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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 low,subject tc seasonal

3
varlation etc. Attempts to alleviate these situations have led numerous laboratories to con-
sider studies with tissue cultures derived from such plants. Succeasful research in these direc-

tions would clearly provide methodology for a contrclled and hopefully repreducible 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 living plant and they alsc provide
potentially important media for biotransformation studies. A number of books!™ and recent re-
view articles5,% 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 te
summarize the mest recent experiments which have been completed in our pregram on tissue cultures
generated from a variety of plant species which have produced interesting compounds of importance

in the cancer area.

* - . .

This article is dedicated to Professor Kametani on his retirement from the Chair of Organic
Chemistry at the Pharmaceutical Institute of Tehoku University. This author extends to Kamesan,
a long time friend and distinguished scientist, sincere wishes for a long and successful retire-

ment.
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The specific experiments which we have conducted concern the following plant species: 1) Catha-

ranthus voseus L. G, Don; 2) Maytenus buchananii; 3) Triptervgium wilfordii, and the following

discussion summarizes our results within these areas.

1) Studies in Catharanthus roseus

A) Results from other laboratories

Prior to discussion of our results it is appropriate to briefly summarize the contributions of
other groups particularly as they relate to our studies.

Cell cultures of C. roseus have been available for many years and numerous claims of alkaloid
producticon have been made in the literature. Unfortunately some of the earlier experiments have
relied entirely on thin layer chromatographic (tlc) analysis rather than actual isolatijonr and
characterization of the alkaloids formed by appropriate comparisons with authentic samples. Such
data should be regarded as tentative since the complexity of such systems, their respective re-
tention times and/or colour reactions on chromatoplates can lead to misleading conclusions.

The following discussion attempts tc summarize the reported presence of alkaloids in callus and/or
suspension cell cultures, The compounds have been classified into the main families of indole
alkaloids: (i) Corynanthé, (i1) Strychnos, (iii) Aspidesperma, (iv) Lboga.

(1) Corynanthé alkaleids

Ajmalicine (1), an alkaloid with hypotensive activity, and its structural relative, serpentine

{2}, have been reported from various laboratories.

MeChC

1 2

Babcock and Carew’ first reported the presence of alkaloids in (. roseus callus tissue cultures
while subsequent experiments® in both callus and suspemsion cultures revealed similar occur-
rences although no didentificaticn of alkaloids was made at this time. Patterson® and Carew!?
then reported tlc evidence for ajmalicine (1) in their studies with callus and suspension cul-
tures. The ¢alld were initiated from leaves and seedlings while suspension cultures were main-
tained on a medified Wood-Braun medium.

Reinhard and his colleagues11 reported low yields of (1) in five different cell cultures from

C. roseus tissue while Roller!? has studied the relative content of (1) and (2) in plants as

compared with that observed in callus cultures.
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A study on the influence of various media on the culture production of (1) has been reported by
Doller?3,

A very detailed investigation of various culture growth conditions for the production of ajmali-
c¢ine has been reported by Zenk and coworkers!4s15,  These studies revealed a production of (1)
1n 0.075% yield (based on cell dry weight) and a series of elegant experiments involving enzymes
responsible for the synthesis of this alkalcid are also published by this group.

Scott and coworkersl® have isolated ajmalicine from a "CRW' strain of C. roseus cell cultures
grown in SH medium.

Serpentine (2) has been produced in yields up to 0.8% of cell dry weight in studies by Zenk and
coworkers!4,15,17 yhile Reinhard et alll report production of (2) in 0.5% yield based on cell dry
weight.

As noted earlier, the studies of Doller!3 have been directed toward the production of (2) in cell
suspension and larger scale fermentation experiments.

Carew!l had earlier reported the presence of serpentine (tle} in callus tissue.

A very recent study!® inveolving temperature variatioms (16-40°C) in the growth of C. roseus sus-—
pension cultures has been reported, It was interesting to note that production of (1) and (2}
increased with a decrease in the culture temperature.

The Corynanthé alkaloids sitsirikine (3} and dihydrositsirikine (4} have been claimed in callus
and suspension culturesll. Again in this study, employing suspension cultures grown in modified

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

CO,Me

[o]
I

The oxindole alkaloid, mitraphylline (5), biogenetically related to ajmalicine, has been detected
(tle) by Carew!! in cell suspension cultures, while studies with callus tissue from C. roseus
leaf explants!l report the presence of the 2-acylindole alkaleid perivine (6).

