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Investigation of Medicinal Substances from in vitro Cultured
Cells and Leaves of Artemisia princeps var. Orientalis

Dong Ho Shin*, Jun Gyo In**, Sang Ryul Yu*, and Kwan Sam Choi*'

*Dept. of Applied Biology, Chungnam Natl. Univ, Dagjeon 305-764, Korea.
**Biopia Co. Ltd, 384-4, Singal-ri, Kiheung-eup, Yongin 449-701, Korea.

ABSTRACT : The young leaves of A. princeps have been a well known for a crude medicine and used in treatment of colic
pain, vomiting and menstrual irregularity. Based on TLC and HPLC and used an artemisinin, an anti-malarial compounds
which is believed to be detected only in A. annuaup so far can be biosynthesized in A. princeps. To investigate the production
of secondary metabolites like artemisinin in cultured cells, the cell culture of 4. princeps was established. Callus and suspen-
sion cultured cells of A. princeps were induced and grown highest in MS media containing 0.2 mg/f 2,4-D, 0.1 mg/4 BAP and
2% sucrose. Different metabolites from in vitro cultured cells (callus and suspension cultured cell) and intact plants were
analyzed by TLC analysis. As a result, we can confirm that in vitre culture has a potential for mass production of secondary

metabolites from A. princeps.
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& (Artemisia. princeps var. orientalisy> =3te] Al
AEEA M ToAM= wormwood FEE mugwortghsl Sl A
AlAL] BRbE 2AZ2AGe FALE 2,000 oFo] AAYsR=Y)
Syl ME oF 300 ofFo] AT LA itk d®
FH feluRtlrs ol2 Bof ofdds 2802 AU, A4
S AE A AP ste] ABE et ARSI w3
TEoM EHTF G XE3hs BHo2 AMSson,
ESoht 7E 283 €9AES 5o ¥ XFeE Bol
ARgste] gtk

&oll= 477FK12] monoterpenoids, 2652] aromatic compo-
und, 19%9] aliphatic esters, 18%2| aliphatic alcohols, 172
©} monoterpenes, 175 2] sesquiterpenes, 13%5-9] sesquiterpe-
noids, 12%-9] aliphatic aldehydes, 8% 2] aliphatic hydroda-
rbons, 7% £laliphatic ketones 28] 9% 2] miscellaneous
compoundes & 2F 192 F72] 713Hd slgHEo] 2= o] 3l
= ZAo®E Byyo|x] it} (Umano et al, 2000). %2 Thok
T F=]FEHQ gHZE Penicillium®)uyt Aspergillus 72+

=1
[*]

wgolo] W% antifungal activity (Gundidza, 1993),
antioxidant activity (Burits et al, 2001), x| tist st
A& (Efferth 2001), antileshmanial activity
(Hatimi et af, 2001), ant-HIV (Wu e al, 2001), A3
apotopsis = (Hu er al, 2000) 5ol thale] A7Eoix e
w, £3], NE2: (Artemisia annua) SN 9 (LEle]ohe]
AgaAE vehlls 72 Aol ¥R artemisinin}] Z10E
L& et (Klayman, 1984).

A2, SlUgelXE A3 F7lelA A =5 e det
glob At dlwitt ZA sofual glom, e HEt o] W
A4 Qe Egokod ARBIIYE 2] chloro-quinined]
] WAL 7= E9H0] |50 o 8| o] AE
& lE F JE AER HAEA So] AR artemisinin
o] FA FE-& WA HAUt (Hassan er al, 1992; Woerde-
nbag et al, 1993; Geldre et al, 1997).

Artemisinin® peroxide J2]& 7HX|

et al,

A2, terpenoidAl
9] sesquiterpene lactone®] UFo]T} Sesquiterpene lactone
A3t 22419 3719 U9 AR (glandular hair) 5o %
LAY, A ZFEH EREEAA Ae 7195ES o
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A3 - ol -
o7 wato] ohfe} welelo} e FUA Aol ABA

Q] A&S sk Aleg dHA
Picman, 1986). X3}, o] E4& 3 Y

271652 59 AEE JYee Aoz RIFHI U
(Klayman et al., 1984; Phillipson & O'Neil, 1989).

