
INTRODUCTION

Inula viscosa (L.) Aiton (Tribe Inulae,
Asteraceae) is a herbaceous perennial
plant, widespread in Southern Europe
(BALL, 1976). It is common on road edges
in the Iberian Peninsula (RIGUAL
MAGALLÒN, 1972) and in the Italian
Levante Region (IMBESI, 1964). It is used
in folk medicine in the Mediterranean area
to treat injuries, sprains, and bruises
(FERNANDEZ-OCANA et al., 1996), and to
combat intestinal disorders and jaundice
(LOPEZ, 1982; FONT QUER, 1978).

Previous researches on Inula viscosa
(=Drittrichia viscosa (L) W. Greuter) have
revealed in this species the presence of fla-
vonoids (GRANDE et al., 1985;
WOLLENWEBER et al., 1991; BENAYACHE et
al., 1991), sesquiterpenes (CECCHERELLI et
al., 1985; BOHLMANN & GUPTAR, 1982),
triterpenes (OKSUZ, 1976) and essential oil
(CHAMACO et al., 2000).

With the first work on essential oil
(CHIARLO, 1968), seven azulenes were

separed by gas-chromathography from a
high-boiling fraction of the essential oil.
The major component (49%) was identi-
fied as 1,4-dimethylazulene, followed by
chamazulene (32%). The presence of azu-
lenes supported the antiphlogistic proper-
ties ascribed to the plant by the folk medi-
cal tradition in a previous pharmacological
investigation (SUSPLUGAS et al., 1980).

Antimicrobial and antifungal activity of
ethanolic extracts of this plant were also
investigated (DE LAURENTIS et al., 2000;
CAFARCHIA et al., 1999).

The aim of this work is to investigate
the chemical composition of essential oil
of I. viscosa collected from four different
areas in Apulia (South Italy).

MATERIALS AND METHODS

Plant Material
Aerial parts of wild I. viscosa in the flo-

wering stage were collected in October
1999 from four different areas of Apulia:
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Sample A. Martina (Taranto province)
Sample B. Putignano (Bari province),
Sample C. Bari
Sample D. Otranto (Lecce province).
Voucher specimens have been deposited

in the Herbarium at the Department of
Botany, Faculty of Science, University of
Bari, Italy.

Isolation of the essential oil
Fresh samples of leaves and flowers (1

kg) were hydrodistilled for 3 h using a
modified Clevenger-type apparatus
(PEREZ-ALONSO et al., 1996). The oils
obtained were recovered with hexane,
dried over anhydrous sodium sulfate, con-
centrated with nitrogen and stored at -4 °C
until analysis.

The essential oil of sample C (300 mg)
of leaves was chromatographed over silica
gel 60 (230-400 mesh, Merck), using hexa-
ne, followed by hexane-ethyl acetate mix-
tures of increasing polarity (0-40% ethyl
acetate). Thirty fractions were taken and
combined based on TLC monitoring, with
sampling of 10 fractions for each analysis.
The chemical composition of the fraction
was identified by GC/MS.

12-carboxyeudesma-3,11(13)-diene
was isolated in its pure state (65 mg). 1H-
NMR, 13C-NMR and MS data of this
compound were identical to values form
literature (PEREZ-ALONSO, 1996)

100 g of flowers of sample C were set in
a glass column and extracted by percola-
tion with dichloromethane for 1 h. 100 ml
of extract were recovered and evaporated
to dryness under vacuum in a rotavapor.

300 g of fresh flowers of sample A were
set in a glass column and extracted by per-
colation with dichloromethane for 1 h and
600 ml of extract were recovered and eva-
porated to dryness under vacuum in a rota-
vapor.

The residue was redissolved in metha-
nol/water (8:2) and extracted with hexane
to remove chlorophyll. The aqueous phase
was evaporated under vacuum.

The yellowish column residue (85 g)
was dissolved in methanol and chromato-
graphed on a silica gel column using chlo-
roform/methanol (9:1) as eluent. The frac-
tions containing cycloheptafuranone were
recovered and purified by preparative TLC
with petroleum ether/ethyl acetate (6:4).
The chemical composition of the fraction
was investigated by GC/MS. Pure tomen-
tosin (45 mg) was isolated and confirmed
by 1H-NMR, 13C-NMR and MS.

Quantitative and qualitative analyses
Quantitative and quantitative analyses

(area %) were performed by Capillary GC-
MS, Hewlett Packard 6890-5973 MSD
controlled by chemstation software and
equipped with an HP 6890 Series Injector
autosampler. Capillary column: HP5MS
30 m x 0.25 mm i.d.x 0.23 µm film thick-
ness phase of 5% phenylmethylsilaxane.
The amount injected was 1 µl. Injector:
250 °C, carrier gas helium 1 ml/min con-
stant flow; split ratio 60:1. Oven tempera-
ture program: 4 min at 40 °C, then 4
°C/min to 280 °C and additional 60 min at
280 °C. Mass spectra were acquisition at
70 eV in scan mode from 40 to 550 u.m.a.;
source 230 °C, quadrup. 150 °C.

Components were identified by compa-
rison with the computerised NIST 98 soft-
ware from the NIST Library, by their rela-
tive retention times and by comparison
with authentic samples and literature.

RESULTS AND DISCUSSION

Steam distillation of leaves and flowers
of I. viscosa yielded light yellow-coloured
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essential oils (0,35% for leaves and 0,37%
for flowers) whose qualitative and quanti-
tative determination is given in Tab. 1.
Components are listed in order of elution
from a SE-30 fused-silica capillary column
and were identified by means of GC/MS
by comparison of both their fragmentation
patterns and retention indices with those of
authentic samples. Examination of the oils
indicated the presence of more than 80
components, 52 of which were identified,
accounting for ca. 80% of the oil.

Samples A, B, C, and D constituted a
complex mixture of 45, 48 , 41, 44 com-
pounds for leaves and 43, 45, 49, 50 for
flowers respectively. The compounds iden-
tified by GC/MS represented 76%, 79%,
78%, 77% for leaves and 84%, 80%, 81%,
73% for flowers of the total oils.

Tab. 1 shows the compounds listed in
order of elution.

All samples were characterised by a
very high content of 12-carboxyeudesma-
3,11(13)-diene. This constituted 44% of
sample A, 53% of B, 62% of C, 56% of D
in the leaves and 20% of A, 42% of B,
48% of C, and 27% of D in the flowers.

The results of our analysis revealed that
flower extracts contain larger amounts of
monoterpenes, sesquitepene hydrocarbons,
oxygenated aromatic compounds and fatty
acid esters. Leaf extracts contained oxyge-
nated sesquiterpene compounds to a grea-
ter extent.

Sample A contained eucalyptol (10%),
trans-nerolidol (7%), hexahydrofarnesyl
acetone (5%) in the flowers and selina
α−6-en-4-ol (7% ), caryophyllene oxide
(3%), α−eudesmol (3%) in the leaves.

Sample B contained eugenol (7%), α-
terpineol (4%), nerolidol (3%) in the flo-

wers, and selina-6-en-4-ol (3%), α-car-
yophyllen-5-ol (3%), α-eudesmol (2%) in
the leaves.

Sample C contained α-terpineol (3%),
nerolidol (2%), eucalyptol (2%) in the flo-
wers and selina-6-en-4-ol (3%), nerolidol
(2%), tomentosin (2%) in the leaves.

Sample D contained ethyl palmitate
(6%), ethyl linoleate (4%), nerolidol (3%),
eucalyptol (2%), α-caryophyllen-5-ol
(2%) in the flowers and selina-6-en-4-ol
(2%), α-caryophyllen-5-ol (2%), α-eude-
smol (1%) in the leaves.

It is notable that sample A (from
Martina Franca) and sample B (from
Putignano), both collected in mountainous
areas, have a high percentage of monoter-
pene compounds, such as eucalyptol (sam-
ple A) and terpineol (sample B), oxygena-
ted sesquiterpenes such as nerolidol and
hexahydrofarnesyl acetone (sample A) and
oxygenated aromatic compounds such as
eugenol (sample B). The samples close to
the sea (Bari, sample C, and Otranto, sam-
ple D) demonstrated a higher content of
oxygenated sesquiterpenes: 12-carboxyeu-
desma-3,11(13)-diene (60%) in sample C
and fatty acid esters (10%) in sample D.

In conclusion, the major constituent of
essential oils of Inula viscosa from the
Apulia region is an oxygenated carboxyla-
ted bicyclic sesquiterpene (12-carboxyeu-
desma-3,11-diene). This contrasts with the
composition reported for I. viscosa oil
from Turkey, where the main component
was a monoterpene alcohol (borneol, 38%)
(PEREZ-ALONSO et al., 1996), and from
Spain, where the main components was an
allylic tertiary alcohol (fokienol)
(CHAMACO et al., 2000).
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Tab. 1- Essential oils of leaves and flowers of Inula viscosa Aiton