(ii) Strychnos alkaloids

Several reports on the occurrence of members within the Strychnes family have been published.
patterson? has detected (tle) akuammicine (7) in his studies while Scottl® has reported the iso-
lation of (7} (0.000025% yield) from their "CRW" strain grown in a bioreactor and employing SH

medium.
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Carew!l has claimed the presence (tlc) of lechnmeridine (8) in cultures from €. roseus.

(iii) Aspidosperma alkaloids

Carew and his colleagues® have reported the presence (tle) of the highly oxygenated alkaloid
‘vindoline (9).

A report from the Lilly grouplg employing C. roseus crown gall tissue growm in the dark on a solid
medium, and in suspension cultures grown in White's medium in the light, reveals the presence of
(9).

A German group20 cultivated C. troseus callus culture in the dark at 2500 and reported the occur—

rence (tlc) of vindoline.

In 2 most recent study and employing the highly sensitive radiecimmunoassay technique, Zenk and
coworkers?! have determined the presence of vindoline (0.002%) in callus cultures from C. roseus
leaves.

A report from the Lilly study!® claims an indication of a "wvincoline-like" material (10) in ex-
tracts of ¢alli from C. roseus crown gall tissue.

Thin layer chromatcography evidence for the presence of the Aspidosperma alkaloid, vindolinine (11}
has been reported from extracts of callus tissue grown in the dark for 6 months2%,

(iv) Iboga alkaloids

Much effort has been expended In various laboratoriles in an attempt to obtain this Important class
of indole alkaloids. In particular, catharanthine (12), one of the major components in C. roseus
and an important unit in the synthesis of bisindole alkaloids (see later), is a prime objective.
Thus far only twe reports have appeared in which (12} has been substantiated. Scott and co-
workers!® succeeded in obtaining this alkaloid in their “CRW" strain of C. ruseus cells and our

recent work (see later) has also provided (12) in 0.005% yield.
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B) Resuylts of our studies

While the above-mentioned investigations were underway in the various laborateries, 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

CHy CO,CH,
R = CO,CH,

the clinically important anti-tumor agents isolated from (. 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 our?? and other?? laboratoriles and involving the coupling of catharanthine N-oxide (14) with
vindoline afforded an important route to the bisindole system. Figure 2 summarizes our initial
studies in which the three bisindole products (153) - (17) were isolated. Under cptimum condi~
tions, 3',4"-dehydrovinblastine (15) was obtained in respectable yield (>60%) and its rele as an
intermediate toward a varlety of bisindole alkalcids and derivatives is established?4”27,

In a parallel study in our laboratory28-3%, and utilizing cell free extracts from C. ruseus, We
were able to demonstrate that 3',4'-dehydrovinblastine {15) 1s also formed 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 simultanecus study by Scott?!l provided results analogous to those outlined in

Figure 3.
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Figure 2. The coupling of catharanthine K-oxide (14) with vindoline.

The szbeove studies clearly demonstrated the importance of the two monomeric alkaleids, vindoline

and catharanthine, and these compounds became prime targets in our tissue culture studies. The
following discussion summarizes our experiments in this area.

Our initial study3? 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 acecumulation of

alkaloids was related to the growth of those periwinkle cultures which were selected for parti-
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Figure 3. The biosynthesis of 3',4'-dehydrovinblastine (15) and leurosine (18)
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Figure 4. The biosynthesis of vinblastine (13), leurosine (18) and catharine (19) from (l5)
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cular alkaloid content .

Callug grown from anthers generally originated at the cut of the filament and in the anther walls,
i.e. dipleid tissue, 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 medium or transferred to
liquid medium (Gamborg's B5 medium) giving rise to a cell suspension. For large scale produc-

tion Zenk's alkaleid production medium was employed.
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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 (>100 um in length). The cultures

contained 70 - 80% diploid cells, the rest was polyploid, a few glant cells were highly polyploid.
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The alkaloid productilon varied with the cell line and age of the subculture and ranged from 0.1 -
1.5% of cell dryweight. The relative amounts of alkaleids produced was fairly constant under
conditions given and appeared cell line specific.

All subcultures of cell lines grown in 7.5 liter Microferm bioreactors followed essentially the
pattern shown in Figure 3. After incubation with actively growing ¢ell 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 within half a unit.

