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Abstract

Background: A number of bio-active secondary metabolites have been identified and reported for several
Hypericum species. Many studies have reported the potential use of the plant extracts against several pathogens.
However, Hypericum triquetrifolium is one of the least studied species for its antimicrobial activity. The aim of the
present study was to evaluate the cytotoxic effect of the essential oils of Hypericum triquetrifolium as well as their
antimicrobial potential against coxsakievirus B3 and a range of bacterial and fungal strains.

Methods: The essential oils of Hypericum triquetrifolium harvested from five different Tunisian localities

(Fondouk DJedid, Bou Arada, Bahra, Fernana and Dhrea Ben Jouder) were evaluated for their antimicrobial activities
by micro-broth dilution methods against bacterial and fungal strains. In addition, the cytotoxic effect and the
antiviral activity of these oils were carried out using Vero cell lines and coxsakievirus B3.

Results: The results showed a good antibacterial activities against a wide range of bacterial strains, MIC values
ranging between 0.39-12.50 mg/ml and MBC values between 1.56-25.0 mg/ml. In addition, the essential oils
showed promising antifungal activity with MIC values ranging between 0.39 pug/mL and 12.50 ug/ml; MFC values
ranged between 3.12 ug/mL and 25.00 pg/mL; a significant anticandidal activity was noted (MIC values comprised
between 0.39 pug/mL and 12.50 ug/mL). Although their low cytotoxic effect (CCsy ranged between 0.58 mg/mL and
12.00 mg/mL), the essential oils did not show antiviral activity against coxsakievirus B3.

Conclusion: The essential oils obtained from Hypericum triquetrifolium can be used as antimicrobial agents and
could be safe at non cytotoxic doses. As shown for the tested essential oils, comparative analysis need to be
undertaken to better characterize also the antimicrobial activities of Hypericum triquetrifolium extracts with different
solvents as well as their purified fractions and their pure secondary metabolites.
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Background
Essential oils are aromatic extracts which have been used
since ancient times as flavouring agents and constituents
of several commercial products. The chemical composition
of essential oils is often variable among different plants
and even between different plant parts. In addition, the
composition may also differ according to the site of
collection (geographical provenance), as their components
play a major role in the plant adaptation to the ecology
and the environment, including biotic and abiotic factors
[1,2]. Currently, the use of essential oils is more common
today than ever before due to their increasing demand for
food, cosmetics and pharmaceutical industries. In addition,
the interest in essential oils has increased as potential
alternatives for therapeutic purposes against common
microbes. Bacterial resistance is spreading throughout the
world primarily due to the excessive use of antibiotics and
poor infection control practices in hospitals, making it one
of our times biggest issues [3]. Scientific literature revealed
the antimicrobial, antifungal and antioxidant potentials of
several essential oils [4,5]. In addition, the antiviral
potential of essential oils has been well documented [6,7].
Microorganisms such as Staphylococcus aureus (S. aureus),
Staphylococcus epidermidis (S. epidermidis), Entero-
coccus faecalis (E. faecalis), Pseudomonas aeruginosa
(P. aeruginosa), and Escherichia coli (E. coli) are frequently
isolated from skin wounds in humans and animals. In
addition, S. epidermidis infections are commonly acquired
in hospitals as a result of contamination of surgical cuts
with microorganisms from the patients themselves or from
the hospital personnel [8]. Infection with P. aeruginosa is
one of the most serious complication in burn patients
[9,10], followed by infections with E. coli, S. aureus and
other microorganisms [9]. Infection with Bacillus cereus
has been well documented in the literature for over a
century and it is generally associated with gastroenteritis
caused by the consumption of infected food. Vibrio
alginolyticus is ubiquitous in seawater and tends to cause
superficial wound and ear infections (otitis media and otitis
externa) [11]; this infection can progress to bacteraemia
and necrotising fasciitis, particularly in the immunocom-
promised patients [12]. Vibrio cholerae (V. cholerae), a
Gram (-) bacterium and the causative agent of cholera, has
caused several pandemics since 1816, as well as sporadic
inter-epidemic outbreaks. V. cholerae is autochthonous in a
region of the world where cholera never occurs and that
the human body is not an obligate environment for the
presence and dispersal of this organism [13]. Salmonella
typhimurium causes typhoid fever associated with
gastroenteritis; the infection is caused by consuming
contaminated food or drinks. Aeromonas hydrophila
(A. hydrophila) has been receiving increasing attention
both as an opportunistic and as a primary pathogen of
humans, aquatic and terrestrial animals [14]. A. hydrophila
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inhabits aquatic environments and the gastrointestinal
tract of healthy fish. It also commonly occurs in foods,
milk, red meats and poultry [15-17]. It causes disease and
mortality mainly in freshwater fish but sometimes in mar-
ine fish [17]. The bacterium also infects humans and causes
lesions ranging from gastroenteritis to septicaemia [18].

The genus Hypericum is a member of the Hypericaceae
family [19,20]. A number of bio-active secondary metabolites
have been identified and reported for several Hypericum
species [21-23]. Essential oils extracted from Hypericum
species are well documented for their antimicrobial acti-
vities [4,24-33].

Hypericum triquetrifolium Turra (H. triquetrifolium),
native to Eastern Europe and the Mediterranean area, has
been traditionally used for its sedative, antihelminthic,
anti-inflammatory, and antiseptic effects [24,34]. In
addition, several studies have reported the potential
use of its essential oil and crude extracts as therapeutic
substances, mainly in the treatment of burns, gastroenter-
itis, antinociceptive and antioxidant drugs [35-37]. How-
ever, H. triquetrifolium is one of the least studied species
for its antimicrobial activity. According to literature data,
only a previous study using the growth inhibition assay for
a number of bacterial and candidal strains [38] is reported
for H. triquetrifolium.

In the present study, the antimicrobial, cytotoxic effect
and the antiviral activities of the essential oils extracted
from H. triquetrifolium from five different Tunisian
localities were evaluated in vitro. The variation in their
activities was discussed according to their chemical
compositions previously reported [39].

Methods
Plant material and essential oil extraction
Voucher specimens identified by Prof. Mohammed El
Hedi ElI Ouni (Department of Biology, Faculty of
Sciences of Bizerte, Tunisia) have been deposited in the
Herbarium of the Laboratory of Transmissible Diseases
and Biological Active Substances (Faculty of Pharmacy of
Monastir, Tunisia), under the following accession codes:
H. tri. 1, H. tri. 2, H. tri. 3, H. tri. 4, and H. tri. 5 for
Hypericum triquetrifolium from Bou Arada, Bahra, Dhrea
Ben Jouder, Fernana and Fondouk Djedid, respectively.
Aerial parts (the top 25 cm) of the plant have been
collected during full blooming from five different Tunisian
localities between June and July 2008. In brief, plant
samples were air-dried in darkness at room temperature
for one week. Then, samples (500 g) were cut in small
pieces and subjected to hydro-distillation for 3 h, using the
standard apparatus recommended by the European
Pharmacopoeia. The obtained oils were stored at +4°C in
glass vials until analysis. The resultant oils were studied for
their chemical variability using Gas Chromatography —
Electron Ionization Mass Spectrometry (GC-EIMS)
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and GC coupled with Chemical Ionization Mass
Spectrometry (GC/CIMS). The results are reported in
a previous work [39].

Cells and tested microorganisms

Cell line

The Vero cells were derived from the kidney of a normal,
adult, African green monkey (Cercopithecus) in 1962, by
Yasumura and Kawakita at the Chiba University in Japan.
This cell line has been extensively used for virus replication
studies and plaque assays. Vero cells (kindly provided
by Pr. Bruno Pozzetto, Laboratory of Bacteriology-
Virology, Saint-Etienne, France) were used for culturing
enterovirus strains. Vero cells were maintained in RPMI
1640 supplemented with 10% fetal bovine serum (FBS),
L-Glutamin (2 mM), penicillin (100 U/mL), and strepto-
mycin (100 yg/mL). Cells were incubated at 37°C in a 5%
CO, humidified atmosphere.

