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Abstract 

 

 Plant tissue cultures of Pueraria candollei was investigated for callus induction 

using Murashige and Skoog (MS) medium with different plant hormones. In this 

experiment we found that MS medium supplemented with 0.5 mg/l thidiazuron (TDZ) 

shows high efficiency for the callus induction (100%), shoot regeneration (15.63%) and 

enhances production of isoflavonoids in P. candollei (50.39 ± 7.06 mg/g dry wt). 

Transformed hairy root was established by using Agrobacterium rhizogenes 

ATCC15834. Hairy roots of P. candollei can increase the level of isoflavonoids 

production about 5.18-fold higher than in intact roots. The optimization of growth and 

isoflavonoids accumulation of P. candollei hairy roots was depended on sucrose 

concentration, 5% sucrose (w/v) was an optimum concentration for biomass and 

isoflavonoids accumulation, and woody plant medium is an optimal condition for 

isoflavonoid production. The effect of elicitors on total isoflavonoid accumulation was 

studied in the hairy root cultures of Pueraria candollei. The results showed that yeast 

extract (0.5 mg/ml) was the most efficient at enhancing total isoflavonoid production up 

to 60 mg/g dry wt, 4.5-fold higher than control hairy roots on day 3 of elicitation. To 

screen the level of isoflavonoids in plants, anti-puerarin and anti-daidzin polyclonal 

antibodies (PAbs) were produced in order to develop enzyme-linked immunosorbent 

assays (ELISAs) to determine major isoflavonoids in P. candollei. An ELISA for 

determination of puerarin and its aglycone, daidzein, was established and validated in 

the range of 6.10 ng/ml-1.56 g/ml of puerarin. In addition, a one-step ELISA method to 

determine total isoflavonoids  in P. candollei using combination of two PAbs was also 

developed in the range of 0.05-6.25 g/ml of isoflavonoids. Based on validation 

analysis, these analytical methods by ELISA are a precise, accurate, and sensitive 

method for the determination of major isoflavonoids in P. candollei. Furthermore, their 

effects on related P450 enzyme activities in mice were investigated by using 

benzyloxyresorufin O-dealkylation and real-time RT-PCR techniques. The uterus weight 

and length of female mice also evaluated. The results demonstrated that P. candollei 

possesses an estrogenic effect, increase uterus length and has potential to induce the 

expression of CYP2B9 mRNA and enzyme activity.  

Key Words: isoflavonoid, Pueraria candollei, callus, hairy roots, CYP450 

 



 3 

 (Executive Summary) 

 
  (Pueraria candollei Wall. Ex Benth)  Leguminosae 

 

   

puerarin, daidzin,  genistin,  daidzein  genistein  

  

 

  

  MS 

 thidiazuron 0.5   

 100  15.63  

 50.39±7.06    

 Agrobacterium rhizogenes  ATCC15834 

  26.39±3.80 

   5.8  

 (sucrose)  

  5 

  woody plant 

 5   methyl jasmonate, yeast extract, chitosan, salicylic acid  

Agrobacterium rhizogenes lysate  

 isoflavonoid  

  yeast extract  0.5 

  3  

 60    4.5 

 

 puerarin  daidzin 

  

puerarin  puerarin  daidzein  

puerarin   puerarin  6.10 / –1.56 

/  

 5   

 0.05–6.25 /   ELISA 



 4 

  HPLC 
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PCR   

  

   

mRNA   CYP2B9 
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 lipid peroxidation  TBARS 
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 1 

 

  

1.  

  Pueraria candollei Wall. ex Benth. 

var mirifica (Airy Shaw & Suvat.) Niyomdham  Liguminosae 

  

 (  , 2546)  

  5   

   

  3  

( )   8-15    10-20   

     20-30  (

)   5      

   

( ,  2547)  

     

   

 (isoflavonoids)   isoflavones glycosides  

puerarin, daidzin  genistin   isoflavones  daidzein  genistein 

(Chansakaow et al., 2000a)  chromenes  miroestrol  deoxymiroestrol 

(Chansakaow et al., 2000b)  (phytoestrogen) 

  chromenes 

  (0.002-0.004%) 

 

 (Chansakaew et al., 2000a, 2000b; Trisomboon et al., 2006; Cherdshewasart 

et al., 2007a; Cherdshewasart et al., 2008) 

 (Urasopon et al., 2008) 

 (Chandeying, Lamlertkittikul, 2007; Manonai et 

al., 2008)  (Cherdshewasart, Sutjit, 2008) 

  

 puerarin 0.23 mg/g, daidzin 0.15 mg/g, 
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genistin 0.35 mg/g, daidzein 0.06 mg/g  genistein 0.01 mg/g   

  

 

  

  Agrobacterium rhizogenes 

 

  

 -

 

 

 

 daidzein  genistein  isoflavonoids  aglycone 

  

 

isoflavones glycosides    puerarin, daidzin, 

genistin  isoflavones  daidzein  genistein   

    puerarin, daidzin, 

genistin, daidzein  genistein   HPLC -

 

  

 daidzein  genistein  

isoflavone  ELISA  

puerarin, daidzin, genistin  isoflavone glycosides 

 

 ELISA 
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 450   alkoxyresorufin O-

dealkylation 

  450  

  450 

 

  450 

 

      

 450  

  

  puerarin, daidzin, 

genistin, daidzein  genistein 

 

 

  450 

   
 

2.  

2.1  

  

 

  

2.2 

 puerarin, daidzin, genistin, daidzein  genistein 

 ELISA  
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2.3   

450  

 

3.   

3.1  

 

3.2 

 

3.3 

    

     3.4  

 

ELISA  

3.5   450 

 

  450  

 

4.   

 MS  

 naphthaleneacetic acid (NAA), 6-

benzylaminopurine (BA),  thidiazuron (TDZ)  

 5   puerarin, daidzin, 

genistin, daidzein  genistein  HPLC (High performance liquid 

chromatography) 

  A. rhizogenese   ATCC 15834  

 

  

 

 

  450  benzyloxyresorufin O-

dealkylation  

 puerarin  daidzin 
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 2 

 ( ) /  
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1.  

2. 

 

3. 

protein G column 

4. 

 

5.  

 ELISA 

6. 

 

7. 

 

8.  

            

 3 

 ( ) /  
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1. 
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4.  
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  450 

5. 
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 2 

 

 

1.  

  : Pueraria candollei  Pueraria candollei var. 

mirifica  Pueraria candollei var. candollei 

 : Leguminosae 

 : , , , , , ,  

            ,  

         

2.  

   5  

   

  

 3  ( )   8-15   

 10-20        20-30 

  5     

    

( ,  2547)   

   

       

  

    

    

 

             
 

 1   
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3.  

  (isoflavonoids) 

(  2)   isoflavones glycosides  puerarin, daidzin  genistin  

 isoflavones  daidzein  genistein (Chansakaow et al., 2000a)  

chromenes  miroestrol  deoxymiroestrol (Chansakaow et al., 2000b) (  3) 

 (phytoestrogen)  

 chromenes  

 (0.002-0.004%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2  isoflavonoid  

    
      

    

                      

              miroestrol                                             deoxymiroestrol 

 

                     3  chromenes 
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4.  

 

 (Chansakaew et al., 2000a, 2000b; 

Trisomboon et al., 2006; Cherdshewasart et al., 2007a; Cherdshewasart et al., 2008) 

 (Urasopon et al., 2008) 

 (Chandeying, Lamlertkittikul, 2007; Manonai et al., 2008) 

 puerarin  

(Cherdshewasart, Sutjit, 2008)    

 

    4.1  (acute ischemic myocardial  

          injury) 

        Wu  (2007)  puerarin  danshensu 

 left anterior descending (LAD) 

  puerarin  danshensu  1:1 

 
 

        4.2  

       Khitka  (2009)  

 100 mg/kg 

  1  streptozotocin  30  

 

glibenclamide 10 mg/kg  2 ml/kg  
 

 

    4.3   

Morabito  (2002)  genistein 

  3    

 estradiol 1mg/day  norethiterone  genistein 54 mg/day 

  1   

 genistein  (Bone Mass Density, 

BMD)  

 femeral neck, Ward’s triangle  lumbar spine  

genistein     
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5.  
 isoflavonoid 

  puerarin 0.23 mg/g, daidzin 0.15 mg/g, 

genistin 0.35 mg/g, daidzein 0.06 mg/g  genistein 0.01 mg/g  

(Cherdshewasart et al., 2007b)  isoflavonoid 

 

 

 

  (2546) 

  woody plant medium 

(WPM)   

 WPM  naphthaleneacetic acid (NAA) 0.1 mg/l  kinetin 1.5 

mg/l   

  (2546) 

 daidzein  genistein   daidzein 7.6 mg/g 

 genistein 0.5 mg/g   daidzein 30.7 mg/g  

genistein 4.9 mg/g    

Thanonkeo, Panichajakul (2006)  

   

 daidzein  genistein  

 daidzein  genistein    

 daidzein  genistein  50-200   

daidzein 5.12 mg/g  genistein 2.77 mg/g   

  (2549) 

  daidzein  genistein  

  12 

  methyl jasmonate  daidzein  

genistein  6    

 daidzein 5.92 mg/g  

genistein 0.46 mg/g  

Korsangruang  (2010)  

 MS  6-Benzyladenine (BA)  0.56 M  2,4-
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dichlorophenoxyacetic acid  4.52 M   25  3 C 

 16   110   6  

  CuSO4, methyl jasmonate, chitosan  laminarin 

   21   

 isoflavonoid   40.49 mg/g   methyl 

jasmonate  2.0 M 

  Agrobacterium rhizogenes 

   

  

  

 

 

  

daidzein  genistein  isoflavonoids  aglycone 

  (  , 2546;  , 2549; Thanonkeo, 

Panichajakul, 2006)  

 isoflavonoid 

 isoflavones glycosides    puerarin, 

daidzin, genistin  isoflavones  daidzein  genistein   

 

6.  isoflavonoid  

 isoflavonoid 

 isoflavonoid   puerarin, 

daidzin, genistin, daidzein  genistein   HPLC (Cherdshewasart et al., 2007b) 
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isoflavonoid  daidzein 

 genistein  isoflavone  ELISA 

(Kohen et al., 1998; Tao He et al., 2005; Bennetau-Pelissero et al., 2003) 

 daidzin  isoflavone glycosides 

 

  ELISA 

 isoflavonoid  

 isoflavonoid 

 

 

7.   450 

  

 

(     , 2547) 

   450 

  alkoxyresorufin O-dealkylation 

  450  (Burke, 1976) 

  

450 

 

  450  

  450  

  

 

 isoflavonoid  puerarin, 

daidzin, genistin, daidzein  genistein   

  isoflavonoid 
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 3 

 

 

1.  

 

 1.1  

1.1.1  

    

 

 sodium hypochloride 10%  20   ethanol  70% 

 1   ½ MS 

 25 1 C  16   

 

 1.1.2  

 

 1   NAA, BA  TDZ 

 (  1)  25 1 C 

 16   8  

  

 1  MS  
 

 (mg/l) 
 

TDZ NAA BA 

TDZ 0.1 0.1 - - 

TDZ 0.5 0.5 - - 

TDZ 1.0 1.0 - - 

TDZ 1.5 1.5 - - 

N0.5B1.0 - 0.5 1.0 

N1.0B0.5 - 1.0 0.5 

N1.0B1.0 - 1.0 1.0 
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1.1.3  isoflavonoids 

 50°C  30 

mg  methanol  500 l  4  

 methanol 1 ml  isoflavonoid 

puerarin, daidzin, genistin, daidzein  genistein  HPLC 

(High performance liquid chromatography)   

High performance liquid chromatography PerkinElmer Series 200 LC pump  

PerkinElmer 785A UV/VIS detector, PE Nelson computer 

Column : RP-18 column (LiChroCART®, 125 mm x 4 mm, 5 m particle size, 

Merck, Germany) 

Mobile phase : acetonitrile : water  25 : 75 v/v , 1.5 % acetic acid 

Flow rate : 1.0 ml/min 

Detector wavelength : 254 nm 

Injection volume : 20 l  

 

 1.2  

1.2.1  

 

 Agrobacterium rhizogenes (ATCC 15834) 

 yeast extract broth (YEB)  28 C  2  

   ½ MS  cefotaxime 

500 mg/l  cefotaxime  Agrobacterium 

 

 25 1 C  2-4  

 ½ MS  cefotaxime 300 mg/l  2  

 ½ MS  cefotaxime 100 mg/l  

2   ½ MS  cefotaxime 

 isoflavonoid  HPLC  
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 1.2.2  polymerase chain reaction (PCR) 

  rolA  

(DNA)  DNeasy Plant Mini Kit (Qiagen, Hilden, Germany) 

 DNA  PCR   

    rolA1   5 -CAGAATGGAATTAGCCGGACTA-3   

     rolA2   5 -CGTATTAATCCCGTAGGTTTGTTT-3   

  DNA  Thermal cycler  94°C 2 , 

58°C 2   72°C 2  1   94°C 1 , 58°C 1   72°C 2 

, 24    DNA  electrophoresis  agarose gel 

1.5%  ethidium bromide  UV  260 

nm 

 

 1.2.3  

isoflavonoid  

 

 isoflavonoid  ½ MS 

  100 /   25 1 C 

 16    

isoflavonoid  

 21    methyl 

jasmonate, yeast extract, chitosan, salicylic acid  Agrobacterium rhizogenes lysate

 

isoflavonoid  3  6   

 

1. methyl jasmonate (50, 100, 200 M) 

2. yeast extract (0.5, 1, and 2 mg/ml) 

3. chitosan (50, 100, 150 mg/l)  

4. salicylic acid (50, 100, 200 M) 

5. A. rhizogenes lysate (1, 2, 3%, v/v) 
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2.  isoflavonoid 

 ELISA 

 

 2.1  (antigen)  

 daidzin  puerarin 

 (haptan)  bovine serum albumin 

(BSA)  human serum albumin (HSA)  sodium periodate 

(NaIO4)  

 MALDI mass spectroscopy  

 

2.2  (immunization) 

-  (s.c.)  (New Zealand White) 

 Freund’s complete adjuvant  

-  4   2 

 (i.m.)  Freund’s incomplete adjuvant  

  1   (serum) 

 direct ELISA  competitive ELISA   

-  3  (i.v.)  1 

  (serum) 

 direct ELISA  competitive ELISA   

- 

   4 
 

 

 4  
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2.3  

 protein G column 

 IgG  Fc 

 (buffer)  pH  

 

2.4  

 daidzin, puerarin 

 competitive ELISA (  5)  

cross reactivity  

 

2.5  isoflavonoid  ELISA 

  isoflavonoid  competitive ELISA 

 isoflavonoid 
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 isoflavonoid  competitive ELISA 
 5 

 
 100 l  conjugate puerarin-Oval  1 g/ml in 50 mM carbonate buffer 

pH 9.6  96-well immunoplate 

       -Incubate  37  C 1 . 

       -  T-PBS 3   

 300 l  5% skim milk solution in PBS 

       -Incubate  37  C 1 . 

       -  T-PBS 3    

 50 l   20% MeOH 

 T-PBS  50 l 

       -Incubate  37  C 1 . 

       -  T-PBS 3    

 100 l  POD anti-rabbit lgG  

  T-PBS  

-  T-PBS 3    

       -Incubate  37  C 15-20  

 100  l  ABTS 

 

                                                            -Incubate  37  C 1 . 

