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The chemical composition of the essential oil produced by steam distillation of the inflorescences of naturally growing Anacamptis coriophora (L.) R. M.
Bateman, Pridgeon & M. W. Chase subsp. fragrans (Pollini) R. M. Bateman, Pridgeon & M. W. Chase (Orchidaceae) from Kroumiria, north-west Tunisia was
studied by GC-MS, which led to the identification of 19 volatile components, representing 97% of the oil. The main constituents were methyl-(£)-p-
methoxycinnamate (29.3%), 13-heptadecyn-1-ol (18.6%), 2,5-dimethoxybenzyl alcohol (14.1%) and 4-(1,1,3,3-tetramethylbutyl)-phenol (9.0%). DPPH radical
scavenging revealed a weak antioxidant activity. In addition, the antiproliferative effects were evaluated on BxPC3 human pancreatic carcinoma cells and on
2008 human ovarian cancer cells showing significant effect. This is the first report of the chemical composition of essential oils obtained from A. coriophora
subsp. fragrans inflorescences for North Africa. Further studies are needed to understand fully the possible mechanism of action behind the cytotoxic activity

of the essential oil.
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Orchids (Orchidaceae) are a group of plants with high diversity in
color, size, bloom shapes and also in the way they smell [1,2]. They
are considered nature's most extravagant group of flowering plants
distributed throughout the world from the tropics to high alpine
regions [3]. With 25,000 to 35,000 species [4], the Orchidaceae is
regarded as the largest family in the plant kingdom [2,5,6]. Some of
these species have aromatic inflorescences due to a distinctive
flavor attributed to high concentration of volatile terpenic
compounds serving mainly for the attraction of insects responsible
for the dispersion of pollen and seeds [7]. Among these fragrant
orchids, the genus Anacamptis Rich., comprised of 11 species and
25 taxa in 7 sections [8], is represented in Tunisia by 5 to 7 species
[9,10]. The fragrant fug orchid, Anacamptis coriophora subsp.
fragrans (syn. Orchis fragrans Pollini), is one of the rare fragrant
plants naturally growing in Tunisia with wide distribution in the
north of the country in moist sandy-clay soil habitats and dried
puddles, ponds and marshes. It is a small plant (20 to 30 cm at
most), the inflorescence of which is a fairly narrow oblong spike
with a very pleasant smell of vanilla. Flowering occurs from April
up to June (Figure S1 of supplementary data). Although reports on
its distribution in the Mediterranean region (Europe and North
Africa) show that it is a relatively common orchid [11-17],
investigations of its essential oil components are still scarce. To our
knowledge, nothing has previously been reported on the chemical
composition of essential oils from inflorescences of orchids found
either in Tunisia or in other parts of North Africa, and only two

reports have been found regarding the chemical composition of
flowers of Anacamptis species in Italy and France [1, 18-20]. Due
to the scarcity of previously published data related to the volatiles
of orchids, both in general and those restricted to the genus
Anacamptis, and in continuation of our contribution to the chemical
and biological studies of medicinal and fragrant plants growing
spontaneously in Tunisia [21-23], the present paper reports novel
information concerning the chemical composition of the volatile
constituents of the essential oil from the inflorescences with seeds
of A. coriophora subsp. fragrans, growing in Tunisia, using GC and
GC-MS analysis.

Hydrodistillation of the inflorescences with mature seeds from A.
coriophora subsp. fragrans gave a pale yellow colored, pleasant
smelling oil. Nineteen compounds were identified and characterized
by GC-MS, comprising about 97% of the whole constituents. The
compounds identified are listed in Table 1 in elution order from the
DB-1 GC column, along with the percentage composition of each
component and Kovats indexes. The major compounds identified
were methyl (E)-p-methoxycinnamate (29.3%), 13-heptadecyn-1-ol
(18.6%), 2,5-dimethoxybenzyl alcohol (14.1%), 4-(1,1,3,3-
tetramethylbutyl)-phenol (9.0%) and p-cresol (4.3%).

The chemical composition of the floral scent emitted by wild
populations of A. coriophora collected in Italy and France have
been previously reported [18,20]. In both reports, p-anisaldehyde
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Table 1: Relative values (%) of odor compounds identified from the inflorescences of
Anacamptis coriophora subsp. fragrans harvested from different wild populations in
Kroumiria, north west Tunisia.

