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ABSTRACT

In this study, antimicrobial, antioxidant and cytotoxic activities of Spartium junceum L. aromatic water (SJAW), ob-
tained by vacuum process distillation, were investigated. Antimicrobial activity of SJAW was evaluated against fungal
organisms, Gram-positive and Gram-negative bacteria using agar-well diffusion method. Moreover, the ability of
SJAW to sensitize Staphyloccus aureus to antibiotics was also evaluated. The antioxidant activity was examined by
2,2’-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity assay and the cytotoxic activity of SJAW main
components was tested on melanoma RPMI 7932 and normal keratinocytes NCTC 2544 cell lines using the trypan blue
method. The preparation did not show antibacterial activity against tested microorganisms and was unable, at tested
concentrations/conditions, to sensitize Staphylococcus aureus to antibiotics clindamycin (2 pg) and tetracycline (30 pg).
On the contrary SJAW possesses an appreciable antioxidant and cytotoxic activity suggesting its potential use for phar-

maceutical applications.
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1. Introduction

From ancient times, plants have been always used as
remedies for many human and animal diseases. In litera-
ture are reported many papers on the activity of plants,
essential oils and methanol or ethanol extracts to retard
or inhibit the growth of bacteria, yeast and moulds [1-3].
Nowadays, the increasing resistance of microorganism to
some antibiotics makes it necessary to continue the
search of new antimicrobial active substances from
plants. Moreover, plants are the main sources of natural
antioxidants that are important for human health. Re-
cently, natural antioxidants have been studied extensively
for their capacity to protect organisms and cells from
damage induced by oxidative stress, one of the major
causes of ageing and degenerative diseases [4]. Spartium
junceum L. is a small shrub particularly widespread in
Mediterranean countries, where it grows spontaneously.
Flowers of Spartium junceum L. have been reported to
show mild sedative and diuretic activities [5], antiulcer
[6,7], anti-inflammatory, analgesic [8] and antitumor [9]
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activities. The aim of this study was to investigate an-
timicrobial, antioxidant and cytotoxic activities of
SIAW.

2. Experimental
2.1. Materials

Flowers of Spartium junceum L. were collected from
plants cultivated in the Orto Botanico of Calabria Uni-
versity (Italy) and identified by Dr N.G. Passalacqua of
Museo of Storia Naturale of Calabria and Orto Botanico
(Arcavacata Rende, CS, Italy), where a voucher speci-
men (CLU: 21990) has been deposited.

Nerolidol, 1-octen-3-0l, farnesene, linalool, lynalil
acetate and 2,4-bis(1,1-dymethylethyl)phenol were pur-
chased from Sigma Aldrich (Milan, Italy).

2.2. Spartium junceum L. Aromatic Water

The aromatic water was extracted by flowers of Spartium
Jjunceum L. using vacuum process distillation as reported
in European Patent “Essential oil and aromatic water
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extraction process from vegetable matrices” by Liguori
et al. [10]. Briefly, in a typical experiment, 130 g of
flowers were collected in a flask and subjected to vac-
uum distillation by immersion in a previously heated oil
bath (120°C). The produced steam was condensed by
decreasing the temperature providing 65 mL of aromatic
water.

SPME-GC-MS analysis: The aromatic water was
analyzed by GC/MS combined with solid phase micro-
extraction (SPME), an extraction technique by which the
analytes are directly extracted and concentrated on a fi-
ber coating by direct immersion. The studies were con-
ducted with SPME devices purchased from Supelco. A
fused silica gel fiber coated with a 65 pum film of Carbo-
wax/divinylbenzene (CW/DWB) was tested. To stabilize
the phase and remove all contaminants, the fiber was
conditioned before use for 0.5 h in the GC injector at
220°C. After conditioning, the fiber was desorbed for 10
min and analysis was performed to evaluate the blank.
The SPME procedure involved the immersion of the fi-
ber in a vial containing 7 mL of aromatic water for 2 h.
The last step was thermal desorption of the analytes into
the injection port of the gas chromatograph for 10 min.

GC-MS analyses were performed using a 6890N Net-
work GC System (Agilent Technologies Inc., Palo Alto,
CA-USA) equipped with a HP-5MS (30 m x 0.25 mm
I.D, dimethylsiloxane 5%; film thickness 0.25 pm) cap-
illary column, and with a 5973 Network MSD mass
spectrometer, operated in EI ionization mode (70 ev).
GC-MS analyses were carried out in splitless mode
(splitless time: 1 min), using helium as carrier gas (1
mL/min flow rate). The injection port was heated at
250°C. The column was maintained at an initial tem-
perature of 60°C for 2 min, and then programmed at 7°C/
min to a final temperature of 280°C, where it was main-
tained for 10 min. Identification of the compounds was
carried out by comparison with the MS and RT of au-
thentic samples dissolved in water and analyzed under
the same conditions (SPME-GC-MS).

