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c AR R S
L4 R B B Ak A A AR

R AE BB OEAE KA

RAE AR R EET ARMBZ RSB EY » SSEZEMAEEWIEABNER
o MM MB AL FRHE - ZRABEDEINAES » T EA S %8 RS
Yz & ERRFREYE » BT R AT RS 25T » B AT A B T S T B
BT o ARWFFELAZH 5 0BT SRR R RS 2 > MR a M s b
k5> imperatorin » JEERS BN ARIEHOLERT » £5 B MUEE T F2 SR B 1 4 7 imperatorin
ZIF - EMHERB b EEEM E RS ZRRERE » MFIR LM 2R ER
o FERBBUSESE OIS TEN » BINFHERNEE1Img/1 2,4-D ~ 0.5mg/1 kinetin
~ 3 %6HENER 0.9% agar > pH=5.7 & MS HEAEUFARBAGRERIED » HEITRIERI0KE »
ISR HE R » QEMEBEHEE | BREEIDAMERER2,4-D (0.25
~0.5mg/1) E2&0.5 mg/] kinetin ~ 3 %HERER 1.2% agar 2 MS HABEEEEREL
BAE o FHE S HMYIRER A LI RIS s » % 100 rpm #3  XEH
200 lux R THE » AT —SBURE BRI R « Imperatorin {7 HIE
FERER > THERMEERES - BEMREBETEZRRS  MUFESEBATEZRE
BEEBR BRGNS RS » EREETRRIBAZEE imperatorin 28 BEREA

o

BASEER © HIE ~ AR - BIPHIR - —RRBEY -

HIE (Angelica dahurica (FISCHER) BENTHAM et. HOOKER) UG #RaARE b5, »
MEENBERAFEREES > WEAESCEEEN o ARE | BB L AR TRE » MEARE
E# - FEBRERL - RIE » M2 - AETERE - S50 » SITEMAE B o EAmmEy
oe » BIEMTABTATIERE KENMERZIER - KR - 88 - SEmmSR - WaIEmIEmR » BHER
~ BWIIVE R » B R R E  IRE PR 2 o SR L EFER IR SRIB R HIa 9% » SR
RIFY  MAENEERS imperatorin BIRHERS EERERRSTZ— o

EMHIE (Angelica dahurica (FISCHER) BENTHAM et. HOOKER var. formosana (
BOISSIER) YEN) fREEMEH4ME - BEFE (Umbelliferae) 2% EEBAEY o 3 0B
o EEHTERBETSREZ— WMHIE" WEFMEY® o HHEERTY » I RERRTIBIES o

1. EWMERESRT WRIMESE 1675 5% -
2. PEESERGE T RERAAMPRL - B  FIgE (BHH2LE) RAFFBRERWER - 28E 2
FUERD
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E 219834 HARIIMFI RS B A » RBAEEFETZHERRS » WA EZE LA
E > EYMISRS R R R R EEE AFTR RAMEVHHHEE® o BRI RERPOE » PEER
AHNAS » MEAE - RRBVZERBTERFEYZ SR > FiLFIBERASIEEE T EEYZ
RS » BREF - MY —EERRE > BHERGSEROMRESER  REZEMHER
AR BEAE - RILAERAENRE S > MRBIPE R AR > TYEMIMR (cell line) RIRHEEIKET
L4 FRSEERRZLEF RN - WS HEZEOIELUIRZHEAE imperatorin Z
BREM—RIIZERE ; AXE R SRSERE R B R R Z R o HIRERS AR ZERIERET
 REEHEE T ERARNERE imperatorin ZH 7 » MR B HMBEREM ARSI ZRE
A DIFIRBEEEELRN ZFRER -

