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Abstract-The callus tissues from 11 representative species of the Papaveraceae and the redifferentiated plantlets 
from four species were successfully derived and maintained. The alkaloids in the callus tissues and redifferentiated 
plantlets were examined in comparison with those of the original plants. All the callus tissues are similar in their 
alkaloid chemistry and contain benzophenanthridine. protopine and aporphine type alkaloids. By contrast, the 
plantlets have a more specificialkaloid pattern, being similar in content to the original plants. 

INTRODUCTION 

IN A PREVIOUS paper,’ it was reported that the new alkaloid norsanguinarine and other 
known alkaloids were obtained from all the callus tissues derived from seedling root. stalk 
and capsule of opium poppy Pupaaer. .somn~fi~a~r~~ L. (Keshi-Ikkanshu: in Japanese). We 
have now examined the callus tissues from 11 representative species of the Papaveraceae 
and the plantlets produced from the above callus tissues. The results of an alkaloid survey 
of these materials are presented here. 

RESULTS AND DISCUSSION 

Alkaloids of callus tissues 

Alkaloids in 15 callus tissues (Table 1) derived from 11 species of Papaveraceae, growing 
in Japan and representing different subfamilies and tribes within the family, were examined. 
The results are shown in Table 2. The alkaloidal patterns of the various callus tissues were 
almost identical. Furthermore, there was no variation in alkaloidal pattern caused by dif- 
ferences in origin (stem, root, capsule, seedling) in culture age or in growth conditions. All 
the callus tissues contain mainly benzophenanthridine, protopine and aporphine type 
alkaloids, which are distributed widely in the Papaveraceae, and also choline; protober- 
berine type alkaloids present in the original plants were not detected. 

Norsanguinarine, which was isolated first from opium poppy callus tissues, was detected 
in the alkaloidal fraction of all callus tissues, although it is not present in the original 
plants. Norsanguinarine, therefore, seems to accumulate as a by-product of the pathway 
of biosynthesis of benzophenanthridine alkaloids in Papaveraceae callus tissues.’ 

* Part XXIII in the series “Studies in Plant Tissue Cultures”. For Part XXII see HIKOTANI, M. and FURUYA, 
T. (1974) Phytochemistry 13, 21352142. 
’ F~RUY, T., IKUTA. A. and SY&Q. K. (1972) Phytochnistr~ 11, 3041. 
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Plants Ye:11 Basic medium Origin 

1966.6 
1961.4 
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1969.3 
1969.7 
1969.7 
1969.7 
I9hO.7 

1970.5 

1971.5 
1071.5 

I 1. K0.I 
D 1. KO.l 
D I. KO.1 
D I. K 0.1. (‘ti 
D I. K 0.1, CM 
D I. K 0.1. (‘hi 
D I. K 0.1. 01 
Dl. KO.l.CM 
Dl. KO,l.Chl 
D 0.1. K 0.1 
D 0.1. 1; 0.1 
D I. K WI. CM 
D 0. I. K 0. I 
11 I. K 0.1. (‘M 
DI. KU.1 
D I. KO.1 

Key: I = 3.indolylacctic acid: D = ).4-dichlorophcno\!acctic acid: K -_ Llnctln. (‘IV m: cocon~~l milk: ba\ic 
medium = M & S inorganic solution and vitamin mIXttire. 

Although plants of the genus Papur~ normally contain alkaloids of the morphinanc 
type. these compounds arc not produced in the derived callus tissues. Thus. the alkaloidal 
components of callus tissues are simpler than those of the original plants and are mainly 
of the widely distributed benzophenanthridine. protopinc and aporphine types.’ 

In our callus tissues of MNcIcu_~~ c~dutu (Takenigusa : in Japanese) and C/z~~/i~lor~iun~ 
,japorziccrm (Yamabukiso: in Japanese) plants. magnoflorinc was not detected. and also 
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aporphine type alkaloids were not present in the original plants. This is of chemotaxono- 
mic interest. We have failed to derive callus tissues from Ptc~r.irloph!,ll~r,~~ J~VIIIOSIIIII* (Osa- 
bagusa: in Japanese) which is the only species of this genus in Japan and therefore we 
could not investigate the alkaloids of its callus tissues. 

(1) Norsanguinarine (2) Oxysanguinarine, R = 0 
(3) Dihydrorosanguinarine, R = H, 

(4) Sanguinarine, R, = R2 =‘C/H,; R, = H 

(5) Chelirubine, R, = Rz =‘&.; A, = OMe 
(8) Chelerythrine, R, = R2 = Me; R3 = H 

(8) Protopine, R, = R2 =‘C& 
(11) Allocryptopine, R, = R2 = Me 

(7) Magnoflorine (9) Capauridine, R = Me 
(10) Capaurimine, R = H 

Alkaloids of’redijf~wntiated plantlets 

Maclraya cordata. Both morphology and alkaloid pattern of the redifferentiated plant- 
lets and original plants were found to be almost the same. Norsanguinarine is the main 
alkaloid in the callus tissues, but only a trace is present in plantlets. On the other hand, 
the benzophenanthridine type alkaloid chelerythrine was not found in the callus tissues, 
but occurred in the redifferentiated plantlets and original plants. The amount of protopine 
and allocryptopine in the callus tissues was lower than that in the redifferentiated plantlets. 

