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Abstract  

    he antibacterial effect of Lactobacillus cell-free filtrate and ethanolic extract of 

sage Salvia officinalis on enteropathogenic E.coli (EPEC) were investigated in 

vitro and in vivo.  In vitro, antibacterial activity of Lactobacillus and ethanolic 

extract of sage were determined by using well diffusion method. The results of 

ethanolic extract of sage showed moderate antibacterial activity even with high 

concentration of extract 20mg/ml with maximum inhibition zone 18mm. while, of 

Lactobacillus cell-free filtrate presented high antibacterial activity against E.coli 

(24mm) in vivo,  thirty two albino male mice(age 8-10 weeks, weight ranged 23-

27 gram) were used in this experiment. The animals were divided into four equal 

groups, include positive and negative controls. Histological analysis of intestine, 

liver and kidney showed that the mice infected with EPEC induce attaching and 

effacing (A/E) lesions and loss of microvillus actins rootlets as well as microvillus 

fragmentation and no significant changes in liver and kidney tissues of mice 

infected with EPEC. Normal microvilli and mucosal morphology observed in 

mice infected and treated with Lactobacillus and ethanolic extract of sage. 

 الوغخخلص

حن قٍبط فؼبلٍت الخأثٍش الوعبد لبكخشٌب اللاكخىببعلظ والوغخخلص الكحىلً لٌببث الوشهٍب ػلى بكخشٌب 

اظهشث الٌخبئح فؼبلٍت هخىعطت  ،الاشٍشٌشٍبكىلاي الوؼىٌت الووشظت ببعخخذام غشٌقت اًخشبس الحفش 

هغخخلص حٍث وصل اػلى حثبٍػ للوغخخلص الكحىلً لٌببث الوشهٍب كوعبد للبكخشٌب حخى فً الخشاكٍض الؼبلٍت لل

هل هقبسًت هغ اللاكخىببعلظ راث الخثبٍػ الؼبلً لٌوى بكخشٌب الاٌششٌشٍب /هلغن20هلن فً حشكٍض 18الى 

ركش هي الفئشاى  32فً حٍي حعوٌج الذساعت داخل الدغن الحً اعخخذام . هلن 24الووشظت حٍث وصل الى 

قغوج الحٍىاًبث الى اسبؼت هدبهٍغ . غن (27-23)هب بٍياعبىع واوصاى (20-12)البٍط حخشاوذ اػوبسهب بٍي 

الكبذ ، الاهؼبء )ثن قخلج الحٍىاًبث وخوؼج الاػعبء .  هخغبوٌت بعوٌهب هدوىػت للغٍطشة الوىخبت والغبلبت

اظهشث الٌخبئح اى الحٍىاًبث الوصببت ببلاشٍشٌشٍب الووشظت احذثج . لغشض الذساعت الٌغدٍت ( والكلى

كزلك اظهشث الٌخبئح ػذم وخىد حغٍشاث فً ًغٍح الكبذ والكلى  ،فقذاى الشؼٍشاث الذقٍقت الخصبق الاهؼبء و

بٌٍوب اظهش الفحص الٌغٍدً للفئشاى الوصببت ببلاٌشٍشٌشب  ،للفئشاى الوصببت ببلاٌشٍشٌشبكىلاي الووشظت 

ٌؼٍت وهظهش كىلاي الووشظت والوؼبلدت ببللاكخىببعلظ والوغخخلص الكحىلً للوشهٍب شؼٍشاث دقٍقت غب

.   غبٍؼً للاهؼبء
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Introduction  

Enteropathogenic E.coli (EPEC) is a human enteric pathogen that attaches to the 

surface of intestinal epithelial cells and causes watery diarrhea. The first stage of 

EPEC attachment to the human host is called localized adherence, where EPEC forms 

dense microcolonies on the surface of intestinal epithelial cells [1]. This initial 

attachment of EPEC to host cells occurs through a plasmid-encoded bundle-forming 

pilus (BFP) [2]. After initial adherence, EPEC induces localized effacement of 

microvilli and intimately attaches to the host cell surface, forming characteristic 

attaching and effacing (A/E) lesions [3].   

Resident microflora
 
of the gastrointestinal tract plays an important role in inhibiting

 

gut colonization by incoming pathogens [4]. Different mechanisms enable this normal 

flora to play
 
such a role [5]: first, some strains

 
or species can prevent pathogen 

adherence by specifically competing
 
for the same receptor sites, or alternatively by 

providing an
 
aspecific steric hindrance as a barrier to mucosal colonization;

 
second, 

the production of antimicrobial metabolites (bacteriocinlike
 

or nonbacteriocin 

substances) by the normal flora can remove
 
pathogens from the intestine; and third, 

some strains can exhibit
 
an enhancement of the host immune response against 

pathogens.
 