MHERBZE

—# *’E{.
FHEERAZHAREEZEILBHILIRRARE » REIUBLSEFZTEEEATE (Angelica da-
hurica (FISCH) BENTH et. HOOK var. formosana (BOISS.) YEN. o
--F &
g =2 Sififit
1. EERRE | AWREEM MS SREFSEARAY » IINSEEY ERFAEEIIN NAA
~ 2,4-D ~ BA ~ kinetin & zeatin & » REHEBENYA casein hydrolysate (CH) K4K
T o BEMIA agar §1 > %6 IN NaOH B HCl #§ pH fEHZE5.7+0.1 > AL
121°C » 15 1b/in® (1.05kg/cm?®) ZJBEIFXE 15578 » MRFIEHCRHEH ©
2. MRS | FURUPERE AR » f pH=5.240.1 ETEM agar o
OB REE '
EEREMRERS I CZER » B (EREEN2,000 lux » R EL200 lux) B
THEEITH R - BB RANEA R ER R ERRS L2100 rom ZHERBRE -
CEBAIERESHBRZFE
FHREIZ HIERERR » SELL Extran (Merck) FPHESEIRBENE » MDA A MR¥EEZE - IR Y]
B S SEER S - BLT0% B 1A 2508 - HLI2%REREINVEI (E50ml Ml Tween 20—
) > PETRIRERNSSHE - BEREEERT » DEEAHE=ZXE » DU VIREGH
FYIRA2mm BRR/D » BERSEEYERFAEE 1me/1 2,4-D, 0.5 mg/1 kinetin ~ 3%/
5~ 0.9%agarkpH=5.72 MS [BEBEHED » HITHERLBER SR
E EEATZEBRRMAAE
vy
1. TSN A IER RSN | S PRER LR bt hEER o
2. BAEREZEAT | RBBEIBHILBRRARKLILZBLESE > SZREHAH -
3. B
A, Imperatorin : B ROTH® ivF] o
B. Byak-angelicin : B EIVE/I| & RERI B LB HEMZCAT R SAEUS IR o
4. MURIR R HIERT | SRR RIS SBIR R RIS BN BN B IR R R E i -
1R
MEEH (TLC) K - kieselgel 60 F254 (Merck) -
Shimadzu UV-160 A, BN —H RS HEER -
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Shimadzu E#kEHHENE (HPLC) - 55 LC-6A ZUZRIH > SPD-6A ZUAJBIzRARH
82, C-R6A RUFESME o
Merak %48 (reverse phase) JE@#tE Rp-18 (LichroCART 125-4, 125 x 4 mmI.D.)
> i bE—FM: (pre-column) BIEFEEEEZE o
Gk
1. 1 SR
ys s W FE B SR T R B 32 SRR RS » DI E R (methanol) BWEH » KEF
WEEE  BRIKERRK o MEE=R » BIREAHF » DR ZZRBEIREERE - A2
ml FEEEINEL o
2. BEEIE
7€ TLC iR -5 BB 5 B AR HE SR » LUEBAR (ethylacetate : n-hexane=1:1)
R » TERSE T EIS RS -
3. FSuEAEE T (HPLC)
(Do Hrig A2
HY imperatorin AZY¥E L ES » B —TT RO ERT LR > 5551 imperatorin
HI R AR B 25 248nm., UL B A IR 5 o
£ Rp-18t: L » LIRRILLBIR HEE—K » BEE—Kk— 2k ZESESRENHELI S BERACR, » #6
HPIFHARE—K (55 : 45) 4TEESURRIT o FRALAFEE—K (55 : 45) BURENHHNE SEIBERIE
BERR o HBRAEE » FEA 1 ml/min » HEIHERKR248nm ©
(2 ph AR AR Y
FETERRIUENEF, imperatorin 10mg » F EEYEE » EAZE100ml » 7 BIEIEYAE¥R0,0.5,1.0,
1.5,2.0ml > ¥ FREEAEI0m] » BESERFEEERERK o 78 LmagaHET » 5251
HH20ul o DUETERSHEAAIE » SRS BREBBER B ERFBREER » MREH
SEEFTRER -
(3R B A B
AR 2 EE AR 0 » o — A E BRI IREES, - F bk S840 B 75 R
» RIBHIEH R & B EH EIREE o
(@)l E
W SR ER EIERS > B _ESRARSRRE T R FVE AT IR » 8 20ul EITHHT > FSHE
#3:5HE imperatorin FIEE

