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ABSTRACT

Increasingly, the flavonoids becoming the subject of biomedical researches, and many groups have isolated and identified the structures of
flavonoids possessing important biological activities. This assess investigates the antimicrobial fight and the antioxidant strengths of flavonoids
extracted from Pistacia lentiscus L. leaves. The extract was first analyzed for its phenolic content, then the flavonoids were tested for their
antimicrobial capacities by the method of diffusion against fourteen bacteria, two fungi and one yeast. The minimum inhibitory concentration
(MIC) and the minimum bactericidal concentration (MBC) of flavonoids were determined using the dilution method on solid medium, however,
the antioxidant activity was evaluated through the ability of the extract to scavenge DPPH (1,1-diphenyl-2-picrylhydrazyl) radicals and the
reducing power essay. The results indicate that flavonoids extract contain other phenolics groups. On the other side, the Antibacterial tests
exhibited different activities depending on the strains. Unlike, the MIC and the MBC showed that the flavonoids extract showed a best activity
against Candida albicans and Vibrio cholerae. Concerning antioxidant activity, the results indicate a moderate capacity of the flavonoid extract.
These preliminary results may justify the use of this plant in the treatment of some diseases and may be exploited for therapeutic purposes.
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INTRODUCTION

P. lentiscus leaves contain differing types of secondary
metabolites. Among these, the most abundant compounds in
P. lentiscus leaves are reportedly flavonoids that have
displayed a powerful antioxidant capacity as well as
hepatoprotective, anti-inflammatory, anticancer -effects,
antimicrobial, antiviral, anticholinesterase, anti-
inflammatory, antinociceptive, antidiabetic, antitumor,
antihyperlipidemic, antiatherosclerotic and hepatoprotective
activities and also their beneficial effects in gastrointestinal
disorders [11. Thus, the characterization of bioactive
compounds from P. lentiscus leaves extracts has relevance for
developing nutraceuticals and dietary supplements [21.

Nowadays, the development of resistance of a pathogen to a
large number of commonly used antibiotics encourages the
search for new antimicrobial agents to fight infections and
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overcome the resistance and side effects of antimicrobial
agent currently available [31. Due to the alarming increase in
the incidence of new and re-emerging infectious diseases,
there is a continuing and urgent need to find new
antimicrobial compounds with different chemical structures
and new mechanisms of action. Another major concern is the
development of antibiotic resistance in current clinical use
[41. Flavonoids are increasingly the subject of anti-infectious
research. Several flavonoids have antibacterial and
antifungal activities [51.

The aim of this study is to evaluate the antioxidant and
antimicrobial activities of flavonoids extract obtained from
leaves of P. lentiscus, in order to find new molecules able to
reduce the use of synthetics medicines.
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MATERIAL AND METHODS
Plant material

The leaves of P. lentiscus were harvested in July 2014, in Bni
Ourtilan - Setif- Algeria. The P. lentiscus leaves were air-
dried in the shade at room temperature. After drying, the
plant material was ground to a fine powder using an electric
mill.

Flavonoids extraction

The powder was taken up three times with 70 % ethanol
(raw material: solvent ratio was 1: 10) for 90 minutes at 100
°C. The extracts were combined and concentrated under
vacuum to collect the aqueous residue (10 mL), which was
extracted with hexane and chloroform, then acidified with 20
% H2S04 (pH = 5) and finally extracted with ethyl acetate.
The appearance of an interphase precipitate was observed
during extraction with ethyl acetate. The ethyl acetate
fraction was taken as a flavonoids fraction for our
experiment [6].

Determination of total flavonoids contents

The flavonoids contents in the extract was estimated
by the Aluminium chloride solution according to the
method described by Mimica-Dukié (1992) in Maksimovié¢
et al. 71, Briefly, 2 mL of the methanol solution of the extract
was added to 1 mL of AlCls (133 mg crystalline aluminium
chloride and 400 mg crystalline sodium acetate were
dissolved in 100 mL of distilled water) in methanol. After 10
minutes, the absorbance was determined at 430 nm. Results
were expressed as mg equivalent rutin per gram of extract
(mg ER/GE).

