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ABSTRACT

The diethyl ether extract of the aerial parts of Arfemisia abrotanum L. was analyzed by GC and GC/MS. The main identified
constituents were silphiperfol-5-en-3-one A (14.6 %), ascaridole (13.1 %), 1,8-cineole (10.5 %), a-bisabolol oxide A acetate (8.7 %),

germacrene D (6.5 %) and borneol (6.0 %).
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Artemisia abrotanum L. (southernwood) is a highly fragrant
species, frequently used as spice and for medicinal purposes.'
Up to now A. abrotanum was mainly investigated for the presence
of the following secondary metabolites: coumarins, flavonols,
sesquiterpene derivatives and phenolic acids, many of which are
of pharmacological significance. For example, spasmolytic
flavonols have been isolated from the methanol extract of
southernwood as the principals primarily responsible for the
observed smooth muscle relaxing activity of this plant.?
Polyphenolcarboxylic acids could be considered responsible for
the choleretic and chalogogic activity of A. abrotanum herba.**
A nasal spray formulation containing a mixture of A. abrotanum
essential oil and flavonols appears to be clinically useful and
suitable for treating allergic rhinitis and other upper airway
disorders.’Ithas been confirmed that the extracts of A. abrotanum
are active against different pathogens: Malassezia spp., Candida
albicans and Staphylococcus aureus,® as well as against Naegleria
fowleri.” In addition, the toluene extract of southernwood exerted
strong arthropod repellency, and it was found that coumarin
derivatives and thujyl alcohol were the most potent repellant
constituents.® Although A. abrotanum is rich in essential oils, its
volatile components have been the subject of only a limited
number of studies."”" Thus, the aim of this work was to analyze,
using GC and GC/MS, the diethyl ether extract of the aerial parts
of A. abrotanum collected in Serbia. These results would be the
first step in determining whether any of the southernwood vola-
tile constituents could be related to its popular ethnopharma-
cological usage.

GC and GC/MS analyses of the diethyl ether extract of the
aerial parts of A. abrotanum enabled the identification of 39
components representing 91.0 % of the total GC peak areas
(Table 1 and Fig. 1). Terpenoids, the most abundant class of
compounds (more than four-fifths of volatiles in the extract),
were almost evenly distributed among mono- and sesquiter-
penoids. The oxygenated derivatives, in both terpenoid fractions,
were predominant (oxygenated to hydrocarbon component
ratios, within the mono- and sesquiterpenoids, were 8.8:1 and
4.1:1, respectively). The major contributors were silphiperfol-
5-en-3-one A (14.6 %), ascaridole (13.1 %), 1,8-cineole (10.5 %),
a-bisabolol oxide A acetate (8.7 %), borneol (6.0 %) and germa-
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crene D (6.5 %). Among the sesquiterpenoids, the structures
with triquinane (32.8 %), bisabolane (8.7 %) and germacrene
(6.7 %) skeletons were repeatedly encountered, while p-men-
thane (31.5 %) and bornane-type (11.0 %) compounds were the
most abundant among the identified monoterpenoids.

Comparison of the chemical composition of the extracts and
essential oils obtained from A. abrotanum collected in different
countries suggests that the southernwood cultivated in Serbia
could be considered as a new chemotype."”'"’ Although most of
the compounds listed in Table 1 were already identified as
southernwood volatiles, their identity or distribution did not
match the volatiles” profile of any previously analyzed A. abro-
tanum. For example, there is much similarity between the chemi-
cal compositions of the oil and extract of Italian and Serbian
A. abrotanum (high levels of ascaridole, 1,8-cineole and bis-
abolane-type sesquiterpenoids). However, volatile triquinanes,
one of the dominant compound classes in the Serbian sample
(32.8 %), were not even found in trace amounts by Mucciarelli
et al.”* In contrast, while the triquinanes were present in high
percentage in the sample from Poland, along with 1,8-cineole, no
ascaridole was detected.'

A typical GC/MS chromatogram of the diethyl ether extract is
shown in Fig. 1.

In addition, while the davanone-type sesquiterpenoids were
among the major constituents of the essential oil and both
solvent extracts (hexane and methanol) obtained from A. abro-
tanum from Poland, they were absent from the present (Serbian)
extract.' In the oil investigated by Vostrowsky et al. no triqui-
nanes nor ascaridole were found, but the davanones as well as a
series of geranyl esters were present.” Environmental, ecological
(e.g. collection site, season, etc.) and genetic factors could be
responsible for the observed differences in the volatile profiles of
A. abrotanum samples originating from different countries.

For a number of identified extract constituents, biological or
pharmacological activity has been previously confirmed. It was
shown that monoterpene peroxide ascaridole possesses strong
anthelmintic properties." 1,8-Cineole, camphor, borneol and
eugenol are well-known antimicrobial agents, active against a
number of human pathogens.” Crude extracts of southern-
wood, as well as some of its pure constituents were previously
tested in vitro for antimalarial activity against Plasmodium
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Table1 Composition of the diethyl ether extract of Artemisia abrotanum L.