 

 Microplate reader  UV 405 nm 

 

 5   competitive ELISA 

 

2.6  (method validation) 

  ELISA  

isoflavonoid   

    (precision) 

  isoflavonoid  3  

 96-well plate  (intra assay)   plate (inter assay) 

 % RSD 
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 (accuracy) 

  recovery method   isoflavonoid 

 

 ELISA   

            isoflavonoid 

  ELISA  HPLC 

 

 

3. 

  450  

 

3.1  

  ICR  8    6  

 5   

 1  

 2  1  (estradiol 

benzoate)  0.2 mg/kg/day  (s.c.) 

  1  

 3  2  (testosterone 

propionate)  5 mg/kg/day  (s.c.) 

  1   

 4  1   500 

mg/kg/day  (p.o.)   1 

 

 5  2   500 

mg/kg/day  (p.o.)   2   

 6  3   500 

mg/kg/day  (p.o.)   4 
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          3.2  

 24  

 Ketamine  -80   

(Jarukamjorn et al., 1999) (  6)  (uterus) 

 

 

 (Bradford, 1976) 
       

 

 

 

 

 

 

 

 

 

                                                              

   6                                                
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3.3  (total RNA) 

 (  10 mg)  Trizol®  

chloroform  15,000 rpm  4°C 

 10   microtube   isopropyl alcohol 

  15,000 rpm  4°C  15   RNA 

 0.5% SDS  RNA 

 260  280 nm 

3.4   450   

  450, CYP2B             

Penthoxyresorufin O-depentylation (PROD)  benzyloxyresorufin O-dealkylation 

(BROD)  alkoxyresorufin O-dealkylation  (Sakuma et al., 1999; Jarukamjorn et al., 2002)  

 3.5  CYP2B9 mRNA   

             (real time polymerase reaction)  

  RNA  cDNA  TaKaRa® 

RT-PCR kit (Perfect Real Time) TaqMan® Gene Expression Assays (Inventoried) 

CYP2B9 (Mm00657910_ml)  94°C 2 , 58°C 2  

 72°C 2  1  95°C, 35   60°C, 90  DNA 

 fluorescence reporter dye (FAM) (Jaruchotikamol et al., 

2007) 

 3.6  

  one-way analysis of variance (ANOVA) 

 Fisher’s least significant difference (LSD)  independent sample T Test (P<0.05 

 P<0.01) 
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 4 

 

 

1.  

    1.1  

         1.1.1    

isoflavonoid 
         3   NAA, BA,  TDZ 

    

 2  7-9 

 

 
 

 7  MS  NAA  BA 

 

 

N0.5B1 

Leaf 

Stem

N1B0.5 N1B1 

Leaf Leaf 

Ste Ste

71.88%  

100.00%100.00%87.50%  

100.00%93.75% 
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 8  MS  TDZ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TDZ0.1 TDZ0.5 

Leaf 84.38 % 65.63%

Stem 100.00% 100.00%

TDZ1.0 

100.00%

75.00%

TDZ1.5 

100.00%

87.50% 
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 9   MS  

                     (A) NAA 0.5 mg/ml  BA 1.0 mg/ml 

  (B) NAA 1.0 mg/ml  BA 0.5 mg/ml 

  (C) TDZ  0.5 mg/ml 

  (D) TDZ  1.5 mg/ml 

 
 

 

 

 

 

 

 

 

 

 

 

A

DC

B
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 2   8   
 

 

 (mg/l) 

 

NAA BA TDZ 

 
a/ a 

 

 

(%) 

 

 

(%) 

 

 

- - 0.1  100.00 - - 

    84.38 - - 

- - 0.5  100.00 15.62 1.40 

    65.62 - - 

- - 1.0  100.00 - - 

    75.00 - - 

- - 1.5  100.00 3.12 1.00 

    87.50 - - 

0.5 1.0 -  87.50 3.12 2.00 

    71.88 - - 

1.0 0.5 -  100.00 6.25 3.00 

    93.75 - - 

1.0 1.0 -  100 - - 

    100 - - 
a n = 32 

 

 2   MS 

 TDZ 0.5 mg/l   100% 

 15.63%   TDZ 

 100% 

  isoflavonoid  puerarin, daidzin, genistin, 

daidzein,  genistein    HPLC  

  MS  TDZ  0.5 mg/l 

 isoflavonoid   isoflavonoid  50.39 ± 

7.06 mg/g    (puerarin 3.05 ± 0.58, daidzin 39.58 ± 4.71, genistin 5.64±1.31, 

daidzein0.68 ± 0.42,  genistein 0.44 ± 0.09 mg/g  ) 

 3  isoflavonoid 

 7  (7.04±0.29 mg/g )  

 TDZ  isoflavonoid  

BA  NAA  
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 3   isoflavonoid  8   
 

 

 (mg/l) 
 

 

 isoflavonoid (mg/g dry wt) 

 

NAA BA TDZ 

 

/ 

 

Puerarin Daidzin Genistin Daidzein Genistein Total 

- - 0.1  0.34 ± 0.01 40.37 ± 2.21 5.01±0.32 1.31 ± 0.33 0.38 ± 0.09 47.43 ± 2.65 

    0.34 ± 0.01 22.05 ± 0.85 2.61±0.24 1.17 ± 0.07 0.59 ± 0.02 26.76 ± 1.05 

- - 0.5  3.05 ± 0.58 39.58 ± 4.71 5.64±1.31 0.68 ± 0.42 0.44 ± 0.09 50.39 ± 7.06 

    0.35 ± 0.01 32.46 ± 6.64 4.54±0.48 1.42 ± 0.35 0.62 ± 0.06 39.37 ± 7.52 

- - 1.0  2.32 ± 0.02 24.11 ± 0.93 3.54±0.55 1.39 ± 0.16 0.42 ± 0.07 31.79 ± 1.35 

    1.42 ± 0.10 18.99 ± 1.27 2.73±0.61 0.92 ± 0.04 0.39 ± 0.02 24.45 ± 2.00 

- - 1.5  2.11 ± 0.21 24.34 ± 2.40 3.70±0.20 1.35 ± 0.22 0.34 ± 0.33 31.85 ± 2.25 

    1.75 ± 0.10 19.46 ± 2.18 2.96±0.14 1.08 ± 0.19 0.42 ± 0.14 25.67 ± 2.07 

0.5 1.0 -  1.58 ± 0.07 15.71 ± 0.93 1.78±0.36 0.66 ± 0.08 0.34 ± 0.04 20.07 ± 1.16 

    2.21 ± 0.38 30.90 ± 4.64 5.08±0.85 1.21 ± 0.28 0.49 ± 0.04 39.91 ± 6.14 

1.0 0.5 -  1.32 ± 0.03 11.69 ± 0.73 1.30±0.01 0.66 ± 0.04 0.35 ± 0.04 15.32 ± 0.80 

    1.93 ± 0.18 22.49 ± 1.34 2.49±0.30 0.91 ± 0.16 0.44 ± 0.02 28.26 ± 1.57 

1.0 1.0 -  1.34 ± 0.14 8.03 ± 0.82 1.05±0.19 0.49 ± 0.02 0.30 ± 0.01 11.21 ± 1.15 

    1.34 ± 0.13 12.11 ± 2.26 1.51±0.39 0.86 ± 0.26 0.39 ± 0.07 16.22 ± 3.05 

Values represent the mean ± S.D. (n = 3) 

1.2  

1.2.1  

  

 sodium hypochloride 10%  20 

  ethanol  70%  1   ½ 

MS  25±1 C  16  

  A. rhizogenes 

  

 10 
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 10    

 

 1.2.2  rolA 

  PCR  

rolA   rolA  DNA  300 

  (  11)  

 isoflavonoid  

 

1 2           3          4

rolA 300 bp

bp
1500

1000
900
800
700
600

500

400

300

200

100

 

 11  rolA  PCR 

 1: MW 100-bp ladder;  2: DNA  A. rhizogenes ACTT 15834 

(positive control);  3: hairy roots ;  4 non-transformed roots 
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1.2.2   

 isoflavonoid  

       ½ MS 

 25±1 C  16  

 isoflavonoid  12  13 

  isoflavonoid 

 isoflavonoid   4 

   woody plant (WP) 

 isoflavonoid   isoflavonoid  

26.39±3.80 mg/g  
 

 
 

 12  isoflavonoid  
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Total

 
           13  isoflavonoid 

 
 

 

 4  isoflavonoid  

 
 isoflavonoid (mg/g dry wt) 

Isoflavonoid 
½ MS ½ MS (dark) MS B5 ½ B5 WP ½WP 

Puerarin 2.22± 0.04 2.65±0.12 2.37±0.15 2.13±0.48 2.29±0.22 1.90±0.21 2.16±0.21 

Daidzin 17.71±3.15 19.49±2.56 17.55±3.86 11.62±2.23 14.44±1.05 22.33±3.40 7.24±0.90 

Genistin 1.09±0.05 1.16±0.07 1.02±0.13 0.95±0.16 1.09±0.05 1.14±0.13 0.70±0.04 

Daidzein 0.72±0.01 1.04±0.05 0.67±0.06 0.85±0.12 0.73±0.03 0.51±0.01 1.63±0.05 

Genistein 0.58±0.06 0.60±0.03 0.61±0.03 0.58±0.04 0.66±0.02 0.51±0.04 0.47±0.01 

Total 

isoflavonoid 22.32±3.30 24.94±2.83 22.20±4.24 16.12±3.02 19.21±1.37 26.39±3.80 12.20±1.20 

Values represent the mean ± S.D. (n = 3) 

 

1.2.3  isoflavonoid  

             

 

 isoflavonoid   1-9% 

 5%  isoflavonoid 

 (  14   5)          
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 14   

 

 5  isoflavonoid  

 

 isoflavonoid (mg/g dry wt) 

 (w/v) 
Puerarin Daidzin Genistin Daidzein Genistein Total 

1%    2.51±0.35 16.78±3.57 1.04±0.12 0.94±0.08 0.48±0.02   
21.76±4.16 

3% 2.22±0.04 17.71±3.15 1.09±0.05 0.72±0.01 0.58±0.06 22.32±3.30 

5% 2.71±0.25 25.67±2.70 1.40±0.11 0.51±0.01 0.59±0.03 30.87±3.10 

7% 2.18±0.09 21.32±3.32 1.21±0.09 0.44±0.01 0.57±0.01 25.73±3.52 

9% 2.25±0.29 24.62±3.42 1.20±0.16 0.44±0.00 0.63±0.04 29.14±3.91 

Values represent the mean ± S.D. (n = 3) 

 

 

 1.2.4  isoflavonoid  

  

isoflavonoid  

  

 methyl jasmonate, yeast extract, chitosan, salicylic acid  Agrobacterium 
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 ½MS  21  

 

 3  6   21  

 (late log phase) 

  

 isoflavonoid  (  

15-19)  

 15  methyl jasmonate  

isoflavonoid  6  

 200 M  6   isoflavonoid 37.5±2.2 mg/g 

  isoflavonoid  methyl jasmonate 

 3    chitasan (  16)  chitosan 

 isoflavonoid  chitosan 

 (50-150 mg/l)  chitosan  150 mg/l  6 

 isoflavonoid  34.5±2 mg/g   salicylic acid 

 100 mM  3   isoflavonoid  37.5±2.2 

mg/g   (  17)  Agrobacterium  

Agrobacterium  2% (v/v)  6   isoflavonoid  

21±3.3 mg/g  (  18) 

 5   yeast extract  0.5 mg/ml 

 3   isoflavonoid  60 mg/g 

 (  19)  isoflavonoid 

 (Korsangruang et al., 2010)  

 isoflavonoid   

 Pueraria  (Goyal and 

Ramawat, 2008; Kirakosyan et al., 2006) 
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 15  methyl jasmonate  isoflavonoid 

 

 

 
 

 16  chitosan  isoflavonoid  
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 17  salicylic acid  isoflavonoid  

 

 
 18  Agrobacterium  isoflavonoid  
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 19  yeast extract  isoflavonoid 

 

 

 

2.  isoflavonoid 

 ELISA 

2.1  hapten  puerarin  daidzin  

 

 puerarin  daidzin 

 (hapten)  bovine serum albumin 

(BSA)  human serum albumin (HSA)  sodium periodate 

(NaIO4)  (  20) 

 MALDI mass spectroscopy 

  MALDI mass 

 puerarin-BSA hapten number  4  daidzin-BSA  hapten number  11 

 antibody  (  21  22) 

 

 



 40 

 
 

 20  BSA 

 
 21 MALDI-TOF-MS spectrum  puerarin-BSA  

 

 22 MALDI-TOF-MS spectrum  daidzin-BSA  
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            2.2  

      puerarin  daidzin 

  puerarin  daidzin  

 protein G column  puerarin  

daidzin  20 mg 

 2.3  

     puerarin  daidzin 

  puerarin  5 

g/ml  daidzin  10 g/ml  

 competitive ELISA  puerarin  6.10 ng/ml-1.56 g/ml  

daidzin  24 ng/ml - 12.5 g/ml  (  23) 

 
 

 23  puerarin  daidzin 

 

           isoflavonoid  

  puerarin  cross reactivity  daizein 

 algycone  puerarin   daidzin  cross reactivity 

 daidzein, genistin  genistein (  6)  puerarin 

 puerarin  daidzein  

 daidzin  daidzin, daidzein, 

genistin  genistein  
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 6  cross reactivity  
 

  puerarin   daidzin  

Isoflavonoids    

Puerarin (8-glucosyl-4´,7-dihydroxyisoflavone) 100 0.11 

Daidzin (7-O-glucosyl-4´-hydroxyisoflavone) <0.001 100 

Daidzein (4´,7-dihydroxyisoflavone) 127.79 93.38 

Genistin (7-O-glucosyl-4´,5-dihydroxy-isoflavone) <0.001 49.01 

Genistein (4´,5,7-trihydroxyisoflavone) 5.12 45.13 

Isoflavonoids    

Tectorigenin (4´,5,7-trihydroxy-6-methoxyisoflavone) <0.001 66.59 

Tectoridin (7-O-glucosyl-4´,5-dihydroxy-6-methoxy 

isoflavone) 

<0.001 32.69 

Irisolidone (5,7-dihydroxy-4´,6-dimethoxyisoflavone) <0.001 <0.001 

Flavonoids   

Rutin <0.001 <0.001 

Hesperidin <0.001 <0.001 

Naringin <0.001 <0.001 

Anthraquinones   

Sennoside A <0.001 <0.001 

Sennoside B <0.001 <0.001 

Triterpenoids saponins   

Ginsenoside Rb1 <0.001 <0.001 

Ginsenoside Rg1 <0.001 <0.001 

Glycyrrhizin <0.001 <0.001 

Sesquiterpene lactones   

Artemisinin <0.001 <0.001 

Artesunate <0.001 <0.001 

Naphthoquinone   

Plumbagin <0.001 <0.001 
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2.4  puerarin  daidzein 

 puerarin  ELISA 

      puerarin  daidzein  ELISA  

  intra-assay  inter-assay  1.93 %  3.10 %  

(  7) 

 

 7  puerarin  ELISA 

Puerarin (ng/ml) CV (%) 

 Intra-assay Inter-assay 

1,000 1.66 3.10 

500 1.12 2.46 

250 1.93 0.77 

125 1.84 2.07 

62.5 0.21 0.98 

31.3 1.27 1.58 

15.6 1.46 2.97 

7.8 0.57 1.14 

0 0.70 1.36 

 

 puerarin 

 12.5 – 50 g/ml  

 98.6 – 102.0% (  8)  ELISA 

  puerarin 

 daidzein  
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 8  puerarin  ELISA 

 

 ( g/ml)  a ( g/ml) CV b (%) Recovery c (%) 

