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ABSTRACT 

Title Anti-inflammatory activity of probiotic Lactobacillus paracasei in colitis 
and hepatitis model 

Author BOONYARUT LADDA 
Degree DOCTOR OF PHILOSOPHY 
Academic Year 2020 
Thesis Advisor Assistant Professor Malai Taweechotipatr , Ph.D. 
Co Advisor Associate Professor Wisuit Pradidarcheep , Ph.D. 
Co Advisor Assistant Professor Anongnard Kasorn , Ph.D. 

  
Probiotics are beneficial microbiota which promote the health of the host in terms of 

immunomodulation. In this study, four antigens of Lactobacillus strains were prepared for the detection 

of tumor necrosis factor α (TNF-α) secretion in the Hepatocellular carcinoma cell line (HepG-2 cells) 
and colorectal adenocarcinoma cell (Caco-2 cells). It was found that viable cells, heat-killed cells of L. 
paracasei MSMC39-1, L. casei MSMC39-3 and sonicated cell of Weissella confusa MSMC57-1 were 

strong TNF-α secretion inhibitors in HepG-2 cells and Caco-2 cells. The viable cells of L. paracasei 
MSMC39-1 were selected in rats with alcoholic hepatitis and colitis rat models. The levels of the 
aspartate aminotransferase serum were significantly reduced in hepatitis and colitis rats treated with 

L. paracasei MSMC39-1. TNF-α secretion in liver tissues of hepatitis rats and colon tissue of colitis 
rats in probiotic L. paracasei MSMC39-1 treatment were significantly suppressed. The liver 
histopathology examination of alcohol-induced hepatitis and dextran sulfate sodium-induced colitis 
rats indicated fat accumulation in the hepatocytes, and loss of hepatic architecture. Interestingly, liver 
damage in hepatitis rats was improved by probiotic L. paracasei MSMC39-1. In addition, L. paracasei 
MSMC39-1 alleviated colon inflammation in hepatitis rats and colitis rats. Administration of L. paracasei 
MSMC39-1 modulated gut microbiota by increasing the number of genus Lactobacillus in alcohol-
induced hepatitis rats and dextran sulfate sodium-induced colitis rats. L. paracasei MSMC39-1 had 
potent anti-inflammatory effects in HepG-2 cell line, Caco-2 cell line, improves hepatitis, colitis and 
modulates gut microbiota. Thus L. paracasei MSMC39-1 is able to protect alcoholic hepatitis and 
colitis. It is also an alternative treatment for other inflammatory diseases and applied in food 
supplementation products. 
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CHAPTER 1 
INTRODUCTION 

Lactobacillus is a member of lactic acid bacteria, which is generally used as 
probiotics in dairy products, food and vegetables, is a rod-shaped, non-spore-forming 
gram positive, non-spore-forming and catalase negative bacteria. The members of 
bacteria used as probiotic in this genus are L. paracasei, L. acidophilus, L. casei,               
L. plantarum, L. fermentum and L. reuteri, L. brevis (1). Moreover, other lactic acid bacteria 
including Bifidobacteria and Enterococcus are also beneficial probiotics.   

 Probiotics are viable microorganism with several mechanisms of actions such 
as protection of epithelium barrier, pathogen inhibition via adhesion and colonization on 
intestinal wall, and production of anti-microbial substances as well as immunomodulation.  

There are several evidences reporting the use of probiotics with good properties 
including Lactobacillus, Bifidobacteria, Enterococcus, Streptococcus, Bacillus, 
Lactococcus and Saccharomyces, which are safe and have been studied for many 
years(2). However, the properties of each probiotics are strain-dependent. Therefore, strain 
selection as well as investigation of other properties of probiotics is necessary. Recently, 
there are increasing numbers of probiotic studies in food industry and health promotion. 
Probiotics can be found in local fermented food, raw milk, yogurt, infant feces and flower. 

According to Food and Agriculture Organization of the United Nations and World 
Health Organization(3), probiotics are defined as “live microorganisms which when 
administered in adequate amounts confer a health benefit on the host” (3). 

Nowadays, probiotics have been used in medicine to compensate and 
reduce side effects from the use of antibiotics, and as health supplements in many 
countries around the world. In addition, it is also used in food and animal food products. 
FAO/WHO announced the required criteria for probiotic standard for probiotic users in 
2002(4, 5). Criteria of probiotic are acid and bile tolerance, survival and colonization in 
gastrointestinal tract, antimicrobial activity by production of antimicrobial substances, 
antibody stimulation, antioxidant property, enzyme production and adherence to intestinal 
wall(6). According to their properties, probiotics are a good microbiota promoting health. 
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Microbiota is a microorganism found ubiquitously in human body, especially in 
the gastrointestinal tract (GI tract). These bacteria are called gut microbiota. This 
microbes benefits its host in several ways such as helping digestion, detoxification, 
protection of pathogenic bacteria , helping cross talk between intestinal membrane with 
immune cell and balancing immune system(7). 

Probiotics are good microbiota which play an important roles in human diseases 
including alcoholic liver disease , obesity, allergy, and inflammatory bowel disease 
(IBD)(8). In addition, good microbiota balance microbe in our body, especially in ones who 
have been used antibiotic for many years and have dysbiosis, an imbalance of microbiota 
in human body(9, 10). Dysbiosis of intestinal microbiota occurs when the bad microbiota 
have number more than a good microbita caused toxin from bad microbiota stimulated 
an immune cell in the epithelial cell leading to inflammatory bowel disease 
pathogenesis(11). For alcohol induced dysbiosis, ethanol changes human microbiome 
resulting in bacterial overgrowth and reduction of beneficial bacteria. Chronic alcohol 
consumtion destroys epithelial barrier of intestine causing leaky gut and increases 
endotoxin in liver cell leading to liver inflammation(12). 

Tumor necrosis factor (TNF-α), the main pro-inflammatory cytokines and play a 
key role in orchestrating the mechanisms of inflammation. The cytokines in this group 
include interleukin (IL)-1, and IL-6. There are two forms of tumor necrosis factor; TNF-α 
and TNF-β. TNF-α is produced by macrophages whereas TNF-β is produced by                   
T lymphocytes. After secretion, TNF-α induces other cytokine such as IL-1, IL-6, IL-8 
chemokine signaling to recruitment of inflammatory cell and inflammation response.  

The level of TNF-α is alleviated in patients with inflammatory conditions including 
inflammatory bowel disease or IBD, rheumatoid arthritis, alcoholic liver disease, atopic 
dermatitis, and psoriasis. In addition, the imbalance between good and bad microbiota 
can be observed in the gastrointestinal tract of these patients. The imbalance between 
good and bad microbe leads to intestinal wall degradation by toxin of the bad microbe 
and activation of TNF-α production resulting in inflammation and pathogenesis(13). 
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It has been shown that L. plantarum strain inhibited TNF-α, IL-6, IL-8 secretion 
in human intestinal epithelial-liked cells (Caco-2) stimulated with lipopolysaccharide (LPS) 
as model of IBD(14).In animal model, encapsulation of the probiotic L. kefiranofaciens 
reduced colon inflammation(15). Previous studies reported that L. johnsonii and L. sakei 
can attenuated colitis and reduced TNF-α, IL-1, IL-6 expression in colitis mice(16, 17).In vitro 
and in vivo studies showed that L. plantarum strain activated IL-10 production in 
macrophages derived from blood monocytes and gut model. Moreover, symptoms of 
colon inflammation such as weight loss and diarrhea were also attenuated when 
administered L. plantarum strain in dextran sulphate sodium (DSS)-induced colitis rat 
model(18). TNF-α inhibition in colon, reduction of oxidative stress and increasing of 
Bifidobacterium spp. in the feces and the gastrointestinal tract were observed in ulcerative 
colitis mice treated with L. paracasei(19). Recent the study showed that Bifidobacterium 
animalis subsp. lactis  strain BB12 reduced severity of dextran sulfate sodium-induced 
ulcerative colitis mice, which reduced disease activity index score, reduced apoptosis in 
the intestinal epithelial cells by TNF-α production inhibition(20). 

World Health Organization (3) reported the continuously increasing rate of heavy 
alcohol drinking in Thai people from 1961-2010, which majority of alcohol consumption 
was spirits at about 73%. The mortality rate of male was more than female. Heavy alcohol 
consumption leading to alcoholism causes liver inflammation and cirrhosis 
development(21).  Drug is commonly used as a treatment for liver diseases to relief 
symptoms of patients, and liver transplantation is the last option(22).The alternative 
treatment for liver disease is using probiotics.  Animal model showed that L. casei reduced 
hepatic inflammation and TNF-α, IL-1β production in rat lipopolysaccharide (LPS) and d-
galactosamine induced acute liver failure(23). The previous study shown that L. rhamnosus 
GG mixed diet reduced hepatic inflammation and TNF-α production via inhibition of Toll 
Like Receptor (TLR) activation in alcohol induced liver injury in mice (24). Likely the study of 
L. rhamnosus GG (LGG) supplementation alleviated alcoholic liver injury by alcohol 
induced endotoxin(25).In addition, probiotic lactobacilli have potent of anti-inflammatory 
properties in human hepatocellular carcinoma cells (HepG-2) stimulated with LPS by 
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reduced TNF-α, IL-6 secretion(26).Recent study of alcoholic liver injury rats showed that  
L. plantarum C88 reduced liver functional enzymes including alanine transaminase and 
aspartate aminotransferase (AST) and decreased  TNF-α,   IL-6 and IFN-γ in serum and 
inhibition of nuclear factor kappa-B (NF-κB) inflammation signaling pathway(27). Similarly, 
treatment with L. plantarum and L. fermentum reduced ALT and AST level in serum and 
decreased TNF-α, IL-1β gene expression in acute liver injury mice model induced with 
carbon tetrachloride(28). 

However, there are limited studies of probiotics isolated from Thai people and its 
inhibitory property on TNF-α production in in vitro and in vivo model. Therefore, this 
research aim is to investigate roles of probiotic Lactobacillus in the suppression of        
TNF-α secretion in vitro and anti-inflammatory effects in colitis and hepatitis rats. Probiotic 
Lactobacillus might be a potential candidate for ameliorating of intestine and liver 
inflammation.  

 

Hypothesis  
Lactobacillus paracasei strains is capable to inhibit TNF-α secretion in vitro as 

probiotic. In vivo study, Lactobacillus paracasei reduces intestinal and liver inflammation 
and modulate beneficial microbiota in gastrointestinal tract. 

 

Objectives 
1. To determine the effect of Lactobacillus paracasei MSMC39-1 on the suppression 

of TNF-α secretion in Caco-2 cells and HepG-2 cells. 
2. To determine the effect of Lactobacillus paracasei MSMC39-1 on the suppression 

of TNF-α secretion in colitis and hepatitis rat. 
3. To study the effect of Lactobacillus paracasei MSMC39-1 on aspartate 

aminotransferase (AST) and alanine aminotransferase levels in colitis and hepatitis 
rat. 
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4. To study the effect of Lactobacillus paracasei MSMC39-1 on colitis and hepatitis 
rat by histological investigation. 

5. To study the alteration of gut microbiota in colitis and hepatitis rat treated with 
Lactobacillus paracasei MSMC39-1 using Next generation sequencing.  
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Figure 1 Conceptual framework 
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CHAPTER 2 
LITERATURE REVIEW 

1. Genus Lactobacillus  
Taxonomic of genus Lactobacillus is in phylum Firmicutes, Class Bacilli, Order 

Lactobacillales and Family Lactobacillaceae. Genus Lactobacillus are lactic acid bacteria, 
gram positive bacteria, rod shape, non-sporulating, facultative bacteria, produced lactic 
acid, and the most common probiotic because of its safety according to the criteria of 
Generally Recognize as Safe (GRAS) by Food and Drug Administration (FDA or USFDA). 
The major groups of genus Lactobacillus by 16S RNA gene L. sakei and L. salivarius. 
Lactobacilli have probiotic properties such as acid-bile tolerant in gastrointestinal tract 
(GI tract), adhesion to intestinal epithelial cell, anti-microbial activity and 
immunomodulation. They can be found mainly in GI tract, human feces, breast milk, 
fermented milk, cheese, yogurt, traditional foods, preservative foods, ice-cream and fruit 
juice. L. delbrueckii subsp. bulgaricus, L. acidophilus, L. casei, L. rhamnosus and                      
L. paracasei have immunomodulation activity(29, 30).  Recent study in n vitro demonstrated that 
L. paracasei have high adhesion activity, tolerate to acid, bile and have viability in 
conditions of GI tract.(31) L. paraplantarum have potent high adhesion activity and 
immunomodulation by reduced pro-inflammatory gene expression.(32) In 2018, Liu Y and 
coworker, showed that treatment with probiotic VSL #3, L. reuteri, L. rhamnosus GG,          
L. johnsonii, S. boulardii reduced inflammatory bowel disease in ulcerative colitis and 
Crohn’s disease patient(33). 

2. Probiotics  
Probiotic was first discovered by Elie Metchnikoff (Figure 2)(34), who received 

Nobel Prize in 1908. He showed that yogurt fermented with Bulgarian bacillus are benefit 
to human health by prolonging life expectancy.  

Definition of probiotics is defined as “live microorganisms that when administered 
in adequate amounts, confer a health benefit on the host” by Food and Agriculture 
Organization of the United Nations and World Health Organization (3).  Guidelines of 
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probiotics for using in the food such as identification of species and strains, screening in 
in vitro  including resistance to acid, resistance to bile, adhesion to epithelial cell, 
colonization ability, anti-pathogenic activity by producing anti-microbial substance, 
production of bile salt hydrolase, modulation of immunity, multiplication in large scale and 
safety according to Generally Recognized as Safe (GRAS). These criteria of probiotics 
were summarized in Table 1. (3) Probiotics can tolerate acid and bile then survival and 
colonize in gastrointestinal tract for promoting health. Present, criteria selection of 
probiotics in functional properties are anti-cancer, anti-cholesterol, anti-depression and 
anti-anxiety, anti-obesity, stimulated of immunity ability and molecule secretion(35). 
Sources of probiotics are found in fermented foods, beverage,(36) human feces,(37) 

fermented milk,(38)breast milk,(39) food supplement and dairy products(40). 
 
 
 
 

 
 

Figure 2 Elie Metchnikoff (1845-1916). 

Source: Mackowiak PA (2013) . Recycling metchnikoff: probiotics, the intestinal 
microbiome and the quest for long life p. 2. 
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Table 1 Criteria for probiotic strains  

 

Desirable characteristics of an ideal probiotic microorganisms 

                  Human origin  

                  Generally recognized as safe (GRAS)  

                  Acid and bile tolerance 

                  Adherence to gut epithelial cell 

                  Colonization in the gastrointestinal tract 

                  Antimicrobial substances production 

                  Immune responses modulation                   

                  Amenable to large scale fermentation and commercial production 

 

3. Strains used as probiotics 
Probiotics according FAO/WHO is mainly lactic acid bacteria including genus 

mainly genus Lactobacillus and Bifidobacterium. Lactococcus, Saccharomyces, 
Enterococcus, Pediococcus, Streptococcus, Leuconostoc, Bacillus and Escherichia 
strains have been used as health beneficial also. Summary of probiotics with health 
benefit from database updated in 2014 is presented in Table 2. (41)Lactobacillus casei 
Shirota have been shown immunomodulatory and reduced rheumatoid arthritis. (41) 
Bifidobacterium bifidum, B. longum and B. breve were attenuated necrotizing 
enterocolitis in children.(41) Saccharomyces boulardii was treated pseudomembrane 
colitis.(41) 
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Table 2 Strains used as probiotics updated in 2014   

Genus Species Recently published probiotic on health (strain specific) 

Lactobacillus L. rhamnosus - L. rhamnosus CRL1505 reduced pulmonary damage. 
- L. rhamnosus GG was reduced atopic dermatitis.  
- L. rhamnosus HN001 and L. rhamnosus GG were 
reduced the risk of allergic disease.  
- L. rhamnosus GG was anti-diabetic potential (various 
strains from human infant faecal samples) and prevented 
necrotizing enterocolitis in newborns.  
- L. rhamnosus GR-1 was prevented bacterial vaginosis.  
- L. rhamnosus CGMCC1.3724 alleviated obesity women.  
- L. rhamnosus GG treated acute gastroenteritis in 
children. 
- L. rhamnosus GG and L. rhamnosus ATCC 53103 were 
reduced rhinovirus infections in preterm infants.  
- LGG was protect human colonic muscle damage from 
induced by lipopolysaccharide.   
 

 L. acidophilus - Reduced infections in children in irritable bowel disease. 

 L. plantarum - L. plantarum NRRL B-4496 was prevented endotoxin 
production, antifungal activity and reduced irritable bowel 
disease. 

 L. casei - L. casei Lcr35 and L. casei Shirota were treated   
constipation in adults and C. difficile-associated diarrhea. 
- L. casei Lcr35 was restored vaginal flora in bacterial 
vaginosis patient. 
- L. casei Shirota was reduced symptoms of irritable bowel 
syndrome and diarrhea of antibiotic-associated diarrhea in 
geriatric patients.  
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Table 2 (continued) 
 

Genus Species Recently published probiotic on health (strain specific) 

  - L. casei Shirota have immunomodulatory activity.     
- L. casei 01 was improved rheumatoid arthritis.  
- L. casei CRL-431 was protected against Salmonella 
infection.       
- L. casei IMV B-7280 was prevented of Salmonella-
induced synovitis and treated intravaginal 
staphylococcosis. 

 L. delbrueckii 
subsp. 
bulgaricus 

- L. delbrueckii subsp. bulgaricus 8481 was supplemented 
of yogurt in antibiotic resistance and enhanced systemic 
immunity in elderly. 
- Against E. coli growth. 
- Modulate in brain activity. 

 
 
 
 

L. brevis - L. brevis KB290 was protected in bile salt tolerance.  
- L. brevis CD2 was reduced plague acidogenicity. 

 L. johnsonii - L. johnsonii MH-68 was reduced gastritis, H. pylori 
infection and protected against respiratory insults. 
 - L. johnsonii F0421 was inhibited of S. sonnei activity.  
- L. johnsonii EM1 was treated perennial allergic rhinitis in 
children. 

 L. fermentum - L. fermentum RC-14 was prevented bacterial vaginosis. 
- L. fermentum ATCC 11739 was blocked pathogenic 
microorganisms to adherence on vaginal epithelium and   
anti-staphylococcal action.  
- L. fermentum NCIMB 5221 was reduced insulin 

resistance and hypercholesterolemia. 
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Table 2 (continued) 
 

Genus Species Recently published probiotic on health (strain specific) 

 L. reuteri - L. reuteri NCIMB 30242 was reduced low-density LDL 
cholesterol.  
- L. reuteri ATCC 55730 was treated acute gastroenteritis 
in children. 
- L. reuteri ATCC 55730 and L. reuteri DSM 17938 were 
reduced diarrhea in children and infant colic.        
- L. reuteri DSM 17938 was reduced gastrointestinal 
disorders in infants.  
- L. reuteri DSM 17938 reduced sepsis and duration of 
hospital stay in infants. 

Bifidobacterium B. infantis - Reduction of irritable bowel syndrome and necrotizing 

enterocolitis. 

Bifidobaterium B. animalis 
subsp. lactis 

- B. animalis subsp. lactis DN-173 010 was improved 

constipation. 

- B. animalis subsp. lactis DN-173 010 was reduced febrile 

urinary tract infections in children, modulate brain activity, 

necrotizing enterocolitis, microbial in dental plaque in 

infant. 

