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Abstract

 Probiotics are live microorganisms promoted with claims that they provide health benefits when 

consumed, generally by improving or restoring the gut flora. Immediately after wounding, microbial 

colonization occurs. The effects of microbial wound colonization on healing process are particularly 

important and therefore, based on the significant economic and social impact of wounds, so probiotics used 

as a new therapeutic agent in wound management are presented and analyzed. Probiotics are beneficial 

microorganisms, known to exert numerous positive effects on human health, primarily in the battle against 

pathogens. Probiotics have been associated with improved healing of intestinal ulcers, and healing of 

infected cutaneous wounds. The most commonly used probiotics for all studies were well-known strains of 

the species Lactobacillus plantarum, Lactobacillus casei, Lactobacillus acidophilus and Lactobacillus 

rhamnosus. All in vitro studies showed successful inhibition of chosen skin or wound pathogens by the 

selected probiotics. Most clinical studies showed slight or statistically significant lower incidence of surgical 

site infections, foot ulcer infection, or burn infections for patients using probiotics. 
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1. Introduction 

Probiotics are defined having valuable 

factors contributing to the health and safety of 

host, including humans. It is thought that 

consumption of abundant amount more than 108 

Colony Forming Units (CFU) per day of probiotic 

will be abundant to balance the human 

Gastrointestinal tract (GI) micro-ecosystem by 

replacing damaging pathogens (Ouwehand et al., 

2002). 

Probiotics have several benefits for health 

such as the immune-modulatory effect of  
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positively stimulating both humeral and cell-

mediated immunity responses. Established effect 

include enhancing production and circulation of 

serum antibodies, increasing secretion of 

cytokines and restoring immune function in 

immune- compromised hosts (Ezendam and van 

Loveren, 2006) and physiological effects 

including enhancement of intestinal motility 

(Saxelin et al., 2005). Antimicrobial effects such 

as competing for nutrients and adhesion locations 

with pathogens, lowering intestinal pH, producing 

short chain fatty acids, and creating extracellular 

bacteriocins (Gill, 2003). Lower frequency and 

duration of diarrhea connected to use of antibiotics 
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(Johnston et al., 2011) or produced by an 

infectious agent (Allen et al., 2010). Probiotics 

have been used for extended time in food elements 

for human and also to feed animals without any 

side effects. The excepted major principles for 

being accepted as probiotics are resistance to low 

acidity, tolerance against bile salt and to be 

created from human (Martin et al., 2004). 

2. Mechanisms of Probiotics action 

 Mechanisms by which probiotics use 

healthy effects are incompletely expected. Authors 

include competitive inhibition with pathogenic 

bacteria, effects on barrier role, antagonism 

through the production of antimicrobial materials 

(organic acids, hydrogen peroxide and 

bacteriocins) and variety of the immune system, 

(Cabana et al., 2006; Almeghaiseeb, 2007). 

Mechanisms differ according to the definite strain 

or combination of strains used, the existence of 

prebiotics a non-digestible food ingredient which 

usefully affects the host by selectively stimulating 

the growth and action of one or limited amount of 

bacteria in the colon having the potential to 

improve host health (Gupta and Garg, 2009) and 

the condition that presence treat the patient 

(Devine and Marsh, 2009). Probiotic properties 

may be based on actions affecting microbial 

products like toxins, host products e.g. bile salts 

and food ingredients (Oeslschaeger, 2010). 

 Mechanism underlying probiotic properties 

are not completely understood, and the 

mechanisms cannot generalized diverse strains 

may differ. Most research in the space has focused 

on the GI tract. The claimed mechanism basic GI 

beneficial effects include: (I) secretion 

antimicrobial material, (II) competitive adherence 

to the mucosa and epithelium strengthening of the 

GI-epithelium barrier, and (IV) modulation of 

immune system (Collado et al., 2009; Reid et al., 

2010b; Bermudez -Brito et al., 2012). There are 

several proposed mechanisms that describe how 

diverse probiotics work and they differ depending 

on the strain of probiotic used. The properties of 

probiotics also depend on dosage and course of 

administration (Upadhyay and Moudgal, 2012). 

