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Abstract-Quantitative and qualitative analyses were carried out on the latex of four Euphorbiaceae naturally growing 
in eastern Africa. Rubber (cis-1,4 linked units) was the only polyisoprene detected in these latices. However large 
differences in rubber levels were noted with the species and the latex origin. Waxes, mainly long chain ketones, are 
always minor constituents of the latices. Due to large variations in solubility, probably related to differences in rubber 
average molecular weight (maximal in Synadenium gruntii and minimal in Euphorbia grant@, rubber was more or less 
efficiently separated from contaminant waxes. Acetone soluble products (resinsfare the major constituents of the latices 
and chiefly comprise unsapotiable compounds. In the case of S. grantii the acetone extract was dominated by 
triterpenoid compounds (ketones, alcohols, ~l~~tional~ with euphol, tirucallol and euphorbol as major 
constituents. The latex also contains small amounts of n-alkanes whose dis~bution differs sharply from that of 
cuticular hydrocarbons. The saponifiable fraction of the acetone extract contains n-fatty acids with the usual 
distribution and aromatic acids. Ionol, an antioxidant which could play an important role in the stabilization of 
S. grad latex, was also detected. 

INTRODUCITON 

Three main features led to most of the previous studies on 
latex constituents in Euphorbiaceae. Firstly, such latices 
sometimes contain skin irritant and carcinogenic diter- 
pene derivatives, especially phorbol esters [l-fl. 
Secondly, their triterpenol distribution proved to be 
useful in ~hemo~xonomy [8,9]_ Thirdly, the occurrence, 
in addition to ~l~~preni~ hydrocarbons, of fairly large 
amounts of highly reduced products in some latex-bearing 
plants suggested they may provide a renewable source of 
f&stocks and/or fuels [lO-141. In this connection, some 
species of the genus Euphorbia, growing in semi-arid lands 
of various regions, seemed especially interesting. 
Nevertheless few studies including both quantitative and 
structural information, were reported on the latex con- 
stituents of Euphorbia and other genera of Euphorbiaceae. 

In the present work we examined the latex of four 
Euphorbiaceue naturally growing in Rwanda (eastern 
Africa) Euphorbia candelabrum Trem. ex Kotschy, 
E. grantii Oliver, Syn~eni~ grantii Hook f and 
E. tiruc& L. (some la&es of different origins were also 
studied for the latter species). The relative abundance and 
the composition of the main groups of constituents were 
determined in these latices. The efficiency of polyisoprene 
and wax separation was checked by spectroscopic 
methods, which also allowed the structure elucidation of 
the polyisoprenic hydrocarbons. In addition, analyses 
were carried out on the unsaponifiable and saponifiable 
constituents of the acetone extract of S. grantii latex. 

TAuthor to whom coTTespondence should be addressed. 

RESULTS AND DISCUSSION 

Fresh la&es were submitted to successive extractions 
by acetone and dichloromethane; the two extracts were 
further separated into saponifiable and unsaponifiable 
products for that of acetone and into ‘rubber’ and ‘waxes’ 
fractions for the d~hlorome~ane extract. A large content 
of dry matter was noted for the la&es of the naturally 
growing plants (Table 1). Previous studies indicated dry 
weights ranging from 10 to 40 Y0 [lSl for various species 
of Euphorbiaceae and a maximal value of cu 28% for 
E. tirucalii latex. In the four species examined, latices were 
dominated by acetone soluble constituents, mostly un- 
saponifiable. The relative abundances of the ‘rubber’ 
fraction and of the residue largely varied with the 
considered species and also, for E. tirucalli, with latex 
origin. ‘Rubber’ levels of 1-14 Y0 were previously reported 
for E. tirucalli latex [lo, 161, but the purity of this fraction 
was not systematically checked while, as shown below, the 
fairly important ‘rubber’ fraction isolated from E. rirucafli 
A latex was exclusively composed of polyisoprenes. 
‘Waxes’ were always minor ~nstituen~ and the ‘rubber’ 
fraction was more important except for E. grad, The 
residues generally contained a substantial level of ash and 
most of their constituents were water-soluble with the 
exception of E. candelabrum. The residue was particularly 
important for the latex of cultivated E. tiruculli. In fact, 
when compared with naturally growing plants, the former 
exhibited lower levels of dry matter and of the different 
extracts, the decrease being especially important for the 
‘rubber fraction’. 

