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INTRODUCTION

The genus Zizyphora L. belongs to the Lamiaceae family and it is represented in Algeria by three species of
Zizyphora (Z. capitata L., Z. hispanica L. and Z. tenuior L.) according to Quezel and Santa (1963), and by four
species (Z. clinopodioides Lam., Z. capitata L., Z. persica Bunge. and Z. tenuior L.) in Iran [13]. Z. hispanica
have a local name: fleou or fleou el djebel and used as infusion and decoction and maceration or as powder for
various purposes such as stomach and intestinal aches, heart disorders, migraine, cough and icterus as reported
by [12]. In Turkish and Iranian folk medicine, Ziziphora species have been used as sedative, stomachic and
carminative [16].

The pharmacological activities of Ziziphora have been investigated. Many studies have shown various
activities for this genus such as antioxidant [11,18], antibacterial [7,19,16,1,18,10], anti-fungal [7]), insecticidal
and ovicidal [9], vasodilating [21,22] activities. Ziziphora shows also an inhibitory effect on the gastric acid
output in basal and vagal stimutated conditions [14], on performance, blood biochemical and immunity
parameters of Laying Hens [15], ant it acts as yoghurt starter [8,20,14].

In recent years, antibacterial and antioxidant plant properties have gained special interest tanks to their
richness of polyphenols which are considered as one of the important phytochemicals having antioxidant
properties and having several industrial applications such as in the production of paints, paper and cosmetics, as
tanning agents and in the food industry as additives and as natural antibacterial agents.

The aim of this study is to extract the principal active of Z. hispanica and to evaluate its antioxidant and its
antimicrobial activities .

Chemicals reagents:
Dimethyl sulfoxide (DMSO), 2,2-diphenyl-1-picrylhydrazyl (DPPH) and BHT (butylated hydroxytoluen),
were purchase from Sigma-aldrich (St Louis, MO, USA). Methanol, n-butanol, petroleum ether,
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dichloromethane, from Fluka and prolab chemicals . Mueller Hinton agar from Oxoid Lab Ltd (Hamphire,
England) and Sabouraud dextrose agar from Bacto-Difco Lab Co., Ltd (Detroit, MI, USA). All other chemicals
were of the finest grade available.

Plant material:

Aerial parts of the Z. hispanica were collected from Boussadda (M’sila) in June 2010. The taxonomic
identification of plant species were confirmed by Dr. Rebass khellaf. The dried aerial parts were powdered and
then used for extraction.

Microorganisms strains:

The following bacterial strains were used in this study: Citrobacter freundii ATCC 8090, Bacillus cereus
ATCC 10876, Staphylococcus aureus, Escherichia coli, klebsiella pneumoniae ATCC 700603, Salmonella
typhimurium ATCC 13311, Enterococcus faecalis ATCC 49452, Listeria monocytogenes ATCC 15313, Proteus
miralibis ATCC 35659 and Acinetobacter banmannii ATCC 19606. Three fungi (Aspergillus flavus, Aspergillus
niger and Candida albicans were also tested.

Preparation of the extracts:

Z. hispanica powder was soaked, according Lebreto method (1967) modified by Boutard (1972), in 70%
aqueous-methanol. The extract was filtered on filter paper then on sintered glass to obtain the first filtrate. This
procedure was repeated twice on the residue using 80%, 90% aqueous —methanol respectively to obtain the last
filtrate. The first and the last filtrates were combined then the methanol was removed under reduced pressure on
a rotavapor below 45°C.

Crude extract (CrE) was subjected to fractionation using liquid-liquid extraction. CrE was successively
extracted with different solvents of increasing polarity: petroleum ether for defatting, dichloromethane for
aglycone flavonoids extraction and n-butanol for glycoside flavonoids extraction. The obtained organic layer of
each partition was evaporated under reduced pressure on a rotavapor below 45°C to dryness and to afford
petroleum ether, dichloromethane and n-butanolic fractions coded as PE, DE and BE, respectively.

