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Alkaloids from Tissue Culture of Dicentra peregrina
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Callus, adventitious embryos and regenerated plants were derived by tissue culture of
the leaves of Dicentra peregrina with MS medium. The alkaloids at each stage of
cultivation were analyzed by using high performance liquid chromatogarphy (HPLC).
The amounts of seven alkaloids in the cultured organs were the same as in the original
plant, and the total alkaloid contents in both of the dry samples were about 4%, though
the alkaloid components of the callus were different from those of the adventitious
embryos, regenerated and original plants, and the total alkaloid contents in the callus was
also less than 1%. The ratio of the protopine content to the dicentrine content was 2 ; 1
in the adventitious embryos, and | : 2 in the regenerated plants. By HPLC, three new
alkaloids were detected in the cultured organs, which were elucidated as (—)-trans-
N-methylisocorypalmine, N-methyldicentrine and 7-hydroxy-nordicentrine.

Keywords: Dicentra peregrina, Fumariaceae; tissue culture; callus; protopine;
dicentrine; (—)-trans-N-methylisocorypalmine; N-methyldicentrine; 7-hydroxynordicentrine

a7 Y% (Dicentra peregrina (RunoLpii) MAKINO)IE oA FH#EE TLC & FIWTRE L, protopine 75 %
AT AbEE AN m LI E T S 2R BREAETHZEZHRELTHE Y. LarL, RE
ATHEHIZELWIEEZENE S, 2FIZIT VAo IR, Ho L EOSEREMIZBT ST AN
A FEaEEAL, REMERMS D729, LIETE B FRRZIEDWTEER L Ty, FF I
DM THEBEEY R CHEMEE L THEHLTY a7 DOEEANA, TEM KOS LAY O
= Do UL, BIERSIIGREREDICREE SN BEloBII2E0ETNOT VA a4 R % HPLC
EOHRAL T W, TaAhhuf FESELT EMOTERL, Bloa~ 791 & BT L7,
allocryptopine, protopine, bicuculline, lederine, EFBT AL R 3 AL, WEENTA

reticuline, isocorydine, corydine, dicentrine, isoboldine, 1T~ 7=.
predicentrine, chelerythrine, dihydrosanguinarine,
sanguinarine A F1 LN TS M2 h R Giza~v s HERUF X
FOMBERELITOI A REERL, FOTLH 1. EBHH
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Fig. 1. Structure of Alkaloids

D) BR#ARE 1994 47 3 A 5T & % o« RS
LA L2~ 725N (EBXIR200)
T2V AEHE &, 5 om FRAEIEBE U 7o B4 Ke e bt
Bhe Uiz, 72, Lok, BRAa PO/ RE TP
TAT A 8RO
2) R FHE HBHE 0.1% Tween20 % #S L

1.0 % R REE T b U 7 AT 1055 R E
TR AKTHEAEL T, 1 cnllfiz oW,
Murashige-Skoog (MS) [l -V TR L 4L X
FEET-7. TOFEE WAL, F7 4 LR
Bt (NAA) 1.0 mg/l & J14 %F > 0.1 mgl % FM
L7-MS [EEs (L x BE 30 g/l, K 0.8 g/l, pH
= 575) ARV EERRLFTH-T. BT 24
+ L COBEHTITV, SHEM & IC L.

3) RIEIERL SV >0 % NAA 0.01 mg/l- 71 4
F 0.0 mg/ | B MS B HUIZEIRT 2 FIC L
N NTONNRZEBNTREMERLDED 5 I
7-.

Fo

7
R

(48)

4) BAEMMIKOIL  ERE WY R L
AN MS BEHUIZEAR L, BFT (16 RERTBEN,
3000 fux) CHEE®A 1T -7, REL IBM 0.5 mg/ |
A MS Bz B0 TgdE i,

