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ABSTRACT: The main goal of this study was to isolate and characterize the volatiles from Plicanthus hirtellus and Radula
boryana grown in the African Archipelago of São Tomé e Príncipe. The volatiles isolated by distillation–extraction from Plican-
thus hirtellus and Radula boryana were analysed by GC and GC–MS. Plicanthus hirtellus volatiles were dominated by anas-
treptene (13%) and spathulenol (14%). Radula boryana volatiles were characterized by high amounts of p-cymene (17%) along
with other monoterpene hydrocarbons and by the unusual presence of the oxygen-containing monoterpenes thymol and
carvacrol (1% each). Copyright © 2010 John Wiley & Sons, Ltd.
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Introduction
São Tomé e Príncipe is an Archipelago located in the Gulf of
Guinea, comprising two islands, São Tomé, the largest one, where
the highest mountain is also located (2024 m), and Príncipe
Island. The climate is tropical, hot and very humid, with small
thermal amplitude. The natural forest of São Tomé e Príncipe was
considered one of the most important in Africa, due to the high
plant diversity, including many endemic plant species, namely
bryophytes, and a rich fauna, especially birds.[1–3]

Plicanthus hirtellus (F. Weber) R. M. Schuster [= Jungermannia
hirtella F. Weber (Basionym), Chandonanthus hirtellus (Web.) Mitt.,
Anthelia hirtella (F. Weber) Stephani], is a robust liverwort belong-
ing to the family Jungermanniaceae (Reichenb.), which grows on
rocks or tree trunks and branches in full light habitats, occasion-
ally on soil and even in wetter habitats.[4] P. hirtellus has a broad
distribution, being widespread in Africa, Asia, Australasia and
Oceania.[5]

Radula boryana (F.Weber) Nees [= Jungermannia boryana F.
Weber (Basionym)] is a liverwort belonging to the family Radu-
laceae (Dumort.) Müll. Frib., which grows on boles and large
branches of forest trees in humid habitats.[5] R. boryana is abun-
dant in many areas of tropical East Africa, frequently above
1100 m.[5]

Previous chemical studies on P. hirtellus have used organic
solvent extracts. Limonene, a-bisabolene and anastreptene were
identified in Chandonanthus hirtellus, the latter being the main
component in the ether extract of this species.[6] The biflavone
dicranolomin, luteolin and vanillic acid-4-O-neohesperidoside
were isolated from the aqueous methanolic extract of Chan-
donanthus hirtellus ssp. giganteus collected in Zaire.[7] Two iso-
meric diterpenoids of cembrane-type, chandonanthone and

isochandonanthone, were identified in Chandonanthus hirtellus
collected in China.[8] In addition to known terpenoids,Wang et al.[9]

identified a new bicyclogermacrene sesquiterpenoid, two new
cembrane diterpenoids and five new dolabellane diterpenoids in
the ether extract of the Malaysian Chandonanthus hirtellus.

Pulegone, trans-b-bergamotene, b-gurjunene, d-elemene,
bicyclogermacrene, cuparene, trans-b-farnesene, b-guaiene,
b-himachalene and b-maaliene have been reported by by Spörle
from Radula boryana[in 10].

Both species have a reasonable distribution on São Tomé
Island, on rocks or on tree trunks, and their ecological affinities
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and amplitudes are currently being investigated. To further
typify these species, the aim of this study was to isolate and
characterize the volatiles, isolated by distillation–extraction, from
Plicanthus hirtellus and Radula boryana grown in São Tomé e
Príncipe.

Materials and Methods

Plant Material

Collective samples of Plicanthus hirtellus and Radula boryana
were collected on São Tomé Island at 1990 m near São Tomé peak
and at 1430 m near the Carvalho peak, respectively. Voucher
specimens have been deposited in the Herbarium of the Univer-
sity of Lisbon/National History Museum (LISU) under Voucher
Nos LISU 234221 and LISU 234222, respectively.