Isolation of the essential oil:
250 g of dried aerial parts of Z. hispanica was submitted to water distillation for 3 h using a Clevenger-type
apparatus. The distilled essential oils were stored at +4 °C for further use.

Antioxidant activity:
DPPH radical-scavenging activity:

The DPPH assay measures hydrogen atom (or one electron) donating activity and hence provides a measure
of free-radical scavenging antioxidant activity. DPPH is a purple-colored stable free radical; it becomes reduced
to the yellow-colored, diphenyl picryl-hydrazine [17]. According to Cuendet et al. [5] method with slight
modification, 50ul of various dilutions of each extract or standards were mixed with 1250ul of a 0.004%
methanol solution of DPPH. After an incubation period of 30 min in dark at room temperature, the absorbance
of the samples was read at 517nm.

600pI of various dilutions of each essential oil were mixed with 600ul of a 0.004% methanol solution of
DPPH. After an incubation period of 30 min in dark at room temperature, the absorbance of the samples was
read at 517nm.

BHT wis used as positive control. Lower absorbance of the reaction mixture indicated higher free radical-
scavenging activity. The ability to scavenge the DPPH radical was calculated by using the following equation:

Scavenging effect % =((A¢ - Ae)/A:)*100:
Where Ac: control absorbance and Ae: absorbance in the presence of extracts. 1Csgvalues of the extract,
concentration of extract necessary to decrease the initial concentration of DPPH by 50%, was calculated.

Antimicrobial activity:
Disc diffusion method:

Anti-bacterial activity of essential oil and methanolic extract was determined by the disc diffusion method
[4] against many bacteria and fungi. Microorganisms were obtained from the culture collection of the
Department of biology, University of Setif 1. Microorganisms were maintained on Muller-Hinton agar (MHA).
Dimethylsulfoxide (DMSO) was used as negative control. Bacterial growth inhibition was determined as the
diameter of the inhibition zones around the discs. All tests were performed in triplicate. Then, Petri dishes were
incubated at 37°C during 18-24 h aerobically (Bacteria) and at 25°C for 7 days (fungi). After incubation,
inhibition zone diameters were measured and documented.
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RESULTS AND DISCUSSIONS

Antioxidant activity:

The DPPH radical is a free radical, which has been widely used as a tool to estimate free radical scavenging
activity of antioxidants. Antioxidants, on interaction with DPPH, either transfer electrons or hydrogen atoms to
DPPH, thus neutralizing the free radical character [2].

Comparing ICs of different extracts and HE with BHT standard. 1Cs, was:

n-butanol extract (1.06 mg / ml)> petroleum ether extract (0.91 mg / ml)> extract dichloromethane (0.33mg
/ ml)>BHT (0.0059 mg / ml)> Eo (0.002 mg / ml).

However, the components responsible of the antioxidant activities of the oil were not identified and further
work should be conducted to isolate these bioactive compounds.

100
s BHT
=
.E &0
= 40 v=2650x+ 24,12
— RE=0078
: '
.E 20

a
Q 0,05 0,1 0,15 a2 0,25
concentration mg/ml

1C50 0,00594815

Fig. 1: Results of the antioxidant activity of BHT (Butylated hydroxytoluene).
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Fig. 2: Results of the antioxidant activity of the n-butanol extract.
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Fig. 3: Result of the antioxidant activity of dichloromethane extract.
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Antimicrobial activity:

The results regarding the antimicrobial activity of the essential oil ,dichlorométhane and n-butanolic
extracts of Z. hispanica are indicated in Table 1. The results obtained from disc diffusion method indicated that
Dichloromethane extract showed moderate antimicrobial activity against all microorganisms tested.