Specific of these mechanisms are production of 

bacteriocins (Yateem et al., 2008; Collins et al., 

2012). They are established as alternatives to 

antibiotics improve animal health and productivity 

(Allen et al., 2013). This appears to be strongly 

determined by the prohibition of most of the 

antibiotic feed spices within the European Union, 

because of speculated risk for creating antibiotic 

resistance in pathogenic microbiota (Windisch et 

al., 2008), chemical residues in animal produces, 

release of antibiotics in the environment 

(Yamamoto et al., 2014; Martínez-Vaz et al., 

2014). 

3. Probiotics and health implications 

 Lactobacilli able to inhibit the 

genitourinary pathogen by numerous mechanisms. 

Additional functions of Lactobacilli include 

competitive prohibiting of pathogens from the cell 

surface, co-aggregation with definite pathogenic 

bacteria, adherence to epithelial cells and biofilm 

formation based on auto aggregation and surface 

hydrophobicity (Dunne et al., 2001). Previous 

studies shown that auto aggregation of probiotic 

strains is necessary. Recent studies have 

simplified the importance of immunoregulatory 

ability of probiotics for force of preventive and 

beneficial effects on numerous diseases. The 

epithelial barrier consist of dense mucous layer 

containing secretory antimicrobial peptides and 

IgA as well dynamic functional advancements 

regulate permeability between cells (Ohland and 

Mac Naughton, 2010). There is suggestion that 

consumption of probiotic strains improves the 

integrity of intestinal barrier and the up regulation 

of mucin production (Devine and Marsh, 2009). 

The immune system approximately divided into 

acquired immune system, involve mainly of B and 

sensitized T lymphocytes, and innate immune 

system, involving mainly of NK cells and 

macrophages. Ratio of envelopment of systems 

differ depending on conditions of infection such 

species of microorganisms and amount and 

location of infection. Mouse studies have clarified 

direct activation of macrophages by probiotics 

increased the bactericidal effect of macrophages 

on pathogenic bacteria. Probiotics strains have 

been reported to stimulate proliferation of 

phagocytes such as macrophages and neutrophils 
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in bone marrow and spleen (hematopoietic 

tissues). 

4. Probiotic effects on microbial toxins 

 One of the best important groups of 

bacterial virulence factors are toxins. The 

usefulness of certain probiotics in suppressing 

diarrhea most possible based on their ability to 

protect host against toxins. This protection can 

result from inhibition of toxin expression in 

pathogens. Certain probiotics are level able protect 

against cyanobacteria and fungal toxins. The basis 

of perceived protective effect is rather 

physicochemical interaction between toxin and a 

probiotic than metabolic inactivation, (Musa et al., 

2009; Oelschlaeger, 2010). 

5. Production of antimicrobial compounds 

 Lactobacilli produce diversity of 

compounds that inhibitory to both Gram positive 

and Gram negative bacteria. These inhibitory 

substances include (Organic acids, Bacteriocins, 

Hydrogen peroxide and Biosurfactants) (Rolfe, 

2000). 

6. Bacteriocins of Lactic acid bacteria  

 Bacteriocins are antimicrobial materials of 

protein, some of which may contain an associated 

lipid or carbohydrate, prevent growth of connected 

or unconnected bacterial species and possibly 

useful for prevention of bacterial infectious 

diseases (Riley and Chavan, 2007; Pascual et al., 

2008b). Bacteriocins are defined ribosomally 

synthesized small polypeptides utilize 

antimicrobial effects against closely or non-

closely related bacteria. The major producer 

assembly for bacteriocins is 

 Lactic acid bacteria (LAB) that contains 

great diversity of microorganisms described as 

“Generally recognized as safe” by the US Food 

and Drug Administration FDA (Gulluce et al., 

2013). Bacteriocins created by lactic acid bacteria 

are divided into five class based on primary 

arrangement, molecular mass, and molecular 

organization: Class I, lantibiotics; Class II, non-

lantibiotic peptides (Subclass IIA   pediocin-like 

bacteriocins with strong antilisterial activity; 