Recently, the idea has emerged to select among lactic acid bacterial

 
strains 

those which are able to be incorporated into the resident
 
flora and to demonstrate 

beneficial potentialities, then to
 
investigate their biological effects both in vitro and in 

vivo,
 
and finally use them in dairy products offering health benefits

 
[6]. One

 
of these 

"probiotic" bacterial
 
strains, Lactobacillus johnsonii La1 (formerly Lactobacillus

 

acidophilus La1), has shown immunomodulatory properties on the
 
one hand [7], and 

antipathogenic properties on the other
 
hand, both in vitro and in vivo [8]. The other 

properties can be based either on
 
the strain ability to adhere to the gastrointestinal 

tract [9], or on the secretion of an antimicrobial components active in vitro and in vivo 

[8]. 

 Sage, Salvia officinalis L. (Lamiaceae) is an aromatic perennial plant native to 

southern Europe and Asia Minor. It is cultivated as a culinary herb and as a plant of 

great medicinal importance, officially listed in pharmacopoeias of many countries 

throughout the world. Leaf extracts of this plant have antibacterial effects [10], 

antiviral [11], anti-inflammatory, antihydrotic [12] and antioxidant properties [13] . 

The aim of this work is to Study the antimicrobial activity and histopathological effect 

of Lactobacillus and ethanolic extract of sage (Salvia officinalis L.) on EPEC in vitro 

and in vivo. 

Materials and Methods 

Plant Sage (Salvia officinalis L.) 

Plant Collection and Identification 

The plant was collected from local market in May 2010 and identified by prof. Dr.Ali 

AL – Mosawy, Biology Department, College of Science, Baghdad University. 

Preparation of Plant Extracts 

The leaves of sage were air-dried at room temperature (20-25)°C, and then powdered 

by coffee grinder. Fifty grams of the leaf powder were extracted for three hours in 250 

ml ethanol using 45°C water bath in soxhlet apparatus. Then leaf extract solution was 
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evaporated at 45°C using a rotary evaporator, and the resultant crude extract was 

frozen at -20°C until use to prepare the required doses and concentrations [14].  

Sage Doses and Concentrations  

This dose, the alcoholic extract was dissolved in phosphate buffer solution PBS. 

Experimental Design 

The experiments were designed to evaluate (in vivo and in vitro) effects of sage 

extracts and lactobacillus on albino male mice treated with EPEC.  

(in vitro)Determination inhibitory effect of Lactobacillus on EPEC  

MRS broth was inoculated with 1% of Lactobacillus isolates then incubated at 37C for 18 

hours. After incubation, the culture was centrifuged at 6000 rpm for 15 min, and filterd 

through millipor filter unit (0.22μm). According to well diffusion method that mentioned 

by [16]. Sabourad agar plate was inoculated with 0.1ml of enteropathogenic E.coli by a 

spreader then; 5mm well was made by the cork borer. The well was filled with 

Lactobacillus supernatant, and then incubated at 37C FOR 24 hr. Incubation zone around 

the well were measured by (mm) and compared with that of control which contained 

MRS broth only. 

 (In vivo) Laboratory Animals 

Thirty two mice were obtained from Biotechnology Research Center at Al-nahrain 

University. Their age among (8-10)weeks and weighting (23-27)gm.They were divided 

into four equal groups as following:- Negative control (the animals given phosphate 

buffer solution PBS), positive control (the animals of this group administrated orally by 

1.5×10
8
 cfu/ml EPEC), mice with third group orally administrated with same dose 

(1.5×10
8
) of  EPEC and Lactobacillus, while the fourth group mice administrated orally 

(1.5×10
8
) of  EPEC and treated with ethanol extract of sage. Laboratory animals was 

sacrificed after (7) days. 

Histological Examinations 

 Histological examination was diagnosed under supervision of the histopathologist. The 

samples which was fixed in (10%) formalin solution was washed by tap water for few 

minutes and left in ethanol 50% for 30min while 70% ethanol was used to keep the 

samples for a long time. The samples was transferred to (2.5% absolute ethanol, 75% 

butanol) then left for (2hr). Paraffin wax sectioned in (4m) thickness to be easier to use, 

then samples was stained with hematoxyline - eosin stain as desecribed by Guyer [17]. 

