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Abstract-Explants of Maytenus buchananii were induced to form a callus ar,d subsequently to form suspension 
cultures on a wide variety of media. Culture extracts showed cytotoxic activity, but examination by TLC did not 
indicate the presence of maytansine. Isolation of natural products from a large scale suspension culture led to the 
identification of polpunonic acid, sitosterol and the cytotoxic triterpene quinone-methides, tingenone and 22/?- 
hydroxytingenone. Possible biosynthetic relationships of these and other triterpene quinone-methides are discussed. 

INTRODUCTION 

Maytenw buchananii (Loes.) R. Wilezck is one of several 
members of the Celastraceae from which the antitumour 
and antileukemic macrocycle, maytansine (l), has been 
isolated [l-3]. As an alternative source of supply we have 
investigated the possible production of maytansine in 
tissue cultures of M. buchananii. In this initial study we 
have shown that this species grows very well on culture 
media but maytansine could not be detected in the culture 
extracts. However the cultures did produce the known 
cytotoxic compounds tingenone (2) and 22/?-hydroxy- 
tingenone (3). 
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RESULTS 

Since secondary metabolite production in tissue culture 
has been reported to be influenced by the nature and levels 
of auxin, cytokinins, vitamins, carbon source, mineral 
content of media, temperature, light, culture age and 
explant tissue [4-l 11, a large number ( > 200) of explants 
were cultured onto a wide variety of media. M. buchananii 
tissues from all sources readily formed calluses on B5, 
PRL-4, MS and SH [12-151 basic media, variously 
supplemented with indoleacetic acid (IAA), naphthyl- 
acetic acid (NAA), 2,4-dichlorophenoxyacetic acid (2,4- 
D), 4-aminobenzoic acid, kinetin, 4-chlorophenoxyacetic 
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acid, thiamine hydrochloride and coconut water. With the 
exception of MS medium containing 6 x lo-’ M IAA 
acid with 1.9 x lo-‘M kinetin, and B5 medium 
containing no phytohormone supplements, all media and 
conditions promoted rapid induction and growth of 
calluses. Calluses appeared to be of heterogeneous 
composition as indicated by green, black. yellow and 
orange regions. Many of the calluses bore a profusion of 
roots. 

A number of calluses were chosen for suspension 
culture. Typically after 3-6 weeks, suspensions of mixed 
aggregate and single cells were produced. The most 
rapidly growing of these cultures achieved mass doubling 
times of approximately 3-4 days. Cell yields were in the 
order of 12-16g dry wt of cells per 1. of culture. 

Extensive TLC analysis of both the crude extracts and 
after preparative TLC concentration of the appropriate 
R, band against authentic maytansine did not reveal the 
presence ofthe target compound in any cultures. The TLC 
assay was shown by use of standard solutions to have a 
detection limit of 10 ng of maytansine. However, bioassay 
by the KB cell assay* showed some of the crude extracts to 
contain cytotoxic components (ED,,] < Spg/ml). This 
compares with an ED, 0 value of 0.2 pg,/ml for crude plant 
extracts containing maytansine (see Table 1). In order to 
determine the nature of the cytotoxic components of the 
culture extracts, one suspension culture was scaled up to a 
101. volume to provide sufficient material for natural 
product isolation. 

For isolation, the crude alcohol extract of the cells was 
partitioned between ethyl acetate and water, and then 
petrol and 10% aqueous methanol. Sitosterol was the 
major component of the petrol fraction. Column 
chromatography followed by preparative TLC, of the 
aqueous methanol phase yielded polpunonic acid (4). 
tingenone (2) and 22/3_hydroxytingenone (3) in yields of 
0.043, 0.005 and 0.005 ‘:i, of dry wt of cells, respectively. 
The acid 4 was characterized as its methyl ester (5) and 
identified by direct comparison with authentic samples. 
The two orange pigments tingenone and 22/j-hydroxy- 
tingenone were identified by their MS and ‘H NMR 
spectra. In particular. the ‘H NMR spectra showed 

Table 1. The ED,, of maytansine and related compounds and 
extracts 

Compound or extract ED,,* 

Maytansinet 2 X 10-5 
Crude plant extracts containing 
maytansinel_ 2 X 10-I 
Crude extracts from tissue culture MYT lel 3.8 
Tingenone 2.7 x 10-l 
22/?-Hydroxytingenone 2.5 

* ED,, is expressed in &ml and is the calculated effective 
concentration which inhibits growth of SO”, of control growth. 
Assay was done using KB cells (human epidermoid carcinoma of 
the nasopharynx). 

t Data from Dr. M. Suffness. National Cancer Institute. 