MeQ

H C()zfﬂ&

21 22

N
H co 2Me

23
Apalysis of 458 cell lines revealed 312 lines to accumulate alkaleids. Alkaloids fdentified
were Ajmalicine (1), Vallesfachotamine (20}, (Corynanthg); Akuammicine (7, Strychmos); and

Vindolinine (11), HSrhammerinine (21), HSrhammericine (22) and Lochnericine {23) (Aspidosperma).

— 1413 —

2,

1981




It should be nored that (20}, {(21), (22) and {(23) have not bheen reported in any of the above-
mentioned studies.

In general, the alkaloids occurred in a varilety of combinations. It was of inrerest 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 alka-
loids. It should be noted that 9.6% had cnly Corynanthe alkaloids; 13.78% only the Strychnos
type and 10.537 contained only the Aspidosperma type. Of the 312 lines producing alkaleids, a
total of 76.6% were capable of accumulating Aspidosperma-alkaloids and 46.15% Strychnos while
36.71% 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 preduction we proceeded to a
more detailed study with several of the more promising lines. The résults from two such lines
coded as "943" and "200CW" are summarized below.

The 943 line33

Studies with this selected cell line were performed both in shake flasks and bioreactors. For
the former experiments, callus tissue was added to Erlenmeyer flasks containing IB5 medium and
shaken for 5 days (130 rpm) at 27°¢ in continuous light. The resulting cell suspension was
transferred into Erlenmeyers containing Zenk's alkaloid production medium and agitation continued
for a further 3 weeks. The alkaleids were subsequently extracted from the freeze-dried cells.
For the bloreactor experiments inoculum grown in 1B5 medium as above was transferred to the bio-
reactor containing Zenk's alkaloid production medium. Under agitation at 200 rpm, aeration of
35 m] of air per liter culture per minute and a temperature of 2%, 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.
Te illustrate some comparisoen between the various culture growths in shake flasks and bioreactors
the alkaloid content cf 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 nutrients 1s 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 alkalcids,

Analyais of the alkaloid mixture was achieved by high pressure liquid chromatography (HPLC) em-
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ploying the Waters Radial Uompression Module fitted with a reverse phase pack and dual channel
detection at 254 and 280 mm. 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} regpectively.

Table 1

Alkaloid Content of the 943 Cell Line

Cell-dry Alkaloids as %
Sample wt. (g) of Dry Cell Wt. Growth Period (weeks) Culture Type
1 7.8 0.44 3 Microferm bioreactor
%
2 114 0.11 3+ 1 day " "
3 145 Q.19 2 " "
4 95 0.39 3 Shake flasks
5 120 0.25 3 " "

*
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 alkaloids 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, previcusly not found
in other tissue culture studies were isolated. Three of these could be assigned the structures:
19-acetoxy-1ll-methoxytabersonine (24}, 19-hydroxy-ll-methoxytabersonine {or vandrikidine) ?* and
19-acetoxy-1ll-hydroxytabersonine (26) on the basis of their characteristic spectroscopic data and
chemical inter-relations.

For example, all three compounds displayed the same mass spectral fragmentation pattern, though
of course jndivideal 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 vindolinine35,  These comparisons
confirmed the assigned structures.

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

ment of {25) with acetic anhydride/pyridine afforded (24) as did methylation of (26) with diazo-
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methane,

A fourth very polar compound was isolated from the methanol soluble alkaleid fraction and assigned

the novel B-glycoside structure (29). Its ultraviolet spectrum with maxima at 290 and 327 nm,
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Figure 6
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together with infrared absorption bands at 1602 and 1665 cm ' suggested the enamino-ester function
noted above in the alkaloids (24 - 26) and in the Strychnos alkaloid akuammicine (7). The mass

spectrum of {29) and several of its derivatives {30 and 31) revealed an ion at mfe 121 (32) gener-

N 1

Absorbance at 280 nm

r 1 T T ¥ T T 1 ¥ T T T

0 4 8 o 6 20 22
Retention time (minutes)

