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Abstract

Biosynthesis and effects of rosmarinic acid

Oh Eun Jeong

Advisor : Prof. Kim Jong-se Ph.D.
Oepar tment of Biology,

Graduate School of Chosun University

Agastache rugosa Kuntze belonging to Korean mint family (Labiatae)
is a perennial herb and is widely distributed in the East Asian
countries with important role in the traditional medicine of
several Oriental cultures. One of the main active constituents of
Korean mint is rosmarinic acid which contains attributes [ike
antioxidant and allelochemical properties.

Agrobacterium rhizogenes /s a genus of gram-negative soil bacteria
belonging to the Ahizobiaceae. A. rhizogenes can transfer T-DNA,
excised from Ri(root inducing)-plasmids several hundred kb in size
on the bacterial in the plant cell. It is the causal agent of
‘hairy root' diseases in plants and used for the production of
hairy root cultures from a multitude of species. Hairy root
cultures of Agastache rugosa K. were established by infecting leaf
explants with Agrobacterium rhizogenes R1000. Hairy roots were

cultured in MS liquid medium and the maximum growth (219mg dry wt/



flask) was already reached by 30 days of culture with content of
rosmarinic acid (0.14g/g dry wt). This result demonstrates that
Korean mint hairy culture can be a valuable alternative approach
for the production of rosmarinic acid.

Hairy root cultures from plants have attracted considerable
attention because of their genetic and biochemical stability, rapid
growth rate and ability to synthesize secondary products at levels

comparable to the original plants.
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CHAtS S (metabolic engineering) 7S oA 0I2HXI LD UL
Agrobacterium tumefaciensdt M2 MO ZHEH S (tumor)S FIIAID
O Agrobacterium rhizogenes2 24 2(hairy root)E SAIAIII=0l 0l24st &2 0]
70| 2D U= EAA0E0 st A0l 2B CHWhite and Nester, 1980). 0l2+ &
2 Agrobacterium rhizogenes= E20IM=Z A chromosomal ONA 2/0ll Ri-plasmidE It
XD JA2H (Moore et a/, 1979), A2HM2 AX20 0 @0l ST Ri-plasmid
o A0l T-ONADE AlEH Hs WOl &0 & MetE 24200 SEECHChilton
et al, 1982 ; Tepfer, 1984).

o222 FYA=lIdE 2B @2= agropine OlLE mannopine S8l opine &It
ST =0 Oledst opinell &&E Agrobacterium rhizogenes T=Ib 1 U
plasmid LHS opine EEREXIL ASHUHZ SLEH LEEI| 12 ez 2
Ch (Petit et a/, 1983). 0I2 22 ZAZE2 S22 33 20 #WE MES
SN, MastNoz otHMH0| AL (Arid ef a/, 1988), 82& L2ASHY S
Lt @0ld] =0t B2 U0 OIXUHAIMES AN £E22 HEZ2 MEE = A0 1 It
sS40l =2 Aoz LHAMCH(Parr et a/, 1988 Hamill et a/ 1986).

al S Sol0 alkaliods , A |, AP SO CHrst O XHCHARAH
£ 90X ot ®S 2RI ME#ED UCHYonemitsu ef a/, 1990; Parr et al,

al, 1991; Mukundan and Hjorto, 1991; Yoshikawa and Furuya,
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1988; Sauerwein e
1987).

2=0AM= Korean mint2 2ed&l HHE& (Agastache rugosa)2 V=0 =0t
= 2c Uet HdA22 SHH0A Zet I8 S)le LEsd AS0I0 =g
o g R == SIIHEZ2Z= methylchavicol, |imonene, eugenol, B-
caryophyllene S0l 21 EIU2M, 0l = metylchavicol2l &0l IJt& LCHLD
2dHAM UCHKkKim et a/, 2001).

2 7= ZAHUY JI=2 018610 HEES FEXNUHAM 22 (%elUi)

70t Rosmarinic acid &2 AlE GHRAL0, XIS A Z00 2ot 2
=20 AS(=6H, MOIX, d2gs) S01 2 3 %2 Rosmarinic acids

)&

MEM SHOOA S 3 %S AHAl

0z Om Mo
o
K

Aol L= 21 d & Hi =&k (Agastache rugosa



=22 A

Ju

A2 LdOI|= Free radical Z2H MEZE 2506

i

It

)

C

al
MHAIHZCH Lee et a/, 2002).

serumOl Lt serum albumin

0
il
J|J
KF

i

-
1o

0l
U

=N
==

19|

g2

ors

O &0 UCH. (Halliwell et a/, 1995).