w R

—  EHATRSABNSERBRIES
BB ORI TN BIAER  BEREE 1lmg/ 1 2,4-D -~ 0.5mg/l1 kinetin ~ 3 % HERE K
0.9%agar » pH=5.72 MS [EfEigEt » #EITRERI0KRE » HEMSBRIVEMBIK » aiM
HZREHME  MAEZE  BETIIRERME -
GAuxin JEHEYERRETHS AR SHBERCZE
SRR AER A IERAEBLII00me 2K/ » BAREEERIFVISTRRE24-D K
NAA WERFEM gzt » 30R2 % » BERAHBAE0.25~2mg/1 2,4-D ZHAERER
I WEALERARNTES S » EIARA » BRSHEBEREK - AOMEEREN ; HRER
B3| 4 mg/l B> BVEAEEINEIERIES o T NAA BEIESE 4~8 mg/l FERENEE
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AR GBI B REZE RN K2,4-D HBRIENRF (RD -

#1. Auxin BEVERRGAHESOERSERERZVE

Table 1. Influence of auxins on callus growth of A. dahurica var. formosana

Basal medium with

s i Fren e Dy it
~mg/1- -mg/1- -mg/1-

0 0 506.8 OFx* 29,5 eE*

0.25 0 779.0 46.7 ®

0.5 0 660.1 ® 43.7 ®

1 0 762.2 ® 435 *°

2 0 7218 ® 43.0 ®

4 0 249.8 ¢ 19.5 ¢

0 0.5 231.1 ¢ 18.9 ¢

0 1 391.6 © 23.9 ¢

0 2 366.1 © 22.9 ¢

0 4 662.8 ° 35.0 ®

0 8 720.6 * 36.0 ¢

: Basal medium was MS with 0.5 mg/1 kinetin, 3% sucrose and 0.9% agar, pH=5.7.

: Data collected from 100 mg callus was cultured for 30 days. Each data represents 30 replications.

: Means in each vertical column followed by same letter are not significantly different at 5% level
using MRT (Duncan’s multiple range test) .

*%
sk

E)Cytokinin EEMAEERGHHEZBHERAESZEE
FOF TR B E PRI T RN cytokinin » AHNE » BAHEBEERSBRITF o
BERFIJERY cytokinins FIfEET LM EFEZNER » HEIR EIVEER kinetin 2 BA HBER

zeatin °

#2. Cytokinin FHEVERAHRBNBIMOIERSARERZBE

Table 2. Influence of cytokinin on callus growth of A. dahurica var. formosana

Basal medium with

Fresh weight Dry weight
Kinetin BA Zeatin of callus** of callus**
~mg/I- -mg/1- -mg/l-
0 0 0 333.0 b¥** 32.5 P¥¥x
0.5 0 0 8195 ® 519 °
0 0.5 0 8152 * 51.8
0 0 0.5 775.1 * 47.8 ®

* : Basal medium was MS with 1mg/1 2,4-D, 3% sucrose and 0.9% agar, pH=5.7.
¥k %k Same as Table 1.

EkEREONFNEZE IR SHEBRER S
FIFT T FEREAKERED - HEEOERSEMERERD)
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#3. KAEREOHEBOTEAERERZYE

Table 3. Influence of casein hydrolysate on callus growth of A. dahurica var. formosana

257

Casein Fresh weight Dry weight
hydrolysate of callus** of callus**
-mg/1- -mg/1- -mg/l1-

0 832.2 a¥*x 44,8 o¥*
250 825.1 ® 429 °
500 713.2 * 39.4 ®
750 763.4 ® 432 ®

1,000 785.0 ® 44.7 ®

* : Basal medium was MS with 1mg/1 2,4-D, 0.5 mg/1 kinetin, 3% sucrose and 0.9% agar, pH=5.7.

*k ¥¥* . Same as Table 1.

AR (CM) BNz o ER S HsERZVE
FAFRI0%CM BB 7 IER AR i B Ia EIERBN 43 -

4. WMTHHEBOERSERERZPE

Table 4. Influence of coconut milk on callus growth of A. dahurica var. formosana

Coconut Fresh weight Dry weight
milk of callus** of callus**
-%- -mg/1- -mg/1-

0 658.8 2¥¥* 46.3 o¥**
10 684.4 ® 46.5 ®

* : Basal medium was MS with 1mg/] 2,4-D, 0.5 mg/1 kinetin, 3% sucrose and 0.9% agar, pH=5.7.