Bacterial and fungal strains

Gram (+) and Gram (-) bacterial strains were used in
the present study (Table 1). In addition, fungal and yeast
strains and isolates were included for the analysis of the
fungicidal activity of the essential oils (Table 2).

Virus strain

Coxsakievirus B3 Nancy strain (kindly provided by Pr.
Bruno Pozzetto, Laboratory of Bacteriology-Virology,
Saint-Etienne, France) was propagated in Vero cells. In
brief, 100 4L of the virus suspension were used to infect
a confluent monolayer of Vero cells in 75 cm?® culture
flask and adsorbed for 1 h to allow viruses to adhere
onto the cells. Non-adherent particles were washed off
using 2% RPMI 1640 medium and the infected cells
overlaid with 20 mL of 2% RPMI 1640 and incubated

Table 1 Bacterial reference strains and their pathological
effects

Bacterial strains Catalogue Effects

number
Bacillus cereus” ATCC 11778  Foodborn
Escherichia col® ATCC 35218  Foodborn
Vibrio alginolyticus® ATCC 17749 Intestinal diseases, wound

and ear infections

Vibrio cholerae® ATCC 39315  Cholera
Pseudomonas aeruginosa® ATCC 27853 Gastrointestinal diseases
Salmonella typhimurium® CIP 104115 Typhoid fever
Aeromonas hydrophila® ATCC 7966 Gastroenteritis and Cellulitis
Enterococcus faecalis® ATCC 29212 Endocardites
Staphylococcus aureus® ATCC 25923 Foodborn, scalded

skin syndrome

Staphylococcus epidermidis®  CIP 106510 Nosocomial

“Gram (+) bacteria.
Gram (-) bacteria.
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again until full cytopathic effect was observed in five to six
days. The harvested virus was stored at —70°C until used.

Antimicrobial activities

Minimum inhibitory and minimum bactericidal
concentrations (MIC and MBC)

The minimum inhibitory concentration (MIC) values for
each essential oil against the tested bacterial strains and
environmental isolates were determined according to the
standard protocols [36]. The bacterial strains were cultured
in tryptic soy broth (TSB) or agar (Sigma, Tunis, Tunisia)
at the appropriat temperature for the strain (30°C or 37°C).
Inocula were prepared by adjusting the turbidity of each
bacterial culture to reach an optical density of 0.5
McFarland standards, corresponding to approximately 1 —
5 x 10® CFU/mL. The concentration of spore suspensions
was determined using a haematocytometer (Thoma cell)
and adjusted to 1 — 5 x 10 spores/mL. The broth dilution
method was carried out in 96-well microtitre plates using
microbial reference strains and field isolates. The essential
oils were prepared aseptically and transferred to sterile
96-well microtitre plates by two-fold serial dilutions using
5% dimethylsulfoxide (DMSO) and then diluted in TSB.
The resultant doses of the tested essential oils ranged
between two and 250 yg/mL. Eighty microliters of the
prepared oil suspension were added to each well, followed
by 10 uL of each oil dose and 10 L of resazurin indicator
solution (7-Hydroxy-3H-phenoxazin-3-one 10-oxide). The
latter reagent allows the detection of microbial growth in
extremely small volumes of solution in microtitre plates
without using a spectrophotometer. Two control wells
were used for each plate: one well containing microorgan-
ism and resazurin and a second well containing only
medium and resazurin (in order to check the sterile
conditions of the experiment). The plates were incubated
anaerobically at 37°C for 24 h. After incubation, bacterial
growth was evaluated by color change from blue to pink.
The lowest dose indicating inhibition of growth was
recorded as the MIC.

To determine the MBC, 10 uL of each culture medium
with no visible growth were removed from each well and
inoculated in TSB plates. The CFU values of surviving
organisms were determined after aerobic incubation at
the appropriated temperature during 16 — 20 hours [40].

Minimium inhibitory and minimium fungicidal
concentrations (MIC and MFC)

The fungicidal activity was evaluated as discussed above.
The only differences consisted of the culture of fungi
and the yeast strains on malt extract broth (MEB) or
agar (Fluka, Madrid, Spain) and incubation at 28°C. The
essential oils (diluted in 5% DMSO) at different doses
were mixed with MEB and the plates were incubated
anaerobically at 25°C for 48 hours.
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Table 2 Fungal and candidal strains and their effects
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Fungal and yeast strains Catalogue number/ isolates

Effects

Aspergillus niger CTM 10099

Black mold on certain fruits and vegetables, contaminant of food,

aspergillosis, otomycosis, damage to the ear canal and tympanic membrane.

Fusarium solani Isolated from Tomato plants

Damping off on certain fruits and vegetables, keratitis, endophthalmitis,
cutaneous infections, burn patients, mycetoma, onychomycosis, sinusitis,
pulmonary disease, endocarditis, catheter infections, and septic arthritis

Botrytis cinerea Isolated from strawberry fruit

Winegrower's lung, Hypersensitivity pneumonitis, Grey mould affects
many plant species

Candida albicans ATCC 90028 Candidiasis, opportunistic oral and genital infections
Candida glabrata ATCC 90030 Pathogen for the urogenital tract, and for the bloodstream (fungemia)
Candida krusei ATCC 6258 Fungemia, nosocomial pathogen

Cytotoxicity assay

The evaluation of the cytotoxic effect of the essential oils is
based on the reduction of MTT (3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyl tetrazolium bromide), by the mitochondrial
dehydrogenase of viable cells, to give a blue formazan prod-
uct that can be measured spectrophotometrically [41]. Cells
were seeded in 96-well plates at a concentration of 5 x 10*
cells per well and incubated at 37°C for 24 h in a 5% CO,
humidified atmosphere. After treatment with various doses
of the essential oils (0.19, 0.39, 0.78, 1.56, 3.12, 6.25, 12.50,
and 25.00 mg/mL), the cells were incubated at 37°C for an
additional 48 hours. The cells were examined daily under a
phase-contrast microscope to determine the minimum
dose of the tested essential oil that induced alterations in
cell morphology. At this stage, the medium was removed
and cells in each well were incubated for 3—4 hours at 37°C
with 100 L of MTT solution (5 mg/mL). MTT solution
was then discarded and 50 L. DMSO were added to
dissolve insoluble formazan crystals. Optical density (OD)
was measured at 540 nm using a standard microplate
reader (BIO-TEK® ELx800"" Universal Microplate Reader,
NY, USA). Cell viability was expressed with respect to the
absorbance of the control wells (untreated cells), which
were considered 100% of absorbance. The percentage of
cytotoxicity was calculated as [(A-B)/A] x 100; where A
and B are the ODs, of untreated and treated cells, respect-
ively. The 50% cytotoxic concentration (CCsy) was
defined as the dose of the essential oil required for the
reduction of cell viability by 50%, which were
calculated by regression analysis.

Virus inhibition assay

In this assay, essential oils were tested for their possible
use either to cure infected cells or to protect them from
infection. The experiment is simple, and relies on a cell
culture system able to support virus growth. Confluent
Vero cells were treated with the essential oils at three
different doses (CCsg, % CCs0, %4 CCsp) during and after
virus infection in two sets of experiments as follows:
(Experiment 1) 5 x 10* TCIDs, of the virus were
exposed to three doses (CCsg, 1/2 CCsg, 1/4 CCs) of

each essential oil for one hour at 37°C. Then 100 uL of
the mixture were added to the cells cultured fluently in
96-well flat-bottom microtiter plate; (Experiment 2) Cells
were treated with three doses (CCsg, 1/2 CCsg, 1/4 CCsp)
of each essential oil (100 pL) for one hour at 37°C. Then,
5 x 10* TCIDs, of the virus (100 uL) were added.

