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Abstract - A summary of recent experiments with various plant tissue 

cultures at the University of British Columbia and at the Prairie Regional 

Laboratory, National Research Council of Canada, Saskatoon, is provided. 

The main emphasis of the research program is to propagate tissue cultures 

from plant species known to produce active agents of interest in the cancer 

area. 

It is well established that higher plants provide a fertile source of important medicinal agents 

In many instances, however, these plants are not readily accessible due to geographical location 

or alternatively the yield of the desired natural product is extremely law subject to seasonal 
I 

variation etc. Attempts to alleviate these situations have led numerous laboratories to con- 

sider studies with tissue cvltures derived from such plants. Successful research in these direc- 

tions would clearly provide methodology for a controlled and hopefully reproducible laboratory 

source for such compounds. 

Plant tissue cultures have also been employed in biosynthetic investigations where incorporation 

levels of proposed precursors are generally higher than in the livina plant and they also provide 

potentially important media for biotransformation studies. A number of books'-4 and recent re- 

view  article^^.^ provide excellent summaries of the previous studies in the tissue culture area 

The purpose of this article is not to provide yet another review on the subject but rather to 

summarize the most recent experiments which have been completed in our program on tissue cultures 

generated from a variety of plant species which have produced interesting compounds of importance 

in the cancer area. 

ge his article is dedicated to Professor Kametani on his retirement from the Chair of Organic 

Chemistry at the Pharmaceutical Institute of Tohoku University. This author extends to Kamesan, 

a long time friend and distinguished scientist, sincere wishes far a long and successful retire- 

ment. 



The s p e c i f i c  experiments which we have conducted concern t h e  following p l an t  spec i e s :  1) Catha- 
ranthus  caseus  L.  G .  Don; 2) Maytenus buchananii ;  3) Tripterygium w i l f o r d i i ,  and the following 

d iscuss ion  s u m r i z e s  our r e s u l t s  w i th in  t he se  areas. 

1) S tud i e s  i n  Catharanthus roseus 

A) Resu l t s  from o t h e r  l a b o r a t o r i e s  

P r i o r  t o  d i s cus s ion  of o u r  r e s u l t s  i t  is app rop r i a t e  t o  b r i e f l y  summarize t h e  con t r i bu t ions  o f  

o the r  groups p a r t i c u l a r l y  as  they  r e l a t e  t o  o u r  s t ud i e s .  

Cell  c u l t u r e s  of  C. roseus have been a v a i l a b l e  f o r  many yea r s  and numerous c la ims of a lka lo id  

production have been made i n  t h e  l i t e r a t u r e .  Unfortunately some of t h e  e a r l i e r  experiments have 

r e l i e d  e n t i r e l y  on t h i n  l a y e r  chromatographic ( t l c )  a n a l y s i s  r a t h e r  than a c t u a l  i s o l a t i o n  and 

cha rac t e r i za t i on  of the  a l k a l o i d s  formed by app rop r i a t e  comparisons wi th  au then t i c  samples. Such 

d a t a  should be regarded as t e n t a t i v e  s i n c e  t h e  complexity of such systems, t h e i r  r e spec t i ve  re- 

t en t i on  times andlor colour r eac t i ons  on ~h romafop la r e s  can lead  to misleading conclusions.  

The following d i s cus s ion  a t tempts  t o  summarize the  repor ted  presence of a l k a l o i d s  i n  c a l l u s  andlor  

suspension c e l l  c u l t u r e s .  The compounds have been c l a s s i f i e d  i n t o  t h e  main f ami l i e s  of i ndo l e  

a lka lo id s :  ( i )  Corynanthe, ( i i )  Strychnos,  ( i i i )  Aspidosperma, ( iv)  Zboga. 

( i )  Corynanthe a l k a l o i d s  

Ajmalicine ( I ) ,  a n  a lka lo id  wi th  hypotensive a c t i v i t y ,  and i t s  s t r u c t u r a l  r e l a t i v e ,  s e rpen t ine  

(2). have been repor ted  from va r ious  l a b o r a t o r i e s .  

Babcock and carew7 f i r s t  repor ted  t h e  presence of a lka lo id s  i n  C .  roseus c a l l u s  t i s s u e  c u l t u r e s  

whi le  subsequent experimentss i n  both c a l l u s  and suspension c u l t u r e s  revealed  s i m i l a r  occur- 

rences although no i d e n t i f i c a t i o n  of a lka lo id s  was made a t  t h i s  t ime. ~ a t t e r s o n ~  and carewl0 

then repor ted  t l c  evidence f o r  a jma l i c ine  (1) i n  t h e i r  s t u d i e s  wi th  c a l l u s  and suspension cul-  

t u r e s .  The c a l l i  were i n i t i a t e d  from leaves  and seedl ings  whi le  suspension c u l t u r e s  were main- 

ta ined  on  a modified Wood-Braun medium. 

1 1  
Reinhard and h i s  co l leagues  repor ted  low y i e l d s  of (1) i n  f i v e  d i f f e r e n t  c e l l  c u l t u r e s  from 

C.  roseus t i s s u e  whi le  ~ o l l e r l '  has  s tudied  the  r e l a t i v e  content  of (1) and (2) i n  p l an t s  as 

comoared wi th  t h a t  observed i n  c a l l u s  c u l t u r e s .  