** ¥¥* 1 Same as Table 1.

(H)Agar BEHBEOTERSEBRERZEE

BEEOIERAHBEEREETRBELZ agar » WREEE TR &E A EAEEES »
30K » 3550.6% agar HUBFRE > APKBEESKERS » HHERSGHBEKER » HEZE
HE1.2% agar BAHBH—4 - 1.2% agar RS HMELEEENE1,168mg » L—FHE0.9
% agar HIBEEMBIHES o {H agar BERESI.L%H » REHEBZERXEMHEIZHRR (K5

) o

#5. THNFRRENESOEESHBERZBE

Table 5. Influence of agar concentration on callus growth of A. dahurica var. formosana

Agar | o e Dp st
-mg/1- -mg/1-
0.6 658.3 c*** 31.7 oxkx
0.9 860.9 ° 474 °
1.2 1,168.6 * 61.7 ®
1.5 754.9 °© 294 °

* : Basal medium was MS with 1mg/1 2,4-D, 0.5 mg/1 kinetin, 3% sucrose and 0.9% agar, pH=5.7.

** %xx : Same as Table L.
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T EBRTTRRESEESET

EEOIERYERESHER » D&F 1mg/l 2,4-DR0.5 mg/l kinetingMS HEABESEAESE
C ERABBRZR > REMESHEBIIAE R » SEME - 052 REREEZRAER &
BHERERESHE20m] HRENN125m] AT » 2225+ 1°CIER » Bl100rpm ESEETAEE
NRBER - BTRAEHERE—R > HAEBMHIm] BPK » MASEFRMAISEE » 5—F
RBATER—4 8RR RFRIRRS BMe (E1) -

B1. EBOEZHRERER

Fig. 1. The cell suspension of A. dahurica var. formosana.

E-TERMBE - BEATER S RBASEES(ERRAZLE
CEEEE
MR RMEIE « B8 E IR £ N REFHY 2B SRR PSR 2 » Rtz
RUBITERE - AR o FIAEEETE (TLC) > MR /EEE: o REMB (eth-
yvlacetate : n-hexane=1:1) BB » FEERIN L THESEHE; » AIE2 o
Imperatorin Z Rf {H (ratio of front) £50.68 ; byak-angelicin & Rf f&%£50.20 o e
TLC REVERAEE L - EMETHRONAE » BEREBATEZRNEE » REGEER
i BEEEMER
OEzErEE TS
TE RP-18WIEHTHE L » DIFEE—ok (55: 45) BB » BEEH ST imperatorin 1
STREWUUETTARR » F{RERER (retention time) FUMIAKEYER HERE » B8] — 4 MR s
TFRIERE - FERAES o
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© 0
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2. TRIZREZ G s R E R Eig
A. TS B. EMAIEFAR C. BEATETFESE
D. E¥ATERSHE E. 28 AR
F. byak-angelicin G. imperatorin
Fig. 2. TLC of various source of A. dahurica and standard.

v
v
v
10 20 10 20 10 20
A. YR B. Wi C. mEM

3. HIf imperatorin RYERRIEETEE
Fig. 3. HPLC of imperatorin formed by Angelica dahurica var. formosana cell
suspension culture. Retention time : 18 min.
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1. B R ARAARSY .
ETERBISIE S FIBE R imperatorin ¥R - FIH HPLC FriSRygmm (
peak area) BHLEEHE » RABESMEESR R EARINEReREER (H4) - HE
A ERT
Imperatorin yv=4168607x—20785.5 r=0.998295

2,000,000
1,500,000 |-
]
5
S 1,000,000
S
jam
500,000 -
0 1 i 1 |

0.0 0.1 0.2 0.3 0.4 0.5

ug of imperatorin

B4. Imperatorin ZERHEEL
Fig 4. The regressive curve of imperatorin

FIAE—ERARER - MIREEERE imperatorin FI&E o DITHRERERIRI 712
R (EE RS HERE
2. ik B AR R
BRI R ZE IR ) » HP—{3 A EER imperatorin 38 » FAFIIMRAY
HEBERMRS - DRIV EAFRLE - 5 EE&BiR HESER o BRI EIERF99.8% ©
3. M imperatorin RIS EHIE
BARNTSRMAEIE - BFEREEAE - BEURSEBR RSN » REZEEERR
0 S RIESR20u] BRSBTS  SERKEE THEZERF AERFELAN » 5K EH
imperatorin #& BIIFR6HER » imperatorin FEEMTE MM B IERFE667ug/g.d.w
T4 RBEEEIEZRRE  MUFERENEITEZEE RAEBRESHENERERED - B
FHIET R 2 88E » imperatorin ZS2EEBK -
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%£6. ARFFHEIE imperatorin L5 &