Altogether, the experiment aims to test the mode of
action of the essential oils and to evaluate any effect of
the essential oils on the virus (Experiment 1) or on the
cells before the infection (Experiment 2).

All the plates were incubated in a CO,-incubator for
48 hrs. The viability of the infected and non-infected
cells was evaluated using MTT reduction assay, as
described above. The percent of protection was calculated
as follows:

Percentprotection = [(ODT)V — (ODC) V]
/[(ODC)M — (ODC) V] x 100

Where (ODT) V, (ODC) V and (ODC) M indicate the
absorbance of the sample, the virus-infected control
(no compound) and mock-infected control (no virus
and no compound), respectively [42].

Statistical analysis

Data of antibacterial and antifungal activities were subjected
to statistiical analysis using Principal Components (PCA)
and Hierarchical Clusters Analysis (HCA). Statistical tests
were performed using STATISTICA-Pc Software 9.0
(Stat Soft Inc, www.statsoft.com).

Results

Antibacterial activity

As shown in Table 3, the essential oils exhibited different
antimicrobial activities with respect to the geographical
region of origin.

The essential oil of H. triquetrifolium from Fondouk
DJedid (F.DJ.) showed a more potent antibacterial activity
against the tested strains (MIC range: 0.39 — 1.56 mg/mL;
MBC range: 1.56 — 6.25 mg/mL), with the exception of
Vibrio cholerae (MIC = MBC = 25 mg/mL).
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Table 3 Antibacterial activity of the essential oils of H. triquetrifolium (MIC / MBC; mg/mL)

Bacterial strains H. tri. B.A* H. tri. Bah.* H. tri. D.B.J.* H. tri. Fer.* H. tri. F.Dj.*
Bacillus cereus ATCC 11778 25.00/25.00 12.50/12.50 25.00/25.00 6.25/12.50 1.56/3.12
Enterococcus feacalis ATCC 29212¢ 12.50/12.50 0.39/0.39 12.50/12.50 6.25/12.50 0.39/3.12
Staphylococcus aureus ATCC 25923 3.12/3.12 25.00/25.00 12.50/25.00 6.25/25.00 0.78/3.12
Staphylococcus epidermidis CIP 1065107 12.50/25.00 25.00/25.00 12.50/25.00 25.00/25.00 1.56/3.12
Vibrio alginoliticus ATCC 17749° 12.50/25.00 12.50/12.50 12.50/12.50 6.25/12.50 1.56/3.12
Escherichia coli ATCC 35218° 12.50/25.00 25.00/25.00 25.00/25.00 6.25/12.50 1.56/6.25
Vibrio cholerae ATCC 39315° 0.39/25.00 12.50/25.00 0.78/3.12 3.12/3.12 25.00/25.00
Pseudomonas aeruginosa ATCC 27853° 6.25/6.25 12.50/12.50 25.00/25.00 6.25/6.25 0.39/1.56
Salmonella typhimirium CIP 104° 0.39/12.50 6.25/25.00 25.00/25.00 6.25/25.00 0.78/6.25
Aeromonas hydrophila ATCC 7966° 0.39/6.25 0.39/3.12 12.50/25.00 6.25/12.50 3.12/6.25

9Gram (+) bacteria, °Gram (=) bacteria, MIC: Minimium Inhibitory Concentration; MBC: Minimium Fungicidal Concentration. H. tri. B.A.: Hypericum triquetrifolium
collected from Bou Arada; H. tri. Bah.: Hypericum triquetrifolium collected from Bahra; H. tri. D.B.J.: Hypericum triquetrifolium collected from Dhrea Ben Jouder; H. tri.
Fer.: Hypericum triquetrifolium collected from Fernana; H. tri. F.Dj.: Hypericum triquetrifolium collected from Fondouk Djedid.

*SD values = 0.00.

The essential oil of H. triquetrifolium collected in
Bou Arada (B.A.) was comparatively more bacteriostatic
against Gram (-) bacterial strains (MIC range: 0.39 —
12.50 mg/mL; MBC range: 6.25 — 25.00 mg/mL). However,
the highest bactericidal effect was detected against S. aureus
(MIC = MBC = 3.12 mg/mL).

The essential oils obtained from western regions,
Bahra (Bah.) and Fernana (Fer.), were lesser active.
Essential oils from Bahra showed a good activity against E.
feacalis and A. hydrophila (MIC =0.39 mg/mL for both
strains; MBC range: 0.39 — 3.12 mg/mL, respectively).

The essential oils from Dhrea Ben Jouder (D.B.J.)
exhibited a weaker antimicrobial activity against the
tested strains (MIC range: 12.50 — 25.00 mg/mL; MBC
range: 12.50 — 25.00 mg/mL). On the contrary, a signifi-
cant activity (MIC =0.78 mg/mL; MBC =3.12 mg/mL)
was detected against Vibrio cholerae.

Altogether, with the exception of the essential oils from F.
DJ., all the remaining samples showed a bacteriostatic effect
against V. cholerae, with MIC values ranging between
0.39 mg/mL and 12.50 mg/mL. MBC values were
3.12 mg/mL and 25.00 mg/mL for the essential oils from
Fer./D.B.J. and B.A./Bah., respectively. In addition, B.
cereus, S. epidermidis, E. coli and V. alginoliticus were re-
sistant to all the essential oils, but sensitive to the essential
oils from F.DJ., with MIC and MBC values ranging between
6.25 and 25.00 mg/mL.

In the PCA analysis of the bacteriostatic results
(Figure 1), the horizontal axis explains 41.78% of the
total variance, while the vertical axis a further 27.37%.
This classification was supported HCA analysis which
evidenced three groups (I, II, and III), identified by their
MIC with a dissimilarity > 32.0 (Figure 2). When the
dissimilarity was > 30.0, group I was divided into two
subgroups (I, and I,). The horizontal axis permitted the
separation of group IV from the other groups whereas the

axis II separated group V from all the other groups. Group
I was represented by essential oils of H. triquetrifolium
from Bou Arada, Bahra, and Fernana. These essential
oils were characterized by their weak activities against
Bacillus cereus, Pseudomonas aeruginosa, Escherichia
coli, Staphylococcus epidermidis and Vibrio alginoliticus
and their potent effects against Aeromonas hydrophila.
Subgroup I, limited to the sole sample from Bahra was
distinguished from the other oils of subgroup I, by its
good activity against Enterococcus feacalis and its weak
activity against Vibrio cholerae. The variability within
subgroup I, was due to the effects against Staphylococcus
aureus and Salmonella typhimirium. These two strains
were resistant to the action of the oil from Fernana and
sensitive to the one of Bou Arada.

Group II was represented by the oil of H. triguetrifolum
obtained from plants harvested in Fondouk Djedid. This
oil was characterized for its strong activity against all the
tested strains, except Vibrio cholerae that was sensitive for
the majority of the other oils.

Group III was limited to the essential oil of plant
harvested in Dhrea Ben Jouder and it is distinguished
from all the other groups by its week activity against all
the tested strains, with the exception of Vibrio cholerae.

For the bactericidal activity, based on Euclidean coefficient
matrix, the HCA classified the studied populations in four
groups, with dissimilarity <28: group A (H. triquetrifolium
from D. B. J.), group B (H. triguetrifolium from F. Dj.),
group C (H. triquetrifolium from Bah.), and group D
(H. triquetrifolium from Fer. and B. A.), (Figure 3).