The present results, added to some previous obser- 
vations [S, 10, 15, lfl, suggest that most Euphorbiuceae 
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Table 1. Main groups of constituents of the latex of E. tirucu& E. condelabrten, E. grantii and S. gruntii* 

Sample 

Acetone extract f, # CHzClz extract 4, q 
Origin of Dry 
the latex? weight$ UnsaponitIabk Saponifrabk ‘Rubber ‘Waxes’ 

Residue 8 

Total Ashes Water soluble 

B timdi A 41.5 57.5 2.5 13.2 2.1 13.4 2.1 7.5 
E. ti~c~li B 23 40 6 1.6 1 40 35 
E. tiruealli c 60 8 5 3 14 12 
E.ct&elabrt&m A 31 50.5 5.7 12.5 3.7 8.9 0.5 1.6 
E. gruntii R 41 52.3 4.5 2.5 4.1 34.3 10 24.2 
S. grumii A 35.5 49.2 16.3 6.9 1.7 15 3.7 11.4 

*Average values from three expeirrnents. 
t A: Fresh latex from plants naturally growing in Rwanda; B: fresh latex fram greeubouse growu plants; C: dry latex from plants 

uaturally growing in Brazil. 
2Total amount of dry matter, as % of the fresh latex. 
$The abundance of the different fractions and of the residues was determined as % of the dry matter of the latex. 
IThe crude acetone extracts contained a smail amount of water solubk substances (respectively 4.7,8,2.5 and 2 % for E. tirucalJy A, 

E. cax&aInwm, E. grantiiand S. grantii. in addition the extract of S. grantiicontained ca 7 % of products insohtbk in ether. The latter 
institute and the water solubk ones were eliminated before caption. 

q&Rubber’ and ‘waxes’ fractions separated by hot alcohol (see below). 

latices mm to be characterized by the predominance of 
acetone soluble unsaponifiable constituents and by a quite 
low ~nt~bution of %vaxes’ and ‘rubber’ fractious. 
However, an important rubber level, ca 30% has been 
obtained in the latex of E. characias growing in the south 
of France (Casadevall, E., unpublished observation). 

Chemical constitution of the dichloromethane extracts 

The ‘H NMR spectrum of the crude extracts, obtained 
from the latex of naturally growing E. &~elu~r~~ 
E. grantii, E. ti~~l~i and S. grantii, revealed the presence 
of polyisoprenes and waxy constituents (see below for the 
NMR characteristics of these groups). Two methods of 
separation, based on their supposed differences in solu- 
bility, were tested. The first one (Precipitation of the 
‘rubber’ fraction by the addition of various amounts of 
acetone to a dic~orometh~e solution) was not satisfac- 
tory, since an important part of the waxy constituents was 
also precipitated. On the contrary the second method 
(dissolution of the ‘waxes’ by hot alcohol from the dried 
extract) provided, at least in the case of E. candelabrum, 
E. tirucalli and S. grantii, a ‘rubber’ fraction containing no 
contaminant waxes. The latter method was applied to the 
four extracts and the fractions were examined by 
‘H NMR, 13C NMR and IR spectroscopy. 

Previous studies on natural polyisoprenes of latex- 
bearing plants, and comparison with synthetic polymers, 
allowed the determination of the spectroscopic features 
corresponding to differently linked isoprene units (cis and 
truus-liL1; -12 and -3,4) [l&-23]. Hevea br~~liensis latex 
was thus shown to exclusively contain -l&polyisoprene 
with at least 99% of cis-units. Rubber (cis-1,4- 
polyisoprene) was also detected, but at a markedly lower 
concentration, in the latex of various plants including 
Euphorbia [lO-121. On the other hand, while it seems less 
widespread, the truns-1,4 isomer (gutta or balata) was also 
observed in various latices [24-26). Furthermore the 
concomitant occurrence of rubber and gutta was noted in 
several species [27,28-j. 