Results and discussion  

In vitro  

Antibacterial activity of lactobacillus (cell free filtrate) and ethanol extract of 

sage on EPEC   

Well diffusion method was used to determine the inhibition activity of  Lactobacillus 

and ethanolic extract of sage on EPEC .High inhibitory effect was obtained during 

using supernatant of Lactobacillus ,the inhibition zone reached to 24mm,while the 

results showed moderate inhibition activity of  ethanol extract of sage with maximum 

inhibition zone (18mm). 
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Table (1): Antibacterial activity of Lactobacillus (cell free filtrate) and ethanol extract of sage on 

Enteropathogenic E.coli EPEC  

Pathogenic 

bacteria 

Inhibition zone diameter (mm) 

 

 

E.coli 

Ethanolic extract of sage Lactobacillus 

(cell_free 

filtrate) 

streptomycin 

(positive 

control) 

(30µg/disk) 

 

2.5 

mg/ml 

 

5 

mg/ml 

 

10 

mg/ml 

 

20 

mg/ml 

 

40 

mg/ml 

 

80 

mg/ml 

N.I. 10 12 15 17 18 24 26 

N.I.: no inhibition zone  

Such finding was confirmed by [18] who mention that MRS broth stimulated 

inhibitory effect against Gram positive and Gram negative bacteria, similar results 

were also obtained by [19] who found that best inhibitory effect was gained when 

liquid media (MRS broth) was used to estimate the effect of Lactobacillus on 

pathogenic bacteria. In recent years, the use of Lactobacilus as biotherapeutic agents 

has received wider attention and several studies provide evidence supporting the 

ability of Lactobacilli to prevent infection [20] although many commercially available 

Lactobacillus products can be found in healthy food stores, their reliability is 

questionable and there is only little evidence proving their efficacy [21]. 

Many studies demonstrated that the essential oils of sage exhibited remarkable 

bacteriostatic and bactericidal activities against Bacillus cereus, Bacillus 

megatherium, Klebsiella oxytoca, Staphylococcus aureus [22]. Other studies showed 

that the antibacterial activity of the acetone extract of Salvia spp. inhibited the growth 

of Bacillus cereus, Streptococcus pyrogens, Escherichia coli bacteria tested at 

minimum inhibitory concentration (MIC) of 0.5 mg/ml [23]. 

In vivo 

Histological examination in mice infected with EPEC  

Histological changes were detected in different organs (intestine, liver, kidney) in 

mice administrated with EPEC. Intestine section shows localized effacement of 

microvilli in intestinal epithelial cells, forming characteristic attaching and effacing 

A/E lesions Figure (1 A and B), While the negative control shows normal intestinal 

epithelium Figure (2). Liver and kidney sections shows normal appearance as 

illustrated in Figure (3, 4). 

 Figure (1): A,B:cross section in mice intestine 

infected with EPEC show localized effacement 

of microvilli(hematoxyline-eosin stain 10x) 

 

Figure (2): Cross section in mice 

intestine(control group) show normal 

microvilli (hematoxyline-eosin stain 10x) 
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Histological changes in mice intestine infected with EPEC and treated with 

Lactobacillus (cell free filtrate) and ethanol extract of sage   

The intestinal epithelium of treated mice showed normal microvilli and normal 

mucosal morphology Figure (5,6) . 

 

 

 

 

 

 

 

 

 

 

 

 
 

The adhesion of lactobacilli to receptors on surface epithelial
 
cells could compete for 

binding sites with enteric pathogens.
 
It is also possible that lactic acid-producing 

bacteria reduce
 
both the viability and the virulence properties of E. coli O157:H7

 
[24] 

and other diarrheagenic E. coli [25].
 
Several previous reports indicated that factors 

other than lactic
 
acid produced by probiotics, including bacteriocins, proteinases,

 

peroxides, and exopolysaccharides, could exert antibacterial
 
effects [26]. Even though 

there are many factors responsible for causing diarrhea (including osmotic imbalance, 

indigestion of dairy products) entericinfection is the leading cause of diarrhea in 

developing countries. EPEC lack fimbriae, ST and LT toxins, but they utilize an 

adhesion known as intimin to bind to host intestinal cells [27].This virotype has an 

array of virulence factors that are similar to those found in Shigella .Adherence to the 

intestinal mucosa causes are arrangement of actin in the host cell, leading to 

significant deformation [28]. EPEC cells are moderately-invasive and elicit an 

inflammatory response. Changes in intestinal cells ultra structure due to attachment 

and effacement are likely to be the prime cause of diarrhea in those afflicated with 

EPEC [29].The adherence of EPEC principally involves binding of the pathogen to 

intestinal mucosa with the help of the 90 KD
a
 outer membrane protein , intimin [29].  

Figure (3): Cross section in liver of mice infected 

with EPEC show normal morphology and 

central vein (cv) (hematoxyline-eosin stain 40x)  

Figure (4): Cross section in kidney of mice infected 

with EPEC show normal morphology and 

glomerular (G) (hematoxyline-eosin stain 10x) 

Figure (5): Cross section in mice intestine 

infected with EPEC and treated with 

ethanolic extract of sage show normal 

microvilli and normal mucosal 

morphology(hematoxyline-eosin stain 40x) 

Figure (6): Cross section in mice intestine 

infected with EPEC and treated with 

lactobacillus show normal microvilli and 

normal mucosal morphology(hematoxyline-

eosin stain 40x) 

CV 
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