBS twice. Total RNA was 

extracted by an Ultrapure RNA Kit (CoWin Bioscience Co., Ltd, China) according 

to the manufacture’s instructions. Briefly, Buffer RLT was added to the cells, and 

lysed on ice for 5 min. The plates were swirled occasionally for uniform spreading. 

The cell scraper was used to gather the lysate to one side, and the lysate was 

collected and transferred to a microcentrifuge tube. After adding 200 μL 

chloroform per 1 mL of Buffer RLT used for homogenization, the tube was caped 

securely, and shaken vigorously for 15 s to separate nucleoprotein complex 

completely. The mixture was incubated for 2 min at room temperature. Than the 

mixture was centrifuged 12000 rpm for 10 min at 4 ℃. The mixture separated into 

a lower red phenolchloroform phase, an interphase, and a colorless upper aqueous 

phase. The colorless upper aqueous phase which contained RNA was carefully 

transferred to a new RNase-free tube to avoid drawing any of the interphase or 

organic layer. Then 70% ethanol solution was added to the tube and mixes 

completely with the aqueous phase. The mixture was transferred to the spin 

column RM with 2 mL collection tube, and centrifuged 12000 rpm for 20 s at 4 ℃. 

The waste liquid in the 2 mL collection tube was discarded, and Buffer RW1 was 

added to the spin column subjecting to centrifugation for 20s. After discarding the 
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waste liquid again, Buffer RW2 was added to the spin column and centrifuged 

repeat the above procedure. The spin column was put at room temperature for 5 

min to dry. The spin column was put to a 1.5 mL collection tube instead of the 

above 2 mL collection tube, and RNase-Free water was added to the spin column. 

The spin column was put at room temperature for 1 min, and centrifuged for 1 

min. RNA solution was obtained in the 1.5 mL collection tube. The RNA purity 

was determined by measuring the absorbance at 260 nm and 280nm, and the 

standard was A260/A280 ≥ 1.8. RNA integrity was detected by 2% agarose gel 

electrophoresis.  

RNA was used as a template for first strand cDNA synthesis performed by 

reverse transcription using a PrimeScriptTM RT reagent kit (Takara Bio, Inc, 

Japan). The reaction solution in a 10 μL system including total RNA, PrimeScript 

RT Enzyme Mix I, RT Primer Mix, and PrimeScript buffer 2, was performed at 

37 ℃ 15 min, and heated at 85 ℃ for 5 s. After reverse transcription, the reaction 

mixture (cDNA) was used for real-time PCR conducted using Bioneer 

ExicyclerTM96 (Bioneer, Korea). The primers used in the experiments were 

designed by Takara and were shown in Table 6.1. The protocol of the PCR 

reaction was following according to the instruction of a SYBR® Premix Ex TaqTM 

kit (Takara Bio, Inc, Japan). The reaction solution (25 μL final volume) was used 

for amplification of the primers. Initial denaturing was performed 95 ℃ for 30 s 

followed by 40 cycles of two steps (95 ℃ for 5 s, 60 ℃ for 30 s). All results were 

obtained from at least three independent experiments. The products were detected 
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by electrophoresis on 3% agarose gel stained with an alternative of ethidium 

bromide. The relative gene expression was calculated based on the comparative 

cycle threshold (CT) value method using β-actin as internal control
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Table 6.1. The mouse primers used for RT-PCR. (To be continued) 

No. Gene names Accession No. Forward primer sequence (5’-3’) Reverse primer sequence (5’-3’) Length (bp) 

1 β-Actin  NM_007393 CATCCGTAAAGACCTCTATGCCAAC ATGGAGCCACCGATCCACA 171 

2 PPARγ NM_133249 GTCTGACGTGGACGAGCTTTC GCGTCAGAGCTTGCTGTTGG 75 

3 C/EBPα NM_007678 TTGAAGCACAATCGATCCATCC GCACACTGCCATTGCACAAG 134 

4 AMPK NM_001013367 CAAGCTGTGGCTCACCCAATTA GGGTTCCACACAGCAAAGCATA 120 

5 Leptin NM_008493 CCAGGATCAATGACATTTCACACAC AGGTCATTGGCTATCTGCAGCAC 184 

6 ATGL AY894805.1 TCGCAATCTCTACCGCCTCT GTCCATCTCTGTAGCCCTGTTTG 89 
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Table 6.1. The mouse primers used for RT-PCR. 

