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1. Introduction

ABSTRACT

Objective: To evaluate the antiradical, antibacterial and antileishmanial properties of phenolic
extracts of Centaurium erythraea (methanol: MECE, ethanol: EECE, n-hexane: HECE, ethyl
acetate: EACE) from north-west of Morocco.

Methods: The antiradical activity was evaluated using DPPH scavenging assay. The
antibacterial activity was tested against four reference strains (Staphylococcus aureus,
Escherichia coli, Listeria monocytogenes and Pseudomonas aeruginosa) using the well
diffusion method. The minimum inhibitory concentration (MIC) and the minimum bactericidal
concentration (MBC) were determined by microdilution assay. The antiparasitic activity was
evaluated against Leishmania major, Leishmania tropica and Leishmania infantum using MTT
(3-(4.5-dimethylthiazol-2yl)-2.5-diphenyltetrazolium bromide) test. The levels of polyphenol
and flavonoid extracts were estimated by colorimetric assay.

Results: The HECE extract has shown a significant ability to trap the radical DPPH [IC,= (49.54
+ 2.43) pg/mL] compared to EECE, MECE and EACE. This value is significantly important
compared than those of ascorbic acid [ICs,= (27.20 £ 0.17) pg/mL] and Trolox [ICs,= (43.72 +
0.31) pg/mL] used as standards. The inhibitory activity of methanol, n-hexane and ethyl acetate
extracts was especially remarkable (inhibition zone = 14 mm) against all strains tested. The
values of MIC and MBC have ranged from 0.25 to 8.00 mg/mL. Pseudomonas aeruginosa was
the most resistant strains compared to all other tested bacteria, while Staphylococcus aureus
was the most sensitive toward the tested extracts. The MTT based colorimetric assay has shown
a reduced promastigotes viability on all strains tested. The best growth inhibition was observed
with HECE against Leishmania tropica [ICs,= (37.20 + 1.62) ug/mL] and Leishmania major
[ICsy= (64.52 = 2.20) pug/mL] compared to N-methyl Glucamine Antimoniate (Glucantime®)
(IC5y> 500 pg/mL) used as control, after 72 h of treatment.

Conclusions: Considering these results, Centaurium erythraea can be used as a source of novel
antioxidant, antibacterial and antileishmanial compounds.

caused by Listeria monocytogenes (L. monocytogenes)[4], and
oral-genital infections caused by Candida albicansl5]. In addition,

The excessive and inappropriate use of antibiotics in human’s
medication to treat infectious diseases is responsible for the
emergence of resistant organismsl[1.2]. Indeed, several diseases
have been reported as a result of bacterial infections in humans,
viz. diarrhea and vomiting caused by Bacillus cereus(3], listeriosis
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some parasites such as Leishmania species [Leishmania major
(L. major), Leishmania infantum (L. infantum) and Leishmania
tropica (L. tropica)] cause leishmaniasis disease. The treatment
of this disease has been based on synthetic antileishmanial drugs.
The issue is that this treatment is expensive and causes many side
effects such as toxicity[6]. In addition, leishmanial species have
developed the resistance against these molecules. This situation
highlights the need to seek for new molecules that could exert
antileishmanial effects[6]. Furthermore, the reactive oxygen species
(ROS) are a group of highly reactive molecules including the free
radicals such as superoxide ion (O*) and hydroxyl radical (OH)
as well as the no free radicals such as the hydrogen peroxide
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(H,0,). In homeostasis situation, the human body produces ROS
via normal aerobic respiration and during inflammatory process.
This production can be affected by some aggressions as radiations,
stress, pollution, alcoholism and nicotinism[7]. The cells have many
enzymatic systems to protect against ROS including superoxide
dismutase, catalase and the selenium glutathion peroxidase. Some
chemical molecules can also protect against ROS by their capacity to
donate electron or hydrogen for themi8]. The oxidative modifications
in the intracellular and/or cellular membrane have been defined
as the result of the imbalance between ROS production and the
defense mechanisms. Such alterations can lead to a high number of
diseases including diabetes, cancers and cardiovascular diseases[9].
Furthermore, an increase in ROS can also cause lipids peroxidation
in food during the manufacturing and storage process.

The most important sources of antioxidant, antibacterial and
antiparasitic molecules are the natural bioactive products of plants
such as flavonoids and phenolic compounds that have known for
their several biological activies such as an antibacterial effect[10-
12], suppress the production of free radicals[11,13-17], delay oxidative
stress reactions and have an important role against one of the world
major human diseases like cancer{18]. In the search for such natural
products and modern drugs, medicinal plants play an important
role[19-24].

In Morocco, the Gentianaceae family represents a great ecological
and economic interest, as it includes many medicinal and aromatic
species[25]. Centaurium erythraea (Rafin) (C. erythraea), known in
Morocco under its vernacular name “Gosset El Haya”, has been used
in traditional medicine as related by some ethnopharmacological
surveys for the treatment of digestive disorders, kidney diseases,
as well as an antipyretic and anti-diabetic[26,27]. The extracts of
C. erythraea possess various biological activities such as anti-
hyperglycemicl28], diuretic[29], antibacterial[30], antioxidant[31] and
hepatoprotective activities[32].

Many compounds of C. erythraea extracts have been reported to
exhibit important biological activities such as secoiridoid glycoside
and gentiopicroside, which have been assessed for antibacterial
and free radical scavenging activities[4], and phenolic compounds
isolated from the flowers of C. erythraea for antioxidant activity[31].
The aim of this present study was to determine the total flavonoids
and phenolic contents of various extracts of C. erythraea and
to evaluate their antibacterial, antileishmanial and antioxidant
properties.

