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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 ng/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 Lg/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
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[
o o

AIUIINITADIATERUNDINTAN BN aaa&gu"l,ws@i 2319 8N ULILAFTIN LA

A A

AN laganizagiidenadantzuiwnstdaawudasenluseny e b lolalasy
A e A o o A o ' A .
N 450 Sadluenlodnannrininflunszuiuniasnan wafla  alkoxyresorufin O-
dealkylation duinafianfienuinmzgenfouianlimasevausinuzvadianlsdlsle
lasw # 450 ludagdu lasnafiaiazandoanaudinzvassuaiamealalonasuans
Pastawbralrlalasy W 450 Lmﬂuﬁagﬂuﬂ'ﬁ"wﬁi’]mmmsﬁnmwammLﬁal,ﬁa
g A ' & A o & =< A A
LANZLREININILATAYIADLAW L N M WM T RUBULAIEN  AIBWNNTANEINATaILHaLED
g = ' = A A v R A
LANZLREININILATaTIGdaRNTIN U daw kral lrlalasy W 450  AilAwnTeI99d
o Qs o & 1 n' d' L Y d‘l» U o 1 =4 d‘}' dl'
anuidguazinduednbs  inalilddoyaidasduwinlignsdnmaasnazaiiaiia
LWﬁzLﬁmmnLﬂ%amn@iaﬂa"l,ﬂmsmmummamaaﬂmaaﬁumaaLauvléﬁumlmimiﬂiu
W 450 ‘Lm:é’uarﬁﬁwm@iavlﬂ
v & = Ao & = o = a
AIThI Iummﬂw’namnmmﬁoLuumiﬂﬂmmma@mﬂaMWmI’mamﬂu
adamnziasanmiaiesnlugduunuasdausznassuazAn BN INTEdudants
a a a a a { Qf v 1 . . .
wigaulauaznIniammaundndgninenwesnnaey  ldun  puerarin, daidzin,
genistin, daidzein uaz genistein N1InAalWAlAauBALEUAUDATITIN ISR INGY
'laT,smNmImamﬁﬁwulumnm‘%amnLﬂaﬁ‘@uuﬁ%%mswzﬁmsmjuﬁ #ANINNHEI
° =2 kg A \ & d'
AINIIANBINAT ISR BININILAT e NG ataw LN T lunmTlaouudaden  lag
= & A g A , A
ANUNAAILHELEALNNZIREIIINNINILAIATIG B FNTIO U I bl lrlalasy W 450
LﬁaLﬂuﬁagaslumﬂ%agu"l,m%ﬁ@ﬁ@ia"l,ﬂ

'V 3
2. Jandszasavaslasenis

2.1 AnsitnaussiamzuaaunInszduliiiauasdausznasy iiNadnm
[ a ] 6 dl‘y dll c‘i‘ A

ANENIW 1umswammanﬂa%ﬂmbuaﬂmmmuawmww:mmm’nmem Tay
anwnazassnInzdusiiane g Nlnadeniaisngulelanailinesdluiin
a0t

2.2 WA IR laanaantanAuadNIIwIziaNzasdasn T b lawai I wauananna i
mnm%amn"l,@ﬁm puerarin, daidzin, genistin, daidzein LAz genistein LNAWAUNATD

SiazAnnlSu e b lawan lwauaen i s ELISA



= & A g A ' ~
2.3 ANWNAURILHELEALNIZIREININILATATIA B FINTIO U YD I brad L la lasa N
450 NN

3. Uslgmdianadrezlasy
3.1 muansfivianzaslumaasudulawazmasesslelonanlusndlu
LARARLAZAHEANNINAATEU
3.2 nuthisuazanzidnadanisiaiydulauazmasiesslalonaluandly
FINRBUNINIUATOVN
3.3 nusiauszanuddusasninsduidnalumaiumsaissslalovanls
uagdlusnaesldfnge
3.4 ldlwalasusauandvadniianuinmzdamsadglungulolowa hussdua:
mmmﬁ’]mﬂs:qﬂﬁlﬁmﬁ:ﬁmﬂ%mmansn@w"[aimﬂawimuam@ﬂua&guvl,wsﬁm%%
ELISA
3.5 nowlelovasuamzuasenladlolalasy A 450 fimunsngnindieasimsae
dugslagitaifainziagennnaeiesn LLa:"l@TiTa;dawamaaLf:aL’E’ial,wwzl,gm

AINENNGaFNIIINZ LA LN krlalasy W 450 NLNeITad

4. 2aUL2AVDIlATINTTIVY

MMINNEANINUATEIILREIMNIUTIFAT MS Tugnwisaaids arnsiuin
fudauvasniasarnildanmamzwialuanmdasadasuwiuussluanyinns
wigrhlfifaunsssuazpaalagldoaslun  naphthaleneacetic  acid  (NAA),  6-
benzylaminopurine (BA), W82 thidiazuron (TDZ) E:f\‘im@m’]il,ﬁtyL@UI@TQGLL@Q§&LL@$US@
mnfumﬂ‘%mmmsn&ju"laIGﬁWmImaU@Tﬁ&'ﬂﬁwu 5 wfia lawA puerarin, daidzin,
genistin, daidzein LR genistein lunaasaal83t HPLC (High performance liquid
chromatography) @nmifaspiinadanisduidvlauszmaasianslelanaluesslu
sinaey laglduuafiGe A mizogenese ATCC 15834 wiloinlidusinasnineie
gafiennasy mndwimIdadennnassiinmaeiydvlenasuiehandnm
ﬁﬁ(ﬂmaq;jmmmil,l,a:ﬂfﬂ%'mme] @iamia%’mmiﬂg:uVLaIGﬁWmIauaﬂﬁ LRSHNATBIRNT
nizguluiivessfiauazanudududanmaasiaslaloaluasd nuurihns
Uinmaningulalawalmesdlunnaasy Lazt NN e ISR e
INARAUNAR N TIOUTYaIaw LT krlalasu A 450 dreinaia benzyloxyresorufin O-
dealkylation uanmnf:ﬁwmwamiwﬁiﬂauaaLLauauaaﬁf{hwazm:ﬁmiamsﬂﬁjuvlaisﬁw
anlmaaananfinulunnneiasnlasldans puerarin uaz daidzin 1w sfildiauny



Iﬂia%lﬂ aﬁﬂﬂm:ﬁﬂﬁm:@h HRIILOUAL aﬁsawﬁaﬁﬁmimaﬁ]aamﬁmamﬁam AN

a ad) o a Aada 6 ' o 1 v ad
LLaweu E]@YIVLG] LLG&W@N%’]’J‘E?Lﬂiﬁz%ﬂ’]‘iﬂ@&l@dﬂﬂ’]')@’) 229 ELISA

5. WHWNIIALHUINBIATINT
1

NANTINABABWNTITANRINW STaLIA (LHaw)

1 2 3 4 5 6 7 8 9 10 11 12

1. NZLUAARUNINILATD

2. wmhgih ldduninasevniia

A
v

LARRALAZIINADY

3. Anwansuemsasyaulavas

A
v

NRBULATNNIRIIENT bo lrwai 1n
UOYUA PUINNADE
4. FnwnATeITia LazANINTU

dan1IaIanslalawalanaud bis

TNaag
5. ALazFnILSNIIRE T bo Lo an 1n
HOUGIULARIRLAZIINGDY LT

N Sl\‘i’]%sl,%ﬁh UYBINITLWIZLRE

A
v

e fmuasnanudRul

6. FILATIZWRNT puerarin L
daidzin Ailassaromanzanlums
Wowdanulisan

7. asnmausinganzilalasis
NMR waaiamitioudanioss
MALDI mass
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NANITTN/ABADWNITALRWIN®

SzazIAN (Haw)

5 6 7 8

10

11

12

1. ﬂizéjuﬂs:@hﬂlﬁa%'muau?maﬁ
2. \ULREAINNILEALLATATIIFOL
a aA o
LAUALBAN bo
N a9 o A £5 %
3. usnuandvadliuigntlasls
protein G column
4. avaRaUg aNTAvaIUaUALDR
Auanslassairsshiad g
5. NWW1ID me:ﬁmsmjuvlah
Aanlnasaal833 ELISA
6. WUSUIRIIINAD LN
¥ s
ayulwsuazifiaiiamnziang
7. ﬁ@umg@mnaaﬂa%ﬂmh
uasdlasiinianmaduyluladnilu
L“’Baqmmwuan%aﬂ’%mm

[

8. WHUINHINWLATHNAITUANIA

A

v

A

v

in 3

NANITTNABADWNITALRWIN®

SzgzIA (Haw)

5 6 7 8

10

11

12

1. nzResnnese Wl
USunmanniiana ey

2. anasaudSunmlalanaluasd
IMNINWLR eI L6

3. Jaunsnnanaasedlaanms
LWﬁ:LgﬂaLﬁaLﬁaluwwﬂ%muLﬁsm
AU INIATPIRUALNRNAILAQL

4 Aududmey w3oalulasloy
wazaTIRaUYTINmlUsAR

5. NATOUNAYBITININZLR DS
ANILATEYNMIADRNTTO UL D

au Lol lolalasy W 450

5. FUEHATDITININIZIAE
mnm‘%amﬂmﬁ%moazﬁﬁﬂm

6. LUUIILITULALHRINUANNN

A

v

A

A
v

A

v

A

v
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UNN 2

NINUNIVBITIWAIINNLALID DY

Y

1. magaﬁ"ﬂﬂwmﬁ%mnm%ma
%a% BNPN&AS : Pueraria candollei %oﬁaaom Uﬁuﬂﬁ WN Pueraria candollei var.
mirifica W& Pueraria candollei var. candollei
294 : Leguminosae
%IE]":J‘I%G] : ﬂ’)’]’)Lﬂ%'fJ, ni, mam‘%a, 83N317, mnﬁ'ammawma, mum%a,

Iw:m:g, AwLATa

2. ANBHENWNYNHANEAT
A & U dl‘y a v ] a o
nuesar i duldionfeswianuanldlng iondanuenyszanm 5 was
auRaNaey iWRanuanvassauimineaty deutoudsdnaldauumalng anwome
daudonan wazaanuuduasugdaiiesiu mlansmenavagldduadaimiduunily
duludszney 3 ludes (ludszneuunuihiie) awalwy 3Ulinde 815 wudiues
81 10-20 LunAlwaY AFRIp1  eanFiEueNdiy  saniurteeulansnsena 20-30
wrudey Usznaudisnduaen 5 ndu  aenazeanluszuzndaly lugindeununnus
= a & A \ A A &
19 Juwau natdudnuunguanwm Wannazdusianaiiuae
a o o a 1 a & a
(WAIneapglaniossndng, 2547) Mndduszauanatoni lagnnnisenaiia
>3 & J [ a ‘v U 1 v a
widuaeang Juagiuanuauysalessnwdn wagdideuinanantinasd’ d8171700
wWlendeutnai3ey aludfend luifons wadenwy wu'ldluthveaswain ne wazann u
A A A A A & A Ao o & ) =
fegfeuidan nmiaseriduisideimaussuaaiilstisdaudroann Fawuann
Tussnahidsimiathldsdludssmalnewuldludmiangaunys an §1th Boelnd

= a o a & v
ﬁizl!'i ﬂ‘W‘]_P °IiEqu]lJ 1uat
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3. asAlsznauniatai

winnueserndasddsznaunaniusingulelavailinesd  (isoflavonoids)
(31]“71' 2) lasuyaiu Ng isoflavones glycosides @wn puerarin, daidzin waz genistin
ngy isoflavones ldun daidzein uaz genistein (Chansakaow et al., 2000a) ngw
chromenes l@uA miroestrol Laz deoxymiroestrol (Chansakaow et al., 2000b) (Eﬂﬁ 3)
Gsmsmaniiignndwlnlaealasion  (phytoestrogen) winzasluniealasiananiis
I@Umﬂuﬂﬁjw chromenes Lﬂumjuﬁﬁtm%gmﬁmaaimmugoﬂ’hmjw'é"ue] WAWLLTI
%o lusIINTI@ (0.002-0.004%)

Glu-O 0} Glu-0 0}
(] (L]
[ LT O
OH

OH
Daidzin Genistin
Glu
HO [ 0] HO l 0}
g g
OH OH
Puerarin Daidzein
HO [ 0}
OH O O
OH

Genistein

P @ . L, oA A
311 2 Iﬂiam’mmaamanu isoflavonoid WU lN17LATaT17

miroestrol deoxymiroestrol

- Y '
EII‘VI 3 g(@liiﬂidﬁi’]d“lla\‘iﬁ’]iﬂii&l chromenes
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=3 o A
4. gndnaadsInen
£ o A o ' £ o
NNNMIANHYNINILARTINGNNNFITRNANINAAIDVINLINTgnIAE

7050 aalasanl TR NNZLRLILARAINARad (Chansakaew et al., 2000a, 2000b;
Trisomboon et al., 2006; Cherdshewasart et al., 2007a; Cherdshewasart et al., 2008)
lasfnalunsilasiunisgadonizgnlunyidaialy (Urasopon et al., 2008) uananii
v A = = A a o A v & a o
gatimsAnsfidsrantanuazanudasansivahanldiluseslaunaunuluzaite

£ o a d £
183 (Chandeying, Lamlertkittikul, 2007; Manonai et al., 2008) t‘mﬁ@l’mm&laaa‘iz%mﬂﬁ
[ ! v o fo A & . A A
a9naFNAnsIuYTI e T ba lawan lnesq puerarin Awulunanasas
(Cherdshewasart, Sutjit, 2008)

Ar o Aa 2 ¢ o e . . .
4.1 gnatlasnumnialsanaiuifiarialavaidoadaunat (acute ischemic myocardial
injury)

Wu LLazatwe (2007) PNINAFOUATUNHNINTZAIN puerarin < danshensu Tu
winanasNgnunnasaiiaanila left anterior descending (LAD) iiiatnfiainldiianiaz
naatarialaznaiien WuinnIIARIIHEN puerarin WaE danshensu  luaaT&EIw 1:1

dqll dldl a (3 d? a v 1 a o o g aaAa dll a o 1
sunsnaaRunifianduiilaiilansasldedsldodaynsaifilaivuiunga