- B. animalis subsp. lactis MB 202/DSMZ 23733 was 

reduced cholesterol. 

- B. animalis subsp. lactis BI-04 was reduced the risk of 

upper respiratory illness. 

 B. bifidum - B. bifidum MB 109/DSMZ 23731 was reduced acute 
diarrhoea in children, necrotizing enterocolitis in infants 
and cholesterol. 
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Table 2 (continued) 
 

Genus Species Recently published probiotic on health (strain specific) 

 B. longum - B. breve, B. infantis, B. bifidum, B. longum were 
prevented necrotizing enterocolitis, reduced diarrhea, 
necrotizing enterocolitis with Bifidobacteria cocktail. 
 

 B. breve - B. breve, B. infantis, B. bifidum and B. longum were 

prevented necrotizing enterocolitis in newborns and 

reduced necrotizing enterocolitis with Bifidobacteria 

cocktail.  

- B. breve MB 113/DSMZ 23732 reduced total cholesterol. 

 

Saccharomyces 

 

S. boulardi - Treatment of travellers’ diarrhoea, diarrhoea duration 

regardless, irritable bowel syndrome, moderate ulcerative 

colitis, pseudomembrane colitis infection, acute 

gastroenteritis in children. 

 

Lactococcus 

 
L. lactis subsp. 
lactis 

 
- L. lactis subsp. lactis KLDS4.0325 was treated in 
antibiotic-associated diarrhea, adhesion to vaginal 
epithelial cells. 
- L. lactis subsp. lactis CV56 nisin production.  
- L. lactis subsp. lactis ATCC 11454 was modulated brain 
activity, against C. difficile and have potent probiotic 
properties. 
 

Enterococcus E. durans E. durans LAB18s have antioxidant activity, adherence to 
colonic tissue and anti-inflammatory activity. 
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Table 2 (continued) 
 
Genus Species Recently published probiotic on health (strain specific) 

 E. faecium -Treatment of antibiotic-associated diarrhea and effective 
in animal. 

Pediococcus P. acidilactici -P. acidilactici UL5 produced pediocin with antimicrobial 

activity and probiotic properties.  

-P. acidilactici BA28 was eliminated bacteriocin of H. 

pylori infections. 

Leuconostoc,  L. mesenteroides - Produced leucoin, pepsin, bile salts and have probiotic 

properties. 

Bacillus B. coagulans - B. coagulans ATCC PTA-11748 was treated antibiotic-
associated diarrhoea and bacterial vaginosis.  
 - B. coagulans GandenBC30 supported immunology in 
children. 

 B. subtilis - B. subtilis R0179 have effective in animal probiotic; 
treated in diarrhea and H. pylori inhibition and nitric oxide 
production. 

Escherichia E. coli Nissle 
1917 

- Constipation in adults, IBD and gastrointestinal disease 
treatment. 

 
3.1 Lactobacillus paracasei 
Lactobacillus paracasei is in L.casei group  similar to L. rhamnosus, gram 

positive bacteria, rod shape, size 0.7-1.1 x 2.0-4.0 µm (Figure 3), non motile  and it was 
an application in food products such as cheese, fermented milk, fermented food and 
especially, used as probiotic. The major in the human health effects of L. casei group 
including immunomodulation, allergy prevention, colitis prevention, intestinal barrier 
function protection, liver injury prevention,  Helicobacter pylori inhibition and gut microbiome 
modulation  ( Table 3 )(42-47) 
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Table 3 The effects of L. casei group in the human health 

 

Strain Effect 

Lactobacillus casei Shirota Modulation of immune system 

Diabetes mellitus protection 
Against multi-drug resistant Salmonella 
protection 

Lactobacillus rhamnosus Lcr35 
 
 

Asthma prevention 
Anti-inflammatory effect in intestinal epithelial 
cells 

Lactobacillus casei DN-114 001  
 

Duration of respiratory infections reduction 
Barrier function protection  
Incidence of illness reduction 

Lactobacillus paracasei ST11  Allergic rhinitis treatment 
Colitis prevention 

Lactobacillus rhamnosus HN001 Allergy attenuation 

Lactobacillus paracasei F19 Decreasing of fat storage 
Liver injury attenuation 

Lactobacillus casei ATCC 334 Anti-arthritic  

Lactobacillus rhamnosus GG Anti-biofilm of Streptococcus mutans in saliva 
Immune function modulation 
Against ochratoxin protection 

Lactobacillus casei ATCC 393 Helicobacter pylori inhibition 
Gut microbiome modulation 
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Figure 3 Morphology of L. paracasei. 

  
 

3.2 Weissella confusa 
Weissella confusa or Lactobacillus confusus is Family Leuconostocaceae, 

lactic acid bacteria, gram positive coccobacilli (Figure 4). Application of Weissella 
confusa in fermented food such as sourdough, daily products, pasta, phamarceutical, 
cosmetics, anti-oxidant and anti-microbial activity(48-51). Exopolysaccaride from 
Lactobacillus confusus was immunomodulation such as iduced TNF-α, IL-1β and IL-6 
secretion in RAW264.7 macrohage cells(52). 

 

 
 

Figure 4 Gram stain of Weissella confusa 
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4. Mode of action of probiotics  
Mechanisms of probiotics are intestinal epithelium protection by increase 

secretion of mucus or production of anti-microbial substances such as reuterin, 
bacteriocin, defensin.(53) Similarly, previous study showed that probiotic L. salivarius 
producing bacteriocin.(54) Supplementation of L. reuteri produced reuterin inhibited 
Listeria monocytogenes and Escherichia coli in cheeses.(55) Probiotics can modulate 
immune response such as stimulate dendritic cell present antigen to T cell produce 
interferon and cytokine and stimulate B cell produce antibody. Treatment with 
Bifidobacterium infantis improved colitis by activated dentritic cell in mice.(56) L. gasseri 
potentialy induced B cell produced IgA antibody in small intestine of mice.(57) Probiotic     

L. acidophilus supplementation have potent inhibited TNF-α,  IL-1β, IL-6 cytokine and IL-
8 chemokine production in mice colitis model(58). Last but not least, probiotics can 
inhibited pathogen to adherence on epithelium cells via production of anti-microbial 
factors to inhibit pathogen adhesion, or probiotics have high adhesion activity (Figure 5). 

In addition, there are several evidences showed that mixed strains of probiotics inhibited 
biofilm formation of  E. coli and inhibited E. faecalis(59). L. pentosus and L. plantarum 
exhibited high adhesion activity in colon cancer cell line (Caco-2 cells)(60). Recent study 
showed that L. plantarum inhibited adhesion of Salmonella enterica in colorectal 
carcinoma cell line (HCT-116 cell line)(61). 
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Figure 5 Diagram of the cross-talk between probiotics and intestinal mucosa. 
 

Major action of probiotics include the  protection of intestinal barrier function by 
activated production of mucus, antimicrobial peptides, immunomodulation and anti-
microbial activity by competitive with pathogen for adherence to intestinal cell. 

Moreover, probiotics isolated from human origins are beneficial for our health and 
well-being. Probiotics exhibit anti-obesity, anti-inflammatory, anti-cancer and anti-allergy 
properties. In addition,  they also can tolerate storage and transportation processes. 
Probiotics with anti-microbial properties are E. durans,(62) L. curvatus and    L. sakei ,(63) 
which inhibited Listeria monocytogenes growth. Lactobacillus strains isolated from yogurt 
show anti-microbial activity including E. faecalis, S. aureus, Pseudomonas aerogenosa, 
K. pneumonia, S. typhi and E. coli(64).   Furthermore, L. paraplantarum isolated from Korean 
food induced TNF-α gene expression in Raw macrophage 264.7 cells and L. rhamnosus 
showed anti-oxidant activity in in vitro.(65, 66)  Meanwhile, L. plantarum and B. longum 
decreased TNF-α secretion in THP-1 cell and human skin samples, respectively.(67, 68) 
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5. Probiotics and microbiota 
Human microbiome project (HMP) is a project studying on all microorganisms in 

human body which are related to human diseases. Microorganism lives in human body 
as normal flora, non-pathogenic which is called “microbiota”. Microbiota is defined as 
microorganism including bacteria, virus and yeast. At present, modern techniques 
including shotgun, 16S RNA gene sequencing are used as a characterization tool of the 
microbiota. In human body, most of microbiota live in the gut. There are more than trillion 
species of gut microbiota, and its number depends on environmental and genomic factors 
of host. As natural birth infant we receive microbiota from our mother’s vagina and infant 
with cesarean section, typically microbiota found on skin.(69) 

At present, several evidences supported the roles of microbiota in health 
promotion. From infant to adult life, microbiota can be found in vagina, skin, and stool. It 
also can be transferred into our body by touching, food consumption and environment. 
Therefore, there are numerous microbiota species in our body, especially intestinal 
microbiota that are composed of good and bad microorganism for balancing body(70). 
Probiotics are a good microbiota can promote health such as producing anti-microbial 
substances or compete pathogen adherence to intestinal epithelial cell (71), reduced 
cholesterol level(72) and anti-cancer properties(73). 

The role of intestinal microbiota is to the maintain balance of GI tract.  When 
intestinal microbiota is imbalance resulting in "dysbiosis" causing disruption of intestinal 
barrier which, toxin through into the epithelial cell and stimulate immune cell for the 
production of pro-inflammatory cytokine and resulted in intestinal inflammation. There are 
several factors caused dysbiosis including genetic, antibiotic, diet and gender. In 
addition, chronic dysbiosis enhances the risk of colitis and hepatitis pathogenesis. (74)  
Treatment of colitis used an antibiotic, probiotic, prebiotic and fecal transplantation as 
shown in Figure 6.  Hepatitis treatment used a vitamin, drug, liver transplantation and 
probiotic.(75) 
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Figure 6 Potential therapeutic strategies for modulating intestinal dysbiosis. 

 

6. Tumor necrosis factor 
Tumor necrosis factor (TNF-α) is the main pro-inflammatory cytokine, which is 

produced when infectious pathogen or toxin. Tumor necrosis factor alpha (TNF-α) plays 
a key role in inflammation process. TNF-α is the first cytokine secrete when body 
response to the inflammation process and induced other cytokine such as interleukin     
(IL)-1 and IL-6 and induce phagocyte cells for phagocytosis pathogen or toxin until tissue 
inflammation. TNF is produced by activated macrophages, lymphocytes, dendritic cells 
and other cells. Tumor necrosis factor are divided into two forms which are TNF alpha 

(TNF-α) and TNF beta (TNF-β). Mechanism of TNF-α in gene expression, TNF-α binds 

to TNF receptor 1 and activates cascades via Ikappa B (IκB) kinase (IKK)/NF-κB and 
mitogen-activated protein kinase (MAPK)/AP-1 pathways, leading to gene expression of 
pro-inflammatory cytokines, chemokines, cell survival and growth factor (76). 

Roles of TNF-α in innate immunity are activation of endothelial and neutrophil 
cells for secretion of pro-inflammatory cytokine and chemokine at local inflammation. For 
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systemic responses, TNF-α action on hypothalamus and increase body temperature 
caused fever. TNF-α, IL-1 and IL-6 can enhance protein synthesis in liver, and support 
leucocyte production in bone marrow. TNF-α causes cardiovascular disease, endothelial 
cell alteration caused thrombosis, myocardial contraction was inhibited and insulin 
resistance in metabolic disease(77) (Figure 7-8). Serum TNF-α level is elevated in several 
inflammatory diseases including IBD, rheumatoid arthritis and psoriasis. Therefore, anti-
TNF drug is another option to treat these diseases.(78, 79) 

Anti-TNF-α treatment was used in clinical trials to treat inflammatory disorder 
such as IBD, rheumatoid arthritis, psoriasis.(62) In addition, increasing of TNF-α level may 
cause ethanol induced dysbiosis in alcoholic hepatitis leading to liver inflammation.(61)  

There are several studies reported using probiotic to modulate TNF-α. Heat-
killed lysate cells of L. plantarum exhibited immunomodulation property in mouse 
splenocytes(80).Similarly, Gomez-llorente C and coworker showed cell free supernatant of 
L. rhamnosus inhibited  pro-inflammatory cytokine in dentritic cells(81). Live and heat-killed 

L. rhamnosus have potent modulation of TNF-α, IL-6 and IL-10 secretion.(82) In 

osteoarthritis (OA) model, L. acidohilus reduced TNF-α and IL-6, and increased IL-10 
expression and reduced pain of OA rat.(83) 
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Figure 7 Local action of cytokines in inflammation. 
 

 
 
 
 
 
 
 
 
 
 

Figure 8 Systemic action of cytokine in inflammation. 

7. Role of probiotics in inflammatory diseases 
7.1 Inflammatory bowel disease (IBD) 
Inflammatory bowel disease (IBD) is a chronic intestinal inflammation, has two 

forms which are Crohn’s disease (CD), an inflammation of small intestine, and ulcerative 
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colitis (UC), a colon inflammation. There are several factors causing IBD including 
genetic, extraneous environment, dysbiosis in intestinal microbiota and immune 
response.(84) Patients with IBD have increase in pro-inflammatory cytokine level such as 
TNF-α, IL-1, and IL-17.(85) 

Pathogenesis of IBD is caused by dysbiosis of intestinal microbiota leading 
to a reduce in bacteria and fungi diversity, and an increase in virus diversity. Inflammatory 
bowel disease is causes by intestinal barrier dysfunction allowing endotoxin released from 
bad microbiota to activate intestinal macrophages to secrete pro-inflammatory cytokine 
resulting ulcer of mucosal and pathogenesis Figure 9. Treatments of IBD are anti-TNF-α 
treatment, fecal transplantation and probiotic treatment.(86, 87) Administration of                       
L. plantarum isolated from feces alone or with prebiotic potentially reduced intestinal 
inflammation by inhibition of TNF-α secretion in colitis rat.(88) Previous study showed that 
L. casei  combined with superoxide dismutase reduced inflammation in colitis mice 
model.(89) Moreover, live and heat-killed antigen of L. casei can regulate regulatory T cell 
responses in colitis model.(90)  The reduction of TNF-α production was observed in necrotizing 
enterocolitis rat treated with combine conditioned media of L. acidophilus B. infantis and 
L. plantarum.(91) Moreover, L. plantarum also reduced TNF-α secretion in colitis model.(92) 
For in vitro and in vivo colitis models, encapsulate Lactobacillus rhamnosus GG and 
extract of L. brevis attenuated colitis and inhibited pro-inflammatory cytokine production.(93, 

94) Moreover, probiotic L. curvatus isolated from fermented food reduced IBD 
pathogenesis.(95) In in vitro, Saccharomyces cerevisiae and L. plantarum in fermented rice 
exhibited potent antioxidant and anti-inflammatory effects and effectively reduced score 
in IBD.(96) Study of probiotic L. plantarum fermented in ginseng reduced colitis and 
decreased pro-inflammatory cytokine in plasma and intestinal tissue of mouse model.(97) 

Soy bean fermented with E. faecium L. helveticus and  B. longum reduced colitis and 
increase genus Lactobacillus and Bifidobacterium in GI of dextran sodium sulphate (DSS) 
induced colitis rat.(98) L. fermentum reduced symptoms of colitis by decreasing 
inflammatory cells and inhibited pro-inflammatory cytokine production such as IFN-γ,      
IL-12, TNF-α and   IL-6. (99) Recent studies in IBD mice induced with DSS suggested that 
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Lactobacillus lactis(100) L. plantarum,(101) L. acidophilus,(102)L. gasseri,(103) E.coli (104)and B. 
breve(105) exhibited potential anti-inflammation effect and protected colon damage. 
Polyphosphate of L. brevis decreased TNF-α, IL-1β, fibrosis and inflammation of intestine 
in trinitrobenzene sulfonic acid (TNBS) and DSS induced colitis mouse model.(106) In 
addition, L. plantarum,(107) L. kefiranofaciens,(15)mixture of B. longum and   L. brevis,(108)     

L. johnsonii,(16)B. bifidum(109)modulated pro-inflammatory cytokine production and 
decreased intestinal inflammation in this model. However, L. rhamnosus was the only 
strain which increased genus Bifidobacterium microbiota in the gut of TNBS and DSS 
induced colitis rat.(110) 

 

 
 

Figure 9 Gut microbiota alteration and immune responses in IBD. 
 

7.2 Alcohol hepatitis 
Alcohol hepatitis caused by chronic alcohol drinking exhibits fat and toxin 

accumulation, intestinal barrier disruption and pro-inflammatory cytokine stimulation 
resulting in liver inflammation causing dysbiosis. Ethanol consumption reduces the 
number of good microbiota leading to releasing of lipopolysaccharide (LPS) or toxin from 
bad microbiota(61).  This toxin then binds to toll like receptor 4 (TLR-4) activated kupffer 
cells to secret pro-inflammatory cytokines such as TNF-α, IL-1, and IL-6, and generates 
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reactive oxygen species by induced NF-κB/JNK/Ap-1 pathway (Figure 10). In the 
addition, Lactobacillus spp. reduced TNF-α secretion, inhibited TNF-α, IL-1β, and IL-6 
gene expression in the hepatic tissue of rat induced liver fibrosis.(111) In the alcoholic liver 
disease model, combination of probiotic L. rhamnosus and L. acidophilus reduced toll like 
receptor-4 and IL-1β level in the liver tissue.(112) L. rhamnosus and  L. acidophilus decreased 
levels of TNF-α, IL-1β and TLR-4 expression as well as increase anti-inflammatory cytokine 
(IL-10) in alcoholic hepatitis mouse model.(113) 

Treatments of alcoholic hepatitis are administration of vitamin supplement, 
corticosteroids (anti-pro-inflammatory cytokine), and the last option is liver transplantation. 
Alternative treatment of alcoholic hepatitis is using probiotic to modulate 
microenvironment in gastrointestinal tract and immune responses. (61)  Treatment of 
Lactobacillus fermentum restored liver damage in ethanol induced alcohol liver disease.(114) 
In vitro and In vivo studies showed that heat-killed of L. salivarius and L. johnsonii reduced 
aspartate transaminase (AST), alanine transaminase, and gamma-glutamyl transferase 
(γ-GT) levels and oxidative stress in hepatocellular carcinoma cell line.(115)  Reduction of      
γ-GT enzyme was also observed in alcohol induced liver injury mouse model.(116) 
Furthermore, supplement of probiotic improved liver fibrosis by reduced inflammation and 
oxidative stress via mitogen-activated protein kinase (MAPK) signaling pathway in model 
of liver fibrosis rat.(116)  
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Figure 10 Ethanol induced gut permeability and inflammatory process 
cascade. 

 
7.3 Atopic dermatitis (AD) 
Atopic dermatitis, which is mainly found in children, is a chronic skin 

inflammation caused from food allergy, asthma, and dysbiosis. Anti-histamine grugs and 
probiotics are common treatments for atopic dermatitis.(117) Lactobacillus acidophilus,     
B. bifidum, L. casei, L. salivarius were attenuated dermatitis in pediatric.(118) Previous 
study in clinical trial demonstrated that B. animalis subsp lactis LKM512 improved atopic 
dermatitis.(119) Probiotic Lactococcus chungangensis reduced atopic dermatitis.(120) 
Recent evidence showed that L. rhamnosus was safe to treat atopic dermatitis in children 
age between 4-48 months old.(121) 

7.4 Psoriasis 
Psoriasis, a skin inflammation with hyperplasia of keratinocyte, increase IL-17 

level in serum and skin lesion. Lactobacillus pentosus reduced thick tissue of epidermal, 
serum pro-inflammatory cytokine levels such as IL-17, TNF-α, IL-22, and IL-23 in psoriasis 
mouse model. This strain was also reduced IL-17/IL-22 in the spleen cells.(122) 
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7.5 Rheumatoid arthritis 
Rheumatoid arthritis is caused by intestinal microbiota dysbiosis leading to 

leaky gut and toxin transfer to blood circulation. Rheumatoid arthritis patients have 
increases immune complexes at join areas.(123) Treatment with L. casei and L. acidophilus 
reduced paw inflammation, increased protein and calcium levels in serum of mouse 
arthritis model.(124) In clinical trial, supplementation of probiotic L. casei increased IL-10 
and reduced TNF-α, IL-6 in the serum and attenuated arthritis in arthritis patients.(125) In 
vivo study showed that L. helveticus inhibited pro-inflammatory cytokine productions such 
as TNF-α, IL-17, and IFN-γ as well as stimulated anti-inflammatory cytokine productions 
such as IL-10.(126) 
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CHAPTER 3 
RESEARCH METHODOLOGY 

Chemical and materials 
1. deMan-Rogosa-Sharpe (MRS) media (Oxoid, Basingstoke, Hampshire, 

UK) 
2. Glycerol (Merck, USA) 
3. Cell lines: HepG-2 cell (ATCC, HB 8065) 
4. Cell lines: Caco2 cell (ATCC, HTB 37) 
5. DMEM (Gibco-Invitrogen, Carlsbad, CA, USA)  
6. Lipopolysaccharide from E. coli (Sigma, USA) 
7. Albumin bovine fraction V powder (Sigma, USA) 
8. Anerobic gas package (MGC, Japan) 
9. Fetal bovine serum (Gibco-Invitrogen, USA) 
10. Penicillin-Streptomycin (Gibco-Invitrogen, USA) 
11. Flat-bottomed tissue culture plates (Corning, USA)   
12. Hemocytometer (Hausser Scientific, USA) 
13. 25% Trypsin (Gibco-Invitrogen, USA) 
14. Counter (Fisher Scientific, USA) 
15. ELISA plate: 96- well plate: High binding (Nunc, USA) 

16. Recombinant human TNF-α (R&D Systems, USA) 

17. Recombinant Rat TNF-α (R&D Systems, USA) 

18. Human TNF-α ELISA kit (R&D Systems, USA) 

19. Rat TNF-α ELISA kit (R&D Systems, USA) 
20. BioTek® Synergy™ HT (Multi-Detection Microplate Reader, USA) 
21. Tween 20 (merck, USA) 
22. EMB (Himedia, India) 
23. BSM (Himedia, India) 
24. 0.22 µm pore size filter Millipore (MA, USA) 
25. Syringes (NIPRO, Thailand) 
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26. Isoflurane (Piramal clinical care, USA) 
27. ultrasonic homogenizers (Sonopuls, Bandelin, Germany)  
28. Paraformaldehyde (Merck, USA) 
29. 6-well plate, 24-well plate (corning, USA) 
30. Autoclave (J.P. selecta, Spain)  
31. Biosafety cabinet (Nuaire, USA) 
32. Spectrophotometer (Human, Korea) 
33. Whitley Jar Gassing System (UK) 
34. pH meter (Thermo Scientific, USA) 
35. Anaerobic jar (Mitsubishi, Japan) 
36. Calcium carbonate (Merck, USA) 
37. Vacuum concentrator (Christ, Germany) 
38. Tetramethylbenzidine (R&D Systems, USA)  
39. H2O2 (Merck, USA) 
40. Water bath (J.P. selecta, Spain) 
41. Dextran sulfate sodium 
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Methods  
1. Lactobacillus strains 
Probiotic Lactobacillus strains were used in this study included Lactobacillus 

paracasei MSMC 39-1, L.casei MSMC39-3 and Weissella confusa MSMC57-1. These 
strains were isolated from newborn feces which inhibited TNF-α secretion in THP-1 
monocytic cell line(127) 

2. Cultivation of probiotic Lactobacillus strains 
Lactobacillus paracasei MSMC 39-1, L.casei MSMC39-3 and Weissella confusa 

MSMC57-1 in -80 °C cultured stock were inoculated in deMan-Rogosa-Sharpe (MRS) 

broth (Oxoid, Basingstoke, Hampshire, UK). The samples were incubated at 37 C for 48 
h, anaerobic condition generated by using a generate gas (Whitley Jar Gassing System, 

UK) in an anaerobic jar (Mitsubishi, Japan). The culture Lactobacillus spp. were streaked 
on MRS agar supplemented 0.3 % calcium carbonate (Merck, USA) and incubated at 37 

C for 48 h under anaerobic condition. The overnight culture of Lactobacillus spp. were 

picked up as a single colony and added in MRS broth, incubated 37 C , 48 h, anaerobic 
condition for next experiments. 

 
3. Preparation of probiotic Lactobacillus strains 

3.1 Probiotic culture supernatant 
Lactobacillus paracasei MSMC 39-1, L.casei MSMC39-3 and Weissella 

confusa MSMC57-1 were cultured on MRS agar and incubated at 37C under anaerobic 
condition for 48 h. Lactobacillus spp. were picked up as a single colony in MRS broth and 

incubated at 37C, anaerobic condition for 48 h. Lactobacillus spp. were adjusted to final 
concentration at 109 CFU/ml(127)  by optical density at 600 nm. The supernatant of 
Lactobacillus spp. were separated by centrifugation and filtered with 0.22 m and were 

concentrated by vacuum concentrator (Christ, Germany) at 40 C for 4-6 h. Samples 

pellet were resuspended in serum-free-medium DMEM and kept at -20 C until used. 
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3.2 Viable cells 
The single colony of Lactobacillus strains were cultured in MRS broth and 

incubated at 37°C under anaerobic condition. The samples were adjusted to the final 
concentration at 109 CFU/ml(126) by measured optical density at 600 nm and washed twice 
with 1x phosphate buffer saline (PBS). Lactobacillus strains were re-suspended with PBS 

and used immediately for TNF-α inhibition test in cell line. The candidated strain was 
prepared in viable cells pattern and treated in hepatitis and colitis animal experiments.  

3.3 Heat killed cells 
Lactobacillus strains were cultured on MRS agar, anaerobically incubated at 

37C for 48 h. The single colony of Lactobacillus strains were cultured in MRS broth, 

incubated at 37C in anaerobic condition for 48 h. Lactobacillus strains were adjusted to 
the final concentration at 109 CFU/ml,(127) centrifuged and washed twice with PBS. The 

pellets were re-suspended in PBS and boiled at 85 C for 1 h, and kept at -20C until 
used. The viability of samples were re-checked by streaking on MRS agar, and 

anaerobically incubated at 37C for 48 h.  
3.4 Sonicated cells   

Lactobacillus strains were cultured on MRS agar incubated 37 C anaerobic 
for 48 h. Lactobacillus spp. were picked up and a single colony was cultured in MRS broth 

and incubated at 37 C in anaerobic condition for 48 h. Lactobacillus spp. were adjusted 
to the final concentration at 109 CFU/ml(127) and were centrifuged and pellets were re-
suspend in serum-free medium DMEM. Sonication of Lactobacillus spp. were set speed 
at 85-88% for 7.10 min by ultrasonic homogenizers (Sonopuls, Bandelin, Germany) and 

kept at -20 C until use. 
4. Preparation of cell culture 
Two cell lines including colorectal adenocarcinoma cell (Caco-2 cells) and 

hepatocellular carcinoma cell (HepG-2 cells) were used in this experiment. Caco-2 cells 
(ATCC, HTB 37) and HepG2 cell (ATCC, HB 8065) was purchased from American Type 
Culture Collection (ATCC). The Caco2 cell was cultured in high glucose DMEM (Gibco-
Invitrogen, Carlsbad, CA, USA) and HepG2 cell was cultured in low glucose DMEM which, 
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both cell lines was  supplemented with 10% fetal bovine serum (FBS) and 1% penicillin 
(100 units/ml) streptomycin (100 mg/ml), incubated in 37°C incubator, 98% humidified 
and 5% CO2. 

4.1 The study of probiotic Lactobacillus strains in the suppression of TNF- α 
secretion in Caco-2 cells 

The Caco-2 cell at 5 x 105 cells/ml was seeded on 6 well plate in high glucose 
DMEM supplemented with 10% FBS and 1% penicillin-streptomycin in 37°C incubator, 
98% humidified and 5% CO2. After 15 days, Caco-2 cell was washed in PBS and replaced 
with 1% FBS antibiotic free DMEM(14). Each well was treated with 10% condition media 
(CM), 20% sonicated cells (SON), heat killed cells  or viable cells of three Lactobacillus 
spp. and stimulated with final concentration of 20 ug/ml lipopolysaccharide (LPS) from 
Escherichia coli (Sigma, USA) for 24 h. Collection of supernatants were centrifuged at 
3,000 rpm, 4°C, 5 min and were used to detect TNF-α production by sandwich ELISA kit. 
The each samples experiment was duplicated. 

The percentage of cell viability will be calculated by the following 
% Cell viability = 100 × (1-(dead cells ÷ total cells). 

4.2 The study of probiotic Lactobacillus strains in the suppression of TNF-α 
secretion in HepG-2 cells 

HepG-2 cell was seeded at 1 x 105 cell/well on 24 well plate for 3 days.(26)  The 
cell confluence at about 80% and each well was treated with 10% v/v conditioned media, 
20 % v/v heated kill cells, sonicated cells or viable cells of three Lactobacillus spp. were 
stimulated with final concentration of 5 µg/ml lipopolysaccharide for 48 h. Collection of 
supernatants were centrifuged at 3,000 rpm, 4°C, 5 min and were detected TNF-α 
production by sandwich ELISA kit. 

5. Detection of tumor necrosis factor (TNF-α) by sandwich ELISA kit 
Detection of tumor necrosis factor (TNF-α) secretion in Caco-2 cell line and 

HepG-2 cell line(127) was performed by sandwich ELISA kit. Briefly, ELISA plates: 96 well 
plate: High binding (Nunc, USA) were coated with mouse anti-human TNF-α antibodies 
overnight. ELISA plates were washed three times with washing buffer (0.05% Tween 20 in 
1x PBS) and non-specific binding were blocked with 1% BSA in PBS for 2 h. ELISA plates 
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were washed three times and samples supernatant from treated cell line were added. 
Recombinant human TNF-α was used a standard (R&D Systems, USA) and standard was 
diluted at the concentration of 7.8,15.625, 31.5, 62.5, 125, 250, 500, 1,000 pg/ml. Reagent 
diluent was used for blank and plates were incubated overnight. The plates were washed 
and biotinylated goat anti-human TNF-α detection antibodies was added and incubated 
for 2 h at room temperature and avoid direct contact with light and washed the plates 
before addition of streptavidin-horseradish peroxidase conjugate and incubated for 20 
minute at room temperature. After that, ELISA plates were washed and 
Tetramethylbenzidine (R&D Systems, USA) was added and incubated for 20 minute and 
stop reaction by addition of H2So4. Absorbance was measured at 450 nm using BioTek® 

Synergy™ HT (Multi-Detection Microplate Reader, USA). ELISA plates were performed at 
25°C. Results of TNF-α concentration was compared with standard curve and expressed 
as pg/ml. 

The percentage of TNF-α inhibition will be calculated by the following 
% TNF-α inhibition = 100 × ((observed ÷ baseline -1) 
Where observed = secreted TNF-α of experiment (pg/ml) and baseline       = 

secreted TNF-α of MRS bacterial culture medium (pg/ml). 
6. Animal experiment 

6.1 Induction of colitis  
For colitis model, 24 wistar rat (Rattus norvegicus) with aging between 8-10 

week and weighing 250-300 g were purchased from Namura Siam International. Housing 
of animal was controlled at temperature of 22 ± 5 °C, humidity: 55 ± 5%, 12 h: 12 h 
light/dark at Medical Center Animal Care Laboratory, Srinakharinwirot University, 
Thailand. The rats were adapted in environment for 1 week before experiment. Animal 
experiment was informed license no. COA/AE-002-2563 from Animal Ethics Committee of 
the Srinakharinwirot University.  Animal was divided into 4 groups (6 rats per group) (Table 
4 and Figure 11).(128, 129) 
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Table 4 Experimental design of colitis rats 

 

Group No. Group  

1 Negative control standard diet + drinking water 
2 Probiotic control standard diet + viable cell of L. paracasei MSMC 

39-1  
3 Colitis control standard diet + 3 % w/v Dextran sulfate sodium in 

drinking water 
4 Probiotic test standard diet + 3 % w/v Dextran sulfate sodium in 

drinking water + viable cell of MSMC39-1  

 
* Probiotic was administered  in probiotic control and probiotic test colitis for 14 

days, Rat was administered oral gavage live MSMC39-1 1x109 CFU/ml/rat/day, standard 
diet was ad libitum. Dextran sulfate sodium was reagent able induced colitis 
pathogenesis. 

 
 

 
 
 

Figure 11 Time line experiment of colitis 
6.1.1 Body weight and colon length detection in colitis rats 
After the end experiment, all rats were weighed body weight and 

anesthetized with isoflurane, bood collection, removed colon for rinse and weighing, 
measurement colon length as centimeter unit for observation symtoms of the colitis.  
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6.1.2 Blood collection in colitis rat  
After all rats were anesthetized and collected blood from cardiac 

puncture. Serum was separated from blood sample by centrifuged at 1500 g for 10 minute 
and kept at -20 °C for aspartate aminotransferase (AST) and alanine aminotransferase 
(ALT) level detection.  

6.1.3 Colon preparation 
After 7 days, rat was anesthetized with isoflurane and sacrificed. Small 

and large intestine was removed and weighed. Colon tissue was removed, rinsed, and 
excised of tissue. The colon was homogenized with lysis buffer and centrifuge. The 
supernatant was collected for TNF-α detection.  Measurement of colon length as 
centrimeter unit. 

The pieces of colon tissue was fixed in 4% paraformaldehyde at 4°C for 
histology examination (130)Alcohol at 10%, 20%, 50%, 95% and 100% was used for colon 
tissue dehydration. The samples was embedded on paraffin. 

6.1.4 Histology evaluation of colitis 
Specimens of colitis in paraffin block were sectioned 5-7 µM using 

microtome. The sections were deparaffinized with xylene and rehydrated with 100%, 95% 
and 70% alcohol, respectively. The section slides were stained with hematoxylin & eosin 
(H&E). Histology examination of colitis was observed and scored according to Table 5.(130) 

 
 

 

 

 

 

 

 

 

 



  36 

Table 5. Colitis score 

 

Score Characteristics 

0 no ulceration and inflammation 

1 no ulceration and local hyperemia 

2 ulceration without hyperemia 

3 ulceration and one site only of inflammation 

4 two or more sites of ulceration and inflammation 

5 ulceration extending more than 2 cm 

 

6.1.5 Fecal collection of colitis rat  
Stool of rats were collected before and after administration of L. paracasei 

MSMC39-1 in experiment of colitis rats for detection of gut microbiota. 
6.2 Induction of hepatitis  
For alcoholic hepatitis model, Wistar rats (Rattus norvegicus), 24 rats age 8-

10 weeks weigh 250-300 g were purchased from Namura Siam International were used. 
Housing of animal was controlled at temperature of 22 ± 2 °C, humidity: 55 ± 5%, 12 h: 12 
h light/dark (27, 131). The rats were adapted in environment for 1 week before experiment. 
Animal experiment was informed license no. 9/2561 from Animal Ethics Committee of the 
Faculty of Medicine, Srinakharinwirot University. The experiment of hepatitis was divided 
into 4 groups (6 rat per group), (Table 6 and Figure 12). 
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Table 6 Experimental design of hepatitis rats 

 

Group No. Group  

1 Negative control standard diet + distilled water 
2 Probiotic control standard diet + viable cell of L. paracasei MSMC 

39-1  
3 Hepatitis control standard diet + 30% alcohol  
4 Probiotic test standard diet + 30 %  alcohol + viable cells of         

L.  paracasei MSMC 39-1 (L. paracasei was 
administered before induce hepatitis for 2 weeks 
and was treated continuing to 8 weeks) 

 
Rat was administered oral gavage live MSMC39-1 1x109 CFU/ml/rat/day, 

standard diet was ad libitum. 
 

 
 
 

 
Figure 12 Time line experiment of hepatitis 

 
6.2.1 Blood collection in hepatitis rat 
Hepatitis rat was anesthetized with isoflurane and blood will be collected 

from cardiac puncture.(23) Serum was separated from blood sample by centrifuged at 1500 
g for 10 minute. Aspartate aminotransferase (AST) and alanine aminotransferase (27) levels 
were detected in serum.  
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6.2.2 Liver preparation 
After treatment, rats was anesthetized with isoflurane and sacrificed, right 

lobe of liver were removed and weighed.(23) The liver tissue was removed, rinsed, and 
excised of tissue. The right lobe of liver was homogenized with lysis buffer and centrifuge. 
The supernatant was collected for TNF-α detection. 

The pieces of liver tissue was fixed in 4 % paraformaldehyde at 4 °C for 
histology examination. Alcohol at 10%, 20%, 50%, 95% and 100% was used for liver tissue 
dehydration. The samples were embedded on paraffin. 

6.2.3 Histology evaluation of hepatitis rat 
Specimen of hepatitis rats in paraffin block were sectioned at about 5-7 

µM using microtome. The sections were deparaffinized with xylene and dehydrate with 
100%, 95% and 70% alcohol, respectively. The section slides were stained with 
hematoxylin & eosin. 

6.2.4 Fecal collection of hepatitis rat 
Stool of rats were collected before and after administration of L. paracasei 

MSMC39-1 in experiment of alcoholic hepatitis for detection of gut microbiota. 

7. Detection of tumor necrosis factor (TNF-α) in the colon and liver tissue of rat model 
by sandwich ELISA kit 

Detection of Tumor necrosis factor (TNF-α) production in the supernatant of 
colon tissue of colitis rats and liver tissue of hepatitis rat model(112) by sandwich ELISA kit 
briefly, ELISA plate: 96 well plate: High binding (Nunc, USA) was coated with mouse anti-
rat TNF-α antibodies overnight. The plate was washed three times with washing buffer 
(0.05% Tween 20 in 1x PBS) and non-specific binding was blocked with 1% BSA in PBS 
for 2 h. ELISA plate was washed three times and supernate of all rat was added. 
Recombinant rat TNF-α was used a standard (R&D Systems, USA) and standard was 
diluted at the concentration of  7.8,15.625, 31.5, 62.5, 125, 250, 500, 1,000 pg/ml. Reagent 
diluent was used for blank and plate was incubated overnight. The plate was washed and 
biotinylated goat anti-rat TNF-α detection antibodies was added and incubated for 2 h at 
room temperature and avoid direct contact with light and washed the plate before addition 
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of streptavidin-horseradish peroxidase conjugate and incubated for 20 minute at room 
temperature. After that, ELISA plate was washed and Tetramethylbenzidine (R&D 
Systems, USA) was added and incubated for 20 minute and stop reaction by addition of 
H2So4. Absorbance was measured at 450 nm using BioTek® Synergy™ HT (Multi-
Detection Microplate Reader, USA). ELISA plate was performed at 25°C. Results of      
TNF-α concentration was compared with standard curve and expressed as pg/ml. 

The percentage of TNF-α inhibition will be calculated by the following 
% TNF-α inhibition = 100 × ((observed ÷ baseline -1) 
 

8. Study of alteration of gut microbiota using Next generation sequencing 
Stool collected from colitis and hepatitis rats were used for DNA extraction. DNA 

extraction using QIAamp DNA Stool Minikit (Qiagen)(132) was performed as manual briefly, 
fresh or frozen stool was weighed 180-220 mg in 2 ml microcentrifuge tube. InhibitEx 
buffer was added in each tube, heat at 70ºC for 5 min and vortex. The suspension was 
centrifuged, keep supernatant.  Supernatant was transferred to new centrifuge tube and 
proteinase K, AL buffer were added and incubated at 70ºC for 10 min. Lysate was added 
with ethanol, vortex and add to new QIAamp spin column and centrifuged. AW1 buffer 
was added in the QIAamp spin column and centrifuged. AW2 buffer was added to 
QIAamp spin column, centrifuged and discarded filtrate tube. QIAamp spin column was 
transferred to 1.5 ml microcentrifuge tube and was added with ATE buffer and centrifuge 
for elute DNA. DNA concentration were measured by Nanodrop 2000 spectrophotometer 
(Thermo scientific, USA). The primers used in this study were as followed: forward 
primer:5'TCGTCGGCAGCGTCAGATGTGTATAAGA 
GACAGCCTACGGGNGGCWGCAG3'and reverse primer:5'GTCTCGTGGGCTCGGA 
GATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC3'. Two variable regions of 
16S rDNA (V3 and V4) of 16S Metagenome  were sequenced by illumina Miseq sequencer 
(Illumina, USA) (133). 
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9. Statistical analysis  
Statistical significance or differences were evaluated by Graphpad Prism version 

8.0.2, one-tailed distribution of Student t-test. A ρ -value ≤  0 . 0 5  was considered 
statistically significantly. 

For animal study was used one way ANOVA with comparing each group with 
control group express as mean ± SD 
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CHAPTER 4 
RESULT 

1. The effect of Lactobacillus strains on the TNF-α secretion in Caco-2 cells 
Previous study showed that L. paracasei MSMC 39-1, L. casei MSMC 39-3 and 

Weissella confusa MSMC57-1 inhibited TNF-α production in THP-1 monocytic cell line 

(127). In this study, the effects of L.  paracasei MSMC 39-1, L.  casei MSMC 39-3 and 

Weissella confusa MSMC57- 1 on TNF-α secretion were examined in Caco- 2 cells 
activated with lipopolysaccharides. 

Four various antigens including probiotic culture supernatant, viable cells, heat 
killed cells and sonicated cells were prepared from the strains of Lactobacillus spp.  

TNF- α secretion in Caco- 2 cells activated with lipopolysaccharides for 24 h was 
examined in the presence of four antigens of each strain at final concentration of 109 
CFU/ml. The results indicated that probiotic culture supernatant of L.  paracasei MSMC 
39-1, L. casei MSMC 39-3 and Weissella confusa MSMC57-1 slightly suppressed TNF-α 
secretion in Caco-2 cells activated with lipopolysaccharides as shown in Table 7 and 
Figure 13. 

 Viable cells of L.  paracasei MSMC 39-1, L.  casei MSMC 39-3 and Weissella 

confusa MSMC57- 1 exhibited significantly strong suppression of TNF-α secretion in 

Caco-2 cells activated with lipopolysaccharides as shown in Table 8 and Figure 14   (**ρ 

< 0.01). In addition, a significantly strong suppression of TNF-α secretion was also 
observed in Heat-killed cells of L.  paracasei MSMC 39-1 and L.  casei MSMC 39-3 as 

shown in Figure 15 (*ρ  < 0.05). TNF-α secretion in Caco- 2 cells activated with 
lipopolysaccharides was moderately suppressed by Heat-killed cell of  Weissella confusa 
MSMC57-1 as shown in Table 9 and Figure 15. Sonicated cells of L.  casei MSMC 39-3 

and Weissella confusa MSMC57-1 exhibited strong and slight suppression of TNF-α 
secretion in Caco-2 cells activated with lipopolysaccharides when compared with the 

MRS control as shown in Table 10 and Figure 16 (*ρ < 0.05). On the other hand, sonicated 

cells of L. paracasei MSMC 39- 1 had no effect on TNF-α secretion in Caco- 2 cells 
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activated with lipopolysaccharides when compared with the MRS control as shown in 
Figure 16. 

Table 7 Effect of probiotic culture supernatant of Lactobacillus strains on the TNF-α 
secretion in Caco-2 cells activated lipopolysaccharides. MRS control; SD, standard 
deviation. 

 

Probiotic culture supernatant + 
LPS 

TNF- α (ρg/ml) SD % inhibition 

MRS + LPS 1160 28.28  
L. paracasei MSMC 39-1 1123 4.29 3.19 
L. casei MSMC39-3 1120 14.14 3.45 
Weissella confusa MSMC57-1 1135 28.28 2.15 

 

 
 
 
 
 
 
 
 
 
 

 
Figure 13 Effect of probiotic culture supernatant of Lactobacillus strains on the 

TNF-α secretion in Caco-2 cells activated lipopolysaccharides. 
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Experiments were performed duplicate and three times, MRS control.  Statistical 
analysis was used one-tailed Student t-test distribution. Error bars showed standard 

deviations, * (ρ < 0.05). 

 

Table 8 Effect of viable cells cell Lactobacillus strains on the TNF-α secretion in Caco-2 
cells activated lipopolysaccharides.  MRS control; SD, standard deviation. 

 

Viable cells + LPS TNF-α (ρg/ml) SD % inhibition 

MRS + LPS 1185 21.21  
L. paracasei MSMC 39-1 977.50 36.86 17.51 
L. casei MSMC39-3 952.50 42.72 19.62 
Weissella confusa MSMC57-1 962.50 49.24 18.78 
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Figure 14 Effect of viable cells cell Lactobacillus strains on the TNF-α 
secretion in Caco-2 cells activated lipopolysaccharides. 

Experiments were performed duplicate and three times, MRS control.  Statistical 
analysis was used one-tailed Student t-test distribution. Error bars showed standard 

deviations, * (ρ < 0.05); ** (ρ < 0.01). 
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Table 9 Effect of heat-killed cell Lactobacillus strains on the TNF-α secretion in Caco-2 
cells activated lipopolysaccharides. MRS control; SD, standard deviation. 

 

Heat killed cells + LPS TNF-α (ρg/ml) SD % inhibition 

MRS + LPS 657.4 84.43  
L. paracasei MSMC 39-1 408.6 79.02 37.85 
L. casei MSMC39-3 393.50 68.87 40.14 
Weissella confusa MSMC57-1 444.50 66.26 32.38 

 

 

 

Figure 15 Effect of heat-killed cell Lactobacillus strains on the TNF-α 
secretion in Caco-2 cells activated lipopolysaccharides. 
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Experiments were performed duplicate and three times, MRS control.  Statistical 
analysis was used one-tailed Student t-test distribution. Error bars showed standard 

deviations, * (ρ < 0.05). 

 

Table 10 Effect of sonicated cell Lactobacillus strains on the TNF-α secretion in Caco-2 
cells activated lipopolysaccharides. MRS control; SD, standard deviation. 

 

Sonicated cells + LPS TNF-α (ρg/ml) SD % inhibition 

MRS + LPS 1,120 28.28  
L. paracasei MSMC 39-1 1,131 42.43 0.98 
L. casei MSMC39-3 1,044 28.28 6.78 
Weissella confusa MSMC57-1 1,025 5.66 8.48 
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Figure 16 Effect of sonicated cell Lactobacillus strains on the TNF-α secretion 
in Caco-2 cells activated lipopolysaccharides. 

Experiments were performed duplicate and three times, MRS control.  Statistical 
analysis was used one-tailed Student t-test distribution. Error bars showed standard 

deviations, * (ρ < 0.05). 

 

2. The effect of Lactobacillus strains in the suppression of TNF-α secretion in HepG-2 
cells 

Previous study showed that L. paracasei MSMC 39-1, L. casei MSMC 39-3 and 
Weissella confusa MSMC57-1 inhibited TNF-α production in THP-1 monocytic cell line 
(127). In this study, the effects of L.  paracasei MSMC 39-1, L.  casei MSMC 39-3 and 
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Weissella confusa MSMC57- 1 on TNF-α secretion were examined in HepG- 2 cells 
activated with lipopolysaccharides. 

Four various antigens including probiotic culture supernatant, viable cells, heat 
killed cells and sonicated cells were prepared from the strains of Lactobacillus spp. 

These antigens from each strain were used to test the suppression of TNF-α secretion in 
HepG- 2 cells activated with lipopolysaccharides. Probiotic culture supernatant of                

L.  paracasei MSMC 39-1 and L.casei MSMC39-3 had slight effects on TNF-α secretion 
as shown in Table 11 and Figure 17. However, probiotic culture supernatant of Weissella 

confusa MSMC57-1 had no effect on TNF-α secretion as shown in Table 11 and Figure 
17. 

A significant strong suppression of TNF-α secretion was observed in viable cells 

of L. paracasei MSMC 39-1 when compared with MRS control (***ρ< 0.001)  as shown in 
Table 12 and Figure 18.   Viable cells of L.casei MSMC39-3 and Weissella confusa 

MSMC57-1 exhibited moderate suppression of TNF-α secretion in HepG-2 cells activated 
with lipopolysaccharides as shown in Table 12 and Figure 18. 

Heat killed cell of L.  paracasei MSMC 39-1 significantly suppressed TNF-α 

secretion in HepG-2 cells when compared to MRS controls (*ρ < 0.05) as shown in Table 

13 and Figure 19. Heat killed cell of L. casei MSMC39-3 slightly inhibited TNF-α secretion 
in HepG-2 cells, and heat killed cell of Weissella confusa MSMC57-1 had no effect on 

TNF-α secretion in HepG-2 cells as shown in Table 13 and Figure 19.  

Sonicated cell of Weissella confusa MSMC57-1 significantly suppressed TNF -α 

secretion in HepG-2 cells (*ρ < 0.05) as shown in Table 14 and Figure 20. Sonicated cell 

of L. paracasei MSMC 39-1 and L. casei MSMC39-3 slightly suppressed TNF -α secretion 
in HepG-2 cells as shown in Table 14 and Figure 20. 

Table 11 Effect of probiotic culture supernatant Lactobacillus strains on the TNF-α 
secretion in HepG-2 cells activated lipopolysaccharides. MRS control; SD, standard 
deviation. 
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Probiotic culture supernatant + 
LPS 

TNF-α (ρg/ml) SD % inhibition 

MRS + LPS 527.5 3.54  
L. paracasei MSMC 39-1 515.0 7.07 2.37 
L. casei MSMC39-3 520.0 14.14 1.42 
Weissella confusa MSMC57-1 560.0 28.28 1.44 

 

 

 

Figure 17 Effect of probiotic culture supernatant Lactobacillus strains on the 
TNF-α secretion in HepG-2 cells activated lipopolysaccharides. 

 

Experiments were performed duplicate and three times, MRS control.  Statistical 
analysis was used one-tailed Student t-test distribution. Error bars showed standard 

deviations, * (ρ < 0.05). 
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Table 12 Effect of viable cell Lactobacillus strains on the TNF-α secretion in HepG-2 
cells activated lipopolysaccharides. MRS control; SD, standard deviation. 

 

Viable cells + LPS TNF-α (ρg/ml) SD % inhibition 

MRS + LPS 535.0 1.41  
L. paracasei MSMC 39-1 249.0 8.48 53.45 
L. casei MSMC39-3 410.0 11.31 23.36 
Weissella confusa MSMC57-1 412.5 43.13 22.89 

 

 

 

 

 

 

Figure 18 Effect of viable cell Lactobacillus strains on the TNF-α secretion in 
HepG-2 cells activated lipopolysaccharides. 
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Experiments were performed duplicate and three times, MRS control.  Statistical 
analysis was used one-tailed Student t-test distribution. Error bars showed standard 

deviations, * (ρ < 0.05); ** (ρ < 0.01); *** (ρ < 0.001). 

 

Table 13 Effect of heat killed cell Lactobacillus strains on the TNF-α secretion in HepG-
2 cells activated lipopolysaccharides. MRS control; SD, standard deviation. 

 

Heat killed cells + LPS TNF-α (ρg/ml) SD % inhibition 

MRS + LPS 535.0 1.41  
L. paracasei MSMC 39-1 303.5 68.59 43.27 
L. casei MSMC39-3 435.0 43.84 18.69 
Weissella confusa MSMC57-1 796.5 119.50 48.88 

 

 

Figure 19 Effect of heat killed cell Lactobacillus strains on the TNF-α 
secretion in HepG-2 cells activated lipopolysaccharides. 
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Experiments were performed duplicate and three times, MRS control.  Statistical 
analysis was used one-tailed Student t-test distribution. Error bars showed standard 

deviations, * (ρ < 0.05). 

 

Table 14 Effect of sonicated cells Lactobacillus strains on the TNF-α secretion in HepG-
2 cells activated lipopolysaccharides. MRS control; SD, standard deviation. 

 

Sonicated cells + LPS TNF-α (ρg/ml) SD % inhibition 

MRS + LPS 535.0 1.41  
L. paracasei MSMC 39-1 527.5 16.26 1.40 
L. casei MSMC39-3 500.5 81.32 6.44 
Weissella confusa MSMC57-1 346.5 44.55 35.23 
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Figure 20 Effect of sonicated cell Lactobacillus strains on the TNF-α secretion 
in HepG-2 cells activated lipopolysaccharides. 

Experiments were performed duplicate and three times, MRS control.  Statistical 
analysis was used One-tailed Student t-test distribution. Error bars indicated standard 

deviations, * (ρ < 0.05); ** (ρ < 0.01); *** (ρ < 0.001). 

 

3. Effect of Lactobacillus paracasei MSMC39-1 on body weight and colon length in 
colitis rats 

Due to the strongest effect on TNF-α secretion in Caco-2 cells and HepG-2 cells, 
L.  paracasei MSMC 39-1 was selected in animal model. In the colitis experiment, body 
weight loss, diarrhea with bleeding and colon shorten were observed in colitis rats with 
oral gavage with 3% DSS. However, body weight loss was observed in these rats when 
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compared to normal control, probiotic control, and probiotic test group as shown in Table 
15 and Figures 21-22. There was no difference in body weight, and colon length of rats in 
negative control, probiotic control, and probiotic test group when compared to the control 
group as shown in Table 15. Thus, DSS induced colitis caused weight loss, colon length 
and diarrhea with bleeding. 

 

Table 15 Effect of L. paracasei MSMC39-1 on body weight increase and colon length 

 

Parameters 
Group    

Negative 
control 

Probiotic 
control 

Colitis control Probiotic test 

Body weight 
increase (g) 

125 ± 9.98 123 ± 23.91 93 ± 6.80 107 ± 11.03 

Colon length (cm) 16 ± 1.73 17 ± 2.71 14 ± 1.54 14.8 ± 0.67 

 
 

 
 
 
 
 
 

 
Figure 21 Symtoms of colitis rats 
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Figure 22 Colon length after L. paracasei MSMC39-1 treatment in colitis rats. 

 

4. Effect of Lactobacillus paracasei MSMC39-1 on liver enzyme activity in colitis rat  
A high level of serum aspartate aminotransferase (AST) was observed in colitis 

control group ( Figure 23) .  Aspartate aminotransferase level significantly reduced in 

probiotic L. paracasei treatment colitis rat ( *ρ < 0.05)  (Figure 23)  when compared to 
colitis control group.   Alanine aminotransferase level in serum of colitis rat was high but 
ALT level was reduced when treated with L. paracasei (Figure 24).  
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Figure 23 Effect of L. paracasei MSMC 39-1 on aspartate aminotransferase in 
DSS-induced colitis rats 

Error bar was shown standard deviation. Statistical analysis used One way 

ANOVA and *ρ < 0.05* *  (ρ < 0.01) ; * * *  (ρ < 0.001) ; significant differences from the 
control (n =6 rats). 
 



  57 

 
 

 

Figure 24 Effect of L. paracasei MSMC 39-1 on alanine aminotransferase in 
DSS-induced colitis rats. 

Error bar was shown standard deviation. Statistical analysis used One way 

ANOVA and *ρ < 0.05* *  (ρ < 0.01) ; * * *  (ρ < 0.001) ; significant differences from the 
control (n =6 rats). 
 

5. Effect of Lactobacillus paracasei MSMC39-1 on TNF-α secretion in colon tissue of 
DSS induced colitis rat 

High level of TNF-α secretion was observed in colitis rats administered with  3% 
DSS (Figure 25). TNF-α levels of colon tissues from rats in probiotic L. paracasei treatment 

group were significantly lower that colitis control group  (***ρ < 0.001)   (Figure 25).  The 
similar level of TNF-α was observed in colon tissues of normal control and probiotic 
control groups (Figure 25). Thus L. paracasei improved cotitis by inhibit TNF-α secretion 
in colon tissue of colitis rats. 
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Figure 25 Effect of L. paracasei MSMC 39-1 on TNF-α secretion colon tissue  
in colitis rats.  

Error bar was shown standard deviation. Statistical analysis used One way 

ANOVA and *ρ < 0.05* *  (ρ < 0.01) ; * * *  (ρ < 0.001) ; significant differences from the 
control (n =6 rats). 

 

6. Effect of Lactobacillus paracasei MSMC39-1 on TNF-α secretion in liver tissue of 
DSS induced colitis rat 

A high level of TNF-α secretion was observed in colitis rats administred with 3% 
DSS (Figure 26). TNF-α secretion in colitis rats in probiotic L. paracasei treatment group 

was significantly suppressed when compared to the colitis control group ( ***ρ < 0.001) 
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(Figure 26). The level of TNF-α in negative control and probiotic control group was 
similar in liver tissue (Figure 26). 
 

 
 

Figure 26 Effect of L. paracasei MSMC 39-1 on TNF-α secretion in liver tissue  
of DSS-induced colitis rats. 

 

Experiments were performed duplicate and three times, MRS control.  Statistical 

analysis was used One way ANOVA. Error bars indicated standard deviations, *(ρ < 0.05; 

** (ρ < 0.01); *** (ρ < 0.001). 

7. Effect of Lactobacillus paracasei MSMC39-1 on colon tissue histology in DSS- 
induced colitis rat 

Effect of probiotic L. paracasei administeration in colitis rats and histopathology 
of colon tissue was examined by haematoxylin and eosin staining. Colon tissue of normal 
control and probiotic control with colitis score were 0-1. The size of colon was regular with 
no ulceration and no inflammatory cells as shown in Figure 27-28.  For colitis group, there 
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were two and three point of ulceration, numerous inflammatory cells infiltrated in the cell  
(red arrow, Figure 28 ), crypt absces, and crypt depth were decreased and colitis score 
was about 3 shown in Figure 27-29.  Interestingly, colon tissue of colitis rats were 
significantly improved by viable cell probiotic L. paracasei MSMC39-1. There were few 
inflammatory cells in the cell, no ulceration, increased in crypt depth, and colitis score 
was about 1 as shown in Figures 27-29. Normal control probiotic control and probiotic test 
showed that crypt depth not different as shown in Figures 29. 

  
 
 

 
 

Figure 27 Colitis score of L. paracasei treatment 

Experiments were performed n=6 rats, negative control.  Statistical analysis was 

used One way ANOVA. Error bars indicated standard deviations, *  ( ρ < 0. 05) ;                         

** (ρ < 0.01); *** (ρ < 0.001), **** (ρ < 0.0001). 
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Figure 28 Colon histology of L. paracasei treatment in colitis rats. 
Normal control (NC) and probiotic control (P) showed normal colon. Colitis (C) 

indicated intense inflammatory cell and improved by probiotic L. paracasei MSMC39-1 
treatment (PT). 200x magnification and scale bar 100 µm. 
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Figure 29 Histology of colon showing crypt depth in hemotoxylin and eosin 

staining in colitis rats 
 

8. Effect of Lactobacillus paracasei MSMC39-1 on liver tissue histology in DSS 
induced-colitis rat 

Effect of probiotic L. paracasei administeration in colitis rats and histopathology 
of liver tissue was examined by Haematoxylin and eosin staining.  

The central vein was the center of hepatic cord which, was hepatocyte 
arrangement. Liver tissue of normal control and probiotic control showed the normal size 
of hepatocyte with no edema, no fat droplet and regularity hepatocyte arrangement as 
shown in Figure 30.  For colitis group, a lot of fat foam were found in cytoplasm of the 
hepatocyte. Hepatocyte were big, swollen, and invisible to hepatic cord arrangement. In 
addition, hepatocyte was covered with some inflammatory cells. Interestingly, liver tissue 
of colitis rats was improved by viable cell probiotic L. paracasei. There were normal 
hepatic cord arrangement and few fat droplets in the hepatocyte as shown in Figure 30.  
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Figure 30 Liver histology of L. paracasei treatment in colitis rats. 
Normal control (NC) and probiotic control (P) showed normal colon. Colitis (C) 

indicated intense inflammatory cell and improved by probiotic L. paracasei MSMC39-1 
treatment (PT). 400x magnification scale bar 50 µm. 

 

9. Effect of Lactobacillus paracasei MSMC39-1 on gut microbiota alteration in DSS- 
induced colitis rat 

The next generation sequencing of colitis rats group showed an increase in 
Fermicutes as shown in Figure 31.  After L. paracasei MSMC39-1 treatment in DSS 
induced colitis rats, the number of phylum Fermicutes slightly decreased whereas the 
number of Bacteroidetes increased when compared to colitis control as shown in Figure. 
31. Mixure of good and bad microbiota happens due to a diarrhea which is colitis symtom. 
Heatmap showed an increase in genus Lactobacillus spp. in L. paracasei MSMC39-1 
administeration in colitis rats when compared to colitis control as shown in Figure 32 . In 
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colitis control group, the number of genus Clostridium pathogen or bad microbiota was 
higher than that of probiotic L. paracasei MSMC39-1 test as shown in Figure 32. 

 

 
 

Figure 31 Effect of L. paracasei MSMC39-1 on gut microbiota alteration in 
colitis rats.  

Statistical analysis used One way ANOVA and *ρ < 0.05; significant differences 
from the control (n =6 rats). 
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Figure 32 Heatmap of L. paracasei MSMC39-1 on gut microbiota alteration in 
colitis rats.  

Statistical analysis used One way ANOVA and *ρ < 0.05; significant differences 
from the control (n =6 rats). 

 

10. Effect of alcohol and L. paracasei MSMC39-1 on body weight and liver weight 
Liver weight and liver-to-body weight ratio were increased in hepatitis rats with 

oral gavage with alcohol for 8 weeks. However, body weight loss was observed in these 
rats when compared to normal control, probiotic, and probiotic treatment group as shown 
in Table 16. There were no differences in body weight, liver weight and liver-to-body 
weight ratio of rats in normal, probiotic, and probiotic treatment group when compared to 
the control group as shown in Table 16. Thus alcohol induced hepatitis caused weight 
loss, liver edema, and increase in liver weigh.  
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Table 16 Effect of L. paracasei MSMC39-1 on body weight and liver weight  

 

Parameters Group    
 Normal Probiotic Alcohol Probiotic 

treatment 

Body weight (g) 486.4±6.93 462.5±25.14 403.1±10.39* 479.3±16.5a 
Liver weight (g) 15.03±1.41 14.27± 0.43 15.83±4.86 15.1±1.28 
Liver to body 
weight ratio (%) 

3.08±0.25 3.09±0.08 3.94±1.3 3.15±0.05 

 
The data are shown as mean ± SD. Statistical analysis used One way ANOVA.  

*ρ< 0.05 compared with the control groups; #ρ <0.05 compared with the probiotic 

treatment group; a ρ <0.05 compared with the alcohol group. 
 

11. Effect of Lactobacillus paracasei MSMC39-1 on liver enzyme activity in alcohol- 
induced hepatitis rat 

High level of serum aspartate aminotransferase (AST) was observed in rats in 
a lcoho l  g roup for 8 weeks (Figure 33) .  Aspartate aminotransferase level significantly 

reduced in probiotic L.  paracasei treatment hepatitis rat ( *ρ < 0.05)  (Figure 33)  when 
compared to alcohol group.  Alanine aminotransferase level (25) in serum of alcohol rat was 
high but ALT level was reduced when treatment with L.  paracasei (Figure 34) .  Alanine 
aminotransferase level in the control and L.  paracasei group were lower than that of 
alcohol group (Figure 34).   
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Figure 33 Effect of L. paracasei MSMC 39-1 on aspartate aminotransferase in 
hepatitis rats. 

Error bar was shown standard deviation. Statistical analysis used One way 

ANOVA and *ρ < 0.05* *  (ρ < 0.01) ; * * *  (ρ < 0.001) ; significant differences from the 
control (n =6 rats). 
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Figure 34 Effect of L. paracasei MSMC 39-1 on alanine aminotransferase  in 
hepatitis rats. 

Error bar was shown standard deviation. Statistical analysis used One way 

ANOVA and *ρ < 0.05* *  (ρ < 0.01) ; * * *  (ρ < 0.001) ; significant differences from the 
control (n =6 rats). 

 

12. Effect of Lactobacillus paracasei MSMC39-1 on TNF- -α in liver tissue of alcohol- 
induced hepatitis rat 

High TNF-α secretion was observed in hepatic tissue of hepatitis rats 
administered with 30% alcohol for 8 weeks (Figure 35).  TNF-α levels in hepatic tissue of 
rat in probiotic Lactobacillus paracasei treatment group were lower than alcohol control 
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group (*ρ < 0.05) (Figure 35). Similar levels of TNF-α in liver tissues were observed in 
normal control and probiotic control group (Figure 35). 

 

 
 

Figure 35 Effect of L. paracasei MSMC39-1 suppress TNF-α secretion in liver 
tissue of hepatitis rat.  

Error bar was shown standard deviation. Statistical analysis used One way 

ANOVA and *ρ < 0.05; significant differences from the control (n =6 rats). 
 

13. Effect of Lactobacillus paracasei MSMC39-1 on colon tissue histology in alcohol- 
induced hepatitis rat 

Histopathology of colon tissues were examined by haematoxylin & eosin staining. 
Normal intestinal architectures of colon tissues were observed in normal and probiotic 
control groups as shown in Figure 36.  Crypt edema and infiltration of inflammatory cells 
were found in alcoholic hepatitis colon tissues of rat administered with 30% alcohol for 8 
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weeks. Interestingly, probiotic L. paracasei MSMC39-1 treatment improved colon tissues 
of hepatitis rats with slight crypt edema and inflammatory cells as shown in Figure 36. 
 

 

 

Figure 36 Histology of colon tissue was an estimate by hematoxylin and eosin 
staining in hepatitis rats.  

Normal control (C) and probiotic control (P) showed normal crypt. Alcoholic 
hepatitis (AH) indicated intense inflammatory cell, crypt edema and improved by probiotic 
L. paracasei MSMC39-1 treatment (PT). 400x magnification scale bar 50 µm. 

 

14. Effect of Lactobacillus paracasei MSMC39-1 on liver tissue histology in alcohol- 
induced hepatitis rat 

Effect of 1 x 10 9 CFU/ml viable cells of probiotic L. paracasei MSMC39-1 feeding 
in alcoholic hepatitis rats for 8weeks and histopathology of liver tissue was examined by 
Haematoxylin and eosin staining. The central vein was center of hepatic cord which, was 
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hepatocyte arrangement. Liver tissue of normal control and probiotic control showed 
normal size of hepatocyte with no edema, no foam fat in the cells and regularity 
hepatocyte arrangement as shown in Figure 37.  Administration of 30% alcohol for 8 
weeks in alcoholic hepatitis rats showed a lot of fat foam in cytoplasm of hepatocyte, big 
and swollen hepatocyte, and invisible hepatic cord arrangement. Hepatocyte was 
covered with few inflammatory cells. Interestingly, liver tissues of hepatitis rats were 
improved by probiotic L. paracasei. There were normal hepatic cord arrangement and 
slight fat foam in the hepatocyte as shown in Figure 37.  

 

 

 

Figure 37 Histology of liver tissue was an estimate by hematoxylin and eosin 
staining in hepatitis rats (n=6 rats). 

Normal control (C) and probiotic control (P) showed normal hepatocyte, 
regularity hepatocyte arrangement.  Alcoholic hepatitis (AH) indicated that fat 
accumulation was in the hepatocyte (black arrow) and improved by probiotic L. paracasei 
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MSMC39-1 treatment (PT). 400x magnification and scale bar 50 µm. The tip of portal 
lobules was central vein (CV). 

15. Effect of Lactobacillus paracasei MSMC39-1 on gut microbiota alteration in alcohol- 
induced hepatitis rat 

Stool were collected after the end experiment for the detection of gut microbiota 
alteration. The data from next generation sequencing of stool revealed an increase in 
Bacteroidetes and a decrease in Fermicutes in alcohol hepatitis rats shown in Figure 38. 
After L. paracasei MSMC39-1 treatment in alcohol-induced hepatitis rats, the number of 
phylum Fermicutes (Lactobacillus spp.) increased whereas the number of Bacteroidetes 
(Prevotella spp.) decreased when compared to alcohol control as shown in Figure 38-39. 
The normal control and probiotic control showed similar number of genus Lactobacillus 
as shown in Figure 39. 
 

 

Figure 38 Effect of L. paracasei MSMC39-1 on gut microbiota alteration in 
hepatitis rats.  

https://en.wikipedia.org/wiki/Spp.
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Statistical analysis used One way ANOVA and *ρ < 0.05; significant differences 
from the control (n =6 rats). 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 39 Heat map of L. paracasei MSMC39-1 on gut microbiota alteration in 

hepatitis rats 
Statistical analysis used One way ANOVA and *ρ < 0.05; significant differences 

from the control (n =6 rats). 
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CHAPTER 5 
SUMMARY DISCUSSION AND SUGGESTION 

Probiotic lactic acid bacteria mostly genus Lactobacillus and Bifidobacterium 
have been used to promote human health. Probiotic Lactobacillus isolated from human, 
fermented foods and dairy products has good properties including anti-microbial,     anti-
cancer, anti-oxidant, cholesterol lowering especially immunomodulation(44, 134-136). 

Alleivation of TNF – α, an initial pro-inflammatory cytokine, can be found in 
inflammation diseases such as inflammatory bowel disease, rheumatoid arthritis, alcoholic 

liver disease, atopic dermatitis, and psoriasis.  TNF- α plays a key role in liver 

inflammation(137), alcohol liver disease and colitis (138). Inhibition of TNF -α production by 
probiotic have been reported. L.  rhamnosus, 4B15 and L.  gasseri 4M13 isolated from 
human feces with anti-oxidant and cholesterol reduction properties suppressed the 

production of pro- inflammatory cytokine including TNF-α, IL-6, IL-1β in RAW 264.7 
murine macrophage cell line(139). In addition, surface layer protein of L. acidophilus 

decreased inflammatory cytokine secretions including TNF-α, IL-10, IL-1β, IFN-α and 

IFN-β in LPS activated RAW 264.7 cells(102).  
In this study, probiotic lactic acid bacteria were determined in the suppression 

of TNF-α secretion in Caco2 cells and HepG-2 cells. Caco-2 cells, a model of enterocyte 
of the human intestine have been used to study epithelial barrier function (140). HepG-2 

cells is a model of hepatocyte with lipopolysaccharide (LPS) activation (141). 
Lipopolysaccharide is the endotoxin, found in cell wall of gram negative bacteria such as 
Escherichia coli. Binding of LPS to toll like receptor-4 in immune cells activates pro-
inflammatory cytokine production during infection and inflammation(142). Four antigen 
patterns of probiotic lactic acid bacteria are probiotic culture supernatant, heat killed cells 
which is a model of probiotic death, sonicated cells which is probiotic cell lysis and viable 
cells which is a model of human eat probiotic cells. In in vitro study, supernatant of                

L. paracasei MSMC39-1 and L. casei MSMC39-3 slightly inhibited TNF-α in LPS activated 
HepG-2 cells and Caco-2 cells. This result is in agreement with the previous report that 
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supernatant of L. plantarum and L. fermentum inhibited TNF-α production in LPS induced 
THP- 1 monocytic cells(143).  It has been reported that extracellular metabolites of                     

L.  plantarum prepared from supernatant suppressed TNF-α secretion via attenuation of 
NF-kB activation in LPS activated RAW 264.7 macrophage cell line(144).  Supernatant of      
L. acidophilus, L. casei, Lactococcus lactis, L. reuteri, and Saccharomyces boulardii 
decreased expression of IL-8 in HT-29 cells (145). Lactobacillus reuteri supernatant 

reduced TNF-α and IL-6 in LPS activated RAW 264.7 macrophage cell line(146). In this 
research, viable cells of MSMC39- 1, MSMC39-3 and MSMC57- 1, heat killed cell of 
MSMC39- 1, MSMC39-3 and sonication cell of MSMC57- 1 significantly suppressed       

TNF-α secretion in Caco-2 cells. Viable cells and heat killed cells of L.  paracasei 
MSMC39-1 and sonicated cells of Weissella confusa MSMC57-1 significantly suppressed 

TNF-α secretion in HepG-2 cells. Similar with our results,  previous study showed that 

heat-killed cells and sonication cells of probiotic Lactobacillus reduced TNF-α, and IL-6 
secretion in LPS stimulated HepG-2 cells(147). Recent study revealed that peptidoglycan 

extracts of L.  plantarum isolated from human feces modulated TNF-α, and IL-6 in LPS 
induced murine RAW 264.7 cells(148).  This study, heat-killed cells of L. confusus MSMC57-
1 activated TNF-α secretion in HepG-2 cells similarly to previous study showed heat killed 
cells of L. brevis induced IL-1β and IL-6 expression without LPS in RAW 264.7 cells(149). 
Beneficial effects of probiotic bacteria on the immunomodulation such as heat killed cells 
of L. paracasei, Bifidobacterium bifidum and Streptococcus thermophilus were enhanced 
IgA production (150-152). Moreover, spore of B. coagulans MTCC 5856 reduced IL-8 and 
induced anti-inflammatory cytokine (IL-10) secretion in LPS-induced HT-29 cells(153). 
Probiotics from kefir activated IL-10, TNF-α, IL-17, IL-1β  in  diabetes rats(154). Live cells 
of Bifidobacterium longum protect lung damage by activated IL-10 production in 
Klebsiella pneumoniae infection mice(155). L. paraplantarum MTCC 9483 have anti-
inflammatory activity by increased IL-4, IL-10 gene expression in Caco-2 cells induced by 
LPS and M. luteus ATCC 9341(32). 

Thus, our results suggested that TNF-α secretion in Caco-2 cells and HepG-2 
cells was suppressed by viable cell and  heat killed cell of probiotic L.  paracasei 
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MSMC39-1, L. casei MSMC39-3 and sonicated cell of Weissella confusa MSMC57-1. 
Viable cell of L. paracasei MSMC39-1 was used in colitis and hepatitis rat models due to 

its strongest suppression effect on TNF-α secretion in Caco-2 cells and HepG-2 cells. 
Heat killed cells and sonicated cells reduced TNF in Caco-2 cells and HepG-2 cells 
because cell wall components such as peptidoglycans, lipoteichoic acids, or heat labile 
pili in cell wall components have key role in immunomodulatory (156). Viable cells of                 
L. paracasei MSMC39-1 reduced TNF because viable cells produced metabolite and 
immunomodulation (155). 

Dextran sulfate sodium (DSS) is a reagent used for induction of ulcerative colitis. 
DSS disrupts barrier function of epithelial cells leading to increase in intestinal 
permeability and antigen and bacteria penetration into the lumen. This activates immune 
cells to secrete pro-inflammatory cytokine causing intestinal inflammation(157). Symptoms 
after DSS consumption include body weigh loss, bloody diarrhea, diarrhea, ulcer of 
epithelial cell, goblet cells reduction, intense of infammatory cells, crypt edema, colon 
shorten in the colon histology and microbiota alteration(158).  

In the colitis experiment, disease activity indexs are body weight, stool and rectal 
bleeding as score of colon inflammation. The probiotic L.  paracasei MSMC39-1 was 

improved disease activity indexs and the severity of colitis. An  i nc rease  i n  TNF- α 
secretion in colon and liver tissue of colitis rats was significantly reduced by administration 
of probiotic L.  paracasei  MSMC39-1. In addition, L.  paracasei   MSMC39-1 improved 
colon and liver inflammation in these rats. L.  paracasei MSMC39-1 treated colitis rats 
showed less ulceration and inflammation of colon and liver tissues and less fat foam in the 
hepatocyte. Similar results have been pevously reported by several groups. 
Bifidobacterium breve CCFM683 ameliorated colitis by reduced disease activity, 

increased colon length and reduced expression of TNF-α, IL-1β, IL-6 in colon tissue of 
DSS induced colitis mice(105). Recent study reported that viable cells and heat killed cells 
of Lactobacillus plantarum Zhang LL ameliorated disease activity index of colitis, reduced 
proinflammatory cytokine in serum and colon in 5% DSS induced colitis rats(159). 
Lactobacillus casei LC2W improved symtoms of colitis induced with Escherichia coli 
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O157:H7 by protected tight junction and reduced IL-1β, TNF-α  and IL-6 in colon 
tissue(160)

. Lactobacillus bulgaricus and Streptococcus thermophilus in yogurt alleviated 
symtoms colitis in mices and induced IL-2, IL-4 production in lymph node and spleen 
resulting in modulated helper T cells(161). Similar to previous studies, synbiotic LGG and 
prebiotic tagatose redued colitis symtoms in DSS induce colitis mice(162). Lactobacillus 

fermentum improved colitis, reduced pro-inflammatory cytokine such as TNF- α, IL-1β, 
IL-6 in serum and induced anti-inflammatory cytokine (IL-10) expression in colon of DSS 
induced colitis in mice(163). Furthermore, wheat germ-apple fermented with L. delbrueckii 
subsp. bulgaricus, L. paracasei, L. plantarum subsp. plantarum, and L.  helveticus,             
L. plantarum, probiotic mixed with Bifidobacterium infantis, L. acidophilus, Enterococcus 
faecalis and Bacillus cereus inhibited pro-inflammatory cytokine production in colon 
tissue and protected tight juction in colitis model(164-166).  

Microbiota modulation was observed in rats with oral administration of viable cells 
of L. paracasei MSMC39-1. Although the number of phylum Bacterioidetes was more than 
phylum Firmicutes in these rats, heat-map showed an increase in genus Lactobacillus in 
probiotic treated rats when compared to colitis control group. An increase in genus 
Clostridium and a decrease in genus Lactobacillus were observed in colitis control when 
compared to probiotic treated groups. Similarly, Lactobacillus plantarum Zhang LL, 
Bifidobacterium breve CCFM683, yogurt mixed with L. bulgaricus and Streptococcus 
thermophilus, synbiotic of L. rhamnosus GG, probiotic mixed with  B. infantis,                         
L. acidophilus, Enterococcus faecalis and B. cereus increased genus Lactobacillus, 
Bifidobacterium in DSS colitis model(159, 161, 162, 166, 167).  Thus, dysbiosis in GI tract which is 
caused from reduction of microbiota diversity including Fermicutes and Bacterioidetes 
can be protected by probiotics(168).  

Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) are 
biomarker enzymes of liver function. Index of alcoholic hepatitis which is calculated from 
the ratio of AST and ALT is greater than or equal to two(169). In this study, body and liver 
weight were examined in hepatitis rat model. A decrease in body weight, an increase in 
liver weight and an upward trend of liver-to-body weight ratio (%) were observed in rats 
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with alcohol administration for 8 weeks. In accordance with HUANG et al in 2019, probiotic 

increased body weight, reduced AST, ALT, IL-6,  TNF-α and modulated intestinal 
microbiota in alcohol liver disease model(170).  Moreover, probiotics feeding increased 

body weight and decreased ALT, AST, IL-1β and TNF-α compared to alcohol group of 
normal diet and high fat diet in mice(113). AST levels of alcohol hepatitis rats were two times 
more than ALT level in serum. In addition, probiotic treatment group with viable cells of     
L. paracasei MSMC39-1 showed reductions of AST and ALT levels in serum of hepatitis 
rat. Similar to other studies, L. plantarum C88, L. plantarum, L. fermentum, L. helveticus 
and L.  casei reduced ALT and AST enzymes in the serum of liver injury model(27, 171-173). 
Likewise, AST and ALT enzyme levels were decresed in alcoholic liver disease patients 
who received probiotics B. bifidum and L. plantarum 8PA3 supplementation(174).  

In the present, TNF -α secretion (*ρ < 0.05) in liver tissue was significantly 
suppressed in alcohol hepatitis rats treated with probiotic L. paracasei MSMC39-1. This 
result is similar to previous studies reported that L. plantarum, L. fermentum and                   

L. helveticus decreased TNF-α, IL-1β gene expression in hepatic tissue of acute liver 

injury models(171, 172). Moreover, B. longum LC67 and L. plantarum LC27 reduced TNF-α 
level in serum and liver of ethanol induced acute liver damage in mice(175).   Wang and 

colleague revealed that pretreatment with L. casei Zhang reduced TNF-α expression in 
LPS /D-galactosamine induced liver injury rat(176). Moreover, in liver fibrosis rats,  

Lactobacillus sp. and α-lipoic acid reduced TNF-α expression in liver tissue(111). Ethanol 
consumption destroys gut barrier function leading to elevation of LPS in GI tract. This LPS 
then binds to TLR-4 on kupffer cells resulting in pro-inflammatory cytokine production and 
liver inflammation(177).  There is a study showed that probiotics reduce pro- inflammatory 
cytokine such as exopolysaccharides produced by L. buchneri TCP016, reduce pro-

inflammatory cytokine such as TNF-α, IL-1β, IL-6, protect liver injury in 
lipopolysaccharide or D-galactosamine-induced liver damage in mice(178). Supernatant of 

L. reuteri reduced liver inflammation by inhibition of IL-6 and TNF-α production in acute 
liver injury mice(179). 
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Chronic alcohol consumption induces lipid accumulation via AMP-activated 
protein kinase (AMPK) signaling pathway, resulting in hepatic steatosis(180).  Hepatic 
steatosis and inflammatory cells infiltration can be observed in liver histology of alcohol 
hepatitis rats. On the other hand, feeding viable cells of L. paracasei MSMC39-1 reduced 
hepatic steatosis and number of inflammatory cells. Mechanism of action of probiotic in 
reduced hepatic steatosis may be due to reduction of sterol regulatory element-binding 
protein 1 (SREBP-1), which plays a key role in lipogenesis and fatty acid oxidation(180). 

Previous animal model showed that oral gavage with L. rhamnosus GG improved 
leaky gut, reduced colonic and liver inflammation in alcohol-induced liver injury in rats(131). 
Similarly, Wang Y and coworkers indicated that cell free supernatant of L. rhamnosus GG 
improved liver damage and intestinal inflammation by prevent tight junction (181).  In 
contrast, administration of probiotics L.  casei, L.  plantarum, L.  acidophilus and                      
L.  delbrueckii subsp.  bulgaricus, B.  longum, B.  breve, B.  infantis and Streptococcus 
salivarius subsp. thermophilus ( VSL#3) for 6 months reduced hepatic encephalopathy in 
liver cirrhosis Indian patients(182). 

Furthermore, in this study L. paracasei MSMC39-1 was a potent gut microbiota 
modulator which increased genus Lactobacillus in alcohol induced hepatitis rats. There 
was a study showed that L. buchneri TCP016 modulated gut microbiota in 
lipopolysaccharide/D-galactosamine-induced liver damage in mice(178). Recent study 
reported that pretreated live cells with probiotic B. breve for 6 weeks was able to modulate 
gut microbiota in alcohol liver disease mice model via protection of intestinal tight junction 
and liver inflammation(183). Likewise, supplementation of L. rhamnosus (LGG) modulated 
intestinal microbiota and alleviated liver injury(184).   

Suppression of TNF-α secretion in probiotic is strains specific or strain-
dependent. Thus, further studies should be done in order to understand the correlation 
and role of probiotic lactic acid bacteria in inhibition of TNF-α secretion. Probiotic strains 
with potent anti-inflammation in colitis and hepatitis can be used as prevention and 
treatment of various disorders caused by inflammation. Therefore, our results suggest 
commercial benefits of these probiotic strains. It is possible that these strains can be used 
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in Thai food and beverage market in order to reduce probiotic stratins imported from other 
countries.  
 

Conclusion 
In conclusion, the finding suggested that probiotic Lactobacillus paracasei 

MSMC39-1 inhibited TNF-α production in Caco-2 cells and HepG-2 cells, improved colon 
and liver inflammation. Administration of L. paracasei MSMC39-1 modulated microbiota 
by increased number of Lactobacillus in DSS-induced colitis rats and alcohol-induced 
hepatitis rats. 

Further studies should be conducted to confirm the protective roles and other 
functions of L. paracasei MSMC39-1 in alcoholic liver disease and colitis induced 
inflammation condition.  



 

REFERENCES 
 

REFERENCES 
 

 

1. Calasso M, Gobbetti M. Lactic Acid Bacteria | Lactobacillus spp.: Other Species: 
Elsevier; 2011. 125-31 p. 
2. Bermudez-Brito M, Plaza-Díaz J, Muñoz-Quezada S, Gómez-Llorente C, Gil A. 
Probiotic mechanisms of action. Ann Nutr Metab. 2012;61(2):160-74. 
3. Joint FAO/WHO working group report on drafting Guidelines for the Evaluation of 
Probiotics in food. Ontario, canada.2002. 1-11 p. 
4. Sarkar S, Sur A, Sarkar K, Majhi R, Basu S, Chatterjee K, et al. Probiotics: A way of 
value addition in functional Food. Int J Food Sci Nutr Diet. 2016;5(4):290-3. 
5. Anadon MR, Maria RA, Irma M, Maria A. Prebiotics and probiotics: an assessment 
of their safety and health benefits. America: Nikki Levy; 2016. 3-23 p. 
6. Kesen MA AO. Beneficial characteristics and evaluation criteria of probiotics. Int J 
Food Biosci. 2018;1(1):19-26. 
7. Liang D, Leung RK-K, Guan W, Au WW. Involvement of gut microbiome in human 
health and disease: brief overview, knowledge gaps and research opportunities. Gut 
Pathog. 2018;10(3):1-9. 
8. Wang B, Yao M, Lv L, Ling Z, Li L. The Human Microbiota in Health and Disease. 
Eng. 2017;3(1):71-82. 
9. Guinane CM, Cotter PD. Role of the gut microbiota in health and chronic 
gastrointestinal disease : understanding a hidden metabolic organ. Therap Adv 
Gastroenterol. 2013;6(4):295-308. 
10. Jandhyala SM, Talukdar R, Subramanyam C, Vuyyuru H, Sasikala M. role of the 
normal gut microbiota. World J Gastroenterol. 2015;21(29):8787-803. 
11. Carding S, Verbeke K, Vipond DT, Corfe BM, Owen LJ. Dysbiosis of the gut 
microbiota in disease. Microb Ecol Health Dis. 2015;26:26191. 
12. Llorente C, Schnabl B. The Gut Microbiota and Liver Disease. Cell Mol Gastroenterol 
Hepatol 2015;1(3):275-84. 
13. Chu W-M. Tumor Necrosis Factor Cancer Lett. 2013;328(2):222-5. 

 



  82 

 

14. Chiu YH LY, Ou CC,  Lin SL,  Tsai CC,  Huang CT,  Lin MY. Lactobacillus plantarum 
MYL26 induces endotoxin tolerance phenotype in Caco-2 cells. BMC Microbiol. 
2013;13:190. 
15. Wang SY, Ho YF, Chen YP, Chen MJ. Effects of a novel encapsulating technique on 
the temperature tolerance and anti-colitis activity of the probiotic bacterium Lactobacillus 
kefiranofaciens M1. Food Microbiol. 2015;46:494-500. 
16. Lim SM, Jang HM, Jeong JJ, Han MJ, Kim DH. Lactobacillus johnsonii CJLJ103 
attenuates colitis and memory impairment in mice by inhibiting gut microbiota 

lipopolysaccharide production and NF-κB activation. J Funct Foods. 2017;34(2017):359-68. 
17. Seo S, Shin J-S, Lee W-S, Rhee YK, Cho C-W, Hong H-D, et al. Anti-colitis effect of 
Lactobacillus sakei K040706 via suppression of inflammatory responses in the dextran 
sulfate sodium-induced colitis mice model. J Funct Foods. 2017;29:256-68. 
18. Stofilova J, Langerholc T, Botta C, Treven P, Gradisnik L, Salaj R, et al. Cytokine 
production in vitro and in rat model of colitis in response to Lactobacillus plantarum LS/07. 
Biomed Pharmacother. 2017;94:1176-85. 
19. Chen CL, Hsu PY, Pan TM. Therapeutic effects of Lactobacillus paracasei subsp. 
paracasei NTU 101 powder on dextran sulfate sodium-induced colitis in mice. J Food Drug 
Anal. 2018:1-10. 
20. Chae JM, Heo W, Cho HT, Lee DH, Kim JH, Rhee MS, et al. The effects of orally 
administered Bifidobacterium animalis subsp. lactis strain BB12 on dextran sodium sulfate-
induced colitis in mice. J Microbiol Biotechnol. 2018;28(11):1800–5. 
21. World Health O. Thailand: Risk Factors - Alcohol. 2014:1. 
22. Leggio L, Lee MR. Treatment of alcohol use disorder in patients with alcoholic liver 
disease. Am J Med. 2017;130(2):124-34. 
23. Wang YY, Xie J, Li Y, Dong S, Liu H, Chen J, et al. Probiotic Lactobacillus casei 
Zhang reduces pro-inflammatory cytokine production and hepatic inflammation in a rat 
model of acute liver failure. Eur J Nutr. 2016;55:821-31. 

 



  83 

 

24. Wang Y, Liu Y, Kirpich I, Ma Z, Wang C, Zhang M, et al. Lactobacillus rhamnosus 

GG reduces hepatic TNFα production and inflammation in chronic alcohol-induced liver 
injury. J Nutr Biochem. 2013;24(9):1609-15. 
25. Bull-Otterson L, Feng W, Kirpich I, Wang Y, Qin X, Liu Y, et al. Metagenomic analyses 
of alcohol induced pathogenic alterations in the intestinal microbiome and the effect of 
Lactobacillus rhamnosus GG treatment. PLoS One. 2013;8(1):e53028. 
26. Chiu Y-h, Lin S-l, Ou C-c, Lu Y-c, Huang H-y, Lin M-y. Anti-inflamma tory effect of 
lactobacilli bacter ia on HepG2 cells is thr ough cross-regulation of TLR4 and NOD2 
signalling. J Funct Foods. 2013;5:820-8. 
27. Zhao L, Jiang Y, Ni Y, Zhang T, Duan C, Huang C, et al. Protective effects of 
Lactobacillus plantarum C88 on chronic ethanol-induced liver injury in mice. J Funct Foods. 
2017;35:97-104. 
28. Duan C, Zhao Y, Huang C, Zhao Z, Gao L, Niu C, et al. Hepatoprotective effects of 
Lactobacillus plantarum C88 on LPS/D-GalN–induced acute liver injury in mice. J Funct 
Foods. 2018;43:146-53. 
29. Saarela MH. Functional Foods: Woodhead Publishing Limited; 2011. 425-48 p. 
30. Ferreira T, Melo TA, Almeida ME, Rezende RP, Romano CC. Immunomodulatory 
effects of Lactobacillus plantarum Lp62 on intestinal epithelial and mononuclear cells. 
Biomed Res Int. 2016:1-8. 
31. Bengoa AA, Zavala L, Carasi P, Trejo SA, Bronsoms S, Serradell MdlÁ, et al. 
Simulated gastrointestinal conditions increase adhesion ability of Lactobacillus paracasei 
strains isolated from kefir to Caco-2 cells and mucin. Food Res Int. 2017;103:462-7. 
32. Devi SM, Kurrey NK, Halami PM. In vitro anti-inflammatory activity among probiotic 
Lactobacillus species isolated from fermented foods. J Funct Foods. 2018;47:19-27. 
33. Liu Y, Alookaran JJ, Rhoads JM. Probiotics in autoimmune and inflammatory 
disorders. Nutrients. 2018;10:10. 
34. Mackowiak PA. Recycling metchnikoff: probiotics, the intestinal microbiome and the 
quest for long life. Front Public Health. 2013;1:1-3. 

 



  84 

 

35. Vinícius G, Pereira DM, Coelho BDO, Irineudo A, Júnior M, Thomaz-soccol V, et al. 
How to select a probiotic ? A review and update of methods and criteria. Biotechnol Adv. 
2018:1-17. 
36. Ouwehand AC, Röytiö H. Probiotic fermented foods and health promotion: Elsevier 
Ltd; 2014. 3-22 p. 
37. Tian P, Xu B, Sun H, Li X, Li Z, Wei P. Isolation and gut microbiota modulation of 
antibiotic-resistant probiotics from human feces. Diagn Microbiol Infect Dis. 2014;79:405-
12. 
38. Nami Y, Haghshenas B, Vaseghi Bakhshayesh R, Mohammadzadeh Jalaly H, Lotfi 
H, Eslami S, et al. Novel autochthonous lactobacilli with probiotic aptitudes as a main starter 
culture for probiotic fermented milk. LWT-Food Sci Technol. 2018;98:85-93. 
39. Riaz Rajoka MS, Mehwish HM, Siddiq M, Haobin Z, Zhu J, Yan L, et al. Identification, 
characterization, and probiotic potential of Lactobacillus rhamnosus isolated from human 
milk. LWT-Food Sci Technol. 2017;84:271-80. 
40. Nm M, Am M. Probiotic supplements and food products: a comparative approach. 
Biochem Pharmacol. 2017;6(2):1-7. 
41. Fijan S. Microorganisms with claimed probiotic properties: An overview of recent 
literature. Int J Environ Res Public Health. 2014;11(5):4745-67. 
42. Gobbetti M, Minervini F. LACTOBACILLUS | Lactobacillus casei.  Encyclopedia of 
Food Microbiology;2014. 
43. Bengoa AA, Dardis C, Gagliarini N, Garrote GL, Abraham AG. Exopolysaccharides 
from Lactobacillus paracasei isolated from kefir as potential bioactive compounds for 
microbiota modulation. Front Microbiol. 2020;11:1-11. 
44. Kim W-K, Jang YJ, Seo B, Han DH, Park S, Ko G. Administration of Lactobacillus 
paracasei strains improves immunomodulation and changes the composition of gut 
microbiota leading to improvement of colitis in mice. J Funct Foods. 2019;52:565-75. 
45. Simeoli R, Mattace Raso G, Lama A, Pirozzi C, Santoro A, Di Guida F, et al. 
Preventive and therapeutic effects of Lactobacillus paracasei B21060-based synbiotic 

 



  85 

 

treatment on gut inflammation and barrier integrity in colitic mice. J Nutr. 2015;145(6):1202-
10. 
46. Tsai YS, Lin SW, Chen YL, Chen CC. Effect of probiotics Lactobacillus paracasei 
GKS6, L. plantarum GKM3, and L. rhamnosus GKLC1 on alleviating alcohol-induced 
alcoholic liver disease in a mouse model. Nutr Res Pract. 2020;14(4):299-308. 
47. Elsevier. Supragingival Microbes.  Atlas of Oral Microbiology. Zhejiang University 
Press.2015. p. 41-65. 
48. Mende S, Rohm H, Jaros D. Lactic Acid Bacteria: Exopolysaccharides.  Reference 
Module in Food Science2020. 
49. Amari M, Arango LF, Gabriel V, Robert H, Morel S, Moulis C, et al. Characterization 
of a novel dextransucrase from Weissella confusa isolated from sourdough. Appl Microbiol 
Biotechnol. 2013;97(12):5413-22. 
50. Dey DK, Khan I, Kang SC. Anti-bacterial susceptibility profiling of Weissella confusa 
DD_A7 against the multidrug-resistant ESBL-positive E. coli. Microb Pathog. 2019;128:119-
30. 
51. Lonvaud-Funel A. Leuconostocaceae Family.  Encyclopedia of Food 
Microbiology;2014. 
52. Surayot U, Wang J, Seesuriyachan P, Kuntiya A, Tabarsa M, Lee Y, et al. 
Exopolysaccharides from lactic acid bacteria: structural analysis, molecular weight effect on 
immunomodulation. Int J Biol Macromol. 2014;68:233-40. 
53. Khurshid M, Aslam B, Nisar MA, Akbar R, Rahman H, Khan AA, et al. Bacterial 
munch for infants: potential pediatric therapeutic interventions of probiotics. Future 
Microbiol. 2015;10(11):1881-95. 
54. Messaoudi S, Manai M, Kergourlay G, Prévost H, Connil N, Chobert JM, et al. 
Lactobacillus salivarius: Bacteriocin and probiotic activity. Food Microbiol. 2013;36:296-
304. 
55. Langa S, Martín-Cabrejas I, Montiel R, Peirotén Á, Arqués JL, Medina M. Protective 
effect of reuterin-producing Lactobacillus reuteri against Listeria monocytogenes and 
Escherichia coli O157:H7 in semi-hard cheese. Food Control. 2018;84:284-9. 