Antioxidant activities
DPPH radical scavenging activity

The DPPH (1,1-diphenyl-2-picrylhydrazyl) radical
scavenging activity of the flavonoids extract was measured
according to the procedure described by Sreenivasan et al.
[81. Briefly; 50 pL of the extract at different concentrations
were added to 5 mL (0,04 %) of DPPH methanolic solution.
The decrease in absorbance was determined at 517 nm, after
incubation for 30 minutes at laboratory temperature in the
dark.

The antiradical activity was expressed as ICso (micrograms
per millilitre) and the antiradical dose required to cause a 50
% of inhibition. A lower ICso value corresponds to a better
antioxidant activity. The ability to scavenge DPPH radical
was calculated by employing the subsequent equation:

DPPH scavenging effect (%) = [(Ao - A1)/ Ao] x 100

Where Ao is the absorbance of the control at 30 minutes and
A1 is the absorbance of the sample at 30 minutes. BHT was
used as a standard and samples were analyzed in triplicate.

Ferric reducing power (FRP)

The reducing power of the extract was measured with a
method described by Kaur et al. 9. One millilitre of the
extract at different concentrations was mixed with 2.5 mL of
phosphate buffer solution (0.2 M, pH 6.6) and 2.5 mL of
potassium ferricyanide (1 %). The mixture was incubated for
20 minutes at 50 °C. After cooling, 2.5 mL of 10 %
trichloroacetic acid was added and the mixture was
centrifuged at 3000 rpm for 10 minutes. 2.5 mL of
supernatant was mixed with 2.5 mL of distilled water and 0.5
mL of ferric chloride (0.1 %). The absorbance of the mixture
thus obtained is measured at 700 nm against a blank.
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Higher absorbance indicates higher reducing power. ECso
value (pg extract/mL) is the effective concentration at which
the absorbance was 0.5 for reducing power, obtained by
interpolation from linear regression analysis. BHT was used
as standards.

Antimicrobial activity test
Microorganisms

Evaluation of the antimicrobial activity of extract was
performed against fourteen strains of pathogenic bacteria,
obtained from the American Type Culture Collection, namely:
Staphylococcus aureus ATCC 25923, methicillin resistant
Staphylococcus aureus (MRSA) ATCC 43300, Bacillus cereus
ATCC 10876, Enterococcus faecalis ATCC 49452, Citrobacter
freundii ATCC 8090, Escherichia coli ATCC 25922, Klebsiella
pneumoniae ATCC 700603, Salmonella typhi ATCC 14028,
Salmonella enterica ATCC43972, Salmonella typhymirium
ATCC 13311, Pseudomonas aeruginosa ATCC 27853, Proteus
mirabilis ATCC 35659, Vibrio cholerae ATCC 14035 and
Listeria innocua CLIP 74915 from Collection Listeria Pasteur
Institute.

Two fungi: Aspergillus niger 2CA936, Aspergillus flavus NRRL
3357 and one yeast: Candida albicans ATCC1024. Sabouraud
Dextrose agar and Mueller-Hinton agar were used for fungi
and bacteria, respectively.

Screening for antibacterial activity

The screening of antibacterial activity of flavonoids extract of

P. lentiscus was carried out with agar disc diffusion method
[10],

The extract was dissolved in dimethylsulfoxide (DMSO) to a
final concentration of 200 mg/mL and sterilized by filtration
through a 0.22 pm membrane filter. The bacteria inoculum
was prepared by suspending colonies during 24 hours
culture. The cell density of each inoculum was adjusted at
108 CFU/mL suspension with a spectrophotometer
(D0=0.08-0.1 / A = 600 nm) [11]. The discs Watt-man paper
discs N°3 of 6 mm diameter were each impregnated with 10
uL and 20 pL of extract equal to 2mg and 4mg by disc,
respectively. The plates were held for 3 hours at 4 °C for
diffusion of extract into the agar [121[13] and then incubated at
37 °C for 24 hours. Amoxicillin, Ciprofloxacin, Teicoplanin,
Doxycyclin, Pefloxacin, Optochin were used as standards and
dimethylsulfoxide as a control.