subclass IlB bacteriocins whose activity depends 

on complementary action of two peptides; 

subclass Ilc,  dependent secreted bacteriocins), 

Class III large, heat labile protein bacteriocins, 

Class IV bacteriocins consisting of undefined 

mixture of protein, lipid and carbohydrate and 

Class V bacteriocins with circular, unmodified 

post transductional structure (including AS-48, 

gasericine A, enterocin) (Gutiérrez Merino, 2005). 

 Lactobacilli bacteriocins of importance 

because of their potential application for inhibition   

pathogenic bacteria that affect humans. Two 

Lactobacillus strains from human vagina, 

Lactobacillus fermentum and Lactobacillus 

rhamnosus were formerly identified and 

characterized as probiotics and producers of 

bacteriocins. In study carried out by our research 

group (Pascual et al., 2008a,b). Bacteriocins are 

class of antimicrobial agents produced by LAB. 

All of the bacteriocins known today, Nisin is the 

only bacteriocin that has been given a status by 

FDA (Ajay et al., 2010). Bacteriocins work by 

binding to and killing only cells with surface 

receptors that are recognized by that specific 

bacteriocin (Cascales et al., 2007; Chavan and 

Riley, 2007). Bacteriocins initially named based 

on the producer species such as colicins produced 

by Escherichia coli, pyocins of Pseudomonas 

aeruginosa (formerly named pyocyania), cloacins 

of Enterobacter cloacae and cerecins of Bacillus 

cereus,(Reeves, 1965). Fredericq (1957) created 

first classification, and thus nomenclature of 

bacteriocins focusing on the colicins of 

Escherichia coli. Fredericq (1957) grouped 

colicins into 17 different types (colicins A, B, C, 

D, E, F, G, H, I, J, K, V, S1, S2, S3, S4, and S5) 

based on their receptor specificity. These colicins 

were then further subtyped (colicin E1, E2, and 

E3, etc.) based on their immunity patterns, all sub-

types were recognized by the same receptor, but 

they possessed different immunity phenotypes 

(Fredericq, 1957). Bacteriocins were mainly 

discovered in 1925 by Gratia, who observed 

inhibition of Escherichia coli S by Escherichia 

coli V almost 100 years ago. They were initially 

named as colicins and then their proteinaceous 

nature were resolved in 1957 by Fredericq, who 
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also demonstrated that the inhibitory activity of 

bacteriocins was depended on the presence of 

definite receptors on surface of sensitive cells 

(Riley and Chavan, 2007; Nes et al., 2007; 

Balciunas et al., 2013). 

7. Microorganisms used as Probiotics 

 The main studied bacterial microorganisms 

used  probiotics in thoughtful production include 

those derived from Lactobacillus, Streptococcus 

sp., Enterococcus sp., Bacillus sp., Clostridium 

sp., Bifidobacterium sp., Escherichia coli (Kruis et 

al., 2004), Megasphaera elsdenii and Prevotella 

bryantii (Seo et al., 2010). The bacterial probiotic 

strains can be classified as Lactic acid bacteria 

(LAB), and Lactic acid utilizing bacteria (LUB). 

Lactic acid production and utilization in the rumen 

is related to feed efficiency and animal health (Seo 

et al., 2010). Yeasts and fungal probiotics such as 

Saccharomyces and Aspergillus respectively have 

given better effects in adult ruminants (Fuller, 

1999; Seo et al., 2010).  