* KB assays were performed by Dr. Mildred Broome as 
described in (1972) Cancer Chemother. Rep. Pun 3. 3, 1. 

signals at 6 6.40 (d), 6.55 (n) and 7.05 (dd), typical of the 
triterpene quinone-methides [16]. The molecular ion in 
the MS of 22/%hydroxytingenone (3) occurred at mje 436, 
16 amu higher than that in the spectrum of tingenone (2), 
indicating the presence of an extra oxygen atom. This was 
confirmed by the presence of a ‘H NMR signal at 6 4.56 
for a proton on carbon bearing a hydroxyl group. The 
absence of the doublet (6 2.92, J = 14 Hz) occurring in the 
‘H NMR spectrum of tingenone (shown to be the 22/I- 
proton [17]) showed the hydroxyl group to be at C-22. 
The identity of tingenone was confirmed by direct 
comparison (TLC and ‘H NMR) with authentic material 
and that of 228-hydroxytingenone by comparison with 
published ‘H NMR [17,18]. Tingenone and 228- 
hydroxytingenone gave KB assay ED,, values of0.27 and 
2.5 @g/ml, respectively, and these may account for the KB 
activity of the crude culture extracts. 

Partial purification of the more polar components of 
the culture extract as theil methyl esters yielded a complex 
mixture of triterpene esters which gave six peaks on GLC 
as their TM!% derivatives. Separation of this mixture 
could not be achieved by preparative TLC on silica gel. 
Due to the limited amount of material, no further 
attempts to assign complete structures were undertaken. 

DISCL’SSION 

The presence of tingenone and 22/I-hydroxytingenone 
in tissue cultures of M. buchunanii is not surprising as 
triterpene quinone-methides of this type have previously 
been isolated from the following members of the 
Celastraceae: Celastrus scandens [19] [celastrol (6)], 
Tripterygium wi@rdii [20] (celastrol), Pristimera in- 
dicu [21] [pristimerin (7)], Muytenus chuchuhuuscu [22] 
(pristimerin and tingenone), Mu~tenus dispermus [23] 
[pristimerin and dispermoquinone (S)]. Euon~~nu.s 
tingens [ 17,24,25] [tingenone, 22,&hydroxytingenone 
and 20-hydroxytingenone (9)], Ma~tenus sp. [18] (22,!G 
hydroxytingenone), Maytrrnrs ilicifolia [26] (pristimerin 
and tingenone), Plencl\iu polpuneu [27] (tingenone), 
Ccrtha cussinoides [16] [celastrol, tingenone, pristimerin 
and iguesterin (lo)]. Saluciu mncrospermu [28] [pristi- 
merin tingenone, 20-hydroxytingenone and salacia 
quinone-methide (1 l)] and SchuQ&?u cunelfi~liu [29] 
(pristimerin and tingenone). 

Abraham et al. [30,31] have reported the isolation of 
maytenonic acid from MuJtefzus senegalensis. They 
identified this compound as a 3-ketofriedelane bearing a 
carboxyl group at C-20. The stereochemistry at C-20 was 
not defined. It seems likely, on chemotaxonomic grounds, 
that maytenonic acid is the same as polpunonic acid (i.e. 
20a-COOH). The co-occurrence of polpunonic acid and 
tingenone in Pleuckia polpunea [27] and also in the M. 
buchunanii tissue cultures suggests that these compounds 
are biogenetically related. Visw-anathan [32] has reported 
the isolation of salaspermic acid (13) as well as 
pristimerin, tingenone and hydroxytingenone from 
Salacia macrosperma. Again the co-occurrence of these 
compounds suggests a common biogenesis. Possible 
biosynthetic relationships between polypunonic acid, 
salaspermic acid and the triterpene quinonemethides are 
summarized in Scheme 1. 

Reddy et al. [28] have reported the isolation of salacia 
quinone-methide from Salaciu macrospermu. They have 
suggested structure 11 for this new quinone-methide on 
spectroscopic evidence. The structure proposed appears 
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