HETEROCYCIEi, Vol IS, No 2, 1981 

A study an the influence of various media on the culture production of (1) has been reported by 

D O I I ~ ~ ~  3. 

A very detailed investigation of various culture growth conditions for the production a; ajmali- 

cine has been reported by Zenk and coworkers14~15. These studies revealed a production of (1) 

m 0.075% yield (based on cell dry weight) and a series of elegant experiments involving enzymes 

responsible for the synthesis of this 'alkaloid are also published by this group. 

Scott and coworkersl%have isolated ajmalicine from a "CRW" strain of C. roseus cell cult;res 

grown in SH medium. 

Serpentine (2) has been prodvced in ~ields up to 0.8% of cell dry weight in studies by Zenk and 

 coworker^^^.^^,^' while Reinhard et all1 report production of (2) in 0.5% yield based on cell dry 

weight. 

As noted earlier, the studies of Dolleri3 have been directed toward the production of (2) in cell 

suspension and larger scale fermentation experiments. 

carewl1 had earlier reported the presence of serpentine (tlc) in callus tissue. 

A very recent study18 involving temperature variations (16-40'~) in the growth of C. roseus sus- 

pension cultures has been reported. I r  was interesting to note that production of (1) and (2) 

increased with a decrease in the culture temperature. 

The Corynanth6 alkaloids sitsirikine (3) and dihydrositsirikine (4) have been claimed in callus 

and suspension cultures11. Again in this study, employing suspension cultures grown in modified 

Wood-Braun medium, identification of these alkaloids was achieved by thin layer chromatography. 

The oxindole alkaloid, mitraphylline (5). biagenetically related to ajmalicine, has been detected 

(tlc) by c a r d 1  in cell suspension cultures, while studies with callus tissue from C. roseus 

leaf explantsl1 ~eport the presence of the 2-acylindole alkaloid perivine ( 6 ) .  

(ii) Strychnos alkaloids 

Several reports on the occurrence of members within the Strychnos family have been published. 

~attersong has detected (tlc) akuammieine (7) in his studies while scotti6 has reported the iso- 

lation of (7) (0.000025% ~ield) from their "CRW" strain grown in a bioreactor and employing SH 

medium. 



Cared '  has claimed the presence ( t l c )  of lochneridine (8) i n  cu l tu res  from C.  roeeus. 

( i i i )  Aspidosperm alkaloids  

Carew and h i s  colleaguess have reported the presence ( t l c )  of t h e  highly oxygenated a lkaloid  

'vindaline (9). 

A repor t  from the  L i l l y  group19 employing C. roseus crown g a l l  t i s s u e  grown i n  t h e  dark on a so l id  

medim, and i n  suspension cu l tu res  grovn i n  White's medium i n  the l i g h t ,  r evea l s  the  presence of 

( 9 ) .  

A German group20 cu l t iva ted  C .  roseus c a l l u s  cu l tu re  in  the  dark at 2 5 ' ~  and reported the  occur- 

rence ( t l c )  of vindaline. 

I n  a most recent ~ t u d y  and employing the  highly s e n s i t i v e  radioimunoassay technique, Zenk and 

covorkerszl have determined t h e  presence of vindoline (0.0022) i n  c a l l u s  cu l tu res  from C. roseus 

leaves.  

A r epor t  from the L i l l y  study13 claims an indicat ion of a "vincoline-like" mater ia l  (10) i n  ex- 

t r a c t s  of c a l l i  from C.  roseus crown g a l l  t i s sue .  

Thin layer  chromatography evidence f o r  the  presence of the Aspidosperm a lka lo id ,  v indol inine  (11) 

has been reported from ex t rac t s  of c a l l u s  t i s s u e  grown i n  the dark f o r  6 monthsz0. 

(iv) Ibaaa a l b l a i d s  

Much e f f o r t  has been expended i n  various l abora to r i e s  i n  an attempt to  obta in  t h i s  important c l a s s  

of indole a lkaloids .  In  pa r t i cu la r ,  catharanthine (12), one of the  major components i n  C .  roseus 

and an important u n i t  i n  the synthesis  of h ie indole  a lka lo ids  (see l a t e r ) ,  i a  a prime object ive .  

Thus f a r  only tvo repor ts  have appeared i n  which (12) has been substant ia ted.  Scot t  and co- 

workers1‘ succeeded i n  obtaining t h i s  a lkaloid  i n  t h e i r  "CRW" s t r a i n  of C .  roeeus c e l l s  and our 

recent  vork (see l a t e r )  has a l so  provided (12) i n  0.005% yield .  
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B) Results of our studies 

While the above-mentioned investigations were underway in the various laboratories, we initiated 

a collaborative program between our group at the University of British Columbia and the group at 

the National Research Council of Canada, Prairie Regional Laboratory, Saskatoon. 

The direction of our program was influenced considerably by our earlier studies on the synthesis 

and biosynthesis of bisindole alkaloids within the vinblastine family. Vinblastine (13) one of 

Q$&+ N H....' .. 

the clinically important anti-tumor agents isolated from C. roseus, represents an important member 

of these complex natural products and synthetic routes to (13) from more readily available start- 

ing materials have been under study for some years. The development of the "biogenetic" approach 

in ourz2 and otherz3 laboratories and involving the coupling of carharanthine N-oxide (14) with 

vindaline afforded an important route to the bisindole system. Figure 2 summarizes our initial 

studies in which the three bisindole products (15) - (17) were isolated. Under optimum condi- 

tions, 3',4'-dehydrovinblastine (15) was obtained in respectable yield (>60%)  and its role as an 

intermediate toward a variety of bisindole alhloids and derivatives is establi~hed~'-~~. 

