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ABSTRACT

Effect of 24-dichlorophenoxyacetic acid
(2,4-D) on leaf callus induction, proliferation and
formation of saikosaponin along with callus
culturing of Bupleurum kaoi, a native medicinal
herb of Taiwan, have been investigated. A
seventy-five percent primary callus induction rate
was obtained from the explants cultured on
half-strength Murashige and Skoog (MS) medium
containing 4 mg L1 2,4-D for 8 weeks in darkness.
Among the varied 24-D concentrations (0 to 0.8
mg L) tested for callus proliferation, the highest
callus weight was observed on half-strength MS
medium containing lower concentration (0.1 to 0.2
mg L71) of 24-D and increasing of 2,4-D
concentration did not further improve callus
proliferation. In addition, time course of callus
growth and saikosaponins content were also
established. There was linearly increasing in
callus fresh weight from week 1 to 10 before a
slowly growth occurred from week 10 to 12. The
highest biomass of callus was obtained at week 10,
where callus browning started. Therefore, the
period for a proper growth of callus on a
proliferation medium should be no longer than
10-week-incubation. Saikosaponin a, ¢ and d (SSa,
SSc, S5d) contents of callus were analyzed at
two-week intervals in a total of 12 weeks span
using a high performance liquid chromatography
(HPLC). The total amount of SSa, SSc, and SSd
(SSa+SSc+Ssd), 1.12 mg g1 dry wt, was founded
reaching the peak at interval from week 8 to week
10 and diminished hereafter. The contents of SSa,
SSc, and SSd in various sources of plant materials
including the aerial parts and roots of
eighteen-month-old field-grown plants of B. kaoi
and market crude drug (Radix Bupleuri - roots of B.
Chinense), were also determined by HPLC.
Although the total amount of SSa, SSc, and SSd of

the cultured callus was lower than other sources
of tested samples, it is thought that by modifying
several important factors for callus culture of B.
kaoi could make this system more efficient. Cell
suspension culture in a long run has a great
potential and advantage to produce secondary
metabolites stably year round comparing with the
field-growth plants for pharmaceutical utilization.
Key words: Bupleurum kaoi, Medicinal plant,
Callus proliferation, Saikosaponin.
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S5 (Radix Bupleuri) {8 s 55 2 o 3
Z— BEEA XL T PRTR - EEILRRK
A - EAHEREC - AR S - PIH K%
TIURE » FE228 ~ HA ~ B e b B 5 i 1
[&53Z 45 A (Hiroaoka 1989, Kan 1985) - 45}
B BB FOARGAS » Horh P2 SR 2 1
¢~ d (saikosaponin a, ¢, d; SSa, SSc, SSd)
Ry A SEM AR YRS R E 2 E - AR gER
BRI SERE E SSa Bl SSd H A HHE 8 i
£R FF 28R (Hiroaoka 1989, Lin and Yen
1999, Tang and Eisenbrand 1992, Yen et al.
1991) ; jth4h - BEFEHL SSA B A HNHI Tl
i RIG AT (Yano et al. 1994) - {dif
HhogE i EE 30 HK 2 SR IE L By B SR
(Bupleurum chinense DC.) ifii H A& L ]
5 (B. falcatum L.) Ry REEAREN, o STFEZ
Bt 9% 6l R RS - R A v B S (B.
kaoi Liu, Chao et Chuang)Z {25 5 8 i
= B4 (B. falcatum L. var. komarowi
Koso-Polj) i Jt 4& ] (Lin and Yen 1999,
Yen et al. 1991) - Kt - 2R G 2 SE
Yot gl - QAR (155 AR b 5 Bl B
FFIH -

ST ER AR ER G 2 52 e 33
1S 43 HE L 4 F A ) e R T B A A R
B o HH YIRS 2 B i vl A RO A Ry BREE
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5. % (Taxus brevifolia) E &# 1t
(Catharanthus  roseus) 2 (Salvia

miltiorrhiza) ~ |L1%E (Dioscorea sp.) ~ & (B.
falcatum) ~ KL4E (Carthamus tinctorius) ~ #g
% (Solanum nigrum) ~ A2 (Panax sp.)%5 &
i SEREY) - YA A AR T M A e —
KA Y0y R T ) 45 (Berlin 1988, Tsay
1999) - SR » ANfAIEE N7 Je e FF — il R R
I - HA R & R B Al R T B R
M - FPEF 2 H EIKT- - B4 R A
YRR ~ AR R 35~ S B R AR AR
K MENT. > % 2R 17 i 33 R E L 0 R A
Jid % DURE Rt oL R AR A sg 2 B A
R BRI — —BRRT - BRI
LA 75 A5 B g B ) S G AN 2 - A = IR B
i (Hiraoka et al. 1986, Noboru et al. 1982,
Wang and Huang 1982) ; ifij i IC S B FHES
e &R A 7 R -