AEA (reactive oxygen species;

]

J
g

s

i
ol
<J

ol
KU
OH

i
o

107
<J

ol
Rl
of

o]
<J
00

ULCH

NERE]
0l

| —

o

singlet oxygen,

1990) .

o

[—

radical
hydrogen peroxidase

and Gutteridge,
free

=<

al

radicals

20ICHHal liwel |

St
=

HOF
hydroxy |

A5

0

S
(Freeman et a/,1982).

superoxide anions,

Olet

ol

ol

ilo0
IH

I

<l
60

s

K0

UE

Uk

oL
U
OH

o]
<J
00

o)
®

00

ol

Al

<
iof

E]

Kl
5

i

ol
]

<
(HO

o/

caffeic &

Chocolate clovamid

(@)

Vit C(ascorbic acid),
Oat

singlet oxygen quencher
1993) .

=

o Xl &
Ct(Beak and Woo,
Vit E( a-tocopherol),
UK
genestein,
cathechin,

8t0
0l
Soybean2|
FAL

| —

o

3

[y

S
Green—tea2|

chain&
Squalene

Selenium,
| ycopene,

(CLV) & It &2 st polyphenol &0t

Kim, 2002).

—

[—

free radical
Ol

|
[

LA,
(provitamin A),
ES

=2
—

L

DIPNEE

|.

[l

x
ferulic acid, Tomato<2l

B —carotene
Ol N

Ot

FLEQ! racimat

¢}

o
X ZHSOAM rosmarinic acidJb Vit ELF

=
F==)

UI-E

o

Z0ot=

&0
KIr
0
il
e}

<]
00

LY
o)

A 2SS

0

o
TT

o

A

=
=

A
Ay

FO =Xl 2t

(6]
BHT(butylated hydroxytoluene)Oil Hl

o=
CH(Debra et a/, 1997).

=
=
Xl
=

ol
O
Ll
KF

== 1

O

BH2F rosmarinic acid

100

o)

00

JI= A=z20 JIo

M Al

=
IT

<
ol

+

o
Ulo

Kio
H

o0



s 2 48

1. M=

b =&k (Agastache rugosa) SXE 70 % HIEF20l 1228 XIS CHAl 2 % sodium
hypochlorite M0l &Xl = 1022 &5l ESH=H S A58 0K E7
=& 32| MHEGIUCH. & 72 SXHE 25 mLel MS OXBHXIOF = Petri dishes
(100 x 15 mm)0IAM BHYS GHRUCH HHYA XH2 25 ° COl BHES GHUIA 16AI2¢
HHEZ2 RXEULCH.

1z
o

2.5FHICIOF HH
a2 REE ol Agrobacterium rhizogenes R10002 O|E0IUCH LS

Luria-Bertani HMUHKA (1 % [w v'] tryptone, 0.5 % [w v'] yeast extract, and
1% [wv'] NaCl, pH 7.0)0l Al 16AI2F SOt 2 AEH2 28 ° C2 ZIEFHH |0l A
180 rpm=2 HHZS OfRUCH. HHLE EHI2IOt= 2AZelJIE 01=d6tH 1,500
romOilAM 10=2F 3 & QOtEl YHI2IOLE MS HHMBHIXIZ LEE Aw = 1.0 Ol

I Z=ZEotALH

o

3.242 8%
Bix=gF SA=2H 20ototd 72 & gt RA2H g2 HeM
EX0|IMEOl  Agrobacterium rhizogenes R10002 3JIASH MS HAMBHAIOHA <

%S B = URE NSSZO0I0A =Elelof

1522t == tids & £ ok & MA =
sS2=201 HM&X @2 MS UHUXUA w20 = 0152t & dHiAM S
BH2= ot
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g2z2+2 0/8ot 33 ME= ot =HICI0rE MA
Of Mel& Xl &1 SHH timentin 200 mg/I10l Xel= MS LDXIHHXI(MS
3

o

2 =TS IjHOt =3
U oS S T
(o]

(U nm

fol
o

salts and vitamins, % (w v'') sucrose, and 8 g L' Phytagar)OilAl HHS

t e =2 = UEUHA 24200 FEEI1 AIES ol R&=
2 MHIt Mel= MS DXMBHXINA 2==01 & SHA A sS 2 22

OIR2MH, el Xtetes 2a2sS S0t MS A iX=Z 554 i

Ch. 242 (100 mg) 2 40 mL 2 MS AHMUIXIDOL E &2AZEtAA(125

N Z&EIZ 28 ° C2 XEBHAIINA 100 rom@=2 2 F2t IS GHRULCEH.

=22 TAE GtRILCEH.

ESF0 E 2&29 MID rosmarinic acid S ZTAoHI AGHH AA,

AA,(0, 0.1, 0.5, 1 mg/l1)E AISOIUASB, £5t 1 2| ASMIEXIESEOl GA,

& =

Al
putrescineOl Z2&2° MEW rosmarinic acid A
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. 30 ml2l BHXION 100 mgS 2428 H &0t MEHHLII0A (27 T, 100

o
2F HHOFEH S MM MABTS EFGIACH

3R

ﬂ
o
3
N
N

ot A 20lAM 28 =E5HULCEH. 0 ==
041} = rotary vacuum evaporator Zd==8t & S& HXGIH SAts 4 A
Ol AF20IRCH.