Figure 7
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Table 2

% of alkaloid jin crude sample+

Peak No. Sample 5, Table 1 Sample 3, Table 1
Alkaloid
(Figs, 6 and 7) (Fig. 6) (Fig. 7)

i Glycoside (29) 8.3 7.6

2 Unknown 5.2 7.5

3 Unknown 9.8 : 3.5
4 Yohimbine - 4.6
5 Isositsirikine - 4.5

6 Hérhammericine 5.06 ) 3.0

7 Hirhawmerinine 3.15 ;

8 19-epivindolinine 2.7 1.5
9 Vindolinine 4.7 2.5
10 Unknown 3.0
11 Dimethyltryptamine - 4,11
12 Vallesiachotamine 0.12 0.52
13 Ajmalicine 18.94 7.74

.f
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 m/e 470 and a significant ion at m/e
338 suggested loss of CsHgOy, the latter being possibly attributed to a Cs-carbohydrate unit.
Confirmaticn of the latter could be obtained from acetylation of (29) which provided a triacetate
30 (mfe 596 (M+), C31H3gN2079) in which again loss of the acetylated carbohydrate unit (m/e 338,
M+—258) could be seen in the mass spectrometer. In similar fashion the trimethylsilyl ether
derivative (31) revealed an ion at m/& 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 proten 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 Cyp) of the xylese unit since NMR data
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did not allow a clear differentiation between these alternmatives.

~ t
N \
RiZ H

C()ahﬂe .
R M*  M*-sugar  m/e
7 H 322 121
H
HO 0
29 / a7 338 i21
0 o]
HO i HO
H
H
0 0
Ac / 596 338 121
30 AcC 0
HAcO
H
H
TMSO 0 686 338 121

It is clear that the 943 cell line provides a rather broad spectrum of alkaloids with representa-
tives from the Corynanthé, Strychnos and Aspidosperma families. Members of the Iboga family were
however, not observed during these gtudies. 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.
roseus, both by HPLC and radioimmuncassay but ne indication of (9) was found.

From a blosynthetic standpeint a possible interrelation between the Aspidosperma alkaloids found
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in the 943 cell line is suggested in Figure 8. Here activation of the saturated side chain of
tabersonine {33) perhaps by enzyme mediated hydrogen abstraction could provide the intermediate

{34) which in turn cyeclizes to 35 and finally to vindolinine (11} and 19-epivindolinine (37).

COZMe

Figure 8

It 1s also feasible to consider that the free radical intermediate (34) undergoes oxygenaticn to
a peroxide species which on reduction would yield the hydroxy—ethyl side chain observed in one of
isolated alkaloids (22) or that some alternative enzyme hydroxylation reaction occurs to yield

(36). It is plausible to consider that (36} then undergoes epoxidation to (22). Such bio~

genetic conslderations imply that formation of the isolated alkaloids (22)1(11)}(37) via enzymic
activation of the ethyl side chain in (33) consume the necessary tabersonine system required for
elaboration to vindoline (9), the latter bearing additional oxygen functionality in ring C. On
this basis it would appear that the 943 cell line lacks the required enzymes for ring C function-

alization but yet maintains enzymatic activity associated with side chain functionalization.
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It is also noteworthy that none of the alkaloids isolated within the Aspidosperma family contain
an N-methyl function present in vindoline and thus the 943 cell line appears to lack this type of
methylating enzyme.

The results from a 953 cell line which produces similar alkaloids to those discussed above will
be published elsewhere?® and is not discussed here.

The 2006W line37

Another particularly interesting cell line under recent investigation is coded as "200GW". The
general procedures concerning tissue propagatlon, HPLC analyses etc. are very similar to those
discussed above. However this line is uniquely different from the 943 line and produces its own

"spectrum'" of alkaloids as summarized in Table 3 and Figure 9.

Table 3

Alkaloids isolated from the 200GW Cell Line

Alkaleoid %+ Yield from dry cell wt. %f of crude alkaloid mixture

12 0.005 1.35
20 0.015 4.05
38 0.026 7.02

1 0.006 1.62

22 0.002 0.54
21 0.005 1.44

11 0.002 0.54
a7 0.002 0.54
39 0.224 60.48

% fipgures refer to isolated yields.

