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AD; atopic dermatitis 

BSA; bovine albumin 

CD; Crohn’s Disease 

CLA; conjugated linoleic acid 

CLDN; claudin 

DAI; disease activity index 

DAPI; 4',6-diamidino-2-phenylindole, dihydrochloride 

DF; dietary fiber 

DGGE; denaturing gradient gel electrophoresis 

DSS; dextran sulfate sodium 

ELISA; enzyme-linked immunosorbent assay 

EPS; exopolysaccharide 

FBS; fetal bovine serum 

GAPDH; glyceraldehyde-3-phosphate dehydrogenase 

HE; hematoxylin eosin  

HYA; 10-hydroxy-cis-12-octadecenoic acid 

IBD; inflammatory bowel disease 

IFN; interferon 

Ig; immunoglobulin 

IL; interleukin 

LBP; lipopolysaccharide-binding protein 

NF-κB; nuclear factor-kappa B 

Mcpt1; mast cell protease 1 

OCLN; occludin 

PBS; phosphate buffered saline 

PFA; paraformaldehyde 

PUFA; polyunsaturated fatty acid 

SDS-PAGE; sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

SEM; standard error of the mean 
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SG; stratum granulosum, granule layer 

SCFA; short chain fatty acid 

SPF; specific pathogen free 

TBST; tris-buffered saline tween 20 

TGF; transforming growth factor 

Th; helper T 

TJ; tight junction 

TLR: Toll-like receptor 

TNF; tumor necrosis factor 

TNFR; tumor necrosis factor receptor 

Treg; regulatory T 

UC; ulcerative colitis 

ZO; zonula occludens 
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1  
 1.1   

 500 1,000 100

1011/ mL

 (1, 2) (Inflammatory 

Bowel Disease: IBD)  (3, 4)

IBD 1 IBD

Faecalibacterium parausnitzii ( )

 (5) 1 Treg

Fecalibacterium Lactobacillus, Bifidobacterium

IBD  (6, 

7)

 (Figure 1.1)  

 
1.2   

1.2.1  10-hydroxy-cis-12-octadecenoic acid (HYA) 

1

(CLA)

 (9, 10)
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CLA

CLA Lactbacillus plantaram 

AKU 1009a CLA (cis-9,trans-11 trans-9, trans-11)

10-hydroxy-cis-12-octadecenoic acid 

(HYA) CLA-HY  (Figure 1.2) (8)

HYA

 (11) HYA G  (GPR40)

 (TNFR)2

HYA

 

 

1.2.2  Exopolysaccharide (EPS) 

 (EPS)

EPS

Lactobacillus sanfraciscensis EPS

 (12) Bifidobaccterium EPS

 (13) Lactobacillus delbrueckii subsp. bulgaricus OLL1073R-1

EPS  (14)

Leuconostoc mesenteroides subsp. mesenteroides NTM048

 (Ig)A EPS

 (15) NTM048

EPS α1-6, 1-3 α-

10 40 kDa  (Figure 1.3) 16

NTM048 EPS 1

EPS IL-17

NTM048 EPS

 

 

1.3   

1.3.1   
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3  

(Figure 1.3)  (dermis) 2 mm

T

0.06 0.2 mm

4  (cornified layer) 10

 (granular 

layer : SG) 2 3

SG1 SG2 SG3 SG2

 (Figure 1.4)

 (spinous layer) 5 10

 (basal layer)

1

 (17, 18)  

 

    1.3.2   

SG2

2 10
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10 1 2

SG2

 (17)

 

 

1.4   

(AD)

AD

 AD IgE

 (18, 19)  AD Th1 Th2 Th17 Treg T (Th)

 (20, 21) Th1

 (IFN)-γ Th2 Th2

 (IL)-4 Th1 Th1

AD Th1 / Th2 T

IgE Th17

AD  (22, 23)

Th AD

 (1)

 (2) IgA

IgE

 (24)  

 

1.5   

(IBD)  (Crohn’s Disease: CD)  

(Ulcerative Colitis: UC) UC
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CD 10 20

CD

CD UC

 ( ) IBD

 (25)  

 

1.6   

AD

HYA AD NTM048 EPS

1 2

HYA AD NC/Nga

3 HYA

IgA 4

IgA Leuconostoc mesenteroides 

subsp. mesenteroides NTM048 EPS

 (DSS) 5
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Figure 1.1 Regulators of Host-Microbial Interactions in the Gut 

The commensal microbiota, intestinal epithelial cells, and intestinal immune cells engage in a 

complex crosstalk. Epithelial cells, M cells, and dendritic cells (DCs) can directly sense and 

sample the intestinal contents and communicate information about the microbiota to other 

subsets of immune cells. Toll-like receptors, expressed by epithelial cells, M cells and DCs, and 

NOD-like receptors, are classes of microbe-sensing molecules. Cytokines, chemokines, and host 

and microbial metabolites are key molecular mediators of intestinal homeostasis that influence 

responses of both host and microbe.