The activity is determined by the measurement of the
inhibitory zone diameter in mm. The antibacterial activity is
considered starting from a diameter of 6 mm or higher, and
is classified as follows [141:

v Very sensitive: diameter = 20 mm;

v Sensitive enough: diameter between 15-19 mm;
v" Sensitive: diameter between 09-14 mm;

v" Resistant: diameter < 08 mm.

Screening for Antifungal activity

The antifungal activity was tested by disc diffusion method
[15]. The Sabouraud plates were inoculated with each fungal
culture.

The spore suspension was prepared in saline solution (0.9 %
NaCl), adjusted to a concentration of 106 spores/mL [15] [16]
corresponding to 0.15 to 0.17 absorption at 530 nm [151. One
hundred microliter of suspension was placed over agar in
Petri dishes and dispersed using a sterile swab. Then, the
sterile paper discs (6 mm diameter) were placed on agar to
load 10 pL and 20 pL equal to 2 mg and 4mg by disc,
respectively. And the plates were held for 3 h at 4 °C for
diffusion of extracts into the agar and then incubated at 37 °C
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for 48 hours for C. albicans and 72 hours at 28 °C for the
fungi.

Nystatin, clotrimazon and amphotericin were used as
standards and dimethylsulfoxide as a control.

Determination of Bactericidal and Fungicidal Activity
Minimum inhibition concentration (MIC)

The MIC of the extract was determined using agar dilution
method that has been already described by [171. One milliliter
of different concentrations of extract was added to 14 mL of
nutrient agar to make the final concentration ranging from
10 mg/mL to 0.05 mg/mL. Standardized inocula
approximately containing 1x104 CFU/mL [18] were spotted
on solidified plates containing various concentrations of the
extract. The lowest concentration of extract inhibiting any
visible bacterial or fungal growth after an incubation period
of 24 h at 37 2C and 48 h at 28 °C, respectively, was taken as
the minimum inhibitory concentration [171119],

Minimum Bactericidal Concentration (MBC) and Minimal
Fungicidal Concentration (MFC)

Samples were taken from the nutrient agar plates that
showed no visible growth after 24 hours incubation and sub
cultured into tubes containing nutrient broth. The least
concentration that did not produce growth after 24 hours
was regarded as the minimal bactericidal concentration [171.

Statistical analysis

Experiments were carried out in triplicate and expressed as
the mean #* standard deviation, data were analysed and
compared using the one-way ANOVA and Tukey Multiple
Comparison with 95 % confidence limits (P<0.05), using
Graphpad prism 5 Demo Software.

RESULTS AND DISCUSSION

Flavonoids extracted from the leaves of P. lentiscus reach the
yield of 3.91 % with 278.507+0.377 mg ER/GE of total
flavonoids.

Antioxidant activity

The isolated compounds were screened for antioxidant
activity. The results of DPPH test were showed in figure 1.
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Figure 1: Scavenging activity on the DPPH radical of
flavonoids extracted from leaves of P. Lentiscus

The ICso of flavonoids extract was 455+0,048 pg/mL*™
against 4,31+0,79 ug/mL for BHT.

Studies have recently shown that flavonoids have an
antioxidant effect on human health. These compounds
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scavenge free radicals and chelate metal thus avoiding the
Fenton reaction to occur [201.The role of antioxidants in the
inhibition of oxidant processes occurring in living organisms
consists of scavenging free radicals and quenching singlet
oxygen, disconnection of radical reactions, chelate metals
which catalyze the oxidation process, inhibition of certain
enzymes (eg, oxidases). Flavonoids are active in these
processes [21]. However the weakness of our extract due to
the presence of other molecules which affect the ability of
scavenging in terms of hydrogen donating ability.

In addition, it is known that only flavonoids having a certain
structure and in particular a hydroxyl position in the
molecule can act as proton donors and show a radical
scavenging activity [221[23],

The reducing capacity of a compound can be considered as
an important indicator of its antioxidant activity [24l. Their
absorption values increased with increase in concentration,
showing that as the concentration of the extract was
increased their ability to reduce Fe 3+ to Fe 2+ was also
increased. Figure 2 shows the dose-dependent curve for the
reducing power of the extract:
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Figure 2: Reducing power of flavonoids extracted from the
leaves of P. lentiscus

An increase in absorbance corresponds to an increase in the
reducing power of the extract tested. Flavonoids showed
increased ferric reducing power with the increasing
concentration with ECso correspond to 15.0+0.001 pg/mL
against 16.0£0.001 pg/mL of BHT. The extract expressed
electron donating activity and its power was equal to BHT.