RI! Compound % Class  Identifi-
cation
852 (E)-3-Hexenol* 0.2 e} ab
952 Camphene 0.9 MB a,b,c
1019  a-Terpinene 0.7 MM a,b
1026 p-Cymene 2.9 MM a,b,c
1034  1,8-Cineole 10.5 MM ab,c
1046  Phenylacetaldehyde 0.2 (@] a,b,c
1069  cis-Sabinene hydrate 0.5 MT a,b
1103 trans-Sabinene hydrate 0.8 MT a,b
1117 2-Phenyl-1-ethanol 0.3 (@) a,b,c
1149  Camphor 3.5 MB a,b,c
1170  Borneol 6.0 MB a,b,c
1181  Terpinen-4-ol tr MM a,b,c
1194  a-Terpineol 0.1 MM a,b,c
1211 trans-Piperitol 0.6 MM ab
1221  cis-Sabinene hydrate acetate® 0.3 MT a,b
1226  2a-Hydroxy-1,8-cineole? tr MM  ab
1243  Ascaridole 13.1 MM ab,c
1259 cis-Piperitone epoxide® 0.6 MM a,b
1261  trans-Piperitone epoxide® 0.3 MM ab
1289  Isobornyl acetate® 06 MB a,b
1303  Carvacrol 0.6 MM a,b,c
1309  Isoascaridole (syn. 1,2:3,4-diepoxy- 2.1 MM a,b
p-menthane)
1329  Silphiperfol-5-ene 0.5 STQ ab
1348  7-epi-Silphiperfol-5-ene* 02 STQ ab
1360  Eugenol 0.2 O a,b,c
1425  B-Caryophyllene 0.6 SCAR  ab,c
1486  Germacrene D 6.5 SGER ab
1501  Bicyclogermacrene 0.2 SGER ab
1511  Silphiperfolan-6a-ol* 05 STQ ab
1528  Presilphiperfolan-9a-ol® 48  STQ ab
1554  Silphiperfol-5-en-3-one B 1.6 STQ ab
1561 Silphiperfol-5-en-3-ol A 1.0 STQ a,b,c
1578  Silphiperfol-5-en-3-one A 14.6 STQ  ab
1591  Caryophyllene oxide 1.6 SCAR ab,c
1751  Bisabolol oxide A (pyranoid)® tr SB ab
1825  Unidentified I’ 0.2
1962  Scopoletin (syn. 6-metoxy-7- 1.6 CD ab
hydroxycoumarin)
2041  Unidentified II* 2.9
2052  a-Bisabolol oxide A acetate’ 8.7 SB a
2096  Isofraxidin (syn. 6,8-dimethoxy-7- 3.3 CD a,b
hydroxycoumarin)
2187  Unidentified IV® 0.6
2900 Nonacosane 0.3 (@) a,b,c
Total 94.7
Monoterpenoids 441
Oxygenated 39.6
Hydrocarbons 4.5
p-Menthane (MB) 31.5
Bornane and camphane (B) 11.0
Thujane (MT) 1.6
Sesquiterpenoids 40.8
Oxygenated 26.7
Hydrocarbons 8.0
Triquinane (STQ) 32.8
Bisabolane (SB) 8.7
Caryophyllene (SCAR) 2.2
Germacrane and related (SGER) 6.7
Coumarin derivatives (CD) 4.9
Others (O) 1.2

ICompounds listed in order of elution on HP-5MS column (RI — experimentally
determined retention indices on the mentioned column by co-injection of a
homologous series of n-alkanes Cg—Cy).

Reported as A. abrotanum constituent for the first time.

3MS (EL 70 eV), m/z (Ir, %): 248(10), 220(22), 205(38), 191(33), 177(35), 163(21),
159(17), 151(36), 149(33), 135(26), 121(24), 109(21), 107(21), 105(21), 98(27), 91(36),
79(23), 77(28), 67(15), 65(16), 55(22), 43(100).

4MS (EL, 70 V), m/z (Ir, %): 218(1), 203(1), 185(41), 143(39), 137(12), 125(52), 109(31),
95(9), 81(13), 71(16), 55(15), 43(100).

SMS (EI 70 eV), m/z (Ir, %): 218(1), 203(3), 185(48), 143(56), 137(7), 134(10), 125(76),
119(13), 109(16), 107(20), 93(14), 91(23), 81(12), 79(12), 77(14), 55(11), 43(100).