Adapted from ref. (4).
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Figure 1.2 Polyunsaturated fatty acid-metabolism pathway.

Adapted from ref. (8).
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Figure 1.3 Structure of Exopolysaccharide produced by Leuconostoc 

mesenteroides subsp. mesenteroides NTM048 
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SG-1

SG-2

SG-3

 

 

  

  

Figure 1.4 Structure of skin and tight junction

granular layer

cornified layer

spinus layer

basal layer

JAM-1 JAM-1

JAM-1 JAM-1

Cingulin

ZO-1/2

ZO-1/2

ZO-1/2

ZO
-1/2/3

Claudins

Occludin
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2  
HYA  

 

2.1   

HYA

NC/Nga HYA

 

 

2.2   

2.2.1   

HYA Figure 2.1

HYA  (8)  

 

2.2.2   

NC/Nga  (4 10 )  (Kanagawa, 

Japan)

12  ( 8:00 20:00) 24 1 

1 5

3  

2 AIN-93G (

 ( )) Control 0.01 % (w/w) HYA

HYA 6 2

 (6 )  (THRIVE, HAIR CLIPPER MODEL, 2000AD : 

Daito Electric Machine Industry Co., Osaka, Japan) 6

3

1  

 

2.2.3   

5 4  (
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3  0)  (26) 3

 

4 6 8 10

 

 

2.2.4  Hematoxylin Eosin (HE)  

OCT compound (Sakura Finetek, Tokyo, Japan)

 (7 μm) 3

10 PBS(-) 3 1

 ( ) 2 70 95

 

0.05  pH 4.1 

(Wako Pure Chemical Industries, Osaka, Japan)

 

 

2.2.5   RT-PCR 

total RNA TRIzol  (Life Technologies) Total 

RNA High Capacity cDNA Reverse Transcription Kit (Life Technologies) 

cDNA (BIO-RAD T100TM Thermal Cycler, 

Hercules, CA, USA) cDNA KAPA SYBR FAST qPCR Kit (Kapa 

Biosystems, Woburn, MA, USA) RT-PCR

(Applied Biosystems™ StepOnePlus™, Waltham, MA, USA) Crossing Point

Ct Ct

Table 2.1.  

 

2.2.6  TJ NFκ-B p65   

OCT compound  (7 

μm) 3 10

PBS(-) 3

 (4% 5 %  in PBS(-)) (Wako Pure Chemical 
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Industries, Osaka, Japan) 30

1 ( 1.25%  in 

PBS(-)) 4 1

 

Rabbit anti-claudin-1 : 1/100 (Thermo Fisher Scientific, Waltham, MA, USA) 

Rabbit anti-p-NFκ-B p65 : 1/100 (Cell Signaling Technology, Danvers, MA, USA) 

PBS(-) (10   3 ) 2  (4%

5%  in PBS(-)) 1

2  

Goat anti-rabbit-IgG-Alexa Flour 488 : 1/200 (Abcam, Cambridge, UK) 

4’-6-diamidino-2-phenylindole, dihydrochloride (DAPI): 1/1000 (Dojindo 

Laboratories, Kumamoto, JAPAN) 

Rhodamine-Phalloidin : 1/500 (Thermo Fisher Scientific) 

PBS(-) (10   3 ) MilliQ water (10   1 )

Mounting Fluid

4  (LSM700, Carl Zeiss 

Microscopy, Jena, Germany)  

 

2.2.7     

 Lysis 

Buffer F (1% SDS, 1% Triton X100, 1% Deoxycholate Na, 30 mM Tris)

 (POLYTRON PT 2500 : KINEMATICA, 

Switzerland)  (20,000 rpm, 1 ) 95

5  (13,000 rpm, 4 , 15 )

