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ABSTRACT Whole plant cultures of Centella asiatica (L.} Urban in vitro were established and the effects of basal
media, some macro elements and sucrose concentration on productivity of triterpene glycosides (madecassoside
and asiaticoside: MGA) were investigated. Among the media (MS, B5, RCM) tested, MS and 0.5 RCM medium were
the best for plant growth and MGA production, respectively. However, taking into account the MGA productivity, BS
medium was superior (MGA: 14.28 mg/g dry wt.). Major macronutrients of B5 medium adjusted with the
concentration of 25 mM KNO;, 1 mM NaH,PO,, 1 mM CaCl, and 1~ 10 mM MgSQO,, caused elevated or optimized
levels of MGA. On sucrose concentration, the highest yields of MGA were obtained from 6 % sucrose.
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A, S Tk W0, BAAS, 2%, ZAA, Ao
ol el AF &IVt A AR ZAFEUAT (Boiteau et
al. 1951; Chopra et al. 1956; Abou-Chaar 1963; Rao 1973;

Gotukola, India pennywort &=+ Mandookparni-brahmiz} &  Mesnard 1975; Montecchio et al. 1991; Hausen 1993; Inhee et
2l= YWE (Centella asiatica L. Urban)2 214 3|22 F5A, A} al. 1999). TN AT 2 ekE FAE, 7154 AEFS2] Fold
MAEA, 71998 7 94 ARA T g Sl olgH A WES ARSI AUARE F2 AAR o] dijolA ofF
¥ )t} (Sharan and Khare 1991; Moharana and Moharana  ©j j¥o g Zslz] 7, -—L.LLHOHH‘C GE A 4 ARSI
1994). ¥ Z o] FQAHEL madecassoside?} asiaticoside glo} FoFRE HEpEQld oEst= A Aot} (Baek 1997).

Mo E

(M&A) Z18]F, madecassic acid, asiatic acid, brahminoside, ]—7"— } tfgkZ2] Hh .2 Zolo] wAH A2} e viokS
brahmoside £olu, 7 & F2 AL Holx= ZFo= o HE A Eo R gy EArhKavindra et al. 2000;
asiaticoside= dlehdl|zjo} B ggrgo] RS 7L glom, Patra et al 1998). alx|ah W Z o] 2 MYBAEAS M&A
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rhizogenesE TAANA EAI S FE3IAAT, FEASH
ol HAMLA M&AE oHol Malst= WE vla V12
Folgky B9} vEstE Alxd AyloMs M&AZE T
AEA gty Byw & 4 9ok

B dpoMe Ayae REugelse 72 AR A
Aol HlE&ZHo|BZ ¢ T&o] HQ3 whole plante] v %2
oA A48, HE i ARGl o3 FAAFE
golaly, HES 2 EA g M&AS AAHE Atole] A
3lo} FAabl] HAQL WYY S FHOE B HA
713 w29} sucrose FER Sl IE ZHE AT

Mz 3Ly

AIBIR|Z

i}

AFEAM FAE APt T0% ANe-sol F27+ IA§
& 1~28F29] Tween 20& 78t 2% sodium hypochlorite
Lalo A 5E7F EHAFEY BFTE 4~53] AHst &
43 d3A2 E7)E AAG T 3% sucrose, 0.8% agar, pH
5.8 ZZ¥ MS (Murashige and Skoog 1962)eA]ol| x]/da}
otk 4% % woly ABAE 454 Ajuloksied We)st A
28 AASG ES AIAEE M-S

JUH|9f HHHHRIOIA HE X MEA Bl

HEAS TAS A Wil 242e] A4 R MEAS
v 23}7) 98k sucrose 3% 7} E3HE MS wjx]9l) 0} 0.25%
gellan gumE 713t pHE 582 Z2F H &4 7I4Ed
slo] Az} B AAZ wEE & MY HEstA 5T
B Fatgith Aok TA o e ZAFtA FF S50
pmol - m’s”, BZ7] 16 light'8 dark A7+, &% 25+1°C, 100
rpmol| A vl FaslgiTh