The spectroscopic features of the ‘rubber’ fraction 
isolated from S. grantii latex indicated it exclusively 

consisted of cis-1,4polyisoprene Thus, the IR absorp- 
tions, especially in the 8-10 grange where cisand trans-1,4 
units can be differentiated, were identical to these of 
H. br~iliensis rubber. This similarity was confhmed by 
‘H NMR and i3C NMR spectra (Table 2) where no peaks 
corresponding to trans-$4, -1,2 and -3,4 units, or to non- 
isoprenic impurities, were detected. Regarding the ‘waxes’ 
fraction its spectra indicated the presence of long (CH&- 
chains and keto groups [’ H NMR (60 MHz, Ccl*): 60.9 
(Me), 1.25 (CHz chains), 2.2 (CH-C==O); IR (Ccl,): u,x 
1705 (~r~nyl), vmax 720 (CH2 chains)J. No ester ftmc- 
tions were noted. Accordingly this fraction was probably 
chiefly composed of long chain normal ketones which are 
usual constituents of higher plant waxes [29]. No tmces of 
contaminant rubber were detected in the ‘waxes’ fraction 
from S. gtantii latex. 

According to its spectroscopic features the ‘rubber’ 
fraction from E, tirucalli was also exclusively composed of 
cis-l&polyisoprenes (Table 2). The ‘waxes’ fraction con- 
tained, in addition to the long chain ketones already 
observed in S. grantii, a substantial amount of cis-1,4- 
polyisoprenes [‘H NMR peaks (250 MHz, CClJ at 6 1.25 
(CH2 of ketones) and 1.63 (Me of rubber) showing a 
relative intensity of ca l/l in this fraction]. 

The ~lyisopren~ of the ‘rubber’ fraction from 
E. c~ndel~b~ latex also only comprised cis-1,4-Unix as 
shown by the IR and NMR spectra. But this fraction was 
not entirely soluble in the solvents and the concentration 
range suitable for IR and NMR spectroscopy. In fact the 
IR spectra from KBr pellets showed, in addition to the 
typical abso~tions of rubber, the presence of non-waxy 
impurities with, in particular, a large absorption at 
1600 cm-‘. The ‘waxes’ fraction of E. curtdelubrum latex 
was composed, as in the case of E. tirucalli, of a mixture of 
long chain ketones and cis-1,4polyisoprenes (relative 
intensity of the 61.25 and 1.63 signals of ca 1.2/l). 
Consequently E. candelabrum and E. tirucalli rubbers, 
contrary to those of H. brasiliensis and S. grantii were 
slightly soluble in hot alcohol. 

E. gruntii afforded a small ‘rubber’ fraction. However, 
the IR and NMR spectra showed the lack of a sign&ant 
content of polyisoprenes in this fraction. In fact it chiefly 
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Table 2 ‘H NMR and ‘“CNMR spectra of the polyisoprenes isolated from S. grantii, E. tirucalli and 
E. candelabrum latex 

Sample 
Chemical shift * 

Solvent 1 2 3 4 5 

‘H NMRt 
s. granta 2.215 5.3 2.215 1.78 (1.79) 

2(2) 5.1 (5.08) 2(2) 1.63 (1.67) 
C% 2.03 5.12 2.03 1.63 (1.62) 

E. tiruealli 
E. candelabrum GD6 2.20 5.3 2.22 1.78 

“C NMR$ 
S. grantii CCL/ 32.14 134.97 124.98 26.34 23.40 

CHCI, (31.8) (134.8) (124.6) (26.3) (22.9) 

*6ppm,TMSasintemalstandard,1HNMR250 MHz,‘“CNMR25.17 MHzThecarbonsoftheC, units 
and the corresponding H were identified with the following numbering: 

[-CHz-C(Me)==CH-CH2-1. 
125 34 

t The bracketed values correspond to previous observations on H. brasiliensis rubber. Previous results on 
the ‘H NMR spectra of gutta and H. brasiliensh rubber showed that the Me groups of cis and trans-1,4- 
polyisoprenes exhibit different chemical shifts [20,21] with resonanoz occurring at a higher tield in the trans- 
isomer. This difference depends on the solvent and was maximal in benzene (6 1.79 for eis-units instead of 1.65 
for trans-units). In addition, some influence of the solvent was noted for CHI and CH groups. 

