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Abstract

Inflammatory Bowel Disease (IBD) is a disease caused by complex factors
leading to the inflammation, fibrosis, fistula, and ulceration of colonic tissues
throughout the intestinal track. Some of the major causes are genes, diets, pathogen
infection leading to aberrant immune response, side effects of drugs and lifestyles.
Symptoms of IBD includes weight loss, diarrhea, and occult bleeding which may lead
to anemia and other diseases such as colorectal cancer. The disease cannot be fully
cured as for now because many patients are tolerance to the drugs and there are side
effects.

In this study, we used an aqueous extract of a natural herb, Glycine
tabacina (Labill.) Benth (GTE). It is a plant belongs to the bean family and distributed
in China, South-East Asia, Australia, and Oceanic countries. The major active
components in GTE are isoflavonoids such as daizein, genistein, and genenistin. Based
on previous studies of GTE regulating signaling pathways in rheumatoid arthritis,
nephritis, and osteoporosis are similar to IBD. Thus, we want to examine GTE with
LPS and TNF-a induced human colorectal adenocarcinoma cells (Caco 2) and DSS
induced Balb/C mice.

Through the in vitro and in vivo model, the anti-colitis effects of GTE were
identified. GTE maintains the barrier function of intestinal cells through down
regulating  MMPs and pro-inflammatory cytokines in vivo by decreasing
phosphorylation of proteins in NF-xB and MAPK/INK pathways. Oxidative stress in
intestinal cells and tissues are down regulated since GTE was able to reduce the level
of ROS through enhancing the protein expression of Nrf2 to increase the expression
level of anti-oxidants, HO-1 and NQO1. GTE also have the same effects in DSS
induced mice, the diseases activities and pathological sites in the colonic tissues are
reduced in the presence of GTE treatment. GTE might become a cost effective Chinese
traditional medicine for IBD alternative treatment.

Key Words: colitis; natural herb; anti-inflammation; anti-oxidation



HE

2 R MR E PRIt SRR RN E S NG 2R (ER ) 4HER
FIPIRRRY S 3% > dheft - ZEFL > RUEH - ERAVRINZZN - BeSMIES (LAY
CIBENE - R SEYRIRITER - MITER - 8% 3R VRS SR BV EZEIRNE A
ARG EE N > RS > FO(EM (e SR MR E E5E T - HAT » HAZEYIR
FATRE Bt RV % > (B RERSE 2iaR - N e RaER T m A\ 2 45
T ERRE S G EH G R AES - Ry g B LR EN A B
fEE o

HHVEEIRT e R IME S VIR R BE T RE AR (A BAEHiRE SRR
HVEEY) - JE S 2 TR BBEY) - LR AT E > BRpgas - AN > F—
PSR - ERYEEIEMEROT A e RN o LEIHYRIRER - JuRbR
> FIREFIT » ZBATIEE A SHe et MURMERIE % > B3k - HEEk
FRE R - WIS IE AR 2 SRR L A T o B R e A A A
TEHERBL SN SN BALB/C /NI ERESIE T R U&= ke REITE A » IR Rl
SHE eGP U A i S AR DU R SR O SR AE AR A [RI AR 1 3%
fiE > M0 H H AN (RS E TSGR SR AINTSE - Fr AZAFTAE B RS
SRAFAY o

ARSI MR ARG RIS B B - F(MIEREE 7 =(EA%0E H 7 =S
SEHUIR S B E [ (K T RS TIA 1o 5 /1 22-6 Y mRNA FIZEH 7K M
MR T S B E O EL/KCPRTEMEREESE AR - ShkhEEE
H2IEVERSE] T - B0 SIER T3 — D] 1E T NF-xB A1 MAPK/INK
HPFSHHUE - (T ZEEL p65 A1 ¢ Jun fE7A i E AL RS R ek T (e R EEHHY
BN - S—J7m > FMESER TE SR TE S Nrf2 U H /K R AZTE
= 1 PiEIEEH HO-1 & NQOI HyEL s X I 48 S B ACPAE M 2 2 BT
SULIERHIRCR - /NS EFPIEER S 7 GG S > J8IT - NI
LB SO RERE - AU — RSB SR - SRR RS RTE A
AR - BT — PRI RAVBIST - S e H T DALk —
AR SN R ST SR EH R AREED))



BASRF : B3k 0 RANEEY) © Pk BL&dL



Table of Contents

DIECIATALION ..ttt rre e 1
ACKNOWIGAZEMENLS ...t il
W 013 5 Tt SRS 1ii
Table Of CONLENES. ... .uuit ittt ettt e ee e v
List of Tables and FIGUIES ........cccvviiiiiiiiiiiiii e \%
LiSt Of ADDIEVIALIONS .....vvvieiiiiiiieeeiiiie e e eeiiee e e ettt e e e ttee e e st e e e s e eare e e e s sbr e e e e s enbeeeeeennreeeas vi
Chapter 1 INtrodUCHION ....cvvviiiiii i nra e ees 1
IO §3 13 0T L1 o1 T 1
1.2 Goals of the Research Study..............ooiiiiiiiii e, 2
1.3 Potential Outcomes and Contribution...............covviviiiiiiiiiiiiiiiiieiieneen.n. 2
Chapter 2 GTE Ameliorating LPS and TNF-a Induced Inflammation State in Caco 2
Cells through Regulating Pro-Inflammatory Cytokines and Pathways ...............c........ 3
00 B s (oY LT 5 o) o PP 3
2.2 Methods and MaterialS...........cocuveiiieeiiie e 5
B B A 1L RSP 9
2.3.1 GTE Ameliorating LPS and TNF-a Induced Inflammation State in Caco 2
Cells through Regulating Pro-Inflammatory Cytokines and Pathways..............cc.c...... 9
2.3.2 GTE Decrease the Protein Expression of MMPs, Enhance the mRNA and
Protein Levels of Tight JUNCHION Proteins..........ccviiiiieiiiiiiniseeee e 10
2.3.3 GTE Down Regulates Phosphorylated Proteins in NF-xB and MAPK/INK
PAENWAYS ...ttt bbb bbb 14
2.3.4 GTE Inhibited the Nuclear Translocation of p65/ JNK/c Jun .................... 15
2.3.5 GTE Decrease Reactive Oxygen Species Level to inhibit Oxidative Stress
through Up Regulating Nrf2 Signaling Pathway ...........ccccccevveieivciicccccceee e 18
Chapter 3 Therapeutic Function of GTE against DSS Induced Inflammatory Bowel
DISEASES MIICE. ..ttt e 21
I B 5 Y6 10 o7 (o) s WO RUPRRRRRRTP 21
3.2 Method and Materials. .........c.oeiuiirie i 21
3.3 RESUILS .t e e e e e e e e rr e e e e arrr e e e aaraea s 25
3.3.1 GTE Safe Concentration IN VIVO.........ccecviieiieieeie e 27
3.3.2 GTE Decrease Disease Activity of IBD and Improves the Condition of
Colonic Tissue in INflammatory STate ..........cccoovieiiiiiiiee e 27
3.3.3 GTE Enhance the Protein Expression of Tight Junction Proteins through
Decreasing Pro-Inflammatory CYLOKINES ..........coeoeiiiiiiiiiiieeeeeese s 30
3.3.4 GTE Decrease the Protein Expression of p65/IkBa, JNK/c Jun, and
NFF2/HO-1/NQOL ... 31
Chapter 4 CONCIUSIONS ......cceiiiiiiiiiiiieit s 34
S (S (=) 111 PO P O PPPRPRS 37