In a typical bioreactor experiment, 140 gms of freeze dried cells provide 520 mg of a crude alka-
loid mixture {0.37%) which after separation by HPLC provide the alkaloids in the yields shown in
Table 3. Of particular interest is the alkaloid catharanthine (12, 7 mg, 0.005% dry cell wt)
isolated for the first time in our studies. The 200GW line provides this alkaloid in amounts ca
three times that.normally obtainable from C. roseus plant material (genmerally ca 0.0017% yield
from dried plant material}. As noted earlier A.I. Scott and his groupl® have also reported this
alkaloid from callus tissue of C. roseus seedlings and maintained on SH medium. It appears that

our line preduces (12) in larger amounts.
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Figure 9. A summary of alkaloids isclated from the 200GW cell line,
Also of interest is the isolation of strictosidine lactam (3%9), a very major component in the
alkaleid mixture produced by the 200GW cell line.
Fdrther studies with these and other lines of €. roseus are underway and will be reported else-

where.

2y Studies in Maytenus buchananii

Another plant species under recent investigation in our laboratory is Maytenus buchananii (lLoes)

R. Wilezek, one of the several members of the Celastraceae from which the antitumour agent maytan-
sine (40} has bheen isolated38—40, Our initial studies with plant tissue cultures from the plant

have not produced maytansine but several other cytotoxic agents have been isolated and charac-
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MeQ

terized.

A large number (>200) of explants were cultured onto a wide variety of media. M. buchananii
tissues from all sources readily formed calluses on BS, PRL-4, MS and SH basic media, variously
supplemented with indoleacetic acid, Daththylacetic acid, 2,4-dichlorophenoxyacetic acid, 4-amino-
benzoic acid, kinetin, 4-chlorophenoxyacetic acid, thiamine hydrochleride and coconut water.

With the exception of MS medium containing 6 x 1075 M indoleacetic acid with 1.9 x 1077 M kinetin,

and B5 medium containing ne phytchormone supplements, all media and conditions promoted rapid in-

duction and growth of calluses. Calluses appeared to be of heterogeneous composition as indi-
cated by green, black, yellow and orange regions. Many of the calluses bore a profusion of
ToOots.

A number of calluses were chosen for suspension culture. Typically after 3 - 6 weeks, suspen—
sions of mixed aggregate and single cells were produced. The most rapidly growing of these cul-
tures achieved mass doubling times of approximately 3 - 4 days. Cell yilelds were in the order

of 12 - 16 g dry weight of cells per litre of culture.

Extensive thin layer chromatography analysis of both the crude extracts and chromatographic frac-
ticns did not reveal the presence of the target compeund in any cultures. The TLC assay was
shown by use of standard solutions to have a detectien limit of 10 ng of maytansine. However
bioassay by the KB cell assayhl showed some of the crude extracts to contain cytotoxic components
(EDgg < 5 = 10° pg/ml).  This compares with an EDg; value of 2 x 1071 pp/ml for crude plant
extracts containing maytansine (see Table 4).

In order to determine the nature of the cytotoxic components of the culture extracts, one suspen-
sion culture was scaled up to a L0 1. volume to provide sufficient material for natural product
isolation.

For isolatiom, the crude alcchol extract of the cells was partiticned between ethyl acetate and
water, and then petroleum ether and 10% aqueous methanol. B-Sitosterol was the major component
of the petroleum ether fraction. Column chromatography followed by preparative layer chromato-
graphy of the aquecus methanol phase yielded polpunonic acid (41}, tingencne (51) and 22f~hydroxy-

tingenone (52) in yields of 0.043, 0.005 and 0.005% of dry weight of cells respectively. The
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Table 4

ED5Q+

* -

Maytansine 2 x 107°
*

Crude plant extracts containing maytansine 2 x 107!
Crude extracts from tissue culture MYT lel 3.8 x 16°
Tingenone 2.7 x 107!
1Z8-hydroxytingenone 2.5 x 10°

+ED50 1s expressed in Pg/ml 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 (42) and identified by direct comparison with
authentic samples. The two orange pigments tingenone and 22B8~hydroxytingenone were identified
by their mass and PMR spectra"z 43, Tingenone (51} was also compared with an authentic sample.
Tingenone and 22f-hydroxytingenone gave KB assay EDgy values of 2.7 x 1071 and 2.5 x 10° pe/ml
respectively, and these may account for the KB activity of the crude culture extracts.

Partial purification of thelmore pclar 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 ameunt of material available at this time further investigations were
not pursued.