2. Materials and methods

2.1. Collection of plant material and preparation of organic
extracts

C. erythraea was collected at the flowering phenological stage
(May, 2015) from the north-west of Morocco (Ouezzane Province:
Zoumi area). The collected parts were dried in dark at room
temperature and then they were ground to obtain the powder. The
obtained powder was extracted by maceration using ethyl acetate,
n-hexane, ethanol and methanol. After 72 h of maceration, the plant
extracts were filtered and the then the solvents were eliminated using
a rotary evaporator.

2.2. Total phenolic contents (TPC)
TPC of plant extracts was estimated by the Folin-Ciocalteu assay.

The extract was diluted to the concentration of 1 mg /mL, and
aliquots of 100 pL or a standard solution of gallic acid (20, 40,
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60, 80 and 100 mg/L) were mixed with 500 pL of Folin-Ciocalteu
reagent (previously diluted 10-fold with distilled water) and 400 pL
of Na,CO; (7%). After 40 min of incubation at room temperature,
the absorbance was measured at 760 nm and compared to a blank
sample[11]. The TPCs content expressed as gallic acid equivalent
(GAE) was calculated based on the calibration curve using the
following linear equation(33]:

y=0.01 x [GA] +0.002; R’ = 0.998

where y is absorbance, [GA] is concentration (mg GAE g'l extract)
and R’ is correlation coefficient.

2.3. Total flavonoid contents (TFC)

The TFC of plant extracts was measured by the aluminum chloride
(AICl,) colorimetric assay[11]. 1 mL of the extract (1 mg/ mL in
methanol) or a standard solution of quercetin (20, 40, 60, 80 and
100 mg/mL) was mixed with 1 mL of 2% AIC]; in methanol. After
40 min at room temperature (23 + 2 °C), the absorbance against
blank was measured at 430 nm. Total flavonoids content expressed
as quercetin equivalent (QE) was calculated based on the calibration
curve using the following equation(33]:

y =0.022 x [Q] + 0.006; R* = 0.999
where y is absorbance; [Q] is concentration (mg QE) and R*is
correlation coefficient.

2.4. Antiradical potential of different extracts

2.4.1. DPPH free radical-scavenging activity

Antiradical activity of C. erythraea extracts was evaluated using
the 2,2-diphenyl-1-picryl-hydrazyl (DPPH) scavenging activity assay.
Briefly, aliquots (0.2 mL) of various concentrations (62.5-1000 pg/
mL) of the plant extracts samples were added to 1.8 mL of a 0.004%
methanolic solution of DPPH. After 30 min of incubation at room
temperature, the absorbance was measure against a blank at 517
nm(11]. The percentage (%) to scavenge DPPH radical was calculated
by the following formula[34]:

DPPH scavenging activity (AA in %) = [(Ac — At)/Ac] x 100
where Ac is the absorbance of the control (without extract), and At is
the absorbance of the test (with extract).

Trolox and ascorbic acid were used as positive controls. The
concentration of extract that provided 50% of DPPH inhibition (ICs)
was calculated from the graph plotted of inhibition capacity (AA
in %) against extracts and standards concentrations using linear
regression equations(11].

2.5. Antibacterial activity

2.5.1. Bacteria strains

The antibacterial activity of C. erythraea extracts was tested
against Escherichia coli K12 (E. coli) (Laboratory of Food
Microbiology, UCL, Belgium: MBLA), Pseudomonas aeruginosa
(P. aeruginosa) (Institute of hygiene, Rabat, Morocco: IH),
Staphylococcus aureus CECT 976 (S. aureus), and L. monocytogenes
serovar 4b CECT 4032 (Spanish Type Culture Collection: CECT).
Strains were maintained on an inclined agar medium at 4 °C. Before
use, the bacteria were revived by two subcultures in an appropriate
culture medium: Luria-Bertoni (LB) broth at 37 °C for 18-24 h. For
the test, final inoculums concentrations were about 10° CFU/mLI11].

2.5.2. Agar-well diffusion assay
For the determination the diameter of inhibition of extracts against
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the tested bacteria, we have used agar-well diffusion assay as
described in our previous studies[10-12]. A basal layer was prepared
by Muller-Hinton agar. After the agar plates were solidified, sterile
8 mm diameter cylinders were deposited. Six mL of LB medium in
superfusion containing 0.8% agar were inoculated by a fresh culture
of indicator bacterial strain (the final concentration was 10° CFU/
mL). After solidification, the wells were filled with 50 pL of diluted
extracts at 25 mg/mL. After incubation at appropriate temperature
for 24 h, all plates were examined for any zone of growth inhibition,
and the diameter of these zones was measured in millimeters. All the
tests were performed in triplicate.

2.5.3. Minimum inhibitory concentration (MIC)

MICs were determined using the broth micro-dilution assay as
described in our previous studies[11,12]. LB medium containing
0.15% (w/v) of agar was used as a stabilizer of the extract-water
mixture and the resazurin was used as a bacterial growth indicator.
50 uL of LB (0.15% agar w/v) was distributed from the 2nd to the
8th well of a 96-well polypropylene microtitre plate. A dilution of
each extract was prepared in methanol, to reach a final concentration
of 32 mg/mL; 100 pL of these suspensions were added to the first
test well of each microtitre line, and then 50 pL of scalar dilution was
transferred from the 2nd to the 7th well. The 8th well was considered
as a growth control, because no extract was added. Then, we added
50 uL of a bacterial suspension to each well at a final concentration
of approximately 10° CFU/mL. The final concentration of the extract
was between 16 and 0.25 mg/L. After incubation at 37 °C for 18 h,
10 pL of resazurin was added to each well to assess bacterial growth.
After further incubation at 37 °C for 2 h, the MIC was determined
as the lowest concentration that prevented a change in resazurin
color(11,12]. Bacterial growth was detected by reduction in blue dye
resazurin to pink resorufin. A control was carried out to ensure that,
at the tested concentrations, the extract did not cause a color change
in the resazurin. Experiments were performed in triplicate.