Vi



List of Tables and Figures

Fig. 2.1 HPLC-UV chromatogram of GTE .........ccccevviiiiiceee e 4
Fig. 2.2 Safety and Effects Of GTE.........cooviiiiiiieee s 10
Fig. 2.3 GTE decrease paracellular permeability through inhibiting MMPs to degrade
tIGNE JUNCLION PIOTEINS. ..ottt 12
Fig. 2.4 GTE down regulates NF-kB and MAPK/INK pathway proteins.................. 15
Fig. 2.5 Prevention of p65, JNK, and ¢ Jun undergoing nuclear translocation .......... 17
Fig. 2.6 GTE function of anti-oXidation .............ccccereiiiiiininincce s 19
Fig. 3.1 In vivo model establishment and drug administration design............c.c.c....... 22
Fig. 3.2 Organ toxicity of DSS and drugs..........ccceouereierenininseeeee s 26
Fig. 3.3 GTE decrease the disease activities Of IBD.............cccooveviviveiiieieeie e 29
Fig. 3.4 Tight Junction Proteins and CytoKiNeS iN VIVO ..........cccceevvrieicieic e 31
Fig. 3.5 GTE decrease phosphorylation of NF-xkB and MAPK proteins, while enhance
the expression of NRF2/HO-1/NQO-1.......ccoiiiiiiiieiieie e 33
Fig 4.1 GTE inhibiting extracellular risk factors to prevent activation of inflammatory
pathways and oxidative stress in intestinal cells....................cooiiiiiii. . 35
Table 3.1 Disease ActiVity SCOre Criteria.......c.ccevviveiiieiisieciese e 23
Table 3.2 Histopathological SCOre Criteria.........cccouveiirireniiieieieiese e 23

vii



ALB
ALT
AKP
ANOVA
B-actin
BSA
BUN
Caco2
CCK-8
CRC
DCFH-DA
DMEM
DMSO
DSS
ELISA
FBS
FITC
GAPDH
GTE
H&E
HO-1
IG

IBD
IkBa

IL
JNK
LPS
MAPK
MMP
MPO
NF-kB
NQO1
Nrf2
oD
PBS
PMSF

List of Abbreviations

Albumin

Alanine Transaminase

Alkaline Phosphatase

Analysis of Variance

Beta actin

Bovine Serum Albumin

Blood Urea Nitrogen

Colorectal Adenocarcinoma Cells

Cell Counting Kit 8

Colorectal Cancer

2°, 7’-Dichlorodihydrofluorescein diacetate
Dulbecco's Modified Eagle Medium
Dimethyl Sulfoxide

Dextran Sulfate Sodium

Enzyme Linked-lmmunosorbent Assay
Fetal Bovine Serum

Fluorescence isothiocyanate
Glyceraldehyde 3-phosphate dehydrogenase
Glycine Tabacina aqueous extract
Hematoxylin and Eosin

heme oxygenase-1

Intragastric Gavage

Inflammatory Bowel Disease

Inhibitor of kB

Interleukin

c-Jun N-terminus kinase
Lipopolysaccharide

Mitogen activating protein kinase
Metalloproteinase

Myeloperoxidase

nuclear factor of kB

NADPH quinone dehydrogenase 1
Nuclear factor erythroid 2 related factor 2
Optical Density

Phosphate buffered saline

Phenyl Methane Sulfonyl Fluoride

viii



PVDF
g-PCR

ROS

SD

SDS

SEM
TAK1(MAP3K?7)
TBST

TLR

TNF

TNFR

Polyvinylidene fluoride or polyvinylidene difluoride (PVDF)
Quantitative polymerase chain reaction

Reactive oxygen species

Standard Deviation

Sodium Dodecyl Sulfate-polyacrylamide Gel Electrophoresis
Standard Error of Mean

Mitogen-activated protein Kinase kinase kinase 7
Tris-buffered saline and Tween-20

Toll-like Receptor

Tumor necrosis factor

Tumor necrosis factor receptor

viii



Chapter 1 Introduction

1.1 Introduction

Inflammatory Bowel Disease (IBD) is an intestinal chronic inflammatory condition referring
to Crohn’s disease and ulcerative disease with symptoms like abdominal pain, vomiting,
diarrhea, hematochezia, etc. The prevalence of IBD had increases drastically in the past few
years worldwide, which many development and fully developed countries are in the
accelerating to the compounding stages of IBD prevalence [1]. Burdens of IBD includes
medication costs and social problems. The population of IBD patients in well developed
countries of the west is about 4 million people. The cause of the diseases is still unknown,
which could be lots of factors include genes, food, pathogens, and lifestyles [2, 3]. Diet is
definitely one of the major factors, unhealthy diet with high fat and sugar undermines the
barrier function of the intestine. Previous study revealed individuals with unhealthy diet are
more prone to infection leading to colonic injuries and inflammation [4]. IBD is related to
multiple diseases because the intestine is one of the organs that metabolism take place,
chronic diseases such as obesity, diabetes, and cardio vascular diseases, etc. are related to
IBD. Damaged intestinal cells without proper healing or cell death could develop into
colorectal cancer. As an example, IBD is found to be correlated to primary sclerosing
cholangitis (PSC) in a meta-analysis of multiple epidemiological studies with about seven
hundred thousand IBD patients. Average of 2 out of 100 IBD patients have PSC, and it might
lead to liver failure, liver cancer, and bile duct cancer [5]. Moreover, epidemiological studies
indicate there is close connection between IBD and colorectal cancer (CRC), patients are

more likely, at least 2 times easier to develop colorectal cancer than healthy individuals.

In homeostasis, Reactive Oxygen Species (ROS) and cytokines are balanced, serving as anti-
bacterial and signaling agents to maintain a healthy microenvironment of intestinal cells from
the pathogens [6, 7]. When colon is in the healthy state, intestinal epithelial cells are
connected tightly by tight junction proteins such as occludin and claudin families. IBD is a
chronic inflammatory disease developed from injuries, pathogens, and other factors activating
various cellular inflammatory pathways results from aberrant immune response. Once the
aggressive inflammatory response is initiated, the vicious cycle form by ROS, pro-
inflammatory cytokines, and many other pro-inflammatory proteins would be activated to

further aggravate the inflamed condition [7-9]. Moreover, the abnormal amount of pro-



inflammatory cytokine production from immune cells can damage the epithelial cells and
they can also degrade the tight junction proteins in between the epithelial cells. The gaps of
intestinal epithelial cells are no longer protected by tight junction proteins, which permits the
pathogens and toxins enter the veins and spread throughout the hosts’ bodies [10, 11]. Thus,
IBD is able to cause many other chronic diseases since risk factors can be uptake into the

body leading to serious infection.
1.2 Goals of the Research Study

1. Evaluate the anti-inflammatory function of GTE in Caco 2 cells with safe
concentrations.

2. Identify potential signaling pathways GTE regulate.

3. Evaluate the therapeutic effects of GTE with DSS challenged Mice.

1.3 Potential Outcomes and Contribution

1. Verify the effect of GTE in Caco?2 cells and DSS model mice.
2. Expanding the usage of GTE in other inflammatory diseases.
3. Discover a natural herb/Chinese medicine treat against colitis with cheaper price,

similar effects, and less side effects.



Chapter 2. GTE Ameliorating LPS and TNF-a Induced
Inflammation State in Caco 2 Cells through Regulating

Pro-Inflammatory Cytokines and Pathways

2.1 Introduction

Colitis is not simply a chronic inflammatory disease with damages on intestinal barriers.
Rather, it is an involvement of multiple types of immune cells releasing and receiving
cytokines between themselves and the colonic cells. This complex network of cytokines and
signaling pathways is complicated to regulate. Immune cells will be recruited by pro-
inflammatory cytokines and migrate to the injured area of the colon causing inflammatory
storm, increasing the risk of chronic inflammation, bleeding, tumorigenesis and many other
symptoms of colitis [12]. TNF-a. is one of the most iconic pro-inflammatory cytokines able to
activate many classical inflammatory pathways. There is medication for IBD such as TNF-o
antagonist blocking the binding site of TNF-a, while studies have shown other monoclonal
antibodies and small molecules are more effective than TNF-a antagonist with lower risk of
infection [13]. However, these medications are not cost effective, they also need intravenous
injection bringing to a concern of other side-effects. As for now, IBD cannot be fully cured
by any medication or surgery. Natural Herbs might have similar effects against colitis with

cheaper price and less toxicity.