OPPHRt s E FE=2 212f 100 ©X% Foto] S&et 3022t 2 SEH0IA Xl
= &HE radical =TS ELISA Reader (Bio—RAD, USA)S 0IZ5t0d 517 nmOIlA =&
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o]l

FHCH AI29 &9 J)|= etz AHE S (Scavenging act|V|ty)O§ Al
o0, 50 % Recovery Concentration(RCsp)2 DPPH =TIt 1/22 ZAoi=0 ERE
ANZ2 S(ug)o2 LIEtWASTH stat

2 & X BHT(butyIated
hydroxytoluene) 2 Vitamin C(ascorbic acid) 2t Bl GHALCE.

o
Mo
A

DPPH radical scavenging activity(%) = (1-As/Ac) x 100
Ac : AIZE EIIolAl %22 X9 2%

=
22 #iet wig7o 22

QNMEF=Z A HY HIEZQ Calu-6, RILAHIE
SNU-601, SEHAMIECT MCF-7, CHEMEZQ! HCT-116S AZotACH MIZHH
St HHXl= RPMI 16402 AFEGHR LD 10 % Fetal Bovine Serumit AR
(Antibiotic antimycotic)S &Itot0d 37 C, 5 % C0.2 =&3tE Incubator Ofl A
HSAHA BHYGHACH. ME= dish2l 80 % & XS M PBSZ AMAGHN
Trypsin-EDTA(Gibco/BRL)S X 2Iot0d 2~32 OFCH HICHHH 2 GHRACE.

e

o
40
o

Bix=& =20 2t MELAE M 242 =3O /ot 452 2PAIZ
CHoH MTT(Tetrazolium-based colorimetric) assayS S8t NMZSAHdsS A
Ct. 96 well plate 2t wellOl logarithmic phase®il S8t QIMANEZE 3x 10*

cell/mLel =%t TI&5 XZECIH 90 mA ZFGHH 37 T, 5 % C0. HHII0IA
24Nt 0t preincubationAl?l = 2t FE=2 sEE2 F0HOIAULH. AEF2H B
=g F==0| Xel= plateE 00, BILII0IA 32 2! oM (5 mg/mL
PBS) 10 plL & HOISIH MTTOF ME L MIEZ SAXNZN 2ol SRALZ TS 4A12

O BHLGHACEH. 2 wel Ol MAE formazan 282 OMSO 150 plLz & =0AM

r



Microplate Reader (Bio-rad, USA)S OI=Zdl0d 540 nmOIA EZEE =&0
LMEFE 50 % AMEot=M 228 AME A& MHolsT(I1Csh ; 50 % inhibitory
concentration)E &IEGIRUCH. SHE SZTes= Ol ZEoz MES HIEZO
H=Z2 +0otULt.
optical density with cytotoxic drug
x<100
optical density without cytotoxic drug

Percent of viable cells (%) =
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(1) Agrobacterium rhizogenes E=F 0l 2

SAZ & 2 i
PAIE STole EX0IMEQ! Agrobacterium rhizogenes 5= (13333, 15834,

43507, R1000, R1601)2 0I&ot0d HXA HIEZSHUHA HH ZFC EA0DIMZ0] 2
A2 SEF MEM Oty SWEAXE  ZAGIALCH. M2 O 589
Agrobacterium rhizogenes2 0|6t HixXe A2 RH DAIZE2 KREORULCE.
EA0IMESI SSHHY = SMHIL MHel=l MS DHMEBHXIAM XSS st 20t

72 = 2= Mel72 2N 24201 S50 AIAGHALH

Table 1. Agrobacterium rhizogenes ZSFIF PAZ ST %l MEN 0X= &

Agrobacterium 85 (%) 24 ZAo](cm)
13333 46+4 1.4+0.2
15834 25%2 1.2£0.1
43507 15+1 1.1+£0.1
R1000 88+9 2.6+0.2
R1601 796 2.4+0.2




Fig.2. Agrobacterium rhizogenes SFIt BAZ2 ST gl MEN 0IXs st

100
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B 2AS=(%)
W oA 2101(cm)

13333 15834 43507 R1000 R1601  Agrobacterium

-~ =

10

FEEs XAt 2 HRE2 M2 242 75 0IF
HB2WO, 1 = Agrobacterium rhizogenes R100001 Jt& S MHEOIUCH. A
Agrobacter ium rhizogenes R10002 0|&6t0 RETE RAZ2CZ (U3 AEs2
HotALE.

Agrobacterium rhizogenes R1000S OIE20l0 &= [AZ=22 SO Hel=E MS
DHMBEXIONA 25=01 SHETAL HICHEH & , el Xetes 24
22 UG MS A X2 SAH Y
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LU-
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(2) ASUEZEMOL =g 242 MH D rosmarinic acid 4&H0l OIXE S&

AZSMEXAHOL =g DAZ MEN rosmarinic acid MAHH DlXl= G2 L0t
Jl fIotH AME OE =529 auxin Xc2lotd MS Xl HHAIOIAM BH 2

=1} rosmarinic acid &2 X AIGHICE.