No. Gene names Accession No. Forward primer sequence (5’-3’) Reverse primer sequence (5’-3’) Length (bp) 

7 HSL NM_010719 TCCTGGAACTAAGTGGACGCAAG CAGACACACTCCTGCGCATAGAC 93 

8 FAS NM_007988 TGCTGTTGGAAGTCAGCTATGAA GATGCCTCTGAACCACTCACAC 109 

9 TNF-α NM_013693 TATGGCCCAGACCCTCACA GGAGTAGACAAGGTACAACCCATC 199 

10 Bax NM_007527 CAGGATGCGTCCACCAAGAA CGTGTCCACGTCAGCAATCA 102 

11 Bcl-2 NM_177410 TGAAGCGGTCCGGTGGATA CAGCATTTGCAGAAGTCCTGTGA 104 

 



6.2.8. Statistical analysis 

Statistical analysis was calculated by one-way analysis of variance (ANOVA) 

using SPSS software (version 21). All data were expressed as means ± standard 

deviation (SD) of no less than three different determinations. The differences 

between treatment groups were analyzed by ANOVA. The criterion for statistical 

significance was p ＜ 0.05. 
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6.3. Results and discussion 

6.3.1. Effects of adzuki bean samples on PPARγ and C/EBPα mRNA and 

protein expression in 3T3-L1 adipocytes 

Real-time PCR and Western blot analysis were respectively employed to 

investigate whether adzuki bean samples affect the expression of adipocyte 

transcription factors PPARγ and C/EBPα at mRNA level and protein level. 

β-Actin was also used as an internal control in real-time PCR analysis and 

Western blot analysis. The molecular weight of monoclonal antibody β-actin is 45 

kDa. 3T3-L1 differentiated cells without adzuki bean samples treatment was used 

as control. The results were expressed as relative protein or mRNA expression of 

control.  

We investigated the effect of adzuki bean total extract, adzuki bean flavonoids, 

adzuki bean saponins, quercetin-3-O-rutinoside, and azukisaponin II isolated from 

adzuki bean on the major transcription factors PPARγ and C/EBPα mRNA and 

protein expression in 3T3-L1 cells. As shown in Figure 6.1, mRNA expression of 

PPARγ and C/EBPα were both increased in adipocytes during the differentiation 

period in 8 days compared to the preadipocytes. The representative amplification 

curves and the melting curves of PPARγ and C/EBPα were shown in Figure 6.2. 

It had a single peak in derivative melting curve, and indicated that no 

contaminating products were present in this reaction. Figure 6.3 showed that their 

protein expression levers were also increased. The results were consistent with   

the previous article which reported that PPARγ and C/EBPα are the major 
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transcription factors, and detected in both preadipocytes and adipocytes (Kodu et 

al., 2004). However, the expression of PPARγ and C/EBPα is increased in 

adipocytes.  
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Figure 6.1. mRNA expression of PPARγ and C/EBPα in differentiation time of 

3T3-L1 cell.  

A. Real-time PCR for mRNA expression of PPARγ. B. Real-time PCR for mRNA 
expression of C/EBPα. Actin was used as an internal reference. The group of 
preadipocyts was set as control in the experiment. The results were expressed as 
relative mRNA expression of control. All experiments were performed in 
triplicate. Values were expressed as means ± SD (n=3). The mean difference is 
significant from the data of the control (*p ＜ 0.05; **p ＜ 0.001).  
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Figure 6.2. The representative amplification curves and the melting curves of 

PPARγ and C/EBPα. 

A. Amplification curve of PPARγ. B. Melting curve of PPARγ.  
C. Amplification curve of C/EBPα. D. Melting curve of C/EBPα.  
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Figure 6.3. Western blot for the protein expression of PPARγ and C/EBPα in 

differentiation time of 3T3-L1 cell. 

