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Abstract 

Potential anti-diabetic activity of  

Puerariae lobata flower (Flos puerariae) extracts 

 

Supervised by Professor Seung Joon Baek 

Pattawika Lertpatipanpong 

Major in Veterinary Biomedical Sciences, 

Department of Veterinary Medicine, 

Graduate School of Seoul National University 

 

Pueraria lobata (Wild.) Ohwi. (P. lobata) flowers known as ‘Kudzu flower’ contain 

isoflavonoids and essential oil components. It has a wide range of biological and 

pharmacological activities, including protective effect in non-alcoholic fatty liver 

disease, hyperglycemia, and hypolipidemia, anti-mutagenic effects, and benefits for 

weight loss. However, the molecular mechanism of these effects remains unclear. 

Our study aimed to systematically examine the effects of Flos Puerariae crude extract 

(FPE) as an anti-diabetic agent using in vitro assays. The cytotoxicity of FPE was 

evaluated using MTS assay in L6 rat myocyte and 3T3-L1 murine fibroblast cell 

lines. PPARγ binding activity and adipogenesis were examined using dual-luciferase 

and differentiation assays, respectively. For investigating the anti-diabetic activity, 

glucose utilization, including GLUT4 protein expression, glucose uptake assay, and 

GLUT4 translocation using immunofluorescence microscopy were conducted in L6 

cells. Furthermore, we assessed the anti-oxidant and anti-inflammatory activities of 
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FPE. Our results demonstrated the ability to augment glucose uptake in L6 cells and 

enhance glucose utilization activity by increasing the expression of glucose 

transporter type 4 (GLUT4). In summary, our findings suggest that FPE may be a 

potential anti-diabetic substance for the treatment of diabetic patients and can 

prevent inflammatory or oxidation-related diseases. 
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Chapter 1. Introduction 

 

Diabetes mellitus is a metabolic condition with a rapidly increasing prevalence 

worldwide, currently affecting hundreds of millions of people. The International 

Diabetes Federation estimated that, in 2013, 382 million adults aged 20–70 years 

worldwide had T2DM, with 80% of those affected living in low- and middle-income 

countries. This number is expected to rise to 592 million by 2035. (Forouhi & 

Wareham, 2014) Given the same body mass index (BMI), Asians tend to have a 

higher percentage of body fat mass, greater abdominal obesity and less muscle mass, 

which might explain their increased predisposition to T2DM (DeFronzo et al., 2015). 

 

 

 

Figure1. Prevalence of T2DM and IGT (DeFronzo RA, Ferrannini E, Groop L, 

Henry RR, Herman WH, Holst JJ, Hu FB, Kahn CR, Raz I, Shulman GI, Simonson 

DC, Testa MA, Weiss R. Type 2 diabetes mellitus. Nat Rev Dis Primers. 2015 Jul 

23;1:15019.). 
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This multifactorial disease is characterized by hyperglycemia, insulin 

deficiency, insulin resistance, and/or abnormal insulin secretion. Diabetes can be 

classified into 4 categories including, type-1 diabetes (T1DM), type-2 diabetes 

(T2DM), gestational mellitus (GDM), and other specific types of diabetes due to 

other causes. T2DM is characterized by impaired insulin-mediated glucose clearance 

in the skeletal muscle, but not always accompanied by dysregulation of hepatic 

glucose production by insulin. Insulin has dual roles in controlling postprandial 

glycemia response to a meal, activation of glucose transport into skeletal muscle and 

adipose tissue, both of which are impaired in T2DM (Janani & Ranjitha Kumari, 

2015). 

Potential drugs for treatment of T2DM should preferably improve insulin 

resistance, correct dyslipidemia, and preserve pancreatic β-cell function. Regulation 

of gene expression in these pathophysiological conditions is activated by peroxisome 

proliferator-activated receptors (PPARs) that bind to either natural or synthetic 

ligands. Different subtypes of PPARs, including peroxisome proliferator-activated 

receptor alpha (PPARα), PPARβ, and PPARγ have been identified (Monsalve, 

Pyarasani, Delgado-Lopez, & Moore-Carrasco, 2013). Among these, PPARγ 

functions as a ligand-activated transcription factor and plays an important role in the 

regulation of adipogenic differentiation, glucose metabolism, insulin resistance, and 

inflammation (Janani & Ranjitha Kumari, 2015; Lehrke & Lazar, 2005).  

    Upon being bound by agonists, PPARγ heterodimerizes with retinoid X receptor-

α and activates the transcription of target genes by binding to the peroxisome 

proliferator hormone response elements (PPRE) (Lehrke & Lazar, 2005). PPARγ is 

a key regulator of lipid and glucose metabolism and, therefore, its synthetic ligands, 
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such as glitazones, derivatives of thiazolidinediones (TZDs) improve insulin and 

glucose parameters and increase whole body insulin sensitivity. Thus, these are 

called insulin-sensitizing medications and are used in the treatment of T2DM. 

Synthetic drugs of the TZDs of anti-diabetic drugs efficiently bind to PPARγ; 

however, these treatments have various degrees of side effects. For instance, full 

agonists, such as TZD drugs are clinically effective in treating T2DM; however, 

adverse drug effects, such as fluid retention, edema, bone loss, liver toxicity, and 

weight gain have been reported.  The mechanism underlying the anti-diabetic 

effects of TZD drugs also involve activation of cyclin-dependent kinase 5 (CDK5) 

by TZDs, resulting in the phosphorylation of PPARγ, leading to expression of 

specific genes linked to insulin sensitivity, such as adiponectin and adipsin 

(Whitehead, 2011). Given the side effects of the current pharmacological treatments, 

it is necessary to identify safer agents for the treatment of DM, including remedies 

that may be more efficacious. 
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Figure 2. Mechanisms of TZDs action. (Cariou B, Charbonnel B, Staels B. 

Thiazolidinediones and PPARγ agonists: time for a reassessment. Trends in 

Endocrinology and Metabolism: TEM. 2012 May;23(5):205-215.) 
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Traditional medicinal plants have an extensive history in the treatment of 

diseases and often offer promising leads for the treatment of T2DM. Increasing 

attention is being given to these resources for their complementary therapeutic 

effects that supplement western medicine. Notably, ethno-pharmacological studies 

have identified traditional remedies that might provide advantages in treatment with 

relatively fewer side effects, better patient tolerance in diverse cultural contexts, 

lesser toxicity, and lower costs, as compared to modern drugs. 