This classification was supported by PCA that resumed
75.88% of the total variability. In the 2-D plan, the horizon-
tal axis (axis 1) explained 46.72% of the total variance,
whereas the vertical axis (axis 2) showed further 29.16% of
variance (Figure 4). PCA analysis showed that group A
was characterized by its moderate activity against Vibrio
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H.tri. D.B.J 4

.1 8.

Factor 2 : 27.37%

2 *yp

H.tri. B. A. S
6

H. tri. Fer.

4.

Ak
H. txi. Bah.

Figure 1 PCA Projection of the H. Triquetrifolium essential oils based upon their bacteriostatic activities against tested strains. H. tri. B.
A. H. triquetrifolium harvested in Bou Arada, H. tri. Bah. H. triquetrifolium harvested in Bahra, H. tri. D. B. J. H. triquetrifolium harvested in Dhrea Ben
Jouder, H. tri. Fer. H. triquetrifolium harvested in Fernana, H. tri. F. Dj. H. triquetrifolium harvested in Fondouk Djedid. 1. Bacillus cereus,

2. Enterococcus feacalis, 3. Staphylococcus aureus. 4. Staphylococcus epidermidis. 5. Vibrio alginoliticus. 6. Escherichia coli. 7. Vibrio cholera.

8. Pseudomonas aeruginosa. 9. Salmonella typhimirium. 10. Aeromonas hydrophila.

Factor 1:41.78%
H. tri. F. Dj.&

cholerae. Group B was distinguished by a moderate
bactericidal activity against all the tested strains, except
Vibrio cholerae.

Group C was characterized by its potent activity
against Enterococcus feacalis which was resistant to the
action of the other oils.

Contrary to all other groups, group D was characterized
by a moderate bactericidal activity against two or more
strains (Aeromonas hydrophila, Pseudomonas aeruginosa,

and Staphylococcus epidermidis for Bou Arada samples,
and against Vibrio cholerae and Pseudomonas aeruginosa
for Fernana essential oil).

Antifungal activity

As shown in Table 4, the essential oils of H. triguetrifolium
exhibited a better antifungal and candidal activities than
antibacterial activity, with MIC values ranging between

Euclidean distances

H. tri. BLAA

H. tri. Fer.

H. tri. Bah.

H. tri. F.Dj.

H.tri. D.B.J.

24 26 28 20 32 24 38 a8
Figure 2 Dendrogram obtained by hierarchical analysis based on the Euclidean distances between groups of bacteriostatic activities of
studied essential oils. H. tri. B. A. H. triquetrifolium harvested in Bou Arada, H. tri. Bah. H. triquetrifolium harvested in Bahra, H. tri. D. B. J. H.
triquetrifolium harvested in Dhrea Ben Jouder, H. tri. Fer. H. triquetrifolium harvested in Fernana, H. tri. F. Dj. H. triquetrifolium harvested in
Fondouk Djedid.
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Euclidean distances

H. tri. B.A.

H. tri. Fer.

H. tri. Bah.

H. tri. F.Dj.

H. tri. D.B.J.

24 26 28 30 32 34 36 38
Linkage Distance

Figure 3 Dendrogram obtained by hierarchical analysis based on the Euclidean distances between groups of bactericid activities of
studied essential oils. H. tri. B. A. H. triquetrifolium harvested in Bou Arada, H. tri. Bah. H. triquetrifolium harvested in Bahra, H. tri. D. B. J. H.
triquetrifolium harvested in Dhrea Ben Jouder, H. tri. Fer. H. triquetrifolium harvested in Fernana, H. tri. F. Dj. H. triquetrifolium harvested in
Fondouk Djedid.

0.39 yug/mL and 12.50 ug/mL whereas MFC values were
within the 1.56 pg/mL and 25.00 pg/mL range.

The essentials oil from B.A. showed the most potent
fungistatic activity, with MIC values of 0.39 yg/mL and
3.12 yug/mL for candidal and filamentous strains (Aspergillus
niger, Fusarium solani and Botrytis cinerea), respectively.

The best antifungal activity was exerted against C. glabrata
(MEC = 1.56 yg/mL).

The essential oils from the Estern regions of Tunisia
(E.DJ. and D.B.J.) showed a more potent antifungal activity
against the tested candidal strains, with MIC values ran-
ging between 1.56 yg/mL and 6.25ug/mL. The essential

o8

39

B H. tri. D. B. J.

Factor 2 : 29.16%
48 . H. tri. Bah.

B H. tri. Fer. ®6

W H. tri. B. A. 78
W H. tri. F. Dj.

149

8a

10w

2w

5o

Figure 4 PCA Projection of the H. Triquetrifolium essential oils based upon their bactericid activities against tested strains. H. tri. B. A. H.
triquetrifolium harvested in Bou Arada, H. tri. Bah. H. triquetrifolium harvested in Bahra, H. tri. D. B. J. H. triquetrifolium harvested in Dhrea Ben
Jouder, H. tri. Fer. H. triquetrifolium harvested in Fernana, H. tri. F. Dj. H. triquetrifolium harvested in Fondouk Djedid. 1. Bacillus cereus,

2. Enterococcus feacalis, 3. Staphylococcus aureus. 4. Staphylococcus epidermidis. 5. Vibrio alginoliticus. 6. Escherichia coli. 7. Vibrio cholera.

8. Pseudomonas aeruginosa. 9. Salmonella typhimirium. 10. Aeromonas hydrophila.

Factor 1 :46.72%
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Table 4 Antifungal activity of essential oils of H. triquetrifolium against fungal and yeast strains (MIC / MFC; ug/mL)

Strains H. tri. B.A.* H. tri. Bah.* H. tri. D.B.J.* H. tri. Fer.* H. tri. F.Dj.*
Aspergillus niger 3.12/3.12 12.50/12.50 6.25/6.25 12.50/12.50 3.12/3.12
Fusarium solani 3.12/3.12 12.50/12.50 6.25/6.25 3.12/3.12 3.12/3.12
Botrytis cinerea 3.12/3.12 12.50/12.50 6.25/6.25 3.12/3.12 3.12/3.12
Candida krusei ATCC 6258 0.39/25.00 6.25/6.25 3.12/25.00 3.12/6.25 6.25/6.25
Candida albicans ATCC 90028 0.39/25.00 6.25/6.25 3.12/25.00 6.25/6.25 3.12/6.25
Candida glabrata ATCC 90030 0.39/1.56 3.12/6.25 1.56/25.00 6.25/6.25 1.56/6.25

MIC: Minimium Inhibitory Concentration; MBC: Minimium Fungicidal Concentration.

H. tri. B.A.: Hypericum triquetrifolium collected from Bou Arada; H. tri. Bah.: Hypericum triquetrifolium collected from Bahra; H. tri. D.B.J.: Hypericum triquetrifolium
collected from Dhrea Ben Jouder; H. tri. Fer.: Hypericum triquetrifolium collected from Fernana; H. tri. F.Dj.: Hypericum triquetrifolium collected from Fondouk Djedid.

*SD values = 0.00.

oils from F.DJ]. showed a more potent antifungal activity
against filamentous fungal strains (MIC =3.12yg/mL,
MEFC =3.12 yg/mL) than the essential oils from D.B.J.
(MIC =6.25 ug/mL, MFC =625 ug/mL). In addition, the
essential oils from F.DJ. (MIC range: 1.56 — 6.25 yug/mL,
MEFC =6.25 ug/mL) showed slightly higher anticandidal
activity than the essential oils from D.B.J. (MIC range:
1.56 — 3.12 yg/mL, MFC = 25.00 yg/mL).

Compared to the eastern regions, essential oils from the
western localities (Bah. and Fer.) were less fungistatic, with
MIC values ranging between 3.12 yg/mL and 12.50 yg/mL,
while similar fungicidal activity, with MFC values ranging
between 3.12 yg/mL and 12.50 ug/mL.