 

Effects of adzuki bean total extract, adzuki bean flavonoids, adzuki bean 

saponins, quercetin-3-O-rutinoside, and azukisaponin II (200 μg/mL) on the Mrna 

and protein expression levels of PPARγ and C/EBPα in 3T3-L1 adipocytes were 

shown in Figure 6.4. After treatment of these adzuki bean samples, PPARγ and 

C/EBPα mRNA (Figure 6.4A) and protein (Figure 6.4B) expression were 

significantly decreased in adipocyte cells. Adzuki bean total extract, adzuki bean 

flavonoids, adzuki bean saponins, quercetin-3-O-rutinoside, and azukisaponin II 

(200 μg/mL) inhibited the protein expression level of PPARγ and C/EBPα, and the 

inhibitory rates were respectively 73.3%, 74.4%, 75.3%, 77.9%, 78.2% for PPARγ, 

and more than 60% for C/EBPα. The results indicated that these adzuki bean 

samples suppressed the differentiation of preadipocyte to adipocyte, and adzuki 

bean may be useful to develop anti-obesity foods or drugs and control obesity in 
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clinical trials. The previous articles also reported that adzuki bean owned the 

anti-obesity effects, in which adzuki bean reduced body weight in mice or rats 

(Wu et al., 2011; Sato et al., 2005).  
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Figure 6.4. Effects of adzuki bean samples on mRNA (A) and protein (B) 

expression of PPARγ and C/EBPα in 3T3-L1 adipocytes.  

1 3 4 2 5 6 

A 
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A. Real-time PCR for PPARγ and C/EBPα in 3T3-L1 adipocytes treated with 
adzuki bean samples at the concentration of 200 μg/mL or vehicle. B. Western 
blot for the protein expression of PPARγ and C/EBPα in 3T3-L1 adipocytes. Actin 
was used as an internal reference. The group of adipocytes without treatment 
(vehicle group) was set as control. 1, control group; 2, adzuki bean total extract 
group; 3, adzuki bean flavonoids group; 4, adzuki bean saponins group; 5, 
quercetin-3-O-rutinoside group; 6, azukisaponin II group. The results were 
expressed as relative mRNA or protein expression of control. All experiments 
were performed in triplicate. Values were expressed as means ± SD (n=3). The 
mean difference is significant from the data of the control (*p ＜ 0.05; **p ＜ 
0.001). 
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6.3.2. Effects of adzuki bean samples on the expression of FAS in 3T3-L1 

adipocytes  

Real-time PCR and Western blot analysis was employed to investigate 

whether adzuki bean samples affects the expression of adipocyte transcription 

enzyme. The expression of FAS, a key adipogenic enzyme, was decreased by 

treatment with adzuki bean total extract, adzuki bean flavonoids, adzuki bean 

saponins, quercetin-3-O-rutinoside, and azukisaponin II (200 μg/mL) at mRNA 

level and protein level during adiponenesis (Figure 6.5). At the protein level, their 

inhibitory rates of the FAS expression were respectively 51.8%, 57.6%, 49.9%, 

56.3%, and 57.8%. The representative amplification curves and the melting curves 

of FAS were shown in Figure 6.6. It had a single peak in derivative melting curve, 

and indicated that no contaminating products were present in this reaction. 

FAS is one of the key enzymes in fatty acid synthesis, and plays an important 

role in lipid accumulation (Lefterova and Lazar, 2009). FAS is the enzyme of 

limiting speed in the last step of fatty acid synthesis, further limit triglyceride 

synthesis (Semenkovich，1997). The present results suggested that adzuki bean 

samples significantly reduced the generation of triglyceride droplet, and reduced 

the absorption of fatty acid in environment. Adzuki bean might own the ability to 

control body weight by decreasing the expression of FAS gene.  
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Figure 6.5. Effects of adzuki bean samples on mRNA (A) and protein (B) 

expression of FAS in 3T3-L1 adipocytes.  