P. lobata is a traditional medicinal plant that has been widely used in clinics for 

over thousands of years. This plant is a perennial climbing vine known for its rapid 

and competitive growth which is native growth in East Asia including China, Japan 

and South Korea. This belong to the family Fabaceae, subfamily Faboideae. Modern 

pharmacological studies have reported that P. lobata extracts have various 

therapeutic effects in cardiovascular disorders, osteoporosis, hypocholesterolemia, 

liver injury, cancer, as well as other hyperglycemic defects (He et al., 2011; Xiong 

et al., 2010; Zhang, Shi, Xiong, Chen, & Peng, 2012).  It has been reported that the 

main compositions of Flos puerariae are tectorigenin, saponins and isoflavonoids 

(Bebrevska et al., 2007; Kinjo et al., 1999; Prasain et al., 2007).  

In hyperglycemic studies, the root of P. lobata is capable of reducing the blood 

glucose levels in streptozotocin-induced diabetic mice, preventing pancreatic cells 

from the toxic action of reactive oxygen species (He et al., 2011; She, Liu, Li, & 

Hong, 2014) . However, the biological activity of P. lobata flowers has not been 

investigated in detail. Recently, a few studies indicated that Flos Puerariae has a 

protective effect of diseases, including non-alcoholic fatty liver disease (Kamiya et al., 

2012) and also shows anti-mutagenic activity (Miyazawa, Sakano, Nakamura, & Kosaka, 
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2001). Furthermore, a single bioactive compound, Puerarin, isolated from P. lobata has 

been shown the directly benefit for DM by decreasing blood glucose levels, improving 

insulin resistance, protecting islets, inhibiting inflammation, decreasing oxidative stress 

and inhibiting Maillard reaction and advanced glycation end products (AGEs) formation, 

and prevent cell damage caused by free radicals and increase the activities of 

superoxide dismutase and catalase (Chen, Yu, & Shi, 2018). In addition, the 

pharmacological activities of puerarin has been approved by State Food and Drug 

Administration of China (SFDA) as a vasodilator for the treatment of angina and 

myocardial infarction as injection. Documented data has demonstrated its protective 

effect on cardiovascular diseases, osteonecrosis, Parkinson’s disease, and 

Alzheimer’s disease and so on. (DeFronzo et al., 2015; Park et al., 2017; Zhou, 

Zhang, & Peng, 2014) Thus, it is important to explore how Flos Puerariae affects 

anti-diabetic signaling. 

This study identified the extract of P. lobata flowers as a strong PPARγ agonist 

among other tested plant extracts and found that these extracts exhibit anti-

inflammatory and anti-oxidant activities in macrophages and favor glucose uptake 

activity in muscle cells. Thus, overall results can be postulated that Flos Puerariae 

may represent beneficial therapeutic agent for T2DM. 
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Chapter 2. Materials and methods 
 

2.1. Sample preparation  

All plants, including Flos Puerariae were purchased from Kyung-Dong 

Market in Seoul, Korea. The authenticity had been confirmed at least twice 

through morphological and anatomical identifications by Dr. Jaeyoon Cha, 

Department of Food Science and Nutrition, Dong-A University, Busan, 

Republic of Korea. A voucher specimen (No. EHNP-F6) has been deposited 

in the R&D Center, EastHill Corporation, Suwon, Gyeonggi-do 16642, 

Republic of Korea. The plants were washed and ground using a laboratory 

mill with a particle size of 100 mesh. 100 mL of ethanol (70%, Samchun Pure 

Chemical, Gyeonggi-do, Korea) was added to 10g of ground plants and 

extracted at 70°C for 48 h with stirring at 500 rpm. The extracts were filtered 

using filter paper (Toyo No. 4, Advantec Toyo Kaisha, Tokyo, Japan) and 

concentrated using a vacuum evaporator (N-1110, EYELA, Tokyo, Japan). 

The extraction yields of Puerariae lobata flower (Flos puerariae) extracts 

were approximately 9.5±0.5%. Finally, the concentrate was diluted in 

dimethyl sulfoxide (DMSO, Biosesang, Gyeonggi-do, Korea) to obtain a final 

concentration 100 of mg/mL. 
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2.2. High performance liquid chromatography (HPLC) 

analysis of FPE 

Puerariae lobata flower (Flos puerariae) extracts (FPE) and standard 

compounds including Puerarin (98%, P1886, Tokyo Chemical Industry, 

Tokyo, Japan), Apigenin (98%, A1514, Tokyo Chemical Industry), Genistein 

(98%, G6776, Sigma-Aldrich, MO, USA) and Rutin (95%, Zhejiang 

Medicines & Health Products Imp. & Exp Co, Hangzhou, China) were 

analyzed using Thermo Scientific™ Dionex™ UltiMate™ 3000 HPLC 

System with UV detector (Dionex, CA, USA). Gradient elution was carried 

out on Inno-C18 (250 mm × 4.6 mm, 5 μm) with the mobile phase consisted 

of CH3CN and 0.3% HCOOH aqueous solvent. The flow rate was 0.8 ml/min. 

Column temperature was held constant at 45 °C. The UV detection 

wavelength was 280 nm, 366nm. Standard and sample (10 μl) were subjected 

to HPLC analysis. 
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2.3. Cell culture 

Mouse 3T3L1 pre-adipocytes and HCT116 human colorectal carcinoma cell 

lines were purchased from American Type Culture Collection (ATCC, VA, 

USA) and Rat L6    myoblast and mouse Raw264.7 macrophage cell lines 

were purchased from Korean Cell Bank (Seoul, Korea). L6, Raw264.7 and 

3T3L1 cells were grown in Dulbecco’s modified Eagle medium (DMEM, 

Gibco, NY, USA) supplemented with 100 U/mL penicillin and 100 mg/mL 

streptomycin (Gibco) at 37°C in an incubator with a humidified atmosphere 

of 5% CO2 and for 3T3L1 cells, the cells were subsequently cultured in 

medium supplemented with 10% newborn calf serum (Gibco). HCT116 cells 

were grown in McCoy's 5A Medium (Gibco, NY, USA) supplemented with 

100 U/mL penicillin and 100 mg/mL streptomycin (Gibco) at 37°C in an 

incubator with a humidified atmosphere of 5% CO2. 

 

2.4. Cytotoxicity assay 

Cell cytotoxicity assay was performed using CellTiter 96® AQueous One 

Solution Cell Proliferation Assay kit (Promega, WI, USA), as previously 

described (Chaichanasak et al., 2018).  
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2.5. Dual-luciferase assay 

Luciferase reporter assay was performed using a Dual Luciferase Reporter 

assay kit (Promega), according to the manufacturer’s protocol. The vectors 

including p3XPPRE/tk/Luc (Addgene, Watertown, MA, USA) and pARE-luc 

(kindly provided by Dr. Young-Joon Surh of College of Pharmacy, Seoul 

National University, Seoul, Korea) were co-transfected with pRL-null using 

PolyJetTM In Vitro DNA Transfection reagent (SignaGen, MD, USA). After 

transfection, cells were treated with various concentrations of FPE for 24 h. 