0.0 96.6 ± 5.2 5.41 - 

12.5 109.0 ± 7.0 5.98 101.0 

25.0 121.0 ± 10.0 8.37 98.6 

50.0 147.0 ± 6.0 4.11 102.0 
a All values were mean ± S.D. from triplicate samples for each level 
b Coefficient of variation = (S.D./mean)×100% 
c Recovery (%) = (measured amount 96.6 g/ml/added amount)×100 

 

 HPLC      

(r2 0.999) (  9  24) 

 

 9  puerarin  daidzein  ELISA  HPLC 
 

 (mg/g, dry weight) 
 

ELISA  CV (%) HPLC   CV (%) 

P. candollei  var. candollei     

Natural tuber (1 year old) 2.91 ± 0.25 8.60 2.72 ± 0.01 0.36 

Marketed product (Nongkai) 1.44 ± 0.15 10.30 1.42 ± 0.16 11.30 

Hairy roots 1 2.83 ± 0.15 5.11 2.70 ± 0.09 3.22 

Hairy roots 2 2.17 ± 0.15 6.89 2.16 ± 0.05 2.19 

Hairy roots 3 3.04 ± 0.28 9.10 3.06 ± 0.07 2.40 

Hairy roots 4 3.22 ± 0.11 3.68 3.25 ± 0.07 2.11 

P. candollei var. mirifica     

Natural tuber 3.15 ± 0.14 4.48 3.19 ± 0.01 0.08 

Core tuber 0.35 ± 0.03 9.96 0.34 ± 0.01 0.82 

Tuber bark 15.50 ± 0.20 1.52 15.04 ± 0.06 0.43 
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 24   puerarin  daidzein  

ELISA  HPLC  

 

2.5  puerarin, daidzin, genistin, genistein  daidzein 

 puerarin  daidzin  ELISA 

  isoflavonoid   puerarin, daidzin, genistin, 

genistein  daidzein  ELISA  puerarin  

daidzin    intra-assay  inter-assay  1.80 %  

2.55 %  (  10) 
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 10  isoflavonoid  ELISA

 isoflavonoid CV (%) 

( g/ml) Intra-assay Inter-assay 

10 0.83 0.82 

5 1.40 1.02 

2.5 1.56 0.83 

1.25 0.58 2.55 

0.62 1.80 2.10 

0.31 1.15 0.86 

0.15 0.70 2.17 

0 1.35 1.55 

 

 isoflavonoid 

 5    

 93.78 – 103.99 %  15% (  11) 

 ELISA  

 isoflavonoid  
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  11  isoflavonoid  ELISA 

 
Isoflavonoid 

 

 

( g/ml) 

a 

( g/ml) 
CVb (%) 

Recoveryc 

(%) 

Natural tuber 0 206.92  ± 13.69 6.61 - 

Puerarin (PR) 50 257.81 ± 17.00 6.59 101.80 

 25 232.91 ± 11.41 4.90 103.99 

Daidzin (DZ) 50 257.32 ± 21.68 8.42 100.80 

 25 232.78 ± 9.85 4.23 103.45 

Daidzein (DZe) 50 257.34 ± 25.05 9.74 100.85 

Genistin (GT) 50 254.69 ± 2.07 0.81 95.55 

Genistein (GTe) 50 253.81 ± 19.86 7.83 93.78 

PR + DZe 20+20 248.03 ± 24.52 9.89 102.78 

DZ + DZe + GT + GTe 20+20+20+20 286.54 ± 21.68 7.57 99.53 

PR + DZ + DZe + GT + GTe 20+20+20+20+20 309.26 ± 31.73 10.26 102.34 

 10+10+10+10+10 258.39 ± 33.83 13.09 102.94 
a All values were mean ± S.D. from triplicate samples for each level 

b Coefficient of variation = (S.D./mean)×100% 

c Recovery (%) = (measured amount 206.92 g/ml / spiked amount)×100 

 

 

 HPLC      

(r2 0.997) (  12  25)  

isoflavonoid  5  ELISA 

 isoflavonoid   
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 12  isoflavonoid  ELISA  HPLC 

 

 (mg/g dry weight) 
 

ELISA CV (%) HPLC CV (%) 

P. candollei  var. candollei     

Natural tuber 4.05 ± 0.20 4.88 3.95 ± 0.00 0.09 

Marketed product (Nongkai) 2.08 ± 0.13 6.39 1.70 ± 0.03 1.49 

Hairy roots 1 29.61 ± 1.50 5.05 28.02 ± 1.04 3.72 

Hairy roots 2 26.86 ± 2.43 9.05 26.31 ± 0.31 1.19 

P. candollei var. mirifica     

Natural tuber 3.99 ± 0.33 8.30 3.91 ± 0.04 0.90 

Core tuber 0.38 ± 0.04 9.65 0.34 ± 0.00 0.82 

Tuber bark 16.99 ± 0.40 2.33 18.00 ± 0.06 0.33 

Pod 0.26 ± 0.01 3.38 0.17 ± 0.01 5.53 

 

 

 
 25  isoflavonoid  ELISA 

 HPLC 
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3. 

  450  

 (ICR)  8  

 7    

 

estradiol  1, 2  4  

 24  

 

  450 

 penthoxyresorufin O-depentylation (PROD)  benzyloxyresorufin O-

dealkylation (BROD)  alkoxyresorufin O-dealkylation  

 (real time polymerase reaction)  

 (  13) 
 

 13   

 

 $ (mg) $ (cm) 

Non treatment 160.44 ± 23.36          2.40 ± 0.19 

Estradiol benzoate 207.62 ± 59.21  4.18 ± 0.48 ** 

P. candollei root cultures   

   1 week treated 226.40 ± 46.80 3.90 ± 0.85 * 

   2 weeks treated 248.62 ± 67.49 4.00 ± 1.00 * 

   4 weeks treated 200.90 ± 22.16 4.35 ± 0.53 * 

 Note: $ Results are expressed as mean±SD; *P<0.05, **P<0.01 vs non-treatment. 
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   450  

 estradiol  

BROD  CYP2B9/10  

 2  4  BROD 

 (  14) 
 

 14  P450  benzyloxyresorufin O-

dealkylase (BROD)   

 

Total P450 content 

(mol/mg protein) 

Formation of resorufin$ 

(pmol/mg protein/min) Treatment 

Male Female        Male Female 

Non treatment 0.48 ± 0.20 0.32 ± 0.15 13.04 ± 3.74  12.57 ± 4.33  

Estradiol benzoate 0.18 ± 0.17 0.23 ± 0.11 37.16 ± 11.08 * 27.35 ± 4.89** 

P. candollei tissue cultures    

   1 week treated 0.35 ± 0.06 0.43 ± 0.31 15.82 ± 1.87  13.97 ± 3.29 

   2 weeks treated 0.52 ± 0.17 0.40 ± 0.12 32.74 ± 7.59 * 12.46 ± 1.97 

   4 weeks treated 0.71 ± 0.24 0.25 ± 0.09 39.64 ± 5.65 ** 20.96 ± 6.07 

Note: $ Results are expressed as mean±SD; *P<0.05; **P<0.01, vs non-treatment. 

 

 

  CYP2B9 

 mRNA  CYP2B9   

mRNA CYP450  4  (  26)  
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 27  thiobarbituric acid  
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  lipid peroxidation 

 thiobarbituric acid  

 lipid peroxidation  TBARS 

  

 lipid peroxidation  (  27) 

  

  

 CYP2B9 

 isoflavonoid       

P450s   
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 5 

 

 

  

 isoflavonoids  puerarin, daidzin,  genistin,  

daidzein  genistein   (phytoestrogen) 

 

 

  

  MS  TDZ 0.5 

   100 

 15.63   isoflavonoid  

50.39±7.06    

 Agrobacterium rhizogenes  ATCC15834  

 isoflavonoid  26.39±3.80   

 5.8    5% 

 isoflavonoid  

 isoflavonoid   woody plant 

 5   methyl jasmonate, yeast extract, chitosan, salicylic acid  

Agrobacterium rhizogenes lysate  isoflavonoid  

 isoflavonoid  

  yeast extract  0.5 

  3   isoflavonoid 

 60  

 puerarin  daidzin 

 ELISA  puerarin 

 puerarin  daidzein  puerarin 

 6.10 / –1.56 /   puerarin 

 isoflavonoid 

  0.05–6.25 /   

ELISA   HPLC 

    

 isoflavonoid  
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   450  

 BROD, real-time RT-PCR, 

  

   

 mRNA   CYP2B9 

 lipid peroxidation 

 thiobarbituric acid   lipid 

peroxidation  TBARS 
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Introduction

Pueraria candollei Wall. ex Benth. var. mirifi -
ca (Airy Shaw & Suvat.) Niyomdham (Legumi-
nosae) has been used in Thai traditional medi-
cine for rejuvenation. The tuberous root of this 
plant shows estrogenic activity (Chansakaow et 
al., 2000a, b; Trisomboon et al., 2006; Cherdshe-
wasart et al., 2007a; 2008), preventive action of 
bone loss (Urasopan et al., 2008), and antioxi-
dant activity (Cherdshewasart and Sutjit, 2008). 
The major chemical constituents isolated from 
the plant tuber are isofl avonoids, phytoestrogen 
compounds including puerarin, daidzin, genistin, 
daidzein and genistein (Chansakaow et al., 2000a; 
Cherdshewasart et al., 2007b). The concentration 
of isofl avonoids in the tuber of P. candollei var. 
mirifi ca is variable due to cultivation and harvest 
season (Cherdshewasart et al., 2007b). Therefore, 
in vitro cultures are necessary for the selection 
of cell lines with high yield of bioactive phytoes-
trogen compounds. The establishment of callus 
cultures of P. candollei var. mirifi ca and the pro-
duction of isofl avones like daidzein and genistein 
using 2,4-dichlorophenoxyacetic acid (2,4-D) and 

kinetin as plant growth regulators has been re-
ported previously (Thanonkeo and Panichajakul, 
2006). However, the production of the major iso-
fl avone glycosides, puerarin, daidzin and genis-
tin, from P. candollei var. mirifi ca by means of a 
tissue culture has not yet been reported. Thidi-
azuron (TDZ) has been shown to be an effi cient 
plant growth regulator enhancing the production 
of secondary metabolites in various plants such 
as asiaticoside in whole plant cultures of Centella 
asiatica (Kim et al., 2005), artemisinin in regen-
erated shoots of Artemisia annua (Lualon et al., 
2008), glycyrrhizin in callus cultures of licorice 
(Wongwicha et al., 2008), and pseudojujubogenin 
glycosides in plantlets of Bacopa monnieri (Ka-
monwannasit et al., 2008). It would, therefore, be 
interesting to select calli yielding a high active 
compound through in vitro cultures using TDZ, 
compared with -naphthaleneacetic acid (NAA) 
and 6-benzyladenine (BA), as plant growth reg-
ulator. In the present study, we investigated the 
effi cacy of different plant growth regulators for 
optimizing the callus induction, a regeneration 
system, and isofl avonoids production in P. candol-
lei var. mirifi ca.
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Pueraria candollei Wall. ex Benth. var. mirifi ca (Airy Shaw & Suvat.) Niyomdham was 
investigated for callus induction using Murashige and Skoog (MS) medium containing dif-
ferent plant growth regulators. After 8 weeks of culture, 66 – 100% of leaf or stem explants 
formed calli. Calli from stem explants cultured on MS medium supplemented with 0.5 mg/l 
thidiazuron (TDZ) gave the maximum of shoot induction (16%) and the highest level of 
total isofl avonoids [(50.39  7.06) mg/g dry wt], which was 7-fold higher than that of the 
native tuber [(7.04  0.29) mg/g dry wt]. These results suggest that addition of TDZ to the 
culture medium markedly enhances the production of isofl avonoids in calli induced from 
stem explants of P. candollei var. mirifi ca.
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Material and Methods

Chemicals

-Naphthaleneacetic acid (NAA) and 6-benzyl-
adenine (BA) were purchased from Fluka Chemi-
cal (Buchs, Switzerland). N-Phenyl-N’-1,2,3-thidi-
azol-5’-yl urea (thidiazuron, TDZ) was purchased 
from Sigma-Aldrich (St. Louis, MO, USA). Daid-
zin, genistin, daidzein and genistein were pur-
chased from Nacalai Tesque, Inc. (Tokyo, Japan). 
Puerarin was obtained from Chromadex Inc. (Ir-
vine, CA, USA). All other chemicals were stand-
ard commercial products of analytical grade.

Plant materials

P. candollei var. mirifi ca seeds were obtained 
from Botanical Garden, Faculty of Pharmaceu-
tical Sciences, Khon Kaen University, Khon Kaen, 
Thailand. The seeds were washed with sterile 
 distilled water and surface-sterilized in 10% so-
dium hypochlorite for 15 – 20 min. After being 
washed three times with sterilized water, the 
seeds were immersed in 70% ethanol for 1 min 
and then germinated on hormone-free Murashige 
and Skoog (MS) medium containing 3% sucrose 
(w/v), pH 5.5. Germination started within 7 d and 
was carried out at (25 ± 1) °C under 16 h light/
day.

Callus induction

Leaf and stem segments (0.5 cm) from in vitro 
plantlets fully grown within 4 weeks were cultured 
on MS medium with growth regulators, i.e., TDZ 
alone (0.1 – 1.5 mg/l) and combinations of NAA 
(0.5 – 1 mg/l) and BA (0.5 – 1 mg/l). After 8 weeks, 
the calli were subcultured on the same medium. 
8-Week-old calli were harvested for isofl avonoids 
analysis. The regenerated shoots were subcultured 
on MS medium without hormones for elongation 
and rooting. Shoot regeneration was observed for 
rooting at the end of the fourth week. The regen-
erated shoots were maintained on MS medium 
without hormones at (25 ± 1) °C under 16 h light/
day and subcultured every 6 weeks.

Extraction of callus samples and isofl avonoids 
analysis

Dried samples (30 mg) of 8-week-old calli 
were powdered and extracted fi ve times with 
0.5 ml methanol with sonication. The extracts 
were combined, evaporated and then redissolved 
with 1 ml methanol. Puerarin, daidzin, genistin, 
daidzein and genistein contents in the extracted 
solutions were determined by HPLC. The HPLC 
analysis was performed using a PerkinElmer Se-
ries 200 LC pump connected with a PerkinElmer 
785A UV/VIS detector (254 nm) and a PE Nel-
son computer. An RP-18 column (LiChroCART®, 

Table I. Percentage of callus and shoot induction, and number of shoots per explant of Pueraria candollei var. 
mirifi ca after 8 weeks of culture.

Plant growth regulator [mg/l] Stema/leafa Callus induction
(%)

Shoot induction
(%)

Number of shoots/
explant

NAA BA TDZ

– – 0.1 Stem 100.00 – –
Leaf 84.38 – –

– – 0.5 Stem 100.00 15.62 1.40
Leaf 65.62 – –

– – 1.0 Stem 100.00 – –
Leaf 75.00 – –

– – 1.5 Stem 100.00  3.12 1.00
Leaf 87.50 – –

0.5 1.0 – Stem 87.50  3.12 2.00
Leaf 71.88 – –

1.0 0.5 – Stem 100.00  6.25 3.00
Leaf 93.75 – –

1.0 1.0 – Stem 100 – –
Leaf 100 – –

a n = 32.
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125 mm × 4 mm, 5 m particle size, Merck, Ger-
many) was used. The mobile phase consisted of 
25% acetonitrile containing 1.5% acetic acid. The 
fl ow rate was 1.0 ml/min. Each determination was 
done in triplicate.