$ 13C NMR of gutta and H. brasiliensis rubber showed, in CHIC&, important differena% in the resonance 
of carbons 1 and 5 (reqectively 639.3 and 31.8 for 1,15.3 and 229 for 5) [22]. Large variations were also 
noted for 1, in polyprenols, depending on the stmocbemistry of the linked-1,4&oprene units: S 3224 for two 
cis-cis units and 39.74 for two trans-trans units with CDQ a3 solvent [53]. In addition, relaxation times 
were longer in the trams-isomer. Hence large peaks occur& in gutta relative to rubber 1231. The bracketed 
values were reported for H. brasiliensis rubber in CH2C12 [22]. In the present case a 1: 1 mixture of CHC& 
and Ccl, was required to obtain an efiicicnt solubilization of S. grantii rubber. 

contained non waxy products, insoluble in solvents as is 
the ‘rubber’ fraction of E. candelabrum. These compounds 
showed, from the IR spectra taken on KBr pellets, large 
absorptions due to aromatic and hydroxyl groups. The 
‘waxes’ fraction of E. ptmtii was composed of long chain 
ketones and of a minor amount of rubber (relative 
intensity of the 6 1.25 and 1.63 peaks of cu 5/l). 

Long chain ketones and the same polyisoprenes (ex- 
clusively c&1,4) were thus detected in the dichloro- 
methane extracts of the four latices. However, large 
quantitative differences were noted. The rubber content 
was fairly high for E. tirucalli and E. candelabrum latex (in 
the former there was a small underestimation resulting 
from the presence of contaminant rubber in the ‘waxes’ 
fraction. In E. candelabrum a precise estimation was 
difficult due to a low level of rubber in ‘waxes’ and to the 
presence of some impurities in the ‘rubber’ fraction. A still 
substantial amount of rubber was noted for the latex of 
S. grantii and a complete separation with waxy con- 
stituents was achieved. On the contrary, E. grantii latex 
was characterized both by a very low rubber content and a 
poor separation. Large differences in solubility in hot 
alcohol were noted for the different types of rubber 
(S. grantii: insoluble, E. tirucalli and E. candelabrum: 
slightly soluble, E. grantii: soluble). According to previous 
reports [lo, 11, 16, 27, 303 rubber average molecular 
weight largely varies with the species considered, but it 
generally seems to be markedly lower in most plants, 
including Euphorbia, when compared with H. brasiliensis. 
The present observations are probably related to a large 
decrease in rubber average M, from S. grantii to E. grantii. 

Chemical constitution of the acetone extractfrom S. grantii 
latex 

Only two previous studies, concerned with lectins and 
triterpenols, were reported on S. grantii latex components 
[9,31]. Therefore we examined, in addition to the ‘rubber 
and ‘waxes’ fractions, the acetone soluble compounds 
which are the major constituents of this latex. The acetone 
extract was first separated into unsaponifiable and sapo- 
nifiable products (Table 1). 

The predominant unsaponifiable compounds were fur- 
ther separated by column chromatography (Table 3). The 
first eluted subfraction (1) was minor and consisted of 
C14-C19 n-alkanes with a maximum at Cl6 and no odd 
predominance. Low levels of hydrocarbons were recently 
observed in E. candelabrum and E. tirucalli latex [32] but 
their chemical structure was not established; small 
amounts of Cl8 and Cl0 branched hydrocarbons were 
also detected [33] in H. brasiliensis latex. n-Alkanes are 
commonly observed in higher plants; they are mainly 
located in cuticle and account for a low percentage of the 
whole organism. Such cuticular hydrocarbons are charac- 
terized by the dominance, or the exclusive occurrence, of 
odd compounds and generally show a maximum in the 
Czl-CJJ range [29,34]. n-Hentriacontane is the principal 
hydrocarbon identified from E. tirucalli stems [35] and 
the. cuticular hydrocarbons of different biotypes of 
E. esula are dominated by C&, CJi and CJJ n-alkanes 
[36]. We therefore examined the hydrocarbons of 
S. grantii cuticle. They corresponded to an homologous 
series of C1J-CJ,3 n-alkanes with a bimodal distribution 
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Table 3. Analysis of the ac&one extract of S. grantii latex 

