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Bacillary dysentery caused by Shigella is one of the most important factors
characterized by acute diarrhea in developed and developing countries. Probiotics reduce
intensity risk of intestinal diseases. This study evaluates influences of Lactobacillus
casei and Lactobacillus fermentum metabolites against Shigella Flexneri isolated from
clinical samples. Antibiotic resistance of clinical samples of Shigella and Lactobacillus
casei and Lactobacillus fermentum were assessed using agar-based minimal inhibitory
concentration assay. 34 clinical samples of Shigella flexneri from patients were assayed
for the antimicrobial activity of Lactobacillus metabolites using broth micro dilution
method, minimal inhibitory concentration (MIC) and minimal bactericidal concentration
(MBCQ). Standard bacterial growth curves were drawn up by performance of turbidometric
measurements to compare antibacterial effects of Lactobacilli metabolites against clinical
samples. Antibiogram was carried out for 34 samples with positive culture. Antibiotic
resistant bacteria were revealed for tetracycline, streptomycin and tobramycin. In this
study chloramphenicol, tobramycin and amikacin resistance in Lactobacillus casei were
detected and Lactobacillus fermentum was resistant to ceftazidime, tobramycin and
amikacin. MIC and MBC of Lactobacillus casei against Shigella flexneri was 62.5 and
62.5. MIC and MBC of Lactobacillus fermentum against Shigella flexneri were 62.5, 15.6
respectively. It shows that Lactobacillus casei and Lactobacillus fermentum can be used
as probiotic candidate against Shigella flexneri.
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Shigella belongs to the order
Enterobacteriaceae, species of which are normal
inhabitants of the human intestinal tract and can
cause dysentery. Shigella species are classified
by four serogroups, S.dysenteriae, S.flexneri,
Sboydii and S.sonnei!. Significant amounts of

* To whom all correspondence should be addressed.

mucus and blood accompanied by diarrhea,
abdominal pain, rectal pain, fever and tenderness
of upper abdominal are clinical features of infection
with inflammatory, invasive diarrhea caused by
Shigella'>. Shigellosis is a self-limited disease®,
but the results in international research centers
showed that 7% of patients afflicted with fatal
infection®. Shigellosis is highly contagious and a
single patient can infect 10 or more people in a
year while less than 200 Shigella organisms are
required for aninfection®. It can be spread in
communities with low health standard. This
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characteristic and several other factors raised
Shigella as military health risks®

Many different ways of contamination
and using antibiotics to treat shigellosis can
actually make the germs more resistant in the
future?. Widespread overuse and inappropriate use
of antibiotics leads to drug-resistant bacteria
therefore provision and codification of a protocol
for prevention and treatment are mandatory under
natural patterns’. Application of antibiotics for
treatment and prevention not only develop drug
resistance® but disturb the indigenous and natural
microflora of the gastrointestinal tract,
consequently the body exposed to different
intestinal diseases like diarrhea’. On the contrary
oral probiotics as microorganism can suppress the
microbial pathogen and can help regulate and boost
the immune system!?. Probiotic organisms are live
microorganisms commonly consumed as part of
fermented foods or as dietary supplements that
inhibit the growth of harmful bacteria and play the
role of prevention in different parts of the body
included gastrointestinal system and urinary-
reproductive system!''",

Different strains of Lactobacillus like

lactobacillus casei and lactobacillus fermentum
were found to be very active. Some of useful effects
and roles of probiotics are: improving the balance
of flora and promoting good digestion in the
gastrointestinal tract, making good health and
vitality of urogenital system, boosting immune
function, inhibiting pathogens and toxin producing
bacteria and improving the nutritional value of
fermented foods!*".
The antagonistic interactions between some
bacterial strains producing lactic acids were
reported initially by Pasteur and Joubert in 1908.
They used them in treatment of gastrointestinal
tract. It has been shown that the most effective
factor in the mechanism(s) of the antibacterial
activity of probiotic Lactobacillusstrains appears
to be lowering the pH by producing lactic acid and
antibacterial compounds and its effect on protein
expression to survive passage through the
gastrointestinal tract'®17.