Compounds R.T. KI™ % Identification’
p-Cresol 8.4 1055 43 KI GC-MS ST
1-Undecyne 9.2 1081 0.9 KI GC-MS
p-Methoxyanisole 10.9 1127 1.1 KI GC-MS
Creosol 12.0 1158 0.3 KIGC-MS
3-Decyn-2-ol 12.8 1182 0.3 KI GC-MS
p-Anisaldehyde 13.5 1201 0.5 KI GC-MS ST
3,4-Dimethoxytoluene 13.6 1204 0.3 KIGC-MS
Thymol 16.0 1277 0.1 KI GC-MS ST
2,5-Dimethoxybenzyl 17.8 1328 14.1 KI GC-MS
alcohol
Methyl cinnamate 18.1 1338 1.1 GC-MS ST
2-Buten-1-one, 1-(2,6,6-
trimethyl-1,3- 18.5 1351 0.7 KI GC-MS
cyclohexadien-1-yl)-

E-2-Undecenal 19.4 1378 0.8 KI GC-MS
10-Dodecenol 19.7 1388 4.8 KIGC-MS
2-Dodecenal 20.1 1399 25 KIGC-MS
Methyl () p- 242 1537 2.9 KI GC-MS
methoxycinnamate

Methyl (E)-p-

methoxycinnamate 26.4 1614 29.3 KIGC-MS
4-(1,1,3,3-

Tetramethylbutyl)- phenol 28.0 1672 9.0 KIGC-MS
7.9-Di-tert-butyl-1-

oxaspiro(4,5)deca-6,9-diene- 32.8 1859 57 KI GC-MS
2,8-dione

13-Heptadecyn-1-ol 35.9 1990 18.6 KI GC-MS

" Retention Time; —: Kovats index; %: ST: comparison with standard reference
compound; KI: identification by Kovats index; GC-MS: identification by comparison
with NIST 2012 MS database.

and p-dimethoxybenzene were the most abundant compounds
[18,20]. The two samples differed in their total number of
constituent; Salzmann et al. [18] reported 56 volatile compounds, of
which 17 were identified, while Dormont et al. identified 27
constituents [20]. In addition, Dormont et al. [20] showed that the
same natural fragrant fug orchid produced 21 volatile compounds
(with purple colored flowers) and 23 volatile compounds (with
white  flowers). White morphs (specimens with white
inflorescences) were found to emit greater amounts of volatile
benzenoids, terpenoids, and fatty acid derivatives. The main volatile
components for both morphs were p-anisaldehyde (38.4+18.5 -
38.5£10.8 %), 1,4-dimethoxybenzene (30.6+14.3 - 31.5+7.3%),
methyl p-anisate (8.6+3.8 - 9.1+4.0%), 1,2,4-trimethoxybenzene
(6.1£1.9 - 7.0+4.4%) and 1,2,4,5 tetramethoxybenzene (3.1£1.0 -
3.1£0.8%).

Our samples were obtained by hydrodistillation. Nineteen
compounds were identified and the main components were different
from those detected by SPME GC-MS analysis of floral emissions
previously reported [18,20]. We also found p-anisaldehyde in our
essential oil, but in very low amounts, while methyl-(£)-cinnamate
was detected in our essential oil in higher amounts with respect to
the literature [18,20]. These differences may be explained by the
mode of extraction and sampling, the plant variability, as well as the
environmental and climatic influences on the biosynthesis of
volatile constituents.

A. coriophora subsp. fragrans essential oil demonstrated a weak
antioxidant effect in the DPPH assay [26]. The concentration of
extract required for scavenging 50% of the free radicals (ICs,) was
approximately 1.3+0.1 mg/mL (Table 2).

Antiproliferative activity of the essential oil was assayed on BxPC3
cells (human pancreatic carcinoma cell line) and 2008 cells (human
ovarian adenocarcinoma cell line). For comparison purposes, the
cytotoxicity of cisplatin, one of the most commonly used
chemotherapy drugs worldwide, was evaluated under the same
experimental conditions. Dose-survival curves obtained after 72 h
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of drug treatment and the corresponding ICs, values are shown in
Figure 1.

