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Abetrwt The growth of, and production of alkaloids by, callus derived from budding stem explants of UK germinated 
seeds of Securirvgo su5ruhco5a has been studied. The major alkaloids produad were sccurininc and allosccurininc with 
the latter being present in thegreatest amount. TheeffcctsofpH,growth hormoncs,sucroseconantrationand light and 
dark on callus growth and alkaloid production have been examined in detail. The pattern of alkaloid production in the 
callus culture appeared to be similar to that in the root of the sccurincga plant. 

lhfllODCCTlON 

Sccurinine (I), one of the main alkaloids of Securirrego 
su5ruricosa Rehd.. is a CNS stimulant which is useful in 
the treatment of paresis. paralysis following infectious 
disease, and psychical disorders [I]. Razntly, it has been 
shown that 1 is a new class of GABA raccptor antagonist 
[2]. Compound 1 and its congetters, including allo- 
sccurinim (2), have betn isolated from Securinego and 
Phyllonrhrrs: they all possess a tetracyclic structure related 
to I or its lower homologuc [I]. norsccurininc (3). The 
biosynthesis of 1 has been stud&i by thra groups [3 -51. 
They found that 1 is formed from L-lysine and L-tyrosine. 
The former amino acid gives rise to the pipcridinc ring of 1 
viacadaverincand A*-piperidine, whik the latter provides 
the remaining rings (Scheme 1). 

(2,4-D) or I-naphthakne acetic acid (NAA) in the dark. 
NAA at 10 PM and 2.4-D at l-10 FM gave good callus 
formation (Fig. I), but in the former case callus produc- 
tion was less active and root-like tissues were prod&. 
The callus induad in the medium containing 0.1 PM K 
and 1 pM 2,4-D was used for further cxpcriments. 

Characrerirarion of alkaloids 

Two alkaloids were isolated from the callus. They were 
identified as I and 2 by comparison of IR spectra and 
mixed melting points with authentic samples isolated 
from the original plant. The amount of 2 obtained from 
the callus was more than that of 1. Other alkaloids were 
detected in the callus by TLC but were not isolated. 

The one study which has ban carried out on the 
formation of 2, which usually co-exists with 1143. showed 
that cadavcrinc is incorporated into the same positions in 
both alkaloids. This established that the biogenesis of 
both alkaloids is similar, although the branch point of the 
two routes may be at an early stage (Scheme 1). 

With the aims of producing useful sccurincga alkaloids 
in a controlkd manner and clarifying the mechanism 
which controls their biosynthesis, tissue culture of 
S. su5n4Ws-fd was attempted. 

In this paper. we report on the production of I and 2 by 
callus induced from S. su5ndcosa. 

-rime courses oj callus gtowrh d alkaloid ptoducrion 

REXJLlS AlYD DlSCUSSlON 

Callus inducrion 

This was examincd on Murashige and Skoog’s (MS) 
agar (1.3%) medium [6] suppkmentcd with 0.1 PM 
kinctin (K) and with 2,4dichbrophenoxyaatic acid 

Figure 2 presents the results obtained with calli which 
were grown on a medium suppkmentcd with 2.4-D in the 
light or in the dark. Similar time courses for calli grown in 
a medium containing NAA were also determined (data 
not shown). Whatever the conditions, the callus showed a 
significant lag phase after inoculation. They reached the 
stationary stateafter l&12 waks via a logarithmic phase. 
The alkaloid content of the callus tissue increased slowly 
in step with callus growth. The maximum content of 
alkabid was co 1.6 me/g dry wt (Fig. 2). However, callus 
growth in the medium containing NAA in the dark was 
slow compared with that under other conditions. 
Production of alkaloids, especially 2. was more than that 
of 1 uadtr any conditions, and was suppressed by 2.4-D 
and by light. Ten-week-old callus was used for dctermi- 
nation of the optimum culture conditions. 

Oprimwn culmre condirion 

l Frwcnl addrax Shoukd Junior Colkgc, 678. Kphi~ji-2, callus growth and alkaloid production showed littk 
K-to eS2, Japan. change over the pH range 4-6. The optimum pH values 
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were pH 5.0 in the dark and pH 5.5 in the light (Fig. 3). 
Alkaloid production in the light was susceptibk IO 
changes in the pH more so than in the dark. Therefore, pH 
is an important factor in the control of alkaloid pro- 
duction in the light. 