Table 8. The content of inperatorin from various A. dahurica

impgete
Mg S EIE 667.32*
TFEMBEBETE R 234.75
wIE 11.75
B3 IR A AR 7.61
b= 2RI e il 8.24

* Mean values of at least 3 replicate determination.

& B
— EEAERAEREE

19824E Gu DAER (Angelica sinensis Diels.) WIZEMR » BHEREHE2,4-D ) MS HE&EE L
s RIDHBEE N R & HERR Y 5 19884E Zhang and Chengthlfl] & B EESAIAVETEES » BERS
BHARF auxin FHEYERAGR S EEBERAHEB » HRBEH2,4-D BRI NAA F¢@
o MASHBIERIEIEEH] (Bupleurum falcatum L.) > WHEIFIHZE - @B FEER LS+2,4-D
HIRE TR S o #E2R2,4-D WTH NAA U (BEHBEAEKSLE (107 —10° M 2,4-D
»107°—10"° M NAA) %% 0 Zhang and Cheng 7E% R SHMAIFEE P ML » LA cytokinin
I auxin » HBCERIEER auxin AURERESAME® o BIBEHIBE (Saposhnikovia divari
-cate) WA T B LA FHORER - EREHSEMERVERMER - FRBUEBATEN
IENRVERETERS » B58E7E MS Mllmg/1 2,4-D K 0.5mg/1 kinetin AYBSEE A » AR INHOFEE HK
AR - BEMBRICEN > BEME - HRAEBEEREETRERE2,4-D k NAA g
b WEHEBEREN2,4-D (0.5~2mg/]) HEERE NAA (4~8mg/l) HESHMERER

(R1) - MBARRER2,4-D dmg/) $ERESHBEFEER  FTUREGKZHS %L - Zhang
and Cheng 7E% RS HMBERERPHEIE - UERIRERN auxin RFERSHEEL » LM
{ERY auxin BB  SCETHEANSLEE « BHBEIREN2,4-D » REARERERS
Y AL ERAHBEEBRRIEAEEESRIERY « KHERERETR » 0.5~2mg,/1 2,4-D %
RAHEBREAREENEEREE - FIBRE SRS RE - DIBERERN2,4-D (0.5mg/1) B
H o JORTFTR » auxin JEEMERFEBIECS cytokinin » ¥HEAHBAIFEERANIBIE « #ERT
B/ cytokinin HREA— » EAHFCAIBHERSEBVERBRBES— (&R2) -

KEEFRE QM IR RERMARSREE D » DEERAEBERN_EEBYWE - Gray and
Conger SEFHRAFAFBEONEERMDSISERER® , MTHEMTFETZIHIL » BHYE
B  WEFUERILHRZE MRS » EIHBHLE o KW RER » RINKEEE S
FHESPEEATRSHBIER (R3-%K) o

BEEEREREFANIREERRER (agar) » ESESERMAHEERSEHEHNY
B HAMENSEERERBER - B ATERAEBIEERE0I~1.2%agar BERIEZES
ERBRELF » £LL1.2%agar BiE (£5) ; M0.6%F1.5% 4 EHEE » St RER TS
EREERR -