ﬂ’]‘]JQ%J

4.2 gnsaaszaviiaalmdan
Khitka LazAm (2009) Anwnnianszauthamalidanasasanawanaieiasn
laglwasnananaeiannndSunm 100 mglkg Lm'mul,maaoﬁgﬂmﬁmﬁﬂﬁlﬂu
Tsawwaw 3iefl 1 e streptozotocin tlutian@adanin 30 5% WUAIEINIOAAIZAL
fi:ﬁma’l,mﬁa@maw%}ﬂmaﬂﬁaamﬁﬁfslé’]ﬁ'zymdaﬁaLﬁmﬁmﬁ'uwkmajuﬁ"lﬁ%'u

glibenclamide 10 mg/kg Liaifisununguaiugui laTuinam 2 mikg

Q( Qo =) o o
4.3 gniflosiumsgaudenianszanlundsionuarzindon
Morabito UAzAME (2002) YINM1INAREUNALEY genistein danlanIzgniundais
o A , % = oA AN ea
VRN PFORIT R IﬂﬂLLUGﬂWﬁ"IﬁNﬂiaaﬂLﬂu 3 ﬂi‘}l] fe ﬂqu‘ﬂvl,miuaa‘ﬂuuﬂmmu
U3znavae estradiol 1mg/day NENNU norethiterone mjuﬁvlﬁ%lu genistein 54 mg/day
1 dl s =) 1 e I = 1 U Wd‘ Qs
LLag‘,ﬂQ&lﬂfJUﬂ'&lﬂ‘l@l'ﬁUﬂ'}%aﬂﬂ Aasianwtdwiian 1 U wuin ﬂ@‘&lﬂ%vhlﬂvl@liﬂaaﬂllu
NALNUUAZNFUN|ATY genistein  HiANANNWUILLUIIANIZGN (Bone Mass  Density,
4 | A o o aa A a [ AN v o [
BMD) gxﬂmam\‘muﬂmmy‘ﬂwan@LuamUUﬂUﬂﬁguﬂvlmllm%aaﬂ I@]EW]']TT]TJ@@'J'WJ
WIILURNIANTZQNVAY femeral neck, Ward's triangle L&z lumbar spine Sﬂﬁ’omjuﬁvlﬁ%'u

genistein linuaMstn9Ass Ae DiRealszdndeunszuSanszusas
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g & A v ~
5. MSINZLALILIHaLEDAKN1LATD2N
= ' ' . . A A
NNMENBMIANEIRLIIEINGY  isoflavonoid  lunanaTernndgnludszina
Tnoanunasansg SuSanmlasadeasih puerarin 0.23 mgl/g, daidzin 0.15 mg/g,
genistin  0.35 mg/g, daidzein 0.06 mg/g LAz genistein 0.01 mg/g WNUNUAY
(Cherdshewasart et al, 2007b) azAuldiasddmngs isoflavonoid Nwuluia
A A | @ o v a A o & ‘A
ANLAIaTMNTI AT TIRe s NI NRAzIRAs a XY IAUTIN e 37 Tt Taid
, ) oA o PN =g A A A 2 A
anuuiuen  Jayduldimadszendldinafiiamunzdsaiaibefrlumanziassis
{ =) { Qg “ A =) o = ¥ ¥ {
sy lnaiandamNdgnimandinnnaesia Mniumuwziasaitaboniniieia
A o, = o &
NI IAn w69
AU dauns  (2546) lavinmsAnsmsiinySunmeasninadasn luann
Usaae lasvhnamzidosdiuandniluanmisiniziiesgas woody plant medium
WPM) flgaslunsiadiig wudn maasaduleveiunasaluTnaIuaT9niwnzIaes
U81M1IgaT WPM fillzasluu naphthaleneacetic acid (NAA) 0.1 mg/l uaz kinetin 1.5
o AV oA a a ad
mg/l uaaasn ladinsasyduladnge
UIyd WITEUNINA (2546) lAYMITnIzIRBILARARLAZITARUYIURELNITILATE
P16 aNIINEAFT daidzein WAL genistein WU WARRFNNIIRI9ENT daidzein 7.6 mg/g
Lae genistein 0.5 mg/g WRINUAY LTRALUINABETNTRII98NT daidzein 30.7 mg/g e
genistein 4.9 mg/g WRTHNLAY
Thanonkeo, Panichajakul (2006) lavinms@nsn las¥inmsimziassunasauas
anmuavassImuguMRIIYdnle gl dudeg  vasizimanzaNdens
windulavasuasdauazliIanaans daidzein uaz genistein anfiga uaziUTouLfiny
USunuans daidzein Uaz genistein 71 lFNNUARAE NUWILAAUANTITNING WU LARAE
nlaliuSunmans daidzein Waz genistein ANNNTHITITNIG 50-200 11 lasiiUTanm
daidzein 5.12 mg/g $RBNUAILAE genistein 2.77 mg/g IRBNULAS
ga13ail nuuuia (2549) "L@Tﬁwm's?mmszmL’Jmﬁl*’ﬂumsm:@?mmzmmnéju
ninadannasgdvlauaznia 813 daidzein U8 genistein LWLTRRUDINRDUNLI
suznammanzasiausanduliuasamaigiavlauazaivmsldnniges da 12
T laonsldmInizdu methyl jasmonate Hnalun1Inszdun1sainees daidzein waz
. . J | ] d' = A o 1 Jw weR
genistein nTwiu 6 v WawSsufisudunguaiugu  wenanidelddnsns
INZLREIIINABEVBINIILATEL AW TINRBL N laR319]1T daidzein 5.92 mg/g WAz
genistein 0.46 mg/g ¥ABNLAY
o g & ~
Korsangruang WaTAmE (2010) FINANTLAIZIREILTARLUIBADENINILATEVI L1

2IWIILKBRY MS  WRU 6-Benzyladenine  (BA) AULTNDTU 0.56 UM Uae 2,4-
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dichlorophenoxyacetic acid ANLTNTH 4.52 UM ’Luﬁaaﬁmuquqmﬁgﬁ 25 + 3 °C
uazugs 16 Talusdasn lwe3sswenenuisiseu 110 saudamd Wua 6 55 uad
Laumiﬂi:ﬁumﬁ@@hmqﬁuﬁ CuSO4, methyl jasmonate, chitosan %38 laminarin 1%
AMUTNTUANT 9 T REIIINTH 21 T WU LTS UINRasNIN AT RRUS I
§13Ng isoflavonoid fﬁoﬁ'q@ Wiy 40.49 mglg SN ﬁamjwﬁ"lﬁmsm:éju methyl
jasmonate ANNLTNT 2.0 UM
ﬂ%@ﬁu’i%‘mnwwuﬁymL‘f':aLﬁaﬁmﬁawamminaﬂgﬁi@Umsmﬁmﬁﬂﬁﬁmﬁﬂ
aop lagldunefise Agrobacterium rhizogenes \iusnuwimanitslunisfinySanoas
Fofiawlafinm Lﬁ"aslm‘"lﬁmmamgﬁﬁﬁqw'ﬁgﬂw,né‘ﬁﬂm Tuszpziamnaus iesan
Mnaspdanuaansnlunmaesydulaldetinasussddnonmlunmsinudaiion
FLuL’%adLﬁmﬁ’uﬂ’uqﬂﬁmﬂ%ﬂsﬂwmﬁammﬁmwaNﬁ@lumsa‘%ﬁammaUgﬁﬁﬁm%
mangmingluits  lasnsnaennssssadudimiiatefmioniifoung ilesen
iﬁﬂaam:ﬁmmﬁmmu@iamimamLWW&L??MLf:aLﬁaLLa:mmmmﬁ;@ﬁ"lﬁwami
NANBIGIFA LT mimggmmmiﬁ%ammawmﬁﬂszéju@mﬂﬁlﬁwag\iq@ﬁy’ﬂuﬁm
ﬁ‘%mmua:qmmw‘é‘ﬂﬁv’a:TaLﬂmm’mwolumsﬁﬂﬂﬂizqﬂﬁLﬁaﬁﬂHw%aﬁamsw:ﬂumi
g msasnanluislasldnassidunuuasndlunsnga AR IIN1NTLNB
mﬁnmmmwwuﬁvmLf':aLﬁamnm%amna:wﬂugﬂLLuumiwa:LgmLmaé’a My
LR L TRR LI U BUURE NN TINZLRBITINA DY laginmMIANBNAGENIRINIENT
daidzein LRz genistein GT%GLfluﬂ@;&l isoflavonoids luglll,l,lllmlad aglycone ﬁwaﬂ,u
NNUATIRIN (A WRIFUNINA, 2546; ganTeu auuuia, 2549; Thanonkeo,
Panichajakul, 2006) uddsluifidayavainsdinmnavaigniatnns Usmnohenauazans
mz@julumnmn@mm@am@iamia%“nmiﬂéju isoflavonoid wanfwulunne3avn
lugduunes isoflavones glycosides G'f;dLﬂugﬂLLUUﬁWUN’mIWﬁSSWE’]a ldur  puerarin,

daidzin, genistin ‘iwﬁ"ugﬂ WUUB4 isoflavones lelA daidzein Waz genistein

a I3 a 1 . . -

6. 1130339 tANAMIUINMEIINFA isoflavonoid TwnanaTaza

ad a [ a 1 . . A A A v &

AImyilensimdiinmanIngy  isoflavonoid  AinulunnaeIamuivaldidu
wnauluniaianldiinounianaseusIngs isoflavonoid e puerarin,
daidzin, genistin, daidzein uaz genistein lagld35 HPLC (Cherdshewasart et al., 2007b)
Toiuismaliensdineduduylulad  leslfueudvedifelfasinsaumsdanylu
sy lwaduitnmanfanuwindgafiasananusmunsalunsiuiuasidagnsdunie
LNZAIUAZAINTNFIMTUATIER LI WIBUINLHBINNTANNFZAINUALTIALTIAS

1IDIaA lelas ladasasualatnenian ﬁm%'umma@LLauaua(ﬁ'@iamsﬂﬁju
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. . val =< a o 1 a a ad o 1 . .
isoflavonoid LeaNN3ANHNIL LIV BINITHAALAUALAANIINIZLINZAI0aRIT daidzein
LLAE genistein %dLﬂumiﬂﬁjw isoflavone LLa:ﬂi:ﬂqﬂﬁlﬁum‘sm’maaﬂ@ﬁ‘% ELISA
(Kohen et al., 1998; Tao He et al., 2005; Bennetau-Pelissero et al., 2003) fFNIUNI
P~ 2 A . . s o« ' . . & ' o A
Winuaufvefidass daidzin Gadus1angu isoflavone glycosides waziungunanfiny
A & & o A v =2 2 & A o
’LumnLmaﬁmuﬂummzumvmuE\Jmmiﬂﬂm ﬁ]dLﬂuﬂu’]aulﬁlluﬂ’]iﬂiziqlﬂ@ﬂ‘ﬁ
a a a ] o > a 6 v ad d' a
LAUALAARIRITAINATY  WFNNIWAIWIILATIZHA8AT ELISA tiNa bt lwn1InndSunos
sInga isoflavonoid uazlfamaseulasmimnamesudiinuazqmnwiduadnag
Lﬁaaﬁnﬂmmmmﬂ%mm"lé’lmwmmé’uﬁuuazﬁﬂizaﬂ’%mwg\iLLa:ﬁﬁ"lﬂﬂszqﬂ@ﬂﬁu
mMImUSnmanIngw isoflavonoid anfinuluiansnndusssnmauszlunanizin

& A
LWt

7. HAYDININNATDVNINDANIIOWLVDILD W LB LTI ALATHN N 450
luﬂaﬁ;ﬁuﬁmﬂfmnLﬂ%amwaiuwwaﬁﬁuﬂﬁLLazwﬁmﬁms‘ﬁLa’%ummsasm
LNTHRANE ﬁaﬁdfmslmy'mﬂ*’ﬁagu"lmazﬁmﬂfa@@iaﬁmﬂm:mnmmu AINUIINIT

ﬁaamzﬁﬁnﬁamsﬁﬂmwamaoa&gu"l,ws@ias"mmmﬁ'ﬂuudmé”ﬁm’umzﬁwﬁﬂm
(MWNITIH 17T UAE LNITT RAWN, 2547) Tagan1zatNIBINaAanIZUIRAIT
{ ' = o A o o A
wWasunlasenluseny  awlodlalalasy N 450  Soiduwanlaiwannvinnuinnln
NITLIUNTIAINGT Lnaka alkoxyresorufin O-dealkylation Lﬂumﬂﬁﬂﬁﬁmmﬁmww:gdﬁ
HoutanlTnarausuIInUETaILaw LN s lalas N 450 sluﬂaaﬁgﬁ'u (Burke, 1976) lag
a ; g o o 1 6 =
INATLATIZANAIAINNIUNIZUIFURLAING D Lo lawWasuianizaadan ol lalalasy W
o« o A = A A g A \ &
450 LLazluﬂaa;uuﬂavLaJmnmmmiﬂﬂmwamadmammww:mmmnLmammal,auvlﬁm
~ ~ o & =< & A g A '
Al lwm TR wuU8987 It NITANBINATBILHALEALNIZLAININILATATIG RN IIOUS
vastonlmilolalasn A 450 ANsadasislanuddguazinduadebs ialilddoya
X e ew . & I ) .
Luamumvl,ﬂgmsﬂﬂmwamaamawmwwnammnLmammaﬂavl,ﬂmimuqumi
uRAIAaNVaI UL o krlalasy W 450 luszauansdin gga
é’aﬁfuﬁaﬁwmiﬁﬂmamaﬂumsm:L'§mﬂ’nuﬂ‘%am'mﬁawammmamq}ﬁﬁ
o @ g & A A g [ eaa a
ey lasmawzideaiaidaninieialuaImwzIf eI R AN MR wILaS
aaﬂuuluaﬂﬁ’lsLW’lzLﬁmgm@i’m6] WWanaraUlszAnTnInm i ldiianasy
LARRRLAZGHE lagvhmsansifassnmansanlunmsasadulawaznsaine
s mAYLAziINIaTIIReUMILTINIIN @A YNEY  isoflavonoid  leuri  puerarin,
daidzin, genistin, daidzein L8 genistein IININNVDY LARBRLAZAUEAN  TINNI
Lﬂ’%ﬂmﬁUuﬁﬂﬂnwwluﬂniwama’lmamﬂﬁmauﬁmﬁamﬂmnwwuﬁmua:mnwnzﬂgﬂ

MNFIINTG mswﬁmiwﬁiﬂauaauau@uaﬁﬁﬁi’uww:mma@iamimjw isoflavonoid AW
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UNN 3

A5NITALBBNITIVY
1. m‘nmmﬁmLﬁaLﬁﬂﬁﬁﬁ&gﬂﬂimnm%am's

1.1 MAWIZIALIULARAS

1.1.1 mawzwadannuaiavn ilddudaniiUasaiis

mﬁ@m’nLﬂ‘%am’svl,@'fﬁnﬂafmmguvl,m AMLNRTANRAS NWINLAEUDLAY
shanvmawziassluanndasaids Taavinnswansindansn ma i vewse
ﬂ’J’l’JLﬂ%am’l’Jﬁ’mﬁ’]m sodium hypochloride 10% vJuan 20 w1 wazlu ethanol 70%
Juaan 1 win LLﬁ?ﬁ’]ﬂ’ﬁLW’]&LgﬂdluaﬂﬁﬁiLW’lngﬂdfﬂ@l‘i v, MS Tagvimawnziassl
ﬁaaﬁmuquqmﬁgﬁ 25+1 °C uazuad 16 T2 lusdatn