TV, 2004 artemisinin® TS AZRSFTHY] 1% olslE
F, 25, T8, § 5 R FF, 2 w2 o
< FA Wl A= dHA U} (Geldre e al, 1997).
mbX, artemisinindl] g 3}5HF vt bds] g &
e A7ES B s5Hy S At =¥l AEHIL
U} (Schmid & Hotheinz, 1983; Avery et al, 1992; Landbury
& Nowak, 1992) $/d347g0] wil-g- B3laL v]-go] &ol
w22 JEE FOT ofF £ ANE 9X E3)
(Dhingra et al., 2000). Wb, A& Al 23S
artemisinin®] T4l #EE A77F Eds] o] Fo
(He et al., 1983; Fulzele et al, 1991). Park & Hu (1989)
= NEEe] shoot (E71)] Z2AWNS T30 artemisinin®] A
F4 ATS AT, Tawfiq e ol (19898 Z2ujoF
oA 4 AFY EFL Lot HAF (Plasmodium
Jalciparum®l 234 Azlsle] Ae] &8 FAASACh Paniego
& Giuletti (1994)= 7HEe] Jo2HE 22 2 A Xu) Yol
HIATE 519900, callusE FE artemisinin®] EA1E &<
ot Az A= BRI Bt Cai et al
(1995) Ri-plasmidE ©]&-8F 7HE4%9] hairy root ¥ 5
8 artemisinin MY 7HFs4-S AAEATE H2olle 24
AESH UPES o] g3k d7rt Ed] o]FoXa 9loH,
Vergauwe et al. (1996) 7152:0] FAALL A7sle] 2
A% AEAE AL, Chen et al (2000 famnesyl dipho-
sphate synthase f-%12}8] FZALHS F3l artemisinin®] ¥
2-38) ZTMA A 28V, o2 artemisinin A Ao} YR
NEES JAXM= oFd7EA] Aol e ol MESF 4
il gAl ] ol sk A= vlulg dA ol

2 d7e fEyElA] @ 717 mizka o g AREE o
AL 7S Bl AL e FEA1EQ] 29| A)F T
o} 2 558 AuE7] 9|

Ut (Klayman et al., 1984;
T YRS, IS, L

MR 202 XE artemisinin 4
2o A ARE RIS, ok Lo 2HE {3 Al
FujdS S8l artemisining SHFF o] o R AAHELY)
A ATSAE St FHsi

H
og

M=

¥e

1. 2£028H artemisinin®

20 ZHE artemisinin®] F=
I FLIA FE - JAE 2

-
=3

flo 12

NEE&A| A o] ol WY
HAISFA Y (Klayman et al,
1984). WA oA & 300gS AFT FFHTE AHET &
Z5 300 8E H715le] blender® #d3)3F & Ax=E 13}

\Z,
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Far -

=43 volume® n-
=]

Agsty AR 23} JH3l o, FL
hexane© & 23] F&3}0] n-hexane FEES AUTH FEE
& %% % gilica column chromatographyE AR 2™ n-
hexane, n-hexane-diethyl ether (9:1, 7:3, 1: DE -§&3
o} 7zt B3] artemisinin <A HF-= AR FAAEH
st A wFRTE AF P FEES n-hexane-
diethyl ether (6: 43 A7 &0z slod TLC ZdollA vlast
o FRlskaict.

39 anisaldehyde-H,80.0 %4 ¥H3-S Hol ZFEH
A3 Rf #S zte o] #lE BE¥S w53

Artemisinin®] £EE #£0l7] 95t 60% MeOHE 7z
3t C18 column chromatographyE AAIS}HS™, fraction
collector2. 40 ml & £33t} HPLCA 213t artemisinin®]
el 3.9%300mn &) F4-8 ODS columnE A3t 60%