Glycine tabacina (Labill.) Benth (G. tabacina) is a floral plant in the bean family originated
in Australia. This plant is also found in East Asia, South East Asia, and Oceanic countries. G.
tabacina is one of the ingredients of ‘I-TIAO-GUNG?’, an ointment medication product in
Taiwan region to relieve joint and muscular pain. There have been few studies utilizing the
aqueous extract of Glycine tabacina (Labill.) Benth (GTE) as medication against rheumatoid
arthritis, osteoclastogenesis, and nephrotic syndrome, etc. These studies have proven GTE as
a natural herb extract with low toxicity while effective against inflammatory diseases [14-16].
According to data from previous studies [14-16], and the standard compounds, eight major
peaks were identified with HPLC-UV at the 254 nm (Fig 2.1 A) and 340 nm (Fig 2.1 B). The
HPLC-UV chromatograms of GTE infer this extract contains compounds as follow: daidzin
(1), genistin (2), daidzein (3), genistein (4), pratensein (5), 3'-O-methylorobol-7-O-glycoside

(6), coumestrol (7), and glytabastan B (8). These are isoflavones, coumestans, and some other


https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/rheumatoid-arthritis

compounds with anti-inflammatory effects (Fig 2.1). Given the extract has the potential to
treat multiple acute and chronic inflammatory diseases, and the research of this medication
against IBD has never been carried out yet. Moreover, pro-inflammatory proteins
contributing to arthritis are comparable to those of IBD. Therefore, we tried to examine the
anti-colitis effect of GTE and identify the proteins regulate by GTE. Due to previous research
works already reported the anti-inflammatory abilities of GTE treat against immune cells,
thus our studies focused on the effects of GTE on human colorectal adenocarcinoma cell line
(Caco 2). Although Caco 2 is a colorectal cell line, it can be differentiated into intestinal
epithelial like cells named enterocytes forming clusters of monolayers. The presence of
lipopolysaccharide (LPS) or pro-inflammatory cytokines in the medium may trigger the
inflammatory signaling pathways allowing us to study the response of Caco 2 cells under
inflammatory state and the effectiveness of GTE.
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Fig 2.1 HPLC-UV chromatogram of GTE at 254 nm (A) and 340 nm (B) indicating the
pure componds in GTE. daidzin (1), genistin (2), daidzein (3), genistein (4), pratensein (5),
3'-0O-methylorobol-7-O-glycoside (6), coumestrol (7), and glytabastan B (8).



2.2 Methods and Materials

Cell Culture

Human colon carcinoma cell line (Caco 2) is obtained from American Culture Type
Collection (ATCC). The cells are cultured in T25 and T75 culture flask with Dulbecco’s
Modified Eagle’s medium (DMEM) added with 10% of Fetal Bovine Serum and 1% of
mixed penicillin and streptomycin. Caco?2 cells are cultured for one to two weeks for them to
differentiate into enterocytes monolayers. Some of the experimental design are based on

previous study done by Wu et al [17].
Treatment and Model

After differentiated into monolayers, lipopolysaccharide (1 ug/mL) purchased from Sigma-
Aldric (St. Louis, MO, USA) is used as the stimulator for in vitro model of inflammation.
The ethanol extraction of G. tabacina used in this study is the same batch from previous
study [15]. Then GTE is dissolved in double distilled water and sonicated. Three
concentrations (25 ug/mL, 50 ug/mL, 100 ug/mL) of GTE is used as the therapeutic drug.

Cell Viability

Caco 2 monolayers are cultured in 96 well plates, each well contains 1x10° cells with 100 uL
of DMEM overnight. 8 concentrations of GTE are added to the wells for 24 hours. Remove
the medium on the next day, add 100 uL of DMEM with 10% cell counting kit 8 (CCK®8)
solution to each well. Read the plate under microplate reader at wavelength of 450 nm after

1.5-2 hours. The OD values are recorded, cell viability is calculated by following equation:

OD of treatment—O0D of blank
OD of control—0D of blank

X 100= Relative Cell Viability (%)

Cytokine Release Determination

Caco2 monolayers are subculture into 48 well plates purchase from Eppendorf, 2x10° cells
each well with 1 mL of DMEM overnight. Exposed cells with GTE and LPS for 24 hours,
then collect the medium. Human TNF-a and IL-6 Enzyme Linked Immunosorbent Assay
(ELISA) kits are purchased from Biolegend (CA, USA). The procedure of the experiment is

performed according to the manufacture’s protocols.



HPLC-UV analysis of GTE

Separation of GTE was performed by a Waters Arc HPLC (Waters, Milford, MA, USA)
coupled with an Atlantis T3 3 um column (3.0 X 150 mm) at a flow rate of 0.35 mL/min. The
mobile phases were composed of methanol (A) and water with 0.1% formic acid (B) using
the following gradient program: 0 - 26 min, 34% A; 26 -27 min, 34% - 48% A; 27 - 45min,
48%-52% A; 45-52min, 52% A; 52-55min, 52%-64% A; 55 - 57 min, 64% - 92% A, 57-70
min, 92%-95% A. UV spectra were recorded from 190 nm to 400 nm, and the UV detector

was set at 254 nm and 340 nm.
Immunoblotting

Cells are subculture into small dishes (60 mm) or 6 well plates with 1.2x10° cells each dish or
wells with 5 mL of DMEM overnight. Cells are collected into tubes after treatment of 4 hours
and 24 hours with GTE and LPS. Add 20 uL of RIPA buffer with 1% of cocktail and 1% of
PMSF (Beyotime, China) on ice and vortex. After 15 minutes, the tubes are centrifuge with
14000 rpm at 4°C for 30 minutes. Supernatants are collected, and concentration of protein
extract are determined by BCA kit (Thermofischer, MA, USA). After concentration
adjustment, 5x loading buffer (Beyotime, China) is diluted with the protein extracts. Tubes
are shake for 650 rpm in a hot bath of 100°c for 8 minutes. The samples (25 ng-30 ug) are
separated through Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis at 70 v for
20 minutes, then 120 v for 1 hour and 15 minutes. Then the separated proteins are transfer on
PVDF membrane after submerging into methanol at 100 v for 150 minutes and 120 v for 90
minutes. Then blot with 2.5% of non-fat milk powder (Biorad, USA) for 1 hour or
QuickBlock Buffer (Beyotime, China) for 15 minutes. Incubate the membrane with primary
antibodies (1:1000) purchased from Cell Signaling Technology overnight at 4°C. Then wash
with tris-buffered saline with 0.1% of TWEEN 20 (TBST) and shake for 5 minutes. Repeat
the step 3 times. Then incubate in secondary antibody (1:2000) purchased from Beyotime for
1 hour. Then wash with tris-buffered saline with 0.1% of TWEEN 20 (TBST) and shake for 5
minutes. Take pictures with Bio-Rad ChemiDoc imaging systems (Biorad, USA) with
chemiluminescence mode and colorimetric mode. Results are analyzed with ImageJ and

generate graphs with Graphpad Prism 9.
Immunofluorescence

Caco 2 monolayers are cultured into 96 well plate 1x10* cells per well with 100 pL of
DMEM. After treatment with GTE, the cells are wash with phosphate buffered saline (PBS) 3

6



times. 100 pL Paraformaldehyde is added to each well incubate for 15 minutes. Then wash 3
times with PBS. Add 100 uL of 0.1% of TritonX-100 and PBS incubate for 15 minutes.
Wash with PBS for 3 times. Incubate with 0.3% of TritonX-100, 1% of BSA mixed into 100
uL of PBS for 1 hour. Then incubate with primary antibodies (CST, USA) diluted according
to manufacturer’s instructed concentration overnight at 4°C. Wash with PBS 3 times.
Incubate with secondary antibodies, Alexa 488 or Alexa 568 (1:500) for 1 hour in room
temperature. Wash 3 times with PBS. Add 50 uL antifade mounting medium with DAPI
(Beyotime, China) and 50 uL of PBS. Images were captured with Opera Phenix High

Content Screening System.
Isolation of Nucleus and Cytoplasm

Caco 2 monolayers are cultured in 60 mm culture dishes, about 1.5x10° cells per dish. After
treatment and stimulation, cells are collected to tubes. Nuclear and Cytoplasmic Protein
Extraction Kit (Beyotime, China) are used to lyse the cells, isolate nuclear and cytoplasmic

proteins. The experiments are done according to the manufacture’s protocol.
Permeability Assay

Caco 2 cells were cultured at the top chambers of transwells. After treatment and stimulation,
medium is removed. FITC-Dextran (4 kDA) (MedChemExpress, New Jersey, USA) was
added to the upper chamber, the apical sides of Caco 2 monolayers. Then after 15 minutes,
collect the medium from the bottom wells. Read the plate with microplate reader with
fluorescence mode excitation wavelength: 485 nm and emission wavelength: 538 nm. Then

calculate relative fluorescence intensity.
ROS Detection

After GTE treatment and LPS stimulation, mediums were removed and washed with PBS.
2',7'-Dichlorofluorescein diacetate (DCFH-DA) (Sigma Aldric, USA) is diluted according to
the manufacture’s instruction and added to the cells for 20 minutes and incubate in dark.
Then ROS fluorescence images were captured by fluorescence microscope using the green
fluorescent channel and fluorescence area is calculated by ImageJ. With the same condition, a
separate experiment was carried out. The plate was read in a microplate reader with

fluorescence mode, excitation wavelength: 488 nm and emission wavelength: 525 nm.