A. Real-time PCR for FAS in 3T3-L1 adipocytes treated with adzuki bean 
samples at the concentration of 200 μg/mL or vehicle. B. Western blot for the 
protein expression of FAS. Actin was used as an internal reference. The group of 
adipocytes without treatment was set as control. 1, control group; 2, adzuki bean 
total extract group; 3, adzuki bean flavonoids group; 4, adzuki bean saponins 
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group; 5, quercetin-3-O-rutinoside group; 6, azukisaponin II group. The results 
were expressed as relative mRNA or protein expression of control. All 
experiments were performed in triplicate. Values were expressed as means ± SD 
(n=3). The mean difference is significant from the data of the control (*p ＜ 0.05; 
**p ＜ 0.001). 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 

Figure 6.6. The representative amplification curve and the melting curve of FAS. 

A. Amplification curve of FAS. B. Melting curve of FAS.  
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6.3.3. Effects of adzuki bean samples on the expression of HSL and ATGL for 

lipolysis in 3T3-L1 adipocytes 

Adipogenesis and lipolysis must reach a balance, and the human body fat can 

not be accumulated excessively. Lipolysis is a good option to reduce human body 

weight. HSL and ATGL are two known enzymes to mobilize the stored 

triglyceride in adipose tissue (Holm et al., 1988; Zimmermann et al., 2004; 

Kralisch et al., 2005). HSL and ATGL are responsible for about 95% lipolysis 

Schweiger et al., 2006). Adzuki bean total extract, adzuki bean flavonoids, adzuki 

bean saponins, quercetin-3-O-rutinoside, and azukisaponin II (200 μg/mL) 

significantly induced the expression of HSL and ATGL genes in adipocytes 

(Figure 6.7), and the representative amplification curves and the melting curves 

of HSL and ATGL were shown in Figure 6.8. It had a single peak in derivative 

melting curve, and indicated that no contaminating products were present in this 

reaction. 

So these adzuki bean samples played an important role in mobilization of 

triglyceride. It indicated that adzuki bean contribute to losing weight by increasing 

lipolysis and hydrolyzing the triglyceride.  
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Figure 6.7. Effects of adzuki bean samples on mRNA (A) and protein (B) 

expression of HSL and ATGL in 3T3-L1 adipocytes.  

A. Real-time PCR for HSL and ATGL in 3T3-L1 adipocytes treated with adzuki 
bean samples at the concentration of 200 μg/mL or vehicle. B. Western blot for the 
protein expression of HSL and ATGL in 3T3-L1 adipocytes. Actin was used as an 
internal reference. The group of adipocytes without treatment (vehicle group) was 
set as control. 1, control group; 2, adzuki bean total extract group; 3, adzuki bean 
flavonoids group; 4, adzuki bean saponins group; 5, quercetin-3-O-rutinoside 
group; 6, azukisaponin II group. The results were expressed as relative mRNA or 
protein expression of control. All experiments were performed in triplicate. Values 
were expressed as means ± SD (n=3). The mean difference is significant from the 
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data of the control (*p ＜ 0.05; **p ＜ 0.001). 

 

 

 

   

   

Figure 6.8. The representative amplification curves and the melting curves of 

HSL and ATGL. 

A. Amplification curve of HSL. B. Melting curve of HSL.  
C. Amplification curve of ATGL. D. Melting curve of ATGL.  
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6.3.4. Adzuki bean samples induced phosphorylation of AMPK 

AMPK signaling was reported to participate in energy control (Carling, 2004). 