CH,CNe.Z Al on f4& B 0.5ml 2 190 nm 3174
oA AT

2. OR Lo2HE| JUuiebie] =

oAl & (Artemisia princeps ver orientalis)?] FA} ANFH=
ZFehsky F2ol sk AEAA 19929 7Rl B&
ZAE 19939 290 Este] StoR FHT FAE A
ATt &9 TAE 70% IHEE 1027 A4S F B+
ZF7,2 338 AlA3EAL, 10% hypochlorite o] 1587+ 3
gk Fof] oA Bt SRTE 33 AHe, sEEE 7t
8HA] ¢S MS71¥E uwlA] (Murashige & Skoog, 1962)°1A]
oAl A AN wix]of o)&lgt & 27HETF ZujellA wiFa}
Atk

ol & yiE ®H AEH Y Y3 F71E Fzh MS iAo
auxinF] S22 24.D¢} IAA 28] 3L cytokininFl TEE
BAP, kineting &3 X2 iAol sucrose 20g, gellite
04%Z 9 A HiA| (pH 5.7) AollM A2 FE S
AA AT WY 2A4L 28T w7l REga FAA]7
He Ae2g 47] HsiA higES AAETh 2 A
£ oo FURES /o2 of sm¥ e} v 2Hs
Al et 2719 A9, A 2AHOEHE Scm o]y
o] B3} 9= & FE-S oF s5mm A2 Hdsle] uiA]of
A2dtAeh. EEEA Y e callus = AEE FAFSP|
A8k MS 71wl opFst =2 2,4-D (0, 0.01, 0.05,
0.1, 02, 05, 1mg £)¢} IAA (0, 1, 5, 10, 15mg/ ), BAP
0, 0.1, 05, 1, 2, 5, 10mg/ €)%} kinetin (0, 0.1, 0.5, I,
2mg/ £)E HEe &, 204 w2 Y- ArAEselA fEE
A 2o] 5 NEEE AT oE calluse TFFRF &=
Aol sERo] Aad WA (02mg/ L 24-D; 0, 0.1, 0.5, 1,
2, 5, 10mg/ £ BAP)E &7 AGHEHE 2AKIITH

AN 2 GAE SHl7] sl A Fels x2S e
st wx|e] 2,4-D 02 mg/ L2} BAP 0.1 mg/ 47} H7FE o



20 Qim 7| HieERSE| olgEEo| B
iAel Y ¥ 120pm2 W] fEson], 250 e RARP 98 42l AEE BuOHE F&3 F TLC

7HAo = Aduisid QPdsiE dehdAE SRiEilt). &
A, HEhlGAZE FE vl TS 500 LS AEE Ea)
H489% (0.7 M Sorbitol, 2% Driselase, 0.1% Pectroriase)
o Aelate] migAlze] Y¥FAANE UEAZ F hemoc-
ytometer (KAYAKAKI IRIKAKOGYO CO., LTD)E o] &3}
of dmA sllM ME FE ZEToEH e HEE
AdEE 2ABIIT

3. ORM £5u} J|UulQE MIZZEo| OIXRIHALME &M

AT MR, st &, oJd %, callus, 712]3 HeEM|SF
AE 7re] oXAEE ] AR e wlwE] sk 7+
7} A T 100 g& 100 mee] FH9) T wiste] oJzls)
At °lE EF7FF FH2EE nhexane?} BuOHE F&3 &
F53}e] TLCY ARZ AH3IIt) 279 nhexane F32
& TLC (Merck, F-256)5 oj&3le] ZJNsk &, higher
alcohol?} lactonesol] So|d o7 =20zl MO vlehfi= WAl
Al2FQl vanillin-sulfuric acidS 2 6+e] higher alcohols@}
lactones®] FdS Bl - BAIEI ). B3, steroids®} terpenoid
o Bolxom HAS vehle B ARl anisaldehyde-
sulfuric acidE *2]8le] steroids®} terpenocid AE2] 335
Hl A 3T amino acids®} amines”| 3FFHES] %

3

T,

Fig. 1. TLC detection of artemisinin from A. annua and A.
princeps. Crude extracts from two Artemisia ssp. with n-
hexane were subjected for TLC analysis on 60% MeOH
and stained by anisaldehyde-H,SO,. S: standard; Aa:
Hexane extracts of A. annua Ap: Hexane extracts of A.
princeps.
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. 9152 amino acids®} amines®] &
0142 ninhydrin® 2 WAl amined) IJEES A3 H

.