1.1.2 managh ifauasss

ihdusaunmiaieznfinnzaassimsulussgndduandadugwin 9 T
aztlszanms 1 Lmniiues answinlnsuuanmsindaaslun NAA, BA waz TDZ u
Saamiuanenstn (@13197 1) ﬁﬂnﬁiwangaaluﬁaaﬁﬂauquqmvsgﬁ 25+1 °C uaz
wss 16 T2 lugdatn sanamsailasuulasmasnnimamnziaeadune 8 ey

agﬂl,ﬂaﬁsﬁuﬁmitﬁmmaé'a AUBAULRZINUINI DA DT IR IUNT

A13197 1 °m'1<ﬂLLa:ﬂ%mmmaaaaﬂuu’tummnwwuﬁmgm MS

gaslun (mgll)

FAIDTINT

’ TDZ NAA BA
TDZ 0.1 - -
TDZ 45 0.5 - -
TDZ 1.0 - -
TDZ 4 15 - -
No 5B o - 0.5 1.0
N, oBos - 1.0 0.5

N, oB1o - 1.0 1.0
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1.1.3 miﬂ’liﬁw’lmmiﬂgw isoflavonoids
ﬁnLmaé’mm:éfuéauﬁ%ﬂuu@iazgmmmimﬁﬂﬁuﬁdﬁaqm'vmuﬁ 50°C %ﬂﬁ?%ﬁﬂ 30

mg NUWINIIERARIY methanol A398z 500 Wl 1% 4 a5s mranad idianrilw
wisuazazarelu methanol 1 ml mmﬁ'mﬁvl,ﬁﬁwvlﬂmﬂ%mmmsmju isoflavonoid
puerarin, daidzin, genistin, daidzein W&z genistein luLARAFLATAUEUIIBAT HPLC
(High performance liquid chromatography) I@ﬂﬁaﬂ’]’sﬂumﬁmi’]zﬁﬁdi

High performance liquid chromatography PerkinElmer Series 200 LC pump L}

PerkinElmer 785A UV/VIS detector, PE Nelson computer

Column : RP-18 column (LiChroCART®, 125 mm x 4 mm, 5 um 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 LU

1.2 NINIZLRL9IINADY
1.2.1 manigil¥iAnTINaayvasdunI1NASaY17
A8 DU aamnLﬂ%amaﬁvlﬁmnmﬂwwuﬁmLﬁaL'E'Ja‘ﬁhmﬁwmiﬂi:@jﬂﬁlﬁmwn

saplaglduuniiiss  Agrobacterium rhizogenes (ATCC 15834) @avihmstwiziaeslu

=y

0TMIILWAIFAT yeast extract broth (YEB) % 28°C 1Juwaan 2 1 waarhlAuSmsdn
LLaﬂwaoﬁuvl,ﬁﬁmmmmai@ﬂlﬁ“ﬁwﬁﬂmﬁﬁummzmwaaumﬁﬁmﬁamﬁmﬁﬂﬁ

AeTnasy aniu ﬁn"lﬂﬁﬂmil,wwzLﬁym‘lumvml,wwzl,a?mgm % MS 1§l cefotaxime
500 mg/l laainquszasaluniaidy cefotaxime \avinmsainieuunadiis Agrobacterium
%é’amﬂﬁ'Lu_lﬂﬁL’%fuV‘iﬂﬁlfmﬁﬁ"mﬁ@msm:éjﬂﬁlﬁ@ﬁﬂaaaJ V‘iﬂmiwauﬁmI@ymuqu
ganniilild 25+1°C fluam 24 §law mssannassflaluimamnziaesle
21MIudIgas % MS 7l cefotaxime 300 mg/l uaziwzLABITUwAaN 2 Fans nniiur
msiT’]mwnaaaﬁ"l,@i”m‘lummsgm % MS #13 cefotaxime 100 mg/! wdwzaesdlunm
2 dlawt dhemnassasluamigas % Ms Pl cefotaxime Waz¥NNIATIVFAENT

ngal isoflavonoid anvlusnaaslaylilasis HPLC
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1.2.2 maiasaviulusinaselaesids polymerase chain reaction (PCR)

maTasaudn  ro/A  lusnagsaunIainmMIaTasey lelasnIanaaLanLe
(DNA) ﬁ]’mi’maaﬂ@ﬂ‘ﬁqﬂaﬁ@] DNeasy Plant Mini Kit (Qiagen, Hilden, Germany)
i DNA Alaluvinmsamaseudusunalasds PCR Tauld e asil

rolA1 5'-CAGAATGGAATTAGCCGGACTA-3'

rolA2 5'-CGTATTAATCCCGTAGGTTTGTTT-3'

aneldlumsiiny5una DNA dhatedas Thermal cycler fiaadt 94°C 2 wf,
58°C 2 Wl WAz 72°C 2 w11 1 39U @NG18 94°C 1 w1fl, 58°C 1 w1fl az 72°C 2 Wl
|24 50U NTMnMIaTIasey DNA 7ldlas33 electrophoresis lagld agarose gel
1.5% niurinmsdoudie ethidium bromide wazdasmelduas UV innnugninan 260

nm

1.2.3 miﬁnywawamﬁ@ua:mmm’”m”uwaommx@j’u@'ammfwming'&/
isoflavonoid Zui’mﬂaﬂ
° ° g ° =< o Ao ' o
I TNaaLNIIINIIIANZIR B I Tan Lagvinm ANt o N Nad a1 3839
§3NgX isoflavonoid M‘smaasﬂ@Uﬁwmuwwmﬁmswnaaﬂlugmmmsmm % MS U

1ALV 8031 100 sau/An# lasrmawziassluiasnaiugugunni 2541 °C uaz
s 16 Mluvdadu nuuiinmIfnsnazassInzduoiiadieg damisiiaangs
isoflavonoid  l3naae I@Uﬁﬂmmﬁ@LLa:i:mnmﬁmmzau‘lumsﬂs:é}ﬂ@swhrm
dq, & s v o a v a 1 v 1

wnziResnnasdung 21 wudvhmsfuasnszduaiadns g adld leun methyl
jasmonate, yeast extract, chitosan, salicylic acid W8z Agrobacterium rhizogenes lysate
ﬁnﬂﬁfmﬁm’maaUmﬁmws*’ﬁ'@ﬁmﬁfﬂa@LLa:ﬁ’mﬁfﬂLLﬁaLLa:‘imﬂzﬁmﬂ%mmmimju
isoflavonoid 1 3 WAL 6 NAINNLANEINTZGH I@UmmLﬁmﬁumaoa’ﬁﬂs:ﬁmﬁ@@ms]
P= - dQ/
etk

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

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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A a 9 aaa I's 1
2. mwamfwﬁfﬂ&maau,awnuaﬁLm:wmwn'ﬁ"umﬂzwaﬁnqu isoflavonoid ﬂvﬂlﬂ
25 ELISA

2.1 MILATLNUEFLIY (antigen)

o L. . A 9 o a o A o A Aa

&5 daidzin uaz puerarin B9l duuandiananinmagendanulysaung
luanalwajiiaashsuatinu (haptan) lasyinnsiensanuliséiu bovine serum albumin
(BSA) waz human serum albumin (HSA) lagiinanvii§isennuss sodium periodate
(Nal0,) ¥inmsirendenulysin nuukinmsanareuteduawmsiandanu Ui

lag/l35 MALDI mass spectroscopy WazfinwI s uinuadinud laanmsisenda

2.2 mms:&jumwim?ﬁﬁwuau@uaé’f (immunization)

- ﬁﬁmsﬁ@msmmjunﬁﬁu%nmiﬁﬁmﬁfa (s.c.) N3zeny (New Zealand White)
lagyinn38asIunL Freund’s complete adjuvant

- %é’amﬂmiﬂszﬁuﬂ%@mﬂ 4 Flaw ﬁwmiﬁ@mim:ﬁuﬂ%ﬁ 2 FhALSIm
nauL i sIwINTRIN TN (i.m.) laa¥inmsfasiuny Freund’s incomplete adjuvant
5fie nin 1 §enst 15N (serum) %%ﬁ"l,ﬁ%'umsﬁ@m‘smzéjumﬁnmsmnaaumi
\ianauduadlasiT direct ELISA Waz competitive ELISA

- ﬁﬂm‘sﬁ@msmzﬁuﬂ%ﬁ 3 N AUS o EwAeAaINTEAY (V) Nt 1
FUaA TN (serum) ﬁgﬁ"l,ﬁ%'umsﬁ@msﬂs:@umﬁﬁmsmaaaaumnﬁ@LLauauaﬁ
1ae/3% direct ELISA Was competitive ELISA

- Lﬁmﬁammnm:@hﬂLﬁaﬁnvl;ﬂLmnlﬁu’%qwﬁa:mmaauqmauﬂ'@maaLLauauaa

dl ke v 1 v Y a A a d'
ﬂvl@ LLN%ﬂWWﬂWiﬂiZ@J%ﬂi&@n Ui%ﬁ‘ﬂx‘lLLﬂ%@]‘U BGILL’N@]\‘]@NEﬂV] 4

j‘-;.és: J 1°' immunization : 0.4 mg puerarin-BSA 1:1in FCA S.C.
& / take semumn — check Ab titer & cross reactivities
A3 kg female - . .
ow Zealand Whi P _ 2% immunization : 0.4 mg puerarin-BSA 1:1 in FIA I.M._
rabbit E tak2 s2mum — chack Ab titer & cross reachivifies

bl

3" immunization : 0.2 mg puerarin-BSA in PBS LV

tak2 semm — check Ab tifer & cross reactivifies

| week

Blood collection

dl ¥ a Al '
Ell'ﬂ 4 ﬂ??ﬂiZ@!%LLB%@]‘U ﬂ@]l%ﬂ?Z@]’]U



22

o v a a A n(
2.3 myhliuoudveduigns
o A \ AV o ; o o o v a &£ @ .
iideanszdonldunduuwsndiuuszhuvilduignslasld protein G column
lunsuanuendavadsia IgG aanulagaAuRANMNTIANNTIUNY Fc 2aduaniuafias

wonansaanunlasldmsunines (ouffer) N8 pH &1

2.4 ATIRAUAMFNLAVBIUOUAUDG
ihuaudvadnlalyamaseuqmuaud@lunduiuans daidzin, puerarin Uazans
aunfigaslassaiilndifosiulasiT competitive ELISA (3U7 5) anuuriinisdiwine

cross reactivity VaILauALAN ba

2.5 w”@a/uﬁfﬁmﬁzﬁmingw isoflavonoid lag/35 ELISA
FANTANAIUWITANTIATZRANLSN RS isoflavonoid d283T competitive ELISA
TaglFlwalaanaauaniuaannae laLasaIa8aUnIUIINmanT isoflavonoid Nwuluie

ayu"[wsmnm%amn
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PUADUMIILATITAMUTU1 2487 isoflavonoid #2835 competitive ELISA L&aIn3

LWHWATNN 5

L@ 100 pl Va4 conjugate puerarin-Oval ANLTUTYH 1 pg/ml in 50 mM carbonate buffer
pH 9.6 Tuusnznguuad 96-well immunoplate
-Incubate 7 37°C 1 7.
-§19¢28 T-PBS 3 A9
L@ 300 pl Va9 5% skim milk solution in PBS
-Incubate fi 37°C 1 .
&3¢ T-PBS 3 A9
L@u 50 pl maamsa:mﬂmmgmﬁ%amsﬁﬁmmiw@aau Fanzaneln 20% MeOH uazlfinasasany
yasuandveffidasmanasauluanudutufimansluasazans T-PBS USunas 50 pl wenliidnninu
-Incubate 7 37°C 1 7.
-§968 T-PBS 3 A9
W3 100 pl Ve9ENIRTAULaUALBRAITi§as POD anti-rabbit IgG
luansazaney T-PBS
-§9828 T-PBS 3 A9
-Incubate i 37°C 15-20 w1l

L@u 100 pl PaIRNIRZANY ABTS
-Incubate 7 37°C 1 Ty

AN NULTNTUA L Microplate readerﬁ UV 405 nm
3UN 5 TUAIUNIATIVINATIZRAILTT competitive ELISA

2.6 m;‘maafumamwgnﬁawaﬁﬁim’l:ﬁ(method validation)
Y‘hﬂ’]'ﬁ@l'ﬁ’;ﬁl%'madﬂ’n&Jgﬂﬁawaﬁ%’?Lmﬁz‘vﬂﬂEJ ELISA Iumsmﬂ%mmmimj&l
isoflavonoid lasiadwITAtaasa1ss aad
ALY (precision)
o a [ ! . . o [l & = = a 14
NINIIAUATIEARIINGY isoflavonoid @IBEdRE 3 A WIguaumMIAIZR
oy 96-well plate LAEIN (intra assay) WAz 3% plate (inter assay) LRIUWE

FATIERNIATWIART % RSD
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ANUAWEN (accuracy)

1 o ad a . .
A323FUANNLNUENLa8AT recovery method lasLin a7 isoflavonoid b

o ' A @ o ad a o o . A v o
@naﬂ']ﬁi']ﬂﬂ')']')laﬂia?n'lLLﬂzﬁﬂ@@'ﬁﬂ')ﬁl,@]U?ﬂﬂ@]?aﬂqﬂﬂlﬁuﬂqiﬂ@ﬂaﬁ LmeVLﬂ

ATz RUTImlas3 T ELISA

PNBURINNTI Lmﬂ:ﬁmﬂ%mmminﬁjw isoflavonoid AWUlwAIILATaT1IEI

1 k% a a o 1 =3 { Y A { L &/
@199 @183% ELISA uazd HPLC vnmsiSouifisuda1nnsininzdn lenuisnnam s

N 5 o (::l' v
1 Ugﬁnﬂmmmauwuw"l@

3. ANHINADIIININIZLAILTHDLEBNIILAS AV DANITOUSVDILOW 178 L7516

a = Y o A A 1%
Tﬂi&l N 450 Llazﬂ’]‘a‘tﬂaH%Ltﬂa\‘laﬂﬂmz‘n’mﬂ’lElﬂ"lW’ila\‘ia’JEnz"nmﬂ’nlaﬂ

3.1 §INaaay

wislud auWug ICR a1y 8 dUanw iwauaziweiils ulsaaniduiness 6 ngay

82 5 @7 A%
1
2

nay
q

= =

nay
q

1 Qas g/ dl' a 1 ] v A
nguaIugu laTuansuazihanaudndud ldlwanmiaulag
nguaIwaudang 1 lWesesluwiesanlasen  (estradiol
benzoate) 210 0.2 mg/kg/day lasnisdaiinldfnids (s.c.) nn
W Aadanuwun 1 glens
nguaIwauiIng 2 ldzasluunalnaaaliu (testosterone
propionate) ¥Wa 5 mg/kg/day lasmsdaidnldiinis (s.c.) nn
W Aadanuuin 1 U