In a parallel study in our l a b ~ r a t a r y ~ ~ - ~ ~ ,  and utilizing cell free extracts from C. rogeus, we 

were able to demonstrate that 3',4'-dehydrovinblastiie (15) is also farmed enzymatically from 

catharanthine (12) and vindoline (9) (Figure 3) and that (15) is subsequently transformed to the 

alkaloids vinblastine (13) ,  leurosine (18) and catharine (19) (Figure 4 ) .  

An independent and simultaneous study by Scatt31 provided results analogous to those outlined in 

Figure 3. 



Figure 2. The coupling of catharanthine N-oxide (14) with vindoline. 

The above studies clearly demonstrated the importance of rhe two monomeric alkaloids, vindoline 

and catharanthine, and these compounds became prime targets in our tissue culture studies. The 

following discussion sumarizes our experiments in this area. 

Our initial study32 was undertaken to delineate the variability of serially cultured callus and 

cell suspension cultures derived from highly uniform explants, i.e. anthers of buds identical in 

developmental stage. The only variables introduced were the use of 3 periwinkle cultivars and 

treatment of buds with a mutagen. In a supplementary study the synthesis and accumulation of 

alkaloids was related to the growth of those periwinkle cultures which were selected for parti- 
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;.-.' 
cell free e d m t  

+ from C. roseus 

CH,O 

Figure 3. The biosynthesis of 3',4'-dehydrovinblascine (15) and leurosine (18). 

Figure 4. The biosynthesis of ~ i ~ b l a s t i n e  (13). leurosine (18) and catharine (19) from (15) .  



cular alkaloid content . 
callus grown from anthers generally originated at the cut of the filament and in the anther walls, 

i.e. diploid tiseue. When grown to a size of 1 - 2 g freshweight, about 2 cm in diameter, the 

callus was cut into small pieces and serially subcultured on fresh agar medivm or transferred to 

liquid medium (Gamborg's B5 medium) giving rise to a cell suspension. For large scale produc- 

tion Zenk's alkaloid production medium was employed. 

191 

.- -. 
4 Growh d Culture (doys) 

Gowth d culture (days) 

1 .  , , . . . . . . , , . . , , 8- 

0 3 Kl 12 14 19 21 
Growh of culture (days) 

Figure 5. 

Cell suspensions generally were greenish, sometimes clumpy cultures. A few serially cultured 

suspensions, i.e. cell lines, were white and grew at a rate which required transfer to fresh 

medium twice a week in order to prevent ageing. These cultures consisted of small cell aggre- 

gates and single cells. Each culture was variable to the extent that the cells varied in dia- 

meter, large ones assuming the dimensions of laticifers (,I00 pm in length). The cultures 

contained 70 - 80% diploid cells, the rest was polyploid, a few giant cells were highly polyploid. 



The albloid production varied with the cell line and age of the subculture and ranged from 0.1 - 

1.5% of cell dryweight. The relative amounts of alkaloids produced was fairly constant under 

conditions given and appeared cell line specific. 

All subcultures of cell lines grown in 7.5 liter Microferm bioreaetors followed essentially the 

pattern shown in Figure 5. After incubation with actively growing cell suspension the mitotic 

index (MI) dropped to zero within 24 hours and remained there for 2 to 3 days. Thereafter the 

index rose sharply and reached its maximum (MI 1.8 - 3.0) within 2 days and declined again gradu- 

ally over the following 10 - 15 days to zero. The cell dryweight over the culture period in- 

creased by a factor of 8 to 10 while the variation in pH stayed wirhin half a u n i t .  

Analysis of 458 cell lines revealed 312 lines to accumulate alkaloids. Alkaloids identified 

were Ajmalicine (I), Vdlesiachotamine (20). (Corynanth6); Akuammicine (7, Strychnos); and 

Vindolinine (11). Harhammerinine (21). HBrhamericine (22) and Lochnericine (23) (Aspidosperma). 



It should be noted that (20), (21). (22) and (23) have not been reported in any of the above- 

mentioned studies. .,. 

In general, the alkaloide occurred in a variety of combinations. It was of incerest that the 

combinations were not random but certain combinations appeared at a higher frequency than others. 

For example 6.73% had Corynanthe-Strychnos alkaloids only; 13.78%, Strychnos-Aspidosperma only; 

23.07%, Corynanthe-Aspidosperma alkaloids only, while 13.14% contained all three types of alkal' 

loids. It should be noted that 9.6% had only Corynanthe alkaloids; 13.78% only the Strychnos 

type and 10.53% contained only the Aspidosperma tjpe. Of the 312 lines producing alkaloids, a 

total of 76.6% were capable of accumulating Aspidosperm-alkaloids and 46.15% Strychnos while 

56.71% yielded Corynanthe type alkaloids. 

During an 8 week culture period alkaloids have been found as soon as 2 weeks after inoculation. 

Most cell lines showed a maximum accumulation of alkaloids in the 3rd - 5th week of culture. 
Having established a large number of cell lines capable of alkaloid production we proceeded to a 

more detailed study with several of the more promising lines. The r&ults from two such lines 

coded as "943" and "200GW" are summarized below. 