The presence of tingenone and 228~hydroxytingenone in tissue cultures of M. buchananii is not
surprising as triterpene quinone-methides of this type have previously been isolated from the

following members of the Celastraceae:;- Celastrus scandens“* (celastrel (43, R = H), Triptery-

gium wilfordii%® (celastrol), Pristimera indica%b (pristimerin (44), Maytenus chuchuhuasca't?

48

(pristimerin and tingencne), Maytenus dispermus”®, (pristimerin and dispermoquinone (45)), Euony-

mus tingens“z'“g:s0 (tingenone, 228-hydroxytingenone and 20-hydroxytingencne (46}, Maytenus sp. 3

(22@-hydroxytlingenone), Maytenus ilicifolia®! (pristimerin and tingenone), Plenckia polpunea5?

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

macrosperma®* (pristimerin, tingencne, 20-hydroxytingenone and salacia quinonemethide (48)),

Schaefferia cuneifolia®® (pristimerin and tingenone).

The isolation of maytenmonic acid from Maytenus senegalensis has been reported<6,57, These

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

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

HO

tenonic acid is the same as polpunonic acid (i.e. 20a -COOH). The co=-occurrence of polpunonic

acid and tingenone in Pleuckia poLpunea52 and also in the M, buchananii tissue cultures suggests

that these compounds are biogenetically related. Viswanathan®® has reported the isolation of
salaspermic acid (50) as well as pristimerin, tingenone and hydroxytingenone from Salacia macros~
perma. Again the co-occurrence of these compounds suggest a common bicgenesis. Possible bio-—
synthetic relationships between polpunonic acid, salaspermic acid and the triterpene quinone-

methides are summarised in Scheme I.

Reddy ggrgléh have reported the isolation of salacia quinone-methide frem Salacia macrosperma.
They have suggested structure (48) for this new quinone-methide on spectroscopic evidence. The
structure proposed appears unlikely as it would exist in the more stable aromatic form (49). In
fact a very recent paper on new quincne-methides has also expressed doubt as te the correctness
of structure (48) and has suggested that it might be identical with the compound pristimerinene

(50) isolated from Prionostemma asperas?.

A detailed publication on our studies with M. buchananii has been submitted®?l.

3 Studies with Tripterygium wilfordii

Tripdiolide (53, R = OH) and triptolide (53, R = H) are interesting diterpene triepoxides with
significant activity in vivo against L-1210 and P-388 leukemias in the mcuse and in vitro against

cells derived from human carcinoma of the nasopharynx (KB}S!, The plant, Tripterygium wilfordii,

in which they occur in low concentration (0.001%)}, is not readily accessible and thus studles
with tissue cultures were of interest in our program.
Plant tissue culture cells were grown in callus and in suspension employing modified B-5 and

PRL-4 media. Experiments with shake flasks over varying time periods revealed upon subsequent
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analysis, the presence of tripdiolide and cther components. An extensive study concerned with

varying parameters (media, varlous additives, time of growth etc.) for the culture growth has
been undertaken and will be published elsewhere. It is sufficlent to mention here that, in
general, tripdiolide appears in the culture after several weeks (4 - 7 weeks) and its concentra-
tion depends on the media and other parameters. Large scale experiments both in shake flasks

and in bioreactors have been completed and an extensive investigation of the natural products

present has been undertaken. In additicn to tripdiolide, fourteen other compounds have been
isolated and their structures are presently under study. Some of these are quinone methides
Scheme T
CO,R

.C0,H

HO"

i
—

-t ereeaas
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similar to these encountered in the above studies with M. buchananrii, while others are di- and
triterpenoid in nature. At present, celastrol (43, R = H), polpunonic acid {(41), cleanolic acid
and R-sitostercl have been definitely established by appropriate comparisons with spectral data
and authentic samples.

Tt i5 important tco note that in the present tissue culture studies the concentration of tripdio-
lide is significantly higher than in the plant and further optimizatrion studies are underway.

Our initial experiments in this area will be published shortly®? while a more detailed publication
will be submitted at a later date.

In conclusion we hope that this brief summary of cur investigations being pursued in several
lahoratories at the University of British Columbia and at the NRC Prairie Regional Laboratory in
Saskatoon will serve to illustrate our general approach in the plant tissue culture area. Ve
believe that the resuylts illystrate the potential of the utilization of plant tissue culture
methods in the production of clinically useful antineoplastic agents. However further experi-
mentation is essential before applications to the commercial production of such compounds can be

made.
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