. A o = & A A
ngunanasn 1 lkamniwziasaiielianina3as17 11a 500
mglkg/day lasmstleunistn (p.o.) NA%  AedanuwIw 1
ok

! A o = & A A
ngunanasn 2 limamniwziasaiialiani1a3as17 119 500
mg/kg/day m3ilaumithn (p.o.) Nniu Aadariuwin 2 Flani
ngunasadi 3 Iramnwnzideaiialianinaiazny auia 500
mgkg/day lasmitlaunathn (p.o) nniu Gadeduuwu 4

sUanw
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3.2 105un ulaslovanaainaaas

MURRIINNATURIRUANITIARIITWIALIATY 24 TAlNg FNNIFauaainaaad
% . ° & o o & A A =
@28 Ketamine UWRYINMILUNIALAUVAIEA I NARIN -80 aden twaesodlulaslay
(Jarukamjorn et al., 1999) (3U7 6) FinmstwnVIAUATTINNINUARN (uterus) VBINY
WNALDE  AREAIRFINALAZUWANNITIU R UL RIVAINN B NI ENTNYDIA LA 1o
YIRAINARDI iy lulaslauanauRa INARa LR A LAZILATIZH

YSaunmldsdumeiTvasuusanasa (Bradford, 1976)

Homogenize

i Homogenate

| contains various
types of

membranous
vesicles

Pastnuclear
supernatant
(2]
Centrifuge
10,0009
for 10 min
—p
Homogenate Whole cells, nuclei,
mitochondrnia,
peroxisomes

Transfer postnuclear
supernatant

Centrifuge
104,000g
for 1 hr
—

Postmicrosomal —1
supernatant

Microsomes

317 6 Tuaaumaeiowlulaslonanau
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3.3 MIA3ENaTLOUIETIN (fotal RNA)

dlafady Wszanm 10 mg) shanvimsualasldasazans Trizol® 3nsiwda
chloroform asluitatdaguaziinluiumissfianusiseu 15,000 rpm guanDil 4°C
Huwaan 10 Wt sinsuuslals microtube sulwal 1@ isopropyl alcohol avluvinsiu
WaBg Aeasasay 15,000 rpm gunni 4°C (Hua 15 wifl azldaznauzas RNA
iluvinldudnazazansdas 0.5% SDS answinliaenududusas RNA fiaruen
AR 260 WAz 280 nm

3.4 aTI9FaUNAYaI I A aauTsausvadian o lolalasy W 450

narauUNadaaNIIauzvadanlollolalasy A 450, CYP2B  muwnadia
Penthoxyresorufin  O-depentylation (PROD) uwa2 benzyloxyresorufin O-dealkylation
(BROD) alkoxyresorufin O-dealkylation (Sakuma et al., 1999; Jarukamjorn et al., 2002)

3.5 MIaTIIRavLSvImTuaadaanvadiawulwl CYP2B9 mRNA lagle3s a3

vufasengnlelwdivalsauyiiaia3i (real time polymerase reaction)

USunos RNA Tanfiusnldinlusgaesed cDNA uasfintSanalasld TakaRa®
RT-PCR kit (Perfect Real Time) TaqMan® Gene Expression Assays (Inventoried) fRTU
CYP2B9 (MmO00657910_ml) annzfildlumsasiageuiiasii 94°C 2 wifl, 58°C 2 w1l
ez 72°C 2 wfl 1 38 95°C, 35 3wl waz 60°C, 90 Fufi DNA fildarnmaindsunm
i lUaseseulasdSunalasls fluorescence reporter dye (FAM) (Jaruchotikamol et al.,
2007)

3.6 aﬁﬁﬁ?%‘?unvﬁmmmfﬂfaya

aﬁaﬁl“ﬂumﬁLﬂi’l:ﬁ‘fl’a%laﬁ]ﬂ“f one-way analysis of variance (ANOVA) @l
@18 Fisher's least significant difference (LSD) W&z independent sample T Test (P<0.05
W38 P<0.01)



UNN 4

NAaN13IY

1. nﬁm'mﬁmLﬁaLﬁaﬁ%aagﬂwsmﬂm%m%

¥
1.1 NMSINZLRLILARAE
1.1.1

isoflavonoid

Nawaagmmvi75171'1,14.1/7my°lumﬂﬁmmaa°’a

gae
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URSNITRINATT

gasenmsndsznavludisaniniuqumaeiyidvle 3 oila Ao NAA, BA, uaz TDZ

TUFAFIUNUANGNNNY  FINAAANIINALASAR 200  INUWIBYIAADTURIUNT  LIAIAI

A o o ' AN o & [ A
A171N 2 aﬂ‘]ﬂ’mzma\‘]LLﬂaaaLLazﬂa@aau‘ﬂvla(ﬂﬂﬁlﬂﬂqjl.qul.aU\‘]LL@@\‘]@\TE‘]JV] 7-9

No.sB1

N1Bos

&

Leaf

Leaf

93.75%

Leaf

100.00%

o

Stem

87.50%

Ste

100.00%

Ste

100.00%

3N 7 u,amé'ﬂmmzmaaLmaé'aﬁ"lﬁmnmmﬂwwnﬁmgm MS Nilaaslan NAA Lz BA




TDZo 1

TDZy 5

TDZ1 9
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&
Ly

o0
&®

®

&

Leaf 84.38 %

65.63%

75.00%

87.50%

Ty
A T

o

3t

0.
%o

w'®

’~‘

Stem 100.00%

100.00%

100.00%

100.00%

31 8 Ltamé'ﬂmmzmaaLmaé'aﬁ”lﬁmﬂmmnwwuﬁmgm MS Nilgaslanw TDZ



gﬂ"?‘i 9 é’ﬂwm:maaﬂa@a'auﬁnﬂmmﬂww:lﬁmgm Ms fifiaslan
(A) NAA 0.5 mg/ml iae BA 1.0 mg/ml
(B) NAA 1.0 mg/ml wag BA 0.5 mg/ml
(C) TDZ 0.5 mg/mli
(D) TDZ 1.5 mg/ml

29
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P & & a Y . o ) 2 A Ao o &
M139N 2 LS TUANITNALANRE ilﬂ@]ﬂuLLﬂ$ﬁ]']u')%Ela@]ﬂa%@]ﬂ%%ﬁ'ﬂuW‘ﬁﬂNﬂ’]q 8 FUaN9%

gaslanis (mg/) My wWasioudnsiia Wasloudmafia  Swuseada
LARAE yaa Fuguits

NAA BA TDZ (%) (%)
- - 0.1 1)) 100.00 -
lu 84.38 -

- - 0.5 1} 100.00 15.62 1.40
lu 65.62 -
- - 1.0 1} 100.00 -
lu 75.00 -

- - 15 M 100.00 3.12 1.00
lu 87.50 -

0.5 1.0 - M 87.50 3.12 2.00
lu 71.88 -

1.0 0.5 - M 100.00 6.25 3.00
lu 93.75 -

1.0 1.0 - " 100 - -

lu 100 - -

“n=32

TR 2 uaasliidiuin mmm:L'éiym%umuﬁmlummﬂm:Lgﬂagm MS
7§ TDZ 05 mgl lﬁwamiﬁﬂmaﬁq@ foswsamienihliifouasssle 100%
witssinlWAeseald 15.63% wuananfigewuin gmmmiﬁﬁ TDZ az&WInLna
Lmaé’avl,ﬁgaﬁa 100% “qﬂm’mLiTsJiTuLfial%ﬁmﬁwmﬂu%umuﬁwﬁu‘lumsmﬁmﬁﬂﬁ
LNALARAE mﬂmiﬁﬂmﬂ%mmmsﬂ@:u isoflavonoid fa puerarin, daidzin, genistin,
daidzein, uaz genistein luuaasgandiniu uazly §183% HPLC wuin ueadafiia
nnawmn lwamIgas MS fidsznaudrgaslun TDZ anuidudu 0.5 mgl §1u130
#3198INga  isoflavonoid VL@Tmﬂﬁq@ ld3anmanIngw isoflavonoid YaMUa 50.39 +
7.06 mg/g ‘L{W%ﬁfml,ﬁ\‘i (puerarin 3.05 £ 0.58, daidzin 39.58 £ 4.71, genistin 5.64+1.31,
daidzein0.68 + 0.42, Uaz genistein 0.44 + 0.09 mglg TNWIENUHI AWEeL) dauaaslu
a13197 3 USanas isoflavonoid ﬁwﬂmmaé’amﬂmi?mmﬂ%y'af:ﬁﬂ%mmqaﬂfhﬁwuluﬁ’;
AMILASETNINTITNTIRAS 7 110 (7.04£0.29 mg/g Hnmeinuis) wanandigawun §a3
omsnfizaslan TDZ LHNNIANAATIINGH isoflavonoid Vlﬁgqﬂ’j’lgmmmiﬁﬁaaﬂw
BA ez NAA
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@13191 3 USunmkanIngu isoflavonoid luLLﬂaé'aﬁﬁawq 8 FUa

gosluuis (mgl)  Mw U3anmansnaa isoflavonoid (mg/g dry wt)
Tu
NAA BA TDZ Puerarin Daidzin Genistin Daidzein Genistein Total
0.1 M 0.34 £ 0.01 40.37 £ 2.21 5.01+0.32 1.31+£0.33 0.38 £ 0.09 47.43 £ 2.65
lu 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 M 3.05 + 0.58 39.58 + 4.71 5.64+1.31 0.68 + 0.42 0.44 + 0.09 50.39 + 7.06
lu 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 M 2.32 £ 0.02 2411 £ 0.93 3.54+0.55 1.39 £ 0.16 0.42 £ 0.07 31.79 £ 1.35
11_] 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 M 211 +0.21 24.34 £ 2.40 3.70£0.20 1.35 £ 0.22 0.34 £ 0.33 31.85+2.25
IU 1.75+£0.10 19.46 £+ 2.18 2.96+0.14 1.08 £ 0.19 0.42 £ 0.14 25.67 + 2.07
05 1.0 - i 1.58 + 0.07 15.71 £ 0.93 1.78+0.36 0.66 + 0.08 0.34 + 0.04 20.07 £ 1.16
IU 221 +£0.38 30.90 + 4.64 5.08+0.85 1.21+£0.28 0.49 £ 0.04 39.91 £ 6.14
1.0 05 - i 1.32 £ 0.03 11.69 £ 0.73 1.30£0.01 0.66 + 0.04 0.35 + 0.04 15.32 £ 0.80
11_| 1.93 £ 0.18 2249 + 1.34 2.49+0.30 0.91 £0.16 0.44 £ 0.02 28.26 + 1.57
1.0 1.0 - i 1.34 + 0.14 8.03 + 0.82 1.05+0.19 0.49 £ 0.02 0.30 = 0.01 11.21 £ 1.15
11_| 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 NISINNZLALYIINADY

1.2.1 maningil¥iAnTINaaLvaId unI1NAS 8717

o dq/ =3 A A%/ o ] d‘f

AnIwnziagsinaaasneIaanluanwlaaaira  lasvinnnswananiza
VI URIBAITBINAANINILAIDNIG8U181 sodium  hypochloride 10% 1Julaa1 20
w7 wazlu ethanol 70% Liwaan 1 wid LLﬁuﬁﬁﬂ’mww:Lﬁyﬂummmwwuﬁmgm A
MS I@ﬂﬁﬂmimwuﬁUdluﬁaaﬁmuquqmﬁgﬁ 25+1°C LAL&d 16 TIlNI6aI 1Ndn%
dounldanriimimassaienszquliiionnasy laglfuuefiSs A, rhizogenes 97n
MIANEINLI Tnaaaf lamanTauanismusLazaansnsydulaldagimad

LLamﬁqgﬂﬁ 10
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= v a
Eﬂ‘n 10 NRBYAUNINILATIBUIN

1.2.2 MIATI988UH Y% rolA
n‘ Y o o v A & AI a ada A‘ a
MNNaau lasnaNinNIanaaLanaLazN NN Mlas3T PCR 1iNaaTiasa Uit
rolA 1NNNIATIRAUNLIT IINRBLN LAFINITNATIINLEW ro/A Tagwuwny DNA 91 300
1 ~ [ A & o o a a = o ] ~
Al ANNAa 1A (3UN 11) B TnaasuiMIiudIinauasanenadpane g N

= 1

INAGANIIRITNENIN Q 4 isoflavonoid

=
a1
o
o

ey
o
o

4= rolA 300 bp

w
o
o

]
o
o

gﬂﬁ 11 uaaIaL5wavafn ro/A Aldann PCR
Waaft 1: MW 100-bp ladder; 4027l 2: DNA 910 A. rhizogenes ACTT 15834

(positive control); UnaN 3: hairy roots ; U037 4 non-transformed roots
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1.2.2  mmadanmaasyiaule gmmmiﬁmmzmhnma?zyl,ﬁu[@ma:mi
8319817 isoflavonoid lusnaae
sﬁﬂaaﬂﬁvlﬁﬁnﬂmil,wl:Lﬁymlummsmmgm v MS lagvnmsiwiziaesluied
MUAUEINNL 25:1°C UAzUEY 16 T lasati hanimsfinsnaanmsainiiule
LAZMIETNEIINGN  isoflavonoid I@mwaﬂflsﬁﬂmua@aé’agﬂﬁ 12 uaz 13 9nin
nmsanuniadeane g ﬁﬁwa@iamsw’%zyLauiml,mmmi?nmsﬂ@w isoflavonoid  lag
YMIANHHATIFATIMNIHaNIATIENT isoflavonoid WANIIANHA LEAIGIANTIIT 4
MNWANIINARBIAINENITIEU WU §ATaIM1T woody plant (WP) ddnalinasy
MNLATINHAAFINGN isoflavonoid "L@Tmﬂﬁq@ﬁa I¢153n385 isoflavonoid 1M

26.39+3.80 mg/g RBNULAY

: Total isoflavonoid
Dy weight (g/flask

peiditioiast) (mg/g dry wt)
0.40 - - 45
0.35 - - 40

- 35
0.30 -

- 30
0.25 -

- 25
0.20 -

- 20
0.15 -

- 15
0.10 - / =% Dry weight

/7 - 10
¢ ——Total isoflavonoid contents
0.05 - 5
0.00 T . . . 0
0 10 20 30 40 20

Duration (day)

317 12 ugasganmaasyidulauazy3anmans isoflavonoid lumnaae



45.00
40.00 -
35.00
30.00 -
25.00 -
20.00 -
15.00 -
10.00 -

isoflavonoid content (mg/g dry wt)

5.00

0.00 00

10

15 20

25

Time (days)

30

35

O Puerarin
@ Daidzin
W Genistin
O Daidzein
@ Genistein
@ Total

40

31 13 memm%'mmimju isoflavonoid 1131Na88n12LATaU12INITZHZLIAN

@149

A1319N 4 WaY ﬂdg@liﬂﬂ%’ﬁ@i amm%amsmju isoflavonoid
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USuma13naa isoflavonoid (mg/g dry wt)