2. Wi, 7R

FEgiz X 0B A, REMRES L O b
WiiAZRWTT AT e A Ry 0B 1T - 7.
FA (A EHE 47993 g WIREE - 4069 o),
FEM (A EE 31851 g, HMREE 3450 g)
KO AR OB (TR - 588.87 g i@
HE 2254 g) EAY /- ALTHEL, FRENR
AA ) —=nxX XAl Lz, o A4 /) —
S X A TRERRE R E L, AR 2.5%0f A
THREME . L, o — 7 L i U CHRVAME - 2 B 4 L
7o KM 25% KeCOz # JHWNCT7 A B UPEE L
3BT A A FEx—T AL, 87 0h
UMD AT HEREEE M - L, 0.5M NaClOs % &N
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Fig. 2. Contents of Akaloids on Tissue Culture Induced from D. peregrina
A : Callus, B : Adventitious Embryo, C : The Leaves of Regenerated Plant, D : The Leaves of D. peregrina
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Fig. 3. Total Akaloids on Tissue Culture Induced from
D. peregrina (% Dry Weight)
A: Callus, B: Adventitious Embryo, C: The Leaves of
Regenerated Plant, D: The Leaves of D. peregrina

%, 7R/ LTHEL, 47 Lo A Ko
R KHEEZCI AN (FHTATRY
#) 7 Z L [CHCl-MeOH-NH4OH % (9 : 2.5 : 0.5)
F72E 8 2: 0.1)], BLY [CHCI-MeOH-H20
F(8:2:02)FEE ©:1:0.D)]dHANIET LS
77 47 TLC[CHCI3-MeOH-NH4OH % (8 : 3 : 1)]

49

CEVRERL s BOT Ao A REHELE. &
NS OULEIE I LA GIE 1:3.5 mg, 3: 1.3
mg, 4:15mg, 5:73 mg, 6:98 mg, 8: 1.1 mg,
REMA S 1E1:1003 mg, 2 : 30.4 mg, 3 :3.7 mg,
4:24 mg, 5:459 mg, 6:84.1 mg, E-HAEM
MOENSIE 1 1947 mg, 2:412 mg, 3:2.8
mg, 4:3.1mg, S: 473 mg, 6:20.6mg, 7: 2.0 mg,
8:12mg Th 7.

Protopine (1) : pale yellow needles, mp 212 ~ 213
C, UV A nm (log ¢ ): 210 (4.54), 240 (sh, 4.07),
290(3.99). FAB-MS m/z : 354 (M+H)". CHR{E ©
& DI L0 RIE L7z,

Dicentrine (2) : pale brown needles, mp 173 ~
173.5°C, UV A nm (log ¢ ) : 220 (4.31), 230 (sh,
4.23), 272 (3.89), 281 (3.98), 304 (4.01), 314 (sh, 3.98)
EI-MS. m/z : 339 (M"). SCRRE 78 & oz &Y
[EE L7,

Dicentrinone (3) : yellow needles, mp 298 ~ 300
C, UV A nm (log ¢ ) : 209 (4.10), 247 (3.97), 270
(3.52), 317 (3.52), 346 (3.42), 385 (3.30), 430 (3.00).
EI-MS m/z : 335 (M%), SCHRME ®& ORIz LY [
E L7

Oxosanguinarine (4) : pale gray needles, mp. 360
~364°C, UV A nm (log ¢ ) : 210 (3.87), 240 (4.09),

NI | -El ectronic Library Service



The Japanese Soci ety of Pharnmacognosy

B
A
2
I
3.4 !
N i
P S e ~
L[t ;_ T: \[5 1[0 (min) 0 5 10 15 20 (min)
2 2
C
1
1
34
AJ\[AQ,J\/\ . JL_J\A/\ e
T T O | A 1
0 5 10 15 20 (min) 0 5 10 15 20 (min)

Fig. 4. HPLC Chromatograms of Tertiary Alkaloids
A : Callus, B : Adventitious Embryo, C :

of Regenerated Plants, D : Th= Leaves of D. peregrina
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Fig. 5. HPLC Chromatograms of Quaternary Alkaloids
A : Callus, B : Adventitious Embryo, C :
of Regenerated Plants, D : The Leaves of D. peregrina

The Leaves

(50)

J=12.0,

289 (4.06), 308 (3.52), 332 (3.59), 346 (3.59), 370
(3.49). EI-MS m/z: 347 (M"). KA 2 & oo bt
Y IEE L.