Optimum sugar concentration for callus growth was 
5 % in the dark and 3 5 % in tbe light. In the dark,alkaloid 
production was more dependent on callus growth than in 
the light (Fig 4). A medium containing 5% sugar was 
suitabk for alkaloid production regardless of irradiation. 

The callus grew better in a medium suppkmented with 
24-D than with NAA. The etfoct of the growth regulator 
on alkaloid production showed an opposite trend to that 
ofcallus growth in the dark. The optimum concentrations 
of the growth regulators for the callus growth were I @I 
24-D for 0.1 and 0.01 PM K, and were not influenced by 
light (Figs. 5 and 6). 

When the callus was grown in 24-D mcdium,comparui 
with NAA it produced slightly more of 2 (1.3 mgig dry WI) 
although the callus growth was not so good. 

Swnmury o/ resu1r.s 

The callus grew better in the light than in the dark, and 
assumed a pak green colour. Its growth was very slow in 
the medium suppkmented with NAA in the dark com- 
pared with the callus grown under the other conditions. In 
contrast, the production of alkaloids, espuxlly 2, is 
proportional to the growth of the callus. This pattern 
resembles that of the root of the securinega plant. which 
has a higher alkaloid content than the leaves, and contains 
more 2 than I than the leaves (73. 

This suggests that the NAA-supplemented medium 
mimics IIK conditions in the root concerning the bio- 
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Fig. I. EtTax of growth rtgulators on allm in&&x from Ihc 
kafbud of S. sugiuruowr. The tissues were irxuhrcd on MS agar 
medium suppkmcn~cd with 2.4-D or NM and with 0.1 rM 

kinctm aI 27’ for 6 weeks in ~hc dark. 

synthesis of the alkaloids. In other words, the presence of 
light and the addition of 2.4-D might change the bio- 
synthetic mode into a system corresponding to the aerial 
part of the plant, where the total alkaloid synthesis is less, 
and the ratio of 1 to 2 is low. Concerning this, the 
requirement ofsugar for callus growth was also influenced 
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F& 2. Growth as measured by dry weigh1 (0) and alkaloid 
coflIenId (A--r, 1; 0 - 0.2) in allus ofs. Su@ufrcoSA The 
callus was grow0 on MS rgu medlum aupptam~tai with 0.1 pM 
kin&n and 1 rM &4-D at 27’ in the dark (A) or io tbc tigh (B). 
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Fig. 3. EffazI of pH on growth and production of alkabids. In 

this ad tlx following figurq alli were gown for IO weeks on 
MS agar medium suppkmcn~cd with 24-D (I PM) and tinetin 
(0. I PM) conuining 5 % sugu m the dark (A) or in ~hc IighI (B). 

by light (Fig. 4). It must be that consumption of sugar 
slowed down as the callus adapted to its surroundings and 
synthesized de noco the sugar for itself. 

EXPERIMUSTAL 

Plunf mtrrriolr. S. ~~rurcco~~ culkctcd from UJima Island, 
Hikari CIIY. Japan, was grown In the Yamaguchi UnivcrsIIy 
campus. The seeds were colkc~cd m the auIumn. airdried and 
storat aI 0”. 

Col1u.s inducrlon. Seeds were dipped m 70 7’. EtOH for IO see 
and rhcn in 0. I Te H&Cl soln for I mm. They were Ihcn placed on 
sIailixd agar medium (l.Og;). AfIer 3 weeks. sbced scgmcnu of 
the kaf buds from the germinated seeds were Iransferrcd IO MS 
agar medium (1.3 %agar, pH 5.B 6.0) suppkmmtai with NAA or 
LCD and 0.1 pM K, and incubaIcd for 6 weeks in rhc dark. 