 



  86 

 

56. Konieczna P, Ferstl R, Ziegler M, Frei R, Nehrbass D, Lauener RP, et al. 
Immunomodulation by Bifidobacterium infantis 35624 in the murine lamina propria requires 
retinoic acid-dependent and independent mechanisms. Plos One. 2013;8(5):e62617. 
57. Sakai F, Hosoya T, Ono-Ohmachi A, Ukibe K, Ogawa A, Moriya T, et al. Lactobacillus 

gasseri SBT2055 induces TGF-β expression in dendritic cells and activates TLR2 signal to 
produce IgA in the small intestine. Plos One. 2014;9(8):e105370. 
58. Walana W, Ye Y, Li M, Wang J, Wang B, Cheng J-ww, et al. IL-8 antagonist, 
CXCL8(3-72)K11R/G31P coupled with probiotic exhibit variably enhanced therapeutic 
potential in ameliorating ulcerative colitis. Biomed Pharmacother. 2018;103:253-61. 
59. Chapman CMC, Gibson GR, Rowland I. Effects of single- and multi-strain probiotics 
on biofilm formation and in vitro adhesion to bladder cells by urinary tract pathogens. 
Anaerobe. 2014;27:71-6. 
60. Saxami G, Karapetsas A, Lamprianidou E, Kotsianidis I, Chlichlia A, Tassou C, et al. 
Two potential probiotic lactobacillus strains isolated from olive microbiota exhibit adhesion 
and anti-proliferative effects in cancer cell lines. J Funct Foods. 2016;24:461-71. 
61. Mohanty D, Panda S, Kumar S, Ray P. In vitro evaluation of adherence and anti-
infective property of probiotic Lactobacillus plantarum DM 69 against Salmonella enterica. 
Microb Pathog. 2019;126:212-7. 
62. Pieniz S, Andreazza R, Anghinoni T, Camargo F, Brandelli A. Probiotic potential, 
antimicrobial and antioxidant activities of Enterococcus durans strain LAB18s. Food Control. 
2014;37(1):251-6. 
63. Koh WY, Utra U, Ahmad R, Rather IA, Park YH. Evaluation of probiotic potential and 
anti-hyperglycemic properties of a novel Lactobacillus strain isolated from water kefir grains. 
Food Sci Biotechnol. 2018;27(5):1-8. 
64. Chidre P, Kelmani CR. Evaluation of antimicrobial properties and their substances 
against pathogenic bacteria in-vitro by probiotic Lactobacilli strains isolated from 
commercial Yoghurt. Clin Nutr Exp. 2018:1-19. 

 



  87 

 

65. Son SH, Yang SJ, Jeon HL, Yu HS, Lee NK, Park YS, et al. Antioxidant and 
immunostimulatory effect of potential probiotic Lactobacillus paraplantarum SC61 isolated 
from Korean traditional fermented food, jangajji. Microb Pathog. 2018;125:486-92. 
66. Liu L, Qu X, Xia Q, Wang H, Chen P, Li X, et al. Effect of Lactobacillus rhamnosus 
on the antioxidant activity of Cheddar cheese during ripening and under simulated 
gastrointestinal digestion. LWT - Food Sci Technol. 2018;95:99-106. 
67. Kim H, Kim HR, Kim N-r, Jeong BJ, Lee JS, Jang S. Oral administration of 
Lactobacillus plantarum lysates attenuates the development of atopic dermatitis lesions in 
mouse models. J Microbiol. 2015;53(1):47-52. 
68. Bastien P, Ovigne JM, Kermici M, Courchay G, Chevalier V, Breton L, et al. 
Bifidobacterium longum lysate , a new ingredient for reactive skin. Exp Dermatol 2010;19:1-
8. 
69. Ursell LK MJ, Parfrey LW, Knight R. Definig the human microbiome. In: Rev N, editor. 
2012. p. 1-12. 
70. Rodriguez JM, Murphy K, Stanton C, Ross RP, Kober OI, Juge N, et al. The 
composition of the gut microbiota throughout life, with an emphasis on early life. Microb Ecol 
Health Dis. 2015;26:26050. 
71. Markowiak P, Slizewska K. Effects of Probiotics, Prebiotics, and Synbiotics on 
Human Health. Nutrients. 2017;9(9). 
72. Ding W, Shi C, Chen M, Zhou J, Long R, Guo X. Screening for lactic acid bacteria in 
traditional fermented Tibetan yak milk and evaluating their probiotic and cholesterol-
lowering potentials in rats fed a high-cholesterol diet. Journal of Functional Foods. 
2017;32:324-32. 
73. Ankaiah D, Esakkiraj P, Perumal V, Ayyanna R, Venkatesan A. Probiotic 
characterization of Enterococcus faecium por1: Cloning, over expression of Enterocin-A and 
evaluation of antibacterial, anti-cancer properties. Journal of Functional Foods. 2017;38:280-
92. 
74. Belkaid Y, Hand TW. Role of the microbiota in immunity and inflammation. Cell. 
2014;157(1):121-41. 

 



  88 

 

75. Fung P, Pyrsopoulos N. Emerging concepts in alcoholic hepatitis. World J Hepatol. 
2017;9(12):567-85. 
76. Cheung TC, Ware CF. Tumor Necrosis Factor Receptors. In: Lennarz WJ, Lane MD, 
editors. Encyclopedia of Biological Chemistry (Second Edition). Waltham: Academic Press; 
2013. p. 454-9. 
77. Abbas AK, Lichtman AH, Pillai S. Cellular and Molecular Immunology. USA.2012. 
78. Bradley JR. TNF-mediated inflammatory disease. J Pathol. 2008;214(2):149-60. 
79. Olesen CM, Coskun M, Peyrin-Biroulet L, Nielsen OH. Mechanisms behind efficacy 
of tumor necrosis factor inhibitors in inflammatory bowel diseases. Pharmacol Ther. 
2016;159:110-9. 
80. Lee Y-D,  Y-FH, Boram Jeon , Bong Jun Jung , Dae Kyun Chung and Hangeun Kim. 
Differential cytokine regulatory effect of three Lactobacillus strains isolated from fermented 
Foods. J Microbiol Biotechnol. 2016;26(9):1517–26. 
81. Gomez-llorente C, Romero F, Bermudez-brito M, Mun S, Gil A. Lactobacillus 
rhamnosus and its cell-free culture supernatant differentially modulate inflammatory 
biomarkers in Escherichia coli-challenged human dendritic cells Br J Nutr. 2014;111:1727-
37. 
82. Jorjão AL, Oliveira FED, Vieira M, Leão P, Antonio C, Carvalho T, et al. Live and Heat-
Killed Lactobacillus rhamnosus ATCC 7469 may induce modulatory cytokines profiles on 
macrophages RAW 264.7. Sci World J. 2015:1-6. 
83. Lee SH, Kwon JY, Jhun JY, Jung KA, Park SH, Yang CW, et al. Lactobacillus 
acidophilus ameliorates pain and cartilage degradation in experimental osteoarthritis. 
Immunol Lett. 2018;203:6-14. 
84. Zhang YZ, Li YY. Inflammatory bowel disease: Pathogenesis. World J Gastroenterol. 
2014;20(1):91-9. 
85. Soufli I, Toumi R, Rafa H, Touil-Boukoffa C. Overview of cytokines and nitric oxide 
involvement in immuno-pathogenesis of inflammatory bowel diseases. World J Gastrointest 
Pharmacol Ther. 2016;7(3):353-60. 

 



  89 

 

86. Zuo T, Kamm MA, Colombel JF, Ng SC. Urbanization and the gut microbiota in health 
and inflammatory bowel disease. Front Microbiol. 2018;9:2247. 
87. Bamias G, Pizarro TT, Cominelli F, Western C. Pathway-based approaches to the 
treatment of inflammatory bowel disease. Transl Res. 2016;167(1):104-15. 
88. Stofilova J, Szabadosova V, Hrckova G, Salaj R, Bertkova I, Hijova E, et al. Co-
administration of a probiotic strain Lactobacillus plantarum LS/07 CCM7766 with prebiotic 
inulin alleviates the intestinal inflammation in rats exposed to N,N-dimethylhydrazine. Int 
Immunopharmacol. 2015;24(2):361-8. 
89. Watterlot L, Rochat T, Sokol H, Cherbuy C, Bouloufa I, Lefèvre F, et al. Intragastric 
administration of a superoxide dismutase-producing recombinant Lactobacillus casei BL23 
strain attenuates DSS colitis in mice. Int J Food Microbiol. 2010;144(1):35-41. 
90. Thakur BK, Saha P, Banik G, Saha DR, Grover S, Batish VK, et al. Live and heat-
killed probiotic Lactobacillus casei Lbs2 protects from experimental colitis through Toll-like 
receptor 2-dependent induction of T-regulatory response. Int Immunopharmacol. 
2016;36:39-50. 
91. Shiou S-r, Yu Y, Guo Y, He S-m, Mziray-andrew CH, Hoenig J, et al. Synergistic 
protection of combined probiotic conditioned media against neonatal necrotizing 
enterocolitis-like intestinal injury. PLoS One. 2013;8(5):e65108. 
92. Jang SE, Han MJ, Kim SY, Kim DH. Lactobacillus plantarum CLP-0611 ameliorates 
colitis in mice by polarizing M1 to M2-like macrophages. Int Immunopharmacol. 
2014;21(1):186-92. 
93. Li R, Zhang Y, Polk DB, Tomasula PM, Yan F, Liu LS. Preserving viability of 
Lactobacillus rhamnosus GG in vitro and in vivo by a new encapsulation system. J Control 
Release. 2016;230:79-87. 
94. Kim Y, Koh JH, Ahn YJ, Oh S, Kim SH. The synergic anti-inflammatory impact of 
Gleditsia sinensis Lam. and Lactobacillus brevis KY21 on intestinal epithelial cells in a DSS-
induced colitis model. Korean J Food Sci Anim Resour. 2015;35(5):604-10. 

 



  90 

 

95. Jo SG, Noh EJ, Lee JY, Kim G, Choi JH, Lee ME, et al. Lactobacillus curvatus 
WiKim38 isolated from kimchi induces IL-10 production in dendritic cells and alleviates DSS-
induced colitis in mice. J Microbiol. 2016;54(7):503-9. 
96. Kondo S, Kuda T, Nemoto M, Usami Y, Takahashi H, Kimura B. Protective effects of 
rice bran fermented by Saccharomyces cerevisiae Misaki-1 and Lactobacillus plantarum 
Sanriki-SU8 in dextran sodium sulphate-induced inflammatory bowel disease model mice. 
Food Biosci. 2016;16:44-9. 
97. Jang SH, Park J, Kim SH, Choi KM, Ko ES, Cha JD, et al. Oral administration of red 
ginseng powder fermented with probiotic alleviates the severity of dextran-sulfate sodium-
induced colitis in a mouse model. Chin J Nat Med. 2017;15(3):192-201. 
98. Celiberto LS, Bedani R, Dejani NN, De Medeiros AI, Zuanon JAS, Spolidorio LC, et 
al. Effect of a probiotic beverage consumption (Enterococcus faecium CRL 183 and 
Bifidobacterium longum ATCC 15707) in rats with chemically induced colitis. PLoS One. 
2017;12(4):1-29. 
99. Chen X, Zhao X, Wang H, Yang Z, Li J, Suo H. Prevent effects of Lactobacillus 
Fermentum HY01 on dextran sulfate sodium-induced colitis in mice. Nutrients. 
2017;9(6):545-. 
100. Berlec A, Martina, Ravnikar M, Lunder M, Erman A, Cerar A, trukelj B. Dextran 
sulphate sodium colitis in C57BL/6J mice is alleviated by Lactococcus lactis and worsened 
by the neutralization of Tumor necrosis Factor Int Immunopharmacol. 2017;43:219-26. 
101. Yokota Y, Shikano A, Kuda T, Takei M, Takahashi H, Kimura B. Lactobacillus 
plantarum AN1 cells increase caecal L. reuteri in an ICR mouse model of dextran sodium 
sulphate-induced inflammatory bowel disease. Int Immunopharmacol. 2018;56:119-27. 
102. Cai Z, Xu P, Wu Z, Pan D. Anti-inflammatory activity of surface layer protein SlpA of 
Lactobacillus acidophilus CICC 6074 in LPS-induced RAW 264.7 cells and DSS-induced 
mice colitis. J Funct Foods. 2018;51:16-27. 
103. Di Luccia B, Mazzoli A, Cancelliere R, Crescenzo R, Ferrandino I, Monaco A, et al. 
Lactobacillus gasseri SF1183 protects the intestinal epithelium and prevents colitis 
symptoms in vivo. J Funct Foods. 2018;42:195-202. 

 



  91 

 

104. Rodríguez-nogales A, Algieri F, Garrido-mesa J, Vezza T, Rodríguez-cabezas ME, 
Gálvez J, et al. The administration of Escherichia coli Nissle 1917 ameliorates development 
of DSS-induced colitis in mice. Front Pharmacol. 2018;9:1-12. 
105. Yang B, Chen H, Gao H, Wang J, Stanton C, Ross RP, et al. Bifidobacterium breve 
CCFM683 could ameliorate DSS-induced colitis in mice primarily via conjugated linoleic acid 
production and gut microbiota modulation. J Funct Foods. 2018;49:61-72. 
106. Kashima S, Fujiya M, Konishi H, Ueno N, Inaba Y, Moriichi K, et al. Polyphosphate, 
an active molecule derived from probiotic Lactobacillus brevis, improves the fibrosis in 
murine colitis. Transl Res. 2015;166(2):163-75. 
107. Satish Kumar CSV, Kondal Reddy K, Reddy AG, Vinoth A, Ch SRC, Boobalan G, et 
al. Protective effect of Lactobacillus plantarum 21, a probiotic on trinitrobenzenesulfonic 
acid-induced ulcerative colitis in rats. Int Immunopharmacol. 2015;25(2):504-10. 
108. Lim SM, Jeong JJ, Jang SE, Han MJ, Kim DH. A mixture of the probiotic strains 
Bifidobacterium longum CH57 and Lactobacillus brevis CH23 ameliorates colitis in mice by 
inhibiting macrophage activation and restoring the Th17/Treg balance. J Funct Foods. 
2016;27:295-309. 
109. Satish Kumar CSV, Kondal Reddy K, Boobalan G, Gopala Reddy A, Sudha Rani 
Chowdhary CH, Vinoth A, et al. Immunomodulatory effects of Bifidobacterium bifidum 231 
on trinitrobenzenesulfonic acid-induced ulcerative colitis in rats. Res Vet Sci. 2017;110:40-
6. 
110. Stanojevic S, Blagojevic V, Curuvija I, Veljovic K, Sokovic Bajic S, Kotur-Stevuljevic 
J, et al. Oral treatment with Lactobacillus rhamnosus 64 during the early postnatal period 
improves the health of adult rats with TNBS-induced colitis. J Funct Foods. 2018;48:92-105. 
111. Zoheir KMA, Amara AA, Ahmad SF, Mohammad MA, Ashour AE, Harisa GI, et al. 

Study of the therapeutic effects of Lactobacillus and α-lipoic acid against 
dimethylnitrosamine-induced liver fibrosis in rats. J Genet Eng Biotechnol. 2014;12(2):135-
42. 
112. Bang CS, Hong SH, Suk KT, Kim JB, Han SH, Sung H, et al. Effects of Korean red 
ginseng (Panax ginseng), urushiol (Rhus vernicifera stokes), and probiotics (Lactobacillus 

 



  92 

 

rhamnosus R0011 and Lactobacillus acidophilus R0052) on the gut-liver axis of alcoholic 
liver disease. J Ginseng Res 2014;38(3):167-72. 
113. Hong M, Kim SW, Han SH, Kim DJ, Suk KT, Kim YS, et al. Probiotics (Lactobacillus 
rhamnosus R0011 and acidophilus R0052) reduce the expression of toll-like receptor 4 in 
mice with alcoholic liver disease. Plos One. 2015;10(2):1-17. 
114. Barone R, Rappa F, Macaluso F, Caruso Bavisotto C, Sangiorgi C, Di Paola G, et al. 
Alcoholic liver disease: a mouse model reveals protection by Lactobacillus fermentum. Clin 
Transl Gastroenterol. 2016;7(1):e138-e. 
115. Chuang CH, Tsai CC, Lin ES, Huang CS, Lin YY, Lan CC, et al. Heat-killed 
lactobacillus salivarius and lactobacillus johnsonii reduce liver injury induced by alcohol in 
vitro and in vivo. Molecules. 2016;21(11). 
116. Liu Y, Liu Q, Hesketh J, Huang D, Gan F, Hao S, et al. Protective effects of selenium-
glutathione-enriched probiotics on CCl4-induced liver fibrosis. J Nutr Biochem. 
2018;58:138-49. 
117. Boulos S, Yan AC. Current concepts in the prevention of atopic dermatitis. Clin 
Dermatol. 2018;36(5):668-71. 
118. Kim SO, Ah YM, Yu YM, Choi KH, Shin WG, Lee JY. Effects of probiotics for the 
treatment of atopic dermatitis: A meta-analysis of randomized controlled trials. Ann Allergy, 
Asthma Immunol. 2014;113(2):217-26. 
119. Matsumoto M, Ebata T, Hirooka J, Hosoya R, Inoue N, Itami S, et al. Antipruritic 
effects of the probiotic strain LKM512 in adults with atopic dermatitis. Ann Allergy, Asthma 
Immunol. 2014;113(2):209-16. 
120. Choi WJ, Konkit M, Kim Y, Kim M-K, Kim W. Oral administration of Lactococcus 
chungangensis inhibits 2,4-dinitrochlorobenzene-induced atopic-like dermatitis in NC/Nga 
mice. J Dairy Sci. 2016;99(9):6889-901. 
121. Wu YJ, Wu WF, Hung CW, Ku MS, Liao PF, Sun HL, et al. Evaluation of efficacy and 
safety of Lactobacillus rhamnosus in children aged 4–48 months with atopic dermatitis: An 
8-week, double-blind, randomized, placebo-controlled study. J Microbiol Immunol Infect. 
2017;50(5):684-92. 

 



  93 

 

122. Chen YH, Wu CS, Chao YH, Lin CC, Tsai HY, Li YR, et al. Lactobacillus pentosus 
GMNL-77 inhibits skin lesions in imiquimod-induced psoriasis-like mice. J Food Drug Anal. 
2017;25(3):559-66. 
123. Lunder M. Reviewing clinical studies of probiotics as dietary supplements: probiotics 
for oral healthcare, rheumatoid arthritis, cancer prevention, metabolic diseases and 
postoperative infections: Woodhead Publishing Limited; 2014. 211-23 p. 
124. Amdekar S, Roy P, Singh V, Kumar A, Singh R, Sharma P. Lactobacillus casei and 
Lactobacillus acidophilus attenuates the severity of experimental arthritis by regulating 
biochemical parameters. Biomed Prev Nutr. 2013;3(4):351-6. 
125. Vaghef-Mehrabany E, Alipour B, Homayouni-Rad A, Sharif SK, Asghari-Jafarabadi 
M, Zavvari S. Probiotic supplementation improves inflammatory status in patients with 
rheumatoid arthritis. Nutrition. 2014;30(4):430-5. 
126. Kim JE, Chae CS, Kim GC, Hwang W, Hwang Js, Hwang SM, et al. Lactobacillus 
helveticus suppresses experimental rheumatoid arthritis by reducing inflammatory T cell 
responses. J Funct Foods 2015;13:350-62. 
127. Ladda B, Theparee T, Chimchang J, Tanasupawat S, Taweechotipatr M. In vitro 

modulation of tumor necrosis factor α production in THP-1 cells by lactic acid bacteria 
isolated from healthy human infants. Anaerobe. 2015;33(2015):109-16. 
128. Morin C, Blier PU, Fortin S. MAG-EPA reduces severity of DSS-induced colitis in rats. 
Am J Physiol - Gastrointest Liver Physiol. 2016;310(10):G808-G21. 
129. Eichele DD, Kharbanda KK. Dextran sodium sulfate colitis murine model: An 
indispensable tool for advancing our understanding of inflammatory bowel diseases 
pathogenesis. World J Gastroenterol. 2017;23(33):6016-29. 
130. Jeong J-JJ, Woo J-YY, Ahn Y-TT, Shim J-HH, Huh C-SS, Im S-HH, et al. The probiotic 
mixture IRT5 ameliorates age-dependent colitis in rats. Int Immunopharmacol. 
2015;26(2):416-22. 
131. Forsyth CB, Farhadi A, Jakate SM, Tang Y, Shaikh M, Keshavarzian A. Lactobacillus 
GG treatment ameliorates alcohol-induced intestinal oxidative stress, gut leakiness, and liver 
injury in a rat model of alcoholic steatohepatitis. Alcohol. 2009;43(2):163-72. 