AN G2 TR FH v B SR B A B i 2
R A A R AR R DU B e R 2R
B R T HOR BT R - O R A T
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W& FH JEg A7 74 (high performance liquid
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FIIF &5 ER SR A H 55 11 (Chen et al. 2004)
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AR 2 K R (R 6 AR EH 0.2
mg L1 2,4-D ;2 1/2 Murashige and Skoog
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5o SRV R — HE il & 2 o
TR S B B E 2 T - 15 5
HE L 1/2 MS SRS EIRHEL MS #EE R
AGTRIN 3% FEWE Kz 0.9% PEE (BT fi6 7y 1
AREEFEAL) o DIA & 25 ml 8585 2 B R,
ZM(90mm x 15mm, a plus, Taiwan)#E{T
ma MRS > HeralBEAIRANE 10
ml REEEZHHHEHE (25mm x 120 mm,
Pyrex, Japan)t {88 - I it 548 £ 1
D51C I + MG T AT -

—HAEBAE
1.2,4-D B £ LR .2 28

YLK 7 X 7 mm?2 K /N2 v FC AR A B
MR B BEREEARE 24-D RE
(0~05~1~2 K 4mgLY) 2 FEARREZE
AERER 4 B P E AR O RS 5
8 % A A ARES H R LR -
2. 2,4-D ¥ &5 AR I 2 i 2

Uy 0.2 g mEHBEERESH 0
0.1-0.2-04-08 mg L' 24-D ZFHAKE:
AL B 8 I A A E - T
% o R AR B A BE A (Model OV-452,
CHANNEL Corp., Taiwan) I 45°C }t5Z 2
RKtg » THRHHRZE -
3. i A R A AR Rl B B HL SR B &

0%y 0.2 g GBS BN &H 0.2 mg
L1 2,4-D 2 BRI AL » #8558 1-12 B
A A A A S R B PR AR R A RS R
WRF H 2 i £ RELR S — 20 O HLSR Bl B
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SE

4. Sefitmin LSS EH S BT
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Sel] B TS B E FR A = G A e
Bk B FH SR TR R 0T 2 ) AH I 8 2 2 B
(Waters Controller 600 C Pump ; Waters
Photodiode Array Detector 996 ; Waters
Autosampler 717rlus; Waters Temperature
Control Module II ; Waters In-Line
Degasser AF ; Waters Millennium?3?
program) °

¥ H Park et al. (2000).2 /57 » 4£ 35°C
TN LLE AL H ¢ (acetonitrile, ACN) @ 7k (40 :
60 : 50 : 50 5 40 : 60, v/ v) Ry i BT
FEPETE s A (Table 1) » Jii# 1 ml min? » 52
IMERARE Bk By 203 nm o HUREHE & SSa
SSc % SSd 4 1 mg L (CH:OH) ¥ i
SERZE T ml o A R R R T A v
1/2~1/4 } 1/8 £5 » H[FA R LG 4
TR AN [ 95 € PO AR VA R > 2L 0.22 unfilf
i (Millipore, Japan) it Ji§ i F - 45 _F 3t i) g
Friee vt T~ o0 A 10 nBETTIIE - AFE bR
BHE A 3 K PR 90 56 Ty R A A - B
R R PR AR SR A 1 S0 B 77 2 5 B TR £

% (coefficient of determination; R?) -

Table 1. The period of gradient elution in
saikosaponins analysis by RP-HPLC

method z.
Time (min) 2 10 40 45
Acetonitrile 40 50 40 40
H,0 60 50 60 60

» Samples were separated by C18 column with
acetonitrile-water as mobile phase.