Isolated fractions 
and subfractions * 

U~~~~bIe 
subfractionst 
1 (0.6) 

Nature and relative 
abundance (%) of 

major constituentst: 

n-Alkanes: C14 (11.9x C,s (28.Q 
Gi (3O.G C,, (16.6b Gs WA Cl9 
(3.6) 

2a (3.3) 
2b (34) 

Triterpenic ketones 
Tetracyclic triterpenols: euphol(593 
tirucallol (33), euphorbol (8) 

3 (3.2) Polyfunctional (OH and keto) 
triterpenoids 

4 (16.5) Sugars 
Saponifiable fraction (25) n-Fatty acids: C12:o (3.1), C14:o (3.3), 

C16:o (20.3), oleic (31.3) 
Aromatic acids: benzoic acid (1.7), 
phenyla~tic acid (36.1), 
ion01 (4.2) 

*The values in parenthesis correspond to the abundance ( %) of 
the different unsaponifiable subfractions and of the saponifiable 
fraction relative to the purified (see note 1, Table 1) acetone 
extract. 

tIsolated from the ~~~~fiable fraction by elution with 
hexane (l), Et&ethyl acetate, 24: 1 (2a and 2b), Et+ethyl 
acetate, 1: 1 (3) and MeOH (4). 

$Ident&%ions were carried out by IR and NMR spectros- 
copy, GC and GC/MS with reference compounds. The identified 
constituents, or groups of constituents, account for ca 80 y0 of the 
acetone extract. The figures in parenthesis correspond to the 
relative abundances (%) calculated for the constituents of 
subfraction (l), subfraction (2b) and for the saponifiable fraction. 

(maxima at Cl5 and CX1) and a pronounced odd/even 
predominance, especially in the C26-&33 range. 
Important differences in distribution were observed he- 
tween S, gruntii cuticular and latex hydrocarbons: lack of 
very long chain ( 2 Czo) products and no odd dominance 
in the latter. Accordingly the biosynthesis of these two 
types of hydrocarbons probably takes place in distinct 
sites. Cuticular hydrocarbons of higher plants are gener- 
ally considered to be formed in epidermal cells [37-391. 
On the other hand, several types of bios~thetic activities, 
including rubber and triterpenol formation, were ob- 
served in different latices [lS, 40-48-J. 

Elution with ethyl acetate&ethyl ether allowed the 
recovery of about 40 Y0 of the total acetone extract (Table 
3). Subfraction 2a consisted of triteqenic ketones while 
2b was composed of tetracyclic triterpenols with a very 
large dominance of three constituents: euphol, tirucallol 
and euphorbol. This is consistent with a previous report, 
on the occurrence of the above compounds with two 
lanosterol isomers in S. grantii latex [9]. However, im- 
portant differences were noted regarding relative abun- 
dam since ianosterol isomers were predominant in the 
latter case. Subfraction 3 is a complex mixture of poly- 
functional (hydroxy and keto) triterpenoids. The presence 
of 0x0 and hydroxysterols was noted in E.fischeriuna 
[49]. According to its IR and NMR spectra the highly 
polar subfraction 4 was chiefly composed of sugars. 

Three types of constituents were identified (Table 3) in 
the saponifiable fraction of the acetone extract. The first 
consisted of even normal fatty acids from C12-C18 with 
oleic acid predominating; no traces were detected of odd 
acids or of very long chain products (3 C&. The 
exclusive occurrence, or the predominance, of even fatty 
acids is a common feature and, in higher plants, the most 
commonly observed are C16:o and Cts: 1 fatty acids [29]. 
This is generally considered as the cause of the odd 
dominance in hydrocarbons, the latter being formed by 
decarboxylation of fatty acyl derivatives [SO]. However, in 
S. grantii latex, an unexpected distribution with no odd 
predominance was noted for hydrocarbons while fatty 
acids are characterized by a classical distortion. The 
bulk of this acid fraction is probably ester&d with 
triterpenols in the latex [17,51] and is not implicated in 
hydrocarbon biosynthesis. 