Results and Discussion

Callus induction from P. candollei var. mirifi ca 
was evaluated on MS medium with TDZ or a 
combination of NAA and BA. After 8 weeks of 
culture, we succeeded in inducing callus forma-
tion. The initial calli were subcultured for further 
studies after an 8-week induction. The percent-
ages of callus and shoot induction are shown in 
Table I. 66 – 100% of leaf or stem explants had 
formed calli. In the case of the stem explants, the 
percentage of callus induction was ranging from 
88 – 100%. This result indicated that stem explants 
are suitable for callus induction. Among these re-
sults, the percentage of callus induction from stem 
explants was 100% independent of the concentra-
tion of TDZ in the culture medium (Table I). This 
result suggested that TDZ was effective for callus 
induction from stem explants of P. candollei var. 
mirifi ca.

The maximum of shoot induction was achieved 
from the stem explant cultured on MS medium 
supplemented with 0.5 mg/l TDZ (16%) while 
medium with 1 mg/l NAA and 0.5 mg/l BA gave 
maximum shoots per explant (3 shoots per ex-
plant) (Table I). The initial regenerated shoots 
were subcultured on MS medium without hor-
mones after 8 weeks of callus induction. After 
subcultured for 4 weeks, rooting of the regener-
ated shoots was observed. The regenerated plants 
were not different in appearance from the nor-
mally grown P. candollei var. mirifi ca plants. We 
investigated also total isofl avonoids content in 
leaves of regenerated plants compared with that 
in the native plant. We found that leaves of plants 
regenerated from 0.5 mg/l TDZ [(7.51 ± 0.22) 
mg/g dry wt] contain a slightly higher level of 
total isofl avonoids than those of the native plant 
[(5.72 ± 0.46) mg/g dry wt].

We determined the isofl avonoids contents of 
8-week-old calli by HPLC as shown in Table II. 
The total isofl avonoids content in induced calli 
from stem explants cultured with TDZ was high 
(31.79 – 50.39 mg/g dry wt) while that with NAA 
and BA was lower (11.21 – 20.07 mg/g dry wt) 
(Table II). The highest level of total isofl avo- T
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(Wild.) Ohwi. J. Plant Physiol. 161, 343 – 346.

noids was achieved in calli from stem explants 
cultured on medium with 0.5 mg/l TDZ [(50.39  
7.06) mg/g dry wt]. HPLC analysis revealed that 
daidzin displayed the highest concentration of the 
isofl avonoids in callus cultures, followed by genis-
tin, puerarin, daidzein and genistein, respectively. 
These results suggest that 0.5 mg/l TDZ showed 
high effi ciency for callus induction, shoot regener-
ation, and enhanced production of isofl avonoids 
in P. candollei var. mirifi ca. According to  previous 
reports, in vitro cultures of various plants on me-
dium with TDZ gave also high levels of  secondary 
metabolites (Kim et al., 2005; Lualon et al., 2008; 
Wongwicha et al., 2008; Kamonwannasit et al., 
2008). Therefore, TDZ may hold a potential to 
enhance the yield of isofl avonoids in callus cul-
tures of P. candollei var. mirifi ca.

We also studied the total isofl avonoids content 
in the native tuber (2-year-old), which was found 
to (7.04  0.29) mg/g dry wt [puerarin, (1.47  0.09) 
mg/g; daidzin, (3.66  0.15) mg/g; genistin, (1.10  
0.03) mg/g; daidzein, (0.48  0.01) mg/g; and genis-
tein, (0.32  0.01) mg/g dry wt, respectively]. Daid-
zin was the isofl avonoid with the highest concen-
tration in the native tuber, i.e. the isofl avonoids 
profi le in calli from in vitro cultures was the same 
as that from the native tuber. The total isofl avo-

noids content in callus cultures was 7-fold higher 
than that of the native tuber. In addition, the total 
isofl avonoids content in callus cultures from our 
study showed a higher level than that found in in 
vitro cultures of P. tuberosa (Goyal and Ramawat, 
2008), P. lobata (Matkowsk, 2004; Li and Zhang, 
2006), and P. candollei var. mirifi ca (Thanonkeo 
and Panichajakul, 2006). Therefore, calli of P. can-
dollei var. mirifi ca from the present study are suit-
able source for studying the biosynthesis pathway 
of isofl avonoids in cell suspension culture.

In conclusion, stem explants of P. candollei var. 
mirifi ca cultured on MS medium supplemented 
with 0.5 mg/l TDZ are optimum for induction of 
callus, shoot regeneration and increased yield of 
total isofl avonoids. The present study reports a 
high production of bioactive phytoestrogens in 
P. candollei var. mirifi ca calli cultures. The callus 
developed here will be useful for cell suspension 
cultures to select the cell line with a high yield of 
isofl avonoids and large scale cultures.
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Introduction

Pueraria candollei Wall. ex Benth. (Legumi-
nosae), a Thai indigenous herb with the local 
name White Kwao Krua, has long been used in 
traditional medicine for rejuvenation. A P. can-
dollei tuberous extract exhibited dose-dependent 
estrogenic effects on the reproductive system 
(Cherdshewasart et al., 2004, 2007). It also showed 
the ability to prevent bone loss (Urasopan et al., 
2008) and antioxidant activity (Cherdshewasart 
and Sutjit, 2008). The major chemical constituents 
isolated from the plant tuber are isofl avonoids, in-
cluding puerarin, daidzin, genistin, daidzein, and 
genistein (Chansakaow et al., 2000). These com-
pounds are mainly accumulated in tuberous roots 
(Ingham et al., 1986). The individual and total iso-
fl avonoid contents among tubers collected from 
different places exhibited different levels caused 
by signifi cant differences in active compounds. 
This variability in isofl avonoid levels in mature 
tubers could seriously affect the quality of any 
tuber-derived materials or even research results 
derived from the plants (Cherdshewasart and Sri-
watcharakul, 2007).

Plant tissue cultures have been suggested as a 
potential tool for the production of useful second-
ary metabolites. Thus, using this technology, sec-
ondary metabolites can be produced under con-
trolled and reproducible conditions, independent 
of geographical and climatic factors. Hairy roots 
cultures are another alternative method to pro-
duce isofl avonoids, because of their rapid growth, 
genetic stability, and capacity to synthesize sec-
ondary metabolites (Shanks and Morgan, 1999). 
It is known that many factors could affect cell 
growth and secondary metabolites production in 
plant tissue cultures including media components 
and carbon sources (Dicosmo and Misawa, 1995). 
Therefore, optimum conditions for hairy roots 
cultures are necessary for biomass and secondary 
metabolites production. There are many reports 
which have successfully presented the secondary 
metabolites production by optimizing the culture 
conditions such as sucrose content and medium 
type (Putalun et al., 2004, 2006; Kittipongpatana 
et al., 1998). In the present study, we established a 
hairy roots culture of P. candollei and investigated 
the effect of medium type and sucrose content in 
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the hairy roots culture on cell growth and isofl a-
vonoid production.

Material and Methods

Chemicals

Daidzin, genistin, daidzein, and genistein were 
purchased from Nacalai Tesque, Inc. (Tokyo, Ja-
pan). Puerarin was obtained from Chromadex 
Inc. (Irvine, CA, USA). Cefotaxime (CF) sodium 
salt was purchased from Wako Pure Chemical In-
dustries, Ltd. (Osaka, Japan). All other chemicals 
were standard commercial products of analytical 
grade.

Plant material

P. candollei seeds were obtained from the Bo-
tanical Garden, Faculty of Pharmaceutical Sci-
ences, Khon Kaen University, Thailand. The seeds 
were washed with sterile distilled water and were 
surface-sterilized in 10% sodium hypochlorite for 
15 – 20 min. After being washed three times with 
sterilized water, the seeds were immersed in 70% 
ethanol for 1 min and then germinated on hor-
mone-free Murashige and Skoog (MS) medium 
containing 3% sucrose (w/v), pH 5.5. Germina-
tion started within 7 d and was carried out at 
(25  1) °C under 16 h light/day. Plantlets were 
used for hairy roots induction.

Hairy roots induction

The young stems were infected with Agrobac-
terium rhizogenes ATCC15834, cultured on MS 
medium at 25 °C for 48 h, and then transferred 
to ½ MS medium with 500 mg/l CF. At 2-week-
intervals, infected segments were transferred to ½ 
MS medium with 300 mg/l and 100 mg/l CF, re-
spectively. Transformed roots of P. candollei were 
grown in 125-ml fl asks containing 30 ml of ½ MS 
liquid medium. The medium was agitated on a ro-
tary shaker (100 rpm at 25 °C, under continuous 
light for 16 h/d). The hairy roots were subculture 
every 2 weeks into fresh medium.

Growth rate, effects of sucrose and medium type 
on isofl avonoid production in hairy roots

Fully grown hairy roots were subcultured into 
125-ml fl asks containing 30 ml of ½ MS liquid me-
dium. Hairy roots were harvest every 5 d to deter-
mine the fresh weight (wt), dry wt and isofl avo-
noid content. Various contents of sucrose (1 – 9% 

w/v) and medium types [MS, B5 and woody plant 
medium (WP)] were used to test their effect on 
the growth of hairy roots and isofl avonoid pro-
duction under light (16 h photoperiod) conditions 
at 25 °C with agitation (100 rpm). After 30 d of 
culture, the dry wt and isofl avonoid contents were 
determined. Each experiment was done in tripli-
cate.

Extraction of samples and isofl avonoid analysis

Hairy roots were measured, as dry wt, gravi-
metrically by harvesting the biomass and drying 
at 50 °C in a hot air oven to a constant weight. 
Dried samples (30 mg) of hairy roots were pow-
dered and extracted fi ve times with 0.5 ml metha-
nol with sonication. The extracts were combined, 
evaporated and then redissolved with 1 ml meth-
anol. The extracted solutions were analyzed for 
their puerarin, daidzin, genistin, daidzein and gen-
istein contents by HPLC using a PerkinElmer Se-
ries 200 LC pump connected with a PerkinElmer 
785A UV/VIS detector (254 nm) and a PE Nel-
son computer. An RP-18 column (LiChroCART®, 
125 mm × 4 mm, 5 m particle size, Merck, Ger-
many) was used. The mobile phase consisted of 
25% acetonitrile containing 1.5% acetic acid. The 
fl ow rate was 1.0 ml/min. Each sample was exam-
ined in triplicate.

Results and Discussion

Stem parts of P. candollei were infected with A. 
rhizogenes ATCC15834. After 2 weeks of culture, 
the hairy roots were emerged from infection sites. 
The induced hairy roots were transferred to half-
strength (½) MS medium with CF to eliminate A. 
rhizogenes. They grew vigorously in the medium 
and had characteristics of transformed roots, such 
as fast growth and high lateral branching. Trans-
formed roots of P. candollei were grown in 30 ml of 
½ MS liquid medium. During incubation, the hairy 
roots changed gradually from white to brown, and 
some brown substance was secreted from them 
into the medium after 3 – 4 weeks of culture.

The growth pattern of P. candollei hairy roots 
revealed that the hairy roots grew slowly in the 
fi rst 5 days of culture (Fig. 1). However, the hairy 
roots grew faster subsequently, and the fastest 
growth happened during days 10 – 20. After 20 d 
of culture, the growth rate began to slow down, 
but the biomass of the hairy roots still increased 
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until day 25 of culture (0.33 g dry wt/fl ask). After 
20 days of culture, the colour of the hairy roots 
changed from white to brown, and the biomass 
decreased after 25 days of culture. These results 
were similar to those of previous studies on hairy 
roots cultures of P. phaseoloides (Shi and Kintz-
ios, 2003). The production of the isofl avonoids 
puerarin, daidzin, genistin, daidzein, and genis-
tein was different from the growth rate. The hairy 
roots produced isofl avonoids in the fi rst 5 days 
of culture fast and after that the  production rate 
only slightly increased. The  highest production of 
isofl avonoids was found to be (36.48  4.09) mg/g 
dry wt [(3.39  0.20) mg/g dry wt puerarin, 
(29.91  3.74) mg/g dry wt daidzin, (1.64  0.09) 
mg/g dry wt  genistin, (0.76  0.03) mg/g dry wt 
daidzein, and (0.76  0.03) mg/g dry wt genis-
tein, respectively] at day 35 (Table I). Further-
more, the total isofl avonoid content in native 
tuberous roots was investigated and found to be 
(7.04  0.29) mg/g dry wt [(1.47  0.09) mg/g dry 

wt puerarin, (3.66  0.15) mg/g dry wt daidzin, 
(1.10  0.03) mg/g dry wt genistin, (0.48  0.01) 
mg/g dry wt daidzein, and (0.32  0.01) mg/g dry 
wt genistein, respectively]. The results showed 
that the isofl avonoid content in hairy roots was 
about 5.18-fold higher than that in native roots. 
The hairy roots culturing presented herein may 
be a promising tool for the large-scale production 
of isofl avonoids.

Among the nutritional factors, sucrose is a spe-
cial signifi cant factor for cell growth and second-
ary metabolites production. ½ MS media contain-
ing various sucrose contents were examined for 
their effects on biomass and isofl avonoid pro-
duction. The biomass of hairy roots from ½ MS 
medium containing 3% sucrose was found to be 
(0.15  0.05) g/fl ask. The maximum level of bio-
mass was observed for the medium containing 
5% sucrose [(0.31  0.04) g/fl ask]. The biomass of 
hairy roots decreased at higher sucrose contents 
(7% and 9%). The suppression of hairy roots 

 

 

 

 

 

 

 

 

 

Fig. 1. Time course of the growth of a P. candollei hairy roots culture on liquid ½ MS medium for 40 days.

Table I. Time course of the isofl avonoid content in P. candollei hairy roots.

Time [d] Isofl avonoid content [mg/g dry wt]

Puerarin Daidzin Genistin Daidzein Genistein Total

5 1.80  0.09 23.73  0.95 1.17  0.04 0.90  0.07 0.43  0.02 28.02  1.18
10 1.65  0.04 22.60  0.31 1.14  0.00 0.51  0.02 0.41  0.01 26.31  0.38
15 1.93  0.61 26.08  1.04 1.15  0.29 0.71  0.12 0.55  0.09 30.43  2.15
20 2.59  0.05 28.09  2.12 1.40  0.08 0.66  0.02 0.68  0.02 33.42  2.29
25 2.25  0.29 24.62  3.42 1.20  0.16 0.44  0.00 0.63  0.04 29.14  3.91
30 2.83  0.25 23.47  3.10 1.32  0.11 0.77  0.05 0.71  0.02 29.11  3.52
35 3.39  0.20 29.91  3.74 1.65  0.09 0.76  0.03 0.76  0.03 36.48  4.09
40 2.83  0.14 25.88  0.76 1.50  0.01 0.62  0.02 0.85  0.03 31.69  1.04

Values represent the mean  S.D. (n = 3).
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growth in the media containing 7% and 9% su-
crose could be due to the high osmotic pressure 
at high sucrose contents. The isofl avonoid accu-
mulation in hairy roots appeared to be closely 
related to biomass accumulation; 5% sucrose 
produced the highest level of isofl avonoids which 
was found to be (30.87  3.10) mg/g dry wt (Table 
II). These results suggested that 5% sucrose was 
an optimum content for a hairy roots culture of 
P. candollei.

Besides, the medium type is one of the fac-
tors that can affect the biomass and isofl avonoid 
production. The effect of different medium types 
was investigated. Fig. 2 shows that ½ MS medi-
um produced the highest dry wt of hairy roots 
[(0.13  0.03) g/fl ask]. The lowest dry wt of bio-
mass of hairy roots was observed with ½ B5 medi-
um. The isofl avonoid contents in hairy roots were 
determined as shown in Table III. The maximum 
isofl avonoid content in hairy roots was found in 
woody plant medium [(26.39  3.80) mg/g dry wt]. 
These results indicated that woody plant medium 
had the highest effect on isofl avonoid accumula-
tion in hairy roots.