The relative luciferase activity was measured using SynergyTM HTX multi-

mode microplate reader (Biotek Instruments, VT, USA). 
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2.6. 3T3-L1 cell differentiation 

Plant extracts were added at concentrations of 10, 50, and 100 µg/mL to the 

3T3-L1 cell cultured media throughout the adipogenic differentiation period. 

On the first day of differentiation, the cells were incubated with induction 

media containing 10% FBS, 0.5 mM IBMX (#I5879, Sigma-Aldrich, MO, 

USA), 0.25 µM dexamethasone (DEX, #D1756, Sigma-Aldrich), 2 µM 

rosiglitazone (#R2408, Sigma-Aldrich), and 1 µg/mL insulin (#I2643, Sigma-

Aldrich). Following 3 days, the cell culture media were replaced with DMEM 

containing 10% FBS and 1 µg/mL insulin. Three days later, the cell culture 

media were changed to DMEM containing 10% FBS. The fully differentiated 

adipocytes were used for assay at 10 days after initiation of differentiation. 

The accumulated triglycerides were measured using Oil Red O assay. Briefly, 

after washing the cells twice with PBS, the cells were fixed using 4% 

paraformaldehyde (Duksan pure chemicals, Gyunggi-do, Korea) for 1 h at 

room temperature (RT). Following this, the cells were stained with 0.2% Oil 

red O (Sigma-Aldrich) in 40% isopropranol (Daejung Chemicals, Gyeonggi-

do, Korea) for 30 min and then washed 5 times with distilled water. Pictures 

of the stained cells were captured using a light microscope (Nikon Ti-U, 

Nikon Instruments, Tokyo, Japan). Oil red O dye was eluded from cell using 

100% isopropanol and further measured optical density value at absorbent 

wavelength at 500 nm using MultiskanTM FC microplate spectrophotometer 

(Thermo Fisher Scientific, Vantaa, Finland). 
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2.7. Immunofluorescence analysis 

L6 myoblast cell lines were transfected with GLUT4-EGFP plasmid using 

PolyJetTM In Vitro DNA Transfection reagent (SignaGen, MD, USA). The 

transfected cells were treated with 10, 50, and 100 µg/mL FPE for 24 h. The 

cells were then washed twice with 1X PBS and fixed using 4% 

paraformaldehyde for 15 min at RT. DAPI (4′,6-diamidino-2-phenylindole, 1 

µg/mL, Roche, IN, USA) was used for staining the nucleus of the cells for 15 

min. Following this, the cells were washed 5 times with 1X PBS and mounted 

using Dako fluorescence mounting medium (#S3023, Dako North America, 

CA, USA). The slides were then observed using a LSM900 confocal laser-

scanning microscope (CLSM, ZEISS, Jena, Germany). 
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2.8. Glucose uptake assay 

L6 myoblast cell lines were grown and differentiated by replacing the growth 

media with DMEM containing 2% FBS for 5 days before treating the cells 

with 10, 50, and 100 µg/mL FPE and 6 µg/mL insulin for 48 h. The glucose 

oxidase activity assay was performed in triplicate using Glucose Oxidase 

Activity Colorimetric/Fluorometric assay kit (Biovision, CA, USA), 

according to the manufacturer’s protocol and measuring optical density at 500 

nm using MultiskanTM FC microplate photometer. The total consumption of 

glucose was calculated by subtracting the residue glucose in each sample well 

from the glucose concentrations of the blank wells. 
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2.9. Immunoblotting analysis 

Cells were washed twice in ice-cold PBS and lysed using lysis buffer 

containing proteinase inhibitor. The samples were sonicated, heated for 10 

min at 95C, and centrifuged at 14,000 g for 20 min. Protein concentrations 

in the supernatants were determined using the PierceTM BCA protein assay 

kit (Thermo scientific, IL, USA). After the proteins were quantified, western 

blotting was performed. Briefly, 60 µg proteins were separated using 10% 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to 

a nitrocellulose membrane. The blotted membrane was then blocked with 5% 

skim milk for 1 h at RT and incubated overnight with specific antibodies at 

4°C. The primary antibodies used (at a dilution of 1:1000) included mouse 

anti-GLUT4 (IF8, #sc53566 Santa Cruz, TX, USA), rabbit anti-COX2 (D5H5, 

#12282, Cell signaling, MA, USA), rabbit anti-iNOS (D6B6S, #13120, Cell 

signaling), mouse anti-HO-1 (D8, #sc136961, Santa Cruz), rabbit anti-

Cu/ZnSOD (#70R-CR010, Fitzgerald, MA, USA), and anti--actin (2A3, 

#sc517582, Santa Cruz). After incubation with goat anti-mouse IgG HRP-

conjugated secondary antibody (1:5000 dilution, #62-6520, Thermo scientific) 

or goat anti-rabbit HRP-conjugated IgG secondary antibody (1:5000 dilution, 

#31460, Thermo scientific) in 5% skim milk for 1 h at RT, the blotted 

membranes were visualized using Alliance Q9 mini (Cambridge, UK) and 

quantified using ImageJ software 1.52a (National Institutes of Health, MD, 

USA). 
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2.10. Nitric oxide assay 

Cells were seeded and grown until reach 70% confluency, followed by 

treatment with various concentrations of FPE. Twenty-four hour after 

treatment, extract-treated media were replaced with serum-free DMEM 

containing 1 µg/mL lipopolysaccharide (LPS, #L4391, Sigma-Aldrich) and 

further incubated for 24 h. The media from each sample were collected and 

determined nitrite concentrations in the samples using a nitric oxide 

colorimetric assay kit (Biovision, CA, USA), according to the manufacturer’s 

protocol by measuring the absorbance at 540 nm using MultiskanTM FC 

microplate photometer.  
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2.11. In vitro radical scavenging assay  

DPPH (#14805, Cayman Chemical, MI, USA) and ABTS (#A1888, Sigma-

Aldrich) were used for radical scavenging assay, as previously described 

(Prasansuklab & Tencomnao, 2018). The absorbance was measured using 

MultiskanTM FC microplate photometer. L-ascorbic acid (vitamin C) (#A0537, 

TCI, Tokyo, Japan) was used as a reference standard in both assays. 

Determination of percentage of radical scavenging effect was considered 

using the following equation:  

% Inhibition = 100 - [(Abs of sample - Abs of blank) × 100/ Abs of control]  

The vitamin C Equivalent Antioxidant Capacity (VCEAC) in mg/g dry weight 

extract and IC50 value, the half the concentration of the sample that can 

scavenge 50% of the free radicals, were calculated. 
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2.12. Statistical analysis 

Data are expressed as mean ± SD or SEM from at least three independent 

experiments. Statistical analyses were performed using one-way ANOVA test. 