Table 2. AE52=(auxin)0l BiZ8 242 HZ W RAMANN DIXl= F&

(MS HXIBHXIONIA 22=2F BHE)

Auxin (mg/1) AT (g/flask) RA (%)
T2 0 41+0.4 0.8+0.1
TIAA 0.1 4.1+0.3 0.8+0.1
IAA 05 4.2+0.5 0.9+0.1
TIAA 1.0 4.4+0.4 0.9+0.1
IBA 0.1 4.5+0.3 1.0+£0.1
IBA 0.5 4.9+0.5 0.9+0.1
IBA 1.0 5.4+0.6 1.0+0.1
NAA 0.1 4.9+0.5 1.0+0.1
NAA 0.5 5.9+0.6 1.2+0.1
NAA 1.0 5.0+£0.5 1.0+0.1

RA(rosmarinic acid) , IAA(indoleacetic acid)

IBA(indole—butylic acid), NAA(naphthalene acetic acid)

_‘IO_



Fig.3. Al2522(auxin)0l XS DA MZA D RA MAHN OIXl= Y&

(MS HRBHRIONA 2552F BHEH)

Auxin (mg/l)

NAA 1.0 ]
NAA 0.5 | &
NAA 0.1 | T

IBA 1.0 h_—"—————l

IBA 0.5 | HRA (%)

— O M X = (g/flask)
IBA 0.1 h——l————n
h__]-___i__l

IAA 1.0
IAA 0.5
IAA 0.1
£xelo

RA(rosmarinic acid) , |AA(indoleacetic acid)

IBA(indole—butylic acid), NAA(naphthalene acetic acid)

cC
o

gl

e 3= R =22 auxin XMel70AM 242 42 SMAII=E A2 LIEE
1, M= 001 T2 S0l Blotod ME6H-A20, S5l NAA 0.5 mg/| X 2lofl

M 5.9 g/flask@ & £E2 M=ES ‘E*iE}(T ble 2, Fig.3)

AN R =2l auxin Mel70lM SIHEJ[AKXILH, 1AA Mel It CHE =410 Hist

O MECHAS04, NAA 0.5 mg/ IXCIOIA 1.2 %2 JtE £ 205 ERULH

Bi=ar 242 ME I rosmarinic acid Ma&tsS &&FAIIIJ] IoH putrescine, &2,

HMelotod MS Al BHXIOIA MAZS3E rosmarinic acid &&= XTAIGHARLE.

o
(3

[0

rosmarinic acid A4Ak

ol
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Table 3. PutrescineOl Hixzgt SAZ2 A& rosmarinic acid &t 0IXl= &

Putrescine (mg/1) | A F (g/flask) RA(%)
0 4.1+04 0.8+0.1
1 41+04 0.8+0.1
5 4.2+0.4 0.8+0.1
10 43+0.4 0.9+0.1
30 4.5+0.5 0.9£0.1
50 4.8+0.5 1.1£0.1
70 4.7+0.4 1.0+0.1
100 4.5+0.5 0.8+0.1

Fig.4.

Putrescine (mg/l)

PutrescineOl Hi=& 2A2

RA(rosmarinic acid)

100 M

70
50
30
10

MA W rosmarinic acid AN OIXles

EWRA(%)
OM A S (g/flask)

4

RA(rosmarinic acid)
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=cl0t8le] A EPQ! putrescine2 NMEZE S ot Fel €2 s&ote S22 It
& ASMEXENzZ RE HMHRUAM FJEAEoZ g 2#s3s FAGIUCH,
rosmarinic acid MAZET X2 ZSIIAIZCH. putrescine 50 mg/| HM2lJof 2AZ M

192 LIEFGCHTable 3, Fig 4).
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fol
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Table 4 . AA20] U= 242 MAW RA(rosmarinic acid) MAH OIXl= &t

AL (mg/l) WA F (g/flask) RA(%)
0 41+04 0.8+0.1
1 4.3+04 0.8+0.1
3 45+0.5 0.9+0.1
5 4.9+0.6 1.1+0.1
7 5.3x0.5 1.3+0.1
10 4.7+0.5 1.1+0.1
20 3.8+0.4 0.8+0.1

RA(rosmarinic acid)

Fig. 5. Z4&=201 i

o
el

QA2 AN RA(rosmarinic acid) MAH OIXlE ¥&

= a2 (mg/l)
6
5
4
3 OMH™ =S (g/flask)
B RA(%)
2
1
0

0 1 3 5 7 10 20

RA(rosmarinic acid)
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A2 JIL B Al OIEd JtASl MAHS ANot) HelMFSS Fiotes ASHE
Z&2Z putrescinedt OIEIINIZ 2= HMelF0A MetEOZ | 4858 FXOIRUS
01, rosmarinic acid MAt&ET 3 SIHAIZACH. GHAI2H putrescine XMel2CH S kot
FAG2H 7 mg/l HMeldt 242 MED rosmarinic acid &0 JHY &880 A2