Isoflavonoid
2 MS 2 MS (dark) MS B5 Y. BS wP 2WP
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 0.850.12 0.73+0.03 0.510.01 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 AavavLsumheadansiasyidulauazn1sgs19a1s isoflavonoid 1u

INnNNal

nmMIanwNaTasiTIshasluamnwziasdon IS yaulauazns

8319817 isoflavonoid Tusnaas lagvinma@uinanalwlSunmiuaned19nwadie 1-9%

wudnUSnmiiana 5% xiinaldnnassfianisiaiuiiulauazaineans isoflavonoid

ld@figa (UM 14 uaz N 5)




dry weight
(g/flask)

040 A
035

030 -

A1519N 5 Namaaﬁwma@iamsﬁwmimju isoflavonoid lusnaay

025

020 o

0.15

0.10

0.05

0.00 T T T T

1%

3%

5%

sucrose (% wiv)

7%

9%

G!. 2/ ! a a
;):'lJ‘YI 14 Na‘llﬁ]@%']@l']ﬂ@lﬂﬂ"l'ilﬁi]'iﬁyL(?']']JI(?’I“II 233NaaYy
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USu1mansnga isoflavonoid (mg/g dry wt)

ANLTNLWVDY
WA (Wiv)
Puerarin Daidzin Genistin Daidzein Genistein Total
1% 2.51£0.35 16.78+3.57 1.0420.12 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 wawaamsm:@”u@iamm{nms isoflavonoid lus1naagniia3av17

MIANHINATBININTZGUTRAUAZANNLTUT U

@iamia%ﬁamsmju

. . o A A '
isoflavonoid 131naasnIa3e117  1udnilasanienvnanlalumsanuluisuasnig

LNCLR ﬂdL%ﬂLU@W“HLW@Nﬂ@I&W?YJ@ UQ@J msns:@;uﬂﬁumsﬂnmmnaaﬂmnmem

laun methyl jasmonate, yeast extract, chitosan, salicylic acid LWas Agrobacterium lasvin
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msmwu??mmnaaUluaﬂw’liLW’]ngﬂagms %MS 1w 21 T ﬁnﬂﬁf’maumiﬂsz@ju
TRAAGN luaﬂmiﬁﬁ'mm,ww:lfgmLLa:ﬁ’mﬁLﬁUi’]ﬂaammwé’omﬂmﬂawmsm:é}u
Juaan 3 uaz 6 14 lagsiaaan 21 3% La‘ﬂm:mﬁi’maaumwm%am'naglwﬁ'mﬂmﬂ
paimaasudulauuniiniuan (late log phase) daduszozfinnassfiananionlu
mMiniammAsnTuazaanInaauauaddamInizdulad nanIfnsnudh mim:éjuﬁ
lnnoiiadnalunsnszgunisaiisaningu isoflavonoid lusnaessniniaiann (gﬂﬁ
15-19)

mﬂgﬂ‘ﬁ' 15  WEAdMALAWIN  methyl jasmonate FNNIDNIZEUNNIRINENT
isoflavonoid mwé’amnmnaumsm:éjuaa"l,ﬂ 6 Th I@ﬂmﬂmﬁwij’uﬁﬁﬁqﬂlumi
NIzgufa 200 UM MERAINNNIINIEGU 6 T4 |FLUTUIIUNT isoflavonoid 37.5£2.2 mg/g
Wminus a;J"mvliﬁmuvl&iwumﬁmi:@jumiﬂf,j;u isoflavonoid LiloLd methyl jasmonate
10 3 3 lunnanadndu nanszgulasldans chitasan (gﬂﬁ' 16) WU chitosan a2
FANIANILAUNIFINEIINGN  isoflavonoid Ieniwdlaanududusas  chitosan
Wi (50-150 mg/l) Tae chitosan finnadiudiu 150 mg 7 6 Fundsarniuansnszdu
Azl isoflavonoid gagadaLiln 34.5:2 mgig iawiinuws a3 salicylic acid 71
anududn 100 mM ladusdly 3 3 1#USanmEns isoflavonoid aﬁq@ﬁa 37.542.2
mglg WMINLRS (gﬂﬁ' 17) &wIUMINIeL@NaNINIzd%  Agrobacterium TGN
Agrobacterium AauTusu 2% (viv) asld 6 53 2:1W5unmans isoflavonoid aﬁq@ﬁa
21+3.3 mg/g ¥miinudts (U7 18)

miﬂs:éjuﬁﬁﬂs:?m%mwlumnﬁumsa%ﬁamimﬂ‘ﬁq@mﬂm‘sﬁﬂmNamaams
mz@juﬁv'a 5 %fia Ao yeast extract inNuENTU 0.5 mg/ml AMERRINNLANENINTZGUAS
luhfluaan 3 Fu a13nga isoflavonoid ﬁvlﬁmﬂmiﬂi:éjuﬁﬂ%mmgaﬁa 60 mglg 1wt
WAd (gﬂﬁ 19) Lfial,ﬂ’%yuLﬁyuﬁumiﬁnmNamaamim:@j’u@iaﬂ’]saﬁ”’mms isoflavonoid
Tuirasuaiuaasnae3ou17 (Korsangruang et al., 2010) wud1 msansnfildainns
nizgulunnaesiiUTunmans isoflavonoid §4ni7 WONINAEINLTY MsEnwilananTe
nazgumindamslunnassginiinsdnmluis  Pueraria gUG§a1  (Goyal and
Ramawat, 2008; Kirakosyan et al., 2006)
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Eﬂﬁ 15 HRVB3I methyl jasmonate @iamiaﬁ"mm‘iﬂﬁj&l isoflavonoid l431naaenNILATe

717
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E‘JJ‘YI 16 N chitosan @amim’mmiﬂgu isoflavonoid lui’maaﬂﬂ’s’l’nﬂia"n’l’a
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= oo oo o o . a
Eﬂﬂ 17 WRVBY salicylic acid ABNIIRIEINQN isoflavonoid l43naasnIILATaa?
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Eﬂﬁ 18 NaVWBJ Agrobacterium (iiamiﬁ%’mmiﬂﬁjm isoflavonoid l31naasnIILeIaa7
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50

30 4

20 ~

Total isoflavonoid (mg/g dry wt)

Control YEO5 YE1 YE2 Control YEOS5 YE1 YE2

Day 3 Day 6

E'i.lﬁ 19 WRVUBIRNT yeast extract @iamsa%womsmju isoflavonoid lus1naasnI1ILaIe

717

2. mindalnilaanaauanfivafuaziunwiIzIasnziansnaa isoflavonoid (e
95 ELISA

2.1 n’)?ii;’\?mﬁzwfhapten YBIRIT puerarin e daidzin ua:ﬁvmﬂﬁamian”u

/56

¥NENT puerarin Wazens daidzin B9l dunandeninrnnmsitendanullauig
Imaqaslmmﬁaa%wuaﬂmu (hapten) TagvimIidondanulysiiu bovine serum albumin
(BSA) uaz human serum albumin (HSA) lassianvind §isennusans sodium periodate
(NalOy) L‘ﬁaﬁ’mm,%'amiaﬁuiﬂsﬁuu’%nmimaqamaaﬁwna (gﬂﬁ 20) uaz¥inmg
asseuieiusumadensdenullsiulasld3s MALDI mass spectroscopy anniurn
msfmmsstatinuildanmsiands  aannaniseeseulas MALDI  mass
WU puerarin-BSA hapten number (% 4 a2 daidzin-BSA #¢1 hapten number LI 11

A ' ! { ° v Aa . ' d
Tsaglutrafimnzalunsilunszduninda antibody lunszene (U 21 uaz 22)



319 20 NI TaNdaLanAlawnU T8 BSA

180 =
160 =
68230.3
140 =
z
=
=
)
Q
L | | | L | | | L | | | L | L |
20000 30000 40000 50000 60000 70000 80000 90000
Mass (m/z)
Ellﬁ 21 MALDI-TOF-MS spectrum a3 puerarin-BSA
713954
2
=
=
(=]
@}

" | | | | | | | | | | | | | L]
20000 30000 40000 50000 60000 70000  $0000 90000
Mass (m/z)

Eﬂﬁ 22 MALDI-TOF-MS spectrum 284 daidzin-BSA
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¢
2.2 nmimszquniznelinialwdlnauasuandvaduazriliusgns

nnnanszgunizdnolinialnilaaueauwaudvafivass puerarin uaz daidzin
WU FSuniEaansagmINIINaALaRAL ARSI REENS puerarin W&z daidzin ‘&
%Gﬁﬂ%%'uﬁvlﬁmﬁﬂﬁu%qﬂﬁ@ﬂ"ﬁ protein G column lalaufvaddasns puerarin Waz
daidzin 881982 20 mg

2.3 nﬁ@maaauqmﬁwu‘”@’?wamau@?uaﬁﬁwﬁw%‘”

LOuAUOAGarIY puerarin Waz daidzin ﬁNamvl,@i”ﬁﬂvlﬂﬁwmimwaauQmauﬂa
Wud enudutusasuendvedfimanzaulumsh U333t puerarin 1w 5
ug/ml W8z daidzin 1w 10 pg/ml enNs1aU Toggsnnusuduiivaanzanlung
AYIAFOLA2LID competitive ELISA 113U puerarin 1w 6.10 ng/ml-1.56 pg/ml Lae
daidzin 11w 24 ng/ml - 12.5 ug/mi (Eﬂ‘ﬁ 23)

0.7 =k Anti-puerarin PAbs

- Anti-daidzin PAbs
0.6 A

0.4 A

Absorbance at 405 nm

0.2 — g e g
0.0001 0.0100 1.0000 100.0000

Concentration (ng/mL)

‘q' a a ai o ' . . .
Elh’l 23 mﬁWmmgmmamau@ma@mmmmami puerarin Lz daidzin

Werhniaraseugmautifuawauduednnia lddaas isoflavonoid Tliadna¢

{ = R a ' . . ' =
WAZENTEUY AU LAIuauAuafdaaT puerarin & cross reactivity @aa13 daizein o9
I . A a A L. oA L. '
111 algycone a4 puerarin L84 luanNuandvaddaans daidzin & cross reactivity @8
813 daidzein, genistin W82 genistein (AN319N 6) AILMLARALBAGEFNT puerarin 98
anumnzaulunIhNawILNaATIIaUMT puerarin Uaz daidzein luraywlng
luraenuaudvadde daidzin  wanzanlunsvinldasiazeusns  daidzin,  daidzein,

genistin LLAZ genistein



M99 6 ¢ cross reactivity YadLanALDAA IR ITHAG
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FINATIIFAL

Lauduadda puerarin

Lauauafda daidzin

Isoflavonoids WU luAI121A38277

Puerarin (8-glucosyl-4",7-dihydroxyisoflavone)
Daidzin (7-O-glucosyl-4 -hydroxyisoflavone)
Daidzein (4°,7-dihydroxyisoflavone)
Genistin (7-O-glucosyl-4°,5-dihydroxy-isoflavone)
Genistein (4°,5,7-trihydroxyisoflavone)

Isoflavonoids ﬁ?aiwﬂumnm?aﬂnu
Tectorigenin (4°,5,7-trihydroxy-6-methoxyisoflavone)

Tectoridin (7-O-glucosyl-4",5-dihydroxy-6-methoxy
isoflavone)

Irisolidone (5,7-dihydroxy-4",6-dimethoxyisoflavone)

Flavonoids
Rutin
Hesperidin
Naringin
Anthraquinones
Sennoside A
Sennoside B

Triterpenoids saponins

Ginsenoside Rb1

Ginsenoside Rg1

Glycyrrhizin

Sesquiterpene lactones

Artemisinin

Artesunate

Naphthoquinone

Plumbagin

100

<0.001

127.79

<0.001

5.12

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

100

93.38

49.01

45.13

66.59

32.69

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
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o

2.4 W13 5N1IATIARAURT puerarin kA daidzein laaltuonudvadiisnnizee
817 puerarin 612835 ELISA
A o o Aad ., . . v  aa oA
WarMINAIWIAITNITATIVFBLANT puerarin Waz daidzein 62833 ELISA WU &
Aanuiiesgs laofidn intra-assay Uaz inter-assay 1w 1.93 % uaz 3.10 % MmudaU

(@197 7)

A13191 7 LEAIAIANNNBIVRIITNNTIATIEH puerarin 1a83T 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 1.46 297
7.8 0.57 1.14
0 0.70 1.36

MNNNIATIRUANILIUINT89AT AR lasnILANaNTNNG T puerarin 71
AMUTUTUITNIN 125 — 50 pg/ml a9 bl lwkinata3eInud s181Inaasel
Usunmansiauadluldlugas 98.6 — 102.0% (15197 8) uae9313% ELISA ANaunaud
anuuininlunmIasaveug mmmﬁ,ﬂﬂﬂszqnm“lﬁﬁamnaauﬂ%mmms puerarin

uaz daidzein luNTA0819 kel



A13191 8 LEAIANANNUNUENVBIITNNTIATILH puerarin lag3T ELISA

44

USinmfvia (Lg/mi) USinmidaled ® (ug/mi) cv’ (%)  Recovery ° (%)
0.0 96.6 + 5.2 5.41 i
125 109.0 + 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

° All values were mean + S.D. from triplicate samples for each level
® Coefficient of variation = (S.D./mean)x100%

¢ Recovery (%) = (measured amount—96.6 [lg/ml/added amount)x100

L a¥NNIIINNNATIRAURILT NI MRITINNAIALNINTNINIAIAI BTN

b J = =~ v ad a 6 ¥ oA o v 6
‘W@Nu’ﬁ]%L‘lJiEJUL‘Y]SJUﬂU'J‘Eﬂ'ﬁ'JLﬂi’]mﬁu']@]ij']ui@ﬂl"ﬁ HPLC W]J'J'HJFI’J'UJ@EJW%‘EQG

(F 0.999) (9197 9 UAzLIN 24)

M13197 9 YSNMaNT puerarin LAz daidzein TINNILATILA IGANNIT ELISA Uaz HPLC

AMULT UL (mg/g, dry weight)

G0ENINT
ELISA CV (%) HPLC CV (%)
P. candollei var. candollei
Natural tuber (1 year old) 291+0.25 8.60 2.72 £ 0.01 0.36
Marketed product (Nongkai) 1.44 £ 0.15 10.30 142 £0.16 11.30
Hairy roots 1 2.83+0.15 5.11 2.70 £ 0.09 3.22
Hairy roots 2 217 £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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16

14 4 v=1031x-0.034
R*=0.999

(mg/g dry wt)

ELISA, puerarin and daidzein

0 L] L] L] L L} L] L]

0 2 4 6 8 10 12 14 16

HPLC, puerarin and daidzein
(mg/g dry wt)