In conclusion, hairy roots of P. candollei can up-
regulate the level of isofl avonoid content to about 

5.18-fold of that in intact roots. The optimization 
of growth and isofl avonoid accumulation of P. 
candollei hairy roots depend on the sucrose con-
tent – 5% sucrose (w/v) was optimum for biomass 
and isofl avonoid accumulation. ½ MS medium 
had the highest effect on biomass production 
whereas woody plant medium was suitable for 
isofl avonoid accumulation in hairy roots.

Table II. Effect of sucrose in medium on isofl avonoid content in P. candollei hairy roots.

Sucrose content
(% w/v)

Isofl avonoid content [mg/g dry wt]

Puerarin Daidzin Genistin Daidzein Genistein Total

1 2.51  0.35 16.78  3.57 1.04  0.12 0.94  0.08 0.48  0.02 21.76  4.16
3 2.22  0.04 17.71  3.15 1.09  0.05 0.72  0.01 0.58  0.06 22.32  3.30
5 2.71  0.25 25.67  2.70 1.40  0.11 0.51  0.01 0.59  0.03 30.87  3.10
7 2.18  0.09 21.32  3.32 1.21  0.09 0.44  0.01 0.57  0.01 25.73  3.52
9 2.25  0.29 24.62  3.42 1.20  0.16 0.44  0.00 0.63  0.04 29.14  3.91

Values represent the mean  S.D. (n = 3).

Table III. Effect of medium type on isofl avonoid content in P. candollei hairy roots.

Medium type Isofl avonoid content [mg/g dry wt]

Puerarin Daidzin Genistin Daidzein Genistein Total

MS 2.37  0.15 17.55  3.86 1.02  0.13 0.67  0.06 0.61  0.03 22.20  4.24
½ MS 2.22  0.04 17.71  3.15 1.09  0.05 0.72  0.01 0.58  0.06 22.32  3.30
B5 2.13  0.48 11.62  2.23 0.95  0.16 0.85  0.12 0.58  0.04 16.12  3.02
½ B5 2.29  0.22 14.44  1.05 1.09  0.05 0.73  0.03 0.66  0.02 19.21  1.37
WP 1.90  0.21 22.33  3.40 1.14  0.13 0.51  0.01 0.51  0.04 26.39  3.80
½ WP 2.16  0.21  7.24  0.90 0.70  0.04 1.63  0.05 0.47  0.01 12.20  1.20

Values represent the mean  S.D. (n = 3).

 

 

 

 

 

 

 

 

 

 

 MS ½ MS B5 ½ B5 WP ½ WPMS ½ MS B5 ½ B5 WP ½ WP

Fig. 2. Effect of medium type on dry weight of P. can-
dollei hairy roots.
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bIntroduction
!

Pueraria candollei (Leguminosae), locally called
“White Kwao Khuer”, is a famous Thai traditional
herbal plant recorded to be used for rejuvenating
and estrogenic effects. It has long been consumed
among Thai women for similar purposes as mod-
ern hormone replacement therapy. Puerarin,
daidzin, genistin, daidzein and genistein were
identified as its major isoflavonoids [1,2]. Based
on the structural similarity to the endogenous es-
trogens, 17β-estradiol (l" Fig. 1), isoflavonoids
have been found to be amajor class of phytoestro-
gens. These compounds possess estrogen-like
properties and are associated with a wide range
of human health benefits including lower inci-
dences of certain cancers, osteoporosis, cardio-
vascular diseases, and postmenopausal symp-
toms in animal models and some human trials
[3,4].
Due to great pharmacological benefits, high iso-
flavonoid-producing plants are needed as a

source for pharmaceutical material. As a conse-
quence, a fast, sensitive and reliable analytical
method is required to screen the level of these
compounds in plants. Until recently, isoflavonoids
were classically assayed using chromatographic
methods including gas chromatography (GC),
high-performance liquid chromatography (HPLC),
and capillary electrophoresis (CE) coupled with
various detections such as ultraviolet absorption
(UV), electrochemical detection (ED), fluores-
cence detection, mass spectrometry (MS), and
nuclear magnetic resonance spectroscopy (NMR)
[5]. Some immunological assays for isoflavonoids
have also been developed [6–8]. Although immu-
noassays, which have the advantages of use in
high throughput screening purposes, potential of
high sensitivity, specificity, and relatively low
cost, have become popular in recent years, an im-
munoassay to determine total isoflavonoids in P.
candollei has not been reported to date. In this pa-
per, we report a new approach for the single anal-
ysis of 5 major isoflavonoids in P. candollei sam-

Abstract
!

Pueraria candollei (White Kwao Khuer) is a medic-
inal plant containing puerarin, daidzin, genistin,
daidzein, and genistein as major isoflavonoids
used for its rejuvenating and estrogenic effects.
In order to analyze these compounds, a single en-
zyme-linked immunosorbent assay (ELISA) for to-
tal isoflavonoids was developed using anti-puer-
arin and anti-daidzin polyclonal antibodies
(PAbs). The range for calibration of isoflavonoids
by ELISA was 0.05–6.25 μg/mL. Total isoflavonoid
concentrations in P. candollei samples determined
by the newly developed assay system showed
good agreement with those analyzed by HPLC.
Based on validation analysis, this analytical meth-
od by ELISA is a precise, accurate, and sensitive

method for the determination of total isoflavo-
noids in P. candollei.
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b
ples by using the combination of anti-puerarin and anti-daidzin
polyclonal antibodies (PAbs).

Materials and Methods
!

Reagents and chemicals
Puerarin (> 97%), daidzin (99%), genistin (99%), tectoridin
(> 98%), irisolidone (> 98%), daidzein (> 98%), genistein (99%),
and tectorigenin (> 92%) were obtained from Fukuoka University,
Japan. Bovine serum albumin (BSA) and ovalbumin (OVA) were
provided by Sigma. Freundʼs complete and incomplete adjuvants
were purchased from Difco. Peroxidase-labeled anti-rabbit IgG
was obtained fromMP Biomedicals. 2,2′-Azino-bis(3-ethylbenzo-
thiazoline-6-sulfonic acid) (ABTS) was purchased from Wako. All
other chemicals were standard commercial products of analyti-
cal-reagent grade.

Plant materials
The tuber of Pueraria candollei var. mirifica was collected from
Suranaree University of Technology, Nakhon Ratchasima, Thai-
land. The tuber of Pueraria candollei var. candollei was collected
from the Botanical Garden, Faculty of Pharmaceutical Sciences,
Khon Kaen University, Thailand. The hairy roots of P. candollei
var. candollei were induced by transformation using wild-type
Agrobacterium rhizogenes ATCC 15834 and cultivated in half-
strength Murashige and Skoog (MS) medium. Plant species were
identified by Dr. W. Putalun, Khon Kaen University. The voucher
specimens (NI-PSKKU 006–007) are deposited at the Herbarium
of Faculty of Pharmaceutical Sciences, Khon Kaen University,
Thailand.

Sample preparation
Plant materials were dried in a hot air oven at 50°C for 48 h and
then ground to a powder. Dried powdered samples (30mg) were
extracted with 0.5mL methanol under sonication for 1 h. The ex-
tracts were then centrifuged at 2500 rpm for 1min and the
supernatants were transferred to a microtube. This extraction
step was repeated three times. The extracted solutions were
evaporated in a water-bath at 60°C to dryness. The residues were
reconstituted in methanol (1mL) and diluted appropriately for
both ELISA and HPLC assays.

Synthesis of antigen conjugates
Puerarin-BSA conjugate was synthesized by the periodate oxida-
tion method [9]. Puerarin (3mg) in 0.4mL dimethyl sulfoxide
(DMSO) was added dropwise to 0.6mL of a solution containing
NaIO4 (3mg) and then stirred at room temperature for 1 h. After
that, BSA (8mg) in 1mL carbonate buffer (50mM, pH 9.6) was
added and stirred for 5 h. The reaction mixture was dialyzed
against five changes of H2O and then lyophilized. Finally, puerar-
in-BSA (5.0mg) was obtained. The samemethodwas used to syn-
thesize daidzin-BSA, puerarin-OVA, and daidzin-OVA.

Determination of hapten number in hapten-protein
conjugates by matrix-assisted laser desorption/ioniza-
tion time-of-flight mass spectrometry (MALDI‑TOF‑MS)
The hapten numbers of the antigen conjugates were determined
by MALDI‑TOF‑MS as previously described [10]. A small amount
(1–10 pmol) of an antigen conjugate was mixed with a 103-fold
molar excess of sinapinic acid in an aqueous solution containing
0.15% trifluoroacetic acid. The mixture was subjected to MAL-
DI‑TOF‑MS (Voyager Elite; Perspective Biosystems) and irradi-
ated with a nitrogen laser (256 nm, 150 ns pulse). The ions
formed by each pulse were accelerated by a 20 kV potential into
a 2.0m evacuated tube. The data were analyzed using GRAMS/
386 software (Galactic Industries).

Immunization
Female New Zealand white rabbits at 10 weeks of age were ob-
tained from National Animal Centre, Mahidol University, Nakhon
Pathom, Thailand. All rabbits were acclimated for at least 7 days
to their housing with a 12-h light:12-h dark cycle under con-
trolled temperature (24 ± 2°C) and humidity (45 ± 2%) before
dosing. Animal handling and the treatment protocol were ap-
proved by the Animal Ethic Committee of Khon Kaen University
(Reference No. 0514.1.12.2/20, 23 April 2009). A 3-kg New Zea-
land White rabbit was immunized subcutaneously with 1mL
1:1 emulsion mixture of puerarin-BSA (400 μg/mL) and Freundʼs
complete adjuvant. After 4 weeks, 1mL intramuscular booster of
the same conjugate (400 μg/mL puerain-BSA) emulsified with
Freundʼs incomplete adjuvant was administered. The final immu-
nization was carried out intravenously with 1mL of puerarin-
BSA (200 μg/mL). After 7 days, the presence of antibodies using
ELISA was checked and the rabbit was bled. The serum was re-
moved from the clot and centrifuged at 4000 rpm for 10min to

Fig. 1 Structure of estradiol compared with isofla-
vonoids found in P. candollei.
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bremove any remaining blood cells and stored at − 20°C until used.
Daidzin-BSA was administered to another rabbit using the same
protocol.

Purification of PAbs
Anti-puerarin PAbs were purified using a Protein G FF column
(0.46 × 11 cm; Amersham Pharmacia Biotech). The serumwas ap-
plied to the column and washed with 20mM phosphate buffer
(pH 7). Bound IgG was eluted with 100mM citrate buffer
(pH 2.7) at a flow rate of 1mL/min. The eluted IgG was neutral-
ized with 1M Tris-HCl buffer (pH 9.0), then dialyzed against five
changes of H2O and finally lyophilized. Anti-daidzin PAbs were
purified using the same method.

Reactivities of the PAbs
The reactivity of anti-puerarin PAbs to puerarin-OVA was deter-
mined by indirect ELISA. The 96-well plate (Maxisorb Nunc) was
coated with 100 μL of 1 μg/mL puerarin-OVA in 50mM carbonate
buffer (pH 9.6) and incubated at 37°C for 1 h. The plate was
washed three times with 0.05% Tween 20 in phosphate buffered
saline (TPBS). After that, the platewas treatedwith 300 μL of 0.2%
gelatin in phosphate buffered saline (GPBS) for 1 h to reduce non-
specific adsorption. Then, the plate was washed three times with
TPBS and reacted with 100 μL of the testing antibody for 1 h.
Next, the plate was washed againwith TPBS three times and then
the PAbs were combined with 100 μL of a solution of a 103-fold
diluted solution of peroxidase-conjugated goat IgG fraction to
rabbit IgG Fc for 1 h. After washing the plate three times with
TPBS, 100 μL of substrate solution consisting of 100mM citrate
buffer (pH 4.0) containing 0.003% H2O2 and 0.3mg/mL of ABTS
were added to each well and incubated for 15min. Absorbance
at 405 nm was measured using a microplate reader (Model 550
Microplate Reader; BioRad Laboratories). All reactions were car-

ried out at 37°C. The reactivity of anti-daidzin PAbs to daidzin-
OVAwas determined by the same protocol.

Characterization of the PAbs by competitive ELISA
The 96-well plate was coated with 100 μL of 1 μg/mL puerarin-
OVA in 50mM carbonate buffer (pH 9.6) and treated with 300 μL
of GPBS for 1 h. After three times washings with TPBS, 50 μL of
various concentrations of standard compounds or samples in
20% methanol were incubated with 50 μL of the PAbs solution
for 1 h. The plate was washed three times with TPBS and then
the PAbs were combined with 100 μL of a 103-fold diluted solu-
tion of peroxidase-conjugated goat IgG fraction to rabbit IgG Fc
for 1 h. After washing the plate three times with TPBS, 100 μL of
substrate solution were added and incubated for 1 h. Absorbance
at 405 nmwas measured using a microplate reader. The cross re-
activities (CRs) of the anti-puerarin PAbs with various com-
pounds were calculated using the method of Weiler and Zenk
[11], as follows:

CR ð%Þ ¼ IC50 for puerarin � 100
IC50 for compoundunder investigation

The CRs of the anti-daidzin PAbs were calculated using the same
method.

ELISA for total isoflavonoids concentration by using
the combination of anti-puerarin and anti-daidzin PAbs
Mixtures of puerarin-OVA and daidzin-OVA (100 μL; 1 μg/mL
each in 50mM carbonate buffer, pH 9.6) were adsorbed in the
wells of the 96-well immunoplate. The plate was treated with
300 μL of GPBS for 1 h and then washed 3 times with TPBS. A
50 μL volume of various concentrations of puerarin and daidzin
(ratio 1:1) or samples dissolved in 20% methanol was incubated
with 50 μL of anti-puerarin and anti-daidzin mixture solution

Table 1 CRs of the PAbs against
some naturally occurring com-
pounds.

Compound Anti-puerarin PAbs Anti-daidzin PAbs

Isoflavonoids found in P. candollei
" Puerarin (8-glucosyl-4′,7-dihydroxyisoflavone) 100 0.11
" Daidzin (7-O-glucosyl-4′-hydroxyisoflavone) < 0.001 100
" Daidzein (4′,7-dihydroxyisoflavone) 127.79 93.38
" Genistin (7-O-glucosyl-4′,5-dihydroxyisoflavone) < 0.001 49.01
" Genistein (4′,5,7-trihydroxyisoflavone) 5.12 45.13

Isoflavonoids not found in P. candollei
" Tectorigenin (4′,5,7-trihydroxy-6-methoxyisoflavone) < 0.001 66.59
" Tectoridin (7-O-glucosyl-4′,5-dihydroxy-6-methoxyisoflavone) < 0.001 32.69
" Irisolidone (5,7-dihydroxy-4′,6-dimethoxyisoflavone) < 0.001 < 0.001

Flavonoids
" Rutin < 0.001 < 0.001
" Hesperidin < 0.001 < 0.001
" Naringin < 0.001 < 0.001

Anthraquinones
" Sennoside A < 0.001 < 0.001
" Sennoside B < 0.001 < 0.001

Triterpenoids saponins
" Ginsenoside Rb1 < 0.001 < 0.001
" Ginsenoside Rg1 < 0.001 < 0.001
" Glycyrrhizin < 0.001 < 0.001

Sesquiterpene lactones
" Artemisinin < 0.001 < 0.001
" Artesunate < 0.001 < 0.001

Naphthoquinone
" Plumbagin < 0.001 < 0.001
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b
(5 μg/mL and 1 μg/mL, respectively) for 1 h. The platewas washed
three times with TPBS and then the PAbs were combined with
100 μL of a 103-fold diluted solution of peroxidase-conjugated
goat IgG fraction to rabbit IgG Fc for 1 h. After washing the plate
three times with TPBS, 100 μL of substrate solution were added
and incubated for 1 h. Absorbance at 405 nmwasmeasured using
a microplate reader. All reactions were carried out at 37°C.
Reproducibility and precision of the assay were determined by a
competitive ELISA. The variation between replicates from well-
to-well (intra-assay) and plate-to-plate (inter-assay) were deter-
mined. Accuracy was evaluated by analyzing the mixture of P.
candollei extracts and various known concentrations of isoflavo-
noids.