3  Laemmli Sample Buffer (4% SDS, 10% glycerol, 

10%β-mercaptoethanol 0.04  bromophenol blue 125 mmol/L Tris-HCl, 

pH 6.8) 2 : 1 95 10

-20 BCA

 (Thermo scientific, Rockford, AZ, USA)  

SDS-  (SDS-PAGE)
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(Precision Plus Protein Standards : Bio-Rad, Hercules, CA, USA) 5 μL

30 μg 120 V 90

PVDF  

(Millipore : Merck KgaA, Darmstadt, Germany)

100 V 90 (5   3 )

S 1 total

5% 5% BSA (Nacalai tesque 

INC, Kyoto, Japan) 1

2.5%  2.5  BSA 1

4 TBST 5 5 2.5  

2.5  BSA 2  (Goat anti-Rabbit-IgG HRP)

1 5 ECL kit (Plus-ECL : Perkin Elmer, 

Waltham, MA, USA)  (LAS-3000 : 

FUJIFILM, Tokyo, Japan) Image J 

software (NIH, Bethesda, MD, USA)  

  

2.2.8   

Tukey-Kramer

p 0.05  

 

2.3   

2.3.1  NC/Nga  

NC/Nga

HYA Control

 (Figure 2.2 A)

Control 9 10 (4 )

Control HYA  

(Figure 2.2 B)  

 



16 
 

2.3.2  IgE  

 2 1 IgE

ELISA  (Figure2.2 C) HYA 6 10 Control

IgE  

 

2.3.3  HE  

HE HYA

 (Figure 2.3 A, C)

HYA  (Figure 2.3 B, D)  

 

2.3.4   

Control HYA TNF-α

IL-33 Mcpt1 HYA  

(Figure 2.4 A) IL-4 IL-5  

 

2.3.5  NFκ-B p65  

  NFκ-B p65 HYA Control

HYA  

(Figure 2.4 B, C)  

 

2.3.6   

PCR

(Figure 2.5 A) Control HYA 1

Claudin-1 TJ

Figure 2.5. B

Control HYA Claudin-1

 HYA Claudin-1

Claudin-1 (Figure 2.5 C)  
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2.4   

HYA

AD HYA

TNF-α NFκ-B p65 HYA Control

 AD Th2 IgE

 (26, 27) HYA Th2 IL-4

IL-5 Th2 IL-33

Th1/Th2  

Claudin-1 HYA

HYA

AD

Claudin-1

TJ AD  (28)

Claudin-1 IgA

 

HYA Claudin-1 AD

IgA Th1/2

HYA

 (11) HYA AD

HYA  
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Table 2.1 Primer sequences used for experiments 

  

Gene Sequence 5'- 3'  

GAPDH Forward TCAAGAAGGTGGTGAAGCAG 

 Reverse AAGGTGGAAGAGTGGGAGTTG 

Claudin-1 Forward GATGTGGATGGCTGTCATTG 

 Reverse CCTGGCCAAATTCATACCTG 

IL-4 Forward AGAGAGTGAGCTCGTCTGTAGG 

 Reverse CTTCTTCAAGCATGGAGTTTTC 

IL-5 Forward TGCAAGAGTTCCTTGGTGTG 

 Reverse GCACAGTTTTGTGGGGTTTT 

IL-6 Forward CTGATGCTGGTGACAACCAC 

 Reverse TCCACGATTTCCCAGAGAAC 

IL-33 Forward CTTCTCGCTGATTTCCAAGG 

 Reverse TGAAGCTGAACAGAACGTGTG 

TNF-α Forward TCGTAGCAAACCACCAAGTG 

 Reverse CTTTGAGATCCATGCCGTTG 

Mcpt1 Forward TGTAATTCCCTTGCCTGGTC 

 Reverse TCAGGGTTTCTGAGGTAGGTTC 

Tbet Forward ACCAGAACGCAGAGATCACTCA 

 Reverse CAAATTCTCCCGGAATCCTT 

Gata3 Forward CATCCCTGAGCCACATCTCT 

 Reverse AGGGCTCTGCCTCTCTAACC 

Rorγt Forward GCAAATACGGTGGTGTGGA 

 Reverse CGCTGAGGAAGTGGGAAA 

Foxp3 Forward CGAAAGTGGCAGAGAGGTATTG 

 Reverse TGAAGGCAGAGTCAGGAGAAG 
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HOOC

 linoleic acid

HOOC

OH

HYA

CLA-HY enzyme

Figure 2.1 Chemical structures of linoleic acid and HYA

HYA is metabolized and synthesized from linoleic acid by CLA-HY enzyme. 