All comparisons were made relative to untreated controls and significant 

differences have been indicated as *p <0.05; **p <0.01; ***p <0.001. For 

screening of PPARγ ligand activity, analysis was performed using Dunnett's 

multiple comparison test. 
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Chapter 3. Results 

3.1. Screening of PPARγ ligand activity using medicinal plant 

extracts 

To identify plant extracts exhibiting PPARγ binding activity, the selected 

plants extracts were tested for their effects on the luciferase activity of a 

construct containing three copies of PPRE linked to luciferase 

(pPPRE3X/tk/Luc) (Figure 3A). HCT-116 cells were transfected with 

pPPRE3X/tk/Luc and then treated with these extracts. FPE showed the 

highest PPARγ binding activity among the tested extracts (Figure 3B). 

Subsequently, three different doses of FPE were tested for their PPARγ 

binding activity and it was found that FPE displayed PPARγ binding activity 

in a dose-dependent manner. Interestingly, cells treated with 100 μg/mL FPE 

exhibited higher luciferase activity, compared to 2 μM rosiglitazone used as 

a positive control (Figure 4). 
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A 

 

 

 

 

B 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Screening for PPARγ ligand activity in various plants, as 

assessed by dual-luciferase assay. (a) Structural elements of the PPAR  

luciferase reporter vector. (b) Screening of PPAR  activity in transiently 

transfected with pcDNA3/PPAR, p3xPPRE/tk/Luc, and pRL plasmids into 

HCT116 cells and subsequently treated with 50 µg/mL plant extracts for 24 

h. The dual-luciferase assay was performed. The relative values are presented 

as mean ± SEM; n=3, *p <0.05, **p <0.001, ***p <0.0001.  
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Figure 4. FPE induces PPARγ activity, showed as dose-dependent manner. 

HCT116 cells were transiently transfected with pcDNA3/PPAR  , 

p3xPPRE/tk/Luc, and PRL null plasmids were treated with 10, 50, and 100 

µg/mL FPE. Cells treated with 2 µM rosiglitazone were considered as a 

positive control. Dual-luciferase assay was performed 24 h after treatment of 

cells with the plant extracts. Results were statistically analyzed using 

Dunnett's multiple comparison test; n=3, *p <0.05, **p <0.01, ***p <0.0001. 
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3.2. Effect of Flos Puerariae extract on 3T3-L1 pre-adipocytes 

First, I examined if FPE exhibits toxicity on the growth of 3T3-L1 

preadipocytes. No cytotoxicity was observed upon maintaining 3T3-L1 cells 

in growth medium containing 100 μg/mL FPE (Figure 5). Next, the effect of 

FPE on the adipogenesis of 3T3-L1 preadipocytes was determined by treating 

the cells with 10, 50, and 100 µg/mL FPE throughout the period of cell 

differentiation. All the concentrations of FPE displayed significantly 

enhanced adipogenesis of 3T3-L1 preadipocytes, as determined by the 

increasing size of droplets upon Oil red O staining (Figure 6A). To quantitate 

the amount of lipid accumulation in each sample, we measured the OD of 

each treatment. The untreated 3T3-L1 preadipocytes showed an OD value of 

0.323±0.004, while the untreated mature adipocytes recorded an OD value of 

0.408±0.017. The ODs of the 10, 50, and 100 µg/mL FPE-treated cells were 

0.497±0.020, 0.511±0.031, and 0.514±0.022, respectively, which were 

significantly different from those of untreated 3T3-L1 preadipocytes and 

untreated mature adipocytes (Figure 6B). Higher OD values indicate 

enhanced differentiation of 3T3-L1 preadipocytes into mature adipocytes. 

Therefore, this result indicates that FPE increased the adipogenesis of 3T3-

L1 preadipocytes in a dose-dependent manner, indirectly indicating that FPE 

works as a PPARγ ligand during preadipocyte differentiation. 

 

 

 



 ２２ 

 

 

 

 

 

 

 

Figure 5. Cytotoxic effect of FPE on 3T3L1 pre-adipocytes. (a) 

Cytotoxicity assay of 3T3L1 cell lines treated with various concentrations (10, 

50, and 100 µg/mL) of FPE displayed no significant toxicity effect on 3T3L1 

pre-adipocytes at 0, 24, 48, and 72 h post-treatment with FPE.  
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Figure 6. Effect of FPE in enhancing adipogenesis in pre-adipocyte cell 

lines. (a) 3T3-L1 preadipocytes were differentiated to adipocytes; the cells 

were treated with 10, 50, and 100 µg/mL FPE throughout the period of 

differentiation. At day 10 after initiation of differentiation, cells were stained 

with Oil Red O and visualized using a light microscope. Each figure shows 

the amount and size of droplets of adipocyte cells upon Oil Red O staining. 

Scale bar = 5   µm. (b) The bar graph shows the absorbance of the lipid 

droplets after staining cells with Oil Red O for 30 min. Results are given as 

mean ± SEM; n=3, **p <0.01. 
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3.3. Effect of Flos Puerariae extract on glucose utilization 

L6 cells were treated with FPE to determine its cytotoxicity on the cells. 

After treatment with 100 μg/mL FPE for up to 3 days, there was no significant 

difference with respect to cell growth, indicating that FPE is a safe extract for 

L6 cells (Figure 7). The effects of FPE on the glucose utilizing activity of L6 

myocytes were determined by assaying GLUT4 protein expression, GLUT4 

trafficking, and glucose uptake activity. To measure GLUT4 protein 

expression, we performed an immunoblotting assay and found that the 

relative ratio of GLUT4 protein expression as compared to untreated L6 

myocytes increased in a dose-dependent manner with increasing 

concentrations of FPE (Figure 8A-B). Immunofluorescence was conducted 

using a fluorescence microscope to investigate GLUT4 protein trafficking. 