Nowadays Lactic acid bacteria such as
Lactobacillus casei and lactobacillus fermentum
have been shown to be effective in the treatment
and prevention of acute diarrhea with lowest side
effects'”.
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However, the primary and secondary
antimicrobial metabolites produced in different
stages of bacterial growth are considered as an
effective agent to inhibit growth of putrefactive,
corrosive, toxic and pathogenic agents's.

The rise in antibiotic resistance and
overuse of antibiotics reduce the intestinal normal
flora by replacing pathogens such as Shigella,
consequently increase the probability of infection.
According to resistance of bacteria to different
antibiotics and also in order to decreasing
antibiotic uptake it is necessary to use alternative
compounds(19). Probiotics produce numerous
metabolites that can be a good candidate for this
purpose. The purpose of this study is that using
these probiotics as an alternative to antibiotics
will lie in the prevention of damage to the intestinal
microflora following antibiotics and also can kill
harmful and pathogenic bacteria in intestine. It
plays a significant role in enhancing immune system
against pathogens®.

This study was carried out to detect and
evaluate antimicrobial activity of Lactobacillus
casei and Lactobacillus fermentum as probiotics
against microorganisms producing bacillary
diarrhea, Shigella flexneri(as agent of bioterrorist
attack). It is worth mentioning that Lactobacillus
casel and Lactobacillusfermentumact as probiotic
agents in antimicrobial function.

MATERIALSAND METHODS

Lactobacillus casei and Lactobacillus fermentum
preparation, biochemical aspects of the culture
and preparation of Lactobacillus metabolites

Lactobacillus casei (PTCC 1608) and
Lactobacillusfermentum (PTCC 1638) used in the
present study were obtained from Iran laboratory
reference center of Iranian Research Organization
for Science. These strains were transferred to
research laboratory and inoculated in MRS Broth
media (Deman-Rogosa-Sharpe Broth) (30912 Fluka,
Sigma-Aldrich GmbH, US). These media were
incubated for 48 hours at 37°C in the anaerobic jar
containing a gas pack generating an atmosphere
of 5% CO2. Identification of LactobacillusBacteria
using biochemical tests and gram stain test was
performed.

The metabolites produced by bacteria
were isolated from the supernatant fluid by
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centrifuging at 15000xg. The supernatant was
passed through a 45 pm filter and serial dilutions
for bacteria testing were prepared by sterile water.
Shigella flexneri preparation, biochemical and
serological characteristics of the culture

Sampling was taken from suspicious patient
at hospital and laboratory by specialist. Collected
samples transferred to laboratory in appropriate
media, then cultured on XLD medium (Merck,
Germany). Then the suspicious colonies transferred
to TSI media (Merck, Germany). In addition to proper
colony isolation, both biochemical testing such as
Urea and Motility testing and serological testing like
monovalent Shigella antisera (Bahar-Afshan
Company, Iran) must be performed to properly identify
Shigella strains.
Antibiogram test of Lactobacillus casei and
Lactobacillus fermentum, Shigella flexneri

For Lactobacillus casei, Lactobacillus
fermentum and 30 clinical samples of Shigella
antibiogram test using the disc diffusion
methodology carried out by following antibiotics:
Streptomycin, Co—amoxiclave, Nalidixic acid,
Ceftazidime, Tetracycline, Tobramycin, Ticarciliin,
Cefotaxime, Ceftriaxone (Padtan Teb Company,
Iran)(21).
Agar Well Plate Method

A well was made in each 34 plates with
sterile borer (5mm).Lactobacillus casei and
Lactobacillus fermentum metabolite (100 pl) was
introduced into the well and then a 0.5 McFarland
suspension of Shigella(80 ul) poured on the
surface of the plates. The petri dishes were
incubated at 37°C for 48 hrs. All samples were tested
in triplicates. Microbial growth was determined by
measuring the diameter of zone of inhibition in
millimeters®.
Determination of MIC and MBC of the
metabolites for Lactobacillus casei

In this method, round-bottom wells of 96-

well plates with a volume of 300 }_L]. were used. A

range of concentrations of Lactobacillus from 0.12
ul/ml to 250 pl/ml were prepared using medium
Mueller Hinton Broth (Merck, Germany). 200 pl of
different concentrations and then 100 pl of the
bacterial suspension were added to each well. The
final concentration of bacteria in each well was
(0.5-1)x10° CFU/ ml.