Table 2: ICs, concentrations of DPPH scavenging capacity of bioactive compounds.

Compounds C (ng/mL) Inhibition percentage ICs (mg/mL)
o 250 15.2+1.0
Fusential ofl of Tunisian 500 202410 1.30.1
bp b P 1000 46.0+8.6
subsp. fragrans 2000 73.72.0
62 46.240.1
125 89.6+0.2
Quercetin 250 90.0+0.7 0.1£0.0
500 92.6+0.2
1000 96.4+0.5
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Figure 1: Cytotoxic activity against 2008 and BxPC3 cells. Cells (3-5x10* mL™") were
treated for 72 h with increasing concentrations of either essential oil (panel A) or
cisplatin (panel B). ICs, values were calculated by the dose-response curves by means
of four parameter logistic model (p<0.05).

In both cell lines the cytotoxic effect induced by the essential oil
was dose-dependent, with mean ICs, values of 0.78 and 0.76 ng/mL
against BxPC3 and 2008 cells, respectively. It is noteworthy that the
ICs, values calculated for the essential oil were lower than those
calculated for cisplatin (mean ICs, values of 6.9 and 3.3 pg/mL
against BxPC3 and 2008 cells, respectively). However, further
studies are needed to understand if this activity is due to a possible
synergistic effect of the whole oil composition or could be related to
the presence of the most abundant constituents.

A. coriophora subsp. fragrans is very similar to other species and to
other plants of the closely related taxa within the Orchis coriophora
group (O. coriophora subsp. fragrans (Pollini) Bateman, O.
coriophora subsp. martinii (Timb.-Lagr.) Nyman (incl. O.
coriophora var. carpetana Willk.) and O. coriophora s. str.) [13].
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Significant differences in the chemical composition between
Tunisian fragrant fug orchid essential oils and those from the
northern shore of the Mediterranean Sea (Italy and France) were
detected and might arise from several environmental (i.e. climatic,
seasonal and geographical) and genetic differences or the diversity
of pollinators [19]. In fact, 4. coriophora produces nectar and is
pollinated by various types of bees, including several bumblebees
(Bombus spp.), honeybees (Apis mellifera Linnaeus, 1758,
aggregate) and some moths of the genus Zygaena [27,28], and
nectar production within the genus Anacamptis is probably a
derived trait [29]. Variation in the inflorescences oil constituents
may also be influenced by pollinator selection, which may have a
direct impact on floral scent emissions on either side of the
Mediterranean Sea. This hypothesis proposes a discrimination
between chemotypes and argues in favor of a distinction between at
least two major distant chemotypes: the first, North African (subsp.
fragrans chemotype africanus), and the second, which includes
European subspecies (subsp fragrans chemotype europaeus).

In conclusion, in the present investigations the chemical
composition of the inflorescences of the fragrant fug orchid, A.
coriophora subsp. fragrans from Tunisia was investigated. The
essential oil was obtained by steam distillation, and its chemical
composition was determined by GC and GC-MS. Among the 19
compounds identified, the main constituents were different to those
reported in previously published papers, in which the chemical
composition of the floral scent emitted by wild populations of A.
coriophora collected in Italy and in France were studied. The in
vitro antioxidant activity was studied showing weak effect.
Furthermore, the cytotoxic activity on two tumor cell lines appeared
to be surprisingly high, the calculated ICs, value being lower than
those calculated for the reference chemotherapeutic agent cisplatin.
Further investigations are required to clarify the mechanism of
action behind this high cytotoxicity, and to study if the effect is due
to the whole mixture of constituents or is related to specific
compounds.

Experimental

Plant material and isolation of essential oil: The inflorescences
with seeds of Anacamptis coriophora subsp. fragrans were
collected in the Kroumiria region, northwest Tunisia, in April-May
2014. Harvested specimens were identified by Ridha El Mokni, one
of the coauthors, botanist in the Laboratory of Botany and Plant
Ecology, Faculty of Sciences of Bizerta, Jarzouna, Bizerta-Tunisia,
where voucher specimens have been deposited. Dried material
(about 200 g) was subjected to hydrodistillation for 3 h in a
Clevenger type apparatus. The oils were dried over anhydrous
sodium sulfate. The yield was 5x107%.