RNA isolation, cDNA synthesis, gPCR



After stimulation and treatment, 1 mL of RNAI TRIZO (TAKARA, Japan) is added to each
well of cells. Collect the samples, add 200 uL of chloroform. Vortex 5 second, rest for 10
minutes. Centrifuge 12000 rpm at 4°C for 15 minutes. Then collect the clear part of the
supernatant to a new tube. Add the same volume of isopropyl alcohol as the clear solution.
Vortex and Rest. Centrifuge 12000 rpm at 4°c for 10 minutes. Remove the supernatants,
wash with ethanol twice, centrifuge 7500 rpm at 4°C for 5 minutes twice. Then remove the
ethanol. Add 10 uL of DEPC water. The concentration and purity of RNA are detected using
NanoDrop one ¢ (ThermoFischer Scientific, USA).

The RNA is diluted according to 1000 ng/ul, and reverse transcribe into cDNA using reverse
transcription kit (TAKARA, Japan) and PCR ¢1000 machine (BioRad, USA). Then cDNA
samples are mixed with Primers (Guangzhou IGE Biotechnology, Guangzhou, China), and
SYBR Green PCR MasterMix (Applied Biosystems, ThermoFischer, USA). All the
temperatures and times for reverse transcription and RT-qPCR are set according to
manufacturer’s protocols. Results are generated in Quant Studio 7 Flex. (Applied Biosystems,

ThermoFischer, USA).

Primers:

TNF-a Forward 5'- CCTCTCTCTAATCAGCCCTCTG -3’
TNF-a Reverse 5'- GAGGACCTGGGAGTAGATGAG -3
IL-6 Forward 5'- TGAGTGCACCCAAGATCCAT -3’
IL-6 Reverse 5'- TAACCAAGATCCCTGCCCTG -3’
Occludin Forward 5-TTTGTTTCATTGCCGCGTTG -3
Occludin Reverse 5-CGTAGAGTCCAGTAGCTGCA -3
Claudin 5 Forward 5-CTCTGCTGGTTCGCCAACAT -3
Claudin 5 Reverse 5- CAGCTCGTACTTCTGCGACA -3’

Statistical Analysis

All of the quantification data are calculated, analyzed and graph are generated with Image J
and GraphPad Prism 9. All of the experiments are repeated trice and statistical significance is

calculated by using one-way ANOVA test.



2.3 Results

2.3.1 Safe and Effective Concentration of GTE Decrease Pro-

Inflammatory Cytokines

Although the toxicity of GTE was examined, and safe concentrations are confirmed in
previous studies [14-16], usage of GTE on Caco?2 cells has not been reported yet. Thus, CCK-
8 kit was used to evaluate the cell viability, then find three safe concentrations for further
experiments. Only the highest concentration 200ug/mL of GTE is toxic to Caco2 (Fig 2.2 A).
Given that we choose the highest three safe concentrations, 25 ug/mL, 50 ug/mL, and 100
ug/mL of GTE for further in vitro study. Next, we performed qPCR and ELISA Kit to
measure the mRNA and protein levels of TNF-a and IL-6. Both cytokines are stimulators of
inflammation and their levels rise up within 24 hours after LPS exposure. GTE is discovered
to have the ability lower both the mRNA (Fig 2.2 B) and protein levels (Fig 2.2 C) of the two
pro-inflammatory cytokines in Caco2 cells and in the medium. These two are key pro-
inflammatory cytokines contributing to pathogenesis of IBD since they are able to recruit and
activate immune cells; they can also interrupt the barrier function of intestinal cells through
degrading tight junction proteins. Serving as ligands, they could activate NF-xB and MAPK

pathways through tumor necrosis factor receptors (TNFR) and interleukin-6 receptor (IL-6R).

As a consequence of inflammation, ulceration, and injuries caused by abnormal immune
response, fibrosis and fistula occurs in the colon. The modification of colonic structure leads
to production of cellular debris and other components can be refer as extracellular matrix
(ECM), which leads to the secretion of matrix metalloproteinase (MMP) to degrade them.
MMPs are shown to interrupt barrier function in various diseases and some are able to
activate pro-inflammatory cytokines [18-20]. Thus, the level of collagenase (MMP 1) and
gelatinase (MMP 9) should have a positive correlation to inflammation. Treating Caco 2 cells
with GTE decrease the expression level of MMPs, who were enhanced by TNF-a.. (Fig 2.2
B) Given GTE has negative effect on pro-inflammatory cytokines and MMPs in the safety

range of concentrations, the therapeutic potential of GTE against colitis is confirmed.
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Fig 2.2 Safety and Effects of GTE. Cell Viability under 8 different concentration of GTE, 0
pg/mL is the negative control for comparison (A). mRNA level of TNF-a and IL-6 in Caco 2
cells (B). Secreted TNF-o and IL-6 from Caco2 cells in the medium (C). Statistical
significance is compared between GTE treatment groups to Oug/mL or LPS groups: *P <
0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 compared to model group. # compared to

negative control group. Data are shown as mean +SD (n=3).

2.3.2 GTE Decrease the Protein Expression of MMPs, Enhance
the mMRNA and Protein Levels of Tight Junction Proteins

As a consequence of inflammation, ulceration, and injuries caused by abnormal immune response,
fibrosis and fistula occurs in the colon. The modification of colonic structure leads to production of
cellular debris and other components can be refer as extracellular matrix (ECM), which leads to the
secretion of matrix metalloproteinase (MMP) to degrade them. MMPs are shown to interrupt barrier
function in various diseases and some are able to activate pro-inflammatory cytokines [18-20]. Thus,
the level of collagenase (MMP 1) and gelatinase (MMP 9) should have a positive correlation to
inflammation. Treating Caco 2 cells with GTE decrease the expression level of MMPs, who were
enhanced by TNF-a (Fig 2.2A).
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After differentiation, the morphology of Caco2 are characterized as monolayer clusters.
Aforementioned, these monolayers of enterocytes are connected by various tight junction
proteins, and they are degraded when exposed to aberrant level of pro-inflammatory
cytokines and MMPs. Lower expression of tight junction protein is leading to severe
infection and related diseases because the pathogens could take the advantage of paracellular
transportation [10, 21]. Firstly, the ability of GTE ameliorating the intestinal barrier function
is examined by using transwell assay with FITC labelled dextran (4 KDA). The monolayers of
Caco 2 forms clusters which are attached tightly, and it is difficult for the FITC-dextran to
pass through the gap defends by the tight junction proteins. Under the effect of TNF-a., great
amount of dextran migrates from the apical side to the basal side of monolayers.
Fluorescence intensity of FITC decrease around 8-fold after GTE treatment comparing to the
model group (Fig 2.3 A). Herein, TNF-a (10ng/mL) model group is established. Both gPCR
and immunoblotting evince TNF-a decrease mRNA (Fig 2.3 B) and protein level (Fig 2.3
C&D) of Claudin-5 and Occludin, which are two symbolic tight junction proteins. In about
24 hours of treatment with GTE, the mRNA and protein levels of the two increase
dependently on concentration increment. As a consequence of inflammation, ulceration, and
injuries caused by abnormal immune response, fibrosis and fistula occurs in the colon. The
modification of colonic structure leads to production of cellular debris and other components
can be refer as extracellular matrix (ECM), which leads to the secretion of matrix
metalloproteinase (MMP) to degrade them. MMPs are shown to interrupt barrier function by
degrading tight junction proteins in various diseases and some are able to activate pro-
inflammatory cytokines [18-20]. Thus the level of collagenase (MMP 1) and gelatinase
(MMP 9) should have a positive correlation to inflammation. Treating Caco 2 cells with GTE
decrease the expression level of MMPs, who were enhanced by TNF-a (Fig 2.3 E,F).
Through fluorescence imaging of Occludin in Caco?2 cells, less Occludin
immunofluorescence signals were observed in TNF-a group than GTE treatment groups (Fig
2.3 G). Through regulation the protein expression of pro-inflammatory cytokines and MMPs,
the protein expression of tight junction proteins was enhanced by GTE, thereby reducing the