(- )trans-N-Methylxsocorypalmme (5)
needles, mp 272 ~ 273 °C, [« 1>—— 91.0° (=04,
DMSO0). UV A nm (log ¢ ) : 208.8 (4.69), 231 (4.10),
(3.70). HR-FAB-MS (positive) m/z : 356.1853 (M").
'"H-NMR (DMSO-de) & : 2.80 (3H, s, NCH3), 2.95
17.5 Hz, Hax-13), 3.06 (1H, dd, J=5.0, 12.0
Hz, 3.24 (1H, ddd, J=5.5, 12.0, 18.0 Hz, Hax-5), 3.77
(1H, m, Hax-6), 3.80 (6H, s, OCH3), 3.84 (3H, s,
OCH3), 3.86 (1H, dd, J=5.0, 17.5 Hz, Heq-13), 4.03
(1H, dd, J=5.5, 12.0 Hz, Heq-6), 4.68, 4.83 (each 1H,
d, J=16.0 Hz, H-8), 4.95 (IH, dd, J=5.0, 12.0 Hz,
H-13a), 6.84 (1H, s, H-1), 6.87 (1H, s, H-4), 7.12 (1H,
d, J=8.5 Hz, H-11), 7.15 (IH, d, J=8.5 Hz, H-12), 9.15
(IH, s, OH). C-NMR (DMSO-ds) : § 22.6 (C-5),
27.6 (C-13), 38.4 (NCH3), 55.6 (OCH3), 55.8 (OCH3),
60.1 (OCH3), 60.4, 60.5 (C-8,6), 64.6 (C-13a), 111.8
(C-1),112.5 (C-4), 113.2 (C-11), 120.5, 120.7 (C-1a,
4a), 121.8 (C-8a), 122.7 (C-12a), 124.5 (C-12), 144.7
(C-3), 1458 (C-2), 147.8 (C-10), 150.1 (C-9).
'M-NMR R~ 7 | L/ & N-methyl-2,3,9,10-tetra-
hydroprotoberberine 56 7L h oA R ThHhDH EHEEL
72. B, CEOEMIIL (~)-isocorypalmine O N-A F
IARIR (cis, trans IREW) AR L, D N-X F L
KDy Ihns7 MME' (8 2.80: trans, 3.23 :
ci) 6 trans AL TH D ERE LT, E7KEEE
OALE L NOE 7 2~ MV ORIEIS L0 i L
oo bbb, M7 a b ERE 5 L 2 AT kER
BAZ 47%D > 7 VRSB B Sz, £72, 4
L7 bk 347 OCHs, I fi7'e bk 10 i
OCH3 ®OfIIZ NOE M@l &7, Ht-~T, 51
A A3 5 N-methly K Th %

colorless

isocorypalmine'")
FEam LT
(-)-N-Methylisocorypalmine chloride @ &%

IEaa D (-)-isocorypalmine 45 mg CHCI3-Me2CO (1 :
1) 10mHZEERE L, CH3l 0.5 ml &Mz, BwALT
T 40hr E T D, ROSHR T MT R AEE L,
FRA A MeOH |2V Mg L AgCl % N2, 3hriBiR%IE
9%, BEHRIEMIE PR L, (-)-N-methylisocory-
palmine chloride % cis (& & trans SYE DIREW & L
T48 mgfd7-. REMDOEENMR A~ A%

RE
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BIE. cis, trans O AERLEIEL TH-NMR O B &,
cis:wans = 1 : 3 ThHho72. FK Iz (-)-N-me-
thylisocorypalmine chloride > trans (K124 % v
TF LSO NMR A7 fLESERIC—BLT.

W8 ->T, LA 5% (-)-trans-N-methylisocory-
palmine chloride Td 2 Z & ZFEH TE /-,
trans 1K : '"H- 2 O" PC-NMR (DMSO-db) & :{L5#)