al _T]__I-

=

2w
1. OB 22022F] artemisinin®] 24

oA artemisinin®] EAE GRIs7] K3 A o=E &
I JEEe) A& n-hexanel & &3 T, 71 crude extracts
£ 9ATLCE B3l 48t 2 A3, MERdA =
artemisinin standard®} 7S Rf Zk 0258 Zk= Ax A9
o] EolFEG o, & FEEAAE vle &) glH
2] g}, ol &l oA artemisinin FFo] o] TLCE
B 230 ¢ ALY, B fuloMs 4] 739 artemisinin}
H]5=8k RE 3hE 7= EZo] Bol TLC 402+
e Ao AZHAT}H (Fig. 1). WehA], HPLCE
o AE3 £ $8te] column chroma-
tographys 53 A 4 AT

g Ax, NEEY AL 4R EEANA T &
atemisinin®] THL HQl ¥ &A= ol EF A
artemisinin?t 1523+ Rf % (025)2 Bole E¥o| Yeh}
°)& FEFIIUTE (Fig. 2). ol 594 A HPLCE ©l%

=
EAE

A

9 m%ﬁ;

Fig. 2. Chromatographic behavior of n-hexane extract from A.
annua (A) and A. princeps (B). n-hexane extracts of
Artemnisia ssp. is fractionated though column chromato—
graphy and each fractions are subjected for TLC analysis
on 60% MeOH and stained by anisaldehyde-H,50,. S:
standard; 1-15: fraction numbers of column chromato—

graphy.
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Fig. 3. HPLC chromatograms for artemisinin-like compound extracted from A. annua and A. princeps. Aa: artemisinin extracts of A
annua, Ap: artemisinin extracts of A. princeps. S: standard of artemisinin.

dlo] FAE Ax TR R EFE artemisinin®] £
M= EATES & F AR (Fig. 3). 22} £o) AL
HPLCHe} UV spectrum®] artemisinina ©F7F oh2A) vhebst
7] wjEe] o]& I3 fIste] HPLCAIAM £3, 56}
TLCEAS AAIE 43} artemisining} H2-E spotE AL F
AST (Fig. 4). 18] AFHE B, H|S FHoz Hol7} Q)
SATEE ARt &olm R EAlEe o dEd g
2olo} oA artemisinin®] EAES FAE 5= At
2. ORM 220229F] callus

VLA O 2 griemisinine
23] 0.01%~0.5%
40 ha AL 739 vheF
& White, 1993). WZhA, 2124
A S =AY, Mz, okt
2 FAAIA WL So] tgaiA A=
S €9 7 2" e ¢
AEAZNE 7 w2 2 AE wSAE
et

&9l FAE 70% EtOHS} 10% hypochlorites ©]-8-5h]
g &, MS 71 o Tt dolAlA AEAE Fra)
ek ol T AEA=RE A3t 27|15 ddsle] Nair e
dl. (1986)2] el wa} callusE FEsked oFgE A% wigk
AE YUY (Fig 5). Callus 50 o] auxind] &2

g s 40
o8P

ZgE

o
et
i

72

0.25 =»

Fig. 4. TLC analysis for artemisinin from A. princeps. Crude
extracts from A. princeps was purified and concentrated
through column chromatography and HPLC, and subje—
cted for TLC analysis on 60% MeOH and stained by
anisaldehyde-H,SO,. S: standard; Ap: artemisinin extracts
of A. princeps.
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Fig. 5. Photographs of in vitro cultured cells of A. princeps. A:
callus induced from stem; B: callus growing on the solid
medium; C: suspension cells growing on the liquid
medium; D: multiple shoots regenerated from callus.

o) g3 AEY] 93] BAPE 0.1 mg/ {2 g% F, o
FEAQ auxinA] TEEQ 24-DE TS B (0~1 mg/ £)E
Aelalaact. 2 A3, 24-Do] FE7F 48 02mg/ £ o3l
F7EAE o Al fErF AEAT, YEh= E7)94] 4
vl o) callus =71 BAEATH (Fig. 6A).

&9, cytokininAl S22 G A w7 9 24-DE
02mg/ L2 3783 F TRt F29] BAP (0~10mg/ £)E A
BT BAPS} A9 1my L7HAIE AR E7) BT A
frmol 2 L FA AT, 2my L ool HBHAE
73S =3k o) AE-E 1ol 10mg M= BE 204
callus?] A2 2 571 180T (Fig. 6B).