The HCA analysis for the five essential oils based on
their CMI against fungi permitted to evidence three
groups (A, B, and C) at a distance of dissimilarity <7

(Figure 5). The first group was limited to the sole sample
from Bahra and it was characterized by its poor activity
against all mycetes (MIC = 12.50 mg/ml) and its moder-
ate activity on yeast strains. The essential oil obtained
from plants harvested in Fernana constituted Group B,
which was characterized by a moderate activity against
all fungi strains, except Aspergillus niger which was more
resistant to the action of this oil (MIC =12.50 mg/ml).
The third group was formed by the oil samples from
Fondouk Djedid, Dhrea Ben Jouder, and Bou Arada. This
group was separated from the others because of their
strong to moderate activities against all the tested
strains. When the dissimilarity was > 6.25, group III was
divided into two subgroups (III,, and III,). Subgroup III,
was formed by Fondouk Djedid and Dhrea Ben Jouder
samples and it was characterized by a relatively strong

9 10 11 12

Euclidean distances
H. tri. B.A.
H. tri. D.B.J.

H. tri. F.Dj.

H. tri. Fer.

H. tri. Bah.

5 6 7

Figure 5 Dendrogram obtained by hierarchical analysis based on the Euclidean distances between groups of fongistatic activities of
studied essential oils. H. tri. B. A. H. triquetrifolium harvested in Bou Arada, H. tri. Bah. H. triquetrifolium harvested in Bahra, H. tri. D. B. J. H.
triquetrifolium harvested in Dhrea Ben Jouder, H. tri. Fer. H. triquetrifolium harvested in Fernana, H. tri. F. Dj. H. triquetrifolium harvested in
Fondouk Djedid.




Rouis et al. BMC Complementary and Alternative Medicine 2013, 13:24
http://www.biomedcentral.com/1472-6882/13/24

Page 9 of 13

H. tri. Fer. B

. )
Aspergillus niger

H. tri. B. A. =

[Factor 2: 26.25%

[ ]
Candida glabrata

| ]
Candida albicans

Fusarium solani
H. tri. Bah.

H. . D. B. J. Bomytis cinerea

H. tri. F. Dj. W

Figure 6 PCA Projection of the H. Triquetrifolium essential oils based upon their fongistatic activities against tested strains. H. tri. B. A.
H. triquetrifolium harvested in Bou Arada, H. tri. Bah. H. triquetrifolium harvested in Bahra, H. tri. D. B. J. H. triquetrifolium harvested in Dhrea Ben
Jouder, H. tri. Fer. H. triquetrifolium harvested in Fernana, H. tri. F. Dj. H. triquetrifolium harvested in Fondouk Djedid. 1. Aspergillus niger. 2. Fusarium
solani. 3. Botrytis cinerea. 4. Candida krusei. 5. Candida albicans. 6. Candida glabrata.

Factor 1: 59.57%

]
Candida krusei

activity against Candida glabrata. Subgroup III, was
limited to the Bou Arada oil and showed a potent activity
against the three tested yeast strains.

PCA analysis performed with MIC values of the five
essential oils against the tested fungi explained 85.28%
of total variance using the two first factors (Figure 6). In
particular, the first axis explained 59.57% of the total
variance, while the vertical axis a further 26.25%.
According to this analysis, the essential oils of plants
harvested from Bou Arada, Bahra, and Dhrea Ben Jouder
were negatively correlated with axis 1 and with yeast strains
(which were positively correlated with the horizontal
factor); this group of oils correlated positively with
mycetes strains (negatively correlated with horizontal
axis). This observation suggests that these oils were
relatively more potent against yeast strains than mycetes
strains. The essential oil of plant collected from
Fondouk Djedid correlated negatively with the second
factor and it was characterized by its weak activity
against Candida krusei. Sample from Fernana correlated
positively with the second axis. It was distinguished by
its relatively good activity on Candida krusei and its
weak action against Aspergillus niger.

Statistical analysis based on MFC values against fungi
strains showed that while essential oils were classified
according to their activities against mycetes and yeast
strains respectively using the PCA analysis, they were
discriminated according to the total of their activities
with the HCA analysis.

HCA analysis classified the essential oils into three
groups (A, B, and C) within a dissimilarity >15.0
(Figure 7). Samples of Group A were characterized by
their moderate activities against all yeast strains. This

group was further divided into two subgroups, A;
(represented by Fernana and Fondouk Djedid samples)
characterized in addition by their moderate fungicidal
activities against Fusarium solani and Botrytis cinerea,
and A, (limited to Bahra essential oil) which showed a
weak fungicidal activity against mycetes strains. Group
B, limited to the essential oil of plant harvested in Dhrea
Ben Jouder, presented a moderate activity on mycetes
strains and a very weak activity against yeasts. Group C,
represented exclusively by the sample from Bou Arada,
showed a good activity on Candida glabrata, a moderate
activity against mycetes, and a poor fungicidal action on
Candida albicans and Candida krusei.

PCA analysis based on MFC values showed, explained
90.61% of the total variability using the first two axes. In
detail, PCA horizontal axis explained 70.61% of the total
variance, while the vertical axis a further 20.00%
(Figure 8). While essential oils obtained from plant
harvested from Bou Arada, Dhrea Ben Jouder and
Fondouk Djedid negatively correlated with the first axis
and with mycetes strains, they positively correlated with
yeast strains. This means that they were more effective on
mycetes than against yeast strains. Essential oil obtained
from plant harvested from Bahra positively correlated with
the first axis, but it correlated negatively with yeast strains.
Sample obtained from plant harvested from Fernana
negatively correlated with the second axis and positively
correlated with Aspergillus niger (Strain 1 in Figure 8)
which support its weak activity against this strain.

Cytotoxicity test and antiviral activity
The cytotoxic effect of the essential oils was dose-
dependent (Figure 9). The Hypericum essential oils showed
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Figure 7 Dendrogram obtained by hierarchical analysis based on the Euclidean distances between groups of fongicid activities of
studied essential oils. H. tri. B. A. H. triquetrifolium harvested in Bou Arada, H. tri. Bah. H. triquetrifolium harvested in Bahra, H. tri. D. B. J. H.
triquetrifolium harvested in Dhrea Ben Jouder, H. tri. Fer. H. triquetrifolium harvested in Fernana, H. tri. F. Dj. H. triquetrifolium harvested in

20 25 30

different cytotoxic profiles. The most cytotoxic essential oil
was the one from D.B.J. (CCs = 0.58 mg/mL), followed by
Fer. (CCso=1.12 mg/mL), Bah. (CCsp=2.50 mg/mL) and
EDJ. (CCs0=4.17 mg/mL). The least cytotoxic effect was
shown for the essential oil from B.A. (CCso = 12.00 mg/mL)
(Table 5). Unfortunately, the essential oils did not show an
evident antiviral activity against coxsakievirus B3 Nancy
strain, whether incubated with virus prior to infection or

incubated with cells before the inoculation. We cannot
exclude the antiviral activity of these essential oils against
other viruses, mainly the enveloped particles, which are
known to be more sensitive to environmental conditions.

Discussion
The antibacterial activity of the essential oils of Hypericum
species is well documented in the literature for H.

4. H.tri. D.B.J. 6 H. tri. B.A.

Factor 2 : 20,00%

H. tri. Bah.

5
8 H. tii. F. Dj.