2.5.4. Minimum bactericidal concentration (MBC)

MBC corresponds to the lowest concentration of the extract
yielding negative subcultures after incubation at appropriate
temperature for 24 h(11.12]. It was determined in broth dilution tests
by sub-culturing 10 pL from negative wells on PCA medium[11,12].
All the tests were performed in triplicate.

2.6. Antileishmanial activity

2.6.1. Culture of leishmania species

Leishmania species tested in this study were: L. infantum (MHOM/
MA/1998/LVTA), L. tropica (MHOM/MA/2010/LCTIOK-4) and L.
major (MHOM/MA/2009/LCER19-09). These three species were
isolated and identified from Moroccan infected patients at the
National Reference Laboratory of Leishmaniasis, National Institute
of Health, Rabat-Morocco. The species were cultivated as described
by Et-Touys et al.[35]. Briefly, parasite cultures of each Leishmania
species were washed with phosphate buffered saline (PBS) and
centrifuged at 1500 r/min for 10 min. Cells were then re-suspended
in RPMI 1640 (GIBCO) supplemented with 10% of heat-inactivated
fetal calf serum and 1% of penicillin-streptomycin mixture. Cultures
were maintained at 23 °C.

2.6.2. Antileishmanial activity

Before evaluating the antileishmanial activity, the cellular density
of each species was calculated using light microscopy. When
cellular density reached a threshold concentration of 10° cells/mL,
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L. infantum, L. tropica and L. major promastigotes were washed
twice with PBS and centrifuged at 2500 r/min for 10 min. To
evaluate the anti-promastigote activity, 100 uL of parasites culture
was resuspended in a 96-well tissue culture plate, in fresh culture
medium according to Et-Touys et al.[35]. Briefly, parasites were
incubated at 2.5 x 10° cells/well for 72 h at 23 °C in the presence of
various concentrations of extract (ug/mL) dissolved in 1% DMSO.
DMSO was used at a final concentration never exceeding 1% which
is not toxic to parasites[36,37]. Sterile PBS and 1% DMSO (vehicle)
were used as negative controls. Glucantime® was used as positive
control.

2.6.3. Cell viability assay

The viability of Leishmania species was evaluated by the MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide)
colorimetric assay as described by Essid et al.[37]. Briefly, 10 pL
of MTT (10 mg/mL) was added to each micro-well and incubated
for 3 h at 30 °C. The reaction was stopped by addition of 100 L of
50% (v/v) isopropanol-10% (w/v) sodium dodecyl sulfate (SDS)
mixture to each well in order to dissolve insoluble formazen formed
after tetrazolium dye reduction. After 30 min of incubation at room
temperature, absorbance was measured at 560 nm using an ELISA
plate reader (Synergy HT, Bio-TEK). All assays were conducted
in triplicate and compared to negative control (parasites) and
reference drug (Glucantime). Cell viability was also evaluated by
determination of the extracts concentration which inhibited half
of the cell population (ICy,), obtained by modeling by plotting
percentage of inhibition versus concentration of extract using
Original Program. Inhibition percentage (I) was calculated using the
following formula[3s1:
I (%) = 100 x (Absorbance untreated cells — Absorbance treated
cells)/Absorbance untreated cells.

2.7. Data analysis

The statistical analysis was performed by a one-way ANOVA
analysis of variance. We considered that the difference is significant
for P < 0.05. Pearson correlation tests were used to assess the
relationship between phenolic contents and the ICy, values of the
antioxidant capacity and antileishmanial activity. These tests were
performed by using XLSTAT 2012 program. All experiences were
carried out for three replicates and the results were expressed as
mean + SD.

3. Results
3.1. TPCs

The C. erythraea organic extracts showed a good yield and their
values have varied according to the used solvent. These values have
ranged from (23.21 + 0.34) to (105.54 + 0.84) GAE mg/g extract
(Table 1). The TPC of methanol extract of C. erythraea (MECE) and
n-hexane extract of C. erythraea (HECE) were the highest compared
with the TPC of ethyl acetate extract of C. erythraea (EACE) and
ethanol extract of C. erythraea (EECE) (P < 0.05).

3.2. TFCs

The TFC was estimated by a colorimetric method using quercetin
as a standard flavonoid. The concentration of TFC in the extracts was
depended to the solvent of extraction. The values of TFC have ranged
from (15.21 £ 0.43) to (38.43 + 1.30) QE mg/g extract (Table 1). The
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HECE showed higher (P < 0.05) flavonoids content compared to the
other extracts except for the MECE, which contained similar levels
(P> 0.05). On the other hand, EACE showed the lowest value of TFC
(P < 0.05).

