Abstract

#  This work was aimed to study the effect of som@bmwtic microorganisms
on fungi causing diarrhea. Therefore a total of) (@60l sample were collected
from children(2 — 10)years old with diarrhea. Résulbserved that 15(33.3%)
isolates belong to genuSandida, and 4(8.8%) of isolates belong @andida
albicans according to the related biochemical tests.

#  Another part of the study included isolation loéctobacillus (LAB)
isolates for using as probiotics to test thereitghtid inhibit growth and forming
germ tube byCandida albicans. Seven isolates of LAB were obtained from (45)
stool samples after culturing on (MRS) medium fér2 at 37¢€,

#  The minimum inhibition concentration of nystatio the isolates of
Candida albicans was 200ug/ml liquid media and (16*1, While for the
original sampl€133*10*) when cultured on SDA media.

® Upon such results, one isolat@é Z) of Candida albicans was chosen due
to its ability to form high number of germ tube quemed with other isolates, and
secondly, three isolates of LABactobacillus acidophilus (Lb.1), Lactobacillus
plantarum (Lb.5) andLactobacillus fermentum (Lb.7) due to high number of
colonies they formed when grown on MRS agar. Nabibbry activity was
detected through the antagonism wildndida albicans when the novel methods
“Candida albicans germ tube assay” was used.

4  Minimum inhibition concentration was determined fiwe three — fold
concentrated filtrate of LAB against germ tube fation by Candida albicans
(C.2) isolate. Results showed that filtrates were abldecrease the extension of
germ tube when compared with control. The averageadses were (1 — 5)%,
(7 — 10)% and (20 — 30)% instead of 70% for thetr@bigrowth.
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Conclusions

1. Candida albicans isolates were different in their ability to form
germ tube depending dlifferent signals and signaling pathways.

2. The effect of LAB directly onCandida albicans, no inhibition
zone was formed neither in disk agar diffusion weidl diffusion
methods. No effects of live LAB onCandida albicans
morphogenesis.

3. Lactobacillus filtrates had considerable effects against theatssl
of Candida albicans isolates.

4. Three — fold concentrated filtrates (12.5%) béctobacillus
acidophilus isolates gave the highest inhibitory effect on the
growth and production of germ tube @fandida albicans in
comparison to Lactobacillus plantarum and Lactobacillus

fermentum isolates.
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Recommendations

Further studies are needs to: -

1. Extract, purify and identify of inhibitory substaesproduced by
LAB isolates as probiotics.

2. Investigating the effect of LAB inhibitory substassc against
production of Secreted aspartyl proteinase (SapLaidida
albicans.

3. Effect of LAB isolates again€tandida albicans (In vivo).

4. The inhibitory effect on other fungi — causing dmaa and there

products.
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1.1: Introduction

While most related references define dearlas an increase in the
normal frequency of bowel movement with the pass#gadominally soft
or watery faces. Emdt. al., (2005) reported that diarrhea in cases is caused
by direct infections of gastrointestinal tract, aislo by systemic infections
or infections that affect other organ systems. &dvaicroorganisms are
accused to cause diarrhea, including bacteria,ifumgis and others. So
many researchers declared the association of fungargrowth with
diarrhoea. Adherence of fungi to host surfaces avasitial and important
event in colonization and subsequent disease ptiodufor fungal as well
as other enteropathogens. Many reports have imdigatvitro adherence of
Candida albicans to epithelial cells of oral as well as intestiraigin.
(Hasmukhet. al., 1994).Candida albicans is an opportunist fungal pathogen
that had the ability to adhere to host cell surfaeptors via a number of
adhesions. (Forbe®t. al., 2001). Stated thaCandida species were
frequently isolated from stools of children withadhoea but were not
proven enteropathogens. It was hypothesized tretaf&Candida causes
diarrhoea.

Gastrointestinal microflora maintain a miwmiad barrier against the
development of pathogenic bacteria in the digedfiaet (Martine, 2000).
Probiotics are nonpathogenic microorganisms thae h@ositive influence
on the health or physiology of the host. They cafluence intestinal
physiology either directly or indirectly through dhdation of the
endogenous ecosystem or immune sysfEmey consist of either yeast or
bacteria, especially lactic acid bacteria (Philigpal., 2001).

Lactic acid bacteria (LAB)such aslLactobacillus salivarius,
Lactobacillus casei, Lactobacillus plantarum, Lactobacillus fermentum, and

Lactobacillus acidophilus are the mosttommon Lactobacillus species



Introduction and Literature Review -y

isolated from the normal human intestine and usegrabiotics. LAB may
serve as probiotics by their ability to survive ardw in the gastrointestinal
tract. Many theraputic and preventive effects ofyjyd and lactic acid
bacteria (which are commonly used in yoghurt préida¢ were detected on
various diseases such as cancer, infection, gastsbinal disorders, and
asthma Simin and Woel-Kyu, 2000). (Tadao, 2004) refernechseffects to
the resistanceof this bacteria to lysozyme in mouth, acidic ctiods in
stomach, and bile acids in intestines

Several metabolites (such as organic adwgdrogen peroxide, and
bacteriocins) are responsible for the inhibitinfpets of lactic acid bacteria,
as probiotic, on pathogens.(Jat¢inal., 1997). Probiotics appear to be useful
in the prevention of several or treatment gastesitmal disorders, including
diarrhea.

Despite that too many investigations hadrbperformed to evaluate
the ability of LAB metabolites to inhibit microbighuses of diarrhea, fungi,
including molds and yeasts, were not given suchsidenation diarrhea
causes. MoreverCandida albicans is known to be able to colonize the
epithelium of the gastrointestinal tract invasiondasubsequent hyphal
systemic infection. (Mairi and Gary, 2004).

Due to the previous reason, this study veafopmed aiming to :-
Isolation and identification of fungal causativamhea.
Isolation and identification of some probiotics nei@rganism.
Testing the antifungal sensitivity of the isolatadgi.

Testing the effect of probiotics on isolated fu(igtvitro).

a bk N e

Possibility of testing the effect of probiotics famgi in experimental
animal.

6. Any other experiments needed.
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1.2: Literature Review:

1.2.1: Gastrointestinal Tract Infection (GIT): -

Gastrointestinal complications (constipafi impaction, bowel
obstruction, diarrhea, and radiation enteritis) acenmon problems for
oncology patients (Culhane, 1983). The human gaséstinal tract (GIT) is
colonized by a vastnd diverse community of microbes that are esdemntia
its functions. These microbes have evolved in conceth theirhost to
occupy specific regions and niches in the GIT (SirmadGorbach, 1986)
Approximately 85% of the intestinal microflora in feealthy person is
beneficial bacteria and 15% is pathogenic bactdfiarobial interactions
contribute to the homeostasis of the gut bactéded and destabilization of
this microorganism which contribute to these ectsysresults in various

gastrointestinal disorders (Emily, 2005).

Diarrhea can be defined as the excedssgeof fluid and electrolyte
in stool. The basis for all diarrhea is disturbatestinal solute transport.
Diarrheal iliness, most of it attributable to emtenfection may continues to
kill children. About 10 — 15% of cases of childldodiarrhea caused by
bacterial pathogendscherichia coli, Salmonella, Shigella, and others
(Rishard, 1987)Candida albicans has been shown to be a cause of diarrhea
(Timothy and Birdsall; 1997). Up to 40% of children with presumed
infectious diarrhea, no recognized pathogen candmtified. This may be
due to failure to appreciate the significance ofrtaie intestinal

microorganisms, such as yeasts (Fosdtes., 2001).

Candida is one of microorganisms found naturally in gastestinal
tract. (Truss, 1981; Crook, 1984). Infections caused bgandida spp. are in

general referred to as candidiasis (or candidosis or moniliasis) (Bodey, 1966;
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Bielsaet al., 1987; Bodey et al., 1992).Some symptoms of these candidiasis
are bloating, gas, diarrhea, and abdominal cram@tigers may occur such
as headaches, sinusitis, palpitations, and envieotah allergies and food
allergies. Polysystemic candidiasis infection, ssowhenCandida present
as a fungi in the intestines, the rhizomes peresthet walls of the intestines,
and the endotoxins from tl@&andida overgrowth begin to invade the rest of
the body. (Hilton1992). Candidiasis is the most frequently encowcter
fungus infection especially in condition with degpg®n of immune system.
Administration of antibiotics for a long durationnd& use of
Immunosuppresion agents, and patient with HIV itiée; leads to high
incidence of candidiasis (Heelan al., 1998; Herrero €t. al., 1999) .

1.2.2: Etiology of gastrointestinal tract infection -

Candida is a conditionally pathogenic fungus. It is, nolisndound
on skin, in mouth, gut, and other mucus membrahesauses infection
when antibiotics or other factors reduce our natuesistance to it's
overgrowth. MostCandida infections are superficial, limited to mucus
membranes. Some of microorganisms may interact rgigtieally with
Candida albicans to enhance the pathological effect of infectiornisT
phenomenon has been documented @ytomegalovirus and Candida
albicans, Pseudomonas aerugenosa and Candida albicans, Salmonella
typhimurium and Candida albicans, and Streptococcus faecalis and
Candida albicans(Odds, 1988).