We found that L6 cells co-treatment with 100 nM insulin and 100 µg/mL FPE 

increased the amount of translocated protein from the cytoplasm to the 

membrane, as compared to untreated L6 myocytes (Figure 9). Upon 

measuring glucose uptake, the relative ratios in cells treated with 6 µg/mL 

insulin were found to be 2.545±0.036 fold as compared to untreated L6 

myocytes. In case of FPE treatment, the relative ratios were found to be 

1.281±0.210, 1.695±0.175, and 1.740±0.129 fold in samples treated with 10, 

50, and 100 µg/mL FPE, respectively, as compared to the untreated cells 

(Figure 10). Our results indicate that FPE had the ability to affect glucose 

trafficking in L6 myocytes in a dose-dependent manner. 
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Figure 7. Cytotoxic effect of FPE on L6 myocytes. L6 cells treated with 10, 

50, and 100 µg/mL FPE showed no significant toxicity at 0, 24, 48, and 72 h 

post treatment.  
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Figure 8. FPE induced GLUT4 expression. (a) Western blotting showed a 

dose-dependent increase in GLUT4 protein expression in rat L6 myocytes 

treated with increasing concentrations of FPE for 24 h. (b) The bar graphs 

represent the relative protein expression levels of GLUT4 after normalization 

to β-actin. Results are shown as mean ± SEM; n=3, ns, no significant; *p 

<0.05, ***p <0.001.  
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Figure 9. Effects of FPE on GLUT4 trafficking, compared to negative 

control and insulin as positive control. GLUT4-EGFP plasmid (green) was 

transiently transfected into L6 myocytes and co-treated with 100 nM insulin 

and 100 µg/mL FPE for 24 h. The cells were then fixed with 4% 

paraformaldehyde and the nuclei (blue) were stained with 1 µg/mL DAPI and 

examined using a confocal microscope. Scale bar = 50 µm. 
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Figure 10. FPE improved glucose uptake in L6 myocytes. Glucose oxidase 

assay was performed for quantitating the amount of glucose consumption in 

differentiated L6 myocytes treated with 6 µg/mL insulin and 10, 50, and 100 

µg/mL FPE. The results indicated that the glucose uptake ability was 

significantly higher in cells treated with 50 and 100 µg/mL FPE but not 

significantly difference in cells treated with 10 µg/mL FPE compared to 

untreated cells. n=3, *p <0.05, ***p <0.001.  
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3.4. Anti-oxidant activity of Flos Puerariae extracts 

DPPH and ABTS radical scavenging activities were measured to 

determine the anti-oxidant capacity of FPE at different concentrations. The 

ability to reduce ABTS was found to be higher at the higher concentrations 

of FPE (Figure 11A). The VCEAC of FPE was found to be 179.639±16.151 

mg/g dry weight, whereas percentages of ABTS scavenging activity were 

38.421±1.708, 58.865±1.299, 77.112±0.452, 88.129±0.358, and 

93.288±0.066 for 62.5, 125, 250, 500, and 1000 µg/mL FPE, respectively. In 

case of DPPH radical scavenging activity, we observed a similar result, i.e., 

the IC50 of FPE was 882.267±52.726 µg/ml and the percentages of DPPH 

scavenging activity were 9.361±2.000, 16.052±3.389, 28.618±6.374, 

48.905±8.638, and 57.363±9.587 for 62.5, 125, 250, 500, and 1000 µg/mL 

FPE, respectively (Figure 11B). To confirm FPE’s anti-oxidant activity, a 

luciferase construct containing anti-oxidant response element (ARE) was 

transfected into Raw264.7 cell lines. FPE treatment in the transfected cells 

resulted in increased luciferase activity indicating that FPE may activate 

NRF2 protein followed by activation of ARE promoter (Figure 12). Trans-

Chalcone (25 μM) was used as a positive control for the anti-oxidant activity. 

The calculated relative ratio of ARE-luciferase activity was 5.652±0.299 fold 

for positive control and 2.049±0.139, 2.152±0.173, and 2.877±0.137 fold for 

10, 50, and 100 μg/mL FPE-treated cells, respectively, compared to untreated 

cells.  
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Figure 11. Anti-oxidant activity of FPE measured by biochemical assays. 

(a) ABTS radical scavenging ability of the 95% ethanol fraction of Flos 

Puerariae. ABTS assay showed a dose-dependent enhancement in the anti-

oxidant activity of FPE. (b) The DPPH radical scavenging activities of the 95% 

ethanol fraction of Flos Puerariae. The result showed a dose-dependent 

enhancement in the anti-oxidant activity of FPE. Quantitation of the results 

from three independent experiments (n=3) is shown as mean ± SD with 

statistical significance as *p <0.05, **p <0.01 and ***p <0.001.  
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Figure 12. Dose-dependent effect of FPE in inducing ARE-luciferase 

expression. HCT116 cells transiently transfected with ARE-luciferase 

plasmid vectors were treated with 10, 50, and 100 µg/mL FPE. Cells treated 

with 25 µM trans-Chalcone were considered as a positive control. Dual-

luciferase assay was performed 24 h after treatment of cells with plant extracts. 

Results are expressed as mean ± SEM; n=3, ***p <0.0001. 
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3.5 Anti-inflammatory activity of Flos Puerariae extracts 

To assess the anti-inflammatory effects of FPE, we conducted several 

assays, including immunoblotting and nitric oxide assay. Upon performing 

immunoblotting, we found that the expression levels of iNOS and COX-2 

increased following treatment with 1 µg/mL LPS; however, FPE treatment 

was found to abolish the LPS-induced increase in iNOS and COX2 protein 

expression. These effects were dose-dependent, as shown by treatment with 

10, 50, and 100 µg/mL FPE (Figure 13A). To determine the nitrate 

concentration, we performed a nitric oxide assay using RAW264.7 cells. LPS 

treated-cells displayed a 1.744±0.094-fold increase in the nitrate levels; 

however, the amount of nitrate was found to be diminished upon FPE 

treatment (Figure 13B). In addition, the HO-1 expression level was measured 

in RAW264.7 cells, following FPE treatment. FPE increases HO-1 expression 

in a dose-dependent manner, but not Cu/ZnSOD, indicating that FPE may 

have unique pathway to enhance anti-oxidant activity (Figure 13C).  

Finally, we performed the HPLC method to detect bioactive 

compounds in FPE. Four bioactive compounds, probably existing in FPE 

were examined (Figure 14). Although no detectable amounts of Peurarin 

(major of compound in P. lobate root) and Rutin were identified, we found 

the FPE to contain apigenin and genistein, which may play roles in anti-

oxidant, anti-inflammatory, and also anti-diabetic activities. 
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Figure 13.  The anti-inflammatory activity of FPE in Raw264.7 murine 

macrophages, found to increase in a dose-dependent manner. (a) Western 

blotting showed a dose-dependent effect on the expression levels of iNOS and 

COX2 proteins following co-treatment of cells with 1 µg/mL LPS and 10, 50, 

and 100 µg/mL FPE for 24 h. (b) The bar graphs demonstrate the dose-

dependent capacity of FPE to lower nitrate levels in Raw264.7 murine 

macrophages, following co-treatment with 1 µg/mL LPS and 10, 50, and 100 

µg/mL FPE. Results are shown as mean ± SEM; n=3, **p <0.01, ***p 

<0.0001. ###p<0.001; compared to Raw264.7 cell line treated with 1 µg/mL 

LPS (c) Western blotting of HO-1 and Cu/ZnSOD protein expression. The 

result shows expression levels of both proteins when cells were treated with 

10, 50, and 100 µg/mL FPE for 24 h in a dose-dependent manner.  
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Figure 14. Identification of 4 possible active compounds in FPE by 

HPLC. Peak identification is as follows: Puerarin,1 (RT 18.00); Rutin, 2 (RT 

23.84); Genistein, 3 (RT 39.81); Apigenin, 4 (RT 40.07). RT: Retention time.  
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Chapter 4. Discussion 

 

Numerous potential plant extracts have been used for the 

treatment/prevention of various diseases, including DM. PPARγ acts as a 

receptor for molecules with anti-diabetic properties and is also capable of 

modulating adipogenesis; thus, plant extracts as well as single compounds are 

assayed for their PPARγ binding activity to screen those with a potential role 

in controlling diabetes. The present study demonstrates that the extract from 

Flos Puerariae exhibits in vitro anti-diabetic activity in a dose-dependent 

manner, as assessed by PPARγ binding activity assay, glucose utilization in 

L6 myocytes, anti-inflammatory and anti-oxidant activities, and enhancement 

of adipogenesis by accumulating lipid droplets in 3T3-L1 cells. 