BEESHRENZHEYABEEE - EvESHEBSREZMH | PIUfET ~ R - XH-THY - &
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WA ~ REE ~ ZERG - TRREE ~ T62E ~ T8 - X - SR REESEYSE - RUMRKERELS
R SHIRREOR L o (AR RS RS AR - R E BRGNS R ? ERESE
g FEEHEEE MEEe: » TREREHMUEERR—TBEY » WRERBRATEZK
AR S R » R A R — BT LUREID o BIA1 Nicotiana rustica HiR ~ -~ T
FrEE AR S - THREAERRER nicotine KIRESTEHM - — RS » ZRABEMRET
B R SHEEEY R » 5k (differentiation) BILABIEYEBEIGEN » RLREEREIE
2Bl AT RS » IRREEE A IS TRAUREES - PR BURE R » BRI FARCE RARHIB (R
o (BEEE BN » FEHEYESEEEE MRS EER S BERSELE > HETES
1937 B ES HUNINE © Kinnersley and Dougall $§ i EHAMELZ nicotine & » SLHAT
e SR BEE AT o BIL Berlin 5 - BHEHEIEY BRI cell line - FEEN
SEEEERD o AHFIH BRI O EWNTE R O - R 5B R TR ST
Fo
— EEArMREEEE

SER A RSE B — » OB S M H S EEE ~ £{bRRM _ ERTFSE ° Hunault et
at. % (Foeniculum vulgare Miller) RUMIMSESEPEE - By —{HHIIRAR IR 3 L BOIR R
B EAFAR R  FEIUER R EREE - Hiraoka et al. thfif s
R AMEREREERE (RE agar) - BITSHMIURRLESY « RAFTRHIESHBERMERD
MS+1mg/l 2,4-D BK0.5mg/1 kinetin RSE/ERNHEILSHE » B O RS HERIBRER
» B3 —E R RIFIMIMRIE SR -
= » Imperatorin EE22%A

R Z RIS B TE R ELEE imperatorin B BAIRCE T » DURERS » (AERBREER
ERFIEETRS » BRSNS E OB RS F ARl - 8 ipmeratorin & BE RARETE
s [BABERRE cell line Z & » BIZHREZRIT RSB (elicitor) ZEM » M EGEMRSHBRL
cell line 7 imperatorin KI&&R©Y » SEH NI FEBEIEEREALR -

AHFRSEITEE BN 2R A i & M) (82NSC-0409-B055-04) - FEILHEH o
51 AR

1. B o 1980 o EIBEEFIHMIEE o p.644 o B TP EIBEEETERT o b o 2 o

2. ERAEK o BRIEHE 0 1091 o A EEEFYEE - M - MRER - Bdb - M -
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Studies on Tissue Culture of Angelica
Dahurica Var Formosana

I. Callus Induction And
Medium Evaluation!

Wen-Der Chang, Chung-Chuan Chen, Yuan-Shiun Chang? and Hsin-Sheng Tsay®

Summary

The production of secondary metabolites from suspension cell culture system is one of
the most promising methods in medicinal industry. The cells from callus or suspension
cultures not only grow faster and the products produced can be extracted more easily than
cells from the intact plants, but also the quantities of the products produced are much
higher than those of the field-grown plants. The tissue or suspension cell culture techniques
have made industrial production of some natural products possible.

Bai-Zhi (Angelica dahurica) was first recorded in Shen-Nung-Pen-Ts ao-Ching
under middlior category and was also recorded in the successive Pen-ts’aos of the descend-
ing dynasties. It has been used for the cure of headache. Recently it has also been used for
treating a skin disease, Yin-Hsieh Ping with good healing effect. The component imperato-
rin of Bai-Zhi has been suggested as the major active ingredient for healing the skin disease.
The purpose of this study was to establish the tissue culture system including callus
induction from petiole and to establish the suspension culture for the production of imper-
atorin. It was found that the soft and light-yellowish callus from petiole of A. dahurica could
be induced on solid medium containing MS basal salts supplemented with 1 mg/1 2,4-D,
0.5 mg/1 kinetin and 3% sucrose. The callus could be maintained by successive culture on
medium containing MS basal salts, 0.25-2 mg/l 2,4-D, 0.5 mg/l kinetin, and 3% sucrose,
solidified with 1.2% agar at pH 5.7. For developing a finely dispersed cell suspensoin culture,
the callus was cut and cultured on a medium containing 0.25-0.5 mg/1 2,4-D, 0.5 mg/l
kinetin, 3% sucrose and pH 5.2 and shaking at 100 rpm. Analyses by TLC and HPLC
indicated that both callus and suspension cells contained imperatorin and byak-angelicin.
Although the content of imperatorin in callus and suspension cell was lower than market
products and wild species.

Key words : Angelica dahurica, Callus, Suspension culture, Secondary metabolites.
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