8. Lactobacillus as a Probiotic 

 According to World Health Organization 

and Food and Agriculture Organization of United 

Nations (WHO/FAO, 2007), live microorganism 

that confer a health benefit to the host when 

controlled in suitable amounts are referred to 

probiotics. This definition is discussed since heat-

killed strains use similar beneficial effects as live 

bacteria (Tanzer et al., 2010). Several bacterial 

strains with health positive properties long to 

Lactobacillus (Collado et al., 2009). The H2O2 

making vaginal lactobacilli are reported to 

essential for sustainment of a healthy vaginal 

micro biota and it attractive to suggest that 

Bacterial vaginosis (BV) is caused by the lack of 

H2O2 producing Lactobacillus spp. (Eschenbach et 

al., 1989; Hillier et al., 1992), this cannot 

necessarily associate causality, as LB+ were also 

present in women with BV (Eschenbach et 

al.,1989). 

9. Lactobacillus 

 The genus Lactobacillus is by far largest of 

genera comprised in LAB. It is very 

heterogeneous group with unstable taxonomy, 

including species with large diversity of 

phenotypic, biochemical and physiological 

properties (Nigatu, 2000; Yildirim, 2001). Over 45 

Lactobacillus species are recorded in the 1986 

edition of Bergey’s Manual of Systematic 

Bacteriology (Kandler and Weiss, 1986), and 

numerous more have described since then. 

Coeuret et al. (2003) recorded that Lactobacillus 

genus contains more than 80 recognized species. 

At the beginning of 2005, the genus Lactobacillus 

reported to include about 100 truly described 

species, the number of species is continually 

varying due to the description of new species and 

reclassification of others at the beginning of 2007 

this genus had reached about 120 species (Blaiotta 

et al., 2008). According to Winn et al.(2006) 

Lactobacillus is classified as shown below: 

Kingdom: Eubacteria 

Phylum: Firmicutes 

Class: Bacilli 

Order: Lactobacillales 

Family: Lactobacillaceae 

Genus: Lactobacillus 

10. General Characteristics of Lactobacillus 

 Lactobacillus is Gram - positive, non-spore 

forming, single cells of this species variable from 

long, straight or semicircular rods to coryne form 

Coccobacilli, ranging from 0.5 - 1.2 μm by 1 - 10 

μm in size, usually occurring separately or in short 

chains, (Kandler and Weiss, 1986; Karthikeyan 

and Santosh, 2009). Most species non-motile ,the 

rare motile species having Peritrichous flagella 

(Winn et al., 2006) such as Lactobacillus 

ghanensis (Nielsen et al., 2007). Indol and H2S 

not produced, catalase and gelatinase negative, 

microaerophilic or facultative anaerobic (Carr et 

al., 2002). The thermo bacteria are capable of 

growth at 45 °C or more but are unable to grow at 

15 °C. The Streptobacteria grow at 15 °C, but 

most do not grow at 45 °C. The beta bacteria also 

grow at 15 °C (Carr et al., 2002). Numerous media 

for Lactobacillus have been described but best and 

most common one in the lab scale is deMan, 

Rogosa and Sharpe medium (Horn et al., 2005) 

was designed by de Man et al. (1960). Many LAB 

strains with health positive properties belong to 
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Lactobacillus or Bifidobacterium (Collado et al., 

2009). 

11. Sources of Lactobacillus 

 Lactobacillus are broadly distributed in 

diverse ecosystem and commonly create in silages 

(Combs et al., 2001), raw milk, dairy products, 

fermented milk (Coeuret et al., 2003), meat and 

(Bromberg et al., 2004), pickled vegetables, 

sourdoughs (De Vuyst and Vancanneyt, 2007), 

fermented tea leaves (Tanasupawat et al., 2007), 

beverages, sewage on plants and also in the 

genital, intestinal and respiratory tracts of man and 

animals (Savadogo et al., 2006). Euzéby (2014) 

recorded that can be found in variability of 

different environments ranging from foods to 

respiratory, GI and genital tract of humans and 

animals, sewage and plant material. This genus 

among the major of the bacterial genera with 

approximately 225 identified species. 