Factor 1:70,61%

Figure 8 PCA Projection of the H. Triquetrifolium essential oils based upon their fongicid activities against tested strains. H. tri. B. A. H.
triquetrifolium harvested in Bou Arada, H. tri. Bah. H. triquetrifolium harvested in Bahra, H. tri. D. B. J. H. triquetrifolium harvested in Dhrea Ben
Jouder, H. tri. Fer. H. triquetrifolium harvested in Fernana, H. tri. F. Dj. H. triquetrifolium harvested in Fondouk Djedid. 1. Aspergillus niger. 2. Fusarium
solani. 3. Botrytis cinerea. 4. Candida krusei. 5. Candida albicans. 6. Candida glabrata.

H. tri. Fer. 1
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Figure 9 Viability (%) of cells treated with Hypericum essential oils at different doses.
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calycinum L. [43], H. kouytchense H. Lév. [44], H. coris
L. [45], H. barbatum Jacq., H. richeri Vill. (published as
H. alpinum WK.) [46], H. rumeliacum Boiss. [47], H.
hyssopifolium ssp. elongatum Chaix. (syn: H. elongatum
Ldb) [47], H. Hyssopifolium ssp. hyssopifolium Chaix.
(48], H. Hyssopifolium ssp. microcalycinum Chaix., H.
Lysimachioides Boiss var. [lysimachioides [49], H.
Scabroides Robson & Poulter, H. triquetrifolium Turra
[50], H. maculatum Crantz [51], H. perforatum L. [52],
H. hirsutum L. [53] and H. cordatum Vell. [54].

The antibacterial activity of H. triquetrifolium was
previously reported only against Bacillus brevis, Bacillus
cereus, Escherichia coli PBR 322, Escherichia coli PUC 9,
Pseudomonas aeruginosa and Staphylococcus aureus
[51]. However, the antimicrobial activity are generally
influenced by the type of assay used [55].

The major components of the essential oils are found
to reflect quite well their biophysical and biological
features [56]. Among the main compounds detected in
these essential oils, antimicrobial activities of a-pinene,

Table 5 50% cytotoxic doses (CC50) of Hypericum
triquetrifolium essential oils collected from five different
localities of Tunisia

Essential oils from different localities CC50 (mg/mL) £ SD

H. tri. BA. 1200025
H. tri. Bah. 250+ 001
H. tri. DBJ. 0.58+0.00
H. tri. Fer. 1.12+0.07
H. tri. F.Dj. 4.17+£0.09

H. tri. B.A.: Hypericum triquetrifolium collected from Bou Arada; H. tri. Bah.:
Hypericum triquetrifolium collected from Bahra; H. tri. D.B.J.: Hypericum
triquetrifolium collected from Dhrea Ben Jouder; H. tri. Fer.: Hypericum
triquetrifolium collected from Fernana; H. tri. F.Dj.: Hypericum triquetrifolium
collected from Fondouk Djedid.

camphene, f-pinene, myrcene, p-cymene, limonene,
Y-terpinene, borneol, 1-terpinen-4-ol, a-terpineol, geraniol,
caryophyllene oxide, longiborneol, and sclareol have been
well-documented [28,57-63]. The percent values of the
above compounds were 26.7, 22.8, 19.6, 19.5 and 18.5 in
the H. triguetrifolium essential oil from B.A., E.DJ., Fer,
Bah. and D.BJ., repectively [39]. These values may explain
the good antimicrobial activities of the essential oils from B.
A.and F.DJ.

It’s a challenge to determine which components in an
essential oil are responsible on its antimicrobial activity.
Although extensive research have been done within this
field [63-65], an essential oil contain different identifiable
components which makes it difficult to attribute this
activity to one or more components without consideration
of synergistic and antagonistic effects of this components.
Further research is still required.

The antifungal and anticandidal activity observed in this
study were higher than those obtained for antibacterial
activity for all studied essential oils. The essentials oil
from B.A. showed more potent fungistatic activity
against candidal strains, with MIC values ranging between
0.39 ug/mL and 3.12 ug/mL, followed by the essential oils
from F.DJ. and D.BJ., with MIC values ranging between
1.56 ug/mL and 6.25ug/mL. The essential oils from
Bah. and Fer. were endowed with the least fungistatic
effectiveness, with MIC values ranging between 3.12 yg/mL
and 12.50 pg/mL.

The best fungicidal effect of the essential oil from B.A.
was shown against C. glabrata (MFC = 1.56 ug/mL). The
essential oil from F.DJ. had better fugicidal activity
against filamentous strains (MFC = 3.12 yg/mL) than the
one from D.B.J. (MFC =6.25 yug/mL). The essential oils
from the western localities (Bah. and Fer.) had similar
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fungicidal activity, with MFC values ranging between
3.12 ug/mL and 12.50 ug/mL. A similar study reported
the antifungal activity of H. triquetrifolium against Candida
albicans using disk diffusion assay [38].

Unfortunately, the tested essential oils of the Tunisian
H. triquetrifolium did not show any clear anti-enteroviral
activity. However, their activity against other viral agents
cannot be excluded, as previously reported for Hypericum
connatum, Hypericum caprifoliatum and Hypericum
polyanthemum against lentiviruses [65].

Conclusion

Antibiotic-resistant bacteria and fungi continue to be
of major health concern worldwide. Bacteria have
progressively developed resistance. Consequently, scientific
efforts have been made to study and develop new
compounds to be used beyond conventional antibiotic
and antifungal therapy.

To the best of our knowledge, the present work is the
first study reporting the antimicrobial activity of the
essential oils of H. triguetrifolium from Tunisia.

These essential oils obtained from different Tunisian
localities showed promising activity against bacterial and
fungal strains at non-cytotoxic doses and merit worth
consideration in future evaluation of Tunisian natural
products for their antimicrobial potential. However, it
was not possible to determine the mechanism(s) under-
lying these activities.

Unfortunately, these essential oils did not show any
antiviral activity against coxsakievirus B3 Nancy strain,
known to be resistant in the environment. However, the
tested essential oils may exhibit antiviral activities
against other viral strains, possibly the enveloped viruses
such as herpes virus.

Competing interests
The authors declare that there are no conflicts of interest.

Authors’ contributions

RZ carried out the studies, acquired the data, performed the data analysis,
and drafted the manuscript. KS performed the bacterial assay. YT has carried
out the experimental procedures of the antifungal activities. AN performed
the antiviral activity and cytotoxic test. CPL and FG helped in the analysis
and interpretation of the obtained results. AM revised and supervised the
work. All authors have contributed equally to this work. All authors read and
approved the final manuscript.

Acknowledgments
The authors thank Mr Ben Salah Mohamed for his technical help.

Author details

'Laboratoire des Maladies Transmissibles et Substances Biologiquement
Actives LR99ES27, Faculty of Pharmacy, University of Monastir, Monastir,
Tunisia. “Laboratoire d'Analyse, Traitement et Valorisation des Polluants de
I'Environnement et des Produits, Faculté de Pharmacie Rue Avicenne,
Monastir 5000, Tunisia. “Laboratoire des Bioprocédés, Péle d'Excellence
Régionale AUF, (PER-LBP) Centre de Biotechnologie de Sfax, BP: 1177, Sfax
3018, Tunisia. “Laboratory of Pharmacognosy, Faculty of Pharmacy, University
of Monastir, Monastir, Tunisia. *Dipartimento di Chimica Bioorganica e
Biofarmacia, Universita’ di Pisa, Via Bonanno 33, Pisa 56126, Italy.

Page 12 of 13

Received: 4 April 2012 Accepted: 23 January 2013
Published: 29 January 2013

References

1. Sarac N, Ugur A, Duru ME: Antimicrobial activity and chemical
composition of the essential oils of Thymbra spicata var. intricata.

Int J Green Pharm 2009, 3:24-28.

2. Ortega-Nieblas Ma M, Robles-Burgueno Ma R, Acedo-Félix E, Gonzalez-Ledn
A, Morales-Trejo A, Vazquez-Moreno L: Chemical composition and
antimicrobial activity of oregano (Lippia palmeri S. WATS) essential oil.
Rev Fitotec Mex 2011, 34:11-17.