High reducing power of flavonoids extract suggested its
remarkable potency to donate electrons to reactive free
radicals, thus, converting them into more stable non-reactive
species and finally terminate the free radical chain reaction
[25]. It was confirmed that the hydroxyl groups at C-3' and C-
4' of the B-ring to be more active in reducing iron
concentration [26]; this may explain our results.

The study of correlation between radical scavenging power
and the capacity of metal ions chelation seems interesting.
Firstly because oxidative stress is the cause of formation of
free radicals through metals transition (iron, copper) via
Fenton reaction [201. Secondly, the evaluation of the plant
antioxidant effect is made by combining the results of at least
two in vitro assays 271,

Antimicrobial activity

The results obtained from antimicrobial assay are presented
in Table 1, 2 and 3:
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Table 1: Antibacterial activities of flavonoids, pure phenolic compounds, standards and control
2 Zone of inhibition (mm)
T
b= 2 £ S
2z S 2 8 £ S S 2 S 2
— Q = = 12} - < — S £ S| S = S =
% “ g = ~ 8 m§ WS M E m§ 5 wE <5 «f al S >§ SN
g s 9 = 3 3 5 £ & 3 E £ &
M S > S
Flavonoids (200 mg/mL)
12,7+ 9,00, 8,0+ 9,00, 9,0+0, 7,3%0, 10,3+
10uL 0,47 0a / 0,002 / / 0a / / / 0a 470 047 /
20ul 188+ 130+ §3:0 147 880 115t 87:0, . 0% 13020 127: 832,
K 0,24¢ 0,41b 472 +0,47¢ ,242 0,41 472 0,00e ,0b 0,47 472
Pure phenolic
compounds
Tannic
acid
13,8+ 14,0+ 10,0+ 18,0+ 12,0+ 12,0+ 14,0£0 15,5+ 8,0+0,
10uL 0,32 0,00 /- 0,6 /- /- 0,0¢ 0,00 /- /- 0,0¢ ,0b 0,7¢ 0
200l 173+ 180+ 113 165: 120+ 203+ 157: o 130x 182: 220:  123%
K 0,6> 0,0¢ 0,6> 0,54 0,00 0,64 0,6¢ 0,0d 0,8¢ 0,04 0,6b
Galic
acid
101 S S S S S A
8,00, 11,0+
20uL S S S S S (2 X N
0 0,0
Quercet
in
104 S S S S A A
20uL, S T S S A S S A S
Standar
ds
Amoxici 30,0+  9,0+0, 23,0+ -/- 12,0+ -/- 22,0x 23,0+ -/- -/- -/- 39,67+ 22,0+ 22,0+
llin 0,04 0a 0,04 0,00 0,0¢ 0,0f 0,471 0,04 0,04
Ciproflo 34,7+ 35,0+ 32,0+ 37,3+ 46,0+ 32,0+ 32,0+ 26,7+ 453+ 51,3+ 37,7+ 33,67+ 49,0+ 31,7+
xacin 0,47¢f 0,0¢ 0,0¢ 0,478 0,0¢ 0,0 0,08 0,47s 0,47 0,47 0,478 0,47¢ 0,828 0,47f
Teicopl 19,7+ 20,0+ 21,0+ 15,0+ -/- -/- 22,3+ 20,0% -/- 16,8+ -/- 2500 26,0+ 20,0+
anin 0,47¢ 0,04 0,0¢ 0,0¢ 0,47¢ 0,0d 0,62 ,0d 0,0¢ 0,0¢
Doxycy 36,0+ 39,0+ 34,0+ 26,0+ 30,0+ 10,0+ 50,0+ 30,0+ 250+ 28,0+ 10,0+ 44,0:+0 44,0+ 37,0%
clin 0,0t 1,0f 0,0t 0,0¢ 0,0¢ 0,0 0,0n 0,0n 0,0 0,0 0,00 ,08 0,0t 0,08
Pefloxa 33,7+ 35,5+ - 30,5+ 44,0+ 26,0+ 250+ 22,0+ 40,0+ 46,0+ 22,0+ 40,00 44,0+ 30,0+
cin 0,6¢ 0,5¢ 0,7t 0,04 0,0 0,0f 0,0¢ 0,0 0,0 0,0f ,0f 0,0t 0,0¢
Optochi
W S S T A S S S N o
No No No No No No No No No No No No No No
Contro]  inhibit inhibit inhibi ~ inhibi _  inhibit inhibi inhibi inhibi inhibi inhibiti inhibit inhibi
ontro ion ion tion inhibi tion inhibi ion tion tion tion tion on ion tion
tion tion