* We have detected norsanguinarine, dihydrosanguinarine. oxysanguinarine, magnoflorine and unknown spots 
from these plants. which have not been reported yet, except protopine type alkaloids.3,4 

3 KOJIMA. K. and ANDO, Y. (1951) J. Phtrm. Sot. Jap. 71, 625. 
4 HAGINIWA. J. and HARADA. M. (I 961) J. Phrrrm. Sot. Jap. 80, 123 1. 



CorqUis pallidu. The plantlets accompanying the callus tissues of C. pullidu (Miyamak- 
ikeman: in Japanese) were observed to contain all alkaloids which are present in the callus 
tissues, except one or two new unknown constituents. Norsanguinarine was mainly found 
in the callus tissues cultured on a medium containing 2,4-D. and also in a trace amount 
in both the plantlets accompanying with callus tissues and original plants. Furthermore, 
protoberberine type alkaloids. capauridine and capaurimine which were isolated from C. 
~~l/i&,~ were detected in plantlets with no callus tissues. but capaurimine only was present 
in a small amount in callus tissues with no plantlets; both alkaloids were absent from the 

callus tissues cultured on a medium containing 2.4-D. 

PLI~WL’CV /WLIC’~CW~UU~. In P. /~trr*rc~~rtl~~ (Botangeshi: in Japanese). tho buds accompanying 
the callus tissues were not developed more than 1 1.5 cm in height and did not form shoot 
and root on medium containing IAA under light. ‘The buds accompanying the callus tis- 
sues subcultured on medium containing IA.4 under light. the callus tissues subculturcd on 
medium containing IAA under dark and also the callus tissues subculturtzd on medium 
containing 2,4-D had similar patterns of alkaloids. Thcbaine, produced mainly in original 
plants, was not detected in the buds accompanying the callus tissues subcultured on 
medium containing 14A. but alkaloids were observed to be present in a larger amounts 
in the buds accompanying with callus tissues subcultured on medium containing 1.4.4 than 
in the callus tissues subcultured on medium containing 2,4-D. 

P~XZLW SOVU~~~~W~~~~. The scattering bud formation was observed in albino type’ callus 
tissues subcultured on medium containing IAA under light and the buds rediffcrcntiated 
from albino type callus tissues had not dcvcloped more than 0.5 I.0 cm in height. 

The same alkaloidal pattern was found in these buds. Norsanguinarine is the main aska- 
loid in the buds and other alkaloids were minor.’ The alkaloids of all callus tissues were 
the same, with norsanguinarine as the main component. But in both the rcdifferentiated 

plants from these callus tissues of M. cot&m and buds from these callus tissues of C. /~rl- 
/i&r and their original plants, norsanguinarinc was absent or only detected in a trace 
amount. Norsanguinarine must bc cxccptionally accumulated as sccondaq metabolite in 
the callus tissues. In /W. c.ol&tu. chelerythrinc having the benzophcnanthridine skeleton 
was detected in the redifferentiated plants and original plants. but not in the callus tissues. 
The alkaloidal pattern of the rootless aerial plants accompanying the callus tissues in C. 
pullida is different from that of callus tissues and the original plants. On the other hand. 
the alkaloidal pattern of the buds accompanying the callus tissues in P. /~rrcrc~r[rnl and 
P. .so~w~~~w~w was demonstrated to bc the same as the callus tissues. In Copti.s ,jrnponi(‘Ll 
(SeribawBrcn: in Japanese) callus tissues. the hair root formation was observed and the 
alkaloid pattern of the callus tissues with hair root was identical with that of callus tissues. 

The rhizomes of redifferentiated whole plants wcrc demonstrated to be different from the 
callus tissues in alkaloid pattern. but to bc similar to the crude drug “w%%en”.” In Scopoli~r 
IXWL$Y~W callus tissues. the alkaloidal content was also reported to be significantly in- 
creased through the development of roots.’ These results seem to indicate the lack of bio- 
synthetic versatility in these callus tissues, and suggest that more favorable redifferentia- 
tion conditions are required to obtain the same components as those contained in the ori- 
ginal plants. 
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EXPERIMENTAL 

Plant materials. Eschscholtzia culifornica (Hanabishiso: in Japanese), Chelidonium japonicum, Mucleaya cor- 
duta, Corydalis incisu (Murasakikeman: in Japanese). C. pallida and Ptrridophyllum rac~mosum were collected 
near Tokvo and Dicentru sercurina (Komakusa: in Japanese) was cultivated in Rokko Alpine Botanical Garden 
of Japan.‘The seeds of P&&were‘obtained from Kasukabe Experiment Station of Medicinal Plants. National 
Hygienic Laboratory. 

Derination and culture ofcallus tissues. Each callus tissue, derived as indicated earlier,’ was subcultured every 
4 weeks onto fr. Murashige and Skoog (M & S) medium (minus glycine) containing 2.4-D (1 mg/l). kinetin (0.1 mg/ 
1) and coconut milk (CM) (7%) at 26’in the dark for 3-4 yr. 