12. Importance of Lactobacillus for Human 

 Lactobacillus sp. is naturally 

chemoorganotrophic and ferment carbohydrates to 

create lactic acid as main end product (Gayathri 

and Devaraja, 2011; Quinto et al., 2014). 

Inhabited of gastrointestinal flora can occur by 

diversity of microorganisms as several intestinal 

bacteria recognized as probiotics which live 

microbial feed enhancements containing 

potentially bacteria which have positive effect to 

their host health by successful its intestinal 

microbial balance (Ezema, 2013). They have 

several benefits either by attaching or by 

colonization in host, and beneficial for treatment 

antibiotic associated diarrhea, inflammation, and 

gastroenteritis, also probiotic bacteria acts normal 

treatment of urinary tract infections by lowering 

the medium pH and decrease opportunities for 

spoilage organisms to grow (Gayathri and 

Devaraja, 2011). Lactobacillus have numerous 

benefits, including: stops infection of pathogenic 

bacteria, e.g. Escherichia coli and Salmonella, 

helps fermentation of foods such as altered 

fermented milk, many industrial applications and 

has therapeutic properties against several 

infections and cancers (Abbas et al., 2016). 

 Additionally healthy, stable Lactobacillus 

population appears to protect against urogenital 

infections and bacterial vaginosis (Falagas et al., 

2007). In addition to playing important role 

against pathogenic microorganisms, differences in 

composition of microbiome have linked to amount 

of different diseases and syndromes like obesity, 

circulatory disease, inflammatory bowel disease 

and autism are just a few examples of diseases or 

psychological conditions where difference in the 

microbiome composition has compared with 

healthy subjects (Turnbaugh et al., 2006; Marchesi 

et al., 2007; Finegold, 2008; Holmes et al., 2008). 

The two main applications of lactobacilli are 

starter cultures of nutrition, feed and probiotics. In 

fermentations, Lactobacilli are either present as 

natural contaminants, added component of a 

former batch or added as a pure or mixed culture. 

The purpose to affect flavor and texture and to 

improve the safety and shelf-life of ending 

product. Examples of fermented products 

inoculated with Lactobacilli include meat 

products, dairy products, vegetables and silage 

(Hammes and Hertel, 2006). 

13. Exopolysaccharide 

 Certain lactic acid bacteria (LAB) produce 

Exopolysaccharides (EPS), either Capsular 

polysaccharides (CPS) that are tightly associated 

with the cell surface or slime EPS that are secreted 

into the extracellular environment. EPS from LAB 

can be divided into Homopolysaccharides, which 

are polymers composed of one type of 

monosaccharide, and Heteropolysaccharides 

(HePS), which are polymers of repeating units that 

are composed of two or more types of 

monosaccharides. A large biodiversity of HePS 

from LAB exists regarding their composition and 

structure, Molecular mass (MM), yield and 

functionalities. Further, polymer formation is 

strongly influenced by culture conditions. 

Recently, the molecular genetics of HePS 

biosynthesis have been studied for different LAB 

species. Several glycosyl transferases involved in 

the assemblage of the HePS repeating units have 

been discovered. EPS can act as viscosifying, 

stabilizing, gel-forming, and water-binding agents 

in various foods. Additionally, they have been 



Shaimaa Zainulabdeen/Life Science Archives, Volume – 6, Issue – 3, 2020, Page – 1860 to 1874            1865 

©2020 Published by JPS Scientific Publications Ltd. All Rights Reserved 
 

claimed to display properties beneficial to health. 

Little attention has been paid to CPS formation by 

food grade LAB. Exploration of the biodiversity 

of wild LAB strains is the most suitable approach 

to search for a desired EPS phenotype. 