Other names that have been givenCandida infection include:-
(Candida-related complex, polysystemic candidiasigonic candidiasis,
candidiasis hypersensitivity syndromeand moniliasi9(Crook,1992;
Cater,1995; Crook, 1997).
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1.2.3:Candida: -
1.2.3.1: History ofCandida: -

Early indication of yeast in gut was Bieisher and Wachowiak
1923. In 1929 Wachowiakt. al. , isolatedCandida that passed into the
bloodstream from the gut. The possibility of disgeation ofCandida to the
blood from gut seems to be forgotten until 1969 nvhéshikawa reported
that cortisone-pretreated were relatedCandida death of disseminated
candidosis. Considerable progress has been matisdovery of the kinds
of attribute that contribute collectively to thetipagenecity ofCandida spp
and the response of the host component to the 8{Qglds,1988).

1.2.3.2: GenuLandida: -

The genusCandida belongs to the kingdom Fungi, division
Eumycota (true fungi), which relates to class Deartg/cetes(fungi
imperfectial) and the family Saccharomycetaceaafmglyeast) containing
different genera of yeast , the genusCahdida which is one of the most
common yeast.(Hannula, 2000).

Candida is a simple diploid eukaryote organism lacking sesual
cycle. It's cells take different shapes (cocci, idyaylindrical or elongate),
which can be staining by Gram's and also by la¢tenpl blue staining.
Ovoid yeast cell ranging from 3 tobn in size (Lodder, 1974 andida,
which are commonly part of the normal flora of mgugkin, intestinal tract,
and vagina, it is a necessary yeast as part ohtmeal flora for human
health (Barefoot and Kladammer; 1983). Candida is dimorphic yeast (Fig.
1 — 1) exhibits a number of different morphologié@ms under different
environmental conditions; such forms include buddiyeast cells

(blastospores, blastoconidia), pseudohyphae (etedgaells appear as
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filamentous cell chains), true hyphae, and chlampdoes. Growth
requirement ofcandida are 20-38C within the range of pH 2.5 to 7.5 (Odd,
1988). The colonies dfandida spp. are cream colored to yellowish, which
may be pasty, smooth, glistening or dry, wrinkled dull, depending on the
species.(Larone,1995)deal factors enhancing filamentatiGandida (yeast
— hypha) are: 3& temperature, pH 7.0, an inoculum of 1%*10
blastospores/ml inoculum's size in addition to eree of serum, N-
acetylglucosamine, and proline (Glodaal., 1998).

Abi-Saickt al., (1997) proved that the genGandida including about
154 species. Among them, six species are most dretyuisolates from
human infections. The most abundant one of theseiap isCandida
albicans. Other species involve€andida tropicalls, Candida glabrata,
Candida parapsilosis, Candida krusie, and Candida lusitaniae are also
Isolated as causative agentsCandida infections.

There are two groups of methods to distisigCandida strains. The
first are phenotyping methods, which can be divigdo two methods:

a. Biotyping: - based on differences in metabolic gndies of yeast
isolates. Recently, widely use of commercial t&$21(20c) system for
assimilation of 19 different carbohydrates.

b. Serotyping: - based on detecting reactions betweeantigen and the
antibody raised against it. A commercial slide agghtion test uses
monospecific antisera raised with the polysacclear@htigens
extracted fronCandida albicans.

The second are genotyping methods, whiclude different molecular
methods for detection o€andida albicans like karyotyping, restriction
endonuclease analysis (REA), and restricted fragihee@gth polymorphism
(RFLP). While, Arbitrarily Primed Polymers Chain &xion (AP — PCR) is
the more recent methods for detectiorCahdida albicans strains (Hannula,
2000).
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Figure (1 — 1): Candida albicans dimorphism .

(A) Blastospores are unicellular forms of the fungus tat divide by budding. (B)
Cylindrical outgrowth is initiated on the surface d a blastospore forming a germ
tube. (C) Germ tubes grow and septa are laid down behind thextending apical tip to
form hyphae. (D) Hyphal branches and/or secondary branches are pduced a
mycelium. (E) Secondary blastospores become separated from thitafnent. (Gloria

et. al., 1998).
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1.2.3.3: Virulence factor ofCandida albicans: -

Multiple factors have been implicated in grhancement dfandida

albicans pathogenicity; these include: -

1.2.3.3.1: Phospholipase production:-

Phospholipase D (PLD) activity is the tfisnzyme described in
Candida albicans (CaPLD1). This enzyme was stimulated by inducdrs o
dimorphic transition and an important regulatoryt® (Nealoo and Joseph,
1997). Activity of the enzyme is stimulated uporceptor ligation by
agonists, resulting in of modification various @piconstituents of the
membrane, degradation or
phosphorylation (membrane — damaging enzyme), anérgtion of one or
more products that are able to recruit or modulapecific target
proteins(Mordechaget al.,2000).Bernhardet al., (2001) found that these

enzymes were responsible or essential for spaoulaf Candida albicans.

1.2.3.3.2Expression of drug resistance genes:-

Antifungal drug resistance is quickly bewong a major problem in the
expanding population of immunocompromised perstinsas resulted in a
drastic increase in the incidence of opportunigtied systemic fungal
infections. Clinical resistance is defined as [stesice or progression of an
infection despite appropriate antimicrobial theraRgsistance is considered
primary when an organism is resistant to the drefgre exposure, whereas
secondary resistance is that which develops inorespto exposure to the
drug. Major genes that contribute to drug resistaace those coding for
multidrug efflux pumps, the up — regulation of whican result in a
multidrug-resistant phenotyp€andida albicans possesses different types of
efflux pumps: adenosine triphos-phate—binding dés$8BC) transporters
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encoded by the CDR genes (CDR1 and CDR2) and nfapltators
encoded by the MDR genes (Masatyal., 2004).

1.2.3.3.3: Production of an extracellularly Secretkaspartyl
proteinase (Sap): -

Secreted aspartyl proteinases (Sap) appdxrr a virulence-associated
attribute of Candida species. These enzymes can cleave several proteins
which are important in host defensesjych as antibodies of both
immunoglobulin G and A isotypes. Also, (Sap) magrpotes colonization,
penetrationand invasion byCandida albicans (Flavia et al., 1995). The
function of (Sap)is throughcatalyzing the hydrolysis of peptide bonds
(CO—NH) in proteins due to degradation of humantgins and structural
analysis in determining (Sap) substrate specifidityss pathogenic or
nonpathogenicCandida species do not appear to produce significant
amounts of these enzymes (Julietnal., 2003).The enzymatic activity of
Candida albicans the secreted aspartic proteases(Saps) can be sisco@l
for anti —Candida drugs (Backman, 2005).

1.2.3.3.4: Adhesion: -

Capacity o€andida albicans to adhere to many different host tissues
is broadly considered a virulence trait to initiateasive activityAdhesion,
either directly or by inference with the stated wgto conditions, that
hydrophobic Candida albicans cells adhere better and with greater site
diversity than hydrophilic cells to endotheliallsgkpithelial cells, and other
host tissues (Patt al., 2001).
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1.2.3.3.5: Hyphal formation: -

Hyphae growth, initiation by germ tube rf@tion, which increase
adherence properties of yeast (Cutler, 1991). $wmitc between growth
forms is influenced by many factors including temgpere,pH, carbon
source, nitrogen source, and cell concentratiore(g@let al., 2001). The
ability of the pathogenic funguSandida albicans to switch from yeast to a
hyphal morphology in response to external signalsmplicated in its
pathogenicity (Andrest al.2002). Hyphal cell walls are more adherent than
yeast cell walls to human endothelial and epithek#ls and contain slightly
more chitin. In additionfrue hyphae express a specific constellation of
genes (Ericet. al.2002). Hyphae are thought to play an important mle
pathogenesis because their filamentous growthrpatgen facilitate invasive
growth. In addition to their unique morphology, hge are further
distinguished from budding cells and pseudohypha¢hb production of
hypha-specific virulence factors. For example, aglproduce adhesion
proteins that facilitate attachment to host calisgd also secrete proteases
thatcontribute to invasion into tissues (Stephen ardes, 2004).

Formation of germ tubes can be triggdmgda variety of inducers,
including temperature, pH, and serum. Serum has loescribed as the
‘magic potion’ for induction of germ — tube formati by Candida albicans
(Debbieet al., 2004). On the other hand, interleukin-12 (IL-i2)a key
promoter of protective immunity against human oppastic pathogen
(Paolaet. al., 2000).