The second group of compounds was composed of two 
aromatic acids and phenylacetic acid which was the most 
important product of the saponifiable fraction. 

Ion01 (1,3~ite~iobutyl-2-hydroxy-5-me~yl-~~ne) 
was recovered in the saponifiable fraction due to the 
acidity of the phenol group. Ionol is known as an 
antioxidant agent; on the other hand it is well documen- 
ted, firstly, that oxidation processes (action of phenol 
oxidases) play a major role in the coagulation of 
H. br~i~ie~~s latex [52] and, secondly, that antioxidant 
constituents of the latex control these processes. Thus, 
ion01 probably operates as a stabilizing agent in the latex 
of S. grantii. 

This study on the latex composition in E. candelabrum, 
E. grant& E. tirucalliand S. grantiishows that rubber (cis- 
1,4 units) is the only polyisoprene occurring in these 
latices. Large variations in rubber level were noted with 
the origin of the latex and the species. Important dif- 
ferences in solubility were also observed, hence a more or 
less efficient separation could be achieved of rubber and of 
the waxy constituents (long chain ketones) occurring in 
the dichloromethane extract. Examination of the acetone 
extract of S.grantii latex indicated that triterpenoids, 
especially triterpenols, are the major constituents. In 
addition several groups of products were id~ti~~ 
including nalkanes with an unusual distribution, fatty 
and aromatic acids and ionol. 

EXPERIMENTAL 

Samples. Latioes were collected around Butare, during the dry 
season, from naturatly growing plants. Tbe tapped plants were 
about 5 m high. Latex of E. tirucalli was also obtained from stems 
(ca 1 cm in diameter) of young plants grown at 28” under glass in 
the Station Centrale de Bioclimatologie de 1’Inra (Versailles). 
latex dry wt was determined after vacuum drying. 

Extraction offresh lakes. Me&O soluble constituents were 
obtained by five successive extractions (stirring at room temp. for 
15 min with 100 ml Me&O for 40 g of fresh latex) and the 
insoluble residue recovered by centrifugation. A similar method 
was applied to this residue, to obtain the CH& soluble 
compounds and the final residue. 

The CH$& extracti were separated into a ‘rubber’ and ‘waxes’ 
fraction by dissolving the latter in hot EtOH (four successive 
reflux for 4 hr with stirring, 80 ml of EtOH for 1 g of extract). 

The crude MetCO extracts were purified by successive elimi- 
nation of water soluble and Et20 insoluble constituents. The 
resins so obtained were saponified (1 g of resins dissolved in 
100 ml MeOH and 10 ml toluene, added to 1 g KOH dissolved in 



Latex constituents of Euphorbiaceae 3045 

H1O, reflux for 3 hr under a N2 atmosphere). The unsaponifiable 
and saponifiable products were respectively recovered by success- 
ive extractions with Et20 under basic (pH 10) and acidic (pH 1) 
conditions. The unsaponifiable compounds were further frac- 
tionated on activity II neutral alumina. Saponifiable products 
were analysed after esterification of the acids by 
MeCOCl-&OH. 

NMR spectra. These were obtained, with TMS as int. standard, 
at 250 MHz for ‘H NMR and 25.17 MHz for 13CNMR spectra. 

CC analysis. This was carried out using a 25 m, 0.32 mm id., 
WCOT SE 52 capillary column, programmed from 100 to 2M” at 
4”/min for hydrocarbons and 170 to 250” at Z”/min for triter- 
penoids and saponifiable products (FID, He at 25 ml/min). 

GC/MS. This was carried out (25 m, 0.23 mm id., WCOT CP- 
Si15 capillary column; temp. programme as above) with electron 
impact at 70 eV and an ion source temperature of 150”. Spectra 
were recorded from 30 to 450 mass units at a speed of 
1 msec/a.m.u.; data were processed with Nermag-Sidar software. 
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