-/-: No zone of inhibition

In the same column, means followed by the same letters are not significantly different (p < 0.05)
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Table 2: Antifungal activities of flavonoids, pure phenolic compounds, standards and control
Zone of inhibition (mm)
Fungal Aspergillus flavus Aspergillus niger Candida albicans
strains NRRL3357 2CA936 ATCC1024
Flavonoids (200 mg/mL)
10pL -/- -/- 12,67+0,47>
20puL -/- -/- 14,0+0,0b
Purphenolic compounds
Tannic acid
10uL 11,3+ 0,62 -/- 18,8+ 1,0d
20uL 12,9+ 0,3b -/- 25,0+0,0¢
Galic acid
10pL -/- -/- /-
20,L -/- -/- /-
Quercetin
10pL -/- -/- /-
20,L -/- -/- /-
Standards
Amphotericin 16,67+0,294d 17,17+0,29¢ 15,67+0,29¢
Clotrimazon 23,50%,50¢ 15,67+0,29> 44,67+0,58f
Nystatin 15,17+0,29¢ 9,17+0,292 9,17+0,292
Control No inhibition No inhibition No inhibition
-/-: No zone of inhibition;
In the same column, means followed by the same letters are not significantly different (p < 0.05)
Table 3: MIC and MBC of flavonoids and pure phenolic compounds against the tested microbial strains
MIC et MBC/MFC (mg/mL)
Bacterial strains Fungal strains
Strains ] .§ S E ~ g i) @ 9
503 Lf LT s oo ouEoLf Lf LY LR oLE LR LElo5)Lcs
m§§m§u§mgx§w%w§ (né wg n.? n.g >Em§u§ vzé
S = Qé_ 3 S & S g S = 5
Flavonoids
MIC 2 0,5 1 5 4 NT 0,6 5 NT NT 3 3 0,3 5 0,1 NT
MBC/MFC 3 1 6 5 5 NT 3 6 NT NT 5 3 0,5 5 5 NT
Pure phenolic compounds
Tannic acid
MIC 04 03 03 1 >10 NT <usg0 1 NT NT 09 01 01 1 01 | 710
MBC/MFC 0,4 0,3 0,6 2 >10 NT 3 8 NT NT 09 0,3 0,1 5 5 >10
Galic acid
MIC NT NT NT NT NT NT NT NT NT NT NT 10 8 NT NT NT
MBC/MFC NT NT NT NT NT NT NT NT NT NT NT 10 8 NT NT NT
Quercetin
MIC NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT
MBC/MFC NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT
Antibiotic standards
Amoxicillin NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT
S;:mﬂoxa NT NT NI NT NT NI NT NT NT NT  NT Nt nt o onr | NN
Ee‘mplam NT NT NI NI NT NT NT NT NT NT  NT Nt nt o onr | NN
Doxycyclin NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT
Pefloxacin NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT
Optochin NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT
Antifongic standards
Amphoteri NT NT
cin NT NT NT NT NT NT NT NT NT NT NT NT NT
Clotrimaz NT NT
on NT NT NT NT NT NT NT NT NT NT NT NT NT NT
Nystatin NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT : Not Tested.
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The first table (table 1) indicates that the flavonoids extract
is weak to moderate inhibitory activities against the tested
bacteria even zero against some strains. The flavonoids at 4
mg/disc showed variable inhibitory activity against all
bacteria (Gram-positive and Gram-negative) with inhibition
zone diameters ranging from 8.33-18.83 mm. An extract is
considered active when it reveals a zone of inhibition
greater than or equal to 9 mm [141. Furthermore, the assayed
extract indicates no activity against tested fungi A. niger and
A. flavus (Table 2), but showed an important antifungal
activity against C. albicans with inhibition zone of 14.0+0.0
mm. This inhibition was low compared to Amphotericin.