HPLC/DAD analysis: The aromatic water was ana-
lyzed by HPLC coupled with a diode array detector
(DAD). The Shimadzu HPLC system was equipped with
LC-20AD pumps, SIL-20A autosampler (20 pL injection
volume) and a model SPDM20A-CBM20A PDA/UV
detector. Aromatic water components were separated on
a C18 Discovery column (Supelco; 5 pm; L x I.D. 15 cm
x 3.0 mm)) with a mobile phase flow rate of 1 mL/min.
Chromatographic assays were performed at room tem-
perature under the following conditions: initial = 50%
H,O and 50% MeCN; 5 min = 50% H,O and 50 %
MeCN; 15 min = 40% H,0 and 60% MeCN; 50 min =
40% H,0 and 60% MeCN; 60 min = 50% H,0 and 50%
MeCN. Identification of the compounds was carried out
by comparing the retention times (Rt) and the corre-
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sponding UV absorbance spectra with those of the single
reference standards. The data were integrated and ana-
lyzed using a Shimadzu LC-Solution.

2.3. Antimicrobial Activity

Evaluation of antimicrobial activity of STAW was carried
out as previously described by Villani et al. [11]. Par-
ticularly, the antimicrobial activity was estimated by an
agar well diffusion assay. Briefly, a serial 2-fold dilution
in phosphate buffer solution (50 mM pH 7.0) of SJAW
was prepared, and 10 puL of each dilution were spotted
onto agar soft media seeded with about 10° CFU/mL
target microorganism. A total of 10 different dilutions,
were analysed in the range of undiluted to 1:512. Malt
Extract Agar (Oxoid) and the Tryptone Soya Agar
(Oxoid) were used as media for fungal (4dspergillus bra-
siliensis-niger ATCC 16404; Candida albicans ATCC
10231) and bacterial (Enterococcus hirae ATCC 10541;
Staphylococcus aureus ATCC 6538, Escherichia coli
ATCC 10536; Escherichia coli K12 ATCC 10538; Pseu-
domonas aeruginosa ATCC 15442) organisms, respec-
tively. After incubation for 16 h at 37°C (for bacteria) or
72 h at 28°C (for fungi), antimicrobial activity was con-
sidered positive when a clear growth inhibition halo
around the spot was presented.

2.4. Antibiotic Disk Assay

The ability of SJAW to sensitize Staphylococcus aureus
against antibiotics was evaluated by a modification of the
method recently described by Simoes et al. [12]. Cells
from an overnight growth culture of strains Staphylo-
coccus aureus ATCC 6538 and AB-8802 (enterotoxino-
genic strain) [13] were suspended in 0.5 mL of phosphate
(KH,PO4; Na,HPO,) buffer (2 mM, pH 7) and mixed
with 6 mL (0.7% w/v) of TSA (Oxoid) (final cell con-
centration was approximately 10° CFU/mL) tempered at
45°C. Pure SJAW or diluted in ethanol (0.5% v/v) were
added to the cell broth mixture yielding final concentra-
tions of: a) SJAW 1% (estimated nerolidol concentration
2 mM); b) SJAW 5% (estimated nerolidol concentration
10 mM); c¢) SJAW 5% (estimated nerolidol concentration
10 mM) and 5% ethanol. Antibiotic discs containing
TE-30 (tetracicline 30 pg-BBL) and DA-2 (clindamycin
2 ug-Oxoid) were placed on the surface of plates con-
taining SJAW/SJAW ethanol and bacteria. After 24 h
incubation period at 37°C, zones of growth inhibition
were measured. Tests without STAW and ethanol were
analysed as controls.

2.5. Antioxidant Activity (DPPH Assay)

The antioxidant activity was determined by the 2,2’-di-
phenyl-1-picrylhydrazyl radical (DPPH, Sigma Aldrich)
reduction assay as described by Brand-Williams et al.
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[14]. Different concentrations (10, 20, 50, 75 and 100
pg/ml) of SJAW as well as ascorbic acid (used as stan-
dard antioxidant compound) were mixed with a solution
of DPPH (0.1 mM in methanol) at room temperature.
The mixtures were kept in dark for 30 min and the ab-
sorbance was measured at 517 nm using a UV-Vis 1601
spectrophotometer (Shimadzu). Methanol was used as a
blank solution and DPPH solution in methanol as the
control. The test was carried out in triplicate. Results are
expressed as percentage of inhibition of the DPPH radi-
cal according to the following equation:

Inhibition% = (4, - 4)/4, ]x100

where 4, was the absorbance of DPPH without sample
and 4 was the absorbance of sample with DPPH.

2.6. Cell Viability Assay

Human melanoma RPMI 7932 and normal keratinocytes
NCTC 2544 cell lines were obtained from ICLC (Interlab
Cell Line Collection), Genoa (Italy).