3. Nostro A, Blanco AR, Cannatelli MA, Enea V, Flamini G, Morelli |, Sudano
Roccaro A, Alonzo V: Susceptibility of methicillin-resistant staphylococci
to oregano essential oil, carvacrol and thymol. FEMS Microbiol Lett 2004,
230:191-195.

4. Ladeira AM, GB Ds, Raggi L, Young MCM, Agripino DG, Lima MEL, Moreno
Paulo RH: Chemical composition and antimicrobial activities of the
essential oil of Hypericum coratum. J Essent Oil Res 2009, 21:558-560.

5. Tyagi AK Malik A: Antimicrobial action of essential oil vapours and
negative air ions against Pseudomonas fluorescens. Int J Food Microbiol
2010, 143:205-210.

6. Cermelli C, Fabio A, Fabio G, Quaglio P: Effect of Eucalyptus essential oil
on respiratory bacteria and viruses. Curr Microbiol 2008, 56:39-92.

7. Schnitzler P, Schon K, Reichling J: Antiviral activity of Australian tea tree
oil and eucalyptus oil against herpes simplex virus in cell culture.
Pharmazie 2001, 56:343-347.

8. Vuong C, Otto M: Staphylococcus epidermidis infections. Microb Infect 2002,
4:481-489.

9. Nasser S, Mabrouk A, Maher A: Colonization of burn wounds in Ain Shams
University burn unit. Burns 2003, 29:229-233.

10. Altoparlak U, Aktas F, Selebi D, Ozkurt Z, Akcay M: Prevalence of metallo-b
-lactamase among Pseudomonas aeruginosa and Actinobacter baumanii
isolated from burn wounds and in vitro activities of antibiotic
combinations against these isolates. Burns 2005, 31:707-710.

11. Pezzlo M, Valter PJ, Burns MJ: Wound infection associated with Vibrio
alginolyticus. Am J Clin Pathol 1979, 71:476-478.

12. Reilly GD, Reilly CA, Smith EG, Baker-Austin C: Vibrio alginolyticus-associated
wound infection acquired in British waters, Guernsey, July 2011. Euro
Surveill 2011, 16(42):pii=19994. Available online: http://www.eurosurveillance.
org/ViewArticle.aspx?Articleld=19994.

13. Haley BJ, Chen A, Grim CJ, Clark P, Diaz CM, Taviani E, Hasan NA, Sancomb
E, Elnemr WM, Islam MA, Hug A, Colwell RR, Benediktsdottir E: Vibrio
cholerae in a historically cholera-free country. Environm Microbiol Reports
2012, 4:381-389.

4. Bi ZX, Liu YJ, Lu CP: Contribution of AhyR to virulence of Aeromonas
hydrophila J-1. Res Vet Sci 2007, 83:150-156.

15. Roberts RJ: Motile aeromonad septicaemia. In Bacteriology of Fish Disease.
Edited by Inglis V, Roberts R, Bromage N. Oxford: Blackwell Scientific
Publications; 1993:143-155.

16.  Handfield M, Simard P, Couillard M, Letarte R: Aeromonas hydrophila
isolated from food and drinking water: hemagglutination, hemolysis,
and cytotoxicity for a human intestinal cell line (HT-29). App Environm
Microbiol 1996, 62:3459-3461.

17. Aoki T: Motile Aeromonads (Aeromonas hydrophila). In Fish Diseases and
Disorders. Edited by Woo PTK, Bruno DW. USA: CABI Publishing; 1999:427-453.

18. Sha J, Koslova E, Chopra A: Role of various enterotoxins in Aeromonas
hydrophila-induced gastroenteritis: generation of enterotoxin gene-
deficient mutants and evaluation of their enterotoxic activity. Infec
Immun 2002, 70:1924-1935.

19. Stevens PF: Clusiaceae-Guittiferae. In The families and genera of vascular
plants. Edited by Kubitzki K. Berlin: Springer; 2007:48-66.

20.  Angiosperm Phylogeny Group (APG): An update of the Angiosperm
Phylogeny Group classification for the orders and families of flowering
plants: APG llI. Bot J Linn Soc 2009, 161:105-121.

21, Crockett SL, Schaneberg B, Khan IA: Phytochemical profiling of new and
old world Hypericum (St. John’s Wort) species. Phytochem Anal 2005,
16:479-485.

22. Martonfi P, Repcdk M, Zanvit P: Secondary metabolites variation in
Hypericum maculatum and its relatives. Biochem Syst Ecol 2006, 34:56-59.

23, Crockett SL: Essential oil and volatile components of the genus
Hypericum (Hypericaceae). Nat Prod Commun 2010, 5:1493-1506.


http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19994
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19994

Rouis et al. BMC Complementary and Alternative Medicine 2013, 13:24
http://www.biomedcentral.com/1472-6882/13/24

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Couladis M, Baziou P, Petrakis PV, Harvala C: Essential oil composition of
Hypericum perfoliatum L. growing in different locations in Greece.

Flav Fragr J 2001, 16:204-206.

Couladis M, Chinou IB, Tzakou O, Petrakis PV: Composition and
antimicrobial activity of the essential oil of Hypericum rumeliacum subsp.
apollinis (Boiss. & Heldr.). Phytother Re 2003, 17:152-154.

Griffin GS, Markham LJ, Leach ND: An agar dilution method for the
determination of the minimum inhibitory concentration of essential oils.
J Essent Oil Res 2000, 12:149-255.

Gudzic B, Djokovic D, Vajs V, Palic R, Stojanovic G: Composition and

antimicrobial activity of the essential oil of Hypericum maculatum Crantz.

Flav fragr J 2002, 17:392-394.

Cakir A, Kordali S, Zengin H, Hirata T: Composition and antifungal activity
of essential oils isolated from Hypericum hyssofilium and Hypericum
heterophyllum. Flav Fragr J 2004, 19:62-68.

Cakir A, Kordali S, Kilic H, Kaya E: Antifungal properties of essential oil and
crud extracts of Hypericum linarioides Bosse. Biochem System Ecol 2005,
33:245-256.

Ghasemi Y, Khalaj A, Mohagheghzadeh A, Khosravi AR, Morowvat MH:
Composition and antimicrobial activity of essential oil and extract of
Hypericum elongatum. J Appl Sc 2007, 7:2671-2675.

Saroglou V, Marin PD, Ranic A, Veljic M, Skaltsa H: Composition and
antimicrobial activity of the essential oil of six Hypericum species from
Serbia. Biochem Syst Ecol 2007, 35:146-152.

Gochev V, Stoyanova A, Atanasova T: Antimicrobial activity of essential oil
of St. John's Wort (Hypericum perforatum L.) growing in Bulgaria.

Plovdiv 2008, 55:239-244.

Inouye S, Takahashi M, Abe S: Anti-trichophyton activity of hydrosols,
herbal teas and related essential oils. Int J Essent Oil Therapeutics 2008,
2:139-144.

Couladis M, Baziou P, Verykokidou E, Loukis A: Antioxidant activity of
polyphenols from Hypericum triquetrifolium Turra. Phytother Res 2002,
16:769-770.

Apaydin S, Zeybek U, Ince |, Elgin G, Karamenderes C, Ozturk B, Tuglular I:
Hypericum triquetrifolium Turra. Extract exhibits antinociceptive activity
in the mouse. J Ethnopharm 1999, 67:307-312.

Conforti F, Statti GA, Tundis R, Menichini F, Houghton P: Antioxidant
activity of methanolic extract of Hypericum triquetrifolium Turra aerial
part. Fitoterapia 2002, 73:479-483.