1.2.3.4: Antifungal agents forCandida albicans: -
Antifungal treatment strategies f0r albicans are limited to a small
armamentarium of compounds, mainly Azoles, Polyenesnd

Echinocandins.
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1.2.3.4.1: Azoles: -

Azoles antifungal agentbave several advantages, such as an
excellent oral bioavailability, a stable parentd@imulation, and minimal
drug interactions. However, fluconazole, like otheole derivatives, is only
act on ergosterol biosynthesis and it's fungistatscefficacy relies on the
function of the cellular host defenses (Osetarl., 2000). Azole such as
fluconazole. Emergence of resistance to azolemisnereasing problem
(Gordon et al., 2002). Azoles included the imidazol(clotrimazole,
miconazole, and ketoconazole) and the triazoles (fluconazoled an
itraconazole) (Margt al., 2004).

1.2.3.4.2: Polyenes: -

Polyene antifungal agents, which inclugistatin and amphotericin B,
are fungicidal. Nystatin inhibits the growth of nyarungi including
Candida albicans which may binds to sterols in the cell membrand an
alters it's permeability so that potassium and kmalecules are lost from
the cell and metabolic processes, including glucoskzation are also
inhibited(Doreen and Cawson, 1978). In 1950 Browm&zen discovered
nystatin in a soil sample, obtained from a farn¥irginia, USA, containing
a strain ofStreptomyces noursei. Nystatin, was not absorbable after oral
administration and could not be given parenterabiyt was effective
topically in the treatment of oropharyngeal candidolt was licensed for
use in 1951 for superficial (mucos&@andida infections of the oropharynx,
oesophagus and intestinal tract (Vincent, 1999).

Amphotericin B, bind to membrane sterolsading to membrane
permeability, leakage, and cell death. These dhay® clinical drawbacks

based on their toxicity (Gordat al.,2002). Intravenous amphotericin B has
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been the drug of choice for invasive fungal infeict. The most serious side
effect of amphotericin B therapy is nephrotoxiditiry et al.,2004).

1.2.3.4.3: Echinocandins:-

Echinocandins are new class of antifunggénts that inhibit the
synthesis of 1,3-B3-D-glucan, which is a key compore the cell wall.
Caspofungin, a member of this class, exhibits dswklpharmacokinetic
characteristics, is fungicidal (against yeasts)d aisplays good safety
profiles (Gordoret al., 2002).

1.2.3.5: Probiotics: -

1.2.3.5.1: Definition of probiotics: -

Early definition of probiotic suggested by Lillyna Stillwell (1965)
were defined Probiotics as Substances producadidrporganisms, which
inhibit the growth of other microorganisms. WhilarkRer (1974) was
defined it as Organisms and substances which bGomérito intestinal
microbial balance. Fuller (1989) described it adive microbial feed
supplement, which beneficially affects the hostnaali by improving its
intestinal microbial balance. While Havenaar andsH11992) definition was
a viable mono- or mixed-culture of microorganismgiich applied to
animal, or human beneficially affects the hostrapiioving the properties of
the indigenous microflora. However, Schaafsma (139¢#&ed that probiotics
was a living microorganisms, which upon ingestioicertain numbers, exert
health benefits beyond inherent basic nutritiormig&robial dietary adjuvant
that beneficially affects the host physiology by dulating mucosal and
systemic immunity, as well as improving nutritiorsadd microbial balance
In the intestinal tract(Naidu et al. 1999). Schremeir and de Vrese (2001)

defined probiotic as a preparation of or a proawcttaining viable, defined
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microorganisms in sufficient numbers, which altée tmicroflora (by
implantation or colonization) in a compartment lo¢ host and by that exert
beneficial health effects in this host. The nevgedinition of probiotics are
live microbial food supplements or components aftéaa which have been
shown to have beneficial effects on human heastblguriet al., 2002).

1.2.3.5.2: Effects of probiotics: -

A prebiotic is a nondigestible food indjent that beneficially affects
the host by selectively stimulating the growth,hatt, or both of one or a
limited number of bacterial species already redidethe colon.

Another possibility in microflora managam@rocedures is the use of
synbiotic, in which probiotics and prebiotics areed in combination. The
live microbial additions (probiotics) may be usead ¢onjunction with
specific substrates (prebiotics) for growth. Thisnbination could improve
survival of the probiotic organism, because itscHesubstrate is readily
available for fermentation, and results in advaesaip the host that the live
microorganism and prebiotic offer (Dawitial., 1999).The most frequently
used probiotic bacteria are lactic acid bacterid).Aand bifidobacteria.
Data on probiotic bacteria imply that they have hbatp- and down
regulatory effects on immune responses. Live ptobibacteria have
potentiate nonspecific immunity by stimulating dgitee production, which
Is beneficial in eradication of pathogens (Taatjal., 1999).

Various nutritional and therapeutic effects of potics bacteria are detected

(Semithet al., 2003): -

* Increasing nutritional value (better digestibilitycreased bioavailability
of minerals and vitamins).

* Promotion of intestinal lactose digestion (reducaygnptoms of lactose

intolerance and malabsorption).
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Promotion recovery from diarrhea (rotavirus, trave).

* Inhibition of pathogen growth and translocation.

* Prevention of intestinal tract infection (bactera virus induced,
Candida enteritis, Helicobacter pylori).

* Regulation of gut motility (constipation, irritabl®wel syndrome).

* Enhancing specific and nonspecific immune systesparse.

» Stimulation of gastrointestinal immunity.

* Prevention of cancer and suppressing tumors andxifleation of

carcinogens.

* Reducing of blood pressure in hypertensive.

1.2.3.5.3: Probiotic microorganisms: -

The probiotic species (bacteria and yase:
Lactobacillus specied.. acidophilus, L. casai, L. fermentum, L. bulgaricus,
L. cremoris, L. lactis, L. plantarum, L. salivarius.
Bifidobacterium speciesB. bifidum, B. breve, B. lactis, B. longum,
Streptococcus speciesS. thermophilus.
Enterococcus speciesE. faecium.

Saccharomyces speciesS. cerevisiae andS. boulardii.

1.2.3.6: Lactic Acid Bacteria (LAB): -

Lactic acid bacteria (LAB) were first dabed as milk-souring
organisms, due to the sour milk that arose fronir theduction of lactic
acid. They are a relatively diverse group of baatdiut related by a number
of typical metabolic and physiological featuredil€S and Holzapfel, 1997)
LAB is a group of Gram-positive, nonspore-formirggrictly fermentative
bacteria producing lactic acid as the major enddpco of sugar

fermentation. They are devoid of cytochromes arel afra anaerobic or
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microaerophilic nature but tolerate air. LAB ardatase-negative, although
pseudo-catalase can be found in rare cases. Pingbcaly, they are a very
diverse group of organisms and belong to the dtbatrbranch of Gram-
positive bacteria. Two major pathways of hexoseg.(e.glucose)
fermentation can be distinguished among LAB. Glysisl (Embden —
Meyerhoff — Parnas Pathway) results in almost estegly lactic acid as the
end product (homofermentative) (Fig. 1 — 2.A). Whilthe 6-
phosphogluconate / phosphoketolase pathway rasutignificant amounts
of other end products, such as ethanol, acetic @t CQ in addition to
lactic acid (heterofermentative) (Fig. 1 — 2.B).sBd on the fermentative
characteristics, lactobacilli can be divided intwee groups: obligatory
homofermentative, obligatory heterofermentative anfacultatively
heterofermentative. Obligatory homofermentative tdbacilli degrade
hexoses exclusively to lactic acid and do not fertnpentoses or gluconate.
Obligatory heterofermentative on the lactobaciliher hand, degrade
hexoses to lactic acid and additional products aglacetic acid, ethanol
and CQ and pentoses to lactic and acetic acid. While Ifatvely
heterofermentative lactobacilli ferment hexoseslactic acid and may
produce CQ from gluconate but not from glucose. They alsamfamt
pentoses to produce lactic and acetic acid (UI2K&2).

Axelsson, (1989) illustrated the net fermentatieaction of (LAB)

Homofermentation

1 Hexose + 2ADP + 2P+——» 2 Lactat2 ATP
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Heterofermentation
1 Hexose + 1 ADP + P———  Lactate + EtianCO, + 1 ATP

OR (if external e — acceptor)

1 Hexose + 2 ADP + P—> Lactate +tate+ CO + 2 ATP

While Tomas, (1997) Iillustrated the homofermentatioand

heterofermentation pathways of LAB as face:

Fructose

~ ADP

Glucose-6-phosphate

Fructose-6-phosphate
K ATP
= ADP

AJ
2 Glyeeraldehyde-3-phosphate

/
2 NAD®
NAD \V/“”

¥
2P,

ZNADH < | > 4 App

2 Pyruvate

2NAD' m\/' ATP

2NADH 4
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Figure (1 — 2)(A} The homofermentativieathway of lactic acid bacteria.
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Lactic acid bacteria are commonly found &nown to proliferate in
fermentation processes or as colonizers of muceadices of higher
animals. They require a nutrient rich environmemtorder to establish.
Besides carbohydrates, they also need to be sdpplith amino acids,
peptides, salts and vitamins among others (Hanatnals, 1992; Carr et al.,
2002)

1.2.3.7: Antifungal activity of Lactic Acid Bacteria: -

The antimicrobial effect of the LAB (as describedFig. 1 — 3) is
mainly related to production of lactic and acetda but for some strains,
synthesis of bacteriocins is also of great impaarmibue to the "Generally
Regarded As Safe" status of LAB, the interest inngisthem for
biopreservation has increased during recent y@attse( al., 1999). Katriret
al., (2002) found that production of antibacterialpmunds by LAB, that
effects on inhibition of yeasts and fungi are compiaely few. The precise
mechanism of antimicrobial action is hard to beirkf, because of a
complex interaction between different compounds.