3.3. Antiradical activity

Figure 1 shows the DPPH radical scavenging ability of C. erythraea
extracts. As summarized, we noted a highly significant decrease in
the DPPH radical concentration (P < 0.05) due to the scavenging
activity of each extract concentration and standards. At 30.125 ug/
mL, the activity of the MECE, EECE, HECE and EACE has ranged
from (43.82 +£4.10%) to (11.22 + 2.34)%. The activity of the various
extracts was significantly lower than that of the ascorbic acid and
Trolox (P < 0.01). In all cases, it has been found that the ability to
scavenge DPPH radical increases significantly with increasing extract
concentration (P < 0.05). The antiradical capacity of HECE was
superior to all tested samples with an ICs, value of (49.54 + 2.43) pg/
mL, which was near to the inhibition capacity of the positive controls
Trolox [ICs,= (43.72 £ 0.31) pg/mL] and ascorbic acid [ICs,= (27.20
+ (0.17) pg/mL], followed by MECE [ICs,= (58.34 + 2.86) pug/mL],
EECE [ICs,= (382.25 + 5.59) pg/mL] and EACE [ICy, = (376.08 +
3.18) ug/mL] (Table 1).

100
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= 50
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u«MECE wEECE u HECE wEACE

Figure 1. DPPH radical scavenging activities (%) of C. erythraea organic
extracts (MECE, EECE, HECE and EACE).

Values are means + SD of three determinations. In this case, effect is
increased in a concentration dependent manner; each concentration of
extract induces an effect significantly different than other concentration.

Table 1
Percentage yield, TPC, TFC and antioxidant capacity (ICs,+ SD) of C.
erythraea extracts and antioxidant standards.

Extract % Yield TPC (mg TFC (mg Antiradical capacity
GAE/gDW) QE/g DW) IC,, (ng/mL)
EECE 27.47 69.42+0.55 29.42 +1.05 382.25 £5.59
MECE 32.15 105.54+0.84 3427 +1.17 58.34 +2.86
EACE 2632 2321034 1521+043 376.08 +3.18
HECE 2345 95.61+£0.64 38.43+1.30 49.54 +2.43
Trolox - - - 43.72 £ 0.31
Ascorbic acid - - - 2720 £0.17

Table 2
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3.4. Antibacterial activity

The qualitative antibacterial effects of C. erythraea extracts are
listed in Table 2. We have noticed that except of P. aeruginosa which
has been resisted to the ethanol extract, all other bacterial strains
were sensitive to C. erythraea extracts. However, the inhibition
values have varied between bacterial species and from an extract to
another (P < 0.05). With the exception of their effects against E. coli
K12, any significant difference (P < 0.05) has been noted between
MECE and HECE. The MIC and MBC values of C. erythraea extracts
against tested bacteria are shown in Table 3. The MIC and MBC
values have ranged from 0.25 to 4 and 0.5 to 8 mg/mL, respectively.
The HECE has shown the highest antibacterial activity against all
bacteria with the MIC and MBC values ranged from 0.25 to 2 and
0.5 to 8 mg/mL, respectively, but the MECE, EECE and EACE have
not shown any antibacterial activity. The MIC value was equal to the
MBC value of extracts against strains in some cases which indicated
a bactericidal action.

Table 3

MIC (mg/mL) and MBC (mg/mL) of different extracts against the backteria.

Extracts E. coli K12 S. aureus L. monocytogenes P. aeruginosa
MIC MBC MIC MBC MIC MBC MIC MBC

MECE >8 >8 025 1 4 4 2 8

HECE 8 >8 05 1 2 4 0.5 2

EACE >8 >8 05 0.5 4 4 1 >8

Final bacterial density was around 10° UFC/mL.

3.5. Antileishmanial activity

The results of antileishmanial activity of C. erythraea extracts
against L. major, L. infantum and L. tropica are summarized in Table
4. All C. erythraea extracts have inhibited the growth of Leishmania
species tested with significant variability with Glucantime (positive
control). The highest antileishmanial activity was obtained with
HECE which exhibited an ICs, value of (37.20 + 1.62) and (64.52
+ 2.20) pg/mL against L. infantum and L. major, respectively. The
MECE has shown a moderate antileishmanial effect with an ICs,
value of (124.82 = 1.75) and (126.16 *= 3.29) ug/mL against L.
infantum and L. major, respectively. Also, the IC, values of EACE
were (143.20 + 3.82) and (128.30 + 2.35) pg/mL against L. infantum
and L. major, respectively.

Table 4
Antileishmanial (ICy, = SD) of C. erythraea extracts (MECE, EECE, HECE
and EACE) and positive control (Glucantime).

Extracts L. infantum L. major L. tropica
MECE 124.82 + 1.75 126.16 +3.29 247.24 £2.59
HECE 125.04 +1.93 64.52 +2.20 37.20 = 1.62
EACE 143.20 £3.82 128.30 +£2.35 > 500
EECE 373.18 £2.23 > 500 > 500
Glucantime > 500 > 500 > 500

Antibacterial activities of C. erythraea extracts (MECE, EECE, HECE and EACE) and antibiotics (erythromycin and chloramphenicol) against E. coli, S.

aureus, P. aeruginosa and L. monocytogenes.

Microorganisms EECE MECE EACE HECE Erythromycin Chloramphenicol
E. coli 19.00 £ 2.34 27.00 £ 1.23 29.00 = 1.86 32.00 £2.42 21.00 £ 2.66 33.00 £ 0.50
S. aureus 24.00 £+ 0.50 15.00 £ 2.30 14.00 = 0.11 24.00 = 1.60 26.00 = 3.00 29.00 + 1.75
P. aeruginosa 19.00 £ 0.20 NA 18.00 = 0.10 17.00 = 1.00 NA 21.00 = 1.50
L. monocytogenes 36.00 = 1.70 34.00 = 1.10 43.00 = 1.50 34.00 +2.30 24.00 = 1.66 27.00 =2.33

Final bacterial density was around 10° UFC/mL. Inhibition zone diameters (mm) produced around the wells by adding 50 uL of diluted extract (25 mg/mL).