intestinal permeability to protect the host from pathogen and other risk factors via the colon.
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Fig 2.3 GTE decrease paracellular permeability through inhibiting MMPs to degrade
tight junction proteins. Paracellular permeability assay perform with FITC-Dextran (4kDA)
added to the monolayer of Caco 2 cells in transwells, the fluorescence intensity is measured
(A). mRNA level of Occludin and Claudin 5 (B). Immunoblotting showing protein
expression of tight junction proteins (C). Quantification of tight junction protein
immunoblotting results (D). Immunoblotting of MMPs (E). Quantification of MMPs
immunoblotting (F). Immunofluorescence against occludin of Caco 2 cells (G). Statistical
significance is compared between GTE treatment groups to Oug/mL or LPS groups: *P <
0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 compared to model group. # compared to

negative control group. Data are shown as mean +SD (n=3).

2.3.3 GTE Down Regulates Phosphorylated Proteins in NF-kB
and MAPK/INK Pathways

NF-kB pathway is an essential molecular pathway with various proteins regulating cell
survival, apoptosis, inflammation, and other biological functions. This pathway had been
studied deeply and frequently in various diseases, especially diseases related to inflammation
[22]. In our study, our major focus is the canonical NF-xB pathway down stream of Toll Like
Receptor 4 (TLR4), which is the receptor bind with lipopolysaccharide (LPS). After LPS
stimulation, the TLR4 on the Caco-2 cells trigger downstream protein activation, one of the
proteins is TAKL1. TAK1 can be phosphorylated to phosphorylate other proteins such as
IKKo/Bly in the NF-kB pathway, JNK and P38 in the MAPK pathways [23, 24].
Phosphorylation of IKKa/p phosphorylates IkBa, which causes the ubiquitination of IkBa.
follow by proteasomal degradation in the cytoplasm. IkBa does not degrade and sequester
the NF-xB family proteins (P65, P50, etc.) in the cytoplasm when the cell is not in an
inflammatory state. On the other hand, the dimers of P65 and P50 will be phosphorylated and
enhance the transcription of various pro-inflammatory genes when cells are in the
inflammatory state [22]. The protein level of phosphorylated TAK1 and total level of TAK1
is determined by immunoblot. After LPS stimulation, the phosphorylation of TAK1 is
increased, while phosphorylated TAKZ1 is decreased in the co-treatment groups of GTE and
LPS (Fig 2.4 A,B). Similar trends are observed in the immunoblotting of phosphorylated
IKKo/B (Fig 2.3 A,B), NF-xB p65, and IkBa. (Fig 2.4 C,D). These results revealed the chain

13



reaction of phosphorylation in the NF-kB pathway, once GTE decreased the level of

phosphorylated TAKZ1, all of its downstream phosphorylate form of proteins decreased.

The Mitogen-activated protein kinase (MAPK) pathway is another classic, major, frequently
studied pathway in research areas of inflammation and cancer. MAPK contains three major
sub-pathways (JNK, ERK, and p38), and phosphorylation is chain reaction, which is similar
to NF-kB pathway mentioned previously. Under the stimulation of LPS, TNF-a, and other
factors, each kinase will phosphorylate the downstream kinase to further activate other
proteins or eventually transcription factors [25]. TAK1 phosphorylation can also
phosphorylate JNK, and the downstream target of JNK is c-Jun. The phosphorylation of ¢ Jun
cause itself to dimerize with c-fos in combination called AP-1 serving as a pro-inflammatory
transcription factor. As expected, the decrease of phosphorylated TAK1 in GTE treatment
group is negatively affecting the protein level of phosphorylated JNK (Fig 2.4 E,F).
Similarly, the downstream target of JNK, phosphorylated c-Jun also had lower expression
levels in the GTE treatment groups (Fig 2.4 E,F). The phosphorylation of proteins in both
pro-inflammatory signaling pathways are down regulated by GTE in Caco 2 cells, this might
explain the increase of pro-inflammatory cytokines secretion from Caco 2 cells. NF-xB and
MAPK signaling pathways are constantly activated to produce more cytokines forming a
vicious cycle as a consequence of LPS stimulation, while GTE was observed to inhibit the

generation of cytokines to further activates the signaling pathways.
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Fig 2.4 GTE down regulates NF-kB and MAPK/JINK pathway proteins. Immunoblotting

and quantification of phosphorylated and total NF-kB proteins, TAK1 and IKKao/p (A&B),

p65 and IkBa (C&D), JNK and ¢ Jun (E&F). Statistical significance is compared between

GTE treatment groups to Oug/mL or LPS groups: *P < 0.05, **P < 0.01, ***P < 0.001,

****pP < (0.0001 compared to model group. # compared to negative control group. Data are

shown as mean +SD (n=3).

2.3.4 GTE Inhibited the Nuclear Translocation of p65/ JNK/c Jun

In order to further confirm the anti-inflammatory ability of GTE through the NF-xB pathway

in Caco-2 cells, the isolation of nuclear and cytoplasmic protein is performed. Nuclear
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translocation of p65 is the typical symbol for cell inflammation, immunoblotting of nuclear
P65 indicates GTE lowers the number of P65 in the nucleus[22]. Oppositely, the cytoplasmic
protein level of p65 is increased in the GTE and LPS co-treatment group along with
cytoplasmic IkBa (Fig 2.5 A). In accordance to the immunoblotting of nucleus/cytoplasm
isolation, we can visualize the preventative effects of GTE on NF-kB nuclear translocation
through immunofluorescence. The LPS challenged group manifests cyan fluorescence results
from the merging of P65 green fluorescence and the DAPI staining of nucleus, an indication
of P65 nuclear translocation. While, the p65 green fluorescence are outside of the nucleus in
other groups, negative control group and GTE/LPS co-treatment groups (Fig 2.5 B). Through
these examination and observation, GTE is capable of inhibiting the P65 translocation and
activating transcription of inflammatory cytokines by decreasing whole series of
phosphorylated protein expression levels. Some studies have shown the phosphorylation of
JNK follow by nuclear translocation leads to inflammatory related diseases, such as cancer
and obesity in vitro and in vivo. Revealing the importance of JNK pathway, and it is critical
to regulate this pathway to impede diseases [26, 27]. The anti-inflammatory activity of GTE
was discovered through downregulating the JNK/c Jun MAPK pathway. Furthermore, JINK
and its target ¢ Jun undergoes nuclear translocation to promote pro-inflammatory cytokine
transcription. Nuclear and Cytoplasm isolation and immunoblot indicates GTE prevents large
amount of phosphorylated JNK and phosphorylated ¢ Jun entering the nucleus, and both of
the two proteins are left in the cytoplasm (Fig 2.5 C,D). Visual wise, immunofluorescence
confirms the phosphorylated ¢ Jun entering the nucleus after LPS stimulation without GTE,
while there is greater amount of phosphorylated c-jun in the cytoplasm in all concentration
GTE treatment groups (Fig 2.5 E). Since p65, JNK, and c Jun are proteins exert their pro-
inflammatory function once they are phosphorylated, thus GTE was examined if it has the
ability to inhibit this process. Clearly with the data presented, GTE decrease the
phosphorylation level of these protein to prevent their translocation.
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Fig 2.5 Prevention of p65, JNK, and ¢ Jun undergoing nuclear translocation.