It is reported that activated AMPK inhibited the differentiation of preadipocytes 

and inhibited fat accumulation (Vingtdeux et al., 2011；Kong et al., 2009; 

Ramírez-Zacarías et al., 1992). Additionally, the previous articles reported that 

some flavonoids and saponins owned the ability to increase the expression of 

AMPK (Hwang et al., 2007; Moon et al., 2007). Therefore, the present study 

investigated whether AMPK activation was involved in the inhibition of adipocyte 

differentiation by adzuki bean samples treatment. The results showed that adzuki 

bean samples stimulated AMPK in adipocytes at mRNA level and protein level 

(Figure 6.9). AMPK was increased 13.1% at mRNA level by adzuki bean total 

extract, 14.5% by adzuki bean flavonoids, 16.7% by adzuki bean saponins, 17.4% 

by quercetin-3-O-rutinoside, and 18.1% by azukisaponin II at the concentration of 

200 μg/mL. Among them, adzuki bean saponins, quercetin-3-O-rutinoside, and 

azukisaponin II significantly increased the mRNA expression of AMPK, but 

adzuki bean total extract and adzuki bean flavonoids had no significant difference 

compared to the vehicle group. The representative amplification curve and the 

melting curve of AMPK were shown in Figure 6.10. It had a single peak in 

derivative melting curve, and indicated that no contaminating products were 

present in this reaction. At protein level of AMPK, adzuki bean total extract, 

adzuki bean flavonoids, adzuki bean saponins, quercetin-3-O-rutinoside, and 

azukisaponin II (200 μg/mL) significantly increased more than the expression of 
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30%. Azuisaponin II exhibited highest increasing effect of the protein expression 

of AMPK. It indicated that increasing the expression of AMPK might be 

necessary to inhibit differentiation of 3T3-L1 cells.  
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Figure 6.9. Effects of adzuki bean samples on mRNA (A) and protein (B) 
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expression of AMPK in 3T3-L1 adipocytes.  

A. Real-time PCR for AMPK in 3T3-L1 adipocytes treated with adzuki bean 
samples at the concentration of 200 μg/mL or vehicle. B. Western blot for the 
protein expression of AMPK in 3T3-L1 adipocytes. Actin was used as an internal 
reference. The group of adipocytes without treatment (vehicle group) was set as 
control. 1, control group; 2, adzuki bean total extract group; 3, adzuki bean 
flavonoids group; 4, adzuki bean saponins group; 5, quercetin-3-O-rutinoside 
group; 6, azukisaponin II group. The results were expressed as relative mRNA or 
protein expression of control. All experiments were performed in triplicate. Values 
were expressed as means ± SD (n=3). The mean difference is significant from the 
data of the control (*p ＜ 0.05; **p ＜ 0.001). 

 

 

 

  

Figure 6.10. The representative amplification curve and the melting curve of 

AMPK. 

A. Amplification curve of AMPK. B. Melting curve of AMPK.  
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6.3.5. Adzuki bean samples induced leptin level in 3T3-L1 adipocytes 

   The expression of leptin were both decreased at mRNA level and protein level 

after treatment with adzuki bean total extract, adzuki bean flavonoids, adzuki bean 

saponins, quercetin-3-O-rutinoside, and azukisaponin II at the concentration of 

200 μg/mL. And the reduced rates at the protein level of leptin were 42.7%, 

44.0%, 55.8%, 46.1%, and 58.4%, respectively (Figure 6.11). The representative 

amplification curve and the melting curve of leptin were shown in Figure 6.12. It 

had a single peak in derivative melting curve, and indicated that no contaminating 

products were present in this reaction. It is reported that leptin plays an important 

role in the control of body fat storage by the regulation of food intake and total 

body energy expenditure (Niswender and Schwartz, 2003). Leptin is secreted 

from adipocytes, reduces food intake, and increase energy expenditure (Ahima 

and Flier, 2000). So it plays an important role in energy balance. Theoretically, the 

more increasing the expression of leptin can cause the more decreasing food 

intake, and the more increasing energy expenditure. In fact, the expression of 

leptin was higher in differentiated 3T3-L1 cells with vehicle than that after adzuki 

bean samples treatment. The reason might be that it needed more leptin to regulate 

energy balance in differentiated 3T3-L1 cells with vehicle, and leptin owned 

bidirectional regulation effect.  
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Figure 6.11. Effects of adzuki bean samples on mRNA (A) and protein (B) 

expression of leptin in 3T3-L1 adipocytes.  