20 
 

  
A

Control HYA

B

 

 

  

 

 

4 6 8 104
0

4

8

12

D
er

m
at

iti
s 

sc
or

e

p = 0.09

 Control

 HYA

Weeks of age

C

 
 

4 6 8 104
0

2.5

5

0

2

5

Ig
E 

co
nc

en
tra

tio
n 

(μ
g/

m
L)  Control

 HYA

Weeks of age

*

*

##

#

Figure 2.2 Inhibitory effects of HYA on skin lesions and inflammation in NC/Nga mice.

(A) Representative photographs of 10-week-old mice are shown. Control mice showed severe lesions and 

inflammation of the dorsal skin. Feeding HYA alleviated AD-like skin lesions. (B) Clinical scores of the AD 

symptoms were evaluated based on 5 items (scratching behavior, hemorrhage, edema, 

excoriation/erosion, and xerosis/dryness). (C) Plasma total IgE levels were measured by ELISA. Values 

are means ± SEM (n = 5). *p < 0.05 vs control group. #p < 0.05 vs each initial value at 4 weeks old.
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A

Control HYA Control HYA

B

 

 

  

Figure 2.3 Anti-inflammatory effects of HYA -in the dorsal skins of NC/Nga mice.

(A) Dorsal skin samples of mice were stained with hematoxylin and eosin. Scale bar = 200 μm. (B) 

Dorsal skin samples of mice were stained with toluidine blue. Scale bar = 100 μm. (C) The thickness 

of epidermis was quantified. (D) The number of mast cells was quantified. Values are means ± SEM (n 

= 5). *p < 0.05 vs control group.
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Figure 2.4 Cytokine expression in the dorsal skin of NC/Nga mice.

(A) Total RNA was extracted from dorsal skin samples of mice, and the mRNA expression 

levels of TNF-α, IL-4, IL-5, IL-6, IL-33 and Mcpt1 were measured by real-time RT-PCR. (B 

and C) Phospho-NF-κB p65 in the dorsal skin samples of mice were analysed by 

immunoblot (B) and immunofluorescence (C) analyses. Phospho-NF-κB p65 (green) and 

nuclei (blue) were stained using an immunofluorescence method. Scale bar = 200 μm. 

Values are means ± SEM (n = 5). *p < 0.05 vs control group.
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Figure 2.5 Tight junction protein phosphorylation of NF-κB in the dorsal 

skin of NC/Nga mice. 

(A) The mRNA expression of claudin-1 in dorsal skin samples of mice was measured by 

real-time RT-PCR. (B and C) Claudin-1 expression in the dorsal skin samples of mice were 

analyzed by immunoblot (B) and immunofluorescence (C) analyses. Claudin-1 (green) and 

nuclei (blue) were stained using an immunofluorescence method. Scale bar = 50 μm. 

Values are means ± SEM (n = 5). *p < 0.05 vs control group.
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3  
HYA  

3.1   

HYA

AD Th1/Th2 Th2

HYA AD

Th1/Th2 IgA

 

 

3.2   

3.2.1   

 (29)

100 μm  BD 

Biosciences, San Jose, CA, USA  1  Sigma-Aldrich, St. Louis, 

MO, USA 2 mM L- 50 μM 2- 10 mM 4- (2 5-

)-1- 5 U / ml 5 μg/ ml

RPMI 1640  (Thermo Fisher Scientific, Waltham, 

MA, USA) 5 350  g  (1500 rpm)

RPMI 10 mg/ ml Dispase  (Thermo Fisher 

Scientific) 37 10  

3

96 1 10 6 /well 37 6

RNA RT-PCR  ( 2  2.2 )

37  72

ELISA  DuoSet ELISA development system, R D Systems, Abingdon, UK

mouse IgA ELISA quantitation kit, Bethyl laboratories, Montgomery, TX, USA

 (IFN-γ IL-4 IL-10 IL-17A IgA
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3.2.2  IgA  

 (10 mg in 1.5 mL PBS(-)) 830 g 4 30

 IgA IgA ELISA  

(Bethyl Laboratories)  

 

