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ABSTRACT

The emergence of multi-resistant bacteria (BMR)respnts a major health issue in the world. Amomesé
bacteria, the most frequent encountered are thogeessing a beta-lactamases (ESBL) extended-spectilihe
implementation of an alternative therapy represehts only solution to combat this health risk. T of this
study is to investigate the bacterial diversitytiauicrobial resistance, types of beta-lactamased emevaluate the
antibacterial effect of the extract of Atriplex malis on pathogenic multidrug resistant bacterialased from

clinical infection and food samples. 13 pathogestiains were isolated from different samples @p8ylococcus
aureus, 5 E.coli, 2 Salmonella sp and 1 Clostridiap) respectively. All isolates strains are Betetdemase
producing. The three extracts from Atriplex hamilassential oil, hydrometanolic and acetate havieva yield

linked to the characteristics of the plant itsdlhe extracts showed a higher antibacterial activitiie essential oil
exerted an antagonist effect on all pathogens mssravith 200ul/ml while hydrometanolic and acetakgract

showed an inhibitory effect with a concentration 3f0 mg/ml according to the tested strain. Thersults

suggested that the extracts from Atriplex hamilosld be a potential alternative treatment of multigl resistant
bacteria.
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INTRODUCTION

The phenomenon of bacterial antibiotic resistanae een a strong interest in the scientific comtywsince it
represents a risk to public health. It reducesetfiectiveness of antibiotics used as first-line aodnplicates the
management of the patient. The development ofteegie in bacteria animals can lead to food borfeciions
(Salmonella, Campylobacter) or opportunigis ¢oli, Enterococcus sp., Staphylococcus ayreumonitored in the
context of an approach global public health. Itinse to allocate efforts to find an alternativetbe emergence of
microbial resistance by new bioactive natural coomuts from traditional plant medicinAtriplex hamilusspecies
are dominant in many arid and semi-arid regionghefworld, particularly in habitats that combinéately high
soil salinity with aridity [1][2]. The plant is tditionally used in Algeria especially in folk medie in the treatment
of many diseases and infections.

The aim of this study is to describe the bactatiaérsity from clinical infection and food samplesjtimicrobial
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resistance, types of beta-lactamases and to egghmiffect of the extracts of Atripl&alimuson pathogenic multi
drug resistant bacteria isolated from clinical atfen and food samples.

EXPERIMENTAL SECTION

1. Plant materials

Fresh Atriplexhalimusleaves were collected from the region of Mascaraeast Algerian in April 2014. The plant
material was identified according to African flouvey plants database, and by local expert. A vouspecimen
(#226) (Fig.1) was deposited at the herbarium cesfthe department of Biology, Mascara Univergilorth West
of Algeria) for future reference. The leaves weriedifor 3 weeks in darkness at room temperature.

Fig. 1 : Fresh Atriplex halimus cultivated Mascara (North West of Algeria)

1.1. Preparation of extract

For extraction of the essential oils, the driednplanaterial (1kg) was subjected to hydro-distilatiusing a
Clevenger-type extraction device. This techniquéased on the power which has water vapor trangpotte

essential oils by stream distillation of water #ir at 95°C [3]. The methanolic and acetate extnaete prepared
according to the method described by Escarpa amikz&ez [4]with little modification .The plant (5Qgwere

grinded and homogenized in a blinder and extraai¢il 250 ml of 80% methanol or 60% acetone contari%

of 2,6-du-tert-butyl-4-methylphenol, using an uraic bath. The extraction was repeated three tifies same
extracts were pooled and filtered through WhatmanlNilter paper and evaporated by using a rotagperator to
give the crude dried extract. The yield of eactraet was estimated according the equation: Y (§@)A&no)x100
[3]. Finally the extracts obtained were sterilizgdfiltration, kept in sterile tube and protecfeaim light at +4°C.

2. Microbial samples collection

Clinical samples were isolated from patients (abetiveen55 and 65 with varied pathology) in surgsstvice
(Table). Food samples were carried out under aseptiditions from three different sources (Table A)l samples
were caught during a period between Mars and Sdae2013. They were collected aseptically and fraried to
the laboratory in a cooler at +4 ° C for Microbéelalysis.

Table 1: Origin of microbial strains

Site Clinical infection Food Samples
anal fissure raw milk
Sampling Urinary infection poultry mea

Watel consumptio
Fish intestine
Bovine intestine

Nature

Bone abscess

2.1. Identification of pathogenic strains

Samples were analyzed for aerobic bacterial corigntultures on a series of non-selective and Setemedia
(Blood agar, Chapman medium, Hektoen medium, Nwgriigar medium, MRS medium), incubated at 37°Cfbr
h, 48 h and up to72 h according to the investigateains and with anaerobic condition in the athese for
Clostridium. Followed by Gram coloration and biochemical tesingisautomate microbiological system
identification (APl system). The strains isolatedm these standard culture procedures were fihtivith
commercials kits (API Staph, API 20 E and othecchéemical tests fo€lostridiumsp[5].
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2.2. Inoculums’ preparation