All values are means of three assays. NA: Not active.
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3.6. Relationship between phenolic content and
antileishmanial and antioxidant capacity

Table 5 shows the coefficient correlation between TPC and ICs,
of antioxidant and antileishmanial activities on one hand and TFC
and ICy, of antioxidant and antileishmanial activities on the other
hand. The correlation coefficients between TFC and antileishmanial
capacity (IC,,) were R> = 0.935, R’ = 0.905 and R* = 0.647 for
L. major, L. infantum and L. tropica, respectively. While, the
coefficients between TPC and antileishmanial capacity were R’
=0.018, R* = 0.020 and R* = 0.553 for L. major, L. infantum and
L. tropica, respectively. These correlations confirm that the ICy,
decreases with increasing TFC, which gave a good antileishmanial
activity. For antioxidant capacity (ICs,) it was moderately
correlated with TPC (R”=0.709) and TFC (R* = 0.635).

Table 5
Correlation coefficient between phenolic content and antileishmanial and
antioxidant capacity (ICy).

Components L. major L. infantum L. tropica Antioxidant activity
TPC R*=0.018 R’=0.020 R’=0.553 R*=0.709
TEC R*=0.935 R’=0905 R’=0.647 R*=0.635

4. Discussion

The Leishmania and bacterial species have developed several
mechanisms which allowed them to resist against numerous
antimicrobial agents. This situation has led to the emergence and
the re-emergence of infectious diseases. On the other hand, several
studies have proved the implication of oxidative stress caused by
disequilibrium in electron transfer; in some complications such as
neurodegenerative, cardiovascular and cancers diseases. Several
approaches have been investigated to search now molecules that
have antimicrobial and antioxidant effects. Medicinal plants
constitute a key candidate for screened natural compounds that
possess antibacterial[12,19], antioxidant[11,13] and antileishmanial
activities[35,37].

Polyphenols are compounds bio-metabolized by medicinal
plants in their different parts (leaves, root, flowering, fruit,
etc.) as secondary metabolites. Several studies have showed
that these compounds possess numerous pharmacological
properties including antibacterial, antileishmanial and antioxidant
effects[38]. These properties have been correlated with a group
of phenolics compounds called flavonoids that have a benzo-Y-
pyrone structure[39]. These molecule groups have showed other
pharmacological activities such as a mitochondrial adhesion
inhibitor, an antiulcer, an anti-arthritic, an antiangiogenic and an
anticancer agent[40]. Furthermore, some studies have established
the correlation link between the consumption of these molecules
and prevention of some diseases such as oxidative stress related
diseases, chronic inflammation, immune related diseases, diabetes
and cancer[41].

In our study, we have estimated firstly the total phenolic and
flavonoid contents by colorimetric methods using gallic acid and
quercetin as standards of polyphenols and flavonoids, respectively.
It must be noted that the used extracts have presented a good
amount of polyphenols and flavonoids which have varied according
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to the solvent polarity. According to Tawaha et al., the amount of
flavonoids and polyphenols is considered very high if it’s higher
than 20 mg GAE/g extract(42]. Based on this study, C. erythraea
can be considered a very important source of phenolic compounds.

The antioxidant effects were determined by DPPH scavenging
assay (a stable free radical that has mostly been used for screening
the ability of compounds to scavenge free radicals). This method
aimed at the reduction of DPPH radical by molecules which are
capable to donate hydrogen(43.44]. We have chosen this method
because of its advantages to measure the antioxidant activity at
ambient temperature preventing therefore the probability of thermal
degradation of the molecule tested[45.46]. Our results were in
consensus with other studies demonstrating the antiradical activity
of C. erythraeal47.48]. The antiradical activity of plant extracts due
to their redox potentials[49], which play a key role in neutralizing
free radicals, to donate hydrogen, quench singlet oxygen and act as
metal chelators[50].

The test of the antibacterial activity has revealed that all C.
erythraea extracts were active against bacterial strains using
agar well diffusion assay. While, the MICs of some extracts were
showed at the highest concentration. The difference observed
could be explained by the difference of the chemical contents of
different extracts. Indeed, the solvents used for extraction have a
large difference in their polarity and a dielectric constant specific
to charge separated between different chemical compositions. The
antibacterial activity of these compounds has been attributed to
their hydrophobic character of phenolic content(51].

In our study, we have found that Gram-positive bacteria
presented by S. aureus and L. monocytogenes were more sensitive
to C. erythraea extracts than Gram-negative ones presented by E.
coli and P. aeruginosa. This finding was in consonance with other
works that have indicated the sensitivity of Gram-positive bacteria
to natural products[12,52]. On the other hand, Gram-negative
bacteria resist to natural antibacterial agents. Indeed, these strains
possess a hydrophilic outer membrane which allowed them the
penetration of hydrophobic compounds[53].

These results are important due to the fact that L. monocytogenes
serovar 4b (pathogenic bacteria implicated in several pathology
such as meningitis) has been inhibited by EECE with MBC = 1 mg/
mL. In addition, HECE has inhibited the growth S. aureus MBLA
(strain that produce beta-haemolysin and enterotoxin A which are
mainly implicated in food poisoning incident). On the other hand,
it must be noted that the extract showing the highest inhibition
diameters are not always the ones that present the lowest MIC and
MBC values. Indeed, the inhibition diameters are influenced by
several factors such as solubility of extracts.