3.2.3  PCR-DGGE ( ) 

Power Fecal DNA Isolation Kit MO Bio Laboratories, Carlsbad, CA

DNA   

PCR TaKaRa Ex Taq Hot Start Version (Takara Bio, Shiga, Japan)

Primer mix HAD-1GC  

(5'-CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGCACGGGGGGACTCCTACGGG

AGGCAGCAGT-3' HDA2 5'-GTATTACCGCGGCTGCTGGCAC-3'

DNA 16S rRNA V2-V3

94 5 94 30 50 30 72 

1 30 72 7 PCR

DGGE  DGGE 30 ~55 100

40 7 M 8

DCode  (Bio-Rad, Hercules, CA) TAE

80V 16 60 Silver Stain Kit (Bio-Rad) DGGE

Image J Ward  (30)

DGGE  

 

3.3   

3.3.1  IFN-γ T-bet  

Th1 IFN-γ Control HYA

 (Figure 3.1 A) Th1  T-bet HYA

Control (p = 0.06, Figure 3.1 B)  GATA-3

RORγ Foxp3 IL-17 IL-10

 ( )  IL-4
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3.3.2  IgA  

IgA Control HYA 4  (Figure 3.2)  

 

  3.3.3   

PCR-DGGE PCR Figure 3.3 A

Figure 3.3 B  

2 Control-A Control -B Control -C

Control -D 1 HYA-A HYA-C HYA-E Control-E

2 2  (HYA-B D)

HYA  

 

3.4   

Th2 IL-4 Control HYA

HYA Th2 Th1

IFN-γ IFN-γ Th1 Th2

T-bet GATA-3

 (31, 32) HYA IFN-γ

Th1 HYA Th1

Th1 T-bet

HYA Th1 Th1/Th2 IgE

 

AD NC/Nga

 (33) 16S 

rRNA PCR-DGGE HYA

HYA

IgA Th1

SPF (Specific Pathogen Free)
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Th1  (34)

IFN-γ  (35 Lactobacillus

Th1  (36)

HYA AD

HYA

HYA

HYA IgA

 IgA

IgA 37 IgA

IgA

Th2

38  Lactobacillus johnsonii NCC533

IgA 39 IgA

(40) HYA

HYA IgA

HYA IgA  
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Figure 3.1 Induction of Th1 responses by HYA in the Peyer’s 

patches of the small intestines of NC/Nga mice.

(A) IFN-γ production from Peyer’s patch cells were measured by ELISA. (B) 

Total RNA was extracted from Peyer’s patch cells, and mRNA expression of 

T-bet was measured by real-time RT-PCR. Values are means ± SEM (n = 5). *p 

< 0.05 vs control group. 
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Figure 3.2 Faecal IgA level of NC/Nga mice.  

Fresh faecal samples were collected before sacrifice and IgA concentration was 

measured by ELISA. Values are means ± SEM (n = 5). **p < 0.01 vs control group. 
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Figure 3.3 PCR-DGGE analysis of 16S rRNA gene profiles in the faeces of 

NC/Nga mice.

(A) Silver staining of PCR products separated by PCR-DGGE. (B) Hierarchical cluster analysis 

of PCR-DGGE 16S rRNA gene profiles in faecal microbiota. The squared distances between 2 

clusters were measured by Ward’s method.
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4  
EPS  

4.1   

  Leuconostoc mesenteroides subsp. 

mesenteroides NTM048 (EPS)

EPS TGF-β IgA

Th1 (IFN-γ) Th2 (IL-4)

T  (8) EPS

IgA  (9) EPS

IL-23/IL17

 ( )

NTM EPS

EPS  

 
4.2   
4.2.1   

AIN-93G 5%

NTM048 EPS 5%

10% Table 4.1

Table 4.2 Table 4.3  

 

4.2.2   

 BALB/c  (7 28 )  

(Kanagawa, Japan)

6 4

 (n=7) Control DSS DSS + 5% EPS DSS + 10% 

EPS 5% 10% EPS 9 2

DSS DSS + 5% EPS DSS + 10% EPS 2% DSS

Control 1 4 5

 (DSS 8 )
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4.2.3   

 (1)  Disease Activity Index / DAI  

    DAI 2

Table 4.4  (41)   

(2)   

DSS

DSS

HE 2  

 