Immunoblotting and quantification of nuclear p65 and cytoplasmic p65 and IkBa (A).

Immunofluorescence of p65 in Caco 2 cells (B). Immunoblotting and quatification of

cytoplasmic JNK and p-c Jun (C). Immunoblotting and quatification of cytoplasmic JNK and

p-c Jun (D). Immunofluorescence imaging against phosphorylated c-Jun (E). Statistical

significance is compared between GTE treatment groups to Oug/mL or LPS groups: *P <
0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 compared to model group. # compared to

negative control group. Data are shown as mean +SD (n=3).
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2.3.5 GTE Decrease Reactive Oxygen Species Level to inhibit
Oxidative Stress through Up Regulating Nrf2 Signaling Pathway

The metabolites of oxygen, reactive oxygen species (ROS) are agents damaging tissues and
cells after injury when there is an exceed amount of ROS. The response of cells after myriad
amount of ROS generation is oxidative stress, which lead to inflammation [28]. ROS
production is the key to evaluate the anti-oxidative ability of GTE. ROS also triggers the
activation inflammatory pathways (NF-kB and JNK pathway) and production of pro-
inflammatory cytokines (TNF-o) [29]. Given that, DCFH-DA was used for observing the
ROS production under fluorescent microscope. The green fluorescence is indication of
cellular ROS, LPS group has much more green fluorescence compare to negative control and
the highest concentration of GTE treatment group. Add on to the fluorescence imaging,
intracellular ROS is also quantified with microplate reader using the same staining. GTE
could significantly reduce the production of ROS from LPS induction (Fig 2.6 A). Some
research had divulged Nrf2 can regulate pro-inflammatory cytokines and inflammatory state
of macrophages [30]. Thus, we want to examine if GTE is able to amplify the expression of
Nrf2 to inhibit oxidative stress and inflammation in Caco2 cells. Immunoblotting shows the
Nrf2 protein level is lower after LPS stimulation, while GTE can enhance Nrf2 expression
(Fig 2.6 B). Nrf2 is sequestered in the cytoplasm by Keapl, while it is the transcription factor
undergoes nuclear translocation to promote the transcription of antioxidants HO-1 and NQO1
[31]. Therefore, we test if GTE further affects the protein expression of the two antioxidants
in order to reason GTE decrease the amount of ROS in Caco2 cells. Immunoblotting
confirms the protein expression of HO-1and NQO1 had similar trend as Nrf2 (Fig 2.6 B). As
mentioned above, Nrf2 exerts its anti-oxidative function in the nucleus as a transcription
factor, thus investigating the effects of GTE regarding the nuclear translocation of Nrf2 can
further explain and evince its function as an anti-oxidative herb. Compartmentalization of
Caco2 cells into nucleus and cytoplasm is performed along with immunofluorescence against
Nrf2. After Caco2 cells incubation with LPS, nuclear Nrf2 expression level diminish, more
Nrf2 accumulates in the cytoplasm. However, these phenomena are exact opposite in the
GTE treatment groups observed by immunoblots (Fig 2.6 C) and immunofluorescence (Fig
2.6 D). In conclusion, GTE decrease the level of ROS during inflammation and oxidative
stress of Caco?2 cells through enhancing Nrf2, then enhancing the antioxidants HO-1 and
NQOL1.
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Fig 2.6 GTE function of anti-oxidation. Fluorescence Images of DCFH-DA labeled ROS in

Caco 2 cells, quantification of fluorescence area percentage, and quantification of relative

fluorescence Intensity of cellular ROS in treatment groups compare to LPS group (A).

Immunoblotting and quantification of total proteins of oxidative stress pathway, Nrf2, HO-1,

and NQO1 (B). Immunoblotting and quantification of nuclear and cytoplasmic Nrf2 (C).
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Immunofluorescence imaging of Nrf2 cellular localization (D). Statistical significance is
compared between GTE treatment groups to Oug/mL or LPS groups: *P < 0.05, **P < 0.01,
***P < 0.001, ****P < 0.0001 compared to model group. # compared to negative control

group. Data are shown as mean + SD (n=3).
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Chapter 3 Therapeutic Function of GTE against DSS induced

Inflammatory Bowel Diseases Mice

3.1 Introduction

Many previous researches reported the use of dextran sodium sulfate (DSS) to establish in
vivo models for studying IBD. The specific mechanism of DSS activation of colitis in mice is
still unknown, while the effects of it can be evaluated through macroscopic analysis and
detection of proteins. Macroscopic analysis is through daily observation of the weight
changes, texture of feces, and hematochezia of mice. These are classic symptoms of colitis
observed in human patients [6, 32, 33]. Watery and soft feces are indicating intestine fail to
absorb the water in food, diarrhea is considered infection with pathogens. Another
characteristic of IBD in mice is shortening of colon length due to inflammation and damage
of intestinal tissues. Histopathology analysis also reveals the destruction of DSS to colonic
structure and condition. Since DSS induced tissue damages in mice colons, oxidative stress
and inflammation occur as a consequence of colon injuries. Tight junction proteins
connecting the intestinal epithelial cells are also damaged, the lack of barrier function cause
more severe infection in the colon of mice; inflammation and oxidative stress is once more
activated. Although, the in vitro study of GTE on Caco 2 cells is carried out, in vivo study is
more convincing to clarify the ability of GTE treating against colitis in living animal. The
goal of in vivo study is to investigate the therapeutic effects of GTE on DSS challenged mice

and to support the data of in vitro study.

3.2 Method and Materials

Drug

3% DSS was purchased from MD Biomedical, USA. It was diluted in water for inducing IBD
model. GTE was extracted based on previous study, it is diluted with water for 125 mg/kg
and 250 mg/kg. 200 mg/kg of Sulfasalazine is diluted with water, it is the positive drug used

in the study to confirm the accuracy of methods and experiments.
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Design of Animal Study

In order to develop the colitis condition in Balb/c mice, DSS is administered through daily
drinking water. The negative control group are mice with normal drinking water without any
medication. The positive control group is Sulfasalazine (200 mg/kg), a classic clinical anti-
inflammatory drug for ulcerative colitis and Crohn’s diseases treatment [34, 35]. Two
treatment group of GTE (125 mg/kg and 250 mg/kg). All drugs are administered by
intragastric gavage (1G) to better simulate the actual intake of the medicine through the whole
gastric intestinal tract in reality. From day 1, mice are accessed to DSS drinking water freely,
treatment groups received their IG once per day. On Day 7, DSS drinking water will be
replaced by normal drinking water. The mice will be sacrifice on day 10 (Fig 3.1). Daily
measurement of the body weights, observation of stool texture, and occult bleeding is
recorded. At the end of the experimental session, disease activity score will be calculated
based on Table 1. The groups with DSS water all have a dramatic weight change on day 6.
Throughout the whole experimental period, DSS challenged group had the most weight lost
up to about -20% from day 0. The high dosage GTE treatment and Sulfasalazine group have
significant difference in percentage of weight lost comparing to the DSS challenged group,
which is around -10% from day 0. The condition and texture of mice feces recordings
indicate the development of DSS challenged mice model is successful with mice having soft
feces starting on day 4, diarrhea on day 6, and various degrees of bleeding from the anus on

day 7.

Observation of Disease Activity

Negative Controll Normal Drinking Water |
Begin Treatment Symptoms Occur Stop Treatment Sacrifice
Day0 Dayl Day4 Day7 Dayl0
Dextran Sulfate | | |
Sodium Model

Free Accessed 3% DSS Water

Treatment Groups

Free Accessed 3% DSS Water

1. Sulfasalazine (200mg/kg)
2. GTE (125mg/kg)
3. GTE(250mg/kg)
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Fig 3.1 In vivo model establishment and drug administration design.