MS (EL 70 eV), m/z (Ir, %): 218(1), 185(59), 143(45), 125(64), 109(29), 81(15), 71(22),
55(20), 43(100).

tr—trace (<0.05 %); syn —synonym,; a — constituent identified by mass spectra com-
parison; b — constituent identified by retention index matching; ¢ — constituent
identity confirmed by co-injection of an authentic sample.

falciparum. Two pure compounds were found to be active: the
sesquiterpenoid «-bisabolol A oxide acetate and coumarin
isofraxidin.” a-Bisabolol oxide A acetate was one of the main
constituents of Serbian southernwood observed in this paper.
Related bisabolene-type sesquiterpenes, bound as esters or
coumarin-conjugates were also previously reported as A.
abrotanum constituents," but were not detected in this study,
probably due to the lack of volatility under the experimental
conditions used. Isofraxidin, along with another coumarin deriv-
ative, scopoletin, represented a significant volatile portion of the
analyzed extract. These constituents are among those repeatedly
identified in the genus Artemisia,” and they are recognized as the
active choleretic principals of A. abrotanum.'® This suggests an
additional confirmation that a great deal of the recognized
southernwood pharmacological activity is due to the presence of
its volatile constituents.

As already mentioned, volatile triquinanes were the most
abundant compound class of the sesquiterpenoid fraction of
A. abrotanum extract. Constituents with this skeleton-type were
previously reported from more then 60 plant genera, mainly
from the Asteraceae (Compositae) family, with a few rare excep-
tions outside this family.” It is noteworthy thatin all cases where
the triquinanes were reported for species not belonging to the
Compositae (just 4 of more than 100 investigated taxa), they
were not isolated in a pure state from the plant material and
were present only as minor or trace constituents, so the possibility
of their misidentification cannot be excluded. Thus, it seems that
the angular and propellane triquinane sesquiterpenoids could
be restricted in higher plants to the Asteraceae family alone
(supported yet again by this study).”” Among the taxa belonging
to the genus Artemisia, besides in A. abrotanum," up to now, the
triquinanes were reported as constituents of A. laciniata,"" A.
vulgaris,” A. alba,® A. iwayomogi,”" A. cantabrica®™ and A. chamae-
melifolia.”® According to the available literature data,""™** it
seems that, within the genus Artemisia, the triquinanes are
produced by the species belonging to the subgenus Artemisia.

Experimental

Aerial parts of the plant were collected from a cultivated popu-
lation of A. abrotanum, in the vicinity of the Soko Banja Spa
(southeastern Serbia), in July 2008. Voucher specimens were
deposited in the Herbarium of the Institute of Botany and Botan-
ical Garden ‘Jevremovac’, University of Belgrade (BEOU) under
the acquisition number 16272.

Fresh above-ground parts of A. abrotanum (18 g) were cut into
small pieces and extracted in a sealed vessel with 100 mL of
diethyl ether in an ultrasonic bath (Bandelin Electronics, Berlin,
Germany) for 1 h at room temperature. The extract was gravity
filtered through a small column packed with 1 g of Celite®
(Merck, Darmstadt, Germany), to remove all insoluble material,
and then concentrated to 10 mL at room temperature using a
stream of nitrogen before GC and GC/MS analysis. The yield of
dry extract, obtained by complete evaporation of the solvent
in vacuo, was 430 mg (2.4 % m/m).

The GC/MS analyses (three repetitions) were carried out using
a Hewlett-Packard 6890N gas chromatograph (Palo Alto, CA,
USA) equipped with a fused silica capillary column HP-5MS
(5 % phenylmethylsiloxane, 30 m x 0.25 mm, film thickness
0.25 um) (Agilent Technologies, Palo Alto, CA, USA) and coupled
with a 5975B mass selective detector from the same company.
The injector and interface were operated at 250 °C and 300 °C, re-
spectively. The oven temperature was raised from 70 to 290 °C at
aheating rate of 5°C min™ and then held isothermally for 10 min.
Helium was used as a carrier gas at 1.0 mL min™. The sample,
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Figure 1 Total ion chromatogram of the diethyl ether extract of the aerial parts of Artemisia abrotanum from Serbia with the structural formulae of the
main components (labels 1-5 correspond to 1,8-cineole, ascaridole, germacrene D, silphiperfol-3-en-5-one A and «-bisabolol oxide A acetate,

respectively).

prepared as previously mentioned, was injected in a pulsed split
mode (the flow was 1.5 mL min™ for the first 0.5 min and then set
to 1.0 mL min™ throughout the remainder of the analysis; split
ratio 40:1). MS (electron ionization, EI) conditions were as
follows: ionization voltage 70 eV, acquisition mass range 35-500,
scan time 0.32s. Extract constituents were identified by comparison
of their linear retention indices (relative to C,—C,, alkane on the
HP-5MS column) with literature values and their mass spectra
with those of authentic standards, as well as those from Wiley
6/NIST02,* MassFinder 2.3” and a homemade MS library with
the spectra corresponding to pure substances, and wherever
possible, by co-injection with an authentic sample.”” GC (FID)
analysis was carried out under the same experimental condi-
tions using the same column as described for the GC/MS experi-
ments. The percentage composition of the extract was computed
from the GC peak areas without any corrections.
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