7iic culrure. Newly induad allus IIWK was maimairxd on 
MSw m&urn (1.3:;agr.pH 5.%-6.0)suppkmcn1cd with 2.C 
D (10 PM) and K (0. I PM) aI 27‘ for 4 weeks in the dark. The 
lissuc was ~ben GUI Into p~axs weighing 0.5 g, each of which was 
inoculated in10 a milk boIIk (I80 ml canary) comainmg 30 ml 
of MS m&urn supplemented wirh addiriva when rquircd, and 
grown m rhc dark OT in continuous light @X0 2500 Ix). The 
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Fi& 4. Effti of supr unnxnInIion on ~owth and alkaloid 
productioo in I& dark (A) and in I& It& (B). 



Fig 5. Efl&cts of NAA on growth and alkaloid production of 
callusofS.s~fJjytitosa. In thisand Fig. 6,calhrs was mcubatcdon 
MS a.gar medium suppkmntal with kinctia at 27” for 10 w&s 
in the dark (A) or in the light (B). The media were suppkztxmtcd 
with the indimtcd conccntratlons of NAA and 5 y. sugar. and the 
pHwasadjustcdtoS,S. G,Callusdrywt;~.l;Q,2Thcsamc 

symbols arc wed in Fig. 6. 

tissues WKC harvested at thecnd of6 wdeks’growth. except where 
stated otherwise. 

Iwrlurra of 1 a& t$rwn cullus. l5-Week-old calli (3665 gas fr. 
wt) were homor@x& (Polytron PT l&35. Kinematical in a soln 
of 2:, NH&OH (I i.)and CICH2CHICI (2 l.)for Wscc in an kc 
bath. The homogenate was ccntr~fugcd for 10 min a1 IS00 rpm 
and the orgame layer wasted ( x 3) with HI0 and extracrcd wIfh 
l M HrSO. (MO ml). The aq. layer was made alkalme with lo”, 
NH,OH and stincd with CHCI,. The CHCI, layer was washed 
with H,O. drxcd (NaISO,) and the solvent removed. The viscous 
rcsduc (264 mg) was dlssolvcd In a small amount of Et,O. 
subJbctcd IO CC on sihca gel (1.2 x 4Ocm) and elu~cd wuh 
CbH, .Ett0(2.1) T~fr~~Ions~ving~~~me R, valueas 1 on 
TLC were collcc~ai and cvaporatcd IO dryness. The rcsiduc 
(3.2 mg) was prrificd as its d-c;amphor sulphonatc. aczordmg to 
~hc method of ref. [?I. to afford I 8 mg 1 as its free base (yellow 
ncalks, mp 139’). Mmp I41 (lit. [g) mp 142 143 1. 

Elution of the column with &Ha-Mc>CO (1.9) gave crude 
yellow ncedks which were punficd via their oxalate. as described 
m ref. (71, to gvc I5.6 mg 2 as us free base ( yellow mcdks). Mp 
126” (In. [9J 128”). 

~~re~i~ri~~ of U&O/O&. Calli were ffcac-dricd and weig- 
hal. Fresh 0111 from cmch trcatmenI were trcarcd as follows. A 
mixtureof thecal (0.5 5 gk 100, .YH, (1 ml). H,O (I4 mll.and 
CHCI, (I 5 ml) was homogenized (Polytronl in an KY: bath and 
cenrnfugai. After collaztron of rhc CHCI, layer. the rcsduc was 
extrilcicd ( x 2) wnh CHCI, (IS ml) as above. The combmed 

Fig. 6. EffaclsofL~DongrovthandaUraloidconIclltsofc~llus 
of s. su&lJricosa. 

CHCIJ layer was washed with HxO. dried (NalSO.) and 
evaporated to dryness. The rcudw was dissolved in a suitabk vol. 
of CHCI, and subjactcd IO TLC on 0.2 mm silica gel 60 F 254 
(pramed on Al short. Merck. Art. 5554) developed with 
h&CO C,H, (IO: I) at 20+. The art-dried pies were analyscd 
by means of a TLC scanner (CS-920. Shimadru, UV mode, 
254 nm). The R, values of I and 2 were 0.56 and 0.22, rcspccuvely. 
There were other spots 1 R,s 0.64.0.76 and 0.79) on the plate. For 
quanutative analysu. a suitabk amount of the alkaloid on Ihc 
plate was 0.05 1 pg. Ah of the results are ~hcavcragc of triplicate 
cxpts. 
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