5 &[Gk, cis 1K : 'TH-NMR (DMSO-ds) § :3.23 (3H,
s, NCH3), 3.05 (1H, dd, J/=12.0, 18.0 Hz, Hax-13), 3.16
(1H, dd, J=5.0, 12.0 Hz, Heg-5), 3.24 (1H, ddd, J=5.5,
12.0, 18.0 Hz, Hax-5), 3.70 (1H, m, Hax-6), 3.80 (6H,
s, OCH3), 3.84 (3H, s, OCH3), 3.90 (1H, dd, J=5.0,
18.0 Hz, Heg-13), 4.09 (1H, m, Heg-6), 4.79 (1H, m,
H-13a ), 4.84 (2H, q, J=16.0 Hz, H-8), 6.87 (IH, s,
H-1), 6.90 (1H, s, H-4), 6.99 (1H, d, J=8.5 Hz, H-11),
7.09 (1H, d, /8.5 Hz, H-12), 9.33 (1H, s, OH). '*C-
NMR (CDCI3) : § 22.6 (C-5), 30.6 (C-13), 52.0 (N-
CHz3), 55.5 (OCH3), 55.8 (OCHz3), 60.1 (OCH3), 60.2,
60.3 (C-6, 8), 63.9 (C-13a), 111.8 (C-1), 1124 (C-4),
113.2 (C-11), 118.7, 120.2 (C-la, 4a), 121.2 (C-8a),
122.0 (C-12a), 123.6 (C-12), 144.5 (C-3), 145.4 (C-
2), 147.7 (C-10), 150.6 (C-9).

N-Methyldicentrine (6) : colorless needles, mp. 168
~171°C, UV A nm (log ¢ ): 210 (4.63), 230 (sh,
4.23), 270 (sh, 3.74), 281 (3.87), 307 (3.93), 348
(2.47). EI-MS m/z : 353 (M-H)*, FAB-MS m/z © 354
(M*). HR-FAB-MS (positive) m/z : 354.1715 (M").
Caled for C21H2404N : 354.1706. 'H-NMR (CDCl3)
6 :2.98 (1H, dd, J=13.5, 14.0 Hz, Hax-7), 2.99 (1H,
dd, J=5.0, 18.0 Hz, Heqg-4), 3.13 (3H, s, NCH3), 3.31
(1H, ddd, J=5.5, 13.0, 18.0 Hz, Hax-4), 3.44 (1H, dd,
J=4.0, 13.5 Hz, Heq-7), 3.52 (3H, s, NCHz3), 3.63 (1H,
ddd, J=5.0, 13.0, 13.0 Hz Hax-5), 3.89 (3H, s,
9-OCH3), 3.92 (3H, s, 10-OCH3), 4.00 (1H, dd, J=5.5,
13.0 Hz, Heq-5), 4.46 (1H, dd, /=4.0, 14.0 Hz, H-6a),
6.01, 6.18 (each 1H, d, /=1.5 Hz, -OCH20-), 6.59 (1H,
s, H-3), 6.99 (1H, s, H-8), 7.59 (lH, s, H-11).
BC-NMR (CDCl3)§ : 24.1 (C-4), 28.6 (C-7), 43.2
(NCH3), 54.0 (NCH3), 56.0 (OCH3), 56.1 (OCH3), 62.1
(C-5), 70.0 (C-6a), 101.5 (-OCH20.), 106.6 (C-3),
110.2 (C-8), 111.7 (C-11), 117.1 (C-1a), 118.1 (C-3a),
122.3 (C-11a), 121.8 (C-1b), 123.5 (C-7a), 143.4 (C-1),
148.4 (C-2), 148.9 (C-10), 149.1 (C-9). 2 & & 'H-

S

(5D

NMR A7 b LEBHZEBVT S 352 ITh BT/
N-AFNECESS V7 FARBREND Z L,
KO FAB-MS A7 FLTmlz 35412 MY A
E—7BROLNDZE LD 6 iL N-methyldicentrine
& i L7z

7-Hydroxynordicentrine (7) : pale yellow needles,
mp 185~ 187 C, [« ]%" — 105.1° (¢=0.15, MeOH).
UV 4 nm (log ¢ ): 229 (4.16), 268(3.97), 280 (sh,
3.91), 302 (3.81). HR-FAB-MS (positive) m/z :
341.1258 (M"). Caled for CioHi9OsN : 341.1262.
'"H-NMR (CDCI3) 6 : 3.00, 3.15 (each, IH, m, H-4),
3.51 (IH, d, /=150 Hz, H-6a), 3.77 (3H, s, 9 or
10-OCH3s), 3.80 (2H, m, H-5), 3.82 (3H, s, 10 or
9-OCHs), 4.67 (1H.d, J=15.0 Hz, H-7), 6.04, 6.22
(each 1H, d, J=1.0 Hz, -OCH20-), 6.78 (1H, s, H-3),
7.07 (1H, s, H-8), 7.61 (1H, s, H-11). 3C-NMR
(CDCl3) 6 : 26.3 (C-4), 48.0 (C-5), 55.5 (OCH3), 55.6
(OCHz3), 62.7 (C-6a), 72.8 (C-7), 98.4 (-OCH20-),
106.6 (C-3), 112.0 (C-8), 115.0 (C-11), 116.0 (C-1a),
123.4 (C-11a), 1259 (C-1b,3a), 129.3 (C-7a), 142.2
(C-1), 1475 (C-2), 147.7 (C-10), 148.6 (C-9).
"H-NMR R X7 |LH 5 aporphine & 7 A H 2 A N
OREEHEE L2, 2 &0 BC-NMR A7 hLtt
B S N-AFILEDH K L 7= nordicentrine 4 1&70°
HeE S A, KEEEIT THANMR 2 27 [ ZEBN T
H-7 73 8 4.67 {2 15Hz @ doublet & L TR N5