Volatiles Extraction

The volatiles were isolated by distillation–extraction for 3 h
using a Likens–Nickerson-type apparatus[11] with distilled n-
pentane (50 ml) as the organic solvent. The isolation procedure
was run at a distillation rate of 3 ml/min. The oil recovered
in pentane was concentrated, at room temperature, under
reduced pressure on a rotary evaporator and collected in a vial
and concentrated to a minimum volume, again at room tem-
perature, under nitrogen flux. The volatiles were stored at –20°C
in the dark until analysis.

Gas Chromatography

Gas chromatographic analyses were performed using a Perkin-
Elmer Autosystem XL gas chromatograph (Perkin-Elmer, Shelton,
CT, USA) equipped with two flame ionization detectors (FIDs), a
data-handling system and a vapourizing injector port, into which
two columns of different polarities were installed: a DB-1 fused-
silica column (30 m ¥ 0.25 mm i.d., film thickness 0.25 mm; J&W
Scientific Inc., Rancho Cordova, CA, USA) and a DB-17HT fused-
silica column (30 m ¥ 0.25 mm i.d., film thickness 0.15 mm; J&W
Scientific). The oven temperature was programmed from 45°C to
175°C at 3°C/min, subsequently at 15°C/min to 300°C, then held
isothermal for 10 min; injector and detector temperatures, 280°C
and 300°C, respectively; carrier gas, hydrogen, adjusted to a linear
velocity of 30cm/s. The samples were injected using a split sam-
pling technique, ratio 1:50. The volume of injection was 0.1 ml
pentane–oil solution. The percentage composition of the oils was
computed by the normalization method from the GC peak areas,
calculated as mean values of two injections from each oil, using
the response factors reported in the literature[12,13] (Table 1, [a] and
[c]) and without using response factors (Table 1, [b] and [d]).

Gas Chromatography–Mass Spectrometry

The GC–MS unit consisted of a Perkin-Elmer Autosystem XL gas
chromatograph equipped with a DB-1 fused-silica column (30 m
¥ 0.25 mm i.d., film thickness 0.25 mm; J&W Scientific) and inter-
faced with a Perkin-Elmer Turbomass mass spectrometer (soft-
ware version 4.1, Perkin-Elmer). Injector and oven temperatures
were as above; transfer line temperature, 280°C; ion source tem-
perature, 220°C; carrier gas, helium, adjusted to a linear velocity
of 30cm/s; split ratio, 1:40; ionization energy, 70 eV; ionization

current, 60 mA; scan range, 40–300 u; scan time, 1 s. The identity
of the components was assigned by comparison of their reten-
tion indices, relative to C8–C24 n-alkane indices and GC–MS
spectra from a laboratory-made library, constructed based on the
analyses of reference oils, laboratory-synthesizsed components
and commercially available standards.

Results and Discussion
Plicanthus hirtellus and Radula boryana samples afforded strong-
smelling light-yellow oils. The identified oil components are listed
in Table 1 in order of their elution on the DB-1 column. For com-
parison purposes, data reported in Table 1 are given after calcu-
lations with ([a], [c]) and without ([b], [d]) response factors.

P. hirtellus volatiles were dominated by anastreptene (13%) and
spathulenol (14%). Carvone (4%) and 1,8-cineole (2%) were also
detected in this species volatiles. Anastreptene was the main
component identified by Asakawa et al.[6] in the ether extract of
Chandonanthus hirtellus collected in East Malaysia.

Interestingly, R. boryana volatiles were characterized by high
amounts of p-cymene (17%), along with other monoterpene
hydrocarbons, and by the unusual presence of the oxygen-
containing monoterpenes, thymol and carvacrol. Sesquiterpenes
and fatty acids were also present in R. boryana volatiles. This
composition is markedly different from that usually found in
Radula spp. organic-solvent extracts and from the volatiles of
Radula spp. from Portugal.[14,15]

P. hirtellus and R. boryana volatiles were here investigated in
detail for the first time. The volatiles composition may support
the delimitation of these species, together with ongoing distri-
bution and morphological studies. However, further research, viz.
analysis of the volatiles composition from other African Plican-
thus and Radula spp., are required to ascertain the usefulness of
this type of compound for systematic studies.
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