A. Real-time PCR for leptin in 3T3-L1 adipocytes treated with adzuki bean 
samples at the concentration of 200 μg/mL or vehicle. B. Western blot for the 
protein expression of leptin. Actin was used as an internal reference. The group of 
adipocytes without treatment was set as control. 1, control group; 2, adzuki bean 
total extract group; 3, adzuki bean flavonoids group; 4, adzuki bean saponins 
group; 5, quercetin-3-O-rutinoside group; 6, azukisaponin II group. The results 
were expressed as relative mRNA or protein expression of control. All 
experiments were performed in triplicate. Values were expressed as means ± SD 
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(n=3). The mean difference is significant from the data of the control (*p ＜ 0.05; 
**p ＜ 0.001). 
 
 

  
 

Figure 6.12. The representative amplification curve and the melting curve of 

leptin. 

A. Amplification curve of leptin. B. Melting curve of leptin.  
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6.3.6. Adzuki bean samples induced apoptosis in 3T3-L1 adipocytes 

Adzuki bean samples were negative regulators of TNF-α expression. As 

shown in Figure 6.13, they markedly decreased the levels of TNF-α expression at 

mRNA level and protein level. The representative amplification curve and the 

melting curve of TNF-α were shown in Figure 6.14A and Figure 6.14B. It had a 

single peak in derivative melting curve, and indicated that no contaminating 

products were present in this reaction. TNF-α inhibited the growth of adipocytes, 

induced the apoptosis of preadipocytes (Prins et al., 1997; Porras et al., 1997). 

Theoretically, the more increasing the expression of TNF-α will cause the more 

ability to induce cell apoptosis and inhibit the growth of adipocytes. The previous 

article reported that expression level of the cytokine TNF in the adipose tissue of 

genetically obese rodents is higher than that of normal rodents including human 

(Kern et al., 1995). It is consistent with the authors’ results that the expression of 

TNF-α was higher in differentiated 3T3-L1 cells than that in preadipocytes and 

differentiated 3T3-L1 cells treated with adzuki bean samples. Adipocytes might 

need more TNF-α expression to block the further growth and induce the apoptosis. 

If the environment in adipocytes reached a healthy balance, TNF-α expression 

would reach a normal level. Adzuki bean samples might have the ability to make 

TNF-α expression near to a normal level by inhibiting the fat accumulation in 

adipocytes.  

Apoptosis is a major form of cell death, and causes by many factors. Bax is a 

gene induced apoptosis (Jürgensmeier et al., 1998; Wei et al., 2001; Wei et al., 
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2001). Bax increases the membrane’s permeability, which leads to the release of 

cytochrome c from mitochondria, activation of caspase-9 and initiation of the 

caspase activation pathway for apoptosis (Xu et al., 2002). In this study, adzuki 

bean total extract, adzuki bean flavonoids, adzuki bean saponins, 

quercetin-3-O-rutinoside, and azukisaponin II at the concentration of 200 μg/mL 

significantly increased the mRNA and protein expression levels of bax compared 

to the vehicle group in which the differentiated adipocytes without any treatment 

of adzuki bean samples (Figure 6.13). The representative amplification curve and 

the melting curve of Bax were shown in Figure 6.14C and Figure 6.14D. It had a 

single peak in derivative melting curve, and indicated that no contaminating 

products were present in this reaction. It suggested that these adzuki bean samples 

induced adipocytes apoptosis by increasing the expression of bax.  

Bcl-2 is another one member of the Bcl-2 family of regulator protein that 

regulates cell death (Chipuk and Green, 2008). It is different from bax that Bcl-2 

inhibits cell apoptosis and exerts a survival function in response to a wide range of 

apoptotic stimuli inhibition of mitochondrial cytochrome c release. (Cohen, 1997; 

Antonsson and Martinou, 2000). The present results exhibited the significantly 

decreased effect on the expression of Bcl-2 after treatment with adzuki bean total 

extract, adzuki bean flavonoids, adzuki bean saponins, quercetin-3-O-rutinoside, 

and azukisaponin II at the concentration of 200 μg/mL, respectively (Figure 6.13). 