ZEND, el EHELL. BMEXD, 7TiF
7-hydroxynordicentrine & f&im L 72.
Sanguinarine (8) : orange needles, mp 263 ~ 265

C. UV A nm (log € ) : 236 (4.16), 285 (4.47), 328
(3.97), 350 (sh, 3.91), 400 (3.07), 470 (3.11). EL-MS
miz 1 317 (M-15)". SCHRME 9 & Oz L9 FE
L.
3. HPLCICLBT7IIADA4 ROER

) B&: a7 PR EAM L ) BEEEERE L
7-{t&# 1 (protopine), 2 (dicentrine), 3 (dicen-
trinone), 5 (N-methylisocorypalmine), 6 (N-methyl-
dicentrine)¥ S X8 (sanguinarine)% i\ 7=. =%
Ul mg ZREEIZIINY, AZ ) — 10 ml IZIER
L, 045 u AT I 7 4 ¥ —THEBL, =0
IRIK % HPLC /W OREHEIRIK & L7=. 7 (hydroxy-
nordicentrine)lX B D7 O ST ORI L4 LT,
F 72, 4 (oxosanguinarine)¥s L3 x4 D&M T
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— R AR L 3R HOTCES L.

2) AEAROME - L R, T\m%,ﬁn{tha
Wik L0 a~ 7 & 5 Bk & st LB AR
ELTn. BR300 mg 12 A & /)L 30 ml
Ze A 15 Sy R pe A U7, IRtk o F ik L &t
L& ICHEBRAEREL 2 BlIfT, &FF 3 B0l

WxwHHE TREEE L X X 2%, o% AL

R, oA AEICLY 3 RBLIO 4 BT

a A Rz, shEnEEE#E Lz, M
E%, FRENALY J— VIR UIEREIZ 5 ml &

LTz, TNH 045 u DA T F 7 4 ¥ —TH

WL, ZOEiEE HPLC ARk E L7z,

FE— N & ORERR (ROO B L O

Co-injection JEIZ X WIREE L2, By O EBITHE
e O — 7 mERIZ LA EREIZ LT
7=

3) HPLC ZER LO%M : K7 JASCO
880-PU ; B Hi%% : Shimadzu SPD-2A ; 7 T A
CAPCELPAK  SG-120, 4.6x150mm ; # 7 AiRJE
iR ; io#kEt . SHIMADZU C-R6A ; BRHEE -
280 nm : BEME  00SM A -T2 b= YL
(55 :45) REWIZ 0.5%7 7 U AEEET ~Y v L
(SDS)% #hn 12,

BRRUER
§%§%%®§%E'%#é7&m7wwu4P
HE% Fig. 2, 3 I2F L&, HPLCIZ L A0l %
Fig. 4, 512/ L7z,

1. ZhhoA FSRICONT
3T D oA REERIBSICHEHOETIT 2
N 141%& boE HEm<, KOT 1D 0.69%% R~
Lj—it3ﬁ7wwm4b%ﬁ12M%<%o
. RERF IR 12 % EHVWERKERLE.
130.65% T &bl & bl L TR ¥ 5 ®aﬁ#
THhotr. FLRERD 3 BT V0 a4 FBHIT
1.97% T &~ 7.

FNAIZBITAIH/ET A REKIZ1 B L
O3, a0A T2 I o7 £, BF
BIIMET 0.1%LL FTOEL R L, 8oLy, ~
ERD255D 1 BETH-T-.