14. Biosynthetic pathways leading to EPS 

synthesis in LAB 

 A key intermediate linking the anabolic 

pathways of EPS production and the catabolic 

pathways of sugar degradation appears to be 

Glucose-6-phosphate, in which the flux of carbon 

bifurcates between the formation of fructose-6-

phosphate toward the products of Glycolysis, 

biomass and ATP formation and toward the 

biosynthesis of sugar nucleotides, the precursors 

of EPSs (Fig. 1). Phosphoglutcomutase (PGM), 

the enzyme involved in the conversion of 

Glucose-6-phosphate to Glucose-1-phosphate, 

potentially has an important role in the divergence 

of flux between these catabolic and anabolic 

pathways. (Hugenholtz and Kleerebezem, 1999; 

Degeest and De Vuyst, 2000).Glucose-1-

phosphate serves as a branch point for the 

formation of the sugar nucleotides UDP–glucose 

and dTDP – glucose via the action of UDP–

glucose pyrophosphorylase and dTDP – glucose 

pyrophosphorylase, respectively. Note that these 

sugar nucleotides are used to form a variety of 

polysaccharides in the cell and hence the enzymes 

associated with their formation are shared (often 

termed ‘housekeeping enzymes’). Conversion of 

galactose to Glucose-1-phosphate via Galactose-1-

phosphate (the Leloir pathway) is possible if the 
system is present in the cell. 

 The subsequent stage of EPS synthesis in 

LAB - assembly of the monosaccharide repeating 

unit was achieved by several EPS - specific 

enzymes, as identified initially in Streptococcus 

thermophilus (Stingele, 1996) and in Lactobacillus 

lactis NIZO B40 (Van Kranenburg et al., 1997).  

This repeating unit is assembled on a C55 – 

isoprenoid - lipid carrier molecule, which is 

attached to the cytoplasmic membrane of the cell 

(Van Kranenburg et al., 1999). 

15. Interference of Lactobacillus plantarum with 

Pseudomonas aeruginosa in vitro and in infected 

burns 

 Pseudomonas aeruginosa infection is often 

difficult to eradicate because of resistance to many 

antibiotics and disinfectants (Hancock, 1998; 

McDonell and Russell, 1999). Consequently, this 

organism is an emerging therapeutic problem 

(Luzzaro et al., 1870) and is one of the most 

serious complications seen in burn wounds 

(Rumbaugh et al., 2000). The probiotic 

Lactobacilli have been used mainly to treat 

gastrointestinal disorders (Marteau, 2002). 

However, their ability to secrete acids, 

bacteriocins and other by-products that may 

neutralize infection caused by pathogens, and the 

fact that they are considered to be harmless 

microorganisms that regulate the host’s 

inflammatory and immune responses, mean that 

Lactobacilli may be useful for the treatment of 

clinical infections in other parts of the body, such 

as recurrent bladder infections caused by 

Escherichia coli, vaginosis caused by anaerobic 

microbes, wound infections caused by 

Staphylococcus aureus, and others (Perdigo´n et 

al., 1998; Hessle et al., 2000; Valde´z et al., 2001; 

Reid, 2001; Harder, 2002; Gan et al., 2002). 

 Growth of Pseudomonas aeruginosa was 

inhibited fully by the Lactobacillus plantarum T 

and AF preparations, while the NF preparation 

resulted in 97 % inhibition. The Pseudomonas 

aeruginosa quorum-sensing molecules N-(3-

oxododecanoyl)-L-homoserine lactone and N-

butyryl-L-homoserine lactone are important for 

the control of elastase rhamnolipid and the 

formation of differentiated biofilm (Gambello and 

Iglewski, 1991; Costerton et al., 1999; Rumbaugh 

et al., 2000; Sauer et al., 2002). The findings of 

their study were agreed with previous data, in that 

direct inhibition of AHL activity and blockage of 

their synthesis (indirect assay) decreased virulence 

factor production and resistance to antimicrobial 

agents. The same inhibition profile of the T, AF 

and NF preparations was obtained for elastase and 

biofilm production with different concentrations 

of Pseudomonas aeruginosa. This inhibition was 

not dependent on the growth of Pseudomonas 
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aeruginosa, as this was negligible at 1 hour. 