N TR O R SIS R S T
-saikosaponin a (SSa)il saikosaponin c
(85¢) (W 1 H 7K L% T 3 b=t @it L
saikosaponin d (SSd) (I H H ASF1Y: fili &
T3etRAgnt) 5 5B 5 hn- AL SR
ARSI 18 ff H o = RSB AR 3

PREARER 5 DLk b5 28 24~ 6~ 8~ 10 Bl 12
FR IR AR - SRR E R 4512°C
o TR T REE A R R 0 P A - 1T 2% DA FH P Ry v
A I e 1§ A% (Model UC-150,
ENSHINE Corp., Taiwan)iE# 30 4§k
DA A 8 0 K R R SR P A
B BEAEN =R G0F = XRIEREB LA
TR M (EYELA Model A-3S, Japan)ijs
i 25 56 A HZ M T 2% P DL & FH R B 0 v
Hi > & LEL0.22 um JEIEE I8 o 25 HH Se b b
S 10 plbs 8 ~ EAETH 3K Kk
it A 1 S0 i 5 R = HE SR AR A SSa ~ SSe
SSd #y & & -
5. &k

R BE & FHE SAS 8.2 (SAS Institute Inc.
2001)EEMET Tk iE T ANOVA 875
AT R B A R EAE 0 HIFIH Least
significant difference (LSD) test LL#& &% %
HAEEE 2 25 5 52L SigmaPlot 8.0 &k
#8 (SPSS Science) ] 2% 7 H 7= 7 o

R

— 2ADHEABSHEHBFZSCEE

FI R e B SR A BS B o8 2 IR BH 2 B
Fr o YJHL 7x7 mm? 2 B3 RS 5T 2 AR N 0-4
mg L1 2,4-D Z FEAREL 3 AL KR BUR 0.5-4
mg L1 2,4-D iR B A 355 B Fr i £ A
% (Fig. la, Fig. 1b) » Hrill 4 mg L1
2,4-D Jiz B & AR < BB S OR IR £ - 1
BRFER 21 0.5 mg L12,4-D JEH » 5
Wi 24-D 2 BB BRI AR SR E
AR 1 5 2R AT A B B T 35 25 o2
I3 A R A LR B G Foh DU e iR
24-D (1-4 mg L)JE B 2 #1b t R
(Table 2) - 715G & LA PR A R IR
W~ R O HUE R R A
BRI AYRIN 0.2 mg L1 2,4-D 2 1/2
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MS f53 5L - A E R HAE R E S B H E S R (Fig. 1c) - fER&RBEZA -

Table 2. Influence of 2,4-D concentration on callus induction of Bupleurum kaoi Liu, Chao et Chuang=.

2,4-D (mgL™) Percentage of callus formation ¥ Percentage of callus browning ¥
0 0 £0° 0 £0°¢

0.5 36.1+53¢ 28+2.8°

1 50.0+3.2° 16.7+3.2*

2 61.1+32° 13.9+53°

4 75.0+2.8* 16.7+3.2*

z Explants were cultured on half-strength MS medium supplemented with various concentration of 2,4-D and 3%
sucrose for 8 weeks. Each treatment contained 4 replications with 9 explants in each replication.

vy Means (Mean + SE) within a column followed by the same letter/s are not significantly different from each other at the
5% level by LSD test.

Fig.1. Callus of B. kaoi derived from leaves cultured on half-strength MS medium supplemented
with 0.5 mg L-! (a) and 4 mg L-! 2,4-D (b) for 8 weeks, and subcultured on half-strength MS
medium containing 0.2 mg L-1 2,4-D for 8 weeks (c).
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T 24DHERBESHEBIECZEE BN =R e A TR = E R B(R?)
Table 3 SURMEIIEAHMEeR 01 g1 P 099 BLE - HE A Bfi(H (retention
0.2 mg L12,4-D JEHl N4 ikt » SR Enk time; RT) 23 AI#IFA 7.54 ~ 13.99 Eil 21.98 min >
i g (R R s L A A PTHI e =8 5 2 =5 e S As .
RfE 2,4-D FEIE04 81 0.8 mg L) fiidraah oo S5¢ B4 S5d Srfi(Table 4) - FEAATE TR
RS E RIS - R g e TR SRR SSa+SSerSSd
5§ ERAEAGIRIE 24-D (01-02 mg Lt )ffep b AIE 3532 mg g dry wt + SRR
R B RS FC a2 L2 2 J BT - EARRAS (SEA T35 ) & w1 5.9 45 - FHR i RSE
BAFE M 32 SSa+SSc+SSd & & Il Ry 42
= RABRRZRAEEERSMN AT R 76% » TBEF i &l 8 3
FIFI1:05+025810125 mgml' % 4 H5FERZ SSa~SSc Bl SSd = # & bRk -
T 2 el EFa ~ ¢ ~ d (SSa ~ SSc Bl SSd)fE H:SSa ~ SSc Bl SSd —FHHEE Ey 1.12 mg gl
AESIVANR » T HPLC & MhEE | oA - SR dry wt (Table 5)

Table 3. Influence of 2,4-D concentration on callus proliferation of Bupleurum kaoi Liu, Chao et Chuang =.

2,4-D concentration (mg L™ ) Fresh weight of callus (g explant”’ )¥  Dry weight of callus (g explant™ )Y

0.1 1.70 £0.0122 0.063 +0.002
0.2 1.73 £0.026 * 0.065 +0.001 *
0.4 1.64+0.029° 0.058 +0.001 °
0.8 1.63+0.021° 0.060 + 0.002 °

« Forty calli (0.2g callus pre explant) were tested for each treatment and the data were collected after 8 weeks of culture.
Each treatment contained 4 replications with 10 explants in each replication.
v Same as Table 2.

Table 4. The liner equation, coefficient of determination (R2), and retention time of saikosaponins analysis
by RP-HPLC method 2.

Saikosaponins Liner equation R? Retention time (min)
SSa Y=1305537X + 112739 0.986 7.54£0.16
SSc Y= 742174 X + 186458 0.999 13.99£0.17
SSd Y= 734992 X — 22255 0.999 21.98 £0.30

zSame as Table 1.

Table 5. Saikosaponins content analysis from market product of Radix Bupleuri (roots of Bupleurum
chinense) and from aerial part s, roots and leaf derived callus of Bupleurum kaoi.

Saikosaponins content (mg g™ dry wt) ¥

Samples *
SSa SSc SSd SSa + SSc + SSd
1 B. chinense (roots) 1.07 £0.03° 1.67£020° 322+1.46° 5.96
2 B. kaoi (aerial part) 0.75+0.08 0.71£0.09° 3.07+1.45° 453
3 B. kaoi (roots) 9.99+0.42° 7.63+0.45° 1770+ 0.71° 35.32
4 B. kaoi (callus) 0.25+0.02¢ 0.73+0.10° 0.14+0.01°¢ 1.12

z1: Market products of Radix Bupleuri (roots of B. chinense). 2, 3: Aerial parts and roots of Bupleurum kaoi had grown in
field for 18 months. 4: Leaf derived callus of Bupleurum kaoi was cultured on half-strength MS medium containing 0.2
mg L1 2,4-D for 8 weeks.

vy Three injections (10 pl per injection) were tested per sample, and the means (Mean + SE) within a column followed by
the same letter/s are not significantly different from each other at the 5% level by LSD test.
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Fig. 2. Time course of growth of Bupleurum kaoi callus cultured on half-strength MS medium

supplemented with 0.2 mg L-! 2,4-D for a span of 12 weeks.
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Fig.3. Time course of saikosaponins accumulation of Bupleurum kaoi callus cultured on

half-strength MS medium supplemented with 0.2 mg L-1 2,4-D in 2-week-interval for a span

of 12 weeks.
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BN
A afl

18 7B 1 R A ) B ol R B R R 2
FEL V) 2 o ) T 7 B 32 JEE T RE Tl > — B e
2,4-D HNEA BT EZRETIE NAA
TAA g IBA k£ (Gaspar et al. 1996) - & i
(Angelica sinensis) (Zhang and Cheng
1988) ~ [HHZTE(D. doryophora) (Huang et
al. 1993)~ JEBEETH(D. zingiberensis) (Xie et
al. 1999) ~ Z#EHENE (Gentiana davidii var.
formosana) (Chueh et al. 2000) - £ HIE
(Zhao et al. 1999) L Fz = B, 480 (Noboru et
al. 1982)FWIFEsIREH > 2,4-D B fE Gl
% 75 LI 1 EL A BB F Y UR - Wang et al.
(1998)¥5H » FIFFTZ(S. miltiorrhiza)%E Fr
BEERIRURN 2,4-D 2 MS B 5L a3 158 &
LR - 110 A ] 85 2 2k R w3 B S A S0OR
4} » Zhang and Cheng (1988):& ‘& i i ¢
- 2,4-D B8 o ik < UR IE NAA
iy - HARMREDIRS IR LAY 2,4-D TR S
AR RS BRI - AR R IRIE 2,4-D i
17 & A AR JOIRE OB 22 - R B0 5 L
FE 7 A T R A I A A A A - R BR M
=18 {1 (Angelica dahurica var. formosana)
Wi FE A5 SRR BRI > BEA R 5 R RN (X5 2R Iy
PUEIRE 0.5-2 mg L' 2,4-D 2 58 4 mg
L1 2,4-D J £ (Chang et al. 1993) - AHff5%
P v EQ SRR 5 B 35 P B 2R A IR - 0.5-4
mg L12,4-D iz 1/2 MS 5385 » #01&)
FEHE AR - P DL 4 mg 11 2,4-D J 5
LR A& EBRERE 24-D
(0.1-0.2 mg L)z 1/2 MS E58 5] K m i
FE AR RAF A G A A HZ B s 3
B 048 08mgL124-D ZREKREM -

FEH AT FEAT ARG A > 2,4-D BN
SEHEE Py o R R 2 R R B B LR R A
RCR - HIEEREZE 04 mg L1 2,4-D

IRF AN i LA e B+ I T R L
AWFFEAERAHEALL - M RE R A R PUH ~ %
B 10 HUE sl A R R RS
£ 02mgL'24-D 2 1/2 MS 585k - £
REURH o B AR 78 10 R IE T
K& HHEABEH > 28R g
bk v JR S ) B P o AEL R o A ey ] JFE
R EER 10 SBIyE - b - ARRFSEFA
HPLC 73 # & #H % A 50 ] B S8 ] B 17
(SSa, SSc, SSd) & Tz B fR » s REURRE S
FHRE R %% 8 2= 10 58%% » H SSa+SSc+SSd &
H3ER 1.1 mg gt dry wt» [l L 8 5k
6 A 10 58 2 5 A fHL %k SSa+SSc+SSd & & 15
A% (Fig. 3) - R A B < fm & sk s B
IR [) 355 28 0 s s XS 3 2 - TAT R AE R
RIS ERATWI(2 38) - S MR AR &
BAYSEH] B e B BBy EE R -
B 28 T U1 (4-6 5B BT EKT R 5 L AR B oK R 3
JH - HE SSa+SSc+SSd PR o EFAES
TR ID1(8-10 55) » HIf T & fH A A R i H.
e AL (L) B 5 - BRI C 2
RKESNER - e d SSa+SSc+SSd
(K7 $2 = (Figs. 2, 3) o it #%SREEUR » &K
Selfm A S B B A &
A A B YD B R A S AL O B 0 B Py
SRGEH B T SRR AN W EE - 2 A e A
AHERKE - MAMEELRH
SSa+SSc+SSd X P I [k - B A S B T
Tl 2E Ay {0 (Fig. 3) - 5 FH IS iR & ML A 2
Rl W] B B B B AR - TR R 2k
FEE A AR Y U K B A A )
ez -

A5 B AR A [F] el b i o SR B
R RN - SIS A R AR
HOELAR S SSa+SSc+SSd 2 i 43 B hy BE
P &A% & Ay 5.3 ~ 4 Bl 31.5 £ (Table
5)» #R H AT ZE Fr i & fH A% SSa+SSc+SSd
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LAt - — ks - BA 2 Rae 12 H
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(R I(ENEE) R = v N i S R ey
L 75 2 B T SR AN A (R © A A [R) RS
i AR R & R A P & R A S &R
G 72 5 K L ZH S B DU P 88 A (5] B0 47 1 222
I7 A R - PR R A R B i R
A S 1T H R AR W AR E - A L BT RE

R I ZF R B R U 2 B R -
i EEEE R B EMHEEEN R
77 (Tsay 1992, Berlin 1988, van der
Heijden et al. 1989) - AT —1E Y BBl fE
YR 53 LA RE (totipotency ) HY R 1 » #552
oy AR AR & i > 12 75— E B AT A
Mo 55 8 A RE 15 th ki 4 ©  Tabata and
Hiraoka (1976) f* &= & 5% B (Nicotiana
rustica) i FE4E HY + R ~ ZE S 1 T 3%
L AR Y A A - R EL 2R R B nicotine
T RCHIRE T RHADL - BEAR - ERARER T & )Y
TR EY) - BRI R A At EE

4 12 (Wu et al. 2003) ~ 15 #F E 78 (Huang
et al. 1993) ~ = B, 458 (Hiraoka 1989)Hi &
# 112 (Chang et al. 1993) 2 W5e15 E4H
KRR A5 S « SRIT » AN [F) 55 1 S 2 e &
%< micotine & & Bl J5UHE MR AR I 2 B3
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