Nutriment broth [5] was used for growing strainsd adiluting suspensions. Bacterial strains were graw
exponential phase in nutriment broth at 37°c fohkthd adjusted to a final density of 2% GFU by diluting fresh
cultures and comparison to Mac Farland standar@s5£0.7) [6]

2.3. Antibiotic susceptibility testing

Resistance towards antibiotics was assessed forstemin with the disc diffusion method [7] and tegial growth
on Muller Hilton Agar plates . The antibiotic tedtefor Staphylococaceae, were Oxacillin (If), Erythromycin
(15png), Spriramycin (10pg), Chloramphenicol (30uggtracyclin (30 pg) , for Enterobacteriaceae ewer
Ampicillin (10ug), Gentamicin (10ug), Aztreonanm0(8)), Colistin (10ug ), Tetracyclin (30pg), Chlogamenicol
(30uQ), for Clostridiaceae were Cefazolin(10pglidxic Acid (30pg), Amoxicillin. (10ug), Colisti(10ug).

2.4, Search of beta-lactamases

Only strain resistant to one or more than antibiotias selected for beta-lactamases research. Rpanot
demonstration of the presence dgi-actamase extended spectrum in Enterobacteriatsetehighlight an image of
a disk synergy between third-generation cephalaspand clavulanic acid. Apply on Mueller Hinton aga
[5]previously seeded with the test strain, a disceftazidime, aztreonam or cefotaxime and amdiicHl clavulanic
acid disk (AMC), a1 %2 cm.

Search beta-lactamasesStaphylococcus spas conducted by iodometric test [8]. It cstssiof a complex of
iodine discoloration-starch due to the reductionogiine by penicilloic acid from the hydrolysis pénicillin G by
beta -lactamase.

2.5. Antimicrobial activity assay byMinimum Inhibitory Concentration (MIC)

The minimal inhibition concentration (MIC) valuegme determined in all strains isolated from clihiogection and
food using a microdilution method accordingHowaida [9] using 96 well microtiter plates. The ®Wwas defined
as the lowest concentration of the extracts inimdpithe growth of microbial strains. The growth rieedmployed
was nutrient broth. The highest concentration xdfaets (essential oil = 500ul, methalolic and at=t500mg).
Nutrient broth (50pl) according to strain testedravdistributed from the™to the 13" well, a volume of sterile
extracts of Atriplex hamilus was added into tfieteist well, and the 50pl of scalar dilution wamsferred from ™
to the 13" well. Finally, 50ul of calibrated bacterial suspiem were added to each well. Erythromycin (10)g/m
was used as positive control, methanol served gatime control. Growth was estimated by measurie optical
density at 620nm using a microplate Absorbance &e&dnrise (Tecan Australia GmbH RC/TS/TS) compaziyt
to control wells (nutriment both + inoculum). Thiage were agitated and incubated at 37°C for 48te [bwest
concentration showing no culture was consideragti@$/IC and it's express as (ul/ml, or mg/ml).

3. Statistical analysis

The tests were conducted twice for each sampletenthean of Colony Forming Unit (CFU) count wasedeined.
The results are presented as the mean +- SD of tleqdicates. For antimicrobial activity, we cormsid.og CFU
more than Log 1 as significant.

RESULTS AND DISCUSSION

1. Extraction of Essential oil from Atriplex halimus

The essential oil of Atriplexalimusobtained from the aerial part is yellow, liquidpgarance with a strong odor
resulting from the salinity. The plant has a lowlgiof 0.06% with neutral pH of 7.1. The low yiefthy be due to
various factors such as the characteristics oplwet as it grows in saline soils [10] which mafeaf the growth and
yield of the plant [11]. Furthermore, salinity cassan increase in the epidermal thickness, th&rbgs of the
mesophyll, palisade cells of the length, the digmet palisade cells of the leaves in Atripleadimus[12]. Salinity
also reduces the intercellular space in the sHé&8{s In addition, low levels of essential oil még due to the
method of extraction or the time and place of hsttvé@his species originated in Bechar provided whi same
method of extracting essential oil content of 0.0@Rthe aerial part of the plant [14]. These difieces may be due
to factors related to the ecosystem (climate,tgp#, rainfall, etc.), the time of harvest and dgytime.
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2. Methanolic and Acetate extraction

The result of this experiment allowed the producid two different extracts its appearance and roaith pH 6.63.