Important inhibitory compounds produced by LAB miag described as

fallow: -

1.2.3.7.1: Fermentation products:

The major metabolite of lactic acid bactesalactic acid, which is
responsible for the significant pH changes in tlggowth environment —
sufficient to antagonize many microorganisms. (Dayw 2003).
Fermentation products contain a variety of fermgnteicroorganisms
belonging to various genera and species, all otwiproduced lactic acid
(Simin and Woel-Kyu, 2000).
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Yoghurt was defined as a coagulated milk pobdhat results from
fermentation of lactic acid bacteria in milk (Baodx et. al., 1988).
Potential therapeutic effects of LAB and yoghurfcluding their
immunostimulatory effect, which are primarily yogtinduced changes in
the gastrointestinal (GI) microecology. Increaseabants of LAB in the
intestines could suppress the growth of pathogdmcteria, which

contributes in turn to reduce infection. (Simin adel-Kyu, 2000).

1.2.3.7.2: Proteinaceous compounds:-

Lactic acid bacteria were produced antéx@a, ribosomally
synthesized peptides, generally termed bacterio€hes bacteriocins are
commonly divided into three groups: class | — @matibiotics; class Il — the
heat stable unmodified bacteriocins; class Il tlaeger heat stable
bacteriocins. These compounds are generally oniyea@gainst closely
related bacterial species and there is no evid#ératebacteriocins have any

effect on growth of yeast or molds. (Darwin, 2003).

1.2.3.7.3: Low molecular weight inhibitory compound:

Reuterin is one of the most low moleculaeight inhibitory
compounds. It is a broad-spectrum antimicrobial ssafice originally
described fronLactobacillus reuteri. In addition, glycerol of this species
resulted in a dramatic increase of the inhibitoffe@ against several
filamentous fungi and yeast as well as toxicity aots a wide range of
Gram-negative and Gram-positive bacteria becaud® lagk the oxidative
pathway of glycerol degradation, hence glycerol manbe metabolized as a
sole carbon sourc&euterin is produced from glycerol by starving €ell

under anaerobic conditions and it is active agaaseral different types of
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icroorganisms including gram-positive and gram-tiegabacteria, yeast
and fungi. (Darwin, 2003).

HOOC A

OH

HOOC A

Reuterin OH

OH-Fatty acids I-IDGCM

Proteinaceous
com pounds

Lactic acid
Acetic acid

Cycelic
dipeptides
Diacetyl pep
Hydrogen peroxide
3-phenvllactic acid

ox

Caproic acid

Figure (1 — 3) Production of antifungal products of lactic addcteria.
(Darwin, 2003,

1.2.3.8: Using LAB as probiotics :-

Lactic acid bacteria (LAB) are present in intestiof most animals.
The beneficial role played by these microorganism&umans and other
animals, including the effect on immune system. L& present in many
foods and are frequently used as probiotics to avg@rsome biological
functions in the host. The activation of the systeand secretory immune

response by LAB requires many complex interactiam®ng the different
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constituents of the intestinal ecosystem (micrafloepithelial cells and
immune cells). Through different mechanisms theyds&gnals to activate
iImmune cells (Gabrielet. al., 2001). Lactic acid bacteria (LAB) have a long
history in biotechnology, especially in the mantfise and storage of food
ingredients by fermentation processes (Perdejah, 2001).

LAB are essential for yoghurt to exert immoatimulatory effects and
that LAB cell walls contain the main immunomodulgteomponents. LAB
cell wall is composed mainly of peptidoglycan, malgcharide, and teichoic
acid. The immunostimulatory activity in the hostdytured dairy products
Is mediated by glycopeptides in the bacterial cetll. Yoghurt's
microorganisms may prevent infections of Gl tragtrfluencing microbial
ecosystem. However, LAB that are colonized in humatestine, L.
acidophilus and Bifidobacterium species, are more resistant to gastric acid
than are LAB conventionally used for yoghurt fertadion. The inhibitory
mechanisms of LAB against disease — causing bacéee due primarily to
two metabolites of lactic acid fermentation—orgaseed and bacteriocin. In
addition, oral microbial therapy with LAB can befegitive in preventing
antibiotic — induced Gl disorders and in recovennf diarrhea (Simin and
Woel-Kyu, 2000).Saccharomyces boulardii, a patented yeast preparation, is
usedn many countries as a preventive and therapeggatfor diarrhea and
other gastrointestinal disorders causethieyadministration of antimicrobial
agents.S. boulardii possessemany properties that make it a potential
probiotic agent (Rial, 2000).

1.2.3.9: Effects of LAB on diarrhea: -
Probiotics can prevent or reduce diarrteaugh their effects on the
iImmune system. Probiotics can prevent infectiorabee they compete with

pathogenic viruses or bacteria or fungi for bindsigs on epithelial cells.
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Several probiotics are claimed to stimulate immsystem. Their modes of
action appear to be nonspecific, resulting in iass&El immune
responsiveness to a wide variety of antigens.(Miamd Martijn, 2000).
Intestinal microflora maintain a microbial barragainst the development of
pathogenic bacteria in the digestive tract. LAB dalifferent properties,
include restoration of a normal intestinal microflpwhich contribution to
elimination of pathogenic enteric bacteria (Martir2000). Probiotics
microorganisms prevent or reducing detoxifying afrhful substances in
gastrointestinal tract and other gastrointestirde gffects caused by cancer
treatment. (Urbancsed. al., 2001).

1.2.3.10: Effects of LAB on fungi especiallyfCandida albicans

causing diarrhea: -

The microbiocidal action of LAB is based on bothmpetition for
nutrients and production of various compounds, sashorganic acids,
hydrogen peroxidehacteriocins, and low molecular weight antimicrbbia
agents. Cell-free supernatants dfactobacillus casei, Lactobacillus
rhamnosus and Lactobacillus acidophilus were grown in deMan Rogosa
Sharpe (MRS) broth inhibited 95 — 100% growth afdu (Vina and Carol,
2005).

Lactobacilli (casei, acidophilus, rhamnosus, plantarum and others)
produce lactic acid, which creates an acidic emvirent that is unfriendly to
some harmful bacterid.actobacillus acidophilus has properties to prevent
growth of pathogenic microorganisms, includi@andida albicans, by
producing both lactic acid and antibiotic compounrdactic acid produced
by L. acidophilus act to block the receptors or adhesion sites tiqugens,
creating a barrier against infectious organism&yTdiso prevent production

of toxic amines by putrefactive bacteria, (Ki8t al., 1996).Lactobacillus
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plantarum that produces broad-spectrum antifungal compourrdsye
against food- and feed-borne filamentous fungi yeasts in a dual-culture

agar plate assay.

Lactobacillus plantarum produced bacteriocins that had broad spectrum
of inhibition against pathogenic bacteria, likéscherichia coli and
Enterococcus faecalis, but did not inhibitCandida albicans andKlebsiella
sp. (Ogunbanwaet. al., 2003). Mairi and Gary (2004) stated that fattidac
metabolites and fatty acid pathways from LAB wepe-uregulate and down
— regulate germination i@andida albicans.