Table 3.1 Disease Activity Score Criteria

Body Weight Loss (%) Stool Texture Hematochezia
0 0% Solid No Bleeding
1 1%-5% - -
2 5%-10% Soft, Sticky, -
3 10%-20% - Stool with Blood
4 20% or above Diarrhea, Fluidic Bleeding

Histopathological Analysis

One cm segment of colon is cut and put into 4% paraformaldehyde. Put in between parafilm
and cross sectioned are cut and stained with hematoxylin and eosin (H&E). Pictures of cross
section is taken under a microscope with bright field. The histopathological score is

calculated based on Table 3.2.

Table 3.2 Histopathological Score Criteria

Category 0 1 2 3
Crypt No Damage, A Small Branching of - Total Loss of Mucosa
Damage Little Space Crypt, Little bit out and Crypt Structure
between Mucosa of Shape
Inflammatory  No Inflammatory Accumulationin ~ Observed in Large Number of
Cell cells the bottom  Inflammatory Cells in
Migration Lamina Propria of Mucosa the Mucosa
Decrease of No Lost - - Large Number of
Goblet Cells Goblet Cell Lost
Thickening of Regular Thickness - - Significantly Enlarge
Colonic Wall

Colon Length

After sacrificing the mice and they are dissected, whole colon is separated from the bodies.

Pictures are taken individually on a piece of white paper.
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Cytokine Release Determination

About 1cm of colon from each mouse are wash with PBS and cut into smaller pieces on ice.
Then homogenized with PBS. The supernatants are used as samples. Human TNF-o and IL-6
Enzyme Linked Immunosorbent Assay (ELISA) kits are purchased from Biolegend (CA,

USA). The procedure of the experiment is performed under the manufacture’s protocols.
Immunoblotting

About 1 cm of colon from each mouse are wash with PBS and cut into smaller pieces on ice.
Then homogenized with 500 pL of RIPA buffer with 1% of cocktail and 1% of PMSF. After
15 minutes, the tubes are centrifuge with 14000 rpm at 4°c for 30 minutes. Supernatants are
collected, and concentration of protein extract are determined by BCA kit (ThermoFischer,
MA, USA). After concentration adjustment, 5x loading buffer (Beyotime, China) is diluted
with the protein extracts. Tubes are shake for 650 rpm in a hot bath of 100°C for 8 minutes.
The samples (25 ng-30 ug) are separated through Sodium Dodecyl Sulphate-Polyacrylamide
Gel Electrophoresis at 70 v for 20 minutes, then 120 v for 1 hour and 15 minutes. Then the
separated proteins are transfer on PVDF membrane after submerging into methanol at 100 v
for 150 minutes and 120 v for 90 minutes. Then blot with 2.5% of non-fat milk powder
(Biorad, USA) for 1 hour or QuickBlock buffer (Beyotime, China) for 15 minutes. Incubate
the membrane with primary antibodies (1:1000) purchased from Cell Signaling Technology
overnight at 4°C. Then wash with tris-buffered saline with 0.1% of TWEEN20 (TBST) and
shake for 5 minutes. Repeat the step 3 times. Then incubate in secondary antibody (1:2000)
purchased from Beyotime for 1hour. Then wash with tris-buffered saline with 0.1% of
TWEEN20 (TBST) and shake for 5 minutes. Take pictures with Bio-Rad ChemiDoc imaging
systems with chemiluminescence mode and colorimetric mode. Results are analyzed with

ImageJ.
Metabolic Panels Test

Blood are collected from the mice and centrifuge at 4°C with 1000 rpm for 20 minutes. All
samples are from the serum of mice and detected according to the manufacture’s protocols
with GPT/ALT kit and AKP/ALP kit (Nanjing Jiancheng Bioengineering Institute, Nanjing,
China); BUN kit (Solarbio Life Science, Beijing, China); ALB kit (Fuxing Changzheng,
Shanghai, China).
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Myeloperoxidase Detection

Serum and colonic tissue homogenate are used as samples. The MPO levels are detected

according to manufacturer’s protocol with MPO commercial kit (Nanjing Jiancheng, Nanjing,
China).

Organ Index

After sacrificing the mice, hearts, kidneys, spleens, lungs, and livers are dissected from mice.
The very organ is recorded. The index is calculated by organ weight divide by total body
weight of animal on day 10.

Statistical Analysis

All of the quantification data are calculated, analyzed and graph are generated with Image J
and GraphPad Prism 9. All of the in vivo experiments are repeated six times] and statistical

significance is calculated by using one-way ANOVA test.

3.3 Results

3.3.1 GTE Safe Concentration In vivo

In order to ensure the safe and effective concentrations of GTE, organ index of heart, liver,
spleen, lung, and kidney is calculated to evaluate the organ toxicity of the drugs. The organ
index for all five organs does not show any significance difference comparing within
experimental groups (Fig 3.2A). Besides the organ index, alanine transaminase (ALT),
alkaline phosphatase (AKP), albumin (ALB), and blood urea nitrogen (BUN) levels in the
mice serum are determined with specific kits. These biomarkers are classic indicators for
clinical metabolic panel test during the diagnosis of liver, kidney, and other organ injuries or
failures. 3% of DSS, both concentration of GTE, and 200 mg/kg of sulfasalazine does not
damage the organs significantly as the levels of these biomarkers in the serum are similar

within experimental groups (Fig 3.2B).
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Fig 3.2 Organ toxicity of DSS and drugs.Organ Index (mg/g) of heart, liver, spleen, lung,
and kidney. (A) Levels of serum ALT, AKP, ALB, and BUN. (B) Statistical Significance
compare to Oug/mL or LPS groups. ns refers to no significant difference. Data are shown as
mean + SEM (n=6).

3.3.2 GTE Decrease Disease Activity of IBD and Improves the

Condition of Colonic Tissue in Inflammatory State

The three symptoms listed in TABLE 3.1 are observed and recorded daily. The groups with
DSS water all have a dramatic weight change on Day 6. Throughout the whole experimental
period, DSS challenged group had the most weight lost up to about -20% from Day 0. The
high dosage GTE treatment and Sulfasalazine group have significant difference in percentage
of weight lost comparing to the DSS challenged group, which is around -10% from Day 0
(Fig 3.3 A). The condition and texture of mice feces recordings indicate the development of
DSS challenged mice model is successful with mice having soft feces starting on Day 4,
diarrhea on Day 6, and various degrees of bleeding from the anus on Day 7. Intense degrees
have a higher score, and vice versa. The graph shows DSS challenged group has the highest
score throughout the whole experimental session, and treatment groups have significant lower
scores manifesting the therapeutic effects of GTE (Fig 3.3 B). Shrinkage of the colon is a sign
of inflammation and injury as shown in DSS group. The average colon length of negative
control and other treatment groups are longer than the average colon length of DSS group by
at least 2 cm disregarding the variation on the size and weight of mice (Fig 3.3 C). As one of
the first responders to infection, neutrophils are recruited to the infectious sites as they
increase in numbers, which causes inflammatory symptoms. One major enzyme produce by
neutrophils with anti-bacterial function is myeloperoxidase (MPO). Through assessing the
level of MPO in colonic tissue, the severity of colitis induced by DSS could be determined in
the aspect of neutrophil’s number and neutrophil’s infiltration to the colonic tissue. The level
of MPO remains low in healthy mice, while DSS damaging the lumen of colon cause serious
infection leading to great amount of MPO secretion. Sulfasalazine, the classic anti-colitis
drug lowers the MPO level as expected. GTE shows a concentration dependent effect on
lowering the level of MPO, which both concentration of GTE could effectively alleviate
neutrophil secretion of MPO (Fig 3.3 D). The disease activity of mice was induced by DSS
through destroying the structure of colon leading to severe infection and inflammatory