Recent investigations have demonstrated that 

quorum-sensing molecules play no role in early 

biofilm formation, but are important in the later 

stages (Sauer, 2002).  

 The acid Lactobacillus plantarum growth 

medium itself had some inhibitory activity, but the 

greatest inhibitory effect was observed with the T 

and AF preparations. In order to investigate the in 

vivo Lactobacillus plantarum inhibitory effect, a 

burned-mouse model of Pseudomonas aeruginosa 

infection was treated with whole cultures of 

Lactobacillus plantarum. At day 10, treatment 

with Lactobacillus plantarum (group BPs + Lp) 

enhanced Pseudomonas aeruginosa phagocytosis 

by tissue phagocytes significantly, and led to a 

decrease in apoptosis. Concomitantly, there was a 

decrease in the bacterial counts in skin, liver and 

spleen. The effect of the treatment was more 

pronounced on day 15, with macroscopically 

diminished purulent exudates, a more diffuse 

inflammatory cell infiltrate, and fast regeneration 

and tissue repair. It has been shown in animal 

models of infection that the ability of 

Pseudomonas aeruginosa to colonise the host, as 

well as its capacity to induce inflammation and 

cause death, is attenuated in the absence of the 

complete las and rhl quorum-sensing systems 

(Rumbaugh et al., 1999). The direct inhibition of 

AHL activity and blockage of their synthesis by 

Lactobacillus plantarum and its by-products could 

decrease significantly the production of virulence 

factors and resistance to antimicrobial agents. 

Previous studies have demonstrated that 3O-C12-

HSL regulates the immune response and 

stimulates the inflammatory response directly, 

since it induces the expression of COX2, 

prostaglandin E2 and other cytokines, as well as 

chemokines such as interleukin-1a, interleukin-6, 

interferon-c, tumour necrosis factor-a, MIP-2, 

MIP-1B and IP-10 (MIP-2 is mainly a chemotactic 

factor for PMNs) (Smith et al., 2002). Production 

of AHL molecules in vivo by Pseudomonas 

aeruginosa has been demonstrated in infected 

mice (Wu et al., 2000), and the production of pro-

inflammatory cytokines is exacerbated by 

Pseudomonas aeruginosa infection of burned 

wounds (Rumbaugh et al., 2001).  

 In immunocompetent individuals, the 

induction of inflammation is beneficial, but in 

immunodeficient subjects, who mount a potent 

inflammatory response, such induction would 

produce significant tissue destruction and the 

ability to combat the infection would be reduced 

severely (Wu et al., 2000). It has been 

demonstrated that interleukin-18, another 

inflammatory cytokine, inhibits Pseudomonas 

aeruginosa infection (Schultz et al., 2003). 

However, the interaction of Lactobacilli with 

fibroblasts, epithelial cells and inflammatory cells 

produces a very different pattern of cytokines and 

chemokines in comparison with pathogenic 

bacteria (Blum et al., 2002; Hessle et al., 2000). 

Perhaps these antagonisms confer on Lactobacilli 

the anti-inflammatory activity reported previously 

(Blum et al., 2002; Perdigo´n et al., 1998; 

Ashahara et al., 2001). The cells contained in the 

whole-cell culture preparation of Lactobacillus 

plantarum (T) would have an ability to interfere 

with the infective capacity of Pseudomonas 

aeruginosa cells by inhibiting the excessive PMN 

influx induced by the pathogen and allowing 

effective bacterial clearance. Moreover, 

Pseudomonas aeruginosa has a toxic effect on 

phagocytes (Dechaeux et al., 2000) and 

Lactobacillus protects them from the apoptosis 

caused by pathogens (Valde´z et al., 2001). While 

this therapy is not as effective as some novel 

antibiotics, such as novospirin-10 or protegrin-1, 

in the Pseudomonas aeruginosa burned wound 

infection model (Steinstraesser et al., 2002), the 

apparent activity of Lactobacillus plantarum and 

its by-products deserves further investigation for 

possible use in topical wound treatments. 
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