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EBESEM AR = Pl (Rutaceae) B5BE& (Phellodendron spp.) tTHY)Z # K7 »
HAGRMES - IHR IR ~ BB ErIDIR - sEEER 5/ NEElE (berberine)
oV BEBIP A B B JRORE BRI HEBE TGRS B K - IR TERIESE - S sEE
[Phellodendron amurense Rupr. var. wilsonii (Hayata & Kanehira)] & RGHE - /)
BER O R o SR BEEEM B B - (HHAE R 6-8 A TIAIA - HIF AT w g
TR Kl - @ SEEER RS 2R B NI SRR - ARWTSE
DIEEEBEYR R R - TR S HHRREE S - IS L S BE AR B R
feRf » 6L/ NEEER 2 B R B AL FEAR. o ASSREURIR S RH AR DATEAN Ry i FERSHERE
TR PR BT 0.5 mg/L 2,4-D ~ 1.0 mg/L BA 2 MS FEREHEEARS 2 50T » AT/ 28 K
BF G EHA (callus) » HAURE R » BEHIFRIK ~ BRRE - B TFRIRT
AfEES AR - B AIIEESE DL WPM B ELR T 0.5 mg/L 2,4-D 5z 1.0 mg/L BA
Ry BERERE L » RFRRE L 100 rpm FEGHREE RS2 » B 20 RIS REE
9 £% » (EE AR AT AR 75% JMEAHEUE HPLC Kl o HEs /N
BEiR o & o ANMFFTRRIF RS EEE 18 KIRII 2 mg/L BA K 6 mg/L NAA AIJIEF]
FE NBE A BT 0 TRES 28 RIFFRRIFAINE ./ NEEWS & FFy 188.68 ng/g dw » AW
FeRE Ry G I8 S BE RIS 2 S A/ NBE i 2 AR - R A DAAS R A R
PIpEEE - AT RERR S R g b v Bl 5 A SE I Sy - HESIBEERIVE T -

RABERR © LAY  EOTHRR - IR DBEER - mSORAE AT
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2~ SR - SERCHENEES - AR - 5
WU RO o R THSHIRUERRAY (Tu er al. 1995; Chiu & Chang
BRI o AT - LR - RIS 1999) - SEAT LB R EE (Rutaceae) ¥



BEJE (Phellodendron spp.) THYI 2 B EZ » {Ht8E
MEERE 5 T > EI5EEE (Phellodendron wis-
lonii Hayata et Kanehira amurense Rupr ) ~ & )7
18t (Phellodendron chinense Schneid) ~ H ANEEE
(Phellodendron japonica) ~ || |55EBE (Phellodendron
sacholiinense) DL j 5155 5E [Phellodendron amu-
rense Rupr. var. wilsonii (Hayata & Kanehira)] (Kan
1986; Liao 2000) » HA s BEMSTHR5EE - Kl
T FEHATE) [ 5HEE - TS
PIFEEE (P, wislonii) RIF Ry -

R EER S S Y - B S/ NEERE (ber-
berine) ~ #FHENE (palmatine) ~ KEF(EHE (ma-
gnoflorine) * FHEERE (phellodenrine) 5 ZEAR g
(jatorrhizine) % - HEMAR L ERIEWE
AEEEERR (obacunone) » LUK AENG - EIFEEEL
&Y% (Chiu & Chang 1999) » Hrf/\Egigth 2
PHEE G L MBS I B B ) B i
k- BETEER - BIHHEE - PUsESIER -
IRk — it DA/ N & e AR A R BB B B A R
FHIERAE » fE LR BEREM AR » DL
B EE (XTEAEEE) E KL - /NEER S RS
HIHARRRY 2.5 5% - KI5 1 s BERE 52 1
YNEISERG Y BT (Tu et al. 1995; Chiu & Chang
1999) -