Probiotics [Lactobacillus strains) are containing different mechanism(s)
underlying antibacterial activity, includes lowegiof pH and production of
lactic acid and antibacterial compounds, includirarteriocins and non

bacteriocin, and non-lactic acid molecules. (Ddiwritt. al., 2005).
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2. Materials And Methods
2.1: Materials: -
2.1.1: Equipment: -

Equipment

Company - Country

Anaerobic Jar

Rod Well — England

Autoclave GallenKamp — England
Balance Ohans — France
Distillator GallenKamp — England

Freeze dryer

Vitris — USA

Incubator

GallenKamp — England

Light Microscope

Olympus — Japan

Micropipette

Witeg — Germany

Millipore filters

Millipore and Whatman — Englan

Oven

Memmert - Germany

Pasture pipette

Witeg - Germany

pH — meter

Metter — GmpH Tdedo - UK

Refrigerator Centrifuge

Harrier — UK

Sensitive Balance

Delta Range — Switzerland

Shaker Incubator

GallenKamp — England

hd

Spectrophotometer Aurora Instruments Ltd - Englg
Vortex Buchi — Swiss rain
Water bath GFL — England
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2.1.2: Chemicals:-

Materials Company — Country

Acetic acid

Ammonium Iron3 Citrate

D — Glucose

Esculine

Maltose

MgS04.7H20

Peptone
BDH — England

Potassium chloride

Potassium dihydrogen phosphate

Sodium acetate trihydrate

Sodium dihydrogen phosphate

Sucrose

Xylose

Agar

Lactose
Difco — England

Raffinose
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Casein Peptone

Chlorophenol Red

Hydrogen Peroxide (3%)

L — arginine monohydrochloride

Tryptone

Yeast extract

Fluka — Switzerland

Corn Meal Infusion

Disodium hydrogen phosphate

Gelatin

Meat extract

Tween 80

Oxoid — England

Cellobiose

Ethanol

Methanol

MnS0O4.4H20

Sodium chloride

Triammonium citrate

Riedel-DeHaeny — Germany
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2.1.3: Antibiotics and Antifungal: -

Nystatin and chloramphenicol were obtained from samara drug

industries.

2.1.4: Solutions and Buffers:-

2.1.4.1: Normal saline :-
It was prepared by dissolving of 0.85g NaCl in I0l0distilled water,

pH was adjusted to 7.

2.1.4.2: SDS (Sodium Dodecyle Sulfate) solution: -
It was prepared by dissolving 0.25% SDS povialelistilled water.

2.1.4.3: Phosphate Buffer Saline (PBS): -
It was prepared by dissolving these matenmditer, which include:

NacCl 849
Na2HPO4 1.13 g
KH2PO4 0.2¢
KCI (g2

pH was adjusted to 7.

2.1.4.4. Fixative solution: -
It was prepared by mixing of 50% Methanol and 1@%tia acid, then

40% of distilled water were added.

2.1.4.5: Nystatin stock solution: -

Solution(1):-1t was prepared by dissolving 0.01g/10ml (3 ml DM@
ml D.W.). Solution (2):- It was prepared by dissolving 0.1g/ 10ml (3 ml
DMSO + 7 ml D.W.). (Doreen and Cawson, 1978).
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2.1.4.6: Chloramphenicol stock solution:-
It was prepared by dissolving of 100 mg ofociimphincol in 10 ml
D.W. (Kevin, 2004).

2.1.5 Reagents: -
2.1.5.1:Kovac’s reagent -

It was prepared by dissolving of P — dimethyl —r@ont+ banzaldehyde
(5g) with (75 ml) butanol and then (25ml) of concated HCL was

carefully and gradually added. It was used for Iridst.

2.1.5.2: Phenol red reagent: -
It was prepared by dissolved 0.1g of pheedl in 10ml of distilled

water.

2.1.5.3: Chlorophenol red reagent-
It was prepared by dissolving 0.2g from redge 2ml distilled water.

Volume was completed to 100ml with distilled water.

2.1.6 Culture Media: -

All following media was sterilized by autoclavel&1°C for 15 min.
2.1.6.1 (SDA):(Ajello, 1957)
Sabouraud Dextrose Agar contain:

Peptone 10g
Dextrose 20g
Agar 159
D.W. 950 ml

pH was adjusted to 7. This media was used dgrowth and
identification ofCandida spp.



Materials And Methods ¥4 .

2.1.6.2. (SDB) medium(Buffo et. al. 1984)

Sabouraud Dextrose Broth contain:

Peptone 109
Dextrose 20g
D.W. 950ml

pH was adjusted to 7. This media was used dgrowth and
identification ofCandida spp.

2.1.6.3. Corn — Meal Agar:(Akisadaet. al. 1983)

Corn — Meal infusion 50 g
Agar 159
D.W. 950 ml

pH was adjusted to 7. This media was uswadidentification of
Candida albicans.

2.1.6.4. Fermentation basal medium(Hassaret. al., 2004): -

Yeast extract 0.45¢g
Peptone 0.75¢
Phenol red 5 ml
D.W. 95 ml

2% of Sugars (Glucose, Lactose, Maltosel, &ncrose) were added to
fermentation basal media. pH was adjusted to 7aardclaved for 10 min. It
was used this media for identification@éndida spp.
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2.1.6.5. (MRS) medium:(Harrigan and McCacne, 1966)
Modified Regosa Sharp broth contain

Yeast extract 59
Peptone 109
Meat extract 10¢
D — Glucose 209
Sodium acetate 59
rihydrate

Triammonium citrate 20
MgSO,.7H,0 0.2 g
MnSO,.4H,0 05¢g
Tween 80 1 ml
D.W. 950 ml

pH was adjusted to 6.0. This media was tdsedrowth Lactobacillus

spp.

2.1.6.6. Aesculine Cellobiose Agar(Hunger, 1986)

Casein Peptone 20 g
Yeast extract 59
Cellobiose 209
NaCl 49
Sodium acetate trihydrate 1.5 g
Tween 80 05¢g
Esculine 19
Ammonium IronIlI 059
Chlorophenol red 6.5 ml
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Agar 1549

D.W. 950 ml

pH was adjusted to 7. This media was used dgrowth and
identification ofLactobacillus acidophilus.

2.1.6.7. MRS — Raffinose Agar(Hunger, 1986)
It was prepared by adding raffinose to Mi6&th instead of glucose.
pH was adjusted to 7. It was used this media fantification of

Lactobacillus acidophilus.

2.1.6.8.Carbohydrate fermentation medium(De Manet. al., 1960)

It was prepared by using of MRS broth with glucose and meat
extract. After that, 0.004% of phenol red reagemd 4% of each sugars
(lactose, xylose, sucrose, mannitol, raffinose) a@ded to MRS broth. pH
was adjusted to 6.5 and autoclaved for 10 min.d$ wsed this media for

identification ofLactobacillus spp.

2.1.6.9. Gelatin media (Stolp and Gadkari, 1984)
It was prepared by dissolving of 12% (W/V) of gelan MRS broth.
pH was adjusted to 6. This media was used for ffiestion of

Lactobacillus spp.

2.1.6.10. Litmus Milk Medium : (Baily et. al., 1990)

Skim milk 100 g
Litmus media 509

D.W. 950 ml
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pH was adjusted to 6 and autoclaved for i ifhis media was used

for identification ofLactobacillus spp.

2.1.6.11. MRS Arginine Broth :(Harrigan and McCance, 1966)
It was prepared by adding 0.3% (W/V) of L-arganine
monohydrochloride to MRS broth. pH was adjusted.tdhis media was

used for identification o actobacillus spp.

2.2 Methods:-

2.2.1: Collection of stool sample:-

Forty-five stool samples were collected frammldrenwith diarrhea.
After samples were cultured on sabouraud glucose &DA) (3.1.6.1)
contained 0.5mg/ml chloramphenicol. Then, incubaed@? C for 48 — 72
hours. Then, several steps of isolation were agmrecolony for purity.

2.2.2: Isolation ofCandida species-

Candida species were isolated as follows: -

2.2.2.1: Morphology of colony: -
The morphology of colonies was examined arescdbed after
cultivation and incubation on SDA according to (&g& and Balish, 1971)

2.2.2.2: Microscopic examination:-
Part of suspected colony was fixed on slgtajned by gram's stain,
then cells were described under oil — immersiors leha compound light

microscope(Kreger-Van , 1984)
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2.2.3: ldentification of Candida albicans:-
2.2.3.1: Surface growth:-

This test was used for detection the aboityCandida spp to grow on
surface of SDB (2.1.6.2) by transferring part afadony to tubes contained
this medium. After incubation at %2 for 24 — 72 hrs. Presence of gas
bubbles was indicated a positive result. (Foedeal., 1998).

2.2.3.2: Germ tube formation test:-

This test was used for detection the abditZandida albicans to form
germ tube. Formation of germ tube was examineddoyng 1 ml of human
serum in a sterile tube and re—suspended withgbaxlony then incubated
at 37C for 2 — 4 hrs. After incubation, a drop from seisgion was put by a
pasture pipette on a slide. Result was recorde@rulnght microscope by
observed formation of germ tube.(Evans and Ricloards989).