At oz AEAxe] 1Y 3 #3k= AlZY auxind] &

EE3} cytokininAl 229 #Fol el FHEH, auxinAl

FaER| B8 A

== 8T kuE"E‘—%O‘ %%_].E‘]/" Cyt()k.lni\’\ﬂl E‘%
o] & 7t AERIPL Fdrh MERe] Aol =

BAP7} 0.5mg/ 7 BN EAE W) g 38 callus?t §
SEJOY (Nair et al., 1986), ¥ 413 Aajoljris= 24-Det
02mg/ 45 F71et wjxlelx 7hg S callus 717} =
K01 cytokinin FEEL 214 callus F716) FEFS 4]
gk 28l 2myle) TEe WHAL gl Ax
Bale 7510 callus F5S AR AxE 7pdAg o
L}, calluse] A0 gleid= 02mg £9] 2,4-D9} 0.1 mg/ £
] BAP7} A7 wiRlelA 7hg gl skl

3. OPH 250] M3 SIEHebi(o] &

opY HOoBHE FE8l callus WA ZTE AZHEM|S
Az FE-e A3 A F2) callusBHE A% 24
< 2] 24D 02mg L8 BAP 0.1 mg/ £7) A7ME MS
AR Z A Y7 (shaking incubator)ll A 120
pmeE 8 wWiFsl AFE AENYAE F=siiTh
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Hormone effects of 2,4-D (A) and BA (B) on callus
induction and cell growth an the cell suspension culture
(C) of A. princeps. A: stem or leaf explants were cultured
on the media treated a different concentration of 2,4-D
{O~1mg/ L) with 0.1mg/L BAP B: stem or leaf
explants were cultured on the media treated a different
concentration of BAP (0~10 mg/ £) with 0.2 mg/ £ 2 4-
D; Cell growth on the suspension cultured cells was
calculated for 1 month after subculture.

Fig. 6.

H AE wiAle] e sl 247712 MEE AA v
A sPaAM gxEIGTh Se) dg M Al A
S 235 Yall MdE] MERFE 48ES vE AR
% hemocytometers ©|-&3l] A ¥4 FTHE FARSHAT.
o A} o] e AEE AN F 10 ol FHE
UsE7712 AA 30874 7l Holee 71 AGFA
& YERATH (Fig. 60). ole EZ9) w=ate)ge] AlEuldA
7t Z¥zb 1022 sYeld il (Choi er al, 1994; Shin e
al., 1995) ¥l 71 ARALAS Hole Zolgon, Alxe]
o) oAM= HF71e] HolENS W 1.3x10°2 E=AE
(12x107cel)2) 1/10 BER Ae] Ryt ol= Hlwd 21
AA71(104 olhE X F, i A7 7 304700
oFd7loll E¢ldhs A TS T NFLERE f=d
iR o} FAKS ASE VERRAT) (Tawfig ef al., 1989).



MES - CIFED - FAE - E[2RA}
4. U2 HIZT22E] Cltst AISZEo| 24 Amino acidﬂ- amine ES’J EZe BA3l7] Y5 7 A5E
N2 EESF W £o] Qo= g walelo} ekgAJEQl BuOHE &= Eo]z ol WAkl ninhydrinE- * &5}
artemisinin 2o TheFst okg-Ezlo] Z3lo] glo] o ZEE o] A7) é# tﬂﬂﬂﬂ%k oMk BhAE = 3R/ ol

|
AE, TE, AL B3 AgEdE

4 5o AZE e 3] (R @ 025, 0.3, 0.69)2] EZo] FIFUT} (Fig. 7C).
Sl Fol Holghal o ahE tgst PE B okeE ool Ader & F 21—01 UIAEE ] AR P
g B4 FEstee I LUESE olFoAH Aok TR o] Aoluths A5 £3t oY f2EA Ateld)
(Hayashi et al., 1997). 53], th&A] 2 o5 =d9] slst A o] dAg xeol& Yelith ok— =29 AL el 2