The 943 line33 

Studies with this selected cell line were performed bath in shake flasks and bioreactors. For 

the former experiments, callus tissve was added to Erlenmeyer flasks containing lB5 medium and 

shaken for 5 days (130 rpm) at 27'~ in continuous light. The resulting cell suspension was 

transferred into Erlenmeyers containing Zenk's albloid production medium and agitation continued 

for a further 3 weeks. The alkaloids were subsequently extracted from the freeze-dried cells. 

For the bioreactor experiments inoculum grown in 185 medium as above was transferred to the bio- 

reactor containing Zenk's alkaloid production medium. Under agitation at 200 rpm, aeration of 

35 ml of air per liter culture per minute and a temperature of 26'~. growth was allowed to proceed 

for 2 weeks. Samples were withdrawn at various time intervals and analyses of mitotic index 

(MI), dry cell weight and pH were made (Figure 5). Here again alkaloids are found in the cells. 

To illustrate some comparison between the various cultvre growths in shake flasks and bioreactors 

the alkaloid content of various samples of the 943 cell line is summarized in Table 1. 

We have found that alkaloid content is optimum after the mitotic index has decreased to zero and 

if no addition of nvtrients is made during the course of the culture growth. Sample 2 (Table 1) 

illustrates the detrimental effect of adding tryptophan after fermentation has proceeded for some 

time. Presumably the addition of this amino acid provides a nutrient which stimulates cell divi- 

sion and thus rapid catabolism of alkaloids. 

Analysis of the alkaloid mixture was achieved by high pressure liquid chromatography (HPLC) em- 



HETEROCYCLES. Yo1 15, Na 2, 198 1 

ploying the Waters -dial Compression Module fitted with a reverse phase pack and dual channel 

detection at 254 and 280 nm. Figures 6 and 7 illustrate traces for the 943 cell line grown in 

shake flasks (Sample No. 5, Table 1) and bioreactor (Sample No. 3, Table 1) respectively. 

Table 1 

Alkaloid Content of the 943 Cell Line 

Sample 

Cell-dry 

wt. (g) 

Alkaloids as Z 

of Dry Cell Wt. Growth Period (weeks) 
I 

I 3 + l day I 0.19 I 

Culture Type 

Microferm bioreactor 

Shake flasks 

* Tryptophan (100 mg/liter) was added to the same fermentation as sample 1 and harvesting 

occurred 1 day later. 

Table 2 illustrates the percentage of the various alklaids present in mixtures obtained in the 

shake flask and bioreactor experiments as shown in the HPLC analyses given in Figures 6 and 7. 

In addition to the known alkaloids discussed above (Table 2). four others, previously not found 

In other tissue culture studies were isolated. Three of these could be assigned the structures: 

19-acetoxy-11-methoxytabersonine (24). 19-hydroxy-11-merhaxytabersonine (or ~andrikidine)~~ and 

19-aceroxy-11-hydroxytabersoninn (26) on the basis of their characteristic spectroscopic data and 

chemical inter-relations. 

For examdle, all three compounds displayed the same mass spectral fragmentation pattern, though 

of course individual ions varied according to the different substituents. The major ions (27 

and 28) indicated that all three possessed oxygen substituents in the indole nucleus and in the 

side chain. 

Since no direct comparison with authentic material was possible, their spectral data was compared 

with that of the known 19-hydroxytabersonine, prepared from ~indolinine'~. These comparisons 

confirmed the assigned structures. 

The interrelationships between these compounds were confirmed by chemical correlation. Treat- 

ment of (25) with acetic anhydridelpyridine afforded (24) as did methylation of (26) with diaro- 



RP 2 q  ti CQMe 
27 CQMe + '$2 28 

R, R 2  M* R 1  m/e Rz m/e 

2 4  Me Ac 424 Me 244 Ac 193 

25 Me H 382 Me 244 H 151 

26 H AC 410 !4 214 AC 193 
methane. 

A fourth very polar compound was i s o l a t e d  from the  methanol s o l u b l e  a l k a l o i d  f r a c t i o n  and assigned 

the  novel B-glycoside s tructure  ( 2 9 ) .  I t s  u l t r a v i o l e t  spectrum with maxima a t  290 and 327 nm, 

0 4 8 12 16 20 
Retention time (minutes ) 

Figure 6 
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26 

M e 0  

24 

cogether wi th  infrared  absorpt ion  bands a t  1602 and 1665 cm-' suggested t h e  enamino-ester funct ion  

noted = b o w  i n  the  d k a l o i d s  (24 - 26) and i n  rhe Strychnos a l k a l o i d  akuammicine ( 7 ) .  The mass 

spectrum of (29) and s e v e r a l  of i ts  d e r i v a t i v e s  (30 and 31) revealed an i o n  a t  m/e 121 (32)  gener- 

E 
C 

0 

C 
0 

8 
C 
0 
13 
L 

5: 

T I , . , .  , . 
0 4 8 12 i6 20 22 

Retention time (minutes ) 
Figure 7 



Table 2 - 

% of alkaloid in crude sample t 

Peak No. 