 4.2.4   Lipopolysaccharide Binding Protein (LBP)   

96well  (anti-LBP : MS-biG35) 4 1

TBST 3 2 TBST

3 400 rpm 2 TBST

4  (anti-LBP-HRP :  MS-biG33) 400 rpm 2

4 TMB 15 Stop solution

 (Thermo Scientific™ Multiskan™ GO Thermo Fisher 

Scientific K.K. Yokohama Japan) 450 nm ( 620 nm)

 

 

4.2.5  TJ  

TJ ( 2

) 1  

Rabbit anti-Claudin-3 : 1/6000 (Thermo fisher ) 

          Rabbit anti-Claudin-7 : 1/3000 (Thermo fisher) 

Rabbit anti-Occludin : 1/4000 (Thermo fisher ) 

Rabbit anti-ZO-1 : 1/3000 (Thermo fisher ) 

Rabbit anti-ZO-2 : 1/2000 (Santa Cruz) 
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Clausdin-3, Claudin-7, ZO-1

( 2 ) 2  

Goat anti-rabbit-IgG-Alexa Flour 488 : 1/200 (Invitrogen, Carlsbad, CA, USA) 

4’-6-diamidino-2-phenylindole, dihydrochloride (DAPI): 1/1000 (Dojindo 

Laboratories, Kumamoto, JAPAN) 

 

4.2.6  PCR  

2  

        Table 4.5  

4.2.7   

( 2 )  

 

 : acetone (Wako) 

FITC conjugated anti mouse Ly-6G (Gr-1) : 1/200 (eBioscience Inc., San Diego, 

CA, USA ) 

4’-6-diamidino-2-phenylindole, dihydrochloride (DAPI): 1/1000 (Dojindo 

Laboratories, Kumamoto, JAPAN) 

 

  4.2.8   

  DSS 4 4 MilliQ water

(4 , 10 min) 1.5 mL

112 μL 25 mM 8 μL

(13,000 rpm, 4 , 10 min) 1.5 mL 54 μL

10% 6 μL 30

(13,000 rpm, 4 , 10 min) 1.5 mL 45 μL MilliQ 

water 90 μL (DISMIC-3 : 0.2μm, ADVANTEC)

5  

(μL)         (μM) 

50 mM                       120 μL              5.0 
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50 mM                60 μL              2.5 

50 mM  n-                     60 μL              1.0 

5 mM  n-                    60 μL              0.25 

5 mM  iso-                 60 μL                0.25 

5 mM                       12 μL                0.05 

5 mM                  12 μL                0.05 

Milli Q water                   616 μL               

250 μL 3 mM 50 μL

 

LC/MS (MassLynx : Waters)

LC/MS  

HPLC Acquity UPLC (Waters) 

Mass spectrometer  Acquity UPLC (Waters) 

    Ionization mode     ESI (-) 

    Column            ACQUITY UPLC HSS T3 (2.1 x 100mm, 1.7μm)(Waters) 

    Mobile solvent A     0.05%  in MilliQ water 

    Mobile solvent B     0.05%  in Methanol 

    Seal wash          10% Methanol 

    Strong needle wash  Methanol 

    Weak needle wash   MilliQ water 

    Flow rate           0.2 mL/min 

    Sample temp.       4  

    Column temp. 40  

    Injection volume  5 μL 

 

4.2.9  EPS  

 HEK-Blue h TLR2  (InvivoGen, San Diego, CA, USA)  

100 mL/L fetal bovine serum (FBS, Thermo Trace Ltd.) 44 mM 

sodium bicarbonate 50000 IU/L penicillin 50 mg/L streptomycin Dulbecco’s 

Modified Eagle Medium (DMEM ; Sigma) 5% 95%
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37  75 cm2

70 – 80% PBS(-)  

HEK-Blue h TLR2 96 well plate 0.5  106 cell/mL 100 μ

EPS (  ; 0, 0.0125, 0.025, 0.05, 0.1, 0.2%)

(  ; 0, 0.0001, 0.001, 0.01, 0.1, 1, 10 ng/mL) 16

(1200 rpm 15 min) 20 μL

ALP 96 well plate 2well

PBS(-) ALP assay solution buffer 100 μL

15 37 0.2 M NaOH 100 μL 405 

nm HEK-Blue h TLR4  

 

4.2.10   

2  

 