‘l” J[m

2 ol ofige] ARl AT @ ZANFES T I 2Ae) g o] mF ol gl T ts 844 W
¢ A7} FEas) A=) gouk, AEe] YERAE = ool wak 2 A 4 9L mAFAY. ®e, AEAst

2 Alze] 714, v B 3E Bl wer EEe AT 710 miFe AXE Alojolle B UirEEe] AR AolE
ol ZA e Wwe FHow gHA Ut (Geldre et dl., HHEY, E3] amino acid®l amines F EA|A wldA]
1997). WA $ele NS, AL & ofd 2 callus TolA g oekel Edo] A& e AxEg ¢ 2
cell, 22|32 A= {4 2 7 T’H/‘Pﬁ;‘é ALt 3 g, 2ol st #AUE g AR AAKY S callus
£ ¥la B4 2 AR ES SR I eRiEE 3 2 HehF AEE s AEA vl Mol EEo] ¢
n-hexaneil} BuOHE +% - 5533t ol 249 F2E 2%k 2Fo]7] wjfe] oAk A &dsl 2 Zlo]aL O]

= TLC (Merck, F-256)5 ol-83to] A3 5, 54 /e of watA tekst ofF|mAbEo] EghEo] g AOE AL
52 Eol oz WA= WAk o] §3le] Balg 4l "ot B ApelA vE ofd FEg fEEHY TR &
NErey AL T £ gUAE Sox JEE 7S artemsinin®]

LR = higher alcohol®} lactonel] ¥4 WH-S UEh ZA5Fe- Bolgt 4 U e[ AEAE B3 F3E
+ vanillin-H,S0.& Agjsted v|2dt A3} RE @ 021, 042 %

e =
40 P 75 ANSIT OB B o EH
F1e) WE 0 TN, FEER AL WolRe)
4 7l%ol A% FEHE 71 W
%ozRE F§84s) RPNl 75T Ao

F2Z0A callusel HEPRGE MEAA T oAl Edol WA 7
A (Fig. 7A). T4, anisaldehyde-H,S0, ¥X-& £3l 7
steroid} terpenoidsE2-2 W E13-S W, R 3 0.47 ¥-29 =
2L &R £ FAEAAMT AEHJUT (Fig 7B). =

Fig. 7. Thin layer chromatogram analysis of extracts from 5-type materials of Artemesia spp. Lain 1: extracts from old plant of A. annua,
lane 2: extracts from old plant of A. princeps; lane 3: extracts from young plant of A. princeps lane 4: extracts from callus tissues
of A. princeps; lane 5: extracts from suspension cultured cells of A. princeps. n-Hexane (A and B) or BuOH extracts (C) from
each materials were developed in n-hexane diethy! ether (6:4, vol/vo(gand irradiated with long wavelength UV light (254 nm). A)
Vanillin-H,SO, stain for hlgher alcohol and lactone compounds B) Anisaldehyde-H,SO, stain for steroids and terpenoid
compounds; C) Ninhydrin stain for amino acid and amines compounds.
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20| Ut 7L vHUMERRE ZEEC| EM

S| O
— a3
2ol ofdl 92 RIZkanoN EEoh 7E, 9AEE §

o] g ARgEo] & AFe R HIZe & Lo}
2305 JERE artemisinin AJ30) FE-S
AT oA Lol e XA EZA 9] TS A B
ate] oL o|RRE {FET WS EZEE
artemisinin®] AFAF ARE ZARING. 1 A% 2 ¢ A
T Mut EAdks o2 47 artemisinin®] =] oFAd
SN = A= RS FAEITE Artemisinin B 5-8-3F
ojapAMES] ) BlYS B3 gLt TheAe AL
371 913 o] o AEAZRE 22 9 JE A ZulA
£ Y3 Calluse e A2 = 2 A3 0.2
mg/ £ 2,4-D9} 0.1 mg/ £ BAP7} ARSI 2% sucroseS 7}
g MS wiRIA 7 FA UERTh o1E calluset B
A 285 AEA EAlShs s OAEAES HluE}
7] 93 TLC w418 AAS Axt, el dMEox] Bol
e FE, HASRIE, ofnlicAt ol EAEY e A
RIS olE e = 9] 7 wAE FE ok
FEEZ Y thEabel tigh 7FsAS AlAISAL T

o o
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