2 LIEFGCHTable 4, Fig.5).

_15_



Table 5. GA(gibberellin acid)Jt BH=8 2A2 MAN RA(rosmarinic acid) AAH

DIXls H&

GA (mg/1) WA Z (g/flask) RA(%)
0 4.1+0.4 0.8£0.1
1 4.3+0.5 0.8+0.1
2 4.6£0.5 0.9£0.1
3 4.810.4 1.1£0.1
4 4.710.5 1.1+0.1
5 4.7+0.4 1.0£0.1

Fig. 6. GA(gibberellin acid)Jt BH==&F RAZ AMZAD

0IXl=s S¢

RA(rosmarinic acid)

F RA(rosmarinic acid) A4 A

2 3 4

RA(rosmarinic acid)

_16_
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GA(gibberel lin acid)= &

otALH,

=X
=T

I=¥=}
==

=13
=

S El
3 mg/l Heldl 242 MAED rosmarinic

MErHoZ

X el =0l A

H 2=

ol O
AN —

JHXI D

o
0
uir

Ju

rosmarinic acid At
acid MAHN HE &2

(Table 5, Fig.6)
H rosmarinic acid Al D

NoZ LIEH&CH

X 0|
—/

ol
53
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ioll

Ml
o
X0
Jo

0

1HO

ol

=]

== rosmarinic acid

OICt.

=
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ii00
K

Ju
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ol
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rosmarinic acid
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2 .U =8F(Agastache rugosa)2l Stiatsh &4

i

BH=gfol 2522 242 F

=l =
ig. 7~8 1t Table 60 LIEFLHULCH

=2 gdtet AE= OPPHEIO 2o =det 21

-n

Fig.7. DPPH ctCIZ 2 Hs= 01Est =gl gitst 5F

100
<
S
2 8o |
2
=
Q
©
(o)}
£ 60 |
[=2]
c
g
I
(&)
0 40 +
©
2
]
o —e— VitC
T 20 —&— BHT
a —a— Root
o —©O— Hairy root

0 200 400 600 800
Concentration (48 /mé)

Vit C(ascorbic acid) , BHT(butylated hydroxytoluene)
DPPH( 1, 1-Dipheny|-2-picrylhydrazyl)
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Table. 6. DPPHEH = 0|8t Hix=&fQ| atitst 8T
Agastache rugosa RCso (ug/mt)
Root 35.66
Hairy root 49.15
Control group

Vit C < 25

BHT 201.25
Concentration Vit C BHT ¢ Hai ¢
i roo airy roo

(ug/mb)

800 96.38+0.04 84.33%x1.13 92.27£0.07 93.08+0.08
400 96.36+0.08 67.04x0.64 93.61x0.08 93.58+0.07
200 96.40+0.00 49.84+0.79 94.05%£0.04 93.74%£0.04
100 96.33+0.00 49.84*x0.79 92.04x0.27 90.79£0.07
50 96.31+£0.04 22.73x0.27 67.64%£1.41 54.03+£0.69
25 96.20+0.07 13.03x0.76 35.67£1.89 25.33%+0.55

RCso (50% Recovery Concentration)

Vit C(ascorbic acid)

DPPH(1, 1-Dipheny|-2-picrylhydrazy!)
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OI2t=el 2ME = UHHSAMIEZR HT-11601 HHxe ===S(2%al, 242)S
Xelot 2 =E5=0] 2AMES MEN 0IXl=s F&S blwst 20 HCT-116M 2 <
o

200

o
=
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fol

1

A

i

i

=

O
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L

=

pg/mel sColA 2% FES2 2 80%2 M= a2

2 UE=2 MEJ MESHH =2 2tet S URUCH. 1Cet=S Sol Hlulol
SH 2%2= 147.48 wg/mb, 2422 346.13 wg/mOIlA =HQISI0f SNU-60101 Ol
H Os822 st EXUCH.
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Table 7. QI2F A Calu-6, SNU-601, HCT116, MCF-70il CHSF Hi=&t2
srerdE
) ICso © (ug/mt)
Cell Line
Hairy Root Root
Calu-6 ? 311.49 138.85
SNU-601 ® 160.83 67.71
HCT-116 ¥ 346.13 147.48
MCF-7 ® 289.77 142.83

Each value was expressed as mean+ standard deviation (n=3).
) Extract concentrations which inhibit 50% growth of the cells.
2 Human pulmonary carcinoma " Human gastric carcinoma

) Human colon carcinoma % Human breast cancer

eI2h =il &M = Calu-6, SNU-601, HCT-116, MCF-72| ICsogt=S Hlwlet Z 1t
= 2%celolM 138.85 wg/mb, Z2AZ0AM  311.49 wg/me,
SNU-601 P2 NE= 252I0AM 67.71 wg/me, 2A20AM 160.83 wg/me, CHE A
2 HCTE Z2%cl0lA 147.48 wg/mb 2AZ20IAM 346.13 mg/me, R AIEL MCF-72
2Eel0lA 142.83 wg/mb D& 20IA 289.77 1g/me2 LIEHGCH(Table 7).