HPLC analysis
The HPLCwas performed using the Agilent 1100 Series HPLC sys-
tem equipped with a G1310A isopump, a G1314A UV‑Vis detec-
tor (254 nm), and a G1328Amanual injector with 20 μL loop (Agi-
lent). An RP-18 column (125mm× 4mm, 5 μm particle size,
Merck) was used. The mobile phase consisted of 20% acetonitrile.
The flow rate was 1.00mL/min. Mixtures of standards represent-
ing major isoflavonoids in Pueraria candollei, puerarin, daidzin,
genistin, daidzein and genistein were prepared in methanol. Cal-
ibration curves were constructed in the concentration range of
5–50 μg/mL. The limits of detection (LOD) were 0.98 μg/mL for
genistin and daidzein, 1.95 μg/mL for daidzin and genistein, and
3.90 μg/mL for puerarin. The analyses of the samples were run in
triplicate.

Results and Discussion
!

A broad peak of puerarin-BSA conjugate appeared approximately
at m/z = 68,230 while a peak of daidzin-BSA appeared at m/z =
71,395. According to molecular weights of BSA, puerarin, and
daidzin which are 66, 433, 416, and 416, respectively, at least 4
molecules of puerarin, and at least 11 molecules in the case of
daidzin, were conjugated with BSA. Generally, 3–21 molecules of
hapten conjugated with carrier protein were sufficient for the
immunization. ELISA experiments were set up using puerarin-
OVA or daidzin-OVA conjugate as a coating antigen for each PAb.
Sera obtained at different times of immunization showed the
presence of the PAbs. The rabbits were then bled and the sera
were applied to a protein G column. The total IgGs were obtained
and used for further analysis. The reactivities of the various con-
centrations of the specific PAbs were tested by indirect ELISA. The
antibody concentrations at which the absorbance was about 1.0
(5 μg/mL and 1 μg/mL for anti-puerarin and anti-daidzin, respec-
tively) were selected for competitive ELISA.
Since CR is themost important factor for determining the value of
the antibodies, a specific assay was performed in order to deter-
mine the CRs of PAbs with various related compounds. As indi-
cated in l" Table 1, anti-daidzin PAbs had CRs against the major
isoflavonoids found in P. candollei, except puerarin (0.11%), while
anti-puerarin PAbs had reactivities only against puerarin and
daidzein, which is the aglycone form of puerarin (100% and
127.79%, respectively) with weak CRs against genistein (5.12%).
Both PAbs had no CRs against irisolidone, which has a methoxy
group at C-4′. Although CRs against tectoridin and tectorigenin
(32.69% and 66.59%, respectively) were found in anti-daidzin
PAbs, there is no record that these two isoflavonoids have been
found in P. candollei. These results suggest that an ELISA using

anti-puerarin and anti-daidzin possesses the specificity neces-
sary for the detection of the 5 major isoflavonoids in P. candollei.
In a new approach, we demonstrated a combination of both PAbs
in a single ELISA for the determination of total isoflavonoids in P.
candollei as a one-step analysis. l" Fig. 2A shows individual stan-
dard curves of isoflavonoids (ratio of puerarin :daidzin = 1:1) us-
ing anti-puerarin (5 μg/mL) or anti-daidzin (1 μg/mL) PAbs pre-
pared in a 96-well immunoplate precoated with a mixture of pu-
erarin-OVA and daidzin-OVA (1 μg/mL each). Although the assay
sensitivities and specificities of both PAbs are different, both full
measuring ranges were almost the same from 0.02–6.25 μg/mL of
isoflavonoids.
Next, we prepared the standard curves of isoflavonoids (ratio pu-
erarin :daidzin = 1:1) using the mixture of both anti-puerarin
and anti-daidzin PAbs (6 μg/mL) in a 96-well immunoplate pre-

Fig. 2 Standard curves of inhibition by isoflavonoids using anti-puerarin
and anti-daidzin PAbs: A Various concentrations of isoflavonoids (ratio pu-
erarin :daidzin = 1 :1) were incubated with anti-puerarin (5 μg/mL) or anti-
daidzin (1 μg/mL) in a 96-well immunoplate precoated with a mixture of
puerarin-OVA and daidzin-OVA (1 μg/mL each). B Various concentrations
of isoflavonoids (ratio puerarin :daidzin = 1 :1) were incubated with a mix-
ture of anti-puerarin and anti-daidzin (6 μg/mL) in a 96-well immunoplate
precoated with amixture of puerarin-OVA and daidzin-OVA (1 μg/mL each).
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b
coated with the mixture of puerarin-OVA and daidzin-OVA (1 μg/
mL each). Under these conditions, the full measuring range of the
assay extended from 0.05–6.25 μg/mL of isoflavonoids, as indi-
cated in l" Fig. 2B. Intra-assay and inter-assay precisions were
studied. Intra-assay precision was evaluated by the variation of
the measurement of standard isoflavonoids from well-to-well
(n = 3) and inter-assay precision was obtained from the variation
from different plates (n = 3) expressed as coefficient of variation
(CV). From the results of l" Table 2, the maximum CV of intra-as-
say was 1.80%, while that of inter-assay was 2.55%.
A recovery experiment was performed to evaluate the accuracy.
After spiking solutions of various concentrations of various iso-
flavonoids into P. candollei samples, the sample extracts were
prepared, and the content of total isoflavonoids in each sample
was determined by the developed ELISA method. The percen-

tages of recovery in the range of 93.8–103% with coefficients of
variation less than 15% were obtained (l" Table 3). Normally, a
combination of isoflavonoids was found in P. candollei. Each re-
covery of spiked total isoflavonoids from each sample was ob-
tained close to 100% which indicates a good accuracy of this ELI-
SA system. These results demonstrate that this ELISA system us-
ing anti-puerarin and anti-daidzin PAbs could be used for accu-
rate determination of total isoflavonoids in P. candollei samples.
l" Table 4 shows the results of quantitative analysis of total isofla-
vonoids contents in 2 varieties of P. candollei in different parts
(natural tuber, and hairy roots of P. candollei var. candollei and
natural tuber, tuber bark, core tuber, and pods of P. candollei var.
mirifica) obtained by ELISA compared with HPLC. The concentra-
tions of total isoflavonoids determined by ELISA had a good cor-
relationwith those determined by HPLC. A coefficient of determi-
nation (R2) of 0.997 was obtained (l" Fig. 3).
Phytoestrogens in plant samples can be represented by total iso-
flavonoids content. Many analytical techniques have been inves-
tigated for the determination of isoflavonoids in plant material
and marketed formulations. HPLC is a traditional chromato-
graphic technique for investigation of these compounds [5].
However, for extensive experiments with numerous samples,
HPLC analysis can become a limiting factor that seriously reduces
analytical throughput. A rapid, high-throughput method with
significantly shorter analysis time is required to facilitate more
extensive studies with large samples. The prior advantages of
the newly developed ELISA system employing the combination
of anti-puerarin and anti-daidzin PAbs in a single assay over tra-

Table 2 Variations among ELISA runs for the analysis of isoflavonoids.

Isoflavonoids concentration CV (%)

(μg/mL) Intra-assay Inter-assay

10 0.83 0.82

5 1.40 1.02

2.5 1.56 0.83

1.25 0.58 2.55

0.62 1.80 2.10

0.31 1.15 0.86

0.15 0.70 2.17

0 1.35 1.55

Table 3 Recovery of isoflavonoids
determined by ELISA.

Isoflavonoids spiked Spiked level (μg/mL) Measured amounta

(μg/mL)

CVb

(%)

Recoveryc

(%)

Natural tuber 0 206.92 ± 13.69 6.61 –

Puerarin (PR) 50 257.81 ± 17.00 6.59 101.80

25 232.91 ± 11.41 4.90 103.99

Daidzin (DZ) 50 257.32 ± 21.68 8.42 100.80

25 232.78 ± 9.85 4.23 103.45

Daidzein (DZe) 50 257.34 ± 25.05 9.74 100.85

Genistin (GT) 50 254.69 ± 2.07 0.81 95.55

Genistein (GTe) 50 253.81 ± 19.86 7.83 93.78

PR + DZe 20 + 20 248.03 ± 24.52 9.89 102.78

DZ + DZe + GT + GTe 20 + 20 + 20 + 20 286.54 ± 21.68 7.57 99.53

PR + DZ + DZe + GT + GTe 20 + 20 + 20 + 20 + 20 309.26 ± 31.73 10.26 102.34

10 + 10 + 10 + 10 + 10 258.39 ± 33.83 13.09 102.94

a All values were mean ± S.D. from triplicate samples for each level; b Coefficient of variation = (S.D./mean) × 100%; c Recovery (%) =

(measured amount – 206.92 μg/mL/spiked amount) × 100

Table 4 Determination of total
isoflavonoids in P. candollei var.
candollei and P. candollei var. mirifi-
ca using ELISA and HPLC.

Samples Concentration (mg/g, dry weight)

ELISA CV (%) HPLC CV (%)

P. candollei var. candollei

Natural tuber 4.05 ± 0.20 4.88 3.95 ± 0.00 0.09

Marketed product (Nongkai) 2.08 ± 0.13 6.39 1.70 ± 0.03 1.49

Hairy roots 1 29.61 ± 1.50 5.05 28.02 ± 1.04 3.72

Hairy roots 2 26.86 ± 2.43 9.05 26.31 ± 0.31 1.19

P. candollei var.mirifica

Natural tuber 3.99 ± 0.33 8.30 3.91 ± 0.04 0.90

Core tuber 0.38 ± 0.04 9.65 0.34 ± 0.00 0.82

Tuber bark 16.99 ± 0.40 2.33 18.00 ± 0.06 0.33

Pod 0.26 ± 0.01 3.38 0.17 ± 0.01 5.53
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bditional analytical methods are its simplicity, rapidity, sensitivity,
increasing sample throughput and effective cost-performance.
Moreover, it is a more environmentally benign determination
method when considering organic solvents as mobile phase and
waste fluids. In conclusion, the combination assay system of anti-
puerarin and anti-daidzin PAbs by competitive ELISA represents a
useful methodology for the screening of total isoflavonoid con-
centrations from a large number of P. candollei samples which re-
quires only a small amount of materials and reagents.
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Abstract Pueraria candollei (White Kwao Khuer) is a

medicinal plant containing puerarin (8-C-glucosyl-4’,7-di-

hydroxyisoflavone) and its aglycone, daidzein, as major

isoflavonoids used for its rejuvenating and estrogenic

effects. In order to analyze these isoflavonoids, an enzyme-

linked immunosorbent assay (ELISA) was developed using

polyclonal antibody (PAb) against puerarin. Puerarin was

conjugated with bovine serum albumin (BSA) to be used as

an immunogen for production of PAb from a rabbit. The

PAb has been shown to be specific to puerarin and its

aglycone, daidzein. An ELISA was then performed using

anti-puerarin PAb in the range of 6.10 ng/ml–1.56 lg/ml

of puerarin. Based on validation analysis, this analytical

method by ELISA is a precise, accurate, and sensitive

method for determining puerarin and daidzein in plant

samples.

Keywords Puerarin � Daidzein � Enzyme-linked

immunosorbent assay (ELISA) � Polyclonal antibody �
Pueraria candollei

Introduction

Puerarin (8-C-glucosyl-4’,7-dihydroxyisoflavone) and its

aglycone, daidzein (4’,7-dihydroxyisoflavone) (Fig. 1), are

the major isoflavonoids isolated from Pueraria spp., family

Leguminosae, which have long been traditionally used for

various purposes in Asian herbal medicines. Pueraria

candollei, locally called White Kwao Khuer, is a famous

Thai traditional plant recorded to be used for rejuvenating

and estrogenic effects. A large number of studies have been

carried out on the pharmacological activities of its major

bioactive compounds. Puerarin has been shown to be useful

in managing various disorders, including diabetes [1],

coronary artery disease [2], dyslipidemia [3], liver fibrosis

[4], neurotoxicity, and Alzheimer’s disease [5, 6].

Recently, Cherdshewasart and Sutjit [7] reported that

puerarin and its aglycone, daidzein, exhibited the same

level of antioxidant activity as a-tocopherol, suggesting

that puerarin and daidzein in the plant tubers may play an

important role in antioxidant activity. Due to these phar-

macological benefits, high compound-producing plants are

needed as a source for pharmaceutical proposes. As a

consequence, a fast, sensitive, and reliable analytical

method is required to screen the level of puerarin and

daidzein in plants. Until now, several methods for deter-

mining puerarin have been reported, including high-per-

formance liquid chromatography (HPLC) [8–10], liquid

chromatography coupled with electrospray ionization–ion

trap mass spectrometry [11], flow-injection chemilumi-

nescence [12], and capillary electrophoresis with chemi-

luminescence detection [13]. Determining puerarin and

daidzein in P. radix by micellar electrokinetic capillary

chromatography with electrochemical detection (MECC-

ED) were also reported [14]. Furthermore, immunoassays

have become popular in recent years due to their
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advantages of high throughput screening purposes, poten-

tial of high sensitivity and specificity, and relatively low

cost. He et al. [15] reported a biotin–avidin-amplified

enzyme-linked immunosorbent assay (ELISA) for deter-

mining daidzein in serum, urine, and P. radix. Bennetau-

Pelissero et al. [16] also reported ELISA to measure

genistein and daidzein in food and human fluids. However,

immunoassay to determine puerarin has not been reported

to date. In this study, we developed an analytical method

for determining puerarin and its aglycone, daidzein, using

an immunochemical technique. Polyclonal antibody (PAb)

against puerarin was prepared and used in ELISA for

analyzing puerarin and daidzein in P. candollei. The

method of development, validation, and application are

demonstrated in this paper.

Materials and methods

Chemicals

Daidzin, genistin, daidzein, and genistein were purchased

from Nacalai Tesque, Inc., Tokyo, Japan. Puerarin was

obtained from Chromadex Inc., CA, USA. Tectorigenin,

tectoridin, and irisolidone were obtained from Fukuoka

University, Japan. Bovine serum albumin (BSA) and

ovalbumin (OVA) were provided by Sigma Steinheim,

Germany. Freund’s complete and incomplete adjuvants

were purchased from Difco, Detroit, MI, USA. Peroxidase-

labeled anti-rabbit immunoglobulin G (IgG) was obtained

from MP Biomedicals, OH, USA; 2,20-Azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) was pur-

chased from Wako, Osaka, Japan. All other chemicals were

standard commercial products of analytical-reagent grade.

Plant materials

The tuber of P. candollei var. mirifica was collected from

Suranaree University of Technology, Nakhon Ratchasima,

Thailand. The tuber of P. candollei var. candollei was

collected from the Botanical Garden, Faculty of

Pharmaceutical Sciences, Khon Kaen University, Thailand.