4.3   

4.3.1   

Figure 4.1(A) DSS + Control DSS

6 6 8 DSS + 5% EPS DSS + 10% EPS

DSS DAI Figure 4.1(B) DSS 

+ Control DSS 6 DSS + 5% EPS

DSS + 10% EPS

Figure 4.1(C) DSS DSS + 10% 

EPS HE

Figure 4.1(D) DSS DSS + 5% 

EPS DSS + 10% EPS  

 

4.3.2  LBP  

  LBP ELISA Figure 4.2 DSS + Control

LBP 5% EPS 10% EPS
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4.3.3   

TJ

Figure 4.3(A) DSS + Control ZO-1 TJ

Claudin-3 ZO-2 DSS + 5% EPS

DSS + 10% EPS

Claudin-3 Claudin-7 ZO-1

Figure 4.3(B) DSS Claudin-3 Claudin-7

ZO-1 TJ DSS + 5% EPS DSS 

+ 10% EPS  

 

4.3.4   

PCR

Figure 4.4 DSS IL-6, IL-10, IL-1β, CXCL-2

DSS + 5% EPS DSS + 10% EPS

TLR2 DSS DSS + 5% EPS DSS + 10% EPS

DSS + 5% EPS  

 

4.3.5   
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n- n- iso-
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EPS HEK-Blue h TLR2 ALP

Figure 4.7 TLR2

TLR4 0.1 0.2 EPS ALP

(Figure 4.8)  
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Table 4.1 Composition of Test diets 
 

Ingredient                                                          g/kg diet 

Maize Starch                                                          479.5 

Sucrose                                                               100 

Casein                                                                200 

L-cystine                                                                3 

Soybean oil                                                             70 

Cellulose                                                                0 

Mineral Mix                                                            35 

Vitamin Mix                                                            10 

Choline bitartrate                                                        2.5 

                                                                     100 

 Total                                                                 1000   

 

 

 

Control                       Maize starch                             100 

5% EPS                       Maize starch     50     +    EPS        50 

10% EPS                                                   EPS       100 
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Table 4.2 Vitamin Mix (AIN-93G) 
 

Ingredient                                                              g/kg mix 

Thiamine hydrochloride                                                      0.6 

Riboflavin                                                                   0.6 

Pyridoxine hydrochloride                                                     0.7 

Nicotinic Hydrochloride                                                      3.0 

D-Calcium pantothenate                                                     1.6 

Folic acid                                                                   0.2 

D-Biotin                                                                   0.02 

Cyanocobalamin (Vitamin B12)                                               2.5 

(0.1% mannitol)                                       

Retinyl palmitate (Vitamin A)                                               15.0 

(500,000 IU/g) 

d-α-Tocopheryl acetate (Vitamin E)                                            0.8 

(500 IU/g) 

Cholecalciferol (Vitamin D3)                                                  0.3 

(400,000 IU/g) 

Menaquinone (Vitamin K)                                                    0.1 

Sucrose, finely powdered to make                                           974.7 

Total                                                                      1000 
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Table 4.3 Mineral Mix (AIN-93G) 
 

Ingredient g/kg mix 

Essential mineral element 
Calcium carbonate, anhydrous                                           357 
Potassium phosphate, monobasic                                          196 

Potassium citrate, tri-potassium                                         70.78  

Sodium chloride                                                          74 

Potassium sulfate                                                        46.6  

Magnesium oxide                                                         24 

Ferric citrate                                                           6.06 

Zinc carbonate                                                          1.65 

Manganous carbonate                                                   0.63 

Cupric carbonate                                                         0.3 

Potassium iodate                                                        0.01 

Sodium selenite, anhydrous                                           0.01025 

Ammonium paramolybdate, 4hydrate                                  0.00795 

Potentially benefical mineral element 

Sodium meta-silicate, 9hydrate                                           1.45 

Chromium potassium sulfate, 12hydrate                                  0.275 

Lithum chloride                                                       0.0174 

Boric acid                                                             0.0815 

Sodium fluoride                                                        0.0635   

Nickel carbonate                                                       0.0318      

Ammonium vanadate                                                   0.0066    

Powdered sucrose                                                      221.026 

Total                                                                    1000 
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Table 4.4 Clinical scoring system 
 

Score        Diarrhea stool                   Bloody stool               

 

0             Normal                          Normal color                    

1             Mildly soft                       Brown color                      

2             Very soft                         Reddish color                  

3             Watery                          Bloody stool                      

4             More watery                     More bloody                      

 