Ol OI=0I 20t =g ===01 SHMEN OIXls &2 45 SHME 25 24
2 FESE0 252 FE=0 2ol MELES AMots 212z AL 2
SHMENA JHE 2 AHSUE EURLH RYSJAE, HEME, HESHEZES
=22 LIEtRTH
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kJ
]

A8 S HO 0|e|0F ststAR! Scapati and Oriente(1958)JF rosmarinic acid

E ==¢o &48=2 Zc2lgt 0IF XISMAl rosmarinic acid0ll &tst AR2= H=EE
D ACH = AR AAl H=S0AN EL0182 = Agrobacterium rhizogeness Ol
2ot 2422 | Eotd Auxin, Putrescine, E&22 01806t JHE 282
2 rosmarinic acidE M&E = U= YEHS HALAGHRUCE. rosmarinic acid=

ester of caffeic acid®t 3,4-dihydroxypheny —Illactic acidOId rosmarinic acid
= gHold A, etetHelor & EE, ettt 5 S0I22 MESsSHE 242 IR
(Maike and Monique, 2003).

rosmarinic acidE MM&tGH)| fIoiM=E 242 B0l OIFHMHOF ot=0l 24
22 Rkole EL0IM=E=2 =2 AWM AEE Agrobacterium  rhizogenes
13333, 15834, 43507, R1000, R1601< OtLlIct LBA 94-1, NCIB 8196, C58C1,AsCUS
S O0ed IJHXIot J[U=Ol Pueraria phaseoloides= agropine@ 2l Agrobacter ium
rhizogenes ATCC 158345 AMEESOZMN 242 B0l OIFHAZLH JHE =2 =
cee 29

EE2 S 3020l XY =0 2 70 »B3E=2 2 RZCHShi and Kintzios,

0

2003). L/thospermum canescens(Michx.)= Agrobacterium rhizogenes ATCC 15834,
LBA 9402, NCBI 81962 =2 RAMIZ2S K EotJ 1D Agrobacterium rhizogenes LBA
9402= AFE = 112 MOl H 2ot A2 63 0= 5542 Felg &S
= UIACE. 0l= ATCC 15834, NCBI 81962 AtEME2 M= 222 MOl 342 =l gt
Atetet 30t HlWGoHt S M LBA 94020t O =& It URUlsE s & = UM
OO (Pietrosiuk et a/, 2006) Pinus nigrall&= Agrobacterium rhizogenes 8196,
15834, (058C12 2ZAIHES M 2E  UiXi(solid, solidtAC (activated
charcoal), liquid, |iquidtAC)OI Al Agrobacterium rhizogenes 819601 & =&
LAES BARO0 C58CT, 158342 =22 158342 2AE0| & YH LIEIGCH

(Mihaljevic, Stipkovic and Jelaska, 1996). Paulownia elongata= Z24&Z BHF
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= Floll Agrobacterium rhizogenes R1601€ OIEotAS I ZERRI0M 33%2 2
A2 NS SRO0(Bergamnn, Lin and Whetten, 1999) Lobel/ia inflata Al
Agrobacter ium rhizogenes R16012 OIE3dt0H 2& 22 BHGHRUCH(Balvanyos et
al, 2004). Gentiana macrophy!/as 1/2 MS2t BsIt &IOS BHXIONM Agrobacter ium
rhizogenes AsCUS, R1000, LBA 9402, ATCC 113252 ZZAIZAS [ R10000| 32%=2

o =2 MMES BJA0(Tiwari et a/, 2006) &= 1/2 BIXION 500 mg/ 12
cefotaximeOl &It=l HHKIE AtEStLD Agrobacterium rhizogenes 8196, 13257,
13264, 15834, R1000, A, AtE0t0 24 2= HHLGIRS [ R1000 & ADF JHE £

2 Ss BHCHYang er a/, 1999). 2 AWM= Agrobacterium rhizogenes
15834= W2 2= BRKXC Pyeraria phaseo/oidesE 018t Shi and Kintzio
of BllAM=E =2 2Z&Z2 tH20l OIFUH/LL L/thospermum  canescens