The current available treatments for T2DM act through diverse 

mechanisms to improve glycemia. Many of these treatments also exert anti-

inflammatory and/or anti-oxidant effects that might be mediated via their 

metabolic effects on hyperglycemia and hyperlipidemia or by directly 

modulate the response of immune system. Part of these findings regarding the 

effects of different medications on systemic and tissue-specific inflammation 

have been obtained using in vitro or in vivo models. 

In mammalian cells, the facilitative diffusion of glucose across the 

plasma membrane is mediated by a family of glucose transporters. GLUT4, 

one of glucose transporter isoforms, is only expressed in peripheral tissues 
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that are targets for insulin action, including adipose tissue, cardiac muscle, 

and skeletal muscle. In vivo models, transgenic mice that express high 

GLUT4 level in adipose tissue (Shepherd et al., 1993) or in skeleton muscle 

(Tsao, Burcelin, Katz, Huang, & Charron, 1996) are both highly insulin 

sensitivity and glucose tolerance. In contrast, mice with ablation of GLUT4, 

specifically in the muscle, show the expression of insulin resistance and 

diabetes from a young age. Originally insulin resistance occurs in the skeleton 

muscle; however, later on these mice become insulin resistant not only in the 

adipose tissue but also the liver (Kim et al., 2001; Zisman et al., 2000). Upon 

acute stimulation by insulin, GLUT4 transporters translocate from their 

intracellular compartment to the plasma membrane and, therefore, are 

responsible for insulin-stimulated glucose uptake. In the present study, 

glucose uptake was seen upon treatment of L6 cells with FPE; this is probably 

a result of GLUT4 translocation as shown by immunofluorescence (Figure 9). 

FPE increased the expression levels of GLUT4 as well (Figure 8A). Overall, 

FPE shows anti-diabetic activity by increasing GLUT4 expression, followed 

by enhancing translocation as well as glucose uptake. 

Chronic inflammation contributes to the development of many diseases, 

including cancer, arthritis, heart disease, and diabetes and its complications. 

Cyclooxygenase-2 (COX-2) is a key molecule that increases the 

inflammatory status of cells leading to pathophysiological conditions by 

increasing prostaglandin formation. It also leads to excessive formation of 
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reactive oxygen species (Barbieri, Eligini, Brambilla, Tremoli, & Colli, 

2003). Persistent hyperglycemia and a chronic inflammatory environment 

lead to oxidation-mediated stress and injury and also alter insulin sensitivity 

by triggering different key steps in the insulin-signaling pathway (Bastard et 

al., 2006). Cyclooxygenase-2 inhibitors, members of the non-steroidal anti-

inflammatory drug class, have been shown the ability to alleviate the 

augmented inflammatory responses in several models of diabetes (Dinarello, 

2010; Donath, 2014; Fang et al., 2013). However, their adverse effects on 

targets, including impaired renal perfusion and its function, peptic ulcers, and 

enhanced risk of myocardial infarction, contribute to limited use of these 

drugs for clinical prevention/treatment of T2DM (Dinarello, 2010). 

Furthermore, several studies on T1DM and T2DM report increased formation 

of free radicals and decreased anti-oxidant capacity in the disease condition, 

which contribute to oxidative stress that damages cells (Newsholme, Cruzat, 

Keane, Carlessi, & de Bittencourt, 2016). Thus, anti-inflammation and anti-

oxidant activities of any extract or compound can be beneficial for diabetic 

patients. In addition to COX-2 and iNOS protein expression, we observed that 

FPE induced the expression of HO-1 protein. HO-1, mostly studied for its 

cytoprotective properties in conditions associated with inflammation and 

oxidative stress, is an inducible rate-limiting enzyme that catalyzes free heme 

into carbon monoxide, free iron, and biliverdin (Lerner-Marmarosh et al., 

2005; Maamoun, Benameur, Pintus, Munusamy, & Agouni, 2019; Otterbein 
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et al., 2000; Philippidis et al., 2004). It has also been reported that 

dysregulation of the HO-1 system is associated with several inflammatory 

disorders, such as atherosclerosis and rheumatoid arthritis (Lerner-

Marmarosh et al., 2005), suggesting that HO-1 is also a potent anti-

inflammatory mediator and shows the potential to be a molecular target for 

FPE in mediating its anti-inflammatory activity. Treatment with LPS has been 

shown to induce the production of NO in macrophage cells (Figure 13A), as 

well as adipocyte cells (Chirumbolo et al., 2014). To investigate whether FPE 

alleviates insulin resistance by inhibiting NO production, we measured nitrite 

concentration in Raw264.7 cells and found FPE to be capable of decreasing 

NO production in macrophages (Figure 13B). These results suggest that FPE 

reduces insulin resistance, probably through reduction in NO levels, which 

could alleviate the impairment in the insulin-signaling cascade. Thus, it 

indirectly exhibits potential properties that could prevent diabetic 

complications caused by inflammatory and oxidative stress.  
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Chapter 5. Conclusion 

 

For summary, there are various molecular targets for T2DM treatments 

such as the IRS1/PI3K/Akt pathway, AMPK pathway, and the GLP-1 

pathway. Our study showed that FPE activates the PPARγ nuclear receptor as 

a ligand and exhibits anti-inflammatory and anti-oxidant activities upon 

treatment in cells. It also affects glucose metabolism by increasing GLUT4 

expression (Figure 15). Overall, our results indicate that FPE displays 

potential anti-diabetic activity; however, further analysis of this extract is 

required to elucidate the detailed molecular mechanisms of this activity. 
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Figure 15. Schematic diagram showing the anti-diabetic properties of 

FPE, including PPAR  ligand binding, glucose uptake, anti-inflammatory, 

and anti-oxidant activities. 