2.2.3.3: Sugar fermentation test:-

This test was used for detection the abdityCandida spp to ferment
2% of certain sugar (glucose, sucrose, lactosenaaltbse) and production
of CO,. Candida isolates were incubation in fermentation basal ined
(2.1.6.4) contained different sugars in test tubesS?C for 24hrs. The
positive result was recorded by changing the redydlbow color and
production of CQ gas bubbles, in comparison with control.(Fordes
al.,1998)
2.2.3.4: Chlamydospore formation test: -

This test was used for detection and idieation of Candida albicans,
The isolatesCandida were cultured on Corn — meal agar (2.1.6.3) with

tween 80 and incubated at’87for 5 — 7 days. Round blastoconidia bunched



Materials And Methods Ve

together with pseudohyphae or true hyphea were rebdeunder light

microscope. (Barnett. al., 2000)

2.2.3.5: Growth in 45C: -

This test was used for differentiati@andida albicans from other
speciesCandida isolates were used to inoculate test tubes cantai®DB,
then incubated at 42 — %5 for 48 — 72 hrs. After incubatiorGandida
albicans should grow well on this temperature, while othgixse poor or no
growth (Kimet. al., 2002).

2.2.4: Preservation ofCandida albicans: -

The isolates were inoculated on SDA slantsitaioed 0.5mg/ml
chloromphenicol. After incubation at %7 for 48 hrs, the slants placed in
4°C as stock culture. These slants were reculturestyethree months
(Oliver et. al., 1982)

2.2.5: Isolation and identification of Lactic AcidBacteria:-

2.2.5.1: Collection of stool samples: -

Forty-five stool samples were collectednt childrenwith diarrhea.
After that, 1% of samples were cultured in 9ml MB®th (2),%,°) Then,
incubated anaerobically at BT for 48 — 72 hrs. Serial dilution that was
made on these samples in MRS broth. 0.1 ml ofdéstion were spreaded
on MRS — CaC®(2.1.6.6) and incubated at °%&7 for 24 hrs. The arised
colony, which surrounded by clear zone were transfeon MRS agar for

purification. Then, several steps were applied@orty for purity.
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2.2.5.2: Microscopic examination:-

A loopfull of lactic acid bacteria was fixeth @ glass slide, then stained
by gram's stain to examine cells shape, groupimgngeaction and spore
forming. Then cells were described under oil — imsiwn lens of a

compound light microscope. (Garvie and Weiss, 1986)

2.2.5.3: Growth on aesculine cellobiose agar: -

This test was used for identificationlafctobacillus acidophilus. Part of
a colony isolates (2.2.5.1) was streaked on aesxudellobiose agar
(2.1.6.6) and incubated at“for 48 hrs under anaerobic (using anaerobic
jar) condition. The positive results were obserisgdchanging color media

to florescence green. (Hunger, 1986).

2.2.5.4: Growth on MRS — Raffinose agar: -

This test was used for identificationlafctobacillus acidophilus. Part of
a colony isolates was cultured on MRS — Raffinogara2.1.6.7) and
incubated at 3T for 48 hrs. Results were recorded by growinglargoon
this medium. (Hunger, 1986).

2.2.5.5: Catalase test: -
It was performed by adding drops of hydrogerogide (HO,) 3% over
a part of a colony cultured on MRS agar for few nffroduction of gaseous

bubbles indicates a positive results.( Elaheal., 2001).
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2.2.5.6: Gelatin hydrolysis test: -

It was used this test for detection the igbibf bacteria isolates to
hydrolyzed gelatin by stabbing bacteria into tubastained gelatin medium
(2.1.6.9) and incubated at %@ for 5 — 7 days. The positive results were
observed by gelatin liquification (Baren al., 1994).

2.2.5.7: Indole test: -

LAB isolates were inoculated with (2g tryptand 0.5g NaCl in 100 mi
distilled water) and incubated at°87for 3 days. After incubation period,
drops of Kovac's reagent was added to detect thmeatoon of red ring.
(Harrigan and McCance, 1966).

2.2.5.8: Acid and curd production in litmus milk:-

Litmus milk was used for the maintenancéaofic acid bacteria and as
a differential medium for determining the actionbafcteria on milk. LAB
were inoculated with litmus milk media (2.1.6.1@dancubated at 3T for
48 hrs. Positive results were recorded by changinglor to pink or purple
and decrease in pH value (Foreesal., 1998).

2.2.5.9: Production of ammonia from Arganine: -

It was used this test for detected productbammonia from arganine.
LAB were subcultured on MRS broth and incubate87€ for 24hrs. 0.1
ml was transferred to MRS — Arganinie medium (2111% and incubated at
37°C for (5 — 7) days. The production of NHom arginine was determined
by adding Nessler’s reagent and monitored the dewednt of an orange to
red color which indicator the positive results (&pet. al., 2002).
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2.2.5.10: Fermentation of carbohydrate test: -

This test was used for detected the ability of &a&tto ferment
different sugars. LAB isolates was inoculated in tubes contained
fermentation media (2.1.6.8nd incubated at 8C for 24 hrs. After that the
results was compared with control tubes containdg fermentation media
without bacteria. Changing of color from red tolgel indicated the positive
results. (Elainet. al., 2001)

2.2.5.11: Growth at (15 — 45)C: -

LAB isolates was inoculated in tubes contdifdRS — broth and
incubated at 1% or 48C for 24 hrs. After that, turbidity was observedian
compared with control, which incubated af@7Positive results obtained
by growth of LAB (Buck and Gilliland, 1995).

2.2.6: Maintaining of stool LAB isolates: -

2.2.6.1: Working culture: -
MRS — broth was inoculated with LAB isolatsd incubated at 3¢
for 24 hrs. After incubation, 1% CaG®as addednd stored at°C.

2.2.6.2: Primary Stock culture: -

Tubes containing MRS — broth with 20% glycenare inoculated with
LAB isolates. After incubation at 8 for 24hrs, they were stored at — 18 to
—20C.



Materials And Methods YA

2.2.7: Sensitivity ofCandida albicans to antifungal agent and to

determination of minimum inhibition concentration (MIC):-

Ten ml of SDB were inoculated by eaChandida isolates and
incubated at 3T for 24 — 48 hrs. After incubation period, theiatnary
phase was determined by (O.)3) in range from 1.0 to 1.2. Then serial
dilutions was made to obtain %6ell/ml. In other hand, an antifungal
(Nystatin) was diluted to prepared different coricaion, which were
(10,20,30,40,50,60,70,80,9Q)/ml from stock solution (1)(2.¢,% )and
(100,200,300,400, 500y/ml from stock solution (2§2.1.4.6). All these
dilution were made in tubes containing SDB at fimalume 10ml in each
tubes. 0.1ml of 10cell/ml were added to each tubes, then incubat8d’e
for 48 hrs. The result was recorded by determihedactivity of antifungal
drugs onCandida isolates. The suitable concentration was cultore&DA.
After incubation period (at 3T for 48 hrs) the result was recorded and
compared with control (SDB witlCandida isolates) to determine the

minimum inhibition concentration of Nystatin. (Dereand Cawson, 1978).

2.2.8: Determination of inhibitory effect of LAB:-

2.2.8.1: On solid media: -

LAB was cultured on MRS broth and incubate@2C for 48 hrs. then,
LAB was streaked on MRS agar, and incubated unuserabic condition at
37°C for 24 hrs. The agar disc diffusion method waspleged for
determination of antimicrobial activities of LAB @andida albicans. After
incubation, with the aid of cork porer (6 mm), diskthe grown culture
were put on the surface of SDA that was inoculgexviously with 0.1 ml
of Candida albicans and incubated at 3C for 24 — 48 hrs. After that, the
inhibition zone around the disk was measured in XmBektaset. al.,
2004).
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2.2.8.2: In liquid media:-

LAB was inoculated in MRS — broth and incigahat 39C for 24 hrs.
After incubation period,Cell — free supernatants were collected by
centrifugation at 3000 rpm for 40 min. These suptmt was filtrated
through Millipore filter unite (0.22m).

Then well diffusion method was used for dets the activity of LAB
on Candida albicans by plate contain SDA cultured with 0.1 i@handida
albicans by using spreader. After that using cork pore (@)mwells were
made in agar and filled by filtrate of LAB. Thenasvincubated at 3C for
24 — 48 hrs. The inhibition zone around the welswaeasured by (mm) and
compared with control, which contain MRS — broththeut bacteria. The
well diffusion method was repeated with differeahcentration of filtrate to
detect the activity of LAB againsfandida albicans and compared with
control.(Bektaset. al., 2004).

The filtrates of LAB were concentrated fiogeze — dryer which has
equal volume 100 ml of MRS broth inoculated witmILLAB, concentrated
to one fold (50 ml), two fold (25 ml), three fol@iZ.5 ml).

2.2.9: Germ tube assayMairi and Gary, 2004)-

Candida albicans isolates was incubated in SDB in shaker incub@t0
rpm) at 37C for 48 — 72 hrs. Samples were washed in phosphhtiffered
saline (PBS) and resuspended in 100% human sefandida albicans
isolates was diluted in human serum to give a fomcentration of 10
yeast cells/ml. Then (10 pl) @andida isolates was plated into a 96-well
flat-microtitter plate filled by human serum at alwme of 100 pl/well and
plates were incubated at %87 for 2 hrs to induce germination. Adherent
germ tubes formed were fixed by fixative reagertd.@.4), and non —
adherent yeast forms were removed by sequentidiesasith 70% ethanol
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and 0.25% sodium dodecyl sulfate (SD3)(.4.3). Plates were rewashed
two or three times with distiled water. Plates &erxamined

microscopically to ensure removal of non — adheyeast cells.