Bcl-2 participated in apoptosis of adipocytes together with Bax. The 

representative amplification curve and the melting curve of Bcl-2 were shown in 
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Figure 6.14E and Figure 6.14F. It had a single peak in derivative melting curve, 

and indicated that no contaminating products were present in this reaction. 
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Figure 6.13. Effects of adzuki bean samples on mRNA (A) and protein (B) 

expression of TNF-α, Bax, and Bcl-2 in 3T3-L1 adipocytes.  
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A. Real-time PCR for TNF-α, Bax, and Bcl-2 in 3T3-L1 adipocytes treated with 
adzuki bean samples at the concentration of 200 μg/mL or vehicle. B. Western 
blot for the protein expression of TNF-α, Bax, and Bcl-2 in 3T3-L1 adipocytes. 
Actin was used as an internal reference. The group of adipocytes without 
treatment (vehicle group) was set as control. 1, control group; 2, adzuki bean total 
extract group; 3, adzuki bean flavonoids group; 4, adzuki bean saponins group; 5, 
quercetin-3-O-rutinoside group; 6, azukisaponin II group. The results were 
expressed as relative mRNA or protein expression of control. All experiments 
were performed in triplicate. Values were expressed as means ± SD (n=3). The 
mean difference is significant from the data of the control (*p ＜ 0.05; **p ＜ 
0.001). 
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Figure 6.14. The representative amplification curves and the melting curves of 

TNF-α, Bax, and Bcl-2. 

A. Amplification curve of TNF-α. B. Melting curve of TNF-α.  
C. Amplification curve of Bax. D. Melting curve of Bax.  
E. Amplification curve of Bcl-2. F. Melting curve of Bcl-2.  
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6.4. Chapter summary 

   In the present study, the objective of the chapter was to investigate the 

intervention effects of adzuki bean samples on the related gene expression in 

3T3-L1 adipocytes at mRNA level and protein level determined by real-time PCR 

and Western blot. The results demonstrated that adzuki bean total extract, adzuki 

bean flavonoids, adzuki bean saponins, quercetin-3-O-rutinoside, and 

azukisaponin II inhibited differentiation of 3T3-L1 cell by decreasing the 

expression of PPARγ and C/EBPα (major adipocyte transcription factors) at 

mRNA level and protein level in adipocytes during the differentiation period in 8 

days compared to the preadipocytes. Additional, the above dzuki bean samples 

inhibited adipogenesis by decreasing the expression of FAS, promoting lipolysis 

by increasing the expression of HSL and ATGL, made energy balance by 

regulating the expression of leptin, AMPK, and TNF-α, and induced cell apoptosis 

by increasing the expression of Bax and decresing the expression of Bcl-2.   

These findings provide insight into the molecular mechanisums and strong 

evidence that adzuki bean had anti-obesity effects through regulation of the 

related gene expression in 3T3-L1 adipocytes. It also suggested that adzuki bean 

had a positive effect in prevention and treatment of adipogenesis-related obesity, 

and might be a good option of functional foods to control obesity.  
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Chapter 7 

Conclusions and Future Studies 

Overweight and obesity are becoming a major public health issue. It is a 

serious leading metabolic disease in the world, like high blood pressure, diabetes, 

strokes, cancer. The data in 2011 showed that each year at least 2.8 million people 

die due to being overweight or obese. Eating a healthy diet can also help prevent 

obesity. Consumption of bioactive compounds from diet or dietary 

supplementation is one of possible ways to control obesity and to prevent or 

reduce the risks of getting various obesity-related diseases.  