When evaluating the antileishmanial activity of the C. erythraea
extracts, it has appeared that some of them exhibited a stronger and
even greater activity than Glucantime (positive control). Moreover,
in contrary to other studies[37,54], L. major promastigotes has
appeared more sensitive than L. infantum. Previous studies have
ascertained the antioxidant, ant-diabetic, anti-hyperglycemic and
hepatoprotective activities of this medicinal plant[28,32,47,55], but
only scarce data on their leishmanicidal activity are available. To
our knowledge, our report is the first to deal with leishmaniacidal
activity of C. erythraea on promastigote cultures of L. major, L.



438 Abdelhakim Bouyahya et al./Asian Pac J Trop Dis 2017; 7(7): 433-439

infantum and L. tropica. Therefore, this Leishmania species have
been tested with a Moroccan endemic medicinal plant (Salvia
barbecana) and hexane extract has proved IC, value which reaches
14.11 pg/mL against L. infantuml32].

Interestingly, we report here that the differential antileishmanial
effects of these extracts were related not only to their chemical
composition but also to the nature of the promastigote species and
the differential antileishmanial activity of these extracts against the
same promastigote species is related to the differential composition
of such extracts. It’s the first time that the antileishmanial
properties of C. erythraea extracts have tested against Leishmania
promastigote forms. Our results are important compared with
others tested extracts against the same species(13,35].

The mechanism of action of these extracts can be suggested to
the specific cellular targets that disrupt the cell membrane and
cell lysis. The interaction with mitochondrial membrane can be
suggested in this case as another targeting pathway inducing the
death of parasites by apoptosis. These actions could be attributed in
our study to the TFC, which showed a very height correlation with
antileishmanial capacity especially against L. major (R’ = 0.935)
and L. infantum (R*= 0.905).

The results obtained in our study gave suggestions that the high
pharmacological properties of HECE and MECE may be attributed
to the major compounds present in these two extracts. This does
not exclude the possibility that the other constituents may also
participate in these biological properties alone or in synergetic with
major compounds.

Conflict of interest statement

We declare that we have no conflict of interest.

Acknowledgments

The authors thank the National Center for Scientific and
Technical Research (NCSTR) from Morocco for support funding
(Grant No. 376UMS5) of the doctoral grant of Abdelhakim
Bouyahya.

References

[1] Rolain JM, Abat C, Jimeno MT, Fournier PE, Raoult D. Do we need
new antibiotics? Clin Micro Infect 2016; 22: 408-15.

[2] Bouyahya A, Bakri Y, Et-Touys A, Talbaoui A, Khouchlaa A, Charfi S,
et al. Resistance to antibiotics and mechanisms of action of essential
oils against bacteria. Phytothérapie 2017; doi: 10.1007/s10298-017-
1118-z.

[3] Kotiranta A, Lounatmaa K, Haapasalo M. Epidemiology and
pathogenesis of Bacillus cereus infections. Microb Infect 2000; 2: 189-
98.

[4] Ramaswamy V, Cresence VM, Rejitha JS, Lekshmi MU, Dharsana KS,
Prasad SP, et al. Listeria-review of epidemiology and pathogenesis. J
Microbiol Immunol Infect 2007; 40: 4-13.

[5] Ryan KJ, Ray CG. Sherris medical microbiology. 4th ed. New York:
McGraw Hill; 2004.

[6] Monzote L. Current treatment of leishmaniasis: a review. Open
Antimicrob Agen J 2009; 1: 9-19.

[7]1 Yildirm A, Mavi A, Oktay M, Kara AA, Algur OF, Bilalogu V.
Comparison of antioxidant and antimicrobial activities of tilia (7ilia
argentea Desf Ex DC), sage (Salvia triloba L.) and blak tea (Camellia
sinensis) extracts. J Agric Food Chem 2000; 48: 5030-4.

[8] Birben E, Sahiner UM, Sackesen C, Erzumur S, Kalavci O. Oxidative
stress and antioxidant defense. World Aller Org 2012; 5: 9-19.

[9]1 Kaplan M, Mutlu EA, Benson M, Fields JZ, Banan A, Keshavarzian
A. Use of herbal preparations in the treatment of oxidant mediated
inflammatory disorders. Ther Med 2007; 15: 207-16.

[10] Bouyahya A, Abrini J, El-Baabou A, Bakri Y, Dakka N. Determination
of phenol content and antibacterial activity of five medicinal plants
ethanolic extracts from north-west of Morocco. J Plant Pathol
Microbiol 2016; 7: 107-11.

[11] Bouyahya A, El Moussaoui N, Abrini J, Bakri Y, Dakka N.
Determination of phenolic contents, antioxidant and antibacterial
activities of strawberry tree (Arbutus unedo L.) leaf extracts. Br
Biotechnol J 2016; 14: 1-10.

[12] Bouyahya A, Abrini J, Khay EL, Charfi S, Boujida N, EL Harsal A, et
al. In vitro antibacterial of organic extracts from north-west Moroccan
medicinal plant Myrtus communis (L.). Br Biotechnol J 2016; 16: 1-9.

[13] Et-Touys A, Fellah H, Mniouil M, Bouyahya A, Dakka N, Abdennebi
EH, et al. Screening of antioxidant, antibacterial and antileishmanial
activities of Salvia officinalis L. extracts from Morocco. Br Microbiol
Res J 2016; 16: 1-10.