The identification of the plants was confirmed by

Dr. Waraporn Putalun, Faculty of Pharmaceutical Sciences,

Khon Kaen University, Thailand. The voucher specimens

(NI-PSKKU 006-007) are kept at the herbarium of the

Faculty of Pharmaceutical Sciences, Khon Kaen Univer-

sity, Khon Kaen, Thailand. The hairy roots of P. candollei

var. candollei were induced by transformation of wild-type

Agrobacterium rhizogenes ATCC 15834 and cultivated in

half-strength Murashige and Skoog (MS) medium, as

described previously [17].

Sample preparation

Plant materials were dried in a hot-air oven at 50�C for

48 h and ground to become powder. Dried powdered

samples (30 mg) were extracted with 0.5 ml methanol

under sonication for 1 h. The extracts were then centri-

fuged at 2,500 rpm for 1 min, and the supernatants were

transferred to a microtube. This extraction step was repe-

ated three times. The extracted solutions were evaporated

in a water bath at 60�C to dryness. The residues were

reconstituted in methanol (1 ml) and diluted appropriately

for both ELISA and HPLC assays.

Synthesis of antigen conjugates

Puerarin–BSA conjugate was synthesized by the periodate

oxidation method [18]. Puerarin (3 mg) in 0.4 ml dimethyl

sulfoxide (DMSO) was added dropwise to 0.6 ml of a

solution containing sodium periodate (NaIO4) (3 mg) and

then stirred at room temperature for 1 h. After that, BSA

(8 mg) in 1 ml carbonate buffer (50 mM, pH 9.6) was

added and stirred for 5 h. The reaction mixture was dia-

lyzed against five changes of water (H2O) and then

lyophilized. Finally, puerarin–BSA (5.0 mg) was obtained.

The same method was used to synthesize puerarin–OVA.

Determining hapten number in puerarin-protein

conjugate by matrix-assisted laser desorption/ionization

time-of-flight mass spectrometry (MALDI–TOF–MS)

The hapten numbers of puerarin–BSA were determined by

matrix-assisted laser desorption/ionization time-of-flight

mass spectrometry (MALDI–TOF–MS) (Voyager Elite,

Perspective Biosystems, Framingham, MA, USA), as

previously described [19]. A small amount (1–10 pmol) of

an antigen conjugate was mixed with a 103-fold molar

excess of sinapinic acid in an aqueous solution containing

0.15% trifluoroacetic acid. The mixture was subjected to

the MALDI–TOF–MS and irradiated with a nitrogen laser

(256 nm, 150 ns pulse). The ions formed by each pulse

were accelerated by a 20-kV potential into a 2.0-m

Fig. 1 Structure of puerarin (8-glucosyl-4’,7-dihydroxyisoflavone)

and its related compounds
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evaluated tube. Data were analyzed using GRAMS/386

software (Galactic Industries, Salem, NH, USA).

Immunization

Female New Zealand white rabbits were obtained from the

National Animal Centre, Mahidol University, Nakhon

Pathom, Thailand. Animal handing and the treatment pro-

tocol were conducted according to Khon Kaen University’s

Guidelines for the Care and Use of Laboratory Animals

and were approved by the Animal Ethic Committee of

Khon Kaen University (Reference No. 0514.1.12.2/20, 23

April 2009). Rabbits were immunized subcutaneously with

1 ml 1:1 emulsion mixture of puerarin–BSA (400 lg/ml)

and Freund’s complete adjuvant. After 4 weeks, 1 ml

intramuscular booster of the same conjugate (400 lg/ml

puerarin–BSA) emulsified with Freund’s incomplete adju-

vant was administered. The final immunization was carried

out intravenously with 1 ml of puerarin–BSA (200 lg/ml)

2 weeks after intramuscular booster. After bleeding the

rabbit, the serum was removed from the clot by centrifu-

gation and stored at -20�C until used.

Purification of antibody

PAb was purified using a Protein G FF column (0.46 9

11 cm, Amersham Pharmacia Biotech, Uppsala, Sweden).

The serum was applied to the column and washed with

20 mM phosphate buffer (pH 7). Bound IgG was eluted

with 100 mM citrate buffer (pH 2.7) at a flow rate of 1 ml/

min. The eluted IgG was neutralized with 1 M Tris–

hydrochloride (Tris–HCl) buffer (pH 9.0), then dialyzed

against five changes of H2O and finally lyophilized.

Enzyme-linked immunosorbent assay

Reactivity of the PAb to puerarin–OVA was determined by

indirect ELISA. The 96-well plate (Maxisorb Nunc,

Roskilde, Denmark) was coated with 100 ll of 1 lg/ml puer-

arin–OVA in 50 mM carbonate buffer (pH 9.6) and

incubated at 37�C for 1 h. The plate was washed three

times with 0.05% Tween 20 in phosphate-buffered saline

(TPBS). After that, the plate was treated with 300 ll of
0.2% gelatin in phosphate-buffered saline (GPBS) for 1 h

to reduce nonspecific adsorption. Then, the plate was

washed three times with TPBS and reacted with 100 ll of
the testing antibody for 1 h. Next, the plate was washed

again with TPBS three times and then the PAb was com-

bined with 100 ll of a solution of a 103-fold diluted

solution of peroxidase-conjugated goat IgG fraction to

rabbit IgG Fc for 1 h. After washing the plate three times

with TPBS, 100 ll of substrate solution consisted of

100 mM citrate buffer (pH 4.0) containing 0.003%

hydrogen peroxide (H2O2), and 0.3 mg/ml of ABTS was

added to each well and incubated for 15 min. Absorbance

at 405 nm was measured using a microplate reader (Model

550 Microplate Reader BioRad Laboratories, CA, USA).

All reactions were carried out at 37�C.

Competitive ELISA

The 96-well plate was coated with 100 ll of 1 lg/ml

puerarin–OVA in 50 mM carbonate buffer (pH 9.6) and

treated with 300 ll of GPBS for 1 h. After three times

washing with TPBS, 50 ll of various concentrations of

puerarin or samples in 20% methanol were incubated with

50 ll of the PAb solution for 1 h. The plate was washed

three times with TPBS and then the antibody was

combined with 100 ll of a 103-fold diluted solution of

peroxidase-conjugated goat IgG fraction to rabbit IgG Fc

for 1 h. After washing the plate three times with TPBS,

100 ll of substrate solution was added and incubated for

15 min. Absorbance at 405 nm was measured using a

microplate reader.

Method validation

The immunoassay was validated for sensitivity, precision,

specificity, and accuracy. The absorbance of 17 concen-

tration levels (0.76, 1.53, 3.05, 6.10, 12.21, 24.41, 48.83,

97.66, 195.31, 390.63, 781.25 ng/ml, 1.56, 3.12, 6.25,

12.50, 25.00, and 50.00 lg/ml) of puerarin were measured

using the ELISA method we developed. The specificity of

the assay was evaluated by cross-reactivities (CRs) of PAb

with various compounds calculated using the method of

Weiler and Zenk [20]. Reproducibility and precision of the

assay were determined by a competitive ELISA. The

variation between replicates from well to well (intra-assay)

and plate to plate (interassay) were determined. Accuracy

was evaluated by analyzing the mixture of various

P. candollei extracts and the known concentration of puerarin.

HPLC analysis

The HPLC was performed using the Agilent 1100 Series

HPLC system equipped with a G1310A isopump, a

G1314A UV–Vis detector (254 nm), and a G1328A

manual injectorwith20 ll loop (Agilent,USA).RP-18column

(125 mm 9 4 mm, 5 lm particle size, Merck, Germany)

was used. The mobile phase consisted of 20% acetonitrile.

The flow rate was 1.0 ml/min. Mixtures of standard puerarin

and daidzein were prepared in methanol. Calibration curves

were constructed in the concentration range of 5–50 lg/ml.

Analyses of the samples were run in triplicate.

J Nat Med (2011) 65:31–36 33
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Results and discussion

To prepare an immunogen, the glucose moiety of puerarin

was oxidized with NaIO4 and conjugated with a free amine

in BSA by the formation of a Schiff base to obtain puer-

arin–BSA conjugate. Figure 2 shows the MALDI–TOF–

MS spectrum of puerarin–BSA conjugate. A broad peak of

the conjugate of puerarin and BSA appeared approximately

at m/z 68,230. According to molecular weights of BSA

(66,433) and puerarin (416), at least four molecules of

puerarin were conjugated with BSA. Generally, 3–21

molecules of hapten conjugated with carrier protein were

sufficient for immunization. ELISA experiments were set

up using puerarin–OVA conjugate as a coating antigen.

Sera obtained at different times of immunization showed

the presence of antibody against puerarin. The rabbit was

then bled and the serum applied to a Protein G column.

Total IgG was obtained and used for further analysis.

Reactivity of the various concentrations of PAb against

puerarin was tested by indirect ELISA (Fig. 3). The anti-

body concentration at which the absorbance was about 1.0

(5 lg/ml) was selected for competitive ELISA.

The competitive ELISA was validated for sensitivity,

specificity, precision, and accuracy. The competitive

binding was obtained from the antibody bound to either

free puerarin or puerarin–OVA conjugate adsorbed on a

polystyrene microtiter plate. The higher free puerarin pre-

sented, the lower antibody left for puerarin–OVA conju-

gate and vice versa. The amount of antibody bound to

puerarin–OVA conjugate was calculated by the amount of

labeled peroxidase to those using secondary antibody. The

full measuring range of the assay extends from 6.10 ng/ml–

1.56 lg/ml (Fig. 4). Compared with reported ELISA assay

for determining daidzein [15], the method described here

has almost the same sensitivity.

The specificity of the assay was determined by the CRs

of antibody with other compounds using the competitive

ELISA. Table 1 shows the CRs of antipuerarin PAb against

various compounds. The CR against its aglycone, daidzein,

was calculated to be 127.79%, whereas there were very low

CRs (\0.001–5.12%) found in other isoflavonoids

(Table 1). These results indicate that the aglycone part

(4’,7-dihydroxyisoflavone) is essential and functions as

binding site for PAb reactivity. Other substitution groups

except the glucosyl group on C8 affect recognition by PAb.

It is concluded that this method is specific and thus could

be applied for determining puerarin and its aglycone,

daidzein.

Intra- and interassay precisions were studied. Intra-assay

precision was evaluated by validating the measurement of

puerarin from well to well (n = 3), and interassay preci-

sion was obtained from the variation from different plates

Fig. 2 Matrix-assisted laser desorption/ionization time-of-flight mass

spectrometry (MALDI–TOF–MS) spectrum of puerarin–bovine

serum albumin (BSA) conjugate

Fig. 3 Reactivity of polyclonal antibody against puerarin

Fig. 4 Standard enzyme-linked immunosorbent assay (ELISA) curve

for determining puerarin and daidzein
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(n = 3) expressed as coefficient of variation (CV). From

the result of Table 2, the maximum CVs of intra-assay and

interassay were 1.93% and 3.10%, respectively. In addi-

tion, recovery experiment was performed to evaluate the

accuracy of the ELISA. After spiking solutions of puerarin

standard at the concentration of 12.5–50 lg/ml into

P. candollei samples, the sample extracts were prepared,

and the content of puerarin and daidzein in each sample

was determined by the developed ELISA method. The

percentages of recovery in the range of 98–102% with low

variations (2.46–3.15% CV) were obtained (Table 3).

Recoveries of spiked puerarin from each sample were

obtained at almost 100%, which indicates a good accuracy

of this ELISA system. These results demonstrate that this

ELISA system using PAb against puerarin could be used to

accurately determine puerarin and daidzein in plant

samples.

Table 4 shows the results of quantitative analysis of

puerarin and daidzein contents in two varieties of

P. candollei in different parts (natural tuber and hairy roots

of P. candollei var. candolle; and natural tuber, tuber bark,

and core tuber of P. candollei var. mirifica) obtained by

ELISA compared with HPLC. The concentrations of

puerarin and daidzein determined by ELISA had a good

correlation with those determined by HPLC. The coeffi-

cient of determination (r2) of 0.999 was obtained (Fig. 5).

Table 1 Cross-reactivities (CRs) of the polyclonal antibody (PAb)

against some naturally occurring compounds

Compound Classification CR (%)

Puerarin Isoflavone-C-glycoside 100

Daidzein Isoflavone aglycone 128

Genistein Isoflavone aglycone 5.12

Glycitein Isoflavone aglycone 0.01

Irisolidone Isoflavone aglycone \0.001

Tectorigenin Isoflavone aglycone \0.001

Daidzin Isoflavone-O-glycoside \0.001

Genistin Isoflavone-O-glycoside \0.001

Tectoridin Isoflavone-O-glycoside \0.001

Rutin Flavonoid \0.001

Hesperidin Flavonoid \0.001

Naringin Flavonoid \0.001

Sennoside A Anthraquinone \0.001

Sennoside B Anthraquinone \0.001

Ginsenoside Rb1 Triterpenoid saponin \0.001

Ginsenoside Rg1 Triterpenoid saponin \0.001

Glycyrrhizin Triterpenoid saponin \0.001

Artemisinin Sesquiterpene lactone \0.001

Artesunate Sesquiterpene lactone \0.001

Plumbagin Naphthoquinone \0.001

Table 2 Variations among enzyme-linked immunosorbent assay

(ELISA) runs for analyzing puerarin

Puerarin (ng/ml) Coefficient of variation (%)

Intra-assay Interassay

1,000 1.66 3.10

500 1.12 2.46

250 1.93 0.77

125 1.84 2.07

62.5 0.21 0.98

31.3 1.27 1.58

15.6 1.46 2.97

7.8 0.57 1.14

0 0.70 1.36

Table 3 Recovery of puerarin determined by enzyme-linked immu-

nosorbent assay (ELISA)

Spiked level

(lg/ml)

Measured amounta

(lg/ml)

CVb

(%)

Recoveryc

(%)

0.0 96.6 ± 5.2 5.41 –

12.5 109.0 ± 7.0 5.98 101.0

25.0 121.0 ± 10.0 8.37 98.6

50.0 147.0 ± 6.0 4.11 102.0

a All values were mean ± standard deviation (SD) from triplicate

samples for each level
b Coefficient of variation = (SD/mean) 9 100%
c Recovery (%) = (measured amount - 96.6 lg/ml/added amount) 9

100

Table 4 Determination of total puerarin and daidzein in Pueraria
candollei var. candollei and P. candollei var. mirifica using enzyme-

linked immunosorbent assay (ELISA) and high-performance liquid

chromatography (HPLC)

Samples Concentration (mg/g, dry weight)

ELISA CV

(%)

HPLC CV

(%)

P. candollei var. candollei

Natural tuber

(1 year old)

2.91 ± 0.25 8.60 2.72 ± 0.01 0.36

Marketed product

(Nongkai)

1.44 ± 0.15 10.30 1.42 ± 0.16 11.30

Hairy roots 1 2.83 ± 0.15 5.11 2.70 ± 0.09 3.22

Hairy roots 2 2.17 ± 0.15 6.89 2.16 ± 0.05 2.19

Hairy roots 3 3.04 ± 0.28 9.10 3.06 ± 0.07 2.40

Hairy roots 4 3.22 ± 0.11 3.68 3.25 ± 0.07 2.11

P. candollei var. mirifica

Natural tuber 3.15 ± 0.14 4.48 3.19 ± 0.01 0.08

Core tuber 0.35 ± 0.03 9.96 0.34 ± 0.01 0.82

Tuber bark 15.50 ± 0.20 1.52 15.04 ± 0.06 0.43

CV coefficient of variation
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This validated ELISA method using PAb against puer-

arin could be applied for analyses of the major active

compounds, puerarin and daidzein, in Pueraria spp. plants

and products distributed worldwide. The advantages of the

ELISA are its effective cost performance, increasing

sample throughput, rapidity, and sensitivity. Therefore, this

analysis system would provide an alternative method for

screening numerous plant samples and requires only a

small amount of materials and reagents.
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Abstract The effect of abiotic and biotic elicitors

(methyl jasmonate, chitosan, salicylic acid, Agrobac-

terium, and yeast extract) at various concentrations on

total isoflavonoid accumulation was studied in the

hairy root cultures of Pueraria candollei. All elicitors

stimulated isoflavonoid production. Yeast extract

(0.5 mg/ml) was the most efficient giving total isofl-

avonoids at 60 ± 1 mg/g dry wt, which was 4.5-fold

higher than control hairy roots on day 3 of elicitation.