 

 

 

 

 

 

 

 

 

 

 



 ４３ 

Bibliography 

 

Barbieri, S. S., Eligini, S., Brambilla, M., Tremoli, E., & Colli, S. (2003). Reactive 

oxygen species mediate cyclooxygenase-2 induction during monocyte to 

macrophage differentiation: critical role of NADPH oxidase. Cardiovasc 

Res, 60(1), 187-197. doi:10.1016/s0008-6363(03)00365-1 

 

Bastard, J. P., Maachi, M., Lagathu, C., Kim, M. J., Caron, M., Vidal, H., &Feve, B. 

(2006). Recent advances in the relationship between obesity, inflammation, 

and insulin resistance. Eur Cytokine Netw, 17(1), 4-12.  

 

Bebrevska, L., Bravo, L., Vandervoort, J., Pieters, L., Vlietinck, A., & Apers, S. 

(2007). Development and Validation of an HPLC Method for Quality 

Control of Pueraria lobata Flower. Planta Med, 73(15), 1606-1613. 

doi:10.1055/s-2007-993746 

 

Chaichanasak, N., Rojanapanthu, P., Yoon, Y., Gritsanapan, W., Chirachanchai, S., 

Sathirakul, K., & Baek, S. J. (2018). Chitosan‑based nanoparticles with 

damnacanthal suppress CRM1 expression. Oncol Lett, 16(6), 7029-7034. 

doi:10.3892/ol.2018.9507 

 

Chen, X., Yu, J., & Shi, J. (2018). Management of Diabetes Mellitus with Puerarin, 

a Natural Isoflavone From Pueraria lobata. Am J Chin Med, 46(08), 1771-

1789. doi:10.1142/S0192415X18500891 

 

Chirumbolo, S., Franceschetti, G., Zoico, E., Bambace, C., Cominacini, L., & 

Zamboni, M. (2014). LPS response pattern of inflammatory adipokines in 



 ４４ 

an in vitro 3T3-L1 murine adipocyte model. Inflamm Res, 63(6), 495-507. 

doi:10.1007/s00011-014-0721-9 

 

DeFronzo, R. A., Ferrannini, E., Groop, L., Henry, R. R., Herman, W. H., Holst, J. 

J., & Weiss, R. (2015). Type 2 diabetes mellitus. Nat Rev Dis Primers, 1, 

15019. doi:10.1038/nrdp.2015.19 

 

Dinarello, C. A. (2010). Anti-inflammatory Agents: Present and Future. Cell, 140(6), 

935-950. doi:10.1016/j.cell.2010.02.043 

 

Donath, M. Y. (2014). Targeting inflammation in the treatment of type 2 diabetes: 

time to start. Nat Rev Drug Discov, 13(6), 465-476. doi:10.1038/nrd4275 

 

Fang, F., Lu, Y., Ma, D. L., Du, T. T., Shao, S. Y., & Yu, X. F. (2013). A meta-analysis 

of salicylates for type 2 diabetes mellitus. J Huazhong Univ Sci Technolog 

Med Sci, 33(1), 1-14. doi:10.1007/s11596-013-1063-5 

 

Forouhi, N. G., & Wareham, N. J. (2014). Epidemiology of diabetes. Medicine 

(Abingdon), 42(12), 698-702. doi:10.1016/j.mpmed.2014.09.007 

 

He, K., Li, X., Chen, X., Ye, X., Huang, J., Jin, Y., & Shu, H. (2011). Evaluation of 

antidiabetic potential of selected traditional Chinese medicines in STZ-

induced diabetic mice. J Ethnopharmacol, 137(3), 1135-1142. 

doi:10.1016/j.jep.2011.07.033 

 

Janani, C., & Ranjitha Kumari, B. D. (2015). PPAR gamma gene – A review. 

Diabetes Metab Syndrs, 9(1), 46-50. doi:10.1016/j.dsx.2014.09.015 

 



 ４５ 

Kamiya, T., Sameshima-Kamiya, M., Nagamine, R., Tsubata, M., Ikeguchi, M., 

Takagaki, K., & Aburada, M. (2012). The crude extract from puerariae 

flower exerts antiobesity and antifatty liver effects in high-fat diet-induced 

obese mice. Evid Based Complement Alternat Med, 2012, 272710. 

doi:10.1155/2012/272710 

 

Kim, J. K., Zisman, A., Fillmore, J. J., Peroni, O. D., Kotani, K., Perret, P., & 

Shulman, G. I. (2001). Glucose toxicity and the development of diabetes in 

mice with muscle-specific inactivation of GLUT4. J Clin Invest, 108(1), 

153-160. doi:10.1172/jci10294 

 

Kinjo, J., Aoki, K., Okawa, M., Shii, Y., Hirakawa, T., Nohara, T., & Kurashige, T. 

(1999). HPLC profile analysis of hepatoprotective oleanene-glucuronides in 

Puerariae Flos. Chem pharm bull, 47(5), 708-710. doi:10.1248/cpb.47.708 

 

Lehrke, M., & Lazar, M. A. (2005). The many faces of PPARγ. Cell, 123(6), 993-

999. doi:10.1016/j.cell.2005.11.026 

 

Lerner-Marmarosh, N., Shen, J., Torno, M. D., Kravets, A., Hu, Z., & Maines, M. D. 

(2005). Human biliverdin reductase: a member of the insulin receptor 

substrate family with serine/threonine/tyrosine kinase activity. Proc Natl 

Acad Sci U S A, 102(20), 7109-7114. doi:10.1073/pnas.0502173102 

 

Maamoun, H., Benameur, T., Pintus, G., Munusamy, S., & Agouni, A. (2019). 

Crosstalk between oxidative stress and endoplasmic reticulum (ER) stress in 

endothelial dysfunction and aberrant angiogenesis associated with diabetes: 

A focus on the protective roles of heme oxygenase (HO)-1. Front Physiol, 

10, 70. doi:10.3389/fphys.2019.00070 



 ４６ 

 

Miyazawa, M., Sakano, K., Nakamura, S.-i., & Kosaka, H. (2001). Antimutagenic 

activity of isoflavone from Pueraria lobata. J Agric Food Chem, 49(1), 336-

341. doi:10.1021/jf000255w 

 

Monsalve, F. A., Pyarasani, R. D., Delgado-Lopez, F., & Moore-Carrasco, R. (2013). 

Peroxisome proliferator-activated receptor targets for the treatment of 

metabolic diseases. Mediators Inflamm, 2013, 549627. 

doi:10.1155/2013/549627 

 

Newsholme, P., Cruzat, V. F., Keane, K. N., Carlessi, R., & de Bittencourt, P. I., Jr. 

(2016). Molecular mechanisms of ROS production and oxidative stress in 

diabetes. Biochem J, 473(24), 4527-4550. doi:10.1042/bcj20160503c 

Otterbein, L. E., Bach, F. H., Alam, J., Soares, M., Tao Lu, H., Wysk, M., & Choi, A. 