Leaves Flowers

RT Components A B C D A B C D
Monoterpenes

9,50 α-Pinene - - - - 0,29 - 0,10 -
11,10 ß-Phellandrene - - - - 0,75 - 0,10 -
13,35 Eucalyptol 0,11 0,12 0,15 - 9,61 0,32 2,31 2,27
16,14 ß Linalool t 0,17 t 0,14 1,37 0,89 0,74 0,60
17,99 Nonanal 0,91 0,53 - 0,33 0,50 0,45 0,85 0,99
18,94 l-Terpineol 0,15 0,14 0,14 0,27 1,76 2,00 1,28 0,74
19,44 (+) α-Terpineol t 0,34 0,10 0,32 3,10 3,86 2,57 1,74
20,78 2-Bornene - t - - - 0,10 0,13 0,12
21,93 α-Ionone 0,17 0,41 - 0,30 0,21 0,14 0,12 0,14
23,02 Edulan I dihydro 0,23 0,39 0,17 0,23 0,75 0,25 0,49 0,83
24,97 Dehydro α-ionene - 0,12 0,10 0,14 0,86 0,37 0,10 0,47
25,19 Eugenol t 0,11 - 0,14 - 7,27 0,43 1,21
25,75 Copaene / α-cubebene 0,11 0,15 t t 0,58 0,13 0,22 0,54
26,05 E ß-Damascenone t 0,17 - 0,16 0,20 0,16 0,14 0,21
26,74 Methyl eugenol 0,11 0,18 - 0,16 - 0,16 0,12 0,30
27,11 ß-Caryophyllene 0,67 0,54 0,27 0,15 1,45 0,91 0,87 1,05
27,89 Guaiene 0,45 0,21 0,22 0,10 0,51 - 0,36 0,48
28,22 α-Caryophyllene 0,13 0,11 - - 0,25 0,13 0,23 0,34
28,42 Allo aromadendrene 0,14 0,12 0,12 - 0,25 - 0,12 0,14
29,03 α-Muurulene 0,82 0,33 0,35 0,17 0,91 1,20 0,90 1,36
29,19 α-Patchoulene 0,71 0,55 0,29 0,46 0,83 0,44 0,37 0,45
29,37 δ-Selinene 0,85 0,41 t 0,19 0,99 0,72 0,82 0,63
29,48 Valencene 0,29 0,28 0,12 0,15 1,64 1,12 1,44 1,04
29,64 ß- Cadinene 0,14 0,15 0,10 0,10 0,50 0,13 0,20 0,31
29,86 α-Cadinene 0,53 0,12 0,11 0,14 0,17 0,42 0,64 0,92
30,34 δ-Cadinene 0,27 0,26 t 0,17 0,67 - 0,28 0,43
30,85 α-Copaen-11ol 0,25 0,25 t 0,10 0,31 0,12 0,11 0,25
31,31 1,10-Guaiadiene 0,12 0,12 t 0,13 - 0,12 0,14 0,14
31,56 Trans Nerolidol 1,94 1,47 2,09 0,58 6,93 3,35 2,35 2,91
32,06 Caryophyllene oxide 3,27 1,77 0,84 0,91 2,62 0,63 1,31 2,19
32,35 Ylangene 0,38 0,10 0,11 0,11 - - 0,11 0,13
32,69 α-Elemene 0,17 0,11 t 0,10 0,30 - 0,22 0,14
33,12 Selina6en4 ol 7,52 3,09 2,95 2,29 3,31 1,35 2,10 2,02
33,60 α-Caryophyllen-5-ol 1,82 2,80 1,49 1,60 1,66 1,02 1,07 1,90
33,97 ß-Eudesmol 2,06 0,91 0,22 0,41 1,01 0,44 0,59 0,55
34,11 α-Eudesmol 3,46 1,65 0,15 1,43 2,72 2,19 1,35 1,55
34,38 α-Guaiene 0,14 - 1,37 0,29 - 0,21 0,17 0,16
34,57 Isoaromadendrene epoxide 0,40 0,22 0,15 0,17 - 0,14 - 0,19
37,03 Benzyl benzoate 0,76 0,51 0, 27 0,39 0,16 0,48 0,43 0,32
39,12 Hexahydrofarnesyl acetone 0,13 0,46 t 0,30 5,14 0,94 1,80 2,07
40,97 12-Carboxyeudesma-3,11(13)diene 43,97 52,54 62,37 56,23 20,24 42,13 47,97 27,14
41,12 Methyl palmitate - - 0,10 - 0,72 0,57 - 0,44
42,78 Ethyl palmitate 0,42 0,42 - 1,07 0,62 0,32 0,86 6,25
43,10 Cyclohexadecane - 0,22 0,35 0,14 1,21 0,39 0,35 0,22
45,50 Phytol 0,62 2,65 0,18 1,48 1,74 0,28 0,54 0,81
46,52 Tomentosin 0,38 0,18 1,64 - - 0,55 0,31 0,27
46,52 Linoleic acid ethyl ester t 0,15 t 1,29 - 0,32 - 3,78
47,78 1-Octadecene - t t - 0,64 0,32 0,13 0,11
49,45 Nonadecane 0,28 0,45 - 0,46 0,83 0,31 0,44 0,41
51,48 Tetracosane 0,14 0,16 0,10 0,20 0,32 0,14 0,15 0,20
53,44 Docosane/tricosane 0,60 1,33 0,65 1,65 4,61 2,01 1,54 1,39
57,13 Heptacosane 0,45 1,06 0,30 1,42 0,95 0,53 0,71 1,03

Monoterpenes 0,26 0,77 0,39 0,73 16,88 7,17 7,23 5,47
Hydrocarbon sesquiterpenes 5,92 3,68 3,16 2,40 9,91 5,90 7,19 8,30
Oxygenated sesquiterpenes 66,22 68,96 72,25 66,19 46,84 53,69 60,25 43,03
Oxygenated compounds 1,78 1,33 0,27 1,02 0,66 8,36 1,83 2,82
Fatty acids 0,42 0,57 0,10 2,36 1,44 1,21 0,86 10,47
Waxes 1,47 3,22 1,40 3,87 8,56 3,70 3,32 3,36

Total 76,07 78,53 77,57 76,57 84,29 80,03 80,68 73,45
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