Meral GE, Karabay NU: In vitro antibacterial activities of three Hypericum
species from West Anatolia. Turk Electro J Biotech 2002, Special issue:6-10.
Kizil G, Toker Z, Ozen H, Aytekin C: The antimicrobial activity of essential
oils of Hypericum scabrum, Hypericum scabroides and Hypericum
triquetrifolium. Phytother Res 2004, 18:339-341.

Rouis Z, Elaissi A, Abid N, Lassoued MA, Cioni PL, Flamini G, Aouni M:
Chemical composition and intraspecific variability study of the essential
oils of five populations of Hypericum triquetrifolium Turra growing in
North Tunisia. Chem Biodiv 2012, 9:806-816.

NCCLS (National Committee for Clinical Laboratory Standards): Methods for
dilution antimicrobial susceptibility tests of bacteria that grow
aerobically. In Approved Standard M100-S12. Wayne. PA: NCCLS; 2002.
Mosmann T: Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. J Immunol Meth 1983,
65:55-63.

Langlois M, Allard JP, Nugier F, Aymard M: A rapid and automated
colorimetric assay for evaluating the sensitivity of herpes simplex strains
to antiviral drugs. J Biol Stand 1986, 14:201-211.

Demirci B, Baser KHC, Crockett SL, Khan IA: Analysis of the volatile
constituents of Asian Hypericum L. (Clusiaceae, Hypericoideae) species.
J Ess Oil Res 2005, 17:659-663.

Yu J, Liu X, Gu L, Zhou X: Analysis of chemical constituents and
bacteriostasis of essential oils from Hypericum kouytcheouense (sic).
Zhongguo Yaoxue Zazhi 2002, 37:900-902.

Schwob |, Bessiere JM, Dherbomez M, Viano J: Composition and
antimicrobial activity of the essential oil of Hypericum coris. Fitoterapia
2002, 73:511-513.

Saroglou V, Marin PD, Rancic A, Veljic M, Skaltsa H: Composition and
antimicrobial activity of the essential oil of six Hypericum species from
Serbia. Biochem Syst Ecol 2007, 35:146-152.

Page 13 of 13

47.  Ghasemi Y, Khalaj A, Mohagheghzadeh A, Khosravi AR, Morowvat MH:
Composition and antimicrobial activity of the essential oil and extract of
Hypericum elongatum. J Appl Sci 2007, 7:2671-2675.

48. Schwob |, Viano J, Jann-Para G, Bessiere J-M, Dherbomez M: Composition
and antimicrobial activity of the essential oil of Hypericum
hyssopifolium ssp. hyssopifolium from southeast France. J Ess Oil Res
2006, 18:469-471.

49, Toker Z, Kizil G, Ozen HC, Kizil M, Ertekin S: Compositions and antimicrobial
activities of the essential oils of two Hypericum species from Turkey.
Fitoterapia 2006, 77:57-60.

50. Kizil G, Toker Z, Ozen HC, Aytekin C: The antimicrobial activity of essential
oils of Hypericum scabrum, Hypericum scabroides and Hypericum
triquetrifolium. Phytother Res 2004, 18:339-341.

51, Gudzic¢ B, Djokovi¢ D, Vajs V, Pali¢ R, Stojanovi¢ G: Composition and
antimicrobial activity of the essential oil of Hypericum maculatum Crantz.
Flav Fragr J 2002, 17:392-394.

52. Rancic A, Sokovic M, Vukojevic J, Simic A, Marin P, Duletic-Lausevic S,
Djokovic D: Chemical composition and antimicrobial activities of
essential oils of Myrrhis odorata (L.) Scop, Hypericum perforatum L and
Helichrysum arenarium (L.) Moench. J Ess Oil Res 2005, 17:341-345.

53. Maggi F, Cecchini C, Cresci A, Coman MM, Tirillini B, Sagratini G, Papa F,
Vittori S: Chemical composition and antimicrobial activity of the essential
oils from several Hypericum taxa (Guttiferae) growing in central Italy
(Appennino Umbro-Marchigiano). Chem Biodiver 2010, 7:447-466.

54. Ladeira AM, da Silva GB, Raggi L, Young MCM, Agripino DG, Lima MEL,
Moreno PRH: Chemical composition and antimicrobial activities of the
essential oil of Hypericum cordatum (Vell. Conc.) N. Robson
(Hypericaceae). J Ess Qil Research 2009, 21:558-560.

55. Cos P, Vlietinck AJ, Berghe DV, Maes L: Anti-infective potential of natural
products: How to develop a stronger in vitro ‘proof-of- concept'.

J Ethnopharmacol 2006, 106:290-302.

56. lIpek E, Zeytinoglu H, Okay S, Tuylu BA, Kurkcuoglu M, Husnu Can Baser K:
Genotoxicity and antigenotoxicity of Origanum oil and carvacrol evaluated
by Ames Salmonella/microsomal test. Food Chem 2005, 93:551-556.

57. Chang ST, Chen PF, Chang SC: Antibacterial activity of leaf essential oils
and their constituents from Cinnamomum osmophloeum.

J Ethnopharmacol 2001, 77:123-127.

58. Kubo |, Fujita K: Naturally occurring anti-Salmonella agents. J Agric Food
Chem 2001, 49:5750-5754.

59.  Alma MH, Nitz S, Kollmannsberger H, Digrak M, Efe FT, Yilmaz N: Chemical
composition and antimicrobial activity of the essential oils from the
gum of Turkish pistachio. J Agric Food Chem 2004, 52:3911-3914.

60. Pauli A: Anticandidal low molecular compounds from higher plants with
special reference to compounds from essential oils. Med Res Rev 2006,
26:223-268.

61. Cristani M, D'Arrigo M, Mandalari G, Castelli F, Sarpietro MG, Micieli D, Venuti
V, Bisignano G, Saija A, Trombetta D: Interaction of four monoterpenes
contained in essential oils with model membranes: implications for their
antibacterial activity. J Agric Food Chem 2007, 55:6300-6308.

62.  Nejad-Ebrahimi S, Hadian J, Mirjalili MH, Sonboli A, Yousefzadi M: Essential
oil composition and antibacterial activity of Thymus caramanicus at
different phenologycal stages. Food Chem 2008, 110:927-931.

63. Sinan Dayisoylu K, Ahmet DD, Hakki A, Metin D: Antimicrobial activity of
the essential oils of rosin from cones of Abies cilicica subsp. Cilicica. Afr
J Biotechnol 2009, 8:5021-5024.

64. Sibanda S, Chigwada G, Poole M, Gwebu ET, Noletto JA, Schmidt JM, Rea Al,
Setzer WN: Composition and bioactivity of the leaf essential oil of
Heteropyxis dehniae from Zimbabwe. J Ethnopharmacol 2004, 92:107-111.

65.  Schmitt AC, Ravazzolo AP, von Poser GL: Investigation of some Hypericum
species native to Southern of Brazil for antiviral activity.

J Ethnopharmacol 2001, 77:239-245.

doi:10.1186/1472-6882-13-24

Cite this article as: Rouis et al.: Evaluation of the cytotoxic effect and
antibacterial, antifungal, and antiviral activities of Hypericum
triquetrifolium Turra essential oils from Tunisia. BMC Complementary and
Alternative Medicine 2013 13:24.




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Plant material and essential oil extraction
	Cells and tested microorganisms
	Cell line

	Bacterial and fungal strains
	Virus strain
	Antimicrobial activities
	Minimum inhibitory and minimum bactericidal concentrations (MIC and MBC)

	Minimium inhibitory and minimium fungicidal concentrations (MIC and MFC)
	Cytotoxicity assay
	Virus inhibition assay
	Statistical analysis

	Results
	Antibacterial activity
	Antifungal activity
	Cytotoxicity test and antiviral activity

	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice




