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Lactobacillus plantarum B7 Improved Salmonella Typhimurium
Developed Diarrhea in Mice
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ABSTRACT

AIM: To determine the effects of Lactobacillus plantarum B7 (L. platarum B7) reduces pro-inflamma-
tory cytokines (TNF-a level, Interleukin-6level and CXCL1 level) and attenuates the physical symptoms of S.
Typhimurium induced diarrhea in mice.

METHODS: Male albino mice were randomly divided into 3 groups: control group (n=8), mice were
fed with 1 mL of 0.85% saline by oral gavage feeding. Salmonella group (n=8), mice were fed with 3x10° CFU of
S. Typhimurium 1 mL suspended in 0.85% saline, and Salmonella +LP group (n=8), mice were fed with 1x10° CFU
of L. plantarum B7 suspended in 0.85% saline. After 2 hours, mice were fed with 3x10° CFU of S. Typhimurium
suspended in 1 mL of 0.85% saline for 3 consecutive days. All groups received a 3-day pre-treatment with strepto-
mycin suspended in drinking water (5 mg/mL). The body weight of mice were measured and recorded daily. After
3 days, fresh specimens of feces were collected for stool culture and colony counts to assess S. Typhimurium
infection. Blood samples were also collected to determine TNF-a level, Interleukin-6 and CXCL1 levels. Fecal
characteristics and the percentage of fecal moisture content (%FMC) were measured.

RESULTS: The quantitative of S. Typhimuriumin in fecal specimens significantly decreased in the Sal-
monella + LP group compared with the Salmonella group (7.4.2+0.05 vs 8.86+0.02 CFU, p<0.05). The levels of
TNF-a, IL-6 and CXCL1 significantly increased in the Salmonella group compared with the control group
(128.59£12.82 vs. 53.494+8.90, 144.4448.91 vs. 66.51+4.04, 96.09+10.81 vs. 32.32+4.54 pg/mL respectively, p<0.05)
and significantly decreased in the Salmonella+LP group compared with the Salmonella group (36.1549.22 vs.
128.59+12.82,70.36+5.37 vs. 144.44+8.91, 35.404£2.77 vs. 96.09£10.81 pg/mL respectively, p<0.05). Fecal consis-
tency was soft or loose in the Salmonella group, and was rod-shaped and dark in the Salmonella+LP group. Fecal
moisture percentage (%FMC) significantly increased in the Salmonella group compared with the control group
(43.2442.05% vs. 14.19£1.57%, p<0.05), and significantly decreased in the Salmonella+LP group compared with
the Salmonella group (24.65+2.08% vs. 43.24+2.05%, p<0.05).

CONCLUSIONS: Oral administration of L.plantarum B7 can inhibit S. Typhimurium growth, decrease
pro-inflammatory cytokine levels, attenuate inflammatory response and improve fecal moisture. L.plantarum B7
can prevent S. Typhimurium diarrhea in mice.

Key words : Lactobacillus plantarum B7; Salmonella Typhimurium; Salmonella diarrhea

[Thai J Gastroenterol 2015, 16(2):68-75.]

! Department of Physiology, Faculty of Medicine, Chulalongkorn University, Bangkok 10330, Thailand.

2Department of Microbiology, Faculty of Medicine, Chulalongkorn University, Bangkok 10330, Thailand.

Addpress for Correspondence: Professor Dr. Duangporn Werawatganon, M.D., Department of Physiology, Faculty of Medi-
cine, Chulalongkorn University, Bangkok 10330, Thailand.
Telephone: +662-256-4267 Fax: +662-256-4267



Wongsen S, et al.

INTRODUCTION

Salmonella Typhimurium is an enteropathogen in
the family of Enterobacteriacea. 1t is a gram-negative,
rod-shaped non-spore-forming, facultative anaerobic
bacteria belonging to the species Salmonella enteric.
Like other Enterobacteriaceae, S.Typhimurium pro-
duces acid on glucose fermentation, reduces nitrates,
and does not produce cytochrome oxidase(!), and is a
member of group-B of Salmonella based on sharing of
O- antigens. The outer membranes of S. Typhimurium
consist of lipopolysaccharides (LPS) or somatic-O
which is the basic component serovars in the classifi-
cation of Salmonella bacteria based on the somatic-O
and flagella-H antigens as described by Kaufmann-
White scheme®. S. Typhimurium is an important
pathogen for human and warm- blooded animals. tox-
icity and ability to alter the host immune response and
the inflammatory reaction®. Salmonella Typhimurium
is a major cause of acute gastroenteritis and entero-
colitis with or without bacteremia®. Common mani-
festations include frequent loose or watery stools diar-
rheal with excess luminal loss of water, electrolytes,
fat, and other substances, and total stool passage of
more than 200 g stool per day(5-¢). Inflammation dam-
ages to the intestinal mucosal lining especially the brush
border leads to water and electrolyte leakages as well
as decreased reabsorption of these substances. Nau-
sea, vomiting, abdominal pain, fever and muscle weak-
ness commonly occur 12-72 hrs after the onset of diar-
rhea(?). Symptom usually last 4 to 7 days in most pa-
tients, and recovery may follow ever without treatment.
In some cases, diarrhea can be severe with passage of
bloody stool from severe mucosal damage. S.
Typhimurium septicemia can also develop which is
potentially fatal.

Worldwide, S. Typhimurium infection is indeed
a common cause of death and the second most com-
mon cause of infantile mortality(®. In 2009, WHO an-
nounced that diarrhea was the cause of 1.1 million
deaths in children 5 years old and over, and 1.5 million
deaths in children under 5 years old®). Currently, there
are approximately 94 million worldwide cases of Sal-
monella inflammatory diarrhea, causing around
150,000 deaths(10.1D_ Treatment of Sa/monella diarrhea
comprises antibiotics and intestinal anti-inflammatory
agents. Intestinal anti-inflammatory agents are used to
reduce inflammatory response and improve mucosal
barrier function of the intestine. Ampicillin, cefotaxime,
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chloramphenicol and ciprofloxacin are antibiotics com-
monly used in the treatment of Salmonella infection(12),
Adverse effects of antibiotic and intestinal anti-inflam-
matory agents include nausea, vomiting, stomach
cramps and allergic reactions. Disruption of normal gut
flora may lead to drug interaction ever tendon and kid-
ney damages(13). The issue of antibiotic-resistant Sa/-
monellosis can create further problems (14),

Probiotics have recently provided an alternative
treatment approach for Sa/monella diarrhea. Probiotics
are live natural microorganisms which, when admin-
istered in adequate amounts, confer a health benefit on
the host(15). They are present in the normal human di-
gestive tract and help maintain the balance of normal
intestinal flora(19). There are many strains of probiotics,
including Lactobacillus rhamnosus GG, Lactobacillu
reuteri, Lactobacillus casei, Lactobacillus acidophi-
lus CL128S5, Escherichia coli strain Nissle 1917, cer-
tain bifidobacteria and enterococci (Enterococcus
faecium SF68) and certain yeasts such as Saccharo-
myces boulardii. Probiotics can inhibit growth and
metabolic activity of pathogenic enteric bacteria (e.g.
Salmonella, Shigella, E. coli, or Vibrio cholerae)(17.
The mechanisms involved in the probiotic treatment
and prevention of diarrhea include protection of the
intestinal epithelial barrier function, regulation of the
intestinal microbial environment, and modifications of
natural commensal probiotic bacteria to enhance diar-
rhea prevention. Lactobacillus plantarum is a gram-
positive bacteria of the Lactobacillaceae family found
in human gastrointestinal tract as well as female re-
productive system(8). Lactobacillus is used in food
industry for fermentating food and beverages such as
yogurt, cheese, pickles, beer, wine, cider, etc. Lacto-
bacillus plantarum is mostly used in medicine as
biotherapeutics for the prevention and treatment of
various gastrointestinal disorders, including Sa/monella
infection and diarrhea(1%-2D), Certain Some strains of
Lactobacillus plantarum can inhibit growth of patho-
genic bacteria(?2), prevent bacterial adhesion to
enterocytes, prevent invasion of enteropathogens into
intestinal epithelial cells(3), induce confer anti-inflam-
matory and immunomodulatory activities resulting in
reduction of inflammatory response(24.25), and enhance
the intestinal barrier function to prevent diarrhea(26),
L. plantarum has also been used to reduce allergenicity
from soy flour(27,

The aims of the present study were determine the
protective effects of Lactobacillus plantarum B7 on
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Salmonella Typhimurium against the development of
diarrhea, to investigate the mechanism of inflamma-
tory response, and to observe the physical symptoms
of Salmonella Typhimurium infection in mice.

MATERIALS AND METHODS

Ethics

The study was approved by the Ethics Commit-
tee of the Faculty of Medicine, Chulalongkorn Uni-
versity, Bangkok, Thailand. All experiments and pro-
cedures were carried out in laboratory mice and were
conducted in accordance with the guidelines for study
in experimental animals issued by the National Re-
search Council of Thailand (1999).

Animal preparation

Male albino mice weighing 20-25 grams were pur-
chased from the National Laboratory Animal Center,
Salaya Campus, Mahidol University, Nakornpathom,
Thailand. The mice were kept at a controlled room tem-
perature of 25 £ 1°C with 12:12 hour light-dark cycle.
All animals received proper care in accordance with
guidelines laid down by the Ethical Committee, Fac-
ulty of Medicine, Chulalongkorn University, Bangkok,
Thailand.

Bacterial preparations

Salmonella Typhimurium ATCC 13311 was
grown on Salmonella-Shigella agar (SS agar) (Oxoid,
Basingstoke, United Kingdom). The plates were incu-
bated at 37°C under aerobic conditions for 24 hours.

Lactobacillus plantarum B7 was isolated from a
dyspeptic Thai patient at King Chulalongkorn Memo-
rial Hospital, and was stored in de Man-Rogosa-Sharpe
(MRS) broth (Oxoid, Basingstoke, United Kingdom)
with 20% glycerol at -80°C. This strain was recovered
from a frozen stock and cultivated twice on MRS agar
anaerobically (10% CO,, 10% H, and 80% N,) in an
anaerobic jar at 37°C for 48 hours.

Experimental protocol

Albino male mice were randomly divided into 3
groups. Group 1 (Control group, n=8): The mice were
fed with 1 mL 0.85% saline by oral gavage feeding
once daily for 2 days, and there after housed with free
access to water and standard food. Group 2 (Sa/mo-
nella group or S group, n=8): The mice were fed with
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3x10° CFU S. Typhimurium 1 mL suspended in 0.85%
saline by oral gavage feeding once daily for 2 days,
and there after housed with free access to water and
standard food. Group 3 (Salmonella +LP group n=8):
The mice were fed with 1x10° CFU L. plantarum B7
suspended in 1 mL 0.85% saline by oral gavage feed-
ing. Two hours after treatment with L.plantarum B7 2
hour, the mice were fed again with 3x10° CFU 8.
Typhimurium suspended in 1 mL 0.85% saline by oral
gavage feeding daily for 2 days, and there after housed
with free access to water and standard food.

All experimented mice were pre-treated with
streptomycin suspended in drinking water (5 mg/mL)
daily for 3 days, followed by treatment with 3 x 109
CFU S. Typhimurium 1 mL or 1 x 10° CFU
L.plantarum B7 suspended in 1 mL 0.85% saline by
oral gavage feeding.

The body weight and physical symptoms includ-
ing activities and fecal moisture content of each ani-
mal were recorded daily. After treatment with 3x10°
CFU S. Typhimurium 1 mL or 1 x 10° CFU
L.plantarum B7 daily for 2 days, fresh fecal specimens
were collected to search for S. Typhimurium infection
by stool culturing with colony counting and measure-
ment of fecal moisture. The mice were finally sacri-
ficed with a lethal dose of intraperitoneal thiopental
sodium injection. Blood samples were collected from
cardiac puncture to determine TNF-o level, IL-6 level
and CXCLI1 level in the serum, using enzyme-linked
immunosor-bent assay (ELISA) method.

Determination of Salmonella Typhimurium in
feces: Stool culture

Fresh fecal sample (1 gram) was homogenized in
phosphate buffer saline (PBS) pH 7.4 400 uL and se-
rial dilutions (10-1-10-7) were prepared. A suspension
of 100 uL was plated on SS agar by a spreader tech-
nique and incubated at 37°C for 24 hours. of approxi-
mately 30 colonies Salmonella Typhimurium were
counted to confirm that the selected colonies were truly
Salmonella Typhimurium. A single colony from the SS
agar plate was inoculated onto TSI slant agar and in-
cubated at 37°C for 24 hours. The appearance of colo-
nies on TSI agar test was determined and Salmonella
Typhimurium confirmed by serological test using Sa/-
monella group B antibodies.

The number of Salmonella Typhimurium in each
sample was calculated with following equation:
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Number of colonies
on plate X reciprocal
of dilution sample

Number of bacteria / mL (CFU/mL) =
Volume of sample

Determination of serum cytokine levels

Blood samples were collected via cardiac punc-
ture and allowed to clot over 2 hours at room tempera-
ture before 20-minute centrifuging at approximately
1000 x g. The serum was then removed and stored at -
80°C for further determination of TNF-a, IL-6 and
CXCL1 levels using an enzyme-linked immunosorbent
assay (ELISA), ELISA kit.

Determination the fecal moisture content

The percentage of water in the fecal sample was
determined by drying the sample to a constant weight
using a microwave oven drying. The weight of fresh
fecal sample was recorded as the “wet weight of
sample”. The wet sample was then dried at 100°C for
15 minutes, using hot air oven, followed by cooling.
The weight of a cooled sample was recorded as the
dry weight of sample”(28-29),

The percentage of moisture content of the sample
was calculated using the equation:

A-B
% Moisture in the sample = —  x100

A =Weight of wet sample (grams)
B = Weight of dry sample (grams)

Statistical analysis

Descriptive statistics was used in this study. The
data were presented as mean and standard deviation
(SD). Comparisons between groups of animals were
using one-way analysis of variance (one-way ANOVA)
and Tukey post-hoc comparisons. Differences at p<0.05
were considered statistically significant.

REsuLTS
Concentration of S. Typhimurium in fecal speci-
men

S. Typhimurium concentration in 1 gram of fecal
specimen significantly increased in the Salmonella
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group compared with the Control group (8.8620.02 vs.
0.0020.00 CFU, p< 0.05), but decreased significantly
in the Salmonella+LP group compared with the Sal-
monella group (7.4.210.05 vs. 8.8610.02 CFU, p<0.05),
as shown in Figure 1.

Serum CXCL1 level

Serum levels of CXCL1 were presented in Fig-
ure 2. CXCLI1 levels were significantly increased in
the Salmonella group compared with the control group
(96.09+10.81 vs. 32.3244.54 pg/mL, p<0.05). In con-
trast, administration of L. plamtarum B7 significantly
decreased the level of serum CXCL1 when compared
with the Salmonella group (35.40£2.77 vs. 96.09£10.81
pg/mL, p<0.05)

Serum TNF-o level

As shown in Figure 3, serum TNF-o levels in the
Salmonella group were significantly increased com-
pared with the Control group (128.59+12.82 vs.
53.49+8.90 pg/mL, p<0.05). After administration of
L.plantarum B7 in the Salmonella+LP group, serum
TNF-a level were, however, significantly decreased
compared with the Salmonella group (36.15+£9.22 vs.
128.59£12.82 pg/mL, p<0.05)
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Figure 1. Quantitation of S. Typhimurium in 1 gram of fe-
cal specimen (CFU) (mean * SD).
Control group (n = 8): mice fed with 0.85% sa-
line; Salmonella group (n = 8): mice fed with S.
Typhimurium 3 x 10° CFU/mL Salmonella +LP
group (n = §): mice fed with S. Typhimurium 3 X
10% CFU/mL and L. plantarum B7 1 x 109 CFU/
mL.
abSuperscript letters indicate significant differ-
ences (p <0.05).
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Figure 2. Serum levels of CXCLI1 in all three groups (mean
+ SD)
Control group (n = 8): mice fed 0.85% saline;
Salmonella group (n = 8): mice fed with S.
Typhimurium 3 x 10° CFU/mL; Salmonella +LP
group (n = 8): mice fed with S. Typhimurium 1 x
109 CFU/mL and L. plantarum B7 1 x 109 CFU/
ml.
abSuperscript letters indicate significant differ-
ences (p <0.05).

Serum IL-6 level

The levels of serum IL-6 in all groups were pre-
sented in Figure 4. IL-6 levels in the Salmonella group
significantly increased compared with the Control
group (144.44£8.91 vs. 66.51+4.04 pg/mL, p<0.05).
However, IL-6 levels in the Salmonella+LP group sig-
nificantly decreased compared with the Salmonella
group (70.36+5.37 vs. 144.44+£8.91 pg/mL, p<0.05)

Fecal characters

Fecal characteristics in all groups are shown in
Finger 5. In the control group, the feces was rod-shaped,
dark and trifling or without saw-dust appearance on
the surface. In the Salmonella group, after feeding
with §. Typhimurium the feces appeared soft, loose,
less dark and with “saw dust” covering. In the
Salmonella+LP group, the feces was have the rod-
shaped, dark and with a little “saw dust” on the sur-
face.

Fecal mositure content

The percentage of fecal moisture content (%FMC)
in all groups was presented in Figure 6. In the Salmo-
nella group, %FMC significantly increased compared
with the Control group (43.2442.05% vs. 14.19%
1.57%, p<0.05). In the Salmonella+LP group, %FMC
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Figure 3. Serum levels of TNF-« in all the groups (mean
+SD)
Control group (n = 8): mice fed 0.85% saline;
Salmonella group (n = 8): mice fed with S.
Typhimurium 3 x 109 CFU/mL; Salmonella +LP
group (n=8): mice fed with S. Typhimurium 1 x
109 CFU/mL and L. plantarum B7 1 x 109 CFU/
mL.
abSuperscript letters indicate significant differ-
ences (p <0.05).

The concentration of serum
IL-6 (pg/mL)
8

70.36
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Figure 4. Serum levels of IL-6 in all three groups (mean *
SD)
Control group (n = 8): mice fed 0.85% saline;
Salmonella group (n = 8): mice fed with S.
Typhimurium 3 x 10° CFU/mL; Salmonella +LP
group (n=8): mice fed with S. Typhimurium 1 X
10 CFU/mL and L. plantarum B7 1x10° CFU/
mL.
abSuperscript letters indicate significant differ-
ences (p <0.05).

significantly decreased compared with the Salmonella
group (24.6512.08% vs. 43.2412.05%, p<0.05).

Discussion

Salmonella Typhimurium commonly causes acute
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Figure 5. Fecal characteristics in all three groups
Control group (n = 8): mice fed with normal diet
plus vehicle; Salmonella group (n = 8): mice fed
with S. Typhimurium 3 x 109 CFU/mL; Salmo-
nella +LP group (n = 8): mice fed with S.
Typhimurium 3 x 109 CFU/mL and L. plantarum
B7 1 x 108 CFU/mL.
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Figure 6. Percentage of fecal moisture content in all three
groups (mean t SD)
Control group (n = 8): mice fed 0.85% saline;
Salmonella group (n = 8): mice fed with S.
Typhimurium 3x10° CFU/mL; Salmonella +LP
group (n = 8): mice fed with S. Typhimurium
3x10° CFU/mL and L.plantarum B7 1x10° CFU/
mL.
abSuperscript letters indicate significant differ-
ences (p <0.05).
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gastroenteritis and diarrhea. Various aspects of S.
Typhimurium diarrhea has remained poorly under-
stood, and pathophysiological and epidemiological
studies are lacking. In the present study, a model of S.
Typhimurium study in mice was designed, in which
pre-treatment with streptomycin suspended in drink-
ing water (5 mg/mL) for 3 days was given(39). The idea
was to eliminate other pathogens in the GI tract thus
increasing susceptibility to S. Typhimurium. Lactoba-
cillus plantarum B7, a probiotic with antagonistic ac-
tivity against pathogenic bacteria was chosen. L.
plantarum B7 has an anti-inflammatory property and
can reduce pro-inflammatory cytokines (TNF-o, IL-
6, CXCL1)B1-34)_ 1t also possesses anti-pathogenic
properties; inhibiting growth of as well as reducing
pathogenic bacteria (S. Typhimurium), according to
previous studies(34-37),

In conclusion: Oral administration of L.plantarum
B7 can inhibit or reduce S. Typhimurium growth and
colonies, decrease serum pro-inflammatory cytokines
(TNF-a, IL-6, CXCL1), attenuate inflammatory re-
sponse and improve fecal moisture content. These prop-
erties can help prevent S. Typhimurium diarrhea in
mice.