(Figs. 6 and 7) 
Alkaloid 

Glycoside (29) 

Unknown 

Unknown 

Yohimbine 

Isositsirikine 

Hwrhamericine 

Hbrharmne-cinine 

19-epivindalinine 

Vindolinine 

Unknown 

Dimethyltryptamine 

Vallesiachotamine 

Ajmalicine 

Sample 5, Table 1 

(Fig. 6) 

Sample 3, Table 1 

(Fig. 7) 

+ Based on relative absorbance at 280 nm. 

ally considered characteristic of the Strychnos series and thus favored placing this new alkaloid 

within this family. The molecular ion of (29) occurred at mle 470 and a significant ion at mle 

338 suggested loss of C5Hs09, the latter being possibly attributed to a C5-carbohydrate unit. 

Confirmation of the latter could be obtained from acetylation of (29) which provided a triacetate 

+ 
30 (mle 596 (M ) ,  C31H36N201(1) in which again loss of the acetylated carbohydrate unit (mle 338, 

M+-258) could be seen in the mass spectrometer. In similar fashion the trimethylsilyl ether 

derivative (31) revealed an ion at mle 338 corresponding to the expected loss from the molecular 

ion. 

Of particular importance Were the very instructive NMR spectra (determined at 270 MHz) of (29) and 

its derivatives. The triacetate (30) revealed a series of well separated procon signals and by 

appropriate decoupling experiments all the protons in the molecule could be assigned. The only 

ambiguity in this novel structure is the attachment (Cg or Ci2) of the xylose unit since NMR data 
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did not allow a clear differentiation between these alternatives. 

338 121 

TMSO 

31 

H H 

It is clear that the 943 cell line provides a rather broad spectrum of alkaloids with representa- 

tives from the Corynanth6, Strychnos and Aspidosperma families. Members of the Iboga family were 

however, not observed during these studies. The possibility that such systems are present cannot 

be excluded since a number of very minor components in the mixture remain unidentified 

Each batch of cells was also monitored for the alkaloid vindoline (9), the major component of C. 

B, both by HPLC and radioimmunoassay but no indication of (9) was found. 

From a biosynthetic standpoint a possible interrelation between the Aspidosperma alkaloids found 



i n  t h e  943 c e l l  l i n e  is suggested i n  Figure 8. Here a c t i v a t i o n  of the  s a t u r a t e d  s i d e  chain  of 

tabersonine  (33) perhaps by enzyme mediated hydrogen a b s t r a c t i o n  could provide t h e  in termedia te  

(34) which i n  turn  cyc l i ze s  t o  35 and f i n a l l y  t o  v indo l in ine  (11) and 19-epivindolinine (37). 

35 

Figure  8 

It is a l s o  f e a s i b l e  t o  cons ider  t h a t  t h e  free r a d i c a l  in termedia te  (34) undergoes oxygenation t o  

a peroxide spec i e s  which on reduct ion  would y i e l d  t h e  hydroxy-ethyl s i d e  chain  observed i n  one of 

i s o l a t e d  a lka lo id s  (22) o r  t h a t  some a l t e r n a t i v e  enzyme hydroxyla t ion  r e a c t i o n  occurs t o  y i e ld  

(36). I t  i s  p l aus ib l e  t o  cons ider  t h a t  (36) then undergoes epoxidat ion  t o  (22).  Such bio- 

genet ic  cons ide ra t i ons  imply t h a t  formation of t h e  i s o l a t e d  a l h l o i d s  (22)  (11) (37) v i a  enzymic 
I J 

a c t i v a t i o n  o f  the  e t h y l  s i d e  chain  i n  (33) consume the  necessary tabersonine  system requi red  f o r  

e l abo ra t i on  t o  v indol ine  (9) ,  t h e  l a t t e r  bear ing  add i t i ona l  oxygen f u n c t i o n a l i t y  i n  r i n g  C .  On 

t h i s  b a s i s  it would appear t h a t  t h e  943 c e l l  l i n e  l a c k s  t h e  requi red  enzymes f o r  r i n g  C function- 

a l i z a t i o n  but  ye t  mainta ins  enzymatic a c t i v i t y  a s soc i a t ed  wi th  s i d e  chain  func t iona l i za t i on .  
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It is a l s o  noteworthy t h a t  none of t h e  a lka lo id s  i s o l a t e d  w i th in  t h e  Aspidosperma family con t a in  

an  N-methyl funct ion  present  i n  v indo l ine  and t hus  t h e  943 c e l l  l i n e  appears t o  l a c k  t h i s  type  of 

methylaring enzyme. 

The r e s u l t s  from a 953 c e l l  l i n e  which produces s i m i l a r  a lka lo id s  t o  t hose  d iscussed  above w i l l  

be published elsewhere36 and is not  d iscussed  here .  

The ZOOGW l i n e 3 7  

Another p a r t i c u l a r l y  i n t e r e s t i n g  c e l l  l i n e  under r ecen t  i nves t i ga t i on  is coded as "ZOOGW". The 

genera l  procedures concerning t i s s u e  propagation,  HPLC analyses  e t c .  are very  s i m i l a r  t o  those 

d iscussed  above. However t h i s  l i n e  i s  uniquely d i f f e r e n t  from the  943 l i n e  and produces i t s  own 

"spectrum" of a l k a l o i d s  as summarized i n  Table 3  and Figure 9.  

Alkaloid 

I f i g u r e s  r e f e r  t o  y i e l d s .  

Table 3  

Alkalo ids  i s o l a t e d  from t h e  ZOOGW Ce l l  Line 

I n  a t y p i c a l  b io r eac to r  experiment,  140 gms of f r eeze  d r i ed  c e l l s  provide 520 mg of a crude alka- 

l o i d  mixture (0.37%) which a f t e r  s epa ra t i on  by HPLC provide t h e  a l k a l o i d s  i n  t h e  y i e l d s  shown i n  

Table 3. Of p a r t i c u l a r  i n t e r e s t  i s  t h e  a lka lo id  ca tha ran th ine  (12, 7 mg, 0.005% d r y  ce l l  u t )  

i s o l a t e d  for  t h e  f i r s t  time i n  our s t u d i e s .  The 200GW l i se  provides t h i s  a lka lo id  i n  amounts 

t h r e e  t imes tha t .normal ly  ob t a inab l e  from C.  roseus p lan t  ma te r i a l  ( gene ra l l y  0.0017% y ie ld  

from d r i e d  p l an t  ma te r i a l ) .  As noted e a r l i e r  A . I .  Sco t t  end h i s  group16 have a l s o  reported t h i s  

a lka lo id  from c a l l u s  t i s s u e  of C .  roseus seed l ings  and maintained on SH medium. I t  appears t h a t  

our l i n e  produces (12) i n  l a r g e r  amounts. 

t % Yield from dry  c e l l  wt. %' of  crude  a lka lo id  mixture 



11 and 37 

Figure  9 .  A summary of a l k a l o i d s  i s o l a t e d  from the  20OGW c e l l  l i n e .  

Also of i n t e r e s t  is t h e  i s o l a t i o n  of s t r i c t o s i d i n e  lactam (39) ,  a very major component i n  t h e  

a l k a l o i d  mixture produced by t h e  ZOOGW celi l i n e .  

Fur ther  s t u d i e s  wi th  t h e s e  and o t h e r  l i n e s  of C .  roseus are  underway and w i l l  be  repor ted  e l s e -  

where. 

2) . Studies  i n  Maytenus buchanani i  

Another p l an t  spec i e s  under r e cen t  i n v e s t i g a t i o n  i n  our  l abo ra to ry  is Maytenus buehanani i  (Loes) 

R. Wilezek, one of t h e  s e v e r a l  members o f  t he  Ce l a s t r aceae  from which t h e  antiturnour agent  maytan- 
. . 

s i n e  (40) has  been i s ~ l a t e d ~ ~ - ~ ~ .  Our i n i t i a l  s t u d i e s  wi th  p l a n t  t i s s u e  c q l t u r e s  from the  p l a n t  

have no t  produced maytansine bu t  s e v e r a l  o the r  cy to t ax i c  agents  have been i s o l a t e d  and charac- 
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t e r i z e d .  

A l a r g e  number (>ZOO) of exp l an t s  were cu l t u r ed  onto  a wide v a r i e t y  of media. M. buchananii  

t i s s u e s  from a l l  sources r e a d i l y  formed c a l l u s e s  on B5, PRL-4, MS and SH b a s i c  media, va r i ous ly  

supplemented wi th  i ndo l eace t i c  a c id ,n81h rhy l ace t i c  a c i d ,  2.4-dichlorophenoxyacetic a c i d ,  4-amino- 

benzoic a c i d ,  k i n e r i n ,  4-chlorophenaxyacetic a c i d ,  thiamine hydrochlor ide  and coconut water .  

With t h e  except ion  of MS medium con t a in ing  6 x 10-5 M i n d o l e a c e t i c  a c id  wi th  1.9 x N k i n e t i n ,  

and 85 medium con t a in ing  no phytohormone supplements, a l l  media and cond i t i ons  promoted r ap id  in- 

duc t i on  and growth of c a l l u s e s .  Ca l l u se s  appeared t o  be of  heterogeneous composit ion as i nd i -  

c a t ed  by green ,  b l ack ,  yellow and orange reg ions .  Many o f  t h e  c a l l u s e s  bore  a p ro fu s ion  of  

r o o t s .  

A number o f  c a l l u s e s  were chosen f o r  suspension c u l t u r e .  Typ i ca l l y  a f t e r  3 - 6 weeks, auspen- 

s i o n s  of mined aggregate  and s i n g l e  c e l l s  were produced. The most r a p i d l y  growing of t he se  cu l -  

t u r e s  achieved mass doubling t imes of approximately 3 - 4 days.  C e l l  y i e l d s  were i n  t h e  o rde r  

of 12 - 16 g dry  weight  of c e l l s  pe r  l i t r e  of c u l t u r e .  

Extens ive  t h i n  l a y e r  chromatography a n a l y s i s  of  both t h e  crude e x t r a c t s  and chromatographic f r a c -  

=ions d i d  not reveal the presence of  the  target compound i n  any cultures.  The  TLC asray was 

shown by use of s t anda rd  s o l u t i o n s  t o  have a d e t e c t i o n  l i m i t  of 10 ng of maytansine.  However 

b ioassay  by t h e  KB c e l l  assayu  showed some of t h e  c rvde  e x t r a c t s  t o  con t a in  cy to tox i c  components 

(EDs0 < 5 x 10' pg lml ) .  This  compares wi th  an EDSO va lue  of 2 x 10-I & m l  f o r  crude & 

e x t r a c t s  con t a in ing  maytansine (see Table  4 ) .  