=K, 4 |T AT A FIZONTEE, B
%wﬁﬁiﬁTEMTi6W€ﬁ$ﬁ%<,ﬂw
TS, 8OIATHHA, FNEMTIL 8 0.01%LL T

(52)

Chhol-. 4T LT A FOBENT 2%51#% T, 3
WS A e n%ﬂﬁ"f%w e LT, 7
IWATHIRWVEFRKTH - 08, T 6 OfEiEo
0.44 % % 5 L, mmnmm%ot

£, MY OEL LOREMORT LA
1A RE R X R O 4.0%H1 % AR L
7. L L, DAATIHES 075%% =L, H45
LB OEDK 6 530 | BEOEHETH-T-.
O 2 7 ORI & R OB %
7RL,3%?Ubﬂﬂ(f%m&@mnﬁiL&%,lﬂﬁ
041%DGAHRTHHT2. 4 H/MT LA R
7 1.45%% K~ L, swﬂzumﬁ%‘f&oﬁ

2. TihnA FEREICDONWT

SICHEOBED 3 kT a A FHUEHE 2 A3
1 DK 2 THHOITT L TAERTIEL 2 450 |
MR LTS, D a<w 7 HOETIE 2 281
D4 ERALPED T, 4 T v haAs Ridhn
ALSM T 6 28 5 OF 2 fEOMELTH -7, F T
ERS VT EAEANRITIT I NS RAEETSH L
WM, x OB TII AL RITITS, 6 KT8 D 4
WTIH A KK 90%D AR % < L 7=,

#2 =
OHNVADT VH R /r FAPE 1T HR D TRV Y,

INET A A FOAGRKA ML RO X
D, MR %"é'é’ff)ﬂ%@?ék}ob\f{%% ThsdZ
EBRMEL TV A,

QFER, Hoaofuiimts K OEEHEY O T V0
oA REXIZIER- T 53, aporphine % (2, 3, 4,
6) & berberine % (5) k L UF protopine %2 (1) D&
FELL SR ERE TRFIZE D OIZR L, ShiEY Tk
aporphine RN 2 ~ 3 LR VEMTHAZ L LHE
W HBRETH D

O@REMIZI T 5 protopine A= B OBIIMIZ D
T, M EREY & OBhREIZ 354 T protopine &
B LCu 543, sanguinarine O A& OV oxo-
sanguinarine O & BN L TE Y, REKTIL
protopine U B VR, mOEEL R LS
AbiLd W,

@A OMIEFIZHR T LA 3 (5,6, 7)
THEEL, ThooBErZhEn (=) -trans-
7.

N-methylisocorypalmine, N-methyldicentrine,

hydroxynordicentrine & #&#m L 72.
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OAMFZETHO AN ADT VT m A R AN
B DR E R DOFFHEDOME K EICIS
<HOM, M TE (HPLC KON TLC) D7D KD
M, EHEBRHTLOILENDHD.

R KPR A ITOICYmY, EEAENE D
B &> mp R Y KB ESEE, O
BEdnmmus BB Ry ERNLE R
RS- LET. £ NMR 2 LTTE
STARYE R E D EICREH L E T

51 ALk

) ZF WEE RS R AR E AR
., WA, 1988, p.139.

2) Y. Asahina, Arch. Pharm., 247, 201-212 (1909); V.
Preininger, in "The Alkaloids" Vol. 29, ed. by A.
Brossi, Academic Press, London, 1986, pp. 1-98.

3) A. lkuta, K. Syono, T. Furuya, Phytochemistry, 13,
2175-2179 (1974).

4) T. Murashige, F. Skoog, Physiol. Plant., 15, 473-497
(1962).

5) SFECIESE, WIAER, EIlsE,
riksE, 42, 659-665 (1993).

6) N. J. Leonard, R. R. Sauers, J. Org. Chem., 22, 63-
65 (1957); O. E. Edwards, K. L. Handa, Can. J,
Chem., 39, 1801-1804 (1961); M. Shamma, "The
Isoquinoline Alkaloids, Chemistry and Pharma-

New York, 1972,

niE g, o

cology”, Academic Press,
pp.343-358.

7) H. Guinaudeau, M. Leboeuf, A. Cave, J. Nat. Prod.,
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