Preparation of alkaloid&. Each fresh callus tissue (500-1OOOg fr. wt) was homogenized in cold MeOH 
in a Waring blender, and was refluxed with MeOH and benzeneeMeOH. The combined solution was cont. and 
acidified with HCI. The acidic solution was extracted with benzene to remove the neutral and acidic fraction. 
The aqueous solution was made alkaline to pH 8--9 with cont. NH,OH and extracted repeatedly with 
CHCI, to yield the alkaloidal fraction and also the quaternary base was obtained by the same method as 
described in a previous paper.’ The alkaloidal fraction of the redifferentiated plantlets and original plants 
collected were prepared by the same method as described above. 

Detrction ofalkaloids. Norsanguinarine. sanguinarine. oxysanguinarine. dihydrosanguinarinc, chelirubine. pro- 
topine and magnoflorine were detected using the same nine TLC solvent systems as described earlier.’ Capauri- 
dine (capaurine) (1) and capaurimine (2) were detected using TLC on silica gel G (Merk) in (a) CHCl,-MeOH 
(9: 1). R, (I) 0.77, (2) 0.46, (b) xylcneMeCOEt~MeOH~EtzNH (20:20:3: l), R, (I) @88, (2) 0.58, (c) BuOHp 
AcOH-H,O (4: 1: 5 upper), R i (1) 0.45, (2) 0.5. 

D@vvntiutionfrom cullns &urs: Muclravu cordatu. The plantlets were initiated on subcultured callus tissues 

on M & S medium containing 2,4-D (I me/i). kinetin (0.1 mu/l) and CM (7%). The plantlets were transferred to 
M & S medium containing IAA (1.0 mg/I)>nd kinetin (0.1 mgil) and cultures were maintained in growth cabinet 
with 12/l 2 hr. light/dark cycles under light (450&9000 Ix) at 25 + I Whole plants induced on this condition were 
transferred to pots with soil apd was cultivated for about 2 yr from 1971 to Aug 1973 and the root was harvested 
in Aug 1973 and original plants was collected at the same time for investigation of alkaloids and morphological 
comparison. The leaves were alternate, and divided narrowly into several lobes. The lower surface of them was 
white and covered with short hairs. The roots were gross and orange. 

Corydulis pullida. The buds were initiated on subcultured callus tissues of C. pullidu on M & S medium con- 
taining 2.4-D (1 mg/l) and kinetin (0.1 mg/l). The buds were transferred to M & S medium containing IAA 
(0.1 mg/l) and kinetin (0.1 mg.!l) and cultures were maintained in the growth cabinet with 12/12 hr. light/dark 
cycles under light (450&9000 Ix) at 25 k 1’ and aerial parts were initiated, but the root formation was not in- 
duced. Leaflets of the regenerated shoot had less deeply toothed serration than those of the original plants. The 
rootless plantlets accompanying with callus tissues were subcultured onto fr. M & S medium every 5-6 wks. 
These aerial parts accompanying the callus tissues harvested from cultured flasks were prepared for alkaloid in- 
vestigation and the callus tissues subcultured on medium containing 2.4-D and the original plants were compara- 
tivelystudiedfor alkaloids. One of the rootless plantlets induced roots on medium containing IAA (1 mg/l) and kine- 
tin (0.1 ma/l), and was transferred to pots with soil and grew I B-1 5 cm in height, but its plants were not available 
for alkalo<d investigation because they were too small. 

P. hracteatum. The buds were initiated in abotit 3 yr on subcultured callus tissues of P. hructrarum on M & 
S medium containing IAA (1 mg/l), kinetin (0.1 mg/l) and CM (77;). The buds were transferred to the growth 
cabinet with 12112 hr. light/dark cvcles under light (45OC-9ooO Ix) at 25 k I-‘. and were subcultured onto fr. M 
& S medium containingiAk (I mgjl), kinetin (O.rm&‘l) and CM (7°C) for 5-6 wks growth interval. The callus tis- 
sues were also subcultured onto the same medium under dark; a few buds formed without chlorophyll. The buds 
and the callus tissues collected were prepared for alkaloid study. 

P. ,somnifrr~m L. The buds were initiated on subcultured callus tissues of albino type on M & S medium con- 
taining 2,4-D (0.1 mgjl) and kinetin (0.1 mg/l). The buds obtained were transferred to M & S medium containing 
IAA (0.1 mg/l) and kinetin (@l mg/l) and the culture were maintained in the growth cabinet with 12/12 hr, light/ 
dark cycles under light (45O(f9000 Ix) at 25 + 1’. 

Alkaloid conccvltrutions. These were measured approximately, as the amount in the crude CHCI, extract, and 
are expressed here as the 9;, total alkaloid/fr. wt. Results were: Maclruyu cordata original plant (8 g fr. wt) 
0.61. redifferentiated plantlets (18 g) 0.50, callus tissue (462 g) 0.009; Corydalis pullida plantlets (227 g) 0.17. 
callus tissue (492 g) 0.01; Papuuer hructratum buds (600 g) 0.028, callus tissue (245 g) 0.024. 
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