(Pietrosiuk et a/, 2006) 2t Pinus nigralMihaljevic, Stipkovic and Jelaska,
1996)2 EN0AM=E 2 SE B0 2 AR HlwMS WM Agrobacterium
rhizogenes 158347t CH2 EL0IMZ0| HIoH 25 % HMEZ Z2 SUE 20l=
2 SARUCE. Paulomnia elongata(Bergamnn, Lin and Whetten, 1999)2t Lobe//a
inflata (Balvanyos et a/, 2004)2 S 0IA Agrobacterium rhizogenes R16015
MESIRE Il =2 REEs E”R=U 2 AU MNE Agrobacter ium rhizogenes
R160101 R1000 CiBLZ2 =2 RS2
AAl DA B0 SWHO0I2HD AZEICH Gentiana macrophy!la(Tiwari et al,
2006) 2t Ql&k(Yang et a/, 1999)E 01
R10000I =2 =R==01 ERJ2H = ALUAM Agrobacterium rhizogenes2l &=
o e 242 R el dH0 0IXe sUsE LO0tE2I| ol Agrobacter ium
13333, 15834, 43507, R1000, R1601E ArEotA}0 Agrobacterium R10000] JtE
st SO JUJUE 22k R AGHH R100001 242 B0l JtE SE0let
AMZEIO &CE.
AlES ME ZENO ixg 242 ME D rosmarinic acid 4t OIXl= F&
= A 0.5, 1.0 mg/l), IBA(0.1, 0.5, 1.0 mg/l),
NAA(O.1, 0.5, 1.0 mg/1)E XclIatR 2 NAA 0.5 mg/IE AESIAS I MXS2

rosmarinic aicdJt JI&E ZE=2 M2 BEJ=0 Panax ginsengidt  Panax

SR/2M Agrobacterium rhizogenes R1601

st BOWAME Agrobacterium rhizogenes

nm



quinguefoliumil A 0, BSAA(benzoselenienyl acetic aicd, 107 107°,10° M),
IAA(107, 107°, 10° M), IBA(107,10° M)S ArE5H0I %2IZS HHY AIZAS [ BSAA
10°MOILAL DHE =2 MASS 2 ACHKevers et a/,1999). Hyoscyamus mut jcusOll
[AA, IBA, NAA 22H0il 2.5 =2 MESIHES U NAAOIM JHE =2 SItEE E%
1 (Biondi et al/, 1997) Taraxacum platycarpumiiA 282 482 <6t 2 A
7o 22 &2 AZ XEHMQ HlE 0, IAA(0.1, 0.5, 1.0 mg/l), IBA(O.1,
0.5, 1.0 mg/1), NAA(0.1, 0.5, 1.0 mg/1)E AIEctAS M 0.5 mg/| NAAS ZEDt
TOM Ot =2 78.3f 5.9 %2 =RFZ0l FHEUD(Lee et a/, 2004)
Camptotheca acuminatall 242 FHUAME 0.5 mg/l NAADL 242 MAEON JHE
2 SUE 2CHlorence et al/, 2004). Panax ginseng$t Panax quinquefolium
(Kevers et a/,1999)E 0188t A8 MEIIH a2 MES EUS I 2
HA0 A= BSAAS ALSOHAl LQUXISH BSAA SAl 2| MEN SUEY A2SZ At
S0 Hyoscyamus muticus(Biondi et a/, 1997) , Taraxacum platycarpum(Lee et
al, 2004),Camototheca acuminata(Lorence et a/, 2004)0AKS EN= 2 AP

OF== SIALGHOY NAADE 2| MEN 2 U8 20l A2 M2AT o XL
Cichorium intybus L. cv. Lucknow Local (Wioloof Chicory)OilA putrescineOl
DAaZ MEA OIXls I 28 200 A putrescine 1.5 mMOUIA CHEZ(11
+ 0.9 cme HUHS M 1422 (18.3+ 1.4 cmIE 2 SIHES BJA2H 2,3%¢
= 9Al B2 BIIE 2ACHBais, Sudha and Ravishankar, 1999). QOIA A=
gt2t Ot=tJEXI2 22|10t L BRI putrescine2 MEZZES FHAGHD FeUYS
ol =

=X ol EHS JINH 2 APOA putrescine 50 mg/|

ﬂJ

FIO

IA22 JIU Y Al OlZ@ JtAC MAS o
o

M XBMZ 19984 Castillo S2 21000

1z

= d3 ot Hi22
oIS FdotAel Z4=201 10pMIE ZE&E BHXI0A el M801 2 A0HALCE.
Ole 2 HF0ME dB=sS 01&(10, 20 mg/1)0IME 242 M0l 248 A
22 20t Hi=g ZUE 2ULH & HFUMAH E&201 7 mg/l HMelotAS M
e =0 LHEHRLE.