 “Eating beans to lose weight” have been practiced since the Song Dynasty of 

China; currently “Eating beans to lose weight” are still very popular folk practices 

in China, Japan and South Korea. In the thesis work, inhibitors of pancreatic 

lipase activity and α-glucosidase activity were firstly screened from total phenolic 

extracts and total saponin extracts from commonly consumed food legumes in 

China. The results showed that both total phenolic and total saponin extract of 

adzuki bean exhibited inhibitory effects against pancreatic lipase activity, and the 

inhibitory rates were 36.3% and 29.2%, respectively. Meanwhile total phenolic 

extract of adzuki bean inhibited over 80% of α-glucosidase activity, and total 

saponin extract of adzuki bean inhibited nearly 70% of α-glucosidase activity. The 

author concluded that adzuki bean is the best target bean among commonly 

consumed food legumes.  
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Flavonoids and saponins of adzuki bean have been produced by column 

chromatography and solvent precipitation. The present study has established a 

powerful method using HPLC-DAD-ESI-MSn in electro spray negative mode to 

separate and characterize nine flavonoids and six saponins in adzuki bean rapidly. 

A simple and sensitive method has been established for quantification of 

flavonoids and saponins in adzuki bean samples. Current preparation and analysis 

of flavonoids and saponins from adzuki bean could promote pharmacological 

experiments and attain much more reasonable experimental results. 

The present study indicated that total extract, flavonoids and saponins 

possessed the inhibitory effects against pancreatic lipase and α-glucosidase, while 

flavonoids and saponins enhanced the noradrenaline-induced lipolysis in fat cells. 

The animal study also demonstrated the anti-obesity ability of these components. 

Our results showed that total extract, flavonoids and saponins from adzuki bean 

could decrease body weight, adipose tissue weights, serum TG, TC and LDL-C, 

and live lipids of mice fed with a high-fat diet while increase serum HDL-C by 

orally administered method. The results of the present study indicate that adzuki 

bean is a potential important food source for the prevention of obesity and the 

related diseases.  

   The molecular mechanism of anti-obesity of adzuki bean was carried out by 

3T3-L1 cell model. Adzuki bean total extract, adzuki bean flavonoids, adzuki 

bean saponins, four mono flavonoides (catechin, vitexin-4″-O-glucoside, 

quercetin-3-O-glucoside, and quercetin-3-O-rutinoside) and six mono saponins 
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(azukisaponin I, II, III, IV, V, and VI) exhibited inhibitory effects on the 

proliferation and differentiation of 3T3-L1 cells. The inhibitory effects were in a 

time and dose dependent manner. The results obtained from the inveatigation 

indicated that the above adzuki bean samples including extracts and mono 

compounds inhibited lipid accumulation and promoted lipolysis of 3T3-L1 cell 

differentiation at various levels. Moreover, adzuki bean total extract, adzuki bean 

flavonoids, adzuki bean saponins, which used to do animal experiment, and 

quercetin-3-O-rutinoside and azukisaponin II, were selected to further study of 

their intervention effects on the related gene expression in adipocytes at mRNA 

level and protein level determined by real-time PCR and Western blot. The results 

demonstrated that adzuki bean total extract, adzuki bean flavonoids, adzuki bean 

saponins, quercetin-3-O-rutinoside, and azukisaponin II inhibited differentiation 

of 3T3-L1 cell by decreasing the expression of PPARγ and C/EBPα (major 

adipocyte transcription factors) at mRNA level and protein level in adipocytes 

during the differentiation period in 8 days compared to the preadipocytes. 

Additional, the above dzuki bean samples inhibited adipogenesis by decreasing 

the expression of FAS, promoting lipolysis by increasing the expression of HSL 

and ATGL, made energy balance by regulating the expression of leptin, AMPK, 

and TNF-α, and induced cell apoptosis by increasing the expression of Bax and 

decresing the expression of Bcl-2. These findings provide insight into the 

molecular mechanisums and strong evidence that adzuki bean had anti-obesity 

effects through regulation of the related gene expression in 3T3-L1 adipocytes.  
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It suggested that adzuki bean had a positive effect in prevention and treatment 

of adipogenesis-related obesity, and might be a good option of functional foods to 

control obesity. Therefore, further studies should be focused on the anti-obesity 

effects through further clinical trials. In addition, new anti-obesity products 

derived from adzuki bean deserve to be developed in the future. The anti-obesity 

effects of adzuki bean and its mechanisms were exhibited obviously in Figure 7.1.  
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Figure 7.1. The outline of anti-obesity effects of adzuki bean. 
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