I n  o rde r  t o  determine t he  n a t u r e  of  t h e  cy to tox i c  components of t h e  c u l t u r e  e x t r a c t s ,  one suspen- 

s i o n  c u l t u r e  was r c a l ed  up t o  a 10 1. volume t o  provide s u f f i c i e n t  m a t e r i a l  f o r  n a t u r a l  pradvci  

i s o l a t i o n .  

For i s o l a t i o n ,  t he  c rude  a l coho l  e x t r a c t  of t h e  c e l l s  was p a r t i t i o n e d  between e t h y l  a c e t a t e  and 

water ,  and then  petroleum e t h e r  and 10% aqueous methanol. 8 - S i t o s t e r o l  was t h e  major component 

of  t h e  petroleum e t h e r  f r a c t i o n .  Column chromatography followed by p r epa ra t i ve  l a y e r  chromato- 

graphy of t he  aqueous methanol phase y i e lded  polpunonic a c id  (411,  t ingenone (51) and 228-hydroxy- 

t ingenone (52) i n  y i e l d s  of  0.043, 0.005 and 0.005% of d r y  weight  of c e l l s  r e s p e c t i v e l y .  The 



Table 4 

t 
Eu 

* 
Maytansine 2 lo-5 

* 
Crude plant extracts containing maytansine 2 x 10-I 

Crude extracts from tissue culture W T  lel 3.8 x 10' 

Tingenone 2.7 x 10-I 

228-hydroxytingenone 2.5 x 10' 

t ~ ~ 5 0  is expressed in pglml and is the calculated effective Concentration which inhibits growth 

of 50% of control growth. Assay was done using KB cells (human epidermoid carcinoma of the 

nasopharynx) . 
* 
Data from Dr. M. Suffness, National Cancer Institute, National Institutes of Health. 

acid (41) was characterised as its methyl ester ( 4 2 )  and identified by direct comparison with 

authentic samples. The two orange pigments tingenone and 226-hydroxytingenone were identified 

by their mass and PMR spectrau2 '3. Tingenone (51) was also compared with an authentic sample. 

Tingenone and 226-hydroxytingenone gave KB assay EDsO values of 2.7 x 10-I and 2.5 x 10~pglml 

respectively, and thesq may account for the KB activity of the crvde culture extracts. 

Partial purification of the more polar components of the culture extract as their methyl esters 

yielded a complex mixture of triterpene esters which gave six peaks on GLC as their TMSi deriva- 

tives. Due to the limited amount of material available at this time further investigations were 

not pursued. 

The presence of tingenone and 22B-hydroxytingenone in tissue cultures af M. buchananii is not 

surprising as triterpene quinone-methides of this type have previovsly been isolated from the 

following members of the Ce1astraceae:- Celastrus e" ((celastrol (43, R = H), T1-iprerv- 

gium wilfordii" ((celastrol) , Pristimera indicaU6 (pristimerin ( 4 4 ) ,  Maytenus chuchuhuasca" 

(pristimerin and tingenone), Maytenus dis~ermus*~, (pristimerin and dispermoquinane (45)), Euony- 

mus tingensr2,49,50 (tingenone, 226-hydroxytingenone and 20-hydroxytingenone (46), Maytenus sp.43 - 
(228-hydroxytingenone), Maytenus ilicifolia51 (pristimerin and tingenone), Plenckia p o l p ~ n e a ~ ~  

(tingenone), Catha cassinoides" ((celastrol, tingenone, pristimerin and iguesterin (47)), Salacia 

macrosperma5' (pristimerin, tingenone, 20-hydroxytingenone and salacia quinonemethide (48)), 

Schaefferia cuneifoliaS5 (pristimerin and tingenone). 

The isolation of maytenanic acid from Maytenus senegalensis has been r e p ~ r t e d ~ ~ , ~ ~ .  These 

workers identified this compound as a 3-keto-friedelane bearing a earboxyl group at C-20. The 

stereochemistry at C-20 was not defined. It seems likely, on chemotaxonomic grounds, that may- 



HETEROCYCLES, V d  15, No 2, 1981 

tenonic  a c i d  i s  t h e  same as polpvnonic a c i d  ( i . e .  200 -COOH). The co-occurrence of polpunonic 

a c i d  and t ingenone i n  Pleuckia  polpunea5Z and a l s o  i n  the  M .  buchananii  t i s s u e  c u l t u r e s  sugges ts  

t h a t  t h e s e  compounds are b iogene t i ca l l y  r e l a t e d .  viswanathanS8 has  repor ted  the  i s o l a t i o n  of  

sa laspermic  ac id  (50)  as wel l  as p r i s t i m e r i n ,  t ingenone and hydroxytingenone from Sa l ac i a  macros- 

perma. Again t h e  co-occurrence of t he se  compounds suggest  a c o m a  biogenes is .  Pos s ib l e  bio- 

s y n t h e t i c  r e l a t i o n s h i p s  between palpunonic a c i d ,  sa laspermic  ac id  and t h e  t r i t e r p e n e  quinone- 

methides a re  summarised i n  Scheme I. 

Reddy g alS4 have repor ted  t h e  i s o l a t i o n  of s a l a c i a  q~inone-methide from Salacia macrosperma. 