The plates were incubated at 37°C for 24

hours. Clinical and Laboratory Standards Institute
(CLSI) has suggested methods to determine the
susceptibility of microbes(23). MIC values were
detected by ELISA reader. Furthermore the
conventional colony count method for determining
minimal bactericidal concentration (MBC) was
performed. The results were drawn up on the curve.
Microbiological Turbidimetric Method for the
Assay of Lactobacillus casei

One milliliter of Lactobacillus casei
metabolite exposed to 500 milliliter of 1 McFarland
suspension of each clinical samples individually.
The wavelength at which turbidity was measured
to achieve maximum detection were 650 nm, over 0O,
2,4,6,12,20 & 24 hrs exposure time. The results of
30 samples were drawn up on the curve.
Statistical Analysis

The data and results were analyzed using
chi - square and Fisher with SPSS software version
17. All data were expressed as mean. For
comparison of quantitative data mean between
groups ANOVA test (one-way analysis of variance)
and Tukey were used. A value of P<0.05 was
considered statistically significant for all tests.

RESULTS AND DISCUSSION

Detection of Shigella flexneri phenotypes

From clinical samples of the patients with
acute diarrhea, 34 samples were separated. Shigella
flaxneri were diagnosed by serological and
biochemical tests.

Antibiogram Test Results of Lactobacillus casei
and Lactobacillus fermentum and 34 Clinical
Samples Shigella flexneri

The antibiograms of 34 cases of positive
cultures related to Shigella flaxneri illustrated
97.06% of resistance to Tetracycline, 91.17% of
resistance to Streptomycin, and 17.65% of
resistance to Tobramycin. Significant level was
considered as a value of P<0.05. The results have
been shown in table 1.

Antibiogram test by disk diffusion

method has been done for Lactobacillus casel and
Lactobacillus fermentum. The results have been
presented in table 2.
The Results of Antimicrobial Activity of
Lactobacillus casei against Shigella flexneri:
The Results of Well plate method

Agar Well Plate Method demonstrated
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that 94.20% of the samples were sensitive to
Lactobacillus casei (Fig.1-A) and
Lactobacillus fermentum (Fig.1-B) and
inhibition of the bacterial growth were
measured in the average of 19 mm. Only two
samples of Shigella flexneri were resistance
to Lactobacilli. According to the reports,
produced zones of bacterial growth-inhibition
were not appeared in the first 24 hrs of
incubation time. Diameter of inhibition zone
was recorded and the results were analyzed
by SPSS software version 17. There is
statistically significant difference between the
results) P<0.05. To determine the MBC, of the
wells that were not blurred, positive and
negative control samples were cultured on the
NB Media. After 24 hours MBC was
investigated based on minimum antimicrobial
concentration that prevents the growth of
bacteria on the surface of the plate®.
The Results of Microbiological Turbidimetric
Method

According to the Standard bacterial
growth curve in the control group, the optimal
conditions for the growth of Lactobacillus
fermentum, Lactobacilluscasel and clinical samples
of shigella were observed in the first day. In the
second group, exposure of Lactobacillus
metabolites to the clinical samples of Shigella
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flexneri had been found a highly significant
decrease in the bacterial growth (Graph 1-2).

The Results of MIC and MBC of Lactobacillus
casei and Lactobacillus fermentum Metabolites

The results for the minimum inhibitory
concentration (MIC) and minimum bacteriostatic
concentration (MBC) of Lactobacillus casei
against Shigella flexneri using micro dilution
method was 62.52ul/ml and 62.52 pul/ml respectively.

MIC and MBC of Lactobacillus
fermentumagainst Shigella flexneri were 62.52 and
15.67ul/ml respectively. A value of P<0.05 was
considered statistically significant.

In Microdilution method MIC values were
analyzed, both visually and by enzyme-linked
immunosorbent assay reader (TECAN, Sunrise).
The results were consistent and reliable to each
other.