ANMNUFNANWTIUNNTATIVIAGNT puerarin WAz daidzein FzHINIITIATILRAL
ELISA ez HPLC

2ol
=
=).
N
s

2.5 W”@a/m?@mw&aumi puerarin, daidzin, genistin, genistein 8 daidzein lag

lFuanduaainsuwI=aasnT puerarin Uz daidzin #7855 ELISA

Lﬁaﬁ’]@@m’maaumiﬂéu isoflavonoid 594 l@wn puerarin, daidzin, genistin,
genistein uaz daidzein #1833 ELISA Taglduanduaffisiwizaasns puerarin uaz
daidzin WU ﬁmmﬁmﬁmgo laofian intra-assay uwaz inter-assay (% 1.80 % uay

2.55 % e U (a3199 10)
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A19197 10 LEAIANANULABIUDIITNNTILATIZH isoflavonoid Lag ELISA

Y3unmsngu isoflavonoid CV (%)
(Kg/ml) Intra-assay Inter-assay

10 0.83 0.82

5 1.40 1.02
25 1.56 0.83
1.25 0.58 2.55
0.62 1.80 2.10
0.31 1.15 0.86
0.15 0.70 217

0 1.35 1.55

INMINTIIFAUANWLIUE1093 Tz R las M@ ua1snnasgu isoflavonoid
¥ 5 190 ﬁmwmﬁuﬁmﬁm 89 i luHIneT e 1INLI EuTRaTIIRaLUSNENT
fanaslul@lugng 93.78 — 103.99 % ussidranuudsUsindrin 15% (@13190 11)
LRAIINID ELISA ﬁﬁ'@um"fuﬁmmLLaJ'u{iﬂumimnaaugd mminﬁﬂﬂﬂi:qﬂ@ﬂﬁﬁa

A9aUUINWRNT isoflavonoid TuluwNTaatg e



M51990 11 LRAIAANNLAIBIVBIIDNTIATIER isoflavonoid I@]El ELISA
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Isoflavonoid USinafidia Ysnmiiiald® b Recovery”
cV® (%)
(Hg/mi) (Kg/ml) (%)
Natural tuber 0 206.92 * 13.69 6.61 -
Puerarin (PR) 50 257.81 + 17.00 6.59 101.80
25 23291 = 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
DzZ + 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 T
All values were mean + S.D. from triplicate samples for each level

® Coefficient of variation = (S.D./mean)x100%

¢ Recovery (%) =

(measured amount—206.92 [lg/ml / spiked amount)x100

Wi MIINNNIATIIRBURIUTINRENTINNG L1 NTNINILATBA8ITNNTN

L J v A a v
WaJwdIouiisunudsmadenzdunasgiulesld  HPLC

wmﬂﬁm’mﬁuﬁuﬁ’ga

2 { d A g o = '
(r 0.997) (MTWN 12 uazyUi 25) I@m‘ﬁmiﬁmmmwwmLﬂu"qﬂm’maaumsﬂqu

isoflavonoid 33419 5 Tha laa21835 ELISA laglfianufuafaainhanaunwhazgIu1sn

AN1IRIUSNIMENT isoflavonoid 323 ke bineawaey Hnlwrzain a5 lun1IaI19

AATEAITNNADEIRTLULAGIA ) NINBITUTAUAZIINMTMZL AL baLE oD
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a

M13197 12 USU1maNT isoflavonoid UNILATIZH 16a1n3T ELISA uaz HPLC

AMULT LT (mg/g dry weight)

A0819ND
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

I
[=]

v=1.023x-0014
R?=0.997

13
Bl

A

0 s Lo L= 20 23 30

ELISA, total isoflavonoids (mg/g dry wt)

HPLC, total isoflavonoids (mg/g dry wt)

gﬂﬁ 25 AMNRUWWELUNITATIIARIT isoflavonoid TI0TzHINITILATIZHRe8 ELISA

Iwae HPLC
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= cg/ dl” 4. -~ 1
3. ANHINADIIININIZLAILTHDLEBNIILAS AV DANI IO YD ILaW 178 L7516
a A o [ A A [y
Tasa A 450 wazn19til AuwuilasanEmen19NIgNINYada I8z NNgI1209
nnndnslunulad (ICR) Mymeuwanileny 8 dlenw lasdainanasazlediy
g & ) o g o \ =< & v
madssgiuna 7 Ju ludesdssdainasasioumtinm nyludnguazldiy
o A AN o g &g A = P o
miflaumaninninaiafldnnmamizdsaiiaelunwSoufisuiuasnesgu
estradiol uaznguaIwRuiduia 1, 2 uaz 4 dlai menasnfasuimuanlians
WI081ATU 24 Tlad FNNINARAUFAINAaaILaziAUGatIaULNaLAsN lulas Ly
tufinvauaztaininuagnuamwnalis  InuwihnInaseUHadasTINUzYed
aw bl lalalasy W 450 WIsuisununavasgaslunaalasamtazinglngiaalsweng
INA%A  penthoxyresorufin  O-depentylation (PROD) W&z benzyloxyresorufin  O-
dealkylation (BROD) alkoxyresorufin O-dealkylation LLazmﬂﬁﬂmiﬁﬁﬂﬁﬁ%mgﬂisﬂwa
LWALIRLUULIANDIY (real time polymerase reaction) PNNMIANBINLIT TINLWIZLRD
A a ° ') o ¢ A A a £ ' Ao o @ a
nmiasariikalumahliuegnaainaseuinailiofiimaiiniuagadindAnyiiie

= A o AN ) v & A A
Ll]iﬂuLﬂUUﬂUﬂqwﬂVLNVL@SUﬁﬂL‘W’]zLamﬂ’J’]’JLﬂimﬂ’) (@']5’]\17] 13)

A1319N 13 WATBITINLNIZLREININILAIDV A DINATILAZAMNEIY Eld&l@@jﬂ

mMsAn® wmsinunan® (mg) Aa1INAaN’ (cm)
Non treatment 160.44 + 23.36 2.40 £ 0.19
Estradiol benzoate 207.62 + 59.21 418 + 048

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: s Results are expressed as mean+SD; *P<0.05, MP<0.O1 Vs non-treatment.
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enaseutewlsd A 450 wuin Usanmmavasiewloiliuandislugainasss
ﬁaaaaLWﬂluﬂéjwﬁ"l@T%'mmLWﬂngmoLLazﬂa;wﬁ"L@T%'u estradiol HAMINAFAUMLNATLA
BROD @sdumnzsiatonlas] CYP2B9/10 Wuin da nanasfilasumnmnzianininiieie
s 2 uaz 4 FUaRIRaRNIsuEasannvasewlmiInMInasausis BROD
Tungiwe] (@971 14)

A13191 14 HATITINLWIZLREININILAIBTGBLSUN T P450 LWae benzyloxyresorufin O-

dealkylase (BROD) luduwy

Total P450 content Formation of resorufin$
Treatment (mol/mg protein) (pmol/mg protein/min)
Male Female Male Female
Non treatment 0.48 £ 0.20 0.32 £0.15 13.04 £ 3.74 12.57 £ 4.33

Estradiol benzoate ~ 018 £0.17  023+0.11 3716+ 11.08  27.35+4.89
P. candollei tissue cultures
1 week treated 0.35+006  0.43+0.31 15.82 + 1.87 13.97 + 3.29
2 weeks treated ~ 0.52+017 040+ 012  3274+759  12.46 +1.97

4 weeks treated 0.71 £ 0.24 0.25 = 0.09 39.64 + 565 20.96 £ 6.07

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

=2 & A \ a
ANMIANBINAVDITINLWIZLREINNAUAIDVIIA DN IURAIDANVBIEW CYP2BI
laam3ins3zal mRNA 2898% CYP2BY lunyinagwuin miuaasaanasszay
R  ve XX 4. -
mRNA CYP450 Linauiilaszoznimf idsunnnmaiaiasniuiiui 4 ey (U7 26)



Relative mRNA expression
(CYP2B9/GAPDH)
w

i

NT ES P1W P2w

P4awW

3111 26 HATBITINIANZIRBININILATEVIIABNNIUAAIBENYEITZAL hepatic CYP2BY

mRNA luﬁHLWﬂg‘}T

= 300+
5 )
s 250 i
> #
£ #
° i #it
° 200
£
*

< *
a 150
= *
'S *
c 100 *
o
2 *
§ * *
= 50-
(&]
c
[e]
o 0

NT ES P1W P2W PAW

Ellﬁ 27 Na‘*ua:mnLW?:LEmmnm%amwimzé’u thiobarbituric acid FL%‘V\‘EJL

O Male
B Female
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MNIENHNATEITINAIZIABININILAS 8T 1IAaNT2UINMS lipid peroxidation b
AUDIVOIRATNABITINNIINATA thiobarbituric acid WU TINLWNZAE9NINLeS097E)
WRAAM3LAR lipid peroxidation §1EMNINAREL TBARS auddlanwusnuesmslesusn
NZLEBININILA3977 wenanfigenud Tasunnnaederadunafiuuiwesiing
nl#msiia lipid peroxidation ’Luawamhba@mmﬂﬁu (gﬂ‘ﬁ' 27) wRAILAHARINN
LWW:L‘&TUGmnwﬁamaﬁwaslumsél”ma%a'ém:ﬁm

mnmsenmenduldin mslEnnmnzEsininieierniasinmsiiansanis
ﬂ’]iLﬁ@]ﬂﬁﬁ%ﬂ’l@iﬂﬁ%ﬂlﬂ\‘iUﬂLﬁﬂdﬁ]ﬁﬂﬁf}ﬂ%ﬂSZ@j’mauvlﬁﬁﬁ CYP2B9  asnglsfienunasil
MIANE I BIANTIHNaVBIANT isoflavonoid LdazaddadaaNITauzUadlan ko lolalasy

P450s LNNLGNANGIE
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UNN 5

a;ﬂwanﬂsﬁﬁﬁ

mnm%amnLﬂuﬁmaguvlwsﬁﬁmiﬁmﬂ%azi"mLLwi%msﬂuﬂﬁ]gﬂ'u WININILAID
°1mﬁaaﬁﬂizﬂamaé’mﬂumsﬂgiw isoflavonoids b@WA puerarin, daidzin,  genistin,
daidzein uaz genistein  Gemswaniiinniidwlnlaealasion (phytoestrogen) wie
gaslunaalasianannieg miéﬁﬁ'tyﬁwusluﬁumnLﬂ%amnﬁmwuﬂiﬂmuamamnmu
anzadoudINa S man s leiwlidanuwinen  eaiusslaimaimedians
LWW:L&TMLf‘:al,i‘iaLﬁwwwﬂs:qﬂmﬂ%ﬁmﬁuﬂ%mmmm%ommaﬂgmumnm%ama lu
AMINARDIASIHNLIIN ma:l,ww:Lﬁmmuﬁwuuummigm MS fiszneudls TDZ 0.5
Naansudoaas Iﬁwamiwmaoﬁaﬁq@ Aomanowdienhlfiiaunssalasosas 100
wigailfiinsansosa: 1563 uaz FANTDRAATINGY  isoflavonoid laUsunm
50.39+7.06 Haansudaniu dmsinuds wenaniisslednmanisninlimAannassles
lfuuafiize Agrobacterium rhizogenes a’mﬁuf ATCC15834 mﬂmiﬂﬂaadﬁwui’] ng
83719813054 isoflavonoid Tusnaey 26.39+3.80 Jadnsu densuinminuis FadU5unm
ANNNAINEIANUILETINTN@ES 5.8 1V uazwuIn AnuTuTwIasinans 5% wansaui
vinlvnnaaseigiivlaldfuazinmsairsansnga isoflavonoid lénniiga losgasomis
ﬁﬁﬂ’]‘iﬁ%ﬁdﬁﬁmﬁu isoflavonoid VLﬁmﬂﬁq@ﬁa INIIFAT woody plant PMNMIANBINE
maamimz@:}“u 5 e Ao methyl jasmonate, yeast extract, chitosan, salicylic acid L&z
Agrobacterium rhizogenes lysate §an1INAGR1T isoflavonoid WL a’liﬂixﬁumfﬁﬂ
riaiinalunmsnszdumiaiiaangu isoflavonoid Tumnasuniniaiasn msm:@juﬁ'ﬁ
ﬂs:?m%mw‘lumﬂﬁ'wmsaﬁ”ﬂamiumﬁq@ Ifun yeast extract finwduiu 0.5
JaanTudolanany mwé’amnLaumim:éjumvlmﬂunm 3 74 &13ngw isoflavonoid 7
"L@Tmnm‘:mzéjuﬁﬂ%mmgaﬁa 60 IaAnsudanuiwinu

nnmsansMIKaalnalaaneauaniuofdosns puerarin Was daidzin e
ﬁ@uuﬁ%‘%mmzﬁmiﬂ@wﬁﬁammﬁﬂ ELISA laglslnalaanaaiauduadaaans puerarin
TumInaw353tnTe¥ans puerarin was daidzein 9illuaznaslaua puerarin lagTag
maamﬁl,mw:ﬁa%iﬁs:é'u 6.10 W lunsu/AaaanI-1.56 lulasnsu/Aadans vad puerarin
L MINFNLABALaGNIFaI TR R e WA TILATEWSn 0 isoflavonoid TN luduaau
won Tepfdsmyienesdinenutudn 0.05-6.25 lulasniu/dadans 35anezsilay
ELISA vasad375 Iinamyilansigonndasiufildannmsiesmeddis HPLC 9anms
U5z i3I Tasinuin ﬁaaaﬁ%ﬂuﬁ%ﬁﬁﬂmmgﬂﬁaa LN AMNFUNIZLNZT LA

A1 NVL'J FMRILNMIANEALTIN mminaju isoflavonoid I%ﬂ’J'TJ LA38212
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MsANENATEININLAS IR eaNTIauzvasewlol lolalasy W 450 MifipaTas
lunyluddrsinaiia BROD, real-time RT-PCR, Na@iamm@LLam{mﬁfﬂmgﬂmamHLWﬂ
dlo aneamsanswuin learmzidsssunnuesninueiarndgniedosaslun
e landnainanueIved nonnuwelils  uazdnanwlunianszdums
WEAIBENUEY mRNA WAz  FNIIOULaadeubod CYP2B9  91nnIANBINA284IN
IWNZIRE9NINILASEIRaNTZUIWMT lipid peroxidation luaNasuasdainaaasdanns
mafia  thiobarbituric acid WU SINWIRIAE9NILASeI N INaaamTAa  lipid
peroxidation §28n1INAFAL TBARS aaudsanwusnuasmslasusnmiziassniniieie

P17 LtaﬂdlﬁLﬁu’hﬂﬂLWW:L‘&‘mmnm%amaﬁNasl,umsﬁma%aﬁm:ﬁm
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Pueraria candollei Wall. ex Benth. var. mirifica (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 isoflavonoids [(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 isoflavonoids in calli induced from

stem explants of P. candollei var. mirifica.