HE MEXQ| AXUILE I8 710K HF 3 2R

e

P

WE ABA) ARl g AT WAZ AR A
o MS, B5 (Gamborg et al. 1968)$} RCM (White and Nester
1980) iAo hEPLE 05,1,2 2 362 A3 AR
(30 mL)Z Erlenmeyer flaskol]l 27 A%} B E A A3
%2 8 714 olalste] 572 h%F (100 rpm)SHEE 14 2
ge A=z B5SwiAE 7| RiX] 2 gt BSulA Y] thE
21491 KNO;, NaH,PO,, CaCl, 2@ MgSO,& Z+zt 0~100, 0
~10,0~50 12132 0~50 mM B2 ZHsle] AlZe}l g
E AAS wFS 3 Y o3t AAERRNA 557 vl
kalgth 7t ABAELS AR ZE RS FEI AAT o

& AERS ZANGOH, FUNRE 12400 FAAL
AZ%L A7 ZRAAUT: AZNRF AVE MRASY B4
o AMgstelh

Sucrose =7+ M&AL| Aitof| DjXl= &

B AW sucrose FEol WE WES AL 2 M&A S
doti 7] $J5te] B5 HAIAE 7] EulX|Z 3 sucrose &
TE 2%NA 1%7HA) WAl o el ARE AAT
HlS-2 g Y olAdt & 557 wiFEtETh 4 AEHES
AAR 2 FH- TEI) AAT v AFHE SR,
SANEE 12/ BAARES AFFS 4 SHEA
AZANER F dHE M&AS] A9 2183515

M8AS| 2 2 EA

%% Booncong (1989)2] W& o AHAIA 88t
t}h Zhzbe] mpE AR B 100 mgS 5 mLe] 70% ethanol
o ¥Z 2087 2&HAYE FEIUL, FEIS
Whatman (No. 1, 70 mm@) FA & 344 thg 31527
A FE3ATE F5YE petroleum etherZ AGHAA
238 ST -5C accione H7Helel 4 F FEUS
SRt BATAE AN FEUON, FEAL |
methanoldll AL&)A1A 1 = 10 uLE HPLC A2 AHE-3s}
gt} HPLC 42 93 AXZ & WatersA2] injector (600),
detector (486 Tunable absorbance)E A}£3}5 219, u-
Bondapak C,g column (10 ym, 3.9 mm X300 mm)S A3t
26°CoA Bt | 2= methanol : water (60 : 40, v/v)
2 A3l $4 0.8 mL/minZ 3le] 214 nmol|Ae] 2} F
FEE FES A&k

2

T8 HHQEI} QHA| BHAOIA2] HE T MEA SiE H|1

Auf kS o] &3t AEA FHol= B Fo| AAMAE

2 oA Al ko] AJZbE S kT
745 E #HA4E zZh=t) (Hosokawa et al.
1998). /|2 (Artemisia annua) 73+ 5213} &4 §lo]l o
AR A s, TA R B wste] wf- wE APL-E
BAF T (Jorge et al. 1996). HZ2] whole plant wj %] A
A 2, TA A} ARejR] ] wjoellA AFH FE&=Z
(M&A) k2 v 73kl (Table 1). Gellan gumo] #H7HE
IHEA A E Az} B2 AAS WlEE o]4sds o
Az A = ARe gt M&A F32 & FF0IA
t} 3Rk AR e A St wE AJadE 7Y
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B M&A A AN ok HBARD 1397}
o =9t

o)

SE ABHo] HEHS 9
S

o 712 BiX| % Rl S

3ol A= 1 223 Q40H, o|AIALEA L] A
e ke njx|e= Ao® LA T g} (Toivonen et al.
1991; Weathers et al. 1997). HE 2549 w gl Agst 7]
Bz & 27] 98iA MS, B5 9 RCM ujA] ¢} o] &9 g
AAE 47 05, 1,2 € 392 2% wjA oA 5 F7F vk
ato] A& o MAES ZABIATE (Table 2). Y Ae] 5
%71 0.5u 2 FAE 0.5 RCM giR A 71 =2 M&A §
T BT, MS v A 74 & S Jellich
AT M&A 43 WE AEAS BS viAox MS9}
0.5 RCMXET} 242} 116w, 3.64] O o} BS wix]7} HE 4]
A4 AT M&AS] AjHAdol 23et 712 E FFAHL
Z Aok ohe B5 vl A& 718 A R A8, BS vl
g o]F+= FQ g4l KNO,;, NaH,PO,, CaCl,,
MgSO, & 77t o= 23ste] M&A A1He sl &3 9
wv2 29 1 43 KNO, (24.8 mM), NaH,PO, (1.08
mM) % CaCl, (1 mM)s= B5 712u]R]e] 59 dA8k= 5

Table 1. The comparison of dry weight and triterpene glycosides
contents between solid and liquid cultures of Centella asiatica after 5
weeks.