[14] Khouchlaa A, Bouyahya A, Ait Lahcen S, Youssef B, Nadia D, Tijane
M. Phytochemical screening, evaluation of antioxidant activity and
litholytic effect of Zizyphus lotus L. extracts. Worl J Pharm Res 2017,
6: 1354-67.

[15] Bouyahya A, Abrini J, Talbaoui A, Et-Touys A, Chatoui K, Harhar H,
et al. Phytochemical screening, antiradical and antibacterial activities
of Cistus crispus from Morocco. J Mater Environ Sci 2017; 8: 1560-6.

[16] Bouyahya A, Abrini J, Et-Touys A, Lagrouh F, Dakka N, Bakri Y.
Phytochemical analysis and evaluation of the antioxidant activity of
Moroccan honey samples. Phytoth 2017; DOI 10.1007/s10298-017-
1122-3.

[17] Bouyahya A, Abrini J, Bakri Y, Dakka N. Phytochemical screening
and evaluation of antioxidant and antibacterial activities of Origanum
compactum extracts. Phytothérapie 2017; doi: 10.1007/s10298-017-
1101-8.

[18] Gupta RK, Patel AK, Shah N, Chaudhary AK, Jha UK, Yadav UC, et
al. Oxidative stress and antioxidants in disease and cancer: a review.
Asian Pac J Cancer Prev 2014; 15: 4405-9.

[19] Aneb M, Talbaoui A, Bouyahya A, EL Boury H, Amzazi S, Benjouad
A, et al. In vitro cytotoxic effects and antibacterial activity of Moroccan
medicinal plants Aristolochia longa and Lavandula multifida. Euro J
Med Plant 2016; 16: 1-13.

[20] Bouyahya A, Abrini J, Bakri Y, Dakka N. Essential oils as anticancer
agents: news on mode of action. Phytothérapie 2016; doi: 10.1007/
$10298-016-1058-z.

[21] Bouyahya A, Bensaid M, Bakri Y, Dakka N. Phytochemistry and
ethnopharmacology of Ficus carica. Int J Biochem Res Rev 2016; 14:
1-12.

[22] Bouyahya A, Jamal A, Edaoudi F, Et-Touys A, Bakri Y, Dakka
N. Origanum compactum Benth: a review on phytochemistry and
pharmacological properties. Med Arom Plant 2016; 5: 252.

[23] Bouyahya A, Bakri Y, Khay EO, Edaoudi F, Talbaoui A, Et-Touys A,

et al. Antibacterial, antioxidant and antitumor properties of Moroccan



Abdelhakim Bouyahya et al./Asian Pac J Trop Dis 2017; 7(7): 433-439

medicinal plants: a review. Asian Pac Trop Dis 2017;7: 57-64.

[24] Bouyahya A, Bakri Y, Et-Touys A, Talbaoui A, Khouchlaa A,
Yahyaoui El, et al. In vitro screening of antibacterial and antioxidant
activities of essential oils from four Moroccan medicinal plants.
Microbiol Res J Int 2017; 18: 1-10.

[25] Bellakhdar J, Claisse R, Fleurentin J, Younos C. Repertory of standard
herbal drugs in the Moroccan pharmacopoea. J Ethnopharmacol
1991; 35: 123-43.

[26] Merzouki A, Ed-derfoufi F, Molera-Mesa J. Contribution to the
knowledge of Rifian traditional medicine. II: Folk medicine in Ksar
Lakbir district. Fitoterapia 2000; 71: 278-307.

[27]Jouad H, Haloui M, Rhiouani H, El Hilali J, Eddouks M.
Ethnobotanical survey of medicinal plants used for the treatment
of diabetes, cardiac and renal diseases in the north centre region of
Morocco (Fez-Boulemane). J Ethnopharmacol 2001; 77: 175-82.

[28] Benhamza LM, Djerrou Z, Pacha YH. Evaluation of anti-
hyperglycemic activity and side effects of Centaurium erythraea (L.)
Pers. in rats. Afr J Biotechnol 2013; 12: 6980-5.

[29] Haloui M, Louedec L, Michel JB, Lyoussi B. Experimental diuretic
effects of Rosmarinus officinalis and Centaurium erythraea. J
Ethnopharmacol 2000; 71: 465-72.

[30] Laranjinha J, Vieira O, Madeira V, Almeida L. Two related phenolic
antioxidants with opposite effects on vitamin E content in low density
lipoproteins oxidized by ferrylmyoglobin: consumption versus
regeneration. Arch Bioch Bioph 1995; 323: 373-81.

[31] Valentdo P, Andradea PB, Silva AM, Moreira MM, Seabra
RM. Isolation and structural elucidation of 5-formyl-2,3-
dihydroisocoumarin from Centaurium erythraea aerial parts. Nat
Prod Res 2003; 17: 361-4.

[32] Mroueh M, Saab Y, Rizkallah R. Hepatoprotective activity of
Centaurium erythraea on acetaminophen-induced hepatotoxicity in
rats. Phytother Res 2004; 18: 431-4.

[33] Abo El-Maati MF, Mahgoub SA, Labiba SM, Al-Gabya AMA,
Ramadan MF. Phenolic extracts of clove (Syzygium aromaticum) with
novel antioxidant and antibacterial activities. Eur J Integr Med 2016;
8:494-504.