RPMI 7932 cells were grown in sterile RPMI 1640
medium supplemented with 10% (v/v) fetal bovine serum
(FBS), 2 mM L-glutamine, 50 U/ml penicillin, 50 pg/ml
streptomycin (all from Sigma) and were incubated at
37°C in a fully humidified atmosphere of 5% CO, and
95% air.

NCTC 2544 cells were grown in sterile MEM (EBSS)
medium supplemented with 10% (v/v) fetal bovine serum
(FBS), 2 mM L-glutamine, 1% non-essential amino acids,
50U/ml penicillin, 50 pg/ml streptomycin (all from Sig-
ma) and were incubated at 37°C in a fully humidified
atmosphere of 5% CO, and 95% air.

RPMI 7932 and NCTC 2544 cells were seeded on 6-
welled plates at a density, respectively, of 5 x 10* and 3
x 10* cell/well in the culture medium. The commer-
cially available identified components (nerolidol, 1-oc-
ten-3-ol, farnesene, linalool, lynalil acetate and 2,4-bis
(1,1-dy-methylethyl)phenol were dissolved in dimethyl
sulfoxide (DMSO) at the concentration of 0.1 pl/ml and
were added in the RPMI 7932 and NCTC 2544 culture
medium so that total incubation volume did not exceed 3
ml. The cells were incubated in the presence or absence
of tested components. The cell number and viability were
determined by the trypan blue exclusion method using a
hemocytometer. The percentage inhibition of cell viabi-
lity was calculated using cells treated with physiologic
water as controls. Each experiment was repeated at least
three times with duplicate samples. The data were ex-
pressed as mean + standard deviation and statistical
analysis for significance was performed by means of the
Student’s test; values of p < 0.05 were considered statis-
tically significant.

Copyright © 2013 SciRes.

3. Results and Discussion

In this work, we studied biological activity of Spartium
junceum L. aromatic water. Firstly, we analyzed the
aromatic water extracted by flowers according to the
methods reported in the literature [15]. The chemical
composition of the extracted SJAW for vacuum distil-
lation was determined as reported in our previous article
[9]. Figure 1 shows a typical GC/MS chromatogram of
SJAW and the components of the mixture were identified
by SPME/GC/MS using as a reference an authentic sam-
ples of individual analytes (Table 1).

The quantitative measurement of some components of
interest was made by HPLC/DAD and the results are
reported in Table 2. The aromatic water composition was
comparable with that reported in the literature [9] con-
firming nerolidol (53.2%) and 1-octen-3-ol (18.2%) as
the major components.

The antimicrobial activity of SJAW was evaluated
herein against fungal organisms (4Aspergillus brasiliensis;
Candida albicans), Gram-positive (Enterococcus hirae;
Staphylococcus aureus) and Gram-negative (Escherichia
coli; Pseudomonas aeruginosa) bacteria.

The mechanism of antibacterial action of sesquiterpe-
noids (including nerolidol) is yet not fully understood,
but it is speculated to involve membrane disruption
through lipophilic compounds [16]. According to Trom-
betta et al. [16], this action results in membrane expan-
sion, increase of membrane fluidity and permeability,
disturbance of membrane embedded proteins, inhibition
of respiration, and alteration of ion transport processes.
This action can contribute to the decrease of microbial
resistance and avoid the spread of resistant strains [17].
Results obtained, in this study, by agar-well diffusion
assay demonstrated that the SJAW did not have antim-
icrobial activity against tested microorganisms also when
tested as undiluted (data not shown).

It was shown that sesquiterpenoid nerolidol was able
to sensitize Staphylococcus aureus and Escherichia coli
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Figure 1. Typical GC/MS chromatogram of SJAW.
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Table 1. Composition of Spartium junceum L. aromatic water by SPME-GC-MS analysis.

Analytes t Abundance®®*

1 Oct-1-en-3-o0l 7.2 0.61
2 Butyl butyrate 7.6 0.04
3 Limonene 8.4 0.05
4 Butyl, 2-methylbutanoate 8.7 0.06
5 (E)-undec-2-en-1-ol 9.3 0.07
6 Butanoic acid, 2-pentyl ester 9.8 0.04
7 Linalool 9.9 0.14
8 Nonanal 10.0 0.12
9 Butanoic acid 3-hexenil ester 114 0.05
10 Butanoic acid hexyl ester 11.5 0.07
11 Butanoic acid 2-hexenyl ester 11.6 0.04
12 Decanal 11.8 0.02
13 Hexyl-2-methyl butanoate 12.2 0.05
14 2,6-Octadienal, 3,7-dimethyl (citral) 12.4 0.02
15 2,6-Octadien-1-ol, 3,7-dimethyl (nerol) 12.6 0.17
16 Tridecane 132 0.12
17 Linalyl acetate 13.9 0.18
18 Benzoic acid, butyl ester 14.3 0.06
19 Propanoic acid, 2-methyl, 2-phenylethyl ester 15.2 0.03
20 Butanoic acid,3-methyl, 2-phenylethyl ester 15.8 0.32
21 o-Farnesene 16.1 0.77
22 Phenol, 2,4-bis(1,1-dimethylethyl) 16.3 0.14
23 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl (nerolidol) 16.7 1
24 2,6,10-Dodecatrien-1-ol, 3,7,11-trimethyl 16.9 0.06
25 2-Ethylhexyl-2-ethylhexanoate 17.2 0.08
26 Hexanoic acid, 2-phenylethyl ester 17.7 0.03