OB R IR A - TR G
SR~ ALARELCPESIA 18002600 m [l Z 7
PR AOACSELL > BB LD ~ Ak LRy - (KT
Srie KimwERE - BINCERD A - BIRR
BREARAEY) » X4 REE T TR/ B
AR MR - IR DIMNE - et 187
MEIEYIRIBHZEFIA - 3 Bt Erhggdiss - &
BETHRIFR > GEEBEEMIATETEAGS
JRTETT - PRI - B s BEN AL Rkt B2 - 1
AR R HERTRER 68 F - SRS
— » FIIFRERR RS A A/ B S R U e
SIS Y S MEE PR SRR A AT
JFE}J (AbOEI-Nil 1997) °
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P YIRERRES AR A AR KR EY)
B R — R KA A Bl » HRTH HEY
B RIS RIRR - S H (callus) SART
HHME (cell suspension) 5558 - BB A EM
BB B — 20 - RN AR Rl B L
ErRHAR TR - AR RS R R i T Ei g 2
M N B AR FRACEHHIR DL i — 25 - n R ES
BREZIHYIMN - fodE o A TERE A
A PR R A E R ARt AR R RIATE AL
PERIRM T - AIERARER A mE R L E
(Tsay 1984; Su et al. 1990) » AHREHZEHIA T H0F5
(1) VIBRA+ - WERE IR - pH HGER
F Q) EYRT - AnEEER - M PREE
SAHREAIRE S 5 (3) LBAF » ANfEpEEE
FH o WEEE - RS R RAETEE -

FIFHAHA RS 2 A A/ N - — i 2 LIS
TR R ERAEL (Thalictrum minus) (Nakaga-
wa et al. 1984; Nakagawa et al. 1986) ~ HA®E
SHL (Coptis japonica) ¢ FE/NEE (Berberis aquifoli-
um) B RIBIEY R 5 B5ARRIDL LS Ry Bint
EEXH > USH0 100 uM NAA Fz 5-10 uM BA - i
Mk 100 rpm - AGHA 25°CZMEERE T - 1 THI
MR ESEE - #8 2-3 JE% » 715 400-800 mg/L
/INEEfif (Ho et al. 2005) © Tai (1996) &5 H! i 5s
BE O L SRR L BEM R B - Y MS BE AL
sl 2 mg/L 2,4-D ~ 1 mg/L BA ~ 3% sucrose
I 1.0% agar (Difco Bacto agar) * pH 5.7 £ 0.1 » £%
FER 25 + 1°C ~ AHBREREE 70% ~ Rl L BREE
Hh o BEERRY 28 RATFE L GH - e
AR AR AR E AT WPM EAEE
$E ~ YR 2.0 mg/L 2.4-D ~ 1 mg/L BA ~ 1000 mg/L
casein hydrolysate > 10% coconut milk ~ 3% su-
crose S 1% agar » pH 5.2 - ifsF 1020 KA
—R R GE RS - QA
. EASISEH D - Tzeng (2006) DAHEE K
D5 RIFANHET T/ BB AR FERIESE - DL MS K&
REEXEVNAN 0.5 mg/L 2,4-D Fz 3% sucrose > pH
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fH 5.2 ZIRRERTEEEL - FA 100 rpm B M504
TEEER - BEERES 32 K[ 10.6 fEHHURERERY
Vg /NEERHZEE R Ry 158.33 ng/g ©

RN G G E R ggsgi it
BEi o B HA S EEYRE - I EA SRR
TEIINETERGT » RIEAGEE R DL 5 18 s BE fy i
FHETTHMEZRITTE - DURS MRS AR
DA/ NBE R AR - AT S B R
NEREERAARNT W ERET BT R B S A R
BB ER (F ERRTN £E 5 B/ NBER 2B A Ry
S WIRBIEN B BRI RS B R - 1B
fEEEEEBERA /B E R - nIER
7N B SE T SE N AR -

x5k

MK

AW 2 G EEE [P amurense Rupr.
var. wilsonii (Hayata et Kanehira)] Fi1- » JZ2HIPk
AR H H A @R » I RCTHAE R
BIEHBE G - HIENEEHAEIMEEN
DAR 2 A mfE R R - it
EME N - AT S AR T 2=
< VAL
EEREEEIE

HEFETE Fr DUE /KT - H 75% 109K
ERIELRENNSE © FLL 0.6% NaOCl (& 50 mL
B0 Tween 20 —ii) » FHEERET=0HTE 10 4
HE% o IR /KIEPE =R -
BEREFREREE

A5 8 s BERT A AR THLL N 3 eom Rl
B RIHFBREERSYIRy 1.5 cm B - L
MS E5EERIN 3% FEfE R AT » SEH 1N
NaOH 8¢ HCI i pH {HFHE 5.7 £ 0.1 » FAIOIA
1.0% 7% (Difco Bacto agar) IEWARE » 3
& (25 mm % 120 mm ; Pyrex * HA) {3 A 10 mL
R > DL 121°C ~ 1.21 kg/em? SBEEE 15
Jr$EtR 0 SRR ENS AR HETT FB L [ RE B

Fol# 3

2 HIN 25+ 1°C ~ 38 umol/m’/s YEIE 16 /)N
fERfF N T TR A SRR -
BERERSHEBZFES

AU BERR IS S 1 o R P B ~ B8 B BEAA
it - AR/ NS 0.8 em oAy 0 HETT
A TS - DL MS MR EE R 2R
1.0 mg/L BA % 0.5 mg/L 2,4-D » pH {H 5.7
0.1 * FHIA 1.0% FEEtEfTIEREESE » ik
B 2 (EESTERE - SRR R B R
10 50 » 1A 25 + 1°CZ IRl NHEfTREES 2 » 55
=10 ERBlm ez SN~ B iREE
JEE e B LA - DL HPLC ZpAr L/ NBE
Wil 5 i o
BeiEdE RIRELEENREFRBER

L WPM ELFEEERAYSIN 1.0 mg/L BA &
0.5 mg/L 2,4-D » pH {H 5.7 + 0.1 » WA 1.0%
FER F b e A - ARG EL (90 mm % 15 mm ;
PRO TECH - 71#) &4 25 mL 85 EHEST
BEIRERSEE - A 25 + 1°C ZIH IR Pl Tghs 2 -
L SR AR I LAEE 0.5 g
1.0 g 435K 10 Sty > WHRE 510~ 12~ 14~
16~ 18~ 20~ 25~ 30 REUVEHIEEE - I8
B4 R - DUOK R & A i e R U
i -
BEREMRBRHEEZET

FT IR © DL WPM ELRREEEAE TR
T 1.0 mg/L BA K 0.5 mg/L 2,4-D Bk sk »
pH fH 5.2 0.1 » BEEWRE A 05 ¢
YR - B 20 mL WEEETEALS 125 mL =
FAREA > DL 80 rpm dETT S il i =0 S g K%
B OFEAEBREER | R BEEREER 25 +
1°C THIR KRR -

AT AE R « BR R AREIRTE
HY 1.5 mL (%) 1.0-1.2 g) 3RFHIME RN SR
20 mL W AERTEE L 125 mL BE =AE
. (De-long flask) A » EE#ERECRy 12 ) > LA
100 rpm HETTEENTE - HIERER 25+ 1°C



TSGR o JAS 0-5~10~15~20~ 25
30 ~ 35~ 40 ~ 45 RFEHIE)FEFERE (packed
cell volume, PCV) » A& #ELA E g -

SR R LA R E &« 4R U
MEfEE % 10 ~ 30 ~ 50 g @ EHIRNNE 40 mL ]
WREL 160 mL #FrfFEETE A 1000 mL =FA4HEK
A s LL100 rpm MEFTEEERESEE - REEERE R
25 + 1°C HIRESERE - 14 K%L 400 mesh &
MR EE - FF A R B R R
Eef -

EYE RBAEHIEIE

Fod PG REHETH] BA ~ NAA J% IBA
RPN S R K E S ¢ B
TFHIM - EARE 20 mL FEEAT 80 mL Bt
WPM 522552 500 mL =M » Ah5E
5518 RIRAEST ¥ 4 FEERHE : (1) %I 6 mg/L
NAA J% 2 mg/L BA ; (2) I 6 mg/L IBA J% 2 mg/L
BA ;5 (3) R NAA ~ IBA ~ BA ZIEH#IF
HHHE 5 (4) BRI NAA ~ IBA ~ BA ZE#LE
TFANE - & 3 EAE - REE 28 RK#&RLL 400 mesh
B e AR - RS THRZ IR 0.5 ¢
TELT/NEERRFE S S, HPLC 34T ©
/NEENGEREY ~ ST AEEGERRRE

AN FEIE B ZE A G © DA B BE
Fo bRl » 0L TREZ IR A% DUy WERR FERRE » 4391
LL99.5% HIEE ~ 95% L% ~ 75% ZEE ~ 100%
H,0 #t 4 FHEAEHETT/NEERG AL HN » SR EIS
Pl ZERSE o FEENKD 0.02 g ByARER 50 mL
BT BRI 20 mL ZEHVEAT] - A8
FEEER 60 /3851 0 DL 12,000 rpm HELs 1
PR EIERE S R LE - BRE AR
B 10 mL - WASHEINE S 30 SRR
B ETER B SE =N 5 mL ZEEUA
) - RS IR S 30 SRR EE LN EISW
G =R EIERDAAEGA B E 8K 35 mL » Y
1 mL Z2HGR A 0.45 um JEM5 (Millipore) &%
ST HPLC 23047 » 5 —ZHUARKIER 3 K (Su
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et al. 1990; Iwasa et al. 1998) °

i L R B AR A 2 2R ¢ AR ETIE AT
LA 75% ZEEREAEREAH] - ML 75% £
P TR AEAEAN - SRR SR RS ol
HEMR » LUK PRSI R - HX 0.5 g ByRE
& 50 mL BEOVET - BEEDREEEETE (Su
et al. 1990; Iwasa et al. 1998) °

FRIFHINES R 25N« IS s BERTE
FEEEWE 20 mL - FYHBRIRHMEEZIE - IA 5 mL
75% ZEFZEHN » ASHEIE S 60 /r8#%
HY 1 mL ZXHURA 0.45 pm JEEGEIE R ETT
HPLC 4347 -

R ot B S b RN BUE © R N EEAR Y
SPIEHE LIS Sigma AH] o KETHEEER/NEE NS
10 mgi& 99.5% HIfE - UERRERE
100 mL EHRHR (100 pg/mL) » 53 BIELEHE 1
223 4K 5mL > HAFRESE 10 mL - £
510~ 20 ~ 30 ~ 40 J% 50 pg/mL Z AEHEVSWH -
LL0.45 um JEIGEIEHRETT HPLC » DIBUE/
BENp AR AR LR AR -

/INEERRTE RO E AT (HPLC) 4387 © AT
e BERFE I M5 Ry Waters™ Alliance 2695 &
o 5B H EhERE RS Waters™ 717 plus Autos-
ampler > {HiHI2$ B Waters™ 900 Controller Pho-
todiode Array Detector * M7 £ Ey Inertsil”
ODS-3 (C18, 4.6 mm i.d x 250 mm, 5 um) * {fq&
BT Ry Guard-Pak™ < 3Ty + #8HH H,0
500 mL/Acetonitrile 500 mL/KH,PO, 3.4 g/SDS
1.7 g » Vi 1.0 mL/43$8 » EFRREERE 30°C
IR By 343 nm
HEt o

A R b LIRS SR LIVE9ME (mean)
FEHEFE (standard deviation, SD) FEIH o /NEERH
FRHE S AR HPLC 43#7#% » DL Waters™ J&AHNE
MRS N2 Empower™ 3 EHE#RBEA T i &
#R PR 2Ok NEERR RIS TR S 2 i - HLBR
ERERA] SPSS #iGt T ELEikEs (17.0 ik
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223 CRRRDBE Tl | H2RIR) A T35 404
(ANOVA) % » DU/ N 7= 5L HIES (least sig-
nificant difference test, LSD test) * £F 5% #H#7K
HEN LIRS PR B S 2 52 -

#w B

BEERFREEEE

¥ B WL B E B A ik - 184
K2 HH% » HERSEAK R 15 om » HIE
FrEEs) 1.5 em » KK 5.0 em » HIGHTAREAR
R » T RS R AN - W]IEFES
WEH - BEESHANERRE (& 1) S
JHE BT RE R 1 AT HE R K R B Al 2 I e R
U5+ BUE Rl SRR S ARSI -

Fol# 3

BERERSHEECHES

DA 2 i H R B RIBEEE bR -
3 AILAZE P ~ b S BERRHE T i & ARG 15
(& 2) » KERBURE 28 REEFHE A
i+ ELDAZERAN 37525 i A i S MR i
& Bt HHEBSRK - FE - AT
REAHIE R R AR - WL WPM
e FLAREERE - YRIT 0.5 mg/L 2,4-D ~ 1.0 mg/L
BA ~ 1000 mg/L casein hydrolysate * 10% coco-
nut milk * 3% sucrose % 1% agar * pH 5.2 Fsifé
(AvE=2r

T H < T SRR I DWTAGEEE 0.5 g
B 1.0 g B5EA 25 mL FERSREEE - A RIEE
BE R B L ANE 3 - & FIEUEE R B AE B

1. DA EEE 2 8 HRHT A b SEBRTRE A EE R - (A) 2% 2 (8 H AR 5 (B) HBGHE 1

i Hiz 2888 5 (C) BBHE 1 8 H R SR

Fig. 1. Shoot proliferation of Phellodendron amurense Rupr. var. wilsonii induced from stem cuttings (B, C) of
2-month-old seedings (A). (A) A 2-month-old seeding; (B) Shoots induced from stem cuttings after incubation on
MS medium for one month; (C) Shoots transplanted on MS medium for one month.
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Fig. 2. Induction of callus formation of Phellodendron amurense Rupr. var. wilsonii from different parts of leaves. (A)

leaf blade; (B) midrib; (C) leaf petiole.
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3. GEFEBHEG I 0 2 30 RAERWE © ZMRAEE 0.5 g (A) - HHRVIGREE 1.0 g (B) > HE
BRI ERE 0 145 18 X 30 K -

Fig. 3. Calli of Phellodendron amurense Rupr. var. wilsonii cultured on MS medium with 1.0 mg/L BA J% 0.5 mg/L
2,4-D for 0 to 30 days. From top plates to bottom plates: 0-, 14-, 18-, and 30-day-old cultures, respectively. Cultures
in left column (A) were from calli with initial fresh weight of 0.5 g/callus; and cultures in right column (B) were from
calli with initial fresh weight of 1.0 g/callus.
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AR FedhirE (B 4) - FEREREL 05 g 2
REHM bR CERRE  HERHEIRS
12 K (2.28 g) B5F 14 K (6.63 g) » 2 18 KiE
AR 7.38 g0 55 20 R WS I1E4
5 HinERARRRSE 14-16 XKLL 1.0g
ZREAEHBREYCERER  HAERHEIR
12K (3.629) EH 14 K (7.15g) » B 18 K
ERAE 7.92 ¢ 5520 KESF 30 KAlureR
SEE I EEANRY - B =R
EREEAL - Kt - DL 0.5 g WiGEE R A
T YT R
BEREMRBRHEEZET
HEEMEE B2 EHA% 0.5 g UIRE - BN
& 20 mL ¥R 1.0 mg/L BA % 0.5 mg/L 2,4-D
Z WPM R HEEE3 R 125 mL = A)HMA - 3
TEREE  MRAERBRAE S Dk
HEfE (PCV) FoiB gl TR A R
MM AE R AR a0E 6 o &SR EURBRIZFHIEAE
B 10-15 REERBEI - 56 30 KIERAE

HolH: B3I

16.29 mL - M#&IFIEAEER » Kt - wEZHER
AT R 2 16-18 K -

TR i M R - BUE 1 s BRI A
et A% 10 ~ 30 ~ 50 g EAAE 200 mL S
B EE (40 mL JFRELHTRE 160 mL B538K) Z
1000 mL = MAEEETEE - WNEE 14 REFE
TTHERMSEEE - BRERE 1 PL10 g
TFAIIERE R 200 mL JRHS R EL M 53R
et MR TEE 3 f5LLE s —EREAEE
14 REFZ MR 32-62 g » HH/R 200 mL &
Bl pr R LR ATLE 62 g DL FHHIGAE - 750
30 REIZRIGEE BRI - 3 H et
B -

INEERGEEEY « DA RS ERRE

/NBERGAEHE S 2 HPLC 2007 @ &R
[FIRZEFE - fERELIRZEIAH H,O 500 mL/Aceto-
nitrile 500 mL/KH,PO, 3.4 g/SDS 1.7 g ff#
P 1.0 mL/min » EHERE 30°C - (R Ry
343 nm » DU/ INBERRATIHE S Ko T EE T BESE R AEHY

Fresh weight (g)

—e— Initial callus weight 0.5 g

—e— |nitial callus weight 1.0 g

0 10

20 30 40

Days after culture
4. B R SR R AR E (EHEEZE/ A 0.008-0.021 1 » AR FHEER) -

Fig. 4. Callus cultures of Phellodendron amurense Rupr. var. wilsonii growing from different initial callus weight
(0.5 g/callus and 1.0 g/callus) for 0, 10, 20, 30 and 40 days. Standard deviation was 0.008-0.021.
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5. B EURIZFAMIERS A RIA - (A) DL PCV 1.5 mL ZRZFAI AR E 5 (B) BARIFMIING 12
RZAERHE -

Fig. 5. Cell proliferation of Phellodendron amurense Rupr. var. wilsonii in suspension cultures in PCV for 0 day (A)
and 12 days (B). Initial volume of cell suspension (0 day) was 1.5 mL in PCV.
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Fig. 6. Growth curve of cell suspension cultures of Phellodendron amurense Rupr. var. wilsonii. Vertical error bars
indicate standard deviation (n = 3).

& 1 FRWHIERFAI R 14 RIERGEOIZE
Table 1. Effect of initial amount of cells of Phellodendron amurense Rupr. var. wilsonii on amount of cells produced
in 14-day-old suspension cultures

Initial amount of cells (g) Amount of cells in 14-day-old cultures (g) Proliferation multiplication
10 328+0.7¢” 3.28
30 51.0+3.4b 1.70
50 61.7£08a 1.23

“ Values are mean + standard error (n = 6). Means within column followed by different letters are significantly different at 5% level
by LSD test.
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YIRS HPLC s3rlElRganiE 7 - /NeEsE 1 o
Wi Z IR BEHRIAE 13.5 2088 o DIANEIERE /N
BERR AT EE T he AR MR A
RANE 8 - R® 7]5E 0.999 DL E - FRIHT S
ERRE MR - (HETE— RN HPLC 43
HTEE » BFErLL 10 ~ 20 ~ 30 ~ 40 Fz 50 pg/mL 2
/NEERRIEAE VA UR BT B R AR A DAMERF AT
AEREME: -

|
i - |

Mlirutes

-

5

ALl

61% ZH3H

NEIE B 2 /INBERR AR BUM A AL © DA
ETEEESEM Rkt - 23 A1LL 99.5% FEE ~ 95%
LBE ~ 15% LFE ok 4 FRSHIHETT/NEEfR
FHY - FEEH S HPLC /MG - /NEEfR &
HeRE Ry 1.32% ~ 0.5 % ~ 3.21% K 2.32% » #&4ft
FTAIITHE 4 TEVATIR L YR 2 R (P <
0.05) » FRREL 75% ZEEHETT 3 REHL » AlAE
S i o B/ NBENE - AR TERLL 75% &

= = - =
B §i & F ¥ " N B

Winutes

& 7. /NEERRATYES 50 ppm (A) S EEESEM (B) ZXHW): HPLC [E3E -
Fig. 7. The HPLC chromatograms showing the peak of berberine from 50 ppm standard sample (A) and the peak
from extracts of Phellodendron wislonii bark slices from a commercial market (B).
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Fig. 8. The HPLC standard calibration curve of berberine.



P R XA o
EYERFSHIRIELIRS B2/ B8
HEE

I G BE i St T T 2R b7 53
Mt o+ F SRR A R A N B R S
X e AT A R 5 g FL b 3%+ A R Af
PAIGRBRAS S5 (5 - [KI T 2% A A B i DU I
R bl - HEFTAN A R B DURE /N BE R 7 &
DL WPM RS ELE T B s B A B 2
A5 18 RIMIIAIFIEY) 4 KA ETHIpR B - A
WA = BAETATE T B SMNBUR AR = B AR
2R 55 28 RIFHURIZAIIUAS 2K HPLC
SrAfriEIEEantE 9 - FHE ] DUE S/ NEE iRk
A+ PRl A [F] Ar 5 3 60 7 i B 5 A A
B 4 FEEEFST AR (1) %00 6 mg/L NAA K
2 mg/L BA ; (2) %3/l 6 mg/L IBA }2 2 mg/L BA *
(3) RUMINAA ~ IBA ~ BA ZIEH RIFHIME 5
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(4) RN NAA ~ IBA » BA ZEE LR
W o ZNBE@E S HTE BT Ry 188.68 ~ 59.74
69.19 5z 13.59 pg/g dw » R IHTHE 4 F
R B Z#E R (P < 0.05) » BLRDD
2 mg/L BA J% 6 mg/L NAA JRHE 7 /[N & 5
i 0 2 4 MR R RS R A TR AT
/NEEfR AR BURAEILESE AR - SRR A
B NEEEN AN S R R R R B A -

& @

T B BE Ty 1B F B BESEM 2R - e
T HEEEAT G I TR 6-8 4F  [RIris5aE KM
HERE - BIEERD R - BRREEAR
fHY) - G E BT A IR R SR B e
REE R - EEIEE ST B 5 55—
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Fig. 9. The HPLC chromatogram showing berberine (arrow) in the extract of cell suspension cultures of Phelloden-

dron amurense Rupr. var. wilsonii.
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/B B R E] (2.1% F 3.1% AF) > 1]
REEHAE R B R - AWTFELIE S A NZ
A FER S B R B HE RS+ WIIER S R R
ZIERAHET T - AR R R SRR SRR
U5 S3— 510 - HER A B e =/ B 2 LR
TERMEIAIE » A DAL B TRERR BT MK
HEIE - (ERIEBRET B R - AU
AR IR G A2 A R TR B 5 -

5 B BT M I S sk A /) BE
Wl R EITEAMERE BN S W]
eSS 2R AR E AR /N BEG » R
HEEE AR o WS R BRI
s A e B - AWFFELRE PR A
5 2 A BT AR SER TE RSN - 4
AIAZE R ~ oh I B BERR A T & A AR 2
AR RE » BRI EE R 2R A
RSB E AR > Koul er al. (1983) L5
W Bupleurm falcatum 3T JEEF 2052 G - &35
LR A HERRAE ST AT 100% - BEZS BEF SR iR 1Y
I EREERERRE - IR TR IR SRR
J1 o FEBEEEETE Fr =B - X ATERRE
REFFERUR B G AR MEBR (l f: HLAH
FRSEHR - ANEAS LB Tai (1996) BFZTHS RAEL
FEIA] » AH AR5 28 B A0 375 S50 & RH A iR
2 mg/L 2,4-D » HE S - BHERR
FEZ 0.5 mg/L 2,4-D HIEEEAE R BT - AR
B HEAERRE - DL WPM EIRERGZ AL R
AH A ARG - AR B S AR E
BRIk E HERE A RTEEEE LB
5 HESEIR R AT RE R B AE B AR IR R AN
AWFFEE F S S BELIRRENEE » i Tai (1996)
I R TR, - 3 2,4-D Bofi &
NG

FHEH A — AR AAE Y i AR R SRR A
RARE HA S - RWIEATES s S
FUHR IR S R - R R R AR ED
HeRF 30 RAEIL » DURVIMIIEE 0.5 g @ 4ER

B 18 KK 8 5% » HEMFWK ~ BH
s HAETE RIS B R - B2
WPM W& #EET B R ] EAHE TR AT s 2 -
HAMAERERE 20 REBAHRE 9 2% -
WHHEERED 30 K - HAlER R =RER:
R R R e R LB 5 -

HY 55 18 v Bl 1 R R R IS R B AR 2
FFMIEST HPLC 2087 » —#FHESME/D
BEfigRY43 > 1 Yamamoto ef al. (1987) BgHIH
RHERAEL (T minus) ZFEGHHRREGHTIERTTE RS
= H/NBgim o B R AR/ NBER 2 B S
SRS RROR o AR TR A R H iRt
HANRIG A & - FFE A SR B s
W) - EBMEE NEERE R SR 5B - T
Hara et al. (1994) 1T O A SRR 5S
EHF - ™0 BA BEIE1L norcoclauine-O-methyl-
transferase (NCMT) » JHE T BE {50 /| B i o T 1
o KB > W92 518 e BE MR A RS 2 R
F B TR A BT - T
ARG S - FERRIFAINNIE 18 K& » LIANIA
B RERETRIEI T R B - A5 IR B R
A 2 mg/L BA } 6 mg/L NAA FREIFHA »
RRAN o I A ER S RPN ST e
28 REL L - [AIWFHHIE A R B rT 3 I R #1462
10 £

R B I BE BT 25U S AT 5T » B
FeREBAE —MEL 75% LBEE R R HA R vl 25
ol E R B o MR PO H AR A
R H A ZEEAE] (A& ) EEum M K EIE
Mz HRREE MR srMi ~ SERE S
@)~ AHE5F) SE R4 4: - 7 HPLC 4347
JiiH - B E A/ NEE ST (HE RS
HABREA R ALEY) - Kk AEEYZE
HUPan ARl — e R BAs Bl e R AH IR o3 A ik
MATREE A THIEE - DUKZERKIIE Ry
1 - HNBER iR I R By 260 nm - {HAK
BE 58 s BRI/ N EE R & S DA%



£ 343 nm ffE o

BRI S - AW G s BRI T
BEFEE - RENEFET AT R4 - 7E
TIPS Z R IR IN BA B NAA TIEEE/]\
BEW L AR 0 IR Fy H 12 DA 5 18 v BE AT i
1T/ INBE R AR A 2 AR - T TS
DI 4 EFfm R - ] REasg Az
Wi S e B S A EE Sy o PR T R EE R
M E S BERRIEANINE . HPLC [B3E (& 7 M
9) » FEI " FEFL AL FILA - FHEELEM DI/
BEig by > HERBE 343 nm P NI EE
B o TRRIEAINEAE 9.5 2 13.5 K 18.5 A
HAE A B Horp— (o CER R R h AR
W# (Palmatine) » 010G 36 BH 518 B BERR I
Muksg A4 ESER B -
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Berberine Production in Cell Suspension Cultures of Phellodendron

amurense Rupr. var. wilsonii (Hayata & Kanehira)'
Chi-Han Liuw’, Jui-Sheng Lai’, Horng-Mo Lee’, and Min-Tze Wu>’

Abstract

Liu, C. H., J. S. Lai, H. M. Lee, and M. T. Wu. 2012. Berberine production in cell suspension cultures of
Phellodendron amurense Rupr. var. wilsonii (Hayata & Kanehira). J. Taiwan Agric. Res. 61:196-208.

Barks of Huang-Po (Phellodendron spp.) contain berberine and it is used as an important herbal
medicine for the treatment of fever, inflammation, stomach ache and intestinal illness. Taiwan Huang-Po
[Phellodendron amurense Rupr. var. wilsonii (Hayata& Kanehira)] is a native species in Taiwan and
the bark of this plant is used as an important medicine because of its high berberine content. How-
ever, it would take more than 6-8 years to grow Taiwan Huang-Po trees for harvesting barks. In ad-
dition, the supply of barks of Taiwan Huang-Po from natural habitat is dwindling due to excessive
harvesting of this plant. The objective of this study was to establish a cell suspension culture method
for production of berberine from Taiwan Huang-Po, as an alternative method for production of ber-
berine from barks of plants grown in natural habitat. Two months old seedlings were used as explants
to induce callus in this study. Leaf petiole was proven to be the best tissue for callus induction. Leaf
petiles were placed on Murashige and Skoog (MS) basal medium containing 0.5 mg/L 2,4-dichloro-
phenoxyacetic acid (2,4-D) and 1.0 mg/L 6-benzylaminopurine (BA) and incubated in dark for 28
days to form callus tissues which were used as inoculum for cell suspension cultures. Callus tissues
were inoculated on a medium containing WPM basal salt amended with 0.5mg/L 2,4-D and 1.0 mg/L
BA and the cell suspension was cultured on a shaker at 100 rpm for 20 days and then used for testing
amount of cells and berberine in the cultures. Results showed that the total amount of cells in the cell
suspension cultures increased by 9 folds after incubation for 20 days but no berberine was detected
when the cells were extracted by 75% ethanol and analyzed by high performance liquid chromatog-
raphy (HPLC). In contrast, suspension cells grown in the medium containing 2 mg/L BA and 6 mg/L
a-naphthaleneacetic acid (NAA) for 18 days, resulted in production of berberine. Berberine accumu-
lation reached 188.68 ng/g dry weight in the 28-day-old, cell-suspension culture. Thus, this method
of employing growth regulators in cell suspension culture may be important in eastablishing protocol for
industrial production of berberine from cell suspension cultures of the endemic species P. amurens.

Key words: Phellodendron amurense var. wilsonii, Callus, Cell suspension, Berberine, High perfor-
mance liquid chromatograph (HPLC).

1. Contribution No. 2671 from Taiwan Agricultural Research Institute (TARI), Council of Agriculture. Accepted:
June 5, 2012.

2. Graduate student, Institute of Pharmaceutical Science, Central Taiwan University of Sciences and Technology, Tai-
chung, Taiwan, ROC.

3. Respectively, Assistant Researcher, Researcher and Head, Biotechnology Division, TARI, Taichung, Taiwan, ROC.
4. President, Central Taiwan University of Sciences and Technology, Taichung, Taiwan, ROC.
5. Corresponding author, e-mail: wu@tari.gov.tw; Fax: (04)23302806.



	01-錢景秦
	02-錢景秦
	03-謝光照
	04-吳明哲
	05-陳金枝
	06-楊純明
	07-林素禎
	08-戴廷恩
	09-稿約
	10-編委會
	11-版權