[34] Bouterfas K, Mehdadi Z, Elaoufi MM, Latreche A, Benchiha W.
Antioxidant activity and total phenolic and flavonoids content
variations of leaves extracts of white horehound (Marrubium vulgare
Linné) from three geographical origins. Ann Pharm 2016; 74: 453-62.

[35] Et-Touys A, Fellah H, Sebti F, Mniouil M, Aneb M, Elboury H, et al.
In vitro antileishmanial activity of extracts from endemic Moroccan
Medicinal Plant Salvia verbenaca (L.) Briq. ssp verbenaca Maire (S.
clandestina Batt. non L). Eur J Med Plants 2016; 16: 1-8.

[36] Oliveira LFO, Schubach AO, Martins MM, Passos SL, Oliveira
RO, Marzochi MC, et al. Systematic review of the adverse effects
ofcutaneous leishmaniasis treatment in the New World. Acta Trop
2011; 118: 87-96.

[37] Essid R, Rahali FZ, Msaada K, Sghair I, Hammami M, Bouratbine
A, et al. Antileishmanial and cytotoxic potential of essential oils
frommedicinal plants in Northern Tunisia. Ind Crop Prod 2015; 77:
795-802.

[38] Djeridane A, Yousfi M, Nadjemi B, Boutassouna D, Stocher P, Vidal
N. Antioxidant activity of some Algerian medicinal plants extracts
containing phenolic compounds. Food Chem 2006; 97: 654-60.

[39] Kumar PP, Kumaravel S, Lalitha C. Screening of antioxidant activity,

439

total phenolics and GC-MS study of Vitex negundo. Afr J Biochem
Res 2010; 4: 191-5.

[40] Biju J, Sulaiman CT, Satheesh G, Reddy VRK. Total phenolics and
flavonoids in selected medicinal plants from Kerala. Int J Pharm
Pharm Sci 2014; 6: 406-8.

[41] Chalise K, Acharya N, Gurung RP, Bhusal R, Gurung N, Skalko-
Basnet P. Antioxidant activity and polyphenolcontent in edible wild
fruits from Nepal. Int J Food Sci Nutr 2010; 61: 425-32.

[42] Tawaha K, Alali FQ, Gharaibeh M, Mohammad M, El-Elimat T.
Antioxidant activity and total phenolic content of selected Jordanian
plant species. Food Chem 2007; 104: 1372-8.

[43] Blois MS. Antioxidant determinations by the use of stable free
radical. Nature 1958; 26: 1199-200.

[44] Ozcelik B, Lee JH, Min DB. Effects of light, oxygen and pH on
the 2,2- diphenyl-1-picrylhydrazyl (DPPH) method to evaluate
antioxidants. J Food Sci 2003; 68: 487-90.

[45] Bondet V, Brand-Williams W, Berset C. Kinetics and mechanisms of
antioxidant activity using the DPPH free radical method. LWT-Food
Sci Technol 1997; 30: 609-15.

[46] Dvorakova M, Moreira MM, Dostalek P, Skulilova Z, Guido LF,
Barros AA. Characterization of monomeric and oligomeric flavan-
3-ols from barley and malt by liquidchromatography—ultraviolet
detection—electrospray ionization mass spectrometry. J Chromatogr A
2008; 1189: 398-405.

[47] Valentao P, Fernandes E, Carvalho F, Andrade PB, Seabra RM, Bastos
ML. Antioxidant activity of Centaurium erythraea infusion evidenced
by its superoxide radical scavenging and xanthine oxidase inhibitory
activity. J Agric Food Chem 2001; 49: 3476-9.

[48] Katalinic V, Milos M, Kulisic T, Jukic M. Screening of 70 medicinal
plant extracts for antioxidant capacity and total phenols. Food Chem
2006; 94: 550-7.

[49] Zheng W, Wang SY. Antioxidant activity and phenolic compounds in
selected herbs. J Agric Food Chem 2001; 49: 5165-70.

[50] Michalak A. Phenolic compounds and their antioxidant activity in
plants growing under heavy metal stress. Pol J Environ Stud 2006; 15:
523-30.

[51] Cetin-Karaca H, Newman MC. Antimicrobial efficacy of plant
phenolic compounds against Salmonella and Escherichia coli. Food
Biosc 2015; 11: 8-16.

[52] Albano M, Teles Andrade BFM, Berbosa LN, Pereira AFM, De Sousa
da Cunha MLR, Rall VLR, et al. Antibacterial and anti-staphylococcal
enterotoxin activities of phenolic compounds. Innov Food Sci Emerg
Technol 2016; 38: 83-90.

[53] Dzotam JK, Touani FK, Kuete V. Antibacterial activities of the
methanol extracts of Canarium schweinfurthii and four other
Cameroonian dietary plants against multi-drug resistant Gram-
negative bacteria. Saud J Biol Sci 2016; 23: 565-70.

[54] Ahmed SB, Sghaier RM, Guesmi F, Kaabi B, Mejri M, Attia H, et
al. Evaluation of antileishmanial, cytotoxic and antioxidant activities
of essential oils extracted from plants issued from the leishmanias is
endemic region of Sned (Tunisia). Nat Prod Res 2011; 25: 1195-201.

[55] Hamza N, Berke B, Cheze C, Marais S, Lorrain S, Abdoulfath A,
et al. Effect of Centaurium erythraea Rafn, Artemisia herba-alba
Asso and Trigonella foenum-graecum L. on liver fat accumulation
in C57BL/6J mice with high-fat diet-induced type 2 diabetes. J
Ethnopharmacol 2015; 4: 4-11.