 



  94 

 

132. Delroisse JM, Boulvin AL, Parmentier I, Dauphin RD, Vandenbol M, Portetelle D. 
Quantification of Bifidobacterium spp. and Lactobacillus spp. in rat fecal samples by real-
time PCR. Microbiol Res. 2008;163(6):663-70. 
133. Pérez-Burillo S, Pastoriza S, Gironés A, Avellaneda A, Pilar Francino M, Rufián-
Henares JA. Potential probiotic salami with dietary fiber modulates metabolism and gut 
microbiota in a human intervention study. J Funct Foods. 2020;66. 
134. Hojjati M, Behabahani BA, Falah F. Aggregation, adherence, anti-adhesion and 
antagonistic activity properties relating to surface charge of probiotic Lactobacillus brevis 
gp104 against Staphylococcus aureus. Microbial Pathogenesis. 2020;147:104420. 
135. Pan Y, Wang H, Tan F, Yi R, Li W, Long X, et al. Lactobacillus plantarum KFY02 
enhances the prevention of CCl4-induced liver injury by transforming geniposide into 
genipin to increase the antioxidant capacity of mice. J Funct Foods. 2020;73. 
136. Choi EA, Chang HC. Cholesterol-lowering effects of a putative probiotic strain 
Lactobacillus plantarum EM isolated from kimchi. LWT - Food Sci Technol. 2015;62(1, Part 
1):210-7. 
137. Niederreiter L, Tilg H. Cytokines and fatty liver diseases. Liver Research. 
2018;2(1):14-20. 
138. Bhattacharya A, Osterman MT. Biologic therapy for ulcerative colitis. Gastroenterol 
Clin North Am. 2020;49(4):717-29. 
139. Oh NS, Joung JY, Lee JY, Kim Y. Probiotic and anti-inflammatory potential of 
Lactobacillus rhamnosus 4B15 and Lactobacillus gasseri 4M13 isolated from infant feces. 
PLoS One. 2018;13(2):e0192021. 
140. Verhoeckx K CP, López-Expósito I, Kleiveland C, Lea T, Mackie A, Requena T, 
Swiatecka D, Wichers H, editors. The impact of food bioactives on health: in vitro and ex 
vivo models Springer. 2015:95-102. 
141. Kanmani P, Kim H. Protective effects of Lactic acid bacteria against TLR4 induced 
inflammatory response in Hepatoma HepG2 Cells through modulation of Toll-Like Receptor 
negative regulators of mitogen-activated protein kinase and NF-kappaB signaling. Front 
Immunol. 2018;9:1537. 

 



  95 

 

142. Abbas AK, Lichtman AH. Basic immunology : functions and disorders of the immune 
system. 2nd ed. Philadelphia, PA: Elsevier Saunders; 2006. ix, 324 p. p. 
143. Aoudia N, Rieu A, Briandet R, Deschamps J, Chluba J, Jego G, et al. Biofilms of 
Lactobacillus plantarum and Lactobacillus fermentum: effect on stress responses, 
antagonistic effects on pathogen growth and immunomodulatory properties. Food Microbiol. 
2016;53:51-9. 
144. Chon H, Choi B, Jeong G, Lee E, Lee S. Suppression of proinflammatory cytokine 

production by specific metabolites of Lactobacillus plantarum 10hk2 via inhibiting NF-κB 
and p38 MAPK expressions. Comp Immunol Microbiol Infect. 2010;33(6):e41-e9. 
145. De Marco S, Sichetti M, Muradyan D, Piccioni M, Traina G, Pagiotti R, et al. Probiotic 
cell-free supernatants exhibited anti-Inflammatory and antioxidant activity on human gut 
epithelial cells and macrophages stimulated with LPS. Evid Based Complement Alternat 
Med. 2018;2018:1756308. 
146. Griet M, Zelaya H, Mateos MV, Salva S, Juarez GE, de Valdez GF, et al. Soluble 
factors from Lactobacillus reuteri CRL1098 have anti-inflammatory effects in acute lung 
injury induced by lipopolysaccharide in mice. PLoS One. 2014;9(10):e110027. 
147. Chiu Y-H, Lin S-L, Ou C-C, Lu Y-C, Huang H-Y, Lin M-Y. Anti-inflammatory effect of 
lactobacilli bacteria on HepG2 cells is through cross-regulation of TLR4 and NOD2 
signalling. J Funct Foods. 2013;5(2):820-8. 
148. Choi SH, Lee SH, Kim MG, Lee HJ, Kim GB. Lactobacillus plantarum CAU1055 
ameliorates inflammation in lipopolysaccharide-induced RAW264.7 cells and a dextran 
sulfate sodium-induced colitis animal model. J Dairy Sci. 2019;102(8):6718-25. 
149. Song MW, Jang HJ, Kim KT, Paik HD. Probiotic and antioxidant properties of novel 
Lactobacillus brevis KCCM 12203P isolated from kimchi and evaluation of immune-
stimulating activities of its heat-killed cells in RAW 264.7 cells. J Microbiol Biotechnol. 
2019;29(12):1894-903. 
150. Arai S, Iwabuchi N, Takahashi S, Xiao JZ, Abe F, Hachimura S. Orally administered 
heat-killed Lactobacillus paracasei MCC1849 enhances antigen-specific IgA secretion and 
induces follicular helper T cells in mice. PLoS One. 2018;13(6):e0199018. 

 



  96 

 

151. Nakamura Y, Terahara M, Iwamoto T, Yamada K, Asano M, Kakuta S, et al. 
Upregulation of polymeric immunoglobulin receptor expression by the heat-inactivated 
potential probiotic Bifidobacterium bifidum OLB6378 in a mouse intestinal explant model. 
Scand J Immunol. 2012;75(2):176-83. 
152. Campeotto F, Suau A, Kapel N, Magne F, Viallon V, Ferraris L, et al. A fermented 
formula in pre-term infants: clinical tolerance, gut microbiota, down-regulation of faecal 
calprotectin and up-regulation of faecal secretory IgA. Br J Nutr. 2011;105(12):1843-51. 
153. Shinde T, Vemuri R, Shastri MD, Perera AP, Tristram S, Stanley R, et al. Probiotic 
Bacillus coagulans MTCC 5856 spores exhibit excellent in-vitro functional efficacy in 
simulated gastric survival, mucosal adhesion and immunomodulation. J Funct Foods. 
2019;52:100-8. 
154. Maciel FR, Punaro GR, Rodrigues AM, Bogsan CS, Rogero MM, Oliveira MN, et al. 
Immunomodulation and nitric oxide restoration by a probiotic and its activity in gut and 
peritoneal macrophages in diabetic rats. Clin Nutr. 2016;35(5):1066-72. 
155. Vieira AT, Rocha VM, Tavares L, Garcia CC, Teixeira MM, Oliveira SC, et al. Control 
of Klebsiella pneumoniae pulmonary infection and immunomodulation by oral treatment with 
the commensal probiotic Bifidobacterium longum 5(1A). Microbes Infect. 2016;18(3):180-9. 
156. Pique N, Berlanga M, Minana-Galbis D. Health Benefits of Heat-Killed (Tyndallized) 
Probiotics: An Overview. Int J Mol Sci. 2019;20(10). 
157. Kiesler P, Fuss IJ, Strober W. Experimental models of inflammatory bowel diseases. 
Cell Mol Gastroenterol Hepatol. 2015;1(2):154-70. 
158. Nascimento RPD, Machado A, Galvez J, Cazarin CBB, Marostica Junior MR. 
Ulcerative colitis: Gut microbiota, immunopathogenesis and application of natural products 
in animal models. Life Sci. 2020;258:118129. 
159. Jina J WS, Xiea Y, Liua H, Gaoa X, Zhang H. Live and heat-killed cells of 
Lactobacillus plantarum Zhang-LL ease symptoms of chronic ulcerative colitis induced by 
dextran sulfate sodium in rats. J Funct Foods. 2020;71:103994. 

 



  97 

 

160. Wang G, Tang H, Zhang Y, Xiao X, Xia Y, Ai L. The intervention effects of 
Lactobacillus casei LC2W on Escherichia coli O157:H7 -induced mouse colitis. Food Sci 
Hum Wellness. 2020;9(3):289-94. 
161. Wasilewska E, Zlotkowska D, Wroblewska B. Yogurt starter cultures of 
Streptococcus thermophilus and Lactobacillus bulgaricus ameliorate symptoms and 
modulate the immune response in a mouse model of dextran sulfate sodium-induced colitis. 
J Dairy Sci. 2019;102(1):37-53. 
162. Son SJ, Koh JH, Park MR, Ryu S, Lee WJ, Yun B, et al. Effect of the Lactobacillus 
rhamnosus strain GG and tagatose as a synbiotic combination in a dextran sulfate sodium-
induced colitis murine model. J Dairy Sci. 2019;102(4):2844-53. 
163. Zhou X, Liu H, Zhang J, Mu J, Zalan Z, Hegyi F, et al. Protective effect of 
Lactobacillus fermentum CQPC04 on dextran sulfate sodium-induced colitis in mice is 
associated with modulation of the nuclear factor-kappaB signaling pathway. J Dairy Sci. 
2019;102(11):9570-85. 
164. He D, Wang Y, Lin J, Xing Y-F, Zeng W, Zhu W-M, et al. Identification and 
characterization of alcohol-soluble components from wheat germ-apple fermented by 
Lactobacillus sp. capable of preventing ulcerative colitis of dextran sodium sulfate-induced 
mice. J Funct Foods 2020;64. 
165. Kim DH, Kim S, Ahn JB, Kim JH, Ma HW, Seo DH, et al. Lactobacillus plantarum 
CBT LP3 ameliorates colitis via modulating T cells in mice. Int J Med Microbiol. 
2020;310(2):151391. 
166. Chen Y, Zhang L, Hong G, Huang C, Qian W, Bai T, et al. Probiotic mixtures with 
aerobic constituent promoted the recovery of multi-barriers in DSS-induced chronic colitis. 
Life Sci. 2020;240:117089. 
167. Chen Y, Jin Y, Stanton C, Ross RP, Wang Z, Zhao J, et al. Dose-response efficacy 
and mechanisms of orally administered CLA-producing Bifidobacterium breve CCFM683 
on DSS-induced colitis in mice. J Funct Foods. 2020;75. 
168. Somineni HK, Kugathasan S. The microbiome in patients with inflammatory diseases. 
Clin Gastroenterol Hepatol. 2019;17(2):243-55. 

 



  98 

 

169. Torruellas C, French SW, Medici V. Diagnosis of alcoholic liver disease. World J 
Gastroenterol. 2014;20(33):11684-99. 
170. Huang H, Lin Z, Zeng Y, Lin X, Zhang Y. Probiotic and glutamine treatments 
attenuate alcoholic liver disease in a rat model. Exp Ther Med. 2019;18(6):4733-9. 
171. Chen X, Zhang J, Yi R, Mu J, Zhao X, Yang Z. Hepatoprotective effects of 
Lactobacillus on carbon tetrachloride-induced acute liver injury in mice. Int J Mol Sci. 
2018;19(8). 
172. Wang Q, Lv L, Jiang H, Wang K, Yan R, Li Y, et al. Lactobacillus helveticus R0052 
alleviates liver injury by modulating gut microbiome and metabolome in D-galactosamine-
treated rats. Appl Microbiol Biotechnol. 2019;103(23-24):9673-86. 
173. Zhao ZW, Pan DD, Wu Z, Sun YY, Guo YX, Zeng XQ. Antialcoholic liver activity of 
whey fermented by Lactobacillus casei isolated from koumiss. J Dairy Sci. 2014;97(7):4062-
71. 
174. Kirpich IA, Solovieva NV, Leikhter SN, Shidakova NA, Lebedeva OV, Sidorov PI, et 
al. Probiotics restore bowel flora and improve liver enzymes in human alcohol-induced liver 
injury: a pilot study. Alcohol. 2008;42(8):675-82. 
175. Kwon EK, Kang G-D, Kim W-K, Han MJ, Kim D-H. Lactobacillus plantarum LC27 
and Bifidobacterium longum LC67 simultaneously alleviate ethanol-induced gastritis and 
hepatic injury in mice. J Funct Foods. 2017;38:389-98. 
176. Wang Y, Li Y, Xie J, Zhang Y, Wang J, Sun X, et al. Protective effects of probiotic 
Lactobacillus casei Zhang against endotoxin- and d-galactosamine-induced liver injury in 
rats via anti-oxidative and anti-inflammatory capacities. Int Immunopharmacol. 
2013;15(1):30-7. 
177. Meroni M, Longo M, Dongiovanni P. Alcohol or gut microbiota: who is the guilty? Int 
J Mol Sci. 2019;20(18). 
178. Xu R, Aruhan, Xiu L, Sheng S, Liang Y, Zhang H, et al. Exopolysaccharides from 
Lactobacillus buchneri TCP016 attenuate LPS- and d-GalN-induced liver injury by 
modulating the gut microbiota. J Agric Food Chem. 2019;67(42):11627-37. 

 



  99 

 

179. Cui Y, Qi S, Zhang W, Mao J, Tang R, Wang C, et al. Lactobacillus reuteri ZJ617 
culture supernatant attenuates acute liver injury induced in mice by lipopolysaccharide. J 
Nutr. 2019;149(11):2046-55. 
180. Gu Z, Liu Y, Hu S, You Y, Wen J, Li W, et al. Probiotics for alleviating alcoholic liver 
injury. Gastroenterol Res Pract. 2019;2019:9097276. 
181. Wang Y, Liu Y, Sidhu A, Ma Z, McClain C, Feng W. Lactobacillus rhamnosus GG 
culture supernatant ameliorates acute alcohol-induced intestinal permeability and liver 
injury. Am J Physiol Gastrointest Liver Physiol. 2012;303(1):G32-41. 
182. Dhiman RK, Rana B, Agrawal S, Garg A, Chopra M, Thumburu KK, et al. Probiotic 
VSL#3 reduces liver disease severity and hospitalization in patients with cirrhosis: a 
randomized, controlled trial. Gastroenterology. 2014;147(6):1327-37 e3. 
183. Tian X, Li R, Jiang Y, Zhao F, Yu Z, Wang Y, et al. Bifidobacterium breve ATCC15700 
pretreatment prevents alcoholic liver disease through modulating gut microbiota in mice 
exposed to chronic alcohol intake. J Funct Foods. 2020;72. 
184. Gu Z, Wu Y, Wang Y, Sun H, You Y, Piao C, et al. Lactobacillus rhamnosus granules 
dose-dependently balance intestinal microbiome disorders and ameliorate chronic alcohol-
induced liver injury. J Med Food. 2019;23(2):114-24. 

 

 



 

VITA 
 

VITA 
 

NAME Boonyarut Ladda 

DATE OF BIRTH 18 April 1986 

PLACE OF BIRTH Rajavithi hospital, Bangkok, Thailand 

INSTITUTIONS ATTENDED Faculty of Medicine Srinakharinwirot University 

HOME ADDRESS 91 Sukhumvit 63, Bangkok 10110, Thailand 

PUBLICATION - 

AWARD RECEIVED - 
  

 

 


	ABSTRACT
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER 1 INTRODUCTION
	Hypothesis
	Objectives

	CHAPTER 2 LITERATURE REVIEW
	1. Genus Lactobacillus
	2. Probiotics
	3. Strains used as probiotics
	3.1 Lactobacillus paracasei
	3.2 Weissella confusa

	4. Mode of action of probiotics
	5. Probiotics and microbiota
	6. Tumor necrosis factor
	7. Role of probiotics in inflammatory diseases
	7.1 Inflammatory bowel disease (IBD)
	7.2 Alcohol hepatitis
	7.3 Atopic dermatitis (AD)
	7.4 Psoriasis
	7.5 Rheumatoid arthritis


	CHAPTER 3 RESEARCH METHODOLOGY
	Chemical and materials
	Methods
	1. Lactobacillus strains
	2. Cultivation of probiotic Lactobacillus strains
	3. Preparation of probiotic Lactobacillus strains
	3.1 Probiotic culture supernatant
	3.2 Viable cells
	3.3 Heat killed cells
	3.4 Sonicated cells

	4. Preparation of cell culture
	4.1 The study of probiotic Lactobacillus strains in the suppression of TNF- α secretion in Caco-2 cells
	4.1 The study of probiotic Lactobacillus strains in the suppression of TNF- α secretion in Caco-2 cells
	4.2 The study of probiotic Lactobacillus strains in the suppression of TNF-α secretion in HepG-2 cells
	4.2 The study of probiotic Lactobacillus strains in the suppression of TNF-α secretion in HepG-2 cells

	5. Detection of tumor necrosis factor (TNF-α) by sandwich ELISA kit
	6. Animal experiment
	6.1 Induction of colitis
	6.1.1 Body weight and colon length detection in colitis rats
	6.1.2 Blood collection in colitis rat
	6.1.3 Colon preparation
	6.1.4 Histology evaluation of colitis
	6.1.5 Fecal collection of colitis rat

	6.2 Induction of hepatitis
	6.2.1 Blood collection in hepatitis rat
	6.2.2 Liver preparation
	6.2.3 Histology evaluation of hepatitis rat
	6.2.4 Fecal collection of hepatitis rat



	7. Detection of tumor necrosis factor (TNF-α) in the colon and liver tissue of rat model by sandwich ELISA kit
	8. Study of alteration of gut microbiota using Next generation sequencing
	9. Statistical analysis

	CHAPTER 4 RESULT
	1. The effect of Lactobacillus strains on the TNF-α secretion in Caco-2 cells
	2. The effect of Lactobacillus strains in the suppression of TNF-α secretion in HepG-2 cells
	3. Effect of Lactobacillus paracasei MSMC39-1 on body weight and colon length in colitis rats
	4. Effect of Lactobacillus paracasei MSMC39-1 on liver enzyme activity in colitis rat
	5. Effect of Lactobacillus paracasei MSMC39-1 on TNF-α secretion in colon tissue of DSS induced colitis rat
	6. Effect of Lactobacillus paracasei MSMC39-1 on TNF-α secretion in liver tissue of DSS induced colitis rat
	7. Effect of Lactobacillus paracasei MSMC39-1 on colon tissue histology in DSS- induced colitis rat
	8. Effect of Lactobacillus paracasei MSMC39-1 on liver tissue histology in DSS induced-colitis rat
	9. Effect of Lactobacillus paracasei MSMC39-1 on gut microbiota alteration in DSS- induced colitis rat
	10. Effect of alcohol and L. paracasei MSMC39-1 on body weight and liver weight
	11. Effect of Lactobacillus paracasei MSMC39-1 on liver enzyme activity in alcohol- induced hepatitis rat
	12. Effect of Lactobacillus paracasei MSMC39-1 on TNF- -α in liver tissue of alcohol- induced hepatitis rat
	13. Effect of Lactobacillus paracasei MSMC39-1 on colon tissue histology in alcohol- induced hepatitis rat
	14. Effect of Lactobacillus paracasei MSMC39-1 on liver tissue histology in alcohol- induced hepatitis rat
	15. Effect of Lactobacillus paracasei MSMC39-1 on gut microbiota alteration in alcohol- induced hepatitis rat

	CHAPTER 5 SUMMARY DISCUSSION AND SUGGESTION
	Conclusion

	REFERENCES
	VITA