Antimicrobial activity of pure phenolic compounds showed
that tannic acid has more impact on V. cholerae (22.0+0.0
mm) (Table 1). Galic acid has showed minimum zone of
inhibition on P. mirabilis (8.0+0.0 mm) and V. Cholera
(11.0+£0.0 mm). On the other hand tannic acid showed
significant activity against C. albicans (25.0#0.0 mm)
compared to standards nystatin (9.17+0.29mm) and
amphotericin (15.67+0.29mm) and low activity against A.
flavus (12.9+0.3 mm) (Table 2) while quercetin shows no
inhibitory effect.

Among the six different types of antibiotics used in the
study, Ciprofloxacin has a broad spectrum of activity on all
species of human pathogenic bacteria and the widest zone of
inhibition was observed against C. freundii (51.33+0.47 mm)
(Table 1). Whereas the minimum zone of inhibition was
exhibited in Amoxicillin (9.0£0.0 mm) against MRSA.
Optochin has no antibacterial activity on the selected test
organisms.

The MICs results are not in good agreement with those of the
antibiogram for all tested species (Table 3); since the
smallest MIC was observed with C. albicans (0.1 mg/mL) and
the latter has small zone of inhibition (14.0+£0.0 mm), when
S. aureus showed a high MIC (2mg/mL) and the largest zone
of inhibition (18.83+0.24 mm).

These results show that the flavonoids extract has a lower
value of MIC 0.1 mg/mL on the fungal strain C. albicans, also
showed a remarkable activity on V. Cholera with value of
MBC 0.3 mg/mL and the best activity were obtained with
tannic acid with MIC value of <50ug /mL against S. typhi and
MBC 0.1 mg/mL against V. Cholera.

In this study, we find out that the extract could give higher
inhibition to Gram-positive bacteria compared to Gram-
negative bacteria (Table 1). These results can be explain
that Gram-negative microorganisms are typically more
resistant to antimicrobial agents than Gram-positive
bacteria. This has long been explained by the presence of an
outer-membrane permeability barrier in Gram-negative
bacteria, which limits access of the antimicrobial agents to
their targets in the bacterial cells [28] [29]. In addition, the
periplasm contains enzymes that destroy foreign molecules
introduced from the outside [301,

Antimicrobial activity that is observed in this study is due to
the presence of flavonoids compounds in this extract
because flavonoids are known for their antimicrobial activity
against a wide range of microorganisms [311[32] and they are
multiple cellular targets and may apply to different
components and functions in the bacterial cell [331 [34],
Extracts of various medicinal plants containing phenolics
and flavonoids have been previously reported to possess
antimicrobial activity [B51 [361.The presence of these
compounds might contribute to antimicrobial activity of P.
lentiscus leaves since Cushnie et Lamb [37] reported that
flavonoids (kaempferol, myricetin, naringin, quercetin and
rutin) have antimicrobial activity against human pathogenic
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microorganisms with some mechanisms of action such as
inhibition of nucleic acid synthesis, cytoplasmic membrane
function by perforation mechanism and energy metabolism
351 371 38]. The antimicrobial activity of the flavonoids
extract of P. lentiscus leaves might be due to one of the
mechanisms of action mentioned above.

The results of the present study are quite encouraging as the
flavonoids extract exhibited antimicrobial activity against
most of the pathogens. However, the antimicrobial activity
varies widely, depending on the microorganism.

CONCLUSION

Recently there is a huge interest in the use of plant material
as an alternative method to control pathogenic
microorganism and antioxidant agents.

This study shows that flavonoids extract of P. lentiscus leaves
was potent as antimicrobial substances and powerful
chelating capacity. It is suggested that could be considered
as source of antimicrobial and antioxidant agent which
might be applied in pharmaceutical and cosmetic products.

Further studies are needed to purify and investigate the
molecular composition of this natural product which
constitutes an alternative of the synthetic medicines.
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