Keywords Pueraria candollei � Isoflavonoid �
Elicitation � Hairy root cultures

Introduction

Pueraria candollei Wall. ex Benth. (Leguminosae),

a Thai indigenous herb with the local name of Kwao

Kruea Khaw, has long been used in traditional

medicine for rejuvenation (Cherdshewasart et al.

2007a). This plant possesses estrogen-like effects and

has exhibited the ability to reduce incidences of

osteoporosis, cardiovascular disease, and post-meno-

pausal symptoms (Cherdshewasart et al. 2007b). Its

tuberous root contain numerous isoflavonoids: daid-

zin, daidzein, genistin, genistein and puerain

(Chansakaow et al. 2000). The isoflavonoid content

in the tuber of P. candollei is variable due to

cultivation and the harvest season (Cherdshewasart

et al. 2007a). This difference in isoflavonoid levels

could seriously affect the quality of any tuber-derived

material or even research results derived from this

plant (Cherdshewasart and Sriwatcharakul 2008).

Plant tissue culture technologies were established to

mitigate these problems. Thus, by using this technol-

ogy, secondary metabolites could be produced under

controlled conditions (Udomsuk et al. 2009). Hairy

roots have been explored intensively for their ability

to induce a stable and high rate of secondary

metabolite production (Giri and Narasu 2000). Hairy

roots obtained through the transformation of higher

plants using Agrobacterium rhizogenes produced

various higher amounts of secondary metabolites

than normal field-grown plants did (Hwang 2006).

Our previous study showed that hairy roots of

P. candollei can up-regulate the isoflavonoid content

to about 5.2-fold of that in intact roots (Udomsuk

et al. 2009). In addition, enhancing the accumulation

of active compounds by adding elicitors to the liquid

medium has been studied extensively in various

plants. The cell cultures of legume plants have been

studied for elicitor-induced manipulation of isoflavo-

noid production (Goyal and Ramawat 2008). These
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cell cultures include a fungal elicitor, Penicillium

citrium, in P. thomsonii (Maojun et al. 2006), methyl

jasmonate in P. montana (Kirakosyan et al. 2006) and

salicylic acid in Psoralea corylifolia (Shinde et al.

2009a). Elicitation by methyl jasmonate has

increased the production of total isoflavonoids in cell

suspension culture of P. candollei var. candollei and

P.candollei var. mirifica (Korsangruang et al. 2010).

In a previous study, we established a hairy root

culture of P. candollei and optimum conditions for

the growth and isoflavonoid accumulation. To

enhance the capacity of P. candollei hairy roots for

secondary metabolite production, elicitor treatment

was investigated to obtain appropriate elicitation

conditions that produce a higher content of isoflavo-

noids. In the present article, we report the influence of

elicitors on the total isoflavonoid accumulation of

puerarin, daidzin, genistin, daidzein, and genistein in

the hairy root cultures of P. candollei.

Materials and methods

Chemical reagents

Puerarin was obtained from Chromadex Inc. (Irvine,

CA, USA). Daidzin and yeast extract were purchased

from Nacalai Tesque, Inc. (Tokyo, Japan). Chitosan

was obtained from Fluka Chemical (Buchs, Switzer-

land). Peroxidase-labeled anti-rabbit IgG was pur-

chased from MP Biomedicals (OH, USA). All other

chemicals were standard commercial products of

analytical reagent grade.

Plant materials

P. candollei seeds were obtained from the Botanical

Garden, Faculty of Pharmaceutical Sciences, Khon

Kaen University, Thailand. They were washed with

sterile distilled water and were surface-sterilized in

10% (w/v) sodium hypochlorite for 15–20 min. The

seeds were washed three times with sterilized water,

immersed in 70% (w/v) ethanol for 1 min and then

germinated on hormone-free Murashige and Skoog

(MS) medium containing 3% sucrose (w/v), pH 5.5,

at (25 ± 1) �C under 16 h light/day. Germination

started within 7 days and plantlets were used for

hairy root induction.

Hairy roots induction

The young stems were infected with Agrobacterium

rhizogenes ATCC15834, cultured on MS medium at

25�C for 48 h, and then transferred to � MS medium

with 500 mg cefotaxime (CF)/l. At 2-week intervals,

infected segments were transferred to � MS medium

with 300 and 100 mg CF/l. Transformed roots of

P. candollei were grown in 125 ml flasks containing

30 ml � MS liquid medium. The medium was

agitated on a rotary shaker (100 rpm at 25�C, under
continuous light for 16 h/day). The hairy roots were

subcultured every 2 weeks into fresh medium.

Elicitor preparation

Elicitation was carried out with chitosan, methyl

jasmonate, yeast extract, salicylic acid, or A. rhizog-

enes. Chitosan (10 mg/ml) was prepared by adding

glacial acetic acid dropwise at 60�C in 15 min (final

concentration 2%, v/v), then diluted with de-ionized

water, adjusted to pH 5.5 and sterilized by autoclav-

ing. Methyl jasmonate (10 mM) and salicylic acid

(10 mM) stock solutions were prepared in 40% (v/v)

ethanol and then filter-sterilized. Yeast extract was

dissolved in de-ionized water to afford a stock

solution of 100 mg/ml and autoclaved. Cultures of

A. rhizogenes were grown in YEB medium at 25�C
for 24 h. The suspension of bacteria (OD600 = 1.2)

was treated with toluene (100:1, v/v) and autoclaved.

Before autoclaving, the bacterial suspension was left

for 1 h for toluene evaporation.

Elicitor treatment

Hairy roots were subcultured into a 125 ml flask

containing 30 ml � MS liquid medium, pH 5.5 and

grown in a 16 h photo period at 25�C under agitation

(100 rpm) to study the effect of elicitors. After

21 days of culture, various concentrations of elicitors,

including methyl jasmonate (50, 100, or 200 lM),

yeast extract (0.5, 1, and 2 mg/ml), chitosan (50, 100,

or 150 mg/l), salicylic acid (50, 100, or 200 lM), or

lysate of A. rhizogenes (1, 2, or 3%, v/v) were added

to hairy root cultures. Then, hairy roots were

harvested after 3 or 6 days of elicitor treatment. All

treatments were performed in triplicate.
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Extraction of samples and total isoflavonoids

analysis

Hairy roots were harvested and dried at 50�C in a

hot air oven to a constant weight. Dried samples

(25 mg) of hairy roots were powdered and extracted 5

times with 0.5 ml ethanol and sonication. The extracts

were combined, evaporated and then re-dissolved

with 1 ml ethanol. The extracted solutions were

analyzed for their total isoflavonoid content including

puerarin, daidzin, genistin, daidzein and genistein by

indirect competitive ELISA using the combination of

anti-puerarin and anti-daidzin polyclonal antibodies

(PAbs) as described previously with some modifica-

tion (Pongkitwitoon et al. 2010). Mixtures of puera-

rin-ovalbumin (OVA) and daidzin-OVA (100 ll;
0.5 lg/ml each) were adsorbed in the wells of the

96-well immunoplate and then treated with 300 ll
phosphate buffered saline (PBS) containing 5% (w/v)

skim milk (S-PBS) for 1 h. A 50 ll sample of various

concentrations of puerarin and daidzin (1:1) or sample

dissolved in 20% (v/v) ethanol was incubated with an

anti-puerarin and anti-daidzin PAbs mixture solution

(5 and 2 lg/ml, respectively) for 1 h. The plate was

washed three times with PBS containing 0.05% (v/v)

Tween 20 (T-PBS) and then incubated with 100 ll of
a 1,000-fold dilution of peroxidase-labeled goat anti-

rabbit IgG for 1 h. After washing the plate with T-

PBS, 100 ll of substrate solution [0.1 M citrate

buffer, pH 4.0, containing 0.003% (v/v) H2O2 and

0.3 mg ABTS/ml] was added to each well and

incubated for 15 min. Absorbance at 405 nm was

measured using a microplate reader (Model 550

Microplate Reader BioRad Laboratories, CA, USA).

All reactions were carried out at 37�C.

Statistical analysis

Resultswere reported as themean ± standard deviation

(SD). The datawere analyzed statistically by analysis of

variance (ANOVA), and the difference between the

means of samples was analyzed by the least significant

difference (LSD) at probability level of 0.01.

Results and discussion

Secondary metabolites represent the adaptation of

plants to environmental stress, or they may serve as

defensive, protective or offensive chemicals against

microorganisms, insects, and higher herbivorous

predators. We studied the biomass and total isoflavo-

noid production in hairy root cultures of P. candollei

within 40 days. The results showed that the highest

total isoflavonoid content was found within 35 days

in hairy roots whereas the biomass production grew

fastest during days 10–20 as show in Fig. 1. In

addition, hairy roots did not excrete any isoflavonoid

into the medium suggesting that isoflavonoid were

retained within the hairy root tissues.

From these results, adding elicitors at day 21

during hairy root culture was chosen for elicitation

because this corresponded to the late log phase of

hairy root growth.

In our study, the effect of elicitation on growth and

total isoflavonoid production in P. candollei hairy

roots were observed. There was no significant

difference in biomass production between the control

and all the treatment groups during elicitation,

suggesting that elicitors did not effect to the growth

of hairy roots. The effects of various elicitors at

different concentrations on total isoflavonoid produc-

tion in hairy roots of P. candollei were determined.

Figure 2 shows the effect of methyl jasmonate on

total isoflavonoid production. Methyl jasmonate

significantly increased total isoflavonoid production

after day 6 of treatment. Methyl jasmonate at 200 lM
gave the highest amount of total isoflavonoid

(37.5 ± 2.2 mg/g dry wt), which was 3-fold higher

than the control at 6 days of elicitation. However,

there was no significant difference between methyl

jasmonate-treated roots and control roots at day 3.

Fig. 1 Growth and total isoflavonoid production in Pueraria
candollei hairy roots. Dry weight (filled circle) and total

isoflavonoid content (filled triangle). Values are expressed as

mean ± SD
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Similar to Kirakosyan et al. (2006), methyl jasmonate

increased accumulation of daidzein, daidzin, geni-

stein, genistin, and puerarin to about five times higher

than that for control shoots of P. montana. The results

from methyl jasmonate show a similar pattern to

those of chitosan (Fig. 3) in this experiment. Our

results show a clear correlation between the concen-

tration of chitosan and total isoflavonoid level. A low

concentration of chitosan (50 mg/l) did not sig-

nificantly change the levels of total isoflavonoid

but did enhance isoflavonoid production at higher

concentrations (100 and 150 mg/l). Chitosan at 100

or 150 mg/l produced total isoflavonoid of 21 ± 2.9

(1.7-fold) and 34.5 ± 2 mg/g dry wt (2.8-fold),

respectively, at day 6. In addition, total isoflavonoid

increased dependent on treatment duration. Similar

stimulatory effects of chitosan on isoflavonoid were

reported in Psoralea corylifolia (Shinde et al. 2009a).

The effect of salicylic acid (50–200 lM) on

isoflavonoid production is shown in Fig. 4. Salicylic

acid at 100 lM gave a higher content of total

isoflavonoid (20 ± 1 mg/g dry wt) on day 3 than

200 lM salicylic acid treatment on day 6

(20 ± 3.5 mg/g dry wt). These results showed that

elicitation by salicylic acid did not depend on

concentration or duration of treatment. This observa-

tion is similar to previous reports on isoflavone in cell

cultures of P. corylifolia (Shinde et al. 2009b) and

baicalin production in hairy roots of Scutellaria

baicalensis (Hwang 2006). Figure 5 shows that

Agrobacterium significantly increased total isoflavo-

noid content regardless of treatment duration. The

highest total isoflavonoid production was found after

adding 2% Agrobacterium (v/v) for 6 days

(21 ± 3.3 mg/g dry wt). This enhancement is similar

to that seen in another leguminous plant, Albizzia

kalkora (Park et al. 2006).

Yeast extract was the most efficient elicitor for the

enhancement of total isoflavonoid in hairy root

cultures of P. candollei (Fig. 6). The highest level

of total isoflavonoid (60.5 ± 1 mg/g dry wt) was

Fig. 2 Effect of methyl jasmonate (MJ) on total isoflavonoid

production in hairy root cultures. Methyl jasmonate (50, 100,

or 200 lM) was added to 21-day-old hairy root cultures and

cultivated at 25�C with light 16 h/day for an additional 3 or

6 days. The values are expressed as mean ± SD. * Indicates

statistical significance at the P\ 0.01 level

Fig. 3 Effect of chitosan (CT) on total isoflavonoid produc-

tion in hairy root cultures. Chitosan (50, 100, or 150 mg/l) was

added to 21-day-old hairy root cultures and cultivated at 25�C
with light 16 h/day for an additional 3 or 6 days. The values

are expressed as mean ± SD. * Indicates statistical signifi-

cance at the P\ 0.01 level

Fig. 4 Effect of salicylic acid (SA) on total isoflavonoid

production in hairy root cultures. Salicylic acid (50, 100, or

200 lM) was added to 21-day-old hairy root cultures and

cultivated at 25�C with light 16 h/day for an additional 3 or

6 days. The values are expressed as mean ± SD. * Indicates

statistical significance at the P\ 0.01 level
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obtained after adding 0.5 mg yeast extract/ml for

3 days, which was 4.5-fold higher than control.

Adding 1 mg yeast extract/ml also significantly

increased the level of total isoflavonoid whereas

2 mg/ml of yeast extract did not affect total isoflavo-

noid production during all durations of treatment.

Interestingly, the level of total isoflavonoid at day 6

decreased to half of that at day 3. These results

correspond to a previous study, which reported that

yeast extract was the most effective elicitor for

inducing isoflavone production in P. corylifolia

(Shinde et al. 2009b).

In comparison with elicitation in cell suspension

culture of P. candollei var. candollei and P. candollei

var. mirifica (Korsangruang et al. 2010), elicitor

treatment in our experiment enhanced the production

of total isoflavonoid up to 60.5 mg/g dry wt in

P. candollei var. candollei hairy root cultures, which

is higher than that obtained from P. candollei var.

mirifica cell suspension culture (40.5 mg/g dry wt).

Furthermore, the present study shows that the level of

isoflavonoid in hairy roots of P. candollei using

elicitation can enhance more isoflavonoid production

than in other species such as by using ethrel treatment

in P. tuberosa (1 mg/g dry wt) (Goyal and Ramawat

2008), and XAD-4 in P. montana (20 mg/g dry wt)

(Kirakosyan et al. 2006).

In conclusion, these results suggest that total

isoflavonoid accumulation in hairy roots of

P. candollei was influenced by elicitation. All

elicitors used in this experiment significantly

increased total isoflavonoid production. Yeast extract

was the most effective elicitor at enhancing the level

of total isoflavonoid. The maximum concentration of

total isoflavonoid was achieved from hairy roots

treated with 0.5 mg yeast extract/ml for 3 days

(60.5 ± 1 mg/g dry wt), which was 4.5-time higher

than control hairy roots. Our results show that the

application of elicitors allows the optimized produc-

tion of isoflavonoid in hairy root cultures of

P. candollei.
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