ACKNOWLEDGEMENT

This project was supported by The 90th Anniver-
sary Fund of Chulalongkorn University (Ratchada
phiseksomphot Endowment Fund) and The Grant of
Ratchadaphiseksomphot, Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand.

REFERENCES

1. Farmer JJ, Boatwright KD, Janda JM. Enterobacteriaceae:
Introduction and Identification. Washington, DC: American
Society for Microbiology: 2007.

2. Brenner FW, Villar RG, Angulo FJ, ef al. Salmonella nomen-
clature. J Clin Microbiol 2000; 38:2465-7.

3. Slauch J, Mahan MJ, Michetti P, et al. Acetylation (O-Factor
5) Affects the Structural and Immunological. Infect Immun
1995; 63(2):437-41.

4. Gray JT, PaulaJF. Salmonella Foodborne diseases. Eds. Dean
O. Cliver and Hans P. Riemann. San Francisco: Academic Press
2002:55-68.

5. Fine KD, Krejs GJ, Fordtran JS. Diarrhea. In: Sleisenger MH,
Fordtran JS, eds. Gastrointestinal Disease: Pathophysiology,
Diagnosis, Management, 6™ ed. Philadelphia: WBSaunders
1998;1043-72.



6.

10.

I1.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

/ ‘ GASTROENTEROL

THAI J

2015

Powell DW. Approach to the patient with diarrhea. In: Yamada
T, Alpers DH, Owyang C, Powell DW, Silverstein FE, eds.
Textbook of Gastroenterology, 2™ ed. Philadelphia: JB
Lippincott; 1995:813-31.

Christina M, Surawicz F, Blanca O. Diarrheal diseases. The
American College of Gastroenterology 6400 Goldsboro Rd.,
Suite 450, Bethesda, MD 20817; 2002.

Bryan C, Guntram AG, Finlay BB. Salmonella, the host and
disease: a brief review. Immun Cell Biol 2007;85:112-8.
WORLD HEALTH ORGANIZATION. Diarrhoeal disease.
2009. Available at: <http://www.who.int/mediacentre/
factsheets/fs330/en/index.html>. Accessed: 2013;14.
Majowick SE, Musto J, Scallan E, ez al. The global burden of
nontyphoidal Salmonella gastroenteritis. Clin infect Dis
2010;50:882-9.

Sanchea V, Abu EH, Gomea D. Salmonella infections: an up-
date on epidemiology, management, and prevention. Travel
Med Infect Dis 2011;9:263-77.

Schleiss MR. Principles of Antibacterial Therapy. Nelson Text-
book of Pediatrics, 19" Edition, Antibacterial medications (an-
tibiotic), 903.e13-903.20. 1600 John F. Kennedy Blvd.
Ste 1800 Philadelphia, PA 19103-2899: Saunders, an imprint
of Elsevier Inc. 2011.

Mark H. Beers The Merck Manual of Medical Information.
eds. 2™ Home Edition. Whitehouse Station, NJ Merck 2003.
World Health Organization Drug-Resistant Salmonella. Avail-
able at: http://www.who.int/mediacentre/factsheets/fs139/en/
print.html.

FAO/WHO. Evaluation of Health and Nutritional Properties
of Probiotic in Food including Powder Milk with live Lactic
Acid Bacteria, Food and Agriculture Organization of the
United Nations and World Health Organization, Joint FAO/
WHO Expert Consultation Group: Cordoba, Argentina; 2001.
Williams NT. Probiotics. Am J Health Syst Pharm 2010;
67:449-58.

de Vrese M, Marteau PR. Probiotics and prebiotics: effects on
diarrhea. J Nutr 2007;137: 803S-11S.

. Yan F, Polka DB. Commensal bacteria in the gut: learning

who our friends are. Curr Opin Gastroenterol 2004;20:565-
71.

Yan F, Polk DB. Probiotics as functional food in the treat-
ment of diarrhea. Curr Opin Clin Nutr Metab Care 2006;
9(6):717-21.

Sullivan A, Nord CE. Probiotics and gastrointestinal diseases.
J Intern Med 2005;257:78-92.

Niedzielin K, Kordecki H, Birkenfeld B. A controlled, double-
blind, randomized study on the efficacy of Lactobacillus
plantarum 299V in patients with irritable bowel syndrome.
Eur J Gastroenterol Hepatol 2001;13:1143-7.

