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Analysis of the essential oil from leaves of Croton
zambesicus Muell. Arg. growing in Benin
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ABSTRACT: The leaves of Croton zambesicus are widely used in African folk medicine as a water decoction to treat
hypertension, microbial infections and fever associated with malaria. Cytotoxic trachylobane and pimarane diterpenes have
been isolated from a dichloromethane extract of the leaves. In order to check whether these compounds are present
in the essential oil, we have analysed its composition by GC-FID and GC-MS. The major constituents of the oil are
caryophyllene oxide (19.5%), B-caryophyllene (10.8%), a-copaene (6.3%), linalool {6.1%) and S-pinene (5,2%), Only the
less polar diterpenes are present in the oil: ent-trachyloban-3-one (3.0%), ent-trachyloban-38-ol (4.5%), isopamara-7, 15-
dien-3f-0l (1.0%), ent-trachylobane (0.7%), sandaracopimaradiene (0.4%) and kaurene (2.1%). Copyright © 2005 John

Wiley & Sons, Ltd.
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Introduction

Crofon zambesicus Muell. Arg. (family Euphorbiaceae)
(syn. C. amabilis Muell. Arg., syn. C. gratissimus Burch.)
is a shrub or a small tree reaching 10 m in height. It
is a Guineo-Congolese species widespread in Tropical
Africa. The leaf decoction is used in Benin as an
antihypertensive, an antimicrobial (arinary infections) and
to treat fever associated with malaria."* In Zambia and
South Africa, the leaves, characterized by a pleasant
aromatic odour, are used as a home deodorant.?

Recently we have isolated isopimarane and trachylo-
bane diterpenes from a dichloromethane extract of the
leaves.*” These compounds showed cytotoxic activity on
several cell lines.*” Previous studies on the composition
of the essential oil from the leaves of C. zambesicus
described linalool (9.9%) and fB-caryophyllene (9.9%)
as the major constituents in a sample from Tchad.® In
a sample from Cameroon, the major constituents were
limonene (19.2%), B-pinene (18.9%), B-caryophyllene
(15.8%) and a-pinene (8.7%).” In order to complete
the analysis of the essential oil obtained from different
samples of this plant and check whether diterpenes may
be present in the essential oil, GC-FID and GC-MS
analysis have been performed on a sample of plant grow-
ing in Benin. This is the first time that diterpenes are
quantified and identified in the essential oil.

* Correspondence to: I. Quetin-Leclercq, Laboratoire de Pharmacognosie,
UCL 72.30-CHAM, Av. E. Mounier 72, B-1200 Bruxelles, Belgium.
E-mail: leclercq@cham.ucl.ac.be
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Experimental
Plant Material

Leaves of C. zambesicus were collected on 6 February
2003 in Agon in the Atlantic Department in Benin
(20 km to the north of Cotonou). They were dried the
same day in the dark at 25 °C. After drying, the plant
material was powdered and stored at room temperature in
a dry, dark place till analysis. The plant was identified by
a Beninese botanist, Professor V. Adjakidje (Université
d’Abomey-Calavi). A sample has been deposited in the
herbarium of the National Botanical Garden of Belgium
in Meise (BR S.P. 848.108).

Oil Isolation

Leaves (120g) were hydrodistilled for 4h in a
Clevenger-type apparatus, as described in the European
Pharmacopoeia.t The distillation was made in triplicate
in order to determine the yield of the essential oil. Essen-
tial oil was stored at —20 °C until analysis. Oil yield (%,
v/w) obtained from the leaves was 0.45%. The essential
oil was diluted 10 times in n-hexane prior to GC-FID
and GC-MS analysis.

GC-FID

GC analysis were performed on a Thermo Finnigan
Focus GC under the following conditions: injector



of domestication over a long period.* The use of essen-
tial oils as a taxonomic descriptor coupled with genetic
fingerprinting'*"® would provide in basil a potent com-
bination for taxonomic classifications of this genus.

The groups of Ocimum species based on morpho-
logical characteristics do not correspond to the groups
based on volatile oils constituents. Each group of volatile
oil profiles can occur in different species, for example,
the citral/spathulenol type occurs in both . x
citriodorum and Q. basilicum; linalool-rich types are
frequent in O. basilicum vareties, O. minimum, O,
kilimandscharicum and O. x citriodorum. The presence
of methyl-cinnamate-rich types in both O. americanum
and O. basificum clearly shows that species and essential
oil profiles do not necessarily correspond. Basil cultivars
are the result of many years of breeding and selection.
As morphological traits and chemical characteristic
segregation are not necessarily lnked, plants can
obtain morphological characteristics from one parent or
chemical characteristics from the other. Therefore, several
variations can be found at infraspecific level.
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temperature, 220 °C; detector temperature, 240 °C;
column, DB-5 capillary column (30m x 0.25 mm id.,
coating thickness 0.25 pm; J&W Scientific, Agilent Tech-
nologies); oven temperature programme, from 60 °C to
240° at 3 °C/min; carrier gas, helium at 1 ml/min; injec-
tion, 1 Ul (10% hexane solution); split ratio, 1/30. The
relative proportions of the essential oil constituents were
percentages obtained by FID peak-area normalization, all
relative response factors being taken as 1.