Gibberellin acid(GA)= LEIHOZ N =2

12
o
I
>
Qi
=
>
o
0
w
¢
>
02
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ol= 2192 Lenton (1994) S°| 2100 26+tH gibberellin acid(GA)Jt

Q1o 20| MAI f2lo MBS BJA2M Ford (2002)S0l 2A6tH Arunus avium

(cherry)Oll gibberellin A;(GAs)S 0, 10, 30, 50 #8S X2IotUS M 50 4g0IAS

2 el MES B0 st SHESE HelME Al SIotA2LE

2 AR M= gibberellin acidE 0, 1, 3, 4, 5 mg/IE XclotAS W 3 mg/|
UM e 28892 LIEIRL.

2 Q& rosmarinic acide M & HHZOILE SIIBH0 2AHME SEE
=0l Agastache rugosall €ULZ 2We{ALt SHE HIY SIUS O SHE B2 HF
2 88 = 152=0 =0t ZIA=0 MEOIA rosmarinic acidll &2 &&0l
SOHEAD el FE HAHMM HE = 182 = =0 (0.42 mg g-1 dry
weight)Jt I JACHKIm et a/, 2001). Anchusa officinalis2l NIE SE B0l A

o]

S rosmarinic acidE &St} (Mizukami and  Ellis, 1991) Sal/via
officianlis. L.2 HIZE && HiZs A= M NAHQ SASHAHICI rosmarinic
acidIt MALEIAUCH Hippolyte et a/, 1992). Sweet basil(0cimum basi/icum L.) 0
N A2RH & HiZdsS S8 rosmarinic acid2l E&EE 1 g2 10 mg2l dry
weightOl2 1 ASHMO @ F&= BHAUWLLCH O JFXIJF 11081 EJACHKIntzios
et al, 2003).

Mentha arvensisCl ZJ| BH2O0IM Rosmarinic acid gf&d2 Chdet 489 =&

ot KHPOs 2l CHE & 2l HEEetH ol EE &

.,_
cC

ro
=
12
10
02
S

2 BHXIOA ZOIEIQUCH, =D(9 &2 3 %9 A€ 30 mg 1-19 HY 22tH 0l
EIt=l A MSHHKIOIA DA &2 rosmarinic acid (0.21 mg g-1)JF MAF ACEH.

<_)'I_
X
2
i
]
ﬁ
b
10
rr

OlHZ2 Mentha arvensis®l =J| BHZOI A rosmarinic acid &4
20|CHPhatak and Heble, 2002).

ot M SAS0 2lgt efiteter ggaEE gdst g0 dd A= 2
=)

mg/ L E &
o 42 o AR 2,4-D 0.1 mg/ LS EIIoI BHLE 2HAUHM 37.6 48
(RCxp) 22 2 & ANE &

& 20 28 35 Het itst 24 ERRCH UE X+ o

SACHYoon et al/, 2006). &M (Angelica gigas) =ES



Img/ Mol sEWM E2=F=22 free radical AH Sits HES =220 =
H LEIGCH s& 9J&=XHOZ DPPH free radical A~H S1JF ASole 218 &

Zol W CHKang et a/, 2004). =5 0OIH = (Styela plicata)0l methanol, ethanol,
acetone, 25 Jlotd = MZESHH &Hatst 241 S2E 82 XAGIRS

= =

= =

M &l =8 0IHE F==22 ER20 = acetone
=
()

10

AN Elle SZAX =5 0IHY F=20M =2 242 2J0HKIm ef a/,
2005). 2 e '

saccharide?! scillaloside E-32t E-1 =) sS4
AHseS Hl=xs BTE UEIUHRUCH Lee et a/, 2001). Cl&0| 2st SAAIAE
1970 CHOIl OO0 EZotH HAREAD(Han and Park, 1978) St=4F HRA0| ==
SKMI0)UHME O LHE=0 =EHS HMESYH t =

=
galactose E0[HQl Jectin(MLI)E OI2CH 1,000 & 28t MESHES LIEHY
(@]

ACH Lee et a/, 1995). £33l polyphenolic stetE22 AlSHOO ez =MoHH
MM LHOIA =St XIQF &haksh, &2F StHi0ldA L &Y 242 E42 UEWE

2oz LdHXM UCHBenavente-Garcisa et a/, 1997). & &
St =U=0 =S E(Stachys sieboldii MIQ)UHAMSE el F

E20| g4tg &A2S 6tA D (Beak ef a/, 2004) HRO0I(Viscum album) 2t & 5%
= =5 10mgolA Vit C

O ghitgt SUEL =2 iatg 24 230 b2 2 HEH0 ot H=Eel
= S2 LIEFWCH(Song

et a/, 2004). ell) A =(Houttuynia cordata) Pelel OEtE =Z=2E Gram
s Ol ZGtH LIEtSCHSong et a/, 2003). Ol= Hix& 2

o o =2 o
o2 FE=0AM2 gital, gaalts BSEHUQL 2F20M L= U it
= 2
—

o
)
3

~

QO

~

E).
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QO

R
x
2
x
H
s
0
s
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t0
]
18
o
I
]
THO
ro

polyphenolic Stef=2 &R0l 28 A=l Ot

} A
Ch Ct2)] H20lctd) =FEI0 00 2tet A0 A0 M0 & X222 At=E
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