2.2.10: Determination of inhibitory effects of LABfiltrates on
Candida albicans morphogenesis :-
2.2.10.1: Effects of live LAB orCandida albicans
morphogenesis: -
LAB was inoculated in MRS — broth and inculdatender anaerobic
conditions at 3% for 24 hrs. LAB were added {(10:1), (1:1) and1@)}pl
of LAB / yeast toCandida albicans (was diluted in human serum to obtain
10° cell/ml) at final volume 10Ql of each well and incubated at°g7for 24
hrs.(Mairi and Gary, 2004). Results was recorded depgndn above no

effect of live LAB onCandida albicans.

2.2.10.2: Determination of minimum inhibition conceatration
(MIC) effect of LAB filtrates on Candida albicans
morphogenesis: -

Different dilution of each concentrated filtrategne made in 96-well
flat-microtitter plate containing 100 pl of humaersm of each well. The
various ratio (1,2,4,8,10,20,30,40,50,60,70,80,904)81e added to each well
in the Candida albicans germ tube assay to give final volume 100 pl inheac
well. Then, incubation at 3C for 2 — 24hr. The germ tube formation was
observed and minimum inhibition concentration waednined as the
lower concentration of the filtrates that gave mong tube formation. The
results was recorded by observed that LAB filtrates inhibited formation
of germ tube ofCandida albicans in human serum which represent of more

efficient inducer for germ tube formation.
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3.Results And Discussion

3.1: Isolation and identification of Yeast: -

Fourty five stool samples were collediean children suffering from
(2 — 10) years old with diarrhea. It was found tha¢33.3 %) out of the total
45 samples gave positive for the microscopic exation. These results
were near to those reported by Forétesl., (2001) who found thafandida
species were frequently isolated from stool of diieih with diarrhea but
were not proven to be enteropathogens. ldentiioabf isolates were
carried out according to culture, and morphologiseResults showed that
15(33.3%) isolates belonged to ger@andida, and 4(8.8%) toCandida
albicans according to the related biochemical tests. Foddesal., (2001)
reported thayeast species, predominan@andida, were identified in 39%
of the stools of children with diarrhea and 36%wiit diarrheaOrmalaet.
al., (1992) found that 11% of faecal cultures of imifawere positive for
Candida albicans, while Pederson, (1969) reported th@andida was
detected in up to a 25% stool samples of 5 to B2syeld infants. Moreover,
Gorbach, (1967) proved that during childhood, 121&% of children
examined were carriedandida in the stool, and the proportion increased to
80% in adulthood. Concentration Gandida was positively related to the
antibiotic use and the presence of another enpatbogen, but not with
patient age, nutritional status, or duration ofrdiea. (Forbest. al., 2001).
Oddset. al.,(1989) found tha€andida albicans was increased in patients to
reaches to 72% of faecal yeast isolates from capag&ents. Results of
identification ofCandida albicans could be more discussed according to the

culture, microscopical and biochemical tests dsvaol-
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3.1.1: Morphological examination:-

Morphological examination of the suspectemlates showed that their
colonies were appeared on SDA as white to creamssygl smooth, soft and
circular colony. Such characteristics come in adaoce with those
belonged to genuSandida.

3.1.2:Microscopical examination: -

After parts of the suspected colony grown d»ASwere, separately,
gram-staining on slide and examined under oil ingno@r of the microscope,
cells appeared to be violet oval have short extenshape, budding and

sporeformer.

3.1. 3: Biochemical tests: -

Table (3 — 1) shown that all 4 isolatesCahdida gave positive results
to morphological tests performed (surface growthSipB, formation of
germ tube when cultured in human serum at 2 — 4 kldamydosopre
formation and the growth in 42). Such results are usually related to the
yeastCandida albicans. Results in table (3 — 2) describe the ability of
Candida isolates to ferment of glucose, lactose, maltosd aucrose.
Candida isolates was able to ferment glucose and maltosagi24 hrs., but
not lactose and sucrose. In this regard, Ping (ROG2sted on such above
tests to differentiate o€andida albicans from other species by all these

tests.

3.2: Isolation of lactic acid bacteria (LAB): -
From total forty five stool samples collettérom children with
diarrhea, 7 of them gave colonies surrounded bybitbn zone after

cultured on MRS contained 1% CagO All isolates were negative to



Results and Discussion

- Y.

catalase test except one isolate gave few bublbes \wydrogen peroxide

was added.

Table (3 — 1) Morphological characteristics ofCandida isolates.

Candida isolatd[Surface growf| Germ tube |[Chlamydospr{Growth in 42°C
formation formation
C.1 + + + +/—
C.2 + + + +
C.3 + + + +
C.4 +/— + + +/—
+ = Positive result
+/— = Positive / negative result
Table (3 — 2) Sugar fermentation byCandida isolates .
Candida isolatlf Glucose Lactose Maltose Sucrose
C.1 + - + —
C.2 + — + +/—
C.3 + — + +/—
C. 4 + — + -

+ = Positive fermentation

— = Negative fermentation

+/— = Weak fermentation
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3.3: Identification of LAB: -

3.3.1: Morphological characteristics : -

Colonies of LAB appeared pale, round shap#, mucoid, convex and
surrounded by inhibition zone after cultured on MR€aCQ. When the
LAB isolates were appeared, colonies cultured at@ee cellobiose agar
and MRS - raffinose appeared specific media fomntifleation of L.
acidophilus small white round and fluorescent green, whichpaoperties of

L. acidophilus when grows on those media.

3.3.2: Microscopical examination: -
Lactobacillus grouped in chain {containing (3 — 8) cells, angegred

gram-positive bacilli, non-sporformers}

3.3.3: Biochemical tests: -

Table (3 — 3) contains biochemical tegt&AB. All suspected LAB
Isolates gave negative results for each of catééedegelatin test, and indole
test. Adversely, they were able to produce clotitomus milk medium and
leading to decrease pH value from 6.5 to 4.5 at.tdhe LAB isolates were
unable to produce ammonia from arginine when grawiMRS arginine
broth in spite of addition of Nessler's reagentpc@f broth still orange
without any change. All isolates were unable towgio 15°C while, all
grown in 48C exceptLb. 5 andLb. 10, in addition toLb.4, which grew

slowly at such temperature.
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Table (3 — 3). Biochemical tests of Lactic acid b&aria isolated from

stool samples.

isolateq| Catabhse Gelatin_ relz\lc:tjrgtti?) proAc\ITJiStio Prowth | _Grovvth

hydrclysid| Indole 45°C |lin 15°C
Lb. 1 - — — = + + —
b.3 [ - _ — _ n " =
Lb. 4 +/— - — - + +/— —
Lb. 5 - - - - + — —
Lb. 7 — — — — + + —
Lb. 10 - — - - + - —
Lb. 11| - — _ — n n =

— = Negative result
+ = Positive result

+/— = Slow growth

Carbohydrate fermentation test was perforreeddentify the seven
species ofLactobacillus. The isolates were different in their ability to
ferment carbohydrate sources used in this studyleT® — 4) shows that all
Isolates were able to ferment glucose and lactBsé.unable to ferment
xylose and mannitol. Isolates, which were fermdnotgse and lactose in
addition to raffinose, are identified dsctobacillus acidophilus. While,
those able to ferment all previous sugar (gluctsepse, xylose, manitol,
raffinose) were identified akactobacillus plantarum. On the other hand,
isolates able to ferment all sugar used in thiglystexcept raffinose, were
identified adLactobacillus fermentum.
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Table (3 — 4) Ability of Lactic acid bacteria to fement carbohydrate
source

ils_(fl\gte Glucosd| Lactosq| Xylose| Manitold| Raffinos{| Lactobacillu
Lb. 1 (1)+ (1)+ - - (1)+ |- acidophilug
Lb. 3 1)+ (2)+ 1)+ (2)+ (1)+ ||L. plantarum
Lb. 4 1)+ (1)+ (1)+ (2)+ (3)+ ||L. plantarum
Lb.5 1)+ (2)+ (1)+ 1)+ (3)+ ||L. plantarum
Lb. 7 1)+ (1)+ (2)+ 1)+ - L. fermentum
Lb. 10 1)+ (3)+ (1)+ 1)+ - L. fermentum
Lb. 11 (1)+ (1)+ (1)+ (2)+ - L. fermentum

+ = Positive fermentation
— = Negative fermentation

() = No. of days to change the color.