GC-MS instrument

GC-EIMS analyses were performed using a Varian CP-
3800 gas-chromatograph equipped with a DB-5 capillary
column (30 m x 0.25 mm i.d., coating thickness 0.25 [m;
J&W Scientific, Agilent Technologies) and a Varian
Saturn 2000 ion trap mass detector. Injector and transfer
line temperatures, 220 °C and 240 °C, respectively; oven
temperature programimed from 60 °C to 240° at 3 °C/min,
carrier gas, helium at 1 ml/min: injection, 1pl 10%
hexane solution; split ratio, 1/30.

Identification of the compounds

Identification of the constituents was based on compar-
ison of their retention times with those of authentic
samples, comparing their linear retention indices (LRI)
relative to the series of n-hydrocarbons, and on com-
puter matching against commercial (NIST 95 and
Adams) and home-made library mass spectra built up
from pure substances and components of known oils and
MS literature data.”" Trachylobane and pimarane were
identified by comparing their LRI and their mass spectra
with pure compounds isolated from the plant. Standard
solutions of ent-trachyloban-3-one, ent-trachyloban-3 -0l
and isopamara-7, 13-dien-3a-ol were prepared at 0.1 mg/
ml in dichloromethane. The percentages of the com-
ponents were calculated from the GC peak areas, using
the normalization method.

Results and Discussion

Essential oil yield was determined as 0.45% (v/w) and as
reported in Table 1, this essential oil is characterized by
& high proportion of sesquiterpenes (66.3%), while the
monoterpenes are present in smaller amount {21.2%) and
the diterpenes are present in a relatively high proportion
(12.5%). Some of these diterpenes have been identified
as trachylobane, isopimarane and kaunrene derivatives.
Among the diterpenes isolated from the dichloromethane
extract of the leaves, only the less polar compounds are
present in the oil. The major diterpene is ent-trachyloban-
3-one (3.0%). It is also the major diterpene present in the

Copyright © 2005 John Wiley & Sons, Ltd.
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Table 1. Percentage composition of the essential oil
from the leaves of Croton zambesicus

Constituents LRI* GC/FID
o-Thuijene 933 0.4
-Pinene 942 i3
Camphene 959 0.5
Sabinene 979 1.0
B-Pinene 084 52
p-Cymene 1030 0.7
Limonene 1035 0.4
1,8-Cineole 1039 L7
y-Terpinene 1064 0.2
cis-Sabinene hydrate 1075 03
Linalooi 1098 6.1
trans-Pinocarveol 1147 0.8
Camphor 1154 23
Pinocarvone 1162 0.6
Borneol 1165 0.5
4-Terpineol 1177 0.4
Myrtenol 1193 1.2
Cyclosativene 1368 0.6
@-Copaene 1376 6.3
fB-Bourbonene 1384 3.1
Cyperene 1402 0.9
B-Cedrene 1418 0.3
B-Caryophyllene 1418 10.8
o-Humulene 1454 1.6
allo-Aromadendrene 1461 1.6
y-Muurolene 1477 1.0
Germacrene D 1480 4.8
a-Muurolene 1499 0.5
Cuparene 1505 0.3
trans-y-Cadinene 1513 1.0
6-Cadinene 1524 1.1
Caryophyllene oxide 1581 1935
Guaiol 1595 0.7
Humulene oxide 11 1606 2.3
ent-Trachylobane 1989 0.7
Sandaracopimaradiene 1996 6.4
Kaurene 2034 2.1
ent-Trachyloban-3-one 2226 3.0
ent-Trachyloban-353-ol 2242 0.5
Isopimara-7,15-dien-35-0l 2244 1.0
Total identified (%) 87.7
Yield {%, viw) 0.45

* Linear retention index on DB-5 column.

dichloromethane extract of the leaves (data not shown).
Unfortunately, because of lack of reference compounds,
we could not identify all the diterpenes in the oil.
No previous reports have described the presence of
trachylobane, isopimarane and kaurene diterpenes in the
essential oil of this plant.

The major compounds of the essential oil are
caryophyllene oxide (19.5%), B-caryophyllene {10.8%),
or-copaene (6.3%), linalool (6.1%) and B-pinene (5.2%).
In comparison to previous studies on the essential oil of
leaves, this sample from Benin containg much more
caryophyllene oxide (4.6% in g sample from Tchad, 0.3%
in a sample from Cameroon)®” and almost the same
amount of B-caryophyllene as in the sample from Tchad
(9.9%) but less than in the sample from Cameroon
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of domestication over a long period.* The use of essen-
tial oils as a taxonomic descriptor coupled with genetic
fingerprinting'**® would provide in basil a potent com-
bination for taxonomic classifications of this genus.

The groups of Ocimum specics based on morpho-
logical characteristics do not correspond to the groups
based on velatile oils constituents. Each group of volatile
oil profiles can occur in different species, for example,
the citral/spathulenol type occurs in both 0. X
citriodorum and O. basilicum; linaloolrich types are
frequent in Q. basilicum varieties, O. miminmum, O.
kilimandscharicum and O. x citriodorum. The presence
of methyl-cinnamate-rich types in both O. americanum
and O. basilicum clearly shows thai species and essential
oil profiles do not necessarily correspond, Basil cultivars
are the result of many years of breeding and selection.
As morphological traits and chemical characteristic
segregation are not necessarily linked, plants can
obtain morphological characteristics from one parent or
chemical characteristics from the other. Therefore, several
variaftions can be found at infraspecific level.
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