Gellan gum Dry weight Contents (mg/g dry wt)
concentration (%) (g/flask) Madecassoside  Asiaticoside

0 0.2907 5.67 6.3

0.25 0.1288 9.48 11.3

Table 2. The effect of various culture media on the growth and the
trierpene glycosides in whole plant cultures of Centella asiatica for 5
weeks.

. Strength of  Dry weight Contents (mg/g dry wt)
Media . - —
macro nutrients  (g/flask)  Madecassoside Asiaticoside
0.5 0.2282 5.93 5.52
1 0.3447 5.26 5.4
MS 2 0.213 478 4.51
3 0.2608 455 435
0.5 0.2325 7.12 7.74
BS 1 0.2997 6.98 73
2 0.2289 6.46 6.89
3 0.3081 6.72 6.59
0.5 0.1002 8.93 9.14
1 0.1136 7.80 8.47
RCM 2 0.1224 7.92 8.79
3 0.1278 6.98 8.06

EoA M&A] AiHgol 7HE #A Uelstth Wi, MgSO,
= B5 71E8X9] =% (1 mM)ETHE & 1~10 mMolA
=0 QPAAS HodFUt) (Figure 1 ~4).
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Figure 1. Effect of nitrogen (KNO;) concentration on the growth
and the madecassoside and asiaticoside contents of C. asiatica
plantlet ( ®: madecassoaide, O : asiaticoside).
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Figure 2. Effect of phosphate (NaH,PO,) concentration on the
growth and the madecassoside and asiaticoside contents of C.
asiatica plantlet ( ® : madecassoaide, O : asiaticoside).
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Figure 3. Effect of calcium (CaCl,) concentration on the growth
and the madecassoside and asiaticoside content of C. asiatica
plantlet ( m : madecassoaide, O : asiaticoside).
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Figure 4. Effect of magnesium (MgSQO,) concentration on the
growth and the madecassoside and asiaticoside content of C.
asiatica plantlet ( ® : madecassoaide, O : asiaticoside).

Sucrose =7} M&AS| AHAL O|x|= &2}

g299 FEE EPIYAI AT Aol

A FEFE F BT o AHEAY] PR Fa% 9
2 Ht} (Weathers et al. 1997). @}2tA, H 3o &
2 45 219 B5 wiA]ol sucroseE 2~T7%7H4] W3EA|A
HE A EA AT M&A & AT Sucrose %7t
5%ANA 71 & e UEL 7% FRolA &
(madecassoside, 8.9 mg/g: asiaticoside, 10.24 mg/g dry wt.)°]
W 2 32 RAFUT (Figure 5). fAHE A2 XS
o] AR wfel] Qe sucrose FEIT 5% W tropane
alkaloid A84te] 714 &k2.8] (Ahn et al. 1998), Hwang &
(2000)2 3] ZAtS widAS o sucrose =7t 5% Y
o 7HE E2 tannin A4S B d7h Stk ol o= W E
AsT 29 1%9 sucrose TENA & (Ruta
graveolens)2] 21 Zu] kol Al furanocoumarins AJ4te] 71 &
9t} (Massot et al. 2000). A A7 M&A ¢S 788 AAHA
< 738 B o J39) sucrose FEE 6%2 AAHA
A, Yefsty EA O 2, sucrose’} IEE (4% o]AHE vlA] 4
AME A4S HE Yo GEA UF FEE o] ;o
A3t W2, sucrose 7 AFE 2% °lshE B+ &
o Mzo] o} FEME HojFEd 11 ofi+= sucroses AF
T8 A 27 A5 2HA F]A 5ol 7RI
w) Z-o|t}. Artemisia annua plantlet®} Prunus cerasifera shoot
W e o)8d A4S HoFAu (Woerdenbag et al.
1993; Morini et al. 1992). $1¢] ZA=Z sucrose =E7 IEE
2 AHEIE d 29 gE4A7F FAHATNE M&ATE F
7¥SFR, 19 W E AEEd o M&AE
T A5 d Y AR gle AR 48 F 4
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Figure 5. Effect of sucrose concentration on growth and madecas-
soside and asiaticoside contents of Centella asiatica plantlet (m:
madecassoaide, O : asiaticoside).
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