3.4: Antifungal sensitivity of Candida albicans: -
3.4.1. Determination of minimum inhibition concentration
(MIC):

Antifungal treatment forCandida albicans are limited to three
compounds, mainly azoles, polyenes, and echinosand\zoles such as
fluconazole act on ergosterol biosynthesis as fiatic. Emergence of
resistance to azoles is an increasing problem.eiRely, such as amphotericin
B and nystatin, bind to membrane sterols, leadingpémbrane permeability,
leakage, and cell death. These drugs had cliniGklthcks based on their
toxicity. Echinocandins were a new class of angiainagents that inhibit the

synthesis of 1,3-3-D-glucan, a key component ofcllewall (Gordonet. al.,
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2002). In this study was used nystatin to determisenhibition activity
against isolate (C.2) afandida albicans, which produced highest number of
germ tube. Table (3 — 5) shows the ability of dd#fe Candida albicans
isolates to form germ tube from budding cells. M€ nystatin were 200
ug/ml in liquid media. On solid media, number ofamies reached 16*10
when compare with the original (control) culture31B0* after treatment by
nystatin. Doreen and Cawson, (1978) reported thetdspores oCandida
albicans contains high concentration of both acid phosm®atnd succinic
dehydrogenase which present in cell membrane,dinatg of these enzymes
are changed after 90 min. of exposure to nystatith @nly trace activity

remains.

Table (3 — 5) Ability of Candida albicans isolates to form germ tube in

human serum.

Candida albicans No. of germ tube
isolate formed
C.1 50*10"
C.2 70*10"
C.3 63*10"
C.4 15*10°
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3.4.2:Determination of inhibitory effect of LAB: -

3.4.2.1: On solid media: -

Studying the effect of LAB on fungi are complicatley the fact that
fungi are sensitive to the normal by—products ofBLAetabolism, like
acetic and lactic acids. The observed effectivepnéss antifungal agent is
dependent on the test used. Agar—diffusion metin@dsused for detecting
the effect of LAB onCandida albicans. This method is usually used due to
the fact that antimicrobial synthesis is sometintependent on direct
contact between the indicator and test organisnsgR&997). In the
following experiments, LAB isolated .1, Lb.3, Lb.4, Lb.5, Lb.7, Lb.10,
and Lb.11) were used against isol&€ of Candida albicans. No inhibition
zone was observedhen LAB isolates were propagation on MRS agar
against the yeast isolate cultured, previously DA ST his result was agreed
with that by Ress, (1997) who found that agar giffn method was less
effective method in investigating the inhibitoryfeeft of LAB on Candida
albicans because LAB may not be given sufficient time tqress its
antimicrobial activity and the action to replace timverted agar tends to

smear the streak of the test culture.

3.4.2Y: in liquid media: -

Well-diffusion method was used to deterri@rthe inhibitory effect of
LAB isolates onCandida albicans by filling the wells with SDA palate
which is cultured by th€.2 with the filtrate of three LAB isolateslq.1,
Lb.5, Lb.7). Selection of these isolates depended upon dugiity number
of colonies produced. Plate (3 — 1) shows that mfubition zone was
formed. This result was disagreed with Ress, (1999 found that the
filtrate of a culture oLactobacillus acidophilus was able to slightly retard

growth ofCandida albicans, while agreed with the result of Ogunbaneio



Results and Discussion - £4 .

el., (2003) who reported thdtactobacillus plantarum and L. brevis were

unable to inhibitedCandida albicans.

3.5: Inhibitory effect of LAB filtrate on Candida albicans: -

3.5.1: Effects of live LAB onCandida albicans morphogenesis-
Candida albicans is a dimorphic yeast, with the ability to grow bats
yeast and as a hyphae. Conversion to the hyphat ferrequired for
virulence and invasiveness in viv@andida albicans morphogenesis is
regulated by multiple signals and signaling patrsvdjowever, signals that
control morphogenesis in vivo are unknown. LAB ordt supernatants as
well as live LAB were inhibitedCandida albicans morphogenesis (Mairi
and Gary2004. When effect of LAB isolates on formation of gernbéuby
Candida albicans was investigated in induction media (human serum),
results declared that no inhibitory activity wasaeled by all lactic isolates
tested onC.2 isolate of Candida albicans as shown in figure (3-1).
This may be related to the inability of LAB cells &dhere to the receptor
site of pathogen (germ tube) and block them. Surthinfgs were agreed
with those of Mairi and Gary(2004 who reported that live LAB can
inhibited Candida albicans morphogenesis. This inhibition was not due to
competitive exclusion, because LAB do not adher€aadida albicans,

which cultured on tissue culture plastic.
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L. acidophilus

L. plantarum

L. fermentum

Plate (3 — 3 Inhibitory effect of L. acidophilus, L. plantarum and L.

fermentum against Candida albicans C.2 isolates in liquid media (MRS
broth) after 24 hrs.

A Inhibitory effect of LAB isolates against Candida albicans C.2 isolates on solid
media. B: MRS broth control. C: LAB isolates concentrated filtrate one fold. D:

LAB isolates concentrated filtrate two fold. E: LAB isolates concentrated filtrate
three fold.
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O (human serum ) control
O Lactobacillus acidophilus,
B Lactobacillus fermentum

O Lactobacillus plantarum

\O
=)
!

Germination (%)

human serum)
control

L. acidophilus . L. fermentum L. plantarum

Isolates

Figure (3 — 1)Effect of live LAB on Candida albicans morphogenesis.

Candida albicans isolate was grown in induction media (human seram)
37°C for 2 — 4 hr.
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3.5.2:Effect of LAB filtrates on Candida albicans
morphogenesis: -

LAB are known to inhibitCandida albicans colonization to the
epithelium of the gastrointestinal tract and subse¢ hyphal invasion and
systemic infection. Depending on such prope@gndida albicans germ
tube assay was used to determine the MIC of LABaise on formation of
germ tube (Mairi and Gary, 2004). For this purpaseious dilutions of the
three — fold concentrate filtrates of LAB isola{éb. 1, Lb. 5, Lb. 7.) were
prepared. Results of table (3 — 6) show that ditutof 1% to 10% filtrate
had no effect on germ tube by the yeast. Filtrdtén 1 in the dilutions
30% and up cause complete inhibition of germ tutmen&tion by isolate
C.2. Dilutions of 60% and above were needed otidihs ofLb. 5 filtrate to
gave similar effect orC.2 isolates. On the other hand, fdo. 7 filtrate
dilutions 40% were required for completely inhikitef growth of C.2
isolates. Depending on above results, filtrate dilutions; (20%) of Lb.1, (50%)
of Lb.5, and (30%) of Lb.7 was recorded as the MfGhe LAB isolates
againstCandida albicansisolateC.2. Figure (3 — 2) illustrates occurrence of
complete effect of LAB isolates on germ tube foromatby Candida
albicans isolateC.2 in comparison to the contralgndida albicans isolates
previously grown in human serum). While Plate (3)-shows formation of
germ tube byCandida albicans isolateC.2 when grown in human serum as
well as the effect of LAB on it after treatment kvdifferent dilutions of the
LAB three — fold concentrate. This result was adregh Timothy, (1997)
reported that ingestion of probiotic organisms sueh Lactobacillus
acidophilus has been used for treating candidiasis, which chlog€andida
albicans. Also Douget. al., (1997) when their study the effect of probiotic
bacteria to reduce candidiasis infection in miaynd that the prolonged
survival of mice, decreased severity of mucosal sygtemic candidiasis,

modulation of immune responses, decreased numbe€r albicans in the
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alimentary tract, and reduced numbers of orogastfections demonstrated
not only that probiotic bacteria have biotherapepbtential for prophylaxis
against and therapy of this fungal disease but #ilab probiotic bacteria
protect mice from candidiasis by a variety of immlagic (thymic and

extrathymic) and nonimmunologic mechanisms in thaslel.

Table (3 — 6) Minimum inhibition concentration of LAB filtrates against

Candida albicans isolateC.2.

MIC
Percentage of three — fold concentrated filtrate
1, 24| 8]10]20,30),40| 50| 60| 70|80
LAB isolates
Lb. acidophilus| + | + | + | + | + | +| —| —=| —-| - - -
Lb.plantarum | + | + | + | +| + | +| + | +| +| —-| -—-| -
Lb.fermentum | + | + | + | + | +| +| + | —| =] = -] -
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OH.S./MRS
O Lactobacillus acidophilus
B L actobacillus fermentum

O Lactobacillus plantarum
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e [
H.S./MRS L.acidophilus ! L. fermentum L. plantarum

Isolates

Figure (3 — 2) Effect of LAB filtrate on Candida albicans

morphogenesis.Candida albicans isolate was grown in induction media
(human serum) at 8 for 2 — 4 hr.
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B/

Plate (3 — 2) Inhibitory effect of LAB isolates orCandida albicans germ
tube formation under light microscope at (400x).

A: Control (Candida isolate of grown in human serunB: After treatment
of Candida albicansisolateC. 2 with three — fold concentrated LAB filtrates
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