The methanol extract is dark green with a solicklaéier evaporation, with a yield equal to 0.84%st#dy was
made by BELYAGOUBI [15] indicating that 24% vyield the same species and the same part used foctatra
This difference in the level of performance alwayes to the origin and characteristics of the plsile the

acetate extract obtained is brown with a yield 66@% and a pH of 8.07. This results were simhantobtained by
CHIKHI ILYAS,[14]

3. Bacterial Species distribution
13 Strains from clinical infection and Food samplese isolated and described in Table 2

Table 2: Pathogenic bacteria isolated from clinicainfection and food

Pathogenic strain

Site samples ; Denomination
isolate
- anal fissur Clostridium s) Clostridium.sg
Clinical - - - - -
) : Urinary infection E.coli E.coli .1
infection
Bone abscess Staphylococcus aureus S. aureus .1
raw milk Staphylococcus aure S. aureus .
S. aureus.3
Staphylococcus aureus E coli. 2
poultry meat E.coli o
Salmonella sp|
Salmonella sp 1
Food . Staphylococcus aureus | S.aureus.4
Water consumption ; ;
Samples E.coli E.coli. 3
Fish intestine Staphylococcus aureus | S. au'reus.5
E.coli E.coli.4
Salmonella sp|
L . Salmonella sp
Bovine intestine ) 2
E.coli .
E.coli. 5

4. Antibiotic susceptibility test

According to the table 3, the bacterial straindaigs were multidrug-resistant to 100%. This lexfelesistance is a
consequence of many factors, including misuse titbiatics; increased severity of the status of liadped patients;
lack of adherence; too short or sub-therapeutiedasconfirmed bacterial infection and improper aantibiotics

[16].

Table 3: Results of Antibiotic Susceptibility tess

bacteria Antibiotics Test sensibility
S.aureutl, 2, 3,4,% Ampicillin
Oxacillin
Erytromycir R
Gentamycin
Spiramycin
E.coli1,2,3,4,5 Gentamicin
Colistin
Amoxicillin R

Salmonellisg 1,2 Gentamicit
Colistin
Amoxicillin

Clostridium.sp Colistin
Nalidixic
Acid R
Cefazolin
Amoxicillin

4. Determination of beta-lactamases
The search for beta-lactamase was performed onlyEincoli and Staphylococcus aureusith resistance to
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antibiotics are 100%. According to the results,t@dited strains frori.coli of produce BLSEs. These enzymes are
responsible for the multidrug resistance strainsriooked different antibiotics. This result shalwe prevalence of
the emergence of antibiotic-producing bacteriauditlg BLSEs Enterobacteriaceae [17]. ProducingrstrBLSES
were often associated with nosocomial outbreakecésted with several risk factors such as ICU adiois The
spread of plasmids (plasmid epidemics) and / oerothobile genetic elements is among the main cafosethe
emergence of BLSEs producing bacteria [18]. Becaifsthe abundance and ubiquity Bf coli, several recent
studies have mounted it is the species most affettg the emergence of new BLSEs [19]. While, in
Staphylococcaceae, the presence of enzyme wasvadhibrough the iodometric test which proved pusitior
strains with penicillinase phenotype. These enzymag also acquire resistance acquired through eajghetic
elements (plasmids, transposons or integrons).cHars production strains showed resistances iibéotics
belong to the family of amino pinicilines (AMX exate) [20].

5. Antimicrobial activity of Atriplex hamilus extra cts by micro dilution

According to the curves, the essential oil extréaim Atriplex halimusexhibited the strongest inhibitory effects on
all pathogenic strains with MIC= 200 ul /ml (Fig,ha, d). Exceptionallyz. coli 1 isolated from clinical infection
which noted a moderate activity with a MIC of 300ml (Fig 1e). The great resistance of this pa#rostrain is due
to its specificity and its character responsiblerfosocomial infections [21].
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Fig.1. Antibacterial effect of essential oil of Atiplex Hamilus on some strains isolated from climial infection and food samples. (a)
Staphylococcus aureus 1, (b) Staphylococcus aureus 2, (c) Clostridium sp, (d) Salmonellasp 1, (e) E.coli 1
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From this result, it appeared also, all 13 Gramitmesand Gram negative pathogens species werdtisent
methanolic and acetate extracts at 300 mg / mlicatidg the very interesting antibacterial potdnté this
compounds (Fig 2 a,b,c,d,e,f). The strongest itdipieffects can be due to various chemical substcontained
in the three extracts such as several phenolicrexmd phenolic alcohols, tannins, aldehydes, ketoaksloids
saponins and terpenoid®?]. Further purification and characterization of #wives compounds from the essential
oil, methanolic and acetate extracts will providgoad understanding of the antibacterial activity.
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Fig. 2. Antimicrobial effect of methanolic and acedte extract of Atriplex Hamilus on some strains iglated from clinical infection and
food samples
(a) Staphylococcus aureus 1, (b) Staphylococcus aureus 3, (c)Clostridium sp, (d) E.coli 1, (e)E.coli 3, (f) Salmonella sp

CONCLUSION
In conclusion, the emergence of multidrug-resiskatteria infections is a serious threat to hunzgamasenvironment
worldwide. In this study, samples from Clinicafagation and Foods allowed to isolate differerttains Gram

positive and Gram negative bacteria pathogenictidnug resistant and producing beta-lactamases.

The results of the antibacterial activity of diffet extracts of Atriplehalimus demonstrate strongest inhibitory
effect against all pathogenic strains producingat@ttamase. Further physiochemical researcheseqréred to
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identify the active molecules responsible for thiibition effect, and to determine the mechanismaaifon of the
plant extract on the pathogenic strains for furthgplication as an alternative natural therapeatitmicrobial
agent .
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