Sunanliganon C, Thong-Ngam D, Tumwasorn S, et al. Lac-
tobacillus plantarum B7 inhibits Helicobacter pylori growth
and attenuates gastric inflammation. World J Gastroenterol
2012; 28; 18(20):2472-80.

Akhilesh SD, Tamishraha B. Lactobacillus plantarum CS24.2
prevents Escherichia coli adhesion to HT-29 cells and also
down-regulates enteropathogen-induced tumor necrosis fac-

24.

25.

26.

27.

28.

29

30.

31

32.

33.

34.

35.

36.

37.

Lactobacillus plantarum B7 Improved Salmonella Typhimurium Developed

Diarrhea in Mice

tor-a and interleukin-8 expression. Microbiology and immu-
nology 2013;57(4):309-15.

Noguchi S, Hattori M, Sugiyama H, er al. Lactobacillus
plantarum NRIC1832 enhances IL-10 production fron CD4+
T cell in vitro. Biosci Biotechnol Biochem 2012;76(10):1925-
31.

Duary RK, Bhausaheb MA, Batish VK, ef a/. Anti inflamma-
tory and immunomodulatory efficacy of indigenous probiotic
Lactobacillus Plantarum Lp91 in colitis mouse model. Mol
Biol Rep 2012;39:4765-75.

Anderson RC, Cookson AL, McNabb WC, ef al. Lactobacil-
lus plantarum DSM2648 is a potential probiotic that enhances
intestinal barrier function. FEMS Microbiol Lett 2010;309:
184-92.

Frias J, Song YS, Martinez-Villaluenga C, ef al. Immunore-
activity and amino acid content of fermented Soybean prod-
ucts. J Agric Food Chem 2008;56:99-105.

Bouraoui M, Richard P, Fichtail J. A review of moisture con-
tent determination in foods using microwave oven drying.
Food Research International 1993;26: 49-51.

Nishimuta M, Inoue N, Kodama N, et al. Moisture and min-
eral content of human feces-high fecal moisture is associated
with increased sodium and decreased potassium content. J Nutr
Sci Vitaminol (Tokyo) 2006;52(2):121-6.

Manja Barthel. Pretreatment of Mice with Streptomycin Pro-
vides a Salmonella enterica Serovar Typhimurium Colitis
Model That Allows Analysis of Both Pathogen and Host. In-
fection and immunity 2003;71(5):2839-58.

. Chutima J, Somying T. Quantification and determination of

antagonistic activity of bifidobacteria and lactobacilli in faeces
of breast-fed and mixed-fed infants. Thesis (M.Sc) Chulalong-
korn University 2008.

Spinler JK, Taweechotipatr M, Rognerud CL, et a/. Human-
Derived Probiotic Lactobacillus reuteri Demonstrate Antimi-
crobial Activities Targeting Diverse Enteric Bacterial Patho-
gens. Anaerobe 2008;14(3):166-71.

Panpetch. Human gastric biopsy-derived lactobacilli suppress
Helicobacter pylori-induced interleukin-8 production from
gastric epithelial cells in vitro. International Journal of Inter-
feron, Cytokine and Mediator Research 2011;3:43-9.
Thiraworawong T, Spinler JK, Werawatganon D, et al. Anti-
inflammatory Properties of Gastric-derived Lactobacillus
plantarum XB7 in the Context of Helicobacter pylori Infec-
tion. John Wiley & Sons Ltd, Helicobacter 2014;19:144-55.
Murry AC, et al. Inhibition of Growth of Escherichia coli,
Salmonella typhimurium, and Clostridia perfringens on
Chicken Feed Media by Lactobacillus salivarius and Lacto-
bacillus plantarum. International Journal of Poultry Science 3
2004;9:603-7.

Snehal N, Shweta M, Musaddi MQ. Efficacy of Lactobacillus
plantarum to inhibit the growth of aerobic bacterial burn wound
pathogens. Asian J Microbiol Biotechnol Environ Sci 2012;
14(1):49-53.

Hasslof P, Hedberg M, Twetman S, et al. Growth inhibition of
oral mutans streptococci and candida by commercial probiotic
lactobacilli - an in vitro study. BMC Oral Health 2010;10:18.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