Probiotic organisms are live
microorganisms thought to be used in treatment
and prevention of some infectious diseases.
Probiotics serve as a barrier for the colonization of
pathogens to prevent disease, spread and
invasion of bacteria in the organs which can be
settled (8, 3). Several studies showed that
Lactobacilli have positive role in treating and
preventing of gastrointestinal system disorders.
Lactobacilli are able to be connected to human
and animal epithelial cells in gastrointestinal

Table 1. Antibiogram Test of Shigella flexneri separated from Clinical Samples

Abb. of Antibiotic S AMC NA CAZ TE TOB TIC CTX CRO
Number of antibiotic sensitivity strain 3 14 21 32 1 28 31 30 31
Number of Intermediate strain 0 10 0 1 0 0 0 1 0
Number of antibiotic resistance strain 31 10 13 1 33 6 3 3 3
Antibiotic sensitivity% 8.83 41.17 61.76 94.12 294 8235 91.17 88.23 91.17
Intermediate strain% 0 29.41 0 2.94 0 0 0 2.94 0

Antibiotic resistance%

91.17 2942 3824 294 97.06

17.65 883 883 8183

A value of P<0.05 was considered statistically significant. (S: Streptomycin, AMC: Co-amoxiclave, NA: Nalidixic Acid,
CAZ: Ceftazidime, TE: Tetracycline, TOB: Tobramycin, TIC: Ticarciliin, CTX: Cefotaxime, CRO: Ceftriaxone)

Table 2. Antimicrobial activity disk diffusion method for two strains of Lactobacillus

Antibiotic Chloramphenicol =~ Tobramycin Amikacin Ceftazidime Ceftriaxone
Abb. of Antibiotic name C TOB AN CAZ CRO
Lactobacillus casei R R R S S
Lactobacillus fermentum S R R R S
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system!®. Toba et.al tested culture supernatant  monitored in different times and a rapid decline in
fluids of different Lactobacilli against pathogenic  cell number was recorded.

bacteria like Listeria monocytogenes, Salmonella In this study metabolites of
and Staphylococcus aureus. Turbidity was  Lactobacillus casei and Lactobacillus fermentum

Fig. 1. Zone inhibition of growth of shigella against Fig. 2 Zone inhibition of growth of shigella against

produced by different concentration of CFS from L. casei produced by different concentration of CFS from
by agar well diffusion method. a: MRS(100 pl/ml), L.fermentum by agar well diffusion method.
b: CFS(10 ul/ml),c:CFS(50 ul/ml), d: CES(100 ul/ml) a: MRS(100 ul/ml), b: CFS(10 pl/ml),

¢:CFS(50 pl/ml), d: CFS(100 ul/ml)

-+ 5. flx

#-L.ferm

Log CFU/mi

time

Graph 1. Growth curve of Shigella flexneri and Lactobacillus fermentum
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Log CFU/mi

S, flx
& |.casei

time

Graph 2. Growth curve of Shigellaflexneri and Lactobacillus casei

were tested against pathogenic strains obtaining
from clinical samples and turbidity measurements
determined that the metabolites prevent bacterial
growth and decline its turbidity considerably.

Hirano et al have studied on the
antibacterial activity detected in supernatant fluid
of Lactobacillus plantarum, Lactobacillus sakei
and Lactobacillus curvatusin plate by WDA
method. Inhibition zones of these substances
presented inhibition effects on a vast range of
pathogen bacteria like Yersinia enterocolitica and
Listeria.

In present study Lactobacillus casei and
Lactobacillus fermentum showed antimicrobial
activity against Shigella flexneri in clinical samples
and Lactobacilli metabolites against human
pathogenic bacteria displayed notable and
significant size of the zone of inhibition.

According to the results of this study, it
is obvious that Lactobacillus casei and
Lactobacillus fermentum can inhibit Shigella
flexneri growth as human pathogenic agent and it
can be a good candidate as a probiotic factor
against invasive, inflammatory and toxigenic
diarrhea. It also recommended that metabolites from
Lactobacillus casei culture and cell body can be
used against pathogenic bacteria including
intestinal pathogens like Shigella flexneri and its
products are active in hard temperature conditions
and common antibiotics, its antibacterial activities

remain constant and stable.
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