Key words: Pueraria candollei var. mirifica, Isoflavonoids, Callus Cultures

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 isoflavonoids, phytoestrogen
compounds including puerarin, daidzin, genistin,
daidzein and genistein (Chansakaow et al., 2000a;
Cherdshewasart et al., 2007b). The concentration
of isoflavonoids in the tuber of P. candollei var.
mirifica 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. mirifica and the pro-
duction of isoflavones 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-
flavone glycosides, puerarin, daidzin and genis-
tin, from P. candollei var. mirifica by means of a
tissue culture has not yet been reported. Thidi-
azuron (TDZ) has been shown to be an efficient
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 a-naphthaleneacetic acid (NAA)
and 6-benzyladenine (BA), as plant growth reg-
ulator. In the present study, we investigated the
efficacy of different plant growth regulators for
optimizing the callus induction, a regeneration
system, and isoflavonoids production in P. candol-
lei var. mirifica.

0939-5075/2009/0300-0239 § 06.00 © 2009 Verlag der Zeitschrift fiir Naturforschung, Tiibingen - http:/www.znaturforsch.com - D
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Material and Methods
Chemicals

a-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. mirifica 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 isoflavonoids
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 isoflavonoids
analysis

Dried samples (30 mg) of 8-week-old calli
were powdered and extracted five 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.

mirifica after 8 weeks of culture.

Plant growth regulator [mg/1] Stem®/leaf*  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 - -

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

Results and Discussion

Callus induction from P. candollei var. mirifica
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 1. 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.
mirifica.

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. mirifica plants. We
investigated also total isoflavonoids 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 isoflavonoids than those of the native plant
[(5.72 = 0.46) mg/g dry wt].

We determined the isoflavonoids contents of
8-week-old calli by HPLC as shown in Table II.
The total isoflavonoids 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 isoflavo-

Table II. Isoflavonoids content in calli from Pueraria candollei var. mirifica after 8 weeks of culture.

Isoflavonoids content [mg/g dry wt]

Stem/leaf

Plant growth regulator [mg/1]

NAA

Total
4743 + 2.65

Genistein
0.38 + 0.09
0.59 + 0.02
0.44 + 0.09
0.62 + 0.06

Daidzein

Genistin
5.01 + 0.32
2.61 +0.24
5.64 + 1.31
4.54 + 0.48
3.54 + 0.55
2.73 + 0.61

Daidzin
40.37 + 2.21

Puerarin
0.34 + 0.01
0.34 + 0.01
3.05 + 0.58
0.35 = 0.01

TDZ

BA

1.31 £ 0.33
1.17 + 0.07
0.68 + 0.42
1.42 + 0.35

Stem
Leaf

0.1

26.76 + 1.05

22.05 + 0.85

50.39 + 7.06

39.58 = 4.71

Stem
Leaf

0.5

39.37 +7.52

32.46 + 6.64

0.42 + 0.07 31.79 + 1.35

1.39 + 0.16
0.92 + 0.04

24.11 + 0.93
18.99 + 1.27

2.32 +0.02

Stem
Leaf

1.0

24.45 + 2.00

0.39 = 0.02
0.34 + 0.33

1.42 + 0.10
2.11 £ 0.21

31.85 £ 2.25
25.67 +2.07

1.35 £ 0.22
1.08 + 0.19
0.66 = 0.08
1.21 £ 0.28
0.66 = 0.04
0.91 + 0.16
0.49 = 0.02
0.86 = 0.26

3.70 £ 0.20
2.96 + 0.14

24.34 +2.40

Stem
Leaf

1.5

042 +0.14

19.46 + 2.18

1.75 + 0.10
1.58 + 0.07
221 +0.38
1.32 £ 0.03
1.93 + 0.18
1.34 + 0.14

20.07 + 1.16

0.34 = 0.04
0.49 + 0.04
0.35 = 0.04
0.44 + 0.02
0.30 = 0.01

15.71 = 0.93 1.78 + 0.36
5.08 £ 0.85

30.90 = 4.64

Stem
Leaf

1.0

0.5

3991 + 6.14

15.32 + 0.80
28.26 + 1.57

1.30 £ 0.01
2.49 + 0.30

11.69 = 0.73

2249 + 1.34

Stem
Leaf

0.5

1.0

11.21 + 1.15

8.03 = 0.82 1.05 + 0.19

12.11 £ 2.26

Stem
Leaf

1.0

1.0

16.22 + 3.05

1.51 £ 0.39 0.39 = 0.07

1.34 £ 0.13
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Values represent the mean + S.D. (n = 3).
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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
isoflavonoids in callus cultures, followed by genis-
tin, puerarin, daidzein and genistein, respectively.
These results suggest that 0.5 mg/l TDZ showed
high efficiency for callus induction, shoot regener-
ation, and enhanced production of isoflavonoids
in P. candollei var. mirifica. 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 isoflavonoids in callus cul-
tures of P. candollei var. mirifica.

We also studied the total isoflavonoids 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 isoflavonoid with the highest concen-
tration in the native tuber, i.e. the isoflavonoids
profile in calli from in vitro cultures was the same
as that from the native tuber. The total isoflavo-
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Cherdshewasart W., Subtang S., and Dahlan W. (2007b),
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aria lobata. J. Pharm. Biomed. Anal. 43, 428—-434.
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Determination of the estrogenic activity of wild
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noids content in callus cultures was 7-fold higher
than that of the native tuber. In addition, the total
isoflavonoids 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. mirifica (Thanonkeo
and Panichajakul, 2006). Therefore, calli of P. can-
dollei var. mirifica from the present study are suit-
able source for studying the biosynthesis pathway
of isoflavonoids in cell suspension culture.

In conclusion, stem explants of P. candollei var.
mirifica cultured on MS medium supplemented
with 0.5 mg/l TDZ are optimum for induction of
callus, shoot regeneration and increased yield of
total isoflavonoids. The present study reports a
high production of bioactive phytoestrogens in
P. candollei var. mirifica calli cultures. The callus
developed here will be useful for cell suspension
cultures to select the cell line with a high yield of
isoflavonoids and large scale cultures.
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A hairy roots culture of Pueraria candollei was established using Agrobacterium rhizo-
genes ATCC15834 and grown in half-strength Murashige and Skoog (MS) medium. The
highest production of total isoflavonoids 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, (1.65 £ 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 genistein,
respectively]. The total isoflavonoid content in hairy roots of P. candollei was 5.18-fold high-
er than that of the native tuber. Effects of sucrose content and medium type on growth
and isoflavonoid production were investigated. 5% (w/v) Sucrose was an optimum content
for the growth and isoflavonoid accumulation in P. candollei hairy roots. Half-strength MS
medium had the highest effect for biomass production whereas woody plant medium had
mostly stimulated isoflavonoid content in hairy roots.

Key words: Isoflavonoid, Hairy Roots Culture, Pueraria candollei

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 isoflavonoids, 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-
flavonoid contents among tubers collected from
different places exhibited different levels caused
by significant differences in active compounds.
This variability in isoflavonoid 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 isoflavonoids, 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

0939-5075/2009/0900-0687 § 06.00 © 2009 Verlag der Zeitschrift fiir Naturforschung, Tiibingen - http://www.znaturforsch.com - D
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the hairy roots culture on cell growth and isofla-
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 7d 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 ¥4 MS medium with 500 mg/l CE. At 2-week-
intervals, infected segments were transferred to %2
MS medium with 300 mg/l and 100 mg/l CF, re-
spectively. Transformed roots of P. candollei were
grown in 125-ml flasks containing 30 ml of %2 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 isoflavonoid production in hairy roots

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

L. Udomsuk et al. - Isoflavonoids in Pueraria candollei

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 isoflavonoid pro-
duction under light (16 h photoperiod) conditions
at 25 °C with agitation (100 rpm). After 30d of
culture, the dry wt and isoflavonoid contents were
determined. Each experiment was done in tripli-
cate.

Extraction of samples and isoflavonoid 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 five 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 x 4 mm, 5 um particle size, Merck, Ger-
many) was used. The mobile phase consisted of
25% acetonitrile containing 1.5% acetic acid. The
flow 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 (*2) 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
% 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
first 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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Fig. 1. Time course of the growth of a P. candollei hairy roots culture on liquid %2 MS medium for 40 days.

until day 25 of culture (0.33 g dry wt/flask). 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 isoflavonoids
puerarin, daidzin, genistin, daidzein, and genis-
tein was different from the growth rate. The hairy
roots produced isoflavonoids in the first 5 days
of culture fast and after that the production rate
only slightly increased. The highest production of
isoflavonoids 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 isoflavonoid 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 isoflavonoid 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 isoflavonoids.

Among the nutritional factors, sucrose is a spe-
cial significant factor for cell growth and second-
ary metabolites production. ¥2 MS media contain-
ing various sucrose contents were examined for
their effects on biomass and isoflavonoid pro-
duction. The biomass of hairy roots from %2 MS
medium containing 3% sucrose was found to be
(0.15 +£ 0.05) g/flask. The maximum level of bio-
mass was observed for the medium containing
5% sucrose [(0.31 = 0.04) g/flask]. The biomass of
hairy roots decreased at higher sucrose contents
(7% and 9%). The suppression of hairy roots

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

Time [d] Isoflavonoid 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 £ 391
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 2991 + 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 isoflavonoid accu-
mulation in hairy roots appeared to be closely
related to biomass accumulation; 5% sucrose
produced the highest level of isoflavonoids which
was found to be (30.87 + 3.10) mg/g dry wt (Table
IT). 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 isoflavonoid
production. The effect of different medium types
was investigated. Fig. 2 shows that %> MS medi-
um produced the highest dry wt of hairy roots
[(0.13 £ 0.03) g/flask]. The lowest dry wt of bio-
mass of hairy roots was observed with % B5 medi-
um. The isoflavonoid contents in hairy roots were
determined as shown in Table III. The maximum
isoflavonoid 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 isoflavonoid accumula-
tion in hairy roots.

In conclusion, hairy roots of P. candollei can up-
regulate the level of isoflavonoid content to about
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Fig. 2. Effect of medium type on dry weight of P. can-
dollei hairy roots.

5.18-fold of that in intact roots. The optimization
of growth and isoflavonoid accumulation of P
candollei hairy roots depend on the sucrose con-
tent — 5% sucrose (w/v) was optimum for biomass
and isoflavonoid accumulation. %2 MS medium
had the highest effect on biomass production
whereas woody plant medium was suitable for
isoflavonoid accumulation in hairy roots.

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

Sucrose content

Isoflavonoid content [mg/g dry wt]

(% wiv) 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 2573 £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 isoflavonoid content in P. candollei hairy roots.
Medium type Isoflavonoid content [mg/g dry wt]

Puerarin Daidzin Genistin Daidzein Genistein Total
MS 237 +0.15 17.55 + 3.86 1.02 £ 0.13 0.67 + 0.06 0.61 + 0.03 2220 £ 4.24
% 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 213 +£0.48 11.62 +£2.23 0.95 +0.16 0.85 +0.12 0.58 = 0.04 16.12 £ 3.02
% B5 229 +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
» 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).
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Abstract

v

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
(PADs). The range for calibration of isoflavonoids
by ELISA was 0.05-6.25 pg/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.

Abbreviations
v
ABTS: 2,2'-azino-bis(3-ethylbenzothiazo-

line-6-sulfonic acid)
BSA: bovine serum albumin
CR: cross reactivities

ELISA: enzyme-linked immunosorbent assay

GPBS: 0.2% gelatin in phosphate buffered
saline

MS: Murashige and Skoog

OVA: ovalbumin

PAbs: polyclonal antibodies

TPBS: 0.05% Tween 20 in phosphate buffered

saline

Introduction

v

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, 17fB-estradiol (©Fig.1), isoflavonoids
have been found to be a major 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

Pongkitwitoon B et al. Enzyme-Linked Immunosorbent Assay...

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-

Planta Med 2010; 76: 1-6
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daidzin

puerarin

ples by using the combination of anti-puerarin and anti-daidzin
polyclonal antibodies (PAbs).

Materials and Methods

v

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. Freund’s complete and incomplete adjuvants
were purchased from Difco. Peroxidase-labeled anti-rabbit IgG
was obtained from MP 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 (30 mg) were
extracted with 0.5 mL methanol under sonication for 1 h. The ex-
tracts were then centrifuged at 2500 rpm for 1 min 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 (1 mL) and diluted appropriately for
both ELISA and HPLC assays.
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Fig.1 Structure of estradiol compared with isofla-
vonoids found in P. candollei.

genistin

Synthesis of antigen conjugates

Puerarin-BSA conjugate was synthesized by the periodate oxida-
tion method [9]. Puerarin (3 mg) in 0.4 mL dimethyl sulfoxide
(DMSO) was added dropwise to 0.6 mL of a solution containing
NalOy4 (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 5h. The reaction mixture was dialyzed
against five changes of H,0 and then lyophilized. Finally, puerar-
in-BSA (5.0 mg) was obtained. The same method was 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, 150ns pulse). The ions
formed by each pulse were accelerated by a 20 kV potential into
a 2.0 m 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 1 mL
1:1 emulsion mixture of puerarin-BSA (400 pg/mL) and Freund’s
complete adjuvant. After 4 weeks, 1 mL intramuscular booster of
the same conjugate (400 pug/mL puerain-BSA) emulsified with
Freund’s incomplete adjuvant was administered. The final immu-
nization was carried out intravenously with 1 mL of puerarin-
BSA (200 ng/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 10 min to
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Compound Anti-puerarin PAbs Anti-daidzin PAbs  Table 1 CRs of the PAbs against
Isoflavonoids found in P. candollei some naturally occurring com-
» Puerarin (8-glucosyl-4',7-dihydroxyisoflavone) 100 0.1 pounds.
> 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

> lIrisolidone (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

remove 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 x 11 cm; Amersham Pharmacia Biotech). The serum was ap-
plied to the column and washed with 20 mM phosphate buffer
(pH7). Bound IgG was eluted with 100 mM citrate buffer
(pH 2.7) at a flow rate of 1 mL/min. The eluted IgG was neutral-
ized with 1 M Tris-HCl buffer (pH 9.0), then dialyzed against five
changes of H,0 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 puL of 1 pg/mL puerarin-OVA in 50 mM carbonate
buffer (pH9.6) and incubated at 37°C for 1h. The plate was
washed three times with 0.05% Tween 20 in phosphate buffered
saline (TPBS). After that, the plate was treated with 300 pL 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 L of the testing antibody for 1 h.
Next, the plate was washed again with TPBS three times and then
the PAbs were combined with 100 pL of a solution of a 103-fold
diluted solution of peroxidase-conjugated goat IgG fraction to
rabbit IgG Fc for 1h. After washing the plate three times with
TPBS, 100 pL of substrate solution consisting of 100 mM citrate
buffer (pH 4.0) containing 0.003% H;0, and 0.3 mg/mL of ABTS
were 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). All reactions were car-
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ried out at 37 °C. The reactivity of anti-daidzin PAbs to daidzin-
OVA was determined by the same protocol.