They have suggested s t r u c t u r e  (48) for t h i s  new quinone-methide on spect roscopic  evidence.  The 

s t r x t u r e  p ropo~ed  appears un l ike ly  as it would e x i s t  i n  t h e  more s t a b l e  aromatic form ( 4 9 ) .  I n  

f a c t  a very r ecen t  paper on new quinone-methides has  a l s o  expressed doubt as ro t h e  correctness 

of s t r u c t u r e  (48) and has suggested t h a t  i t  might be i d e n t i c a l  wi th  t h e  compound p r i s t imer inene  

(50) i s o l a t e d  from Prionostemma -"'. 

A d e t a i l e d  pub l i ca t i on  on o u r  s t u d i e s  wi th  M. buchananii  ha s  been submitted"". 

3) S tud i e s  w i th  Tripterygium w i l f o r d i i  

T r ipd io l i de  (53, R = OH) and t r i p t o l i d e  (53, R = H) are i n t e r e s t i n g  d i t e rpene  t r i epox ides  wi th  

s i g n i f i c a n t  a c t i v i t y  in aga ins t  L-1210 and P-388 leukemias i n  t h e  mouse and in aga ins t  

c e l l s  der ived  from human carcinoma of t h e  nasopharynx ( ~ 8 ) ~ ' .  The p l a n t ,  Tripterygium w i l f o r d i i ,  

i n  which they occur i n  low concen t r a t i on  (0.001%). is not  r e a d i l y  a c c e s s i b l e  and thus  s t u d i e s  

wi th  t i s s u e  c u l t u r e s  were of i n t e r e s t  i n  o u r  program. 

P l an t  t i s s u e  c u l t u r e  c e l l s  were grown i n  c a l l u s  and i n  suspension employing modified B-5 and 

PRL-4 media. Experiments w i th  shake f l a s k s  over varying time per iods  revealed  upon subsequent 



a n a l y s i s ,  t h e  presence of t r i p d i o l i d e  and o t h e r  components. An ex t ens ive  s tudy  concerned wi th  

vary ing  parameters (media, va r i ous  a d d i t i v e s ,  t ime of growth e t c . )  f o r  t he  c u l t u r e  growth has 

been undertaken and w i l l  be published elsewhere.  It is s u f f i c i e n t  t o  mention he r e  t h a t ,  i n  

gene ra l ,  t r i p d i o l i d e  appears i n  t he  c u l t u r e  a f t e r  s e v e r a l  weeks (4 - 7 weeks) and i t s  concentra-  

t i o n  depends on t he  media and o t h e r  parameters.  Large s c a l e  experiments both  i n  shake f l a s k s  

and i n  b i o r e a c t o r s  have been completed and an ex t ens ive  i n v e s t i g a t i o n  of t he  n a t u r a l  products 

present  has  been undertaken.  I n  add i t i on  t o  t r i p d i o l i d e ,  f ou r t een  o the r  compounds have been 

i s o l a t e d  and t h e i r  s t r u c t u r e s  are p r e sen t l y  under s tudy .  Some of t h e s e  a re  quinone methides 

Scheme I 
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s i m i l a r  t o  t hose  encountered i n  t h e  above s t u d i e s  wi th  M. buchanani i ,  whi le  o t h e r s  are d i -  and 

t r i t e r p e n o i d  i n  na tu r e .  At p r e sen t ,  c e l a s t r o l  (43,  R = H), polpunonic a c id  (41) ,  o l e a n o l i c  a c id  

and 8 - s i t o s t e r o l  have been d e f i n i t e l y  e s t ab l i shed  by app rop r i a t e  comparisons wi th  s p e c t r a l  d a t a  

and a u t h e n t i c  samples. 

It is important  t o  n o t e  t h a t  i n  t he  p r e sen t  t i s s u e  c u l t u r e  s t u d i e s  t h e  concen t r a t i on  of t r i p d i o -  

l i d e  is s i g n i f i c a n t l y  h igher  than  i n  t h e  p l a n t  and f u r t h e r  opt imizar ion  s t u d i e s  are underway. 

Our i n i t i a l  experiments i n  t h i s  area w i l l  be  published s h o r t l y 6 2  whi le  a more d e t a i l e d  pub l i c a t i on  

w i l l  be  submitted a t  a l a t e r  d a t e .  

I n  conclus ion  we hope t h a t  t h i s  b r i e f  s u m a r y  of our i n v e s t i g a t i o n s  be ing  pursued i n  s e v e r a l  

l a b o r a t o r i e s  a t  t h e  Univers i ty  of  B r i t i s h  Columbia and a t  t he  NRC P r a i r i e  Regional Laboratory i n  

S a s b t o o n  w i l l  serve t o  i l l u s t r a t e  o u r  genera l  approach i n  t h e  p l a n t  t i s s u e  c u l t u r e  area. We 

b e l i e v e  t h a t  t he  r e s u l r s  i l l u s t r a t e  t h e  p o t e n t i a l  of t h e  u t i l i z a t i o n  of p l a n t  t i s s u e  c u l t u r e  

methods i n  t h e  production of c l i n i c a l l y  u s e f u l  a n t i n e o p l a s t i c  agents .  However f u r t h e r  exper i -  

mentat ion is e s s e n t i a l  be fo r e  a p p l i c a t i o n s  t o  t he  commercial production o f  such compounds can be 

made. 
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