“Identification based on the injection of an authentic sample; "Authentic samples of the analytes were purchased from sigma Aldrich; “The abundance of chro-
matographic peaks is reported by assuming the chromatographic peak of nerolidol equal to unity.

Table 2. Quantitative assay in Spartium junceum L. aro-
matic water by HPLC/DAD.

Analytes % (ul/ml)
1-octen-3-ol 18.2
Nerol 0.06
Linalool 0.61
Citral 0.30
Linalyl acetate 0.08
Nerolidol 53.2

Limonene 6.9

Other components 20.65

Copyright © 2013 SciRes.

against antibiotics [12,18]. In this work, we investigated
also on the ability of STAW to sensitize two Staphylococ-
cus aureus strains. The results of sensitization tests per-
formed in this study are reported in Table 3. As Table 3
shows only in the case of combination SJWA-Ethanol
(5% vol/vol each) a little increase (3 - 4 mm) of the halo
diameter was shown.

These results are in contrast with those obtained by
Brehm-Steche & Johnson [17]. These authors showed an
enhanced antimicrobial activity effect of increasing con-
centrations of pure nerolidol (0, 1 and 2 mM) on suscep-
tibility of S. aureus to ciprofloxacin, clindamycin and
tetracycline. This behaviour can be attributed to the others
compounds presented in the SJAW affecting the anti-
microbial activity of nerolidol.
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Figure 2 shows the antioxidant activity of SJAW as
well as the standard antioxidant (ascorbic acid) evaluated
by DPPH assay. SJAW showed a good antioxidant ac-
tivity, although lower than that found for ascorbic acid.
This activity can be attributed mainly to the high content
of nerolidol, but also minor components of aromatic wa-
ter such as linalool, limonene which show antioxidant
properties as reported in literature [19-21].

Moreover as reported in our previous article, STAW
exhibited a marked growth inhibitory effect on RPMI
7932, while it was not cytotoxic to the control NCTC
2544 cells [9]. So, to identify the active components in-
volved in the growth inhibition of the melanoma cells,
we tested commercially available pure compounds (li-
nalool, farnesene, 1-octen-3-ol, linalyl acetate and 2,4-bis
(1,1-dymethylethyl)phenol). Among the compounds
tested, nerolidol, farnesene and linalool are significantly
cytotoxic against melanoma cells RPMI 7932, while only
linalool exhibited a low growth inhibitory effect on nor-
mal cells NCTC 2544 showing its selectively cytotoxic
activity against melanoma cell lines (Figure 3). Recently,
the antiproliferative activity of linalool on amelanotic
melanoma cells [22] as well as leukaemia cells [23] are

Table 3. Antimicrobial activity of SJAW.

Staphylococcus

Staphylococcus aureus
aureus AB8802

Tested conditions ATCC 6538
TE-30° DA-2 TE-30 DA-2
SIWA 0% .
Ethanol 0% 25 21 25 26
SIWA 1%
Ethanol 0% 25 21 25 26
SIWA 5%
Ethanol 0% 25 21 25 26
SIWA 5%
Ethanol 5% 28 25 29 29
0,
SIWA 0% 25 . s iy

Ethanol 5%

*TE-30, tetracicline 30 pg. ®DA-2, clindamycin 2 pg. “mm of halo diameter
surrounding antibiotic disc.

c

o

% Ascorbic Acid
_E ® SJIAW

S

10 20 50 75 100
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Figure 2. DPPH scavenging activity of SJAW and ascorbic
acid. Values are means = SD (n = 3).
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Figure 3. Cytotoxic effect of various components on RPMI
7932 and NCTC 2544 cell lines. Data were expressed as
mean £ SD (n = 3).

reported in literature, but further studies are needed to
clarify molecular mechanism involved in the growth in-
hibition of the melanoma cell lines.

4. Conclusion

SJAW did not show any antibacterial activity against
tested microorganisms and it is unable to significantly
sensitize Staphylococcus aureus strains to antibiotics.
However, the aromatic water possesses a good antioxi-
dant and antitumor activity suggesting its potential use
for pharmaceutical applications.
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