Candida albicans, Entecococcus faecalis ATCC 49452, Acinetobacter baumannii ATCC 1966 and
Staphylococcus aureus were the most sensitive microorganisms with diameters of inhibition of 44, 44, 34 and
30 mm, respectively. On the other hand, Citrobacter freundii ATCC 8090 (26mm), Escherichia coli (26mm),
Aspergillus niger (26mm), Bacillus cereus ATCC 10876 (24mm), Aspergillus flavus (24mm) and Salmonella
typhimurium ATCC 13311 (18mm) were also sensitive to the oil. Listeria monocytogenes ATCC 15313 and
Klebsiella pneumonia ATCC 70060 were the least sensitive microorganisms with 10 and 8 mm of diameters of
inhibition respectively. The DMSO did not show antibacterial activity against the tested bacteria (negative
control).

Surprisingly, in a previous study on essential oil of Z. clinopodioides, Shahla (2012) indicated that the plant
seemed to be valuable sources for antibacterial drugs, especially against Listeria monocytogenes. When the
fungal spore inhibition assay was applied to the oils , dichloromethane and n-butanolic extracts, observation
during seven-day incubation period showed that Aspergillus spores were moderatly inhibited, while germination
of Candida albicans were strongly inhibited by the tested samples.

Sonboli and their collaborators (2006) were tested the antibacterial activity of pulegone and 1,8-cineole
against many bacteria and they concluded that the antibacterial activity of the oil may in part be associated with
this two monoterpene. Pulegone has been shown to affect the cell membrane by dissipation of pH gradient and
membrane potential of cells [3]. Javidnia and their collaborators (1996) indicate that the antimicrobial activity of
the essential oil of Ziziphora teniur is mostly due to pulegone. It was shown that pulegone has pronounced
activity against fungi and bacteria [6]. Thus, the antimicrobial activity of the oil may be associated principally
with the relatively high pulegone (86.8%) content.

Based on these results, it is possible to conclude that aerial parts of Z. hispanica have a good antibacterial
activity and antifungal against many microorganism. Thus, the essential oil of Z. hispanica have good
antimicrobial effect like the essential oil of Z. clinopodioides on human pathogenic bacteria, indicating that the
plant has potential use in phytotherapy.

Table 1: Antimicrobial activity of the extracts and EO of Z. hispanica.

inhibition
zone (mm)
BE DCE E.Qil Gentamicin Bacterial strains
(10p g/disk) (10p g/disk)
12 18 26 13 Citrobacter freundii ATCC 8090 1
10 12 24 18 Bacillus cereus ATCC 10876 2
6 20 44 30 Enterococcus faecalis ATCC 49452 3
12 8 18 15 Salmonella typhimurium ATCC 13311 4
8 12 8 / Klebsiella pneumoniae ATCC 70060 5
8 24 34 11 Acinetobacter baumannii ATCC 1966 6
10 8 18 / Proteus miralibis ATCC 35659 7
10 10 10 11 Listeria monocytogenes ATCC 15313 8
10 12 26 21 E. coli 9
8 8 30 / S. aureus 10
12 18 26 / Aspergillus niger 11
12 12 24 / Aspergillus flavus 12
8 20 44 / Candida albicans 13
Conclusion:

Our results showed that, the extracts reveal a relative high antioxidant capacity then the essential oils (EO).
The EO inhibit strongly the growth of Enterococcus faecalis ATCC 49452 and Acinetobacter banmanu ATCC
1966.The essential oils of Zizyphora hispanica have antioxidant activity higher than the control (BHT).While its
extracts have an interesting antioxidant activity but remains lower than the standard BHT. In this study we also
conducted a test in vivo antifungal EO of Zizyphora hispanica on tree fungi (A. Niger, A.flavus and Candida
albicans), The results showed that essential oils have a very interesting antifungal activity especially with
Candida albicans .

Zizyphora hispanica could be used as a source of natural polyphenols and antioxidants. According to the
results we obtained, we can predict that essential oils are more antimicrobial while flavonoids are first class
antioxidants.

Further investigation may be helpful in the use of the specific phenolic constituents of the essential oil as
food preservatives, as aromatic foods imparts flavor and as natural antioxidants to reduce oxidative stress in
human beings.
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Determination of the natural antioxidant and antibacterial compounds of Zizyphora hispanica extracts will
help to develop new drug candidates for antioxidant and antimicrobial therapy.
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