M. (2000). Carbon monoxide has anti-inflammatory effects involving the 

mitogen-activated protein kinase pathway. Nat Med, 6(4), 422-428. 

doi:10.1038/74680 

 

Park, K. H., Gu, D. R., Jin, S. H., Yoon, C. S., Ko, W., Kim, Y. C., & Lee, S. H. 

(2017). Pueraria lobate Inhibits RANKL-Mediated Osteoclastogenesis Via 

Downregulation of CREB/PGC1β/c-Fos/NFATc1 Signaling. Am J Chin Med, 

45(8), 1725-1744. doi:10.1142/s0192415x17500938 

 

Philippidis, P., Mason, J. C., Evans, B. J., Nadra, I., Taylor, K. M., Haskard, D. O., 

& Landis, R. C. (2004). Hemoglobin scavenger receptor CD163 mediates 

interleukin-10 release and heme oxygenase-1 synthesis: antiinflammatory 

monocyte-macrophage responses in vitro, in resolving skin blisters in vivo, 



 ４７ 

and after cardiopulmonary bypass surgery. Circ Res, 94(1), 119-126. 

doi:10.1161/01.Res.0000109414.78907.F9 

 

Prasain, J. K., Reppert, A., Jones, K., Moore II, D. R., Barnes, S., & Lila, M. A. 

(2007). Identification of isoflavone glycosides in Pueraria lobata cultures by 

tandem mass spectrometry. Phytochemical Anal, 18(1), 50-59. 

doi:10.1002/pca.951 

 

Prasansuklab, A., & Tencomnao, T. (2018). Acanthus ebracteatus leaf extract 

provides neuronal cell protection against oxidative stress injury induced by 

glutamate. BMC Complement Altern Med, 18(1), 278. doi:10.1186/s12906-

018-2340-4 

 

She, S., Liu, W., Li, T., & Hong, Y. (2014). Effects of puerarin in STZ-induced 

diabetic rats by oxidative stress and the TGF-beta1/Smad2 pathway. Food 

Funct, 5(5), 944-950. doi:10.1039/c3fo60565e 

 

Shepherd, P. R., Gnudi, L., Tozzo, E., Yang, H., Leach, F., & Kahn, B. B. (1993). 

Adipose cell hyperplasia and enhanced glucose disposal in transgenic mice 

overexpressing GLUT4 selectively in adipose tissue. J Biol Chem, 268(30), 

22243-22246.  

 

Tsao, T. S., Burcelin, R., Katz, E. B., Huang, L., & Charron, M. J. (1996). Enhanced 

insulin action due to targeted GLUT4 overexpression exclusively in muscle. 

Diabetes, 45(1), 28-36. doi:10.2337/diab.45.1.28 

 



 ４８ 

Whitehead, J. P. (2011). Diabetes: New conductors for the peroxisome proliferator-

activated receptor γ (PPARγ) orchestra. Int J Biochem Cell Biol, 43(8), 1071-

1074. doi:10.1016/j.biocel.2011.04.017 

 

Xiong, Y., Yang, Y., Yang, J., Chai, H., Li, Y., Yang, J., & Wang, Z. (2010). Tectoridin, 

an isoflavone glycoside from the flower of Pueraria lobata, prevents acute 

ethanol-induced liver steatosis in mice. Toxicology, 276(1), 64-72. 

doi:10.1016/j.tox.2010.07.007 

 

Zhang, Y.-P., Shi, S.-Y., Xiong, X., Chen, X.-Q., & Peng, M.-J. (2012). Comparative 

evaluation of three methods based on high-performance liquid 

chromatography analysis combined with a 2,2′-diphenyl-1-picrylhydrazyl 

assay for the rapid screening of antioxidants from Pueraria lobata flowers. 

Anal. Bioanal.  Chem, 402(9), 2965-2976. doi:10.1007/s00216-012-5722-3 

 

Zhou, Y. X., Zhang, H., & Peng, C. (2014). Puerarin: a review of pharmacological 

effects. Phytother Res, 28(7), 961-975. doi:10.1002/ptr.5083 

 

Zisman, A., Peroni, O. D., Abel, E. D., Michael, M. D., Mauvais-Jarvis, F., Lowell, 

B. B., & Kahn, B. B. (2000). Targeted disruption of the glucose transporter 

4 selectively in muscle causes insulin resistance and glucose intolerance. Nat 

Med, 6(8), 924-928. doi:10.1038/78693 

 

 

 

 



 ４９ 

국문 초록 

 

갈화 (Flos puerariae) 추출물의 

항당뇨 효과  

 

파타위카 레트파티판퐁 

지도교수 백승준 

서울대학교 대학원 

수의학과 수의생명과학전공 

 

Pueraria lobata (Wild.) Ohwi. (P. lobata) '쿠즈 꽃'으로 알려진 꽃에는 

이소플라보노이드와 필수 오일 성분이 함유되어 있다. 무알코올성 

지방간 질환, 고혈당, 저혈당증 등에 대한 보호효과, 항돌연변이 효과, 

체중 감소에 대한 혜택 등 생물학적·약리학적 활동 범위가 넓다. 

그러나 이러한 효과의 분자 메커니즘은 여전히 불분명하다. 우리의 

연구는 in vitro 를 이용하여 FPE (Flos Puerariae 원유 추출물)가 

항당뇨제로서 어떤 영향을 미치는지 체계적으로 검사하는 것을 목표로 

했다. FPE 의 세포독성은 L6 rat 근세포와 3T3-L1 murine pre-

adipocytes 세포 라인의 MTS 검사를 사용하여 평가되었다. 각각 이중 

루시페라제 및 분화측정법을 사용하여 PPAR   바인딩 활성과 

지방생식을 검사했다. 당뇨병 예방 활동을 조사하기 위해 L6 세포에서 

GLUT4 단백질 발현, 포도당 흡수측정, 형광 현미경을 이용한 GLUT4 
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번역 등 포도당 활용을 실시했다. 또한, 우리는 FPE 의 항산화 및 

항염증 활동을 평가했다. 우리의 결과는 L6 세포에서 포도당 흡수를 

증가시키고 Glucose transporter type 4 (GLUT4)의 발현을 

증가시킴으로써 포도당 이용 활동을 향상시키는 능력을 보여주었다. 

요약하자면, 본 연구결과는 FPE 가 당뇨병 환자들의 치료를 위한 

잠재적인 항당뇨 물질일 수 있고 염증이나 산화 관련 질병을 예방할 수 

있다는 것을 시사한다. 

 

주요어: Flos Puerariae; PPAR; GLUT4; anti-oxidant; iNOS; COX2 
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