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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 

 iv 



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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