GC-FID and GC-MS analysis: GC analysis of the oil was carried
out on an Agilent 6840 N gas chromatograph equipped with a FID
detector. The separation was achieved using a fused-silica-capillary
column DB-1 (30 m x 0.25 mm 1i.d., 0.25 um film thickness). The
analysis was carried out in the following conditions: injector and
detector temperatures, 210°C and 290°C, respectively; Helium was
the carrier gas at a flow rate of 0.8 mL/min; split ratio 1:10;
injection volume 1 pL. Temperature programming was 60°C with 3
min initial hold, and then 280°C at a rate of 3°C/min, and finally
held isothermally for 5 min. GC-MS analyses were performed on a
Varian 3900 gas chromatograph coupled with a Varian Saturn
21001IT ion trap mass spectrometer detector (MS), equipped with a
an Agilent DB-5 fused-silica-capillary column (30 m x 0.25 mm
i.d., 0.25 um film thickness). Ionization mode was electronic impact
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at 70 eV. Mass range was set from 40 to 650 Da. Gas
chromatographic conditions were the same as described for GC-
FID. Components were identified by comparison of their mass
spectra with those of the NIST Library (2012) and confirmed by
comparing the retention indexes (relative to C6-C24 n-alkanes), and
when available, comparing with authentic standards from Sigma-
Aldrich (Milano, Italy). The percentage composition of the oil was
calculated from the GC peak areas using the normalization method
without correction factors. The data are reported as mean value of 4
oil injections.

Antioxidant activity using the DPPH radical scavenging assay:
The antioxidant activity of the free 4. coriophora subsp. fragrans
bioactive compounds extracts was measured on the basis of the
scavenging activity of the stable 1, 1-diphenyl 2-picrylhyorazyl
(DPPH) free radical according to the method described by Brand-
Williams et al. [24], with slight modifications. Keeping the volume
constant, different concentrations of A. coriophora subsp. fragrans
extracts (250, 500, 1000, 2000 pug/mL) were added to a methanol
solution of DPPH (100 uM). Corresponding blank sample were
prepared and quercetin (62-1000 pg/mL) was used as reference
standard. The solution was left to sit in the dark for 30 min at room
temperature and then absorbance was determined at 517 nm, using a
UV-Vis spectrophotometer. Radical scavenging activity was
calculated by the following formula:

% Inhibition = [(A. - Ay) / A ] x 100

Where A, is the absorption of the control or blank sample (t= 0 min)
A,: is the absorption of the sample or test extract solution (t=30
min).

Antiproliferative assays: Cell cultures of human pancreatic
carcinoma cells, BXxPC3, were obtained from the American Type
Culture Collection (ATCC, Rockville, MD), whereas human
ovarian cancer cells, 2008, were kindly provided by Prof. G.
Marverti (Dept. of Biomedical Science of Modena University,
Italy). Cell lines were maintained in the logarithmic phase at 37°C
in a 5% carbon dioxide atmosphere in RPMI-1640 medium
(Euroclone, Milan, Italy) containing 10% fetal calf serum
(Euroclone, Milan, Italy), antibiotics (50 units-mL™" penicillin and
50 pg'mL! streptomycin) and 2 mM [-glutamine.

The growth inhibitory effect towards human cell lines was
evaluated by means of MTT (tetrazolium salt reduction) assay [25].
Briefly, 5.103 cells/well were seeded in 96-well microplates in
growth medium (100 pL) and then incubated at 37°C in a 5%
carbon dioxide atmosphere. After 24 h, the medium was removed
and replaced with a fresh one containing the compound to be
studied at the appropriate concentration. Triplicate cultures were
established for each treatment. After 72 h, each well was treated
with 10 puL of a 5 mg-mL™" MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide) saline solution, and, after 5 h
additional incubation, 100 pL of a sodium dodecylsulfate (SDS)
solution in HCI 0.01 M was added. After overnight incubation, the
inhibition of cell growth induced by the tested complexes was
detected by measuring the absorbance of each well at 570 nm using
a Bio-Rad 680 microplate reader (Bio-Rad, Hercules, CA). Mean
absorbance for each drug dose was expressed as a percentage of the
control untreated well absorbance and plotted vs drug concentration.

Supplementary data: A figure representing Anacamptis coriophora
subsp. fragrans inflorescences is also available.
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