Characterization of the PAbs by competitive ELISA
The 96-well plate was coated with 100 pL of 1 pg/mL puerarin-
OVA in 50 mM carbonate buffer (pH 9.6) and treated with 300 uL
of GPBS for 1 h. After three times washings with TPBS, 50 uL of
various concentrations of standard compounds or samples in
20% methanol were incubated with 50 uL of the PAbs solution
for 1h. The plate was washed three times with TPBS and then
the PAbs were combined with 100 uL 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 pL of
substrate solution were added and incubated for 1 h. Absorbance
at 405 nm was 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:
- ICs for puerarin x 100

ICs for compound under investigation

CR (%)

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 (100uL; 1pg/mL
each in 50 mM carbonate buffer, pH9.6) were adsorbed in the
wells of the 96-well immunoplate. The plate was treated with
300 uL of GPBS for 1h and then washed 3 times with TPBS. A
50 pL volume of various concentrations of puerarin and daidzin
(ratio 1:1) or samples dissolved in 20% methanol was incubated
with 50pL of anti-puerarin and anti-daidzin mixture solution
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(5pg/mL and 1 pg/mL, respectively) for 1 h. The plate was washed
three times with TPBS and then the PAbs were combined with
100 uL 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 L of substrate solution were added
and incubated for 1 h. Absorbance at 405 nm was measured 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 HPLC was performed using the Agilent 1100 Series HPLC sys-
tem equipped with a G1310A isopump, a G1314A UV-Vis detec-
tor (254 nm), and a G1328A manual injector with 20 pL loop (Agi-
lent). An RP-18 column (125mmx4mm, 5pm particle size,
Merck) was used. The mobile phase consisted of 20% acetonitrile.
The flow rate was 1.00 mL/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 pug/mL. The limits of detection (LOD) were 0.98 ug/mL for
genistin and daidzein, 1.95 pg/mL for daidzin and genistein, and
3.90 pg/mL for puerarin. The analyses of the samples were run in
triplicate.

Results and Discussion

v

A broad peak of puerarin-BSA conjugate appeared approximately
at m/z=68,230 while a peak of daidzin-BSA appeared at my/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
(5pg/mL and 1 pg/mL for anti-puerarin and anti-daidzin, respec-
tively) were selected for competitive ELISA.

Since CR is the most 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 © 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
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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 ug/mL) or anti-
daidzin (1 pg/mL) in a 96-well immunoplate precoated with a mixture of
puerarin-OVA and daidzin-OVA (1 pug/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 ug/mL) in a 96-well immunoplate
precoated with a mixture of puerarin-OVA and daidzin-OVA (1 pg/mL each).

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. © Fig. 2 A shows individual stan-
dard curves of isoflavonoids (ratio of puerarin: daidzin=1:1) us-
ing anti-puerarin (5pg/mL) or anti-daidzin (1 pg/mL) PAbs pre-
pared in a 96-well immunoplate precoated with a mixture of pu-
erarin-OVA and daidzin-OVA (1 pg/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 pg/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 pg/mL) in a 96-well immunoplate pre-
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Table 2 Variations among ELISA runs for the analysis of isoflavonoids.

Isoflavonoids concentration CV (%)
(ng/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

coated with the mixture of puerarin-OVA and daidzin-OVA (1 ng/
mL each). Under these conditions, the full measuring range of the
assay extended from 0.05-6.25 pg/mL of isoflavonoids, as indi-
cated in ©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 © 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-

Original Papers

tages of recovery in the range of 93.8-103% with coefficients of
variation less than 15% were obtained (© 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.
© 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-
relation with those determined by HPLC. A coefficient of determi-
nation (R?) of 0.997 was obtained (© 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-

Isoflavonoids spiked Spiked level (ug/mL) Measured amount? Ccvb Recovery© Table3 Recovery of isoflavonoids
(ug/mL) (%) (%) determined by ELISA.
Natural tuber 0 206.92 +13.69 6.61 -
Puerarin (PR) 50 257.81+17.00 6.59 101.80
25 23291+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

2 All values were mean + S. D. from triplicate samples for each level; ® Coefficient of variation = (S. D./mean) x 100 %; < Recovery (%) =

(measured amount - 206.92 pg/mL/spiked amount) x 100

Samples Concentration (mg/g, dry weight) Table 4 Determination of total
ELISA CV (%) HPLC CV (%) isoflavonoids in P. candollei var.

P. candollei var. candollei candollei and P. candollei var. mirifi-

Natural tuber 4.05£0.20 4.88 3.95£0.00 0.09 ca using ELISA and HPLC.

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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Fig.3 Correlation between the total isoflavonoids ELISA and HPLC assays.

ditional 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 pg/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.
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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 w«-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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Fig. 1 Structure of puerarin (8-glucosyl-4’,7-dihydroxyisoflavone)
and its related compounds

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; 2,2’-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
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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 (NalO4) (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 (H,O) 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 10°-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
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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
I ml 1:1 emulsion mixture of puerarin-BSA (400 pg/ml)
and Freund’s complete adjuvant. After 4 weeks, 1 ml
intramuscular booster of the same conjugate (400 pg/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 pg/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 x
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—HCI) buffer (pH 9.0), then dialyzed
against five changes of H,O 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 ul of 1 pg/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 pl 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 pl 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 pl of a solution of a 10°-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 pl of substrate solution consisted of

100 mM citrate buffer (pH 4.0) containing 0.003%
hydrogen peroxide (H,O,), 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 pl of 1 pg/ml
puerarin—OVA in 50 mM carbonate buffer (pH 9.6) and
treated with 300 pul of GPBS for 1 h. After three times
washing with TPBS, 50 pl of various concentrations of
puerarin or samples in 20% methanol were incubated with
50 ul of the PAb solution for 1 h. The plate was washed
three times with TPBS and then the antibody was
combined with 100 pl of a 10°-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 pl 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 pg/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 GI1310A isopump, a
G1314A UV-Vis detector (254 nm), and a GI1328A
manual injector with 20 plloop (Agilent, USA). RP-18 column
(125 mm x 4 mm, 5 pm 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 pg/ml.
Analyses of the samples were run in triplicate.
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To prepare an immunogen, the glucose moiety of puerarin
was oxidized with NalO,4 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 pg/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 ng/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
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Fig. 3 Reactivity of polyclonal antibody against puerarin
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Fig. 4 Standard enzyme-linked immunosorbent assay (ELISA) curve
for determining puerarin and daidzein

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
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Table 1 Cross-reactivities (CRs) of the polyclonal antibody (PAb)
against some naturally occurring compounds

Table 3 Recovery of puerarin determined by enzyme-linked immu-
nosorbent assay (ELISA)

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 Rbl Triterpenoid saponin <0.001
Ginsenoside Rgl 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

(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 pg/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).

Spiked level Measured amount® cvb Recovery®
(pg/ml) (pg/ml) (%) (%)

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

# All values were mean =+ standard deviation (SD) from triplicate
samples for each level

b Coefficient of variation = (SD/mean) x 100%

¢ Recovery (%) = (measured amount — 96.6 pig/ml/added amount) x
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 Ccv HPLC (Y
(%) (%)

P. candollei var. candollei

Natural tuber 291 £025 860 2.72 £ 0.01 0.36

(1 year old)

Marketed product
(Nongkai)

Hairy roots 1

1.44 £ 0.15 10.30 142 £0.16 11.30

283 £0.15 511
217 £0.15  6.89
3.04 £ 028 9.10
322 £ 0.11 3.68
P. candollei var. mirifica

3.154+0.14 448
035+£0.03 996
15.50 £ 0.20 1.52

2770 £0.09 322
216 £0.05 2.19
3.06 £0.07 240
325+£0.07 211

Hairy roots 2
Hairy roots 3

Hairy roots 4

3.19 £ 0.01 0.08
0.34 &+ 0.01 0.82
15.04 £ 0.06 043

Natural tuber
Core tuber
Tuber bark

CV coefficient of variation

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 (rz) of 0.999 was obtained (Fig. 5).
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Fig. 5 Correlation between the total puerarin and daidzein from
enzyme-linked immunosorbent assay (ELISA) and high-performance
liquid chromatography (HPLC) assays

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
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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.
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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 %2 MS medium
with 500 mg cefotaxime (CF)/I. At 2-week intervals,
infected segments were transferred to 2 MS medium
with 300 and 100 mg CF/I. Transformed roots of
P. candollei were grown in 125 ml flasks containing
30 ml %2 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 (ODggg = 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 2 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 pM),
yeast extract (0.5, 1, and 2 mg/ml), chitosan (50, 100,
or 150 mg/l), salicylic acid (50, 100, or 200 uM), 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 pl;
0.5 pg/ml each) were adsorbed in the wells of the
96-well immunoplate and then treated with 300 pl
phosphate buffered saline (PBS) containing 5% (w/v)
skim milk (S-PBS) for 1 h. A 50 pl 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 pg/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 pl of
a 1,000-fold dilution of peroxidase-labeled goat anti-
rabbit IgG for 1 h. After washing the plate with T-
PBS, 100 pl of substrate solution [0.1 M citrate
buffer, pH 4.0, containing 0.003% (v/v) H,O, 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

Results were reported as the mean + standard deviation
(SD). The data were 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 M
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.
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= L20 2
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0 5 10 15 20 25 30 35 40 45 B
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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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Total isoflavonoid (mg/g dry wt)

Fig. 2 Effect of methyl jasmonate (MJ) on total isoflavonoid
production in hairy root cultures. Methyl jasmonate (50, 100,
or 200 uM) 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

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

40 -

Total isoflavonoid (mg/g dry wt)

Control CT50 CT100 CT150

Control CTS0 CT100 CT150
Day 3 Day 6

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
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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 uM) on
isoflavonoid production is shown in Fig. 4. Salicylic
acid at 100 pM gave a higher content of total
isoflavonoid (20 £ 1 mg/g dry wt) on day 3 than
200 pM  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

304

20 *

10 -

Total isoflavonoid (mg/g dry wt)

Control SAS0 SA100 SA200

Day 3 Day 6

Control SAS0 SA100 SA200

Fig. 4 Effect of salicylic acid (SA) on total isoflavonoid
production in hairy root cultures. Salicylic acid (50, 100, or
200 pM) 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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Control AG1  AGZ AG3

Fig. 5 Effect of Agrobacterium (AG) on total isoflavonoid
production in hairy root cultures. Agrobacterium (1, 2, or 3%,
v/v) 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 4+ SD. * Indicates statistical
significance at the P < 0.01 level
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Fig. 6 Effect of yeast extract (YE) on total isoflavonoid
production in hairy root cultures. Yeast extract (0.5, 1, or 2
mg/ml) 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

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. 2000).

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.

Acknowledgments This work was accomplished through a
grant by the Office of the Higher Education Commission. Latiporn
Udomsuk (CHE 510636) was supported by the CHE-Ph.D.
scholarship. The Thailand Research Fund (RSA5280012) is
greatly acknowledged.

References

Chansakaow S, Ishikawa T, Sekine K, Okada M, Higushi Y,
Kudo M, Chaichantipyuth C (2000) Isoflavonoids from
Pueraria mirifica and their estrogenic activity. Planta Med
66:572-574

Cherdshewasart W, Sriwatcharakul S (2008) Metabolic acti-
vation promotes estrogenic activity of the phytoestrogen-
rich plant. Maturitas 59(2):128-136

Cherdshewasart W, Kitsamai Y, Malaivijitnond S (2007a)
Evaluation of the estrogenic activity of the wild Pueraria
mirifica by vaginal cornification assay. J Reprod Dev
53(2):385-393

@ Springer



374

Biotechnol Lett (2011) 33:369-374

Cherdshewasart W, Subtang S, Dahlan W (2007b) Major
isoflavonoid contents of the phytoestrogen rich-herb
Pueraria mirifica in comparison with Pueraria lobata.
J Pharm Biomed Anal 43(2):428-434

Giri A, Narasu ML (2000) Transgenic hairy roots: recent trends
and applications. Biotechnol Adv 18:1-22

Goyal S, Ramawat KG (2008) Enthrel treatment enhanced
isoflavonoids accumulation in cell suspension cultures of
Pueraria tuberosa, a woody legume. Acta Physiol Plant
30:849-853

Hwang SJ (2006) Baicalin production in transformed hairy root
clones of Scutellaria baicalensis. Biotechnol Bioprocess
Eng 11:105-109

Kirakosyan A, Kaufman P, Chang S, Warber S, Bolling S,
Vardapetyan H (2006) Regulation of isoflavone produc-
tion in hydroponically grown Pueraria montana (kudzu)
by cork pieces, XAD-4, and methyl jasmonate. Plant Cell
Rep 25:1387-1391

Korsangruang S, Soonthornchareonnon N, Chintapakorn Y,
Saralamp P, Prathanturarung S (2010) Effects of abiotic
and biotic elicitors on growth and isoflavonoid accumu-
lation in Pueraria candollei var. candollei and
P. candollei var. mirifica cell suspension culture. Plant
Cell Tissue Organ Cult (in press). doi:10.1007/s-11240-
010-9785-6

@ Springer

Maojun XU, Jufang D, Mujuan Z (2006) Nitric oxide mediates
the fungal elicitor-induced puerarin biosynthesis in Pue-
raria thomsonii Benth suspension cell through a salicylic
acid (SA)-dependent and a jasmonic acid (JA)-dependent
signal pathway. Sci China C Life Sci 49:1-11

Park SY, Lee WY, Park Y, Ahn JK (2006) Effect of nitrogen
source and bacterial elicitor on isoflavone accumulation in
root cultures of Albizzia kalkora (Roxb.) Prain. J Integr
Plant Biol 48(9):1108-1114

Pongkitwitoon B, Sakamoto S, Tanaka H, Tsuchihashi R,
Kinjo J, Morimoto S, Putalun W (2010) Enzyme-linked
immunosorbent assay for total isoflavonoids in Pueraria
candollei using anti-puerarin and anti-daidzin polyclonal
antibodies. Planta Med 76:831-836

Shinde AN, Malpathak N, Devanand PF (2009a) Enhanced
production of phytoestrogenic isoflavonoes from hairy root
cultures of Psoralea corylifolia L. using elicitation and
precursor feeding. Biotechnol Bioprocess Eng 14:288-294

Shinde AN, Malpathak N, Devanand PF (2009b) Optimized
production of isoflavonoes in cell cultures of Psoralea
corylifolia L. using elicitation and precursor feeding.
Biotechnol Bioprocess Eng 14:612-618

Udomsuk L, Jarukamjorn K, Tanaka H, Putalun W (2009)
Isoflavonoid production in hairy roots culture of Pueraria
candollei. Z Naturforsch 64c:687-691