The sum of the scores of Diarrhea stool and Bloody stool was defined as the clinical 

score. 
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Table 4.5 Primer sequences used for experiments 

  

Gene Sequence 5'- 3'  

GAPDH Forward TCAAGAAGGTGGTGAAGCAG 

 Reverse AAGGTGGAAGAGTGGGAGTTG 

TNF-α Forward TCGTAGCAAACCACCAAGTG 

 Reverse CTTTGAGATCCATGCCGTTG 

CXCL-2 Forward AGTGAACTGCGCTGTCAATG 

 Reverse ACTTTTTGACCGCCCTTGAG 

IL-6 Forward CTGATGCTGGTGACAACCAC 

 Reverse TCCACGATTTCCCAGAGAAC 

IL-1β Forward TGGCAACTGTTCCTGAACTCA 

 Reverse CAAAGGTTTGGAAGCAGCCC 

IL-10 Forward AGCCGGGAAGACAATAACTG 

 Reverse TCCAGCTGGTCCTTTGTTTG 

TLR2 Forward CTCCCACTTCAGGCTCTTTG 

 Reverse GCCACTCCAGGTAGGTCTTG 
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Figure 4.1 Effects of EPS on body weight change, clinical score, colon length, and 

colon structure in DSS-induced colitic mice.  

(A) Body weight change in male BALB/c mice fed the Fiber free, 5% EPS and 10% EPS diets with 

distilled water or DSS. (B) Clinical score of the inflammation in male BALB/c mice. (C) Colon length 

were measured on day 8. (D) Colonic tissue sections were stained with hematoxylin and eosin for 

histlogical examination.Values are the means ± SEM (n=7). Means at each time point without a 

common letter are different, p < 0.05.
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Figure 4.2 Effect of EPS on plasma LBP in DSS-induced colitic mice. 

Plasma LBP at day 9 in male BALB/c mice fed the Fiber free, 5% EPS and 10%EPS diets with 

distilled water or DSS. Values are the means ± SEM (n=7). p < 0.05. 
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Figure 4.3 Effects of EPS on the TJ protein expression in DSS-induced colitic mice. 
(A) Immunoblot analysis of TJ proteins, Occludin, Claudin-3, Claudin-7, ZO-1, and ZO-2, in colons of male 

BALB/c mice fed the FF, 5%EPS and 10% EPS diets with distilled water or DSS. Values are the means ± 

SEM (n=7). Means without a common letter are different, p<0.05. (B) Intercellular localization of TJ 

proteins, ZO-1, Claudin-3, and Claudin-7, in the colons of male BALB/c mice. The images are 

representatives of colons from 7 mice. Scale bar = 100μm.
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Figure 4.4 Cytokine expression in the colon of DSS-induced colitic mice. 

Gene expression of inflammatory cytokines, TNF-α (A), CXCL-2 (B), IL-6 (C), IL-1β (D), IL-10 (E), 

and TLR2 (F), in the colons of male BALB/c mice fed the control, 5% EPS and 10% EPS diets with 

distilled water or DSS. Values are the means ± SEM (n=7). Means without a common letter are 

different, p <0.05. 
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Figure 4.5 Anti inflammatory effects of EPS in the colon of DSS-induced 

colitic mice. 

The number of neutrophils was quantified. Values are the means ± SEM (n = 7). p < 0.05 

The images are representative of colons from 7 mice. 
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Figure 4.6 Organic acid in faeces of DSS-induced colitic mice. 

Organic acids concentrations in the faeces of mice fed the control, 5% EPS, and 10% EPS diets 

with water or DSS. Faeces were collected at day 4 of DSS administration. Faecal concentrations of 

acetic, propionic, n-butyric, lactic and succinic acids are shown. Values are the means ± SEM (n=7). 

Means without a commom letter different, p < 0.05. 
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Figure 4.7 TLR2 ligand activity of EPS and peptidoglycan in HEK Blue h 

TLR2 cells. 

 TRL2 ligand activity of EPS and peptidoglycan. Values are the means  SEM  

(n = 4). p < 0.05. 
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Figure 4.8 TLR4 ligand activity of EPS and peptidoglycan in HEK Blue h 

TLR4 cells. 

 TRL4 ligand activity of EPS and peptidoglycan. Values are the means  SEM  

(n = 4). p < 0.05. 
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