response. Thus, the destruction of colon is assessed through hematoxylin and eosin (H&E)
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staining of the intestinal cross sections. TABLE 3.2 is a scoring chart for evaluating the
degree of pathology of the colon base on crypt loss, goblet cell loss, thickening of colon wall,
and infiltration of lamina propria based on previous clinical studies and in vivo studies of IBD
[32, 36]. The pathological score is quantification of H&E staining indicating DSS induction
of undermining colonic tissue is ameliorate by GTE (Fig 3.3 F). Regarding the condition and
structure of the inflamed colon induced by DSS, the goblet cells are not observed in mucosa
(yellow), crypt is no longer organized (red), and the cell wall width is increased (blue)
indicated with arrows (Fig 3.3 E). Great number of immune cells are observed migrating
from the lamina propria or the basal side of the mucosa to the inner part indicate by black
arrows (Fig 3.3 E). This is a significant sign of aberrant immune response causing fibrosis
and other symptoms of inflammation. While other treatment groups, both GTE and
Sulfasalazine groups are having similar characteristics of the colon structure compare to
negative control group (Fig 3.3 E). GTE have significant protective effects of the colon
through observing disease activity and histopathological analysis of DSS induced mice. GTE
was able to maintain a healthy state similar to the negative control mice, while remarkable
damages were seen in the colon of DSS model group mice.
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Fig 3.3 GTE decrease the disease activities of IBD. Weight change of mice from day 0 to
day 10 (A). Disease Activity Score of mice from day 0 to day 10 (B). Colon length of mice
after sacrifice and dissection. Colon length pictures (C). MPO level in colonic tissue of mice
(D). H&E staining images. Arrows are indicating the disease sites in colonic tissue. Yellow
arrow: goblet cell lost; Blue arrow: colonic wall thickening; Red arrow: crypt lost; Black
arrow: Immune cell infiltration at the lamina propria (E). Histopathological analysis score
(F). Statistical Significance compare to Oug/mL or LPS groups *P < 0.05, **P < 0.01, ***P
<0.001, ****P < 0.0001 compared to model group. # compared to negative control group.

Data are shown as mean +SEM (n=6).

3.3.3 GTE Enhance the Protein Expression of Tight Junction

Proteins through Decreasing Pro-Inflammatory Cytokines

The main function of epithelial cells is defending against extracellular stimulation such as
bacteria, virus, fungi, metabolites, and other pathogens. The receptors of the epithelial cells
will trigger downstream pathways activation, NF-xB, MAPK, and oxidative stress pathways.
The immune cells surveilling the whole body will also respond to potential infection, causing
lamina propria infiltration in the colon [37]. The pro-inflammatory cytokines secreted by
these cells degrades the tight junction proteins, infection occur along with the cell
permeability increase [10, 11]. First pro-inflammatory cytokine is detected, the anti-
inflammatory effect of GTE of in vivo study. Similar to the in vitro study results, TNF-a and
IL-6 production in the colonic tissue are lower in GTE treatment group (Fig 3.4 A). As a
consequence, the GTE treatment also increase the protein expression of the two tight junction
proteins (Fig 3.4 B). These data explain the histopathological score is low in drug treatment
groups as GTE can prevent further infection, putting the vicious cycle of inflammation and

oxidative stress to an end.
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Fig 3.4 TNF-a and IL-6 secretion in the colonic tissue (A). Immunoblotting and
guantification of tight junction proteins occluding and claudin 5 (B). Statistical
Significance compare to Oug/mL or LPS groups *P < 0.05, **P < 0.01, ***P < 0.001, ****P
< 0.0001 compared to model group. # compared to negative control group. ns refers to no

significant difference. Data are shown as mean +SEM (n=6).

3.3.4 GTE Decrease the Protein Expression of p65/1kBa, JNK/c
Jun, and Nrf2/HO-1/NQO1

The involvement of pro-inflammatory cytokines during colitis is complex, various kinds of
cytokines are released from different types of immune cells and epithelial cells back and
forth. The cytokines are some of the main drivers causing pathologic symptoms and
responsible for activating NF-xB and Oxidative pathways worsen the conditioned [12]. Since
the enterocytes on lumen side of colon produce pro-inflammatory cytokines leading to further
inflammatory response, colonic cytokines protein expression is determining with ELISA Kits.
TNF-a and IL-6 in colonic tissues are significantly diminish by GTE. The reduction of pro-
inflammatory cytokines in colonic tissue might be an implication for inhibition of NF-kB
proteins by GTE. The decrease of phosphorylated Ikba and p65 in colonic tissue happen

simultaneously. In accordance with the in vitro study, change in the expression of pro-
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inflammatory cytokines has a great effect on NF-xB pathway (Fig 3.5 A). The JNK and ¢ Jun
belonging to the MAPK pathway in the homogenate of colon are affected by GTE the same
way as in Caco 2 cells. The phosphorylation of these two MAPK pro-inflammatory proteins
are enhanced by DSS induced injuries and inflammation in the colon, while GTE lowers the
level of phosphorylation (Fig 3.5 B). As stated by Grisham, the number of anti-oxidant (i.e
Nrf2, HO-1, and NQOL) are in deficit when large amount of ROS free radicals is produced in
the colon during inflammation [6]. The role of Nrf2 is significant against IBD, the DSS is
able to heavily damage the colon of Nrf2 deficient mice, as a consequence of imbalance ROS
[38]. Immunoblotting shows its expression of protein increase after GTE treatment even with
the exposure to DSS, but less Nrf2 expression in the DSS challenged group. Since Nrf2 is the
transcription factor of HO-1 and NQO1, we want to investigate if GTE have anti-oxidation
function. The immunoblotting result on colonic tissue is commensurate with in vitro study,
similar trend with Nrf2, GTE could elevate anti-oxidants against ROS to reduce its damages
done to the colon (Fig 3.5 C).

32



Colonic Tissue

(A)

DSS - + + + + p-p65/p65 p-lkBa/lkBa
GTE(mgkg) - - — 125 250 < 151 c 157
" Kl o #H
Sulfasalazine(mg/kg) _ 200 _ _ @ ? .
— g # £ .
p-p6s | “ LB ka0 10T : g1 . I .
5 . BB P § “ e
o . o® o . .
POS | W — - (o, o os| df  C . ¢ 2 0.5 e I - 3
> 2 o 2
k] * . . % k- I o i $
Q Q
p-Ikba | - E !l”""“ %00 . 'ﬁ. T T “ ool T ! 9 4
- A N > N N A > N N
& & & & & &
J & O S o & & &
39kda S 6_," Q° “1?’ («,Q [¢) & & “\f" ‘P
' & T & & T & & &
O N <) ) 5 <) 9
\ s < ™ @’ K N
GAPDH| wu ap @D = @9 7 * @@& S &S
B ‘.’o\ 3% DSS \)\\ 3% DSS
( ) Colonic Tissue
Ds§ - + + + &+ Colonic Tissue p-JNKIJNK p-c Jun/c Jun
GTE(mghkg) _ _  _ 125 250 15+ c 39 #
i 5 5] .
Sulfasalazine(mg/kg)  _ _ 200 _ _ .§ 2
3 . Lhd ] e
| - o = = [54kda g, .| T . . g
p-JNK n. Lo 9] T = | ¢ . .
£ . £ 4 o
- . — g I g ) : ®
i | .
i [Sikda Gosd ., I i s g N
- e o S : - § e
= .o - o* I .
[} [}
['4 *%e n:n 3 .o
p-c Junl- - - e ;J”kda o8 g, bR LA R Ty A S S B
& & & &8 IS M i
| ! P L < o o <
¢ Jun . .. . 43kda o & & Q’Q'b Q’Qf? & & QQ'Q &\,& I\&‘:Q
& & & & & & & @
@ @V g 4 N
(;,\pm{| s o o> ED |»37kda = &9@\ & & g &q@\ S
o ¥
o 3% DSS % 3% DSS
C —
( ) Colonic Tissue Colonic Tissue Nrf2 Colonic Tissue NQO1 HO-1
pss - + + o+ o+ 5 37 54- §1~5'

GTE(mg/kg) - - - 125 25 § o 2 - g ;.;
Sulfasalazine(mg/kg) 200 22 ) 8§31 ' 21.0 d i
§ 4 - - - - X 24 X & 1-01

Vi Lol 2 oo .I’ uE‘ - £ by ¥ * ..
Nrf2 I L -}nomn g : . 1 . £ 2] l g . -{ I
a4 . . a . -~ S5 o .
© o, . . b4 o
HO-1 29kda £ I + & g1 . = = B 2 A
% . 2 sl bt 'g .o .
€ | o . . 2 '?' 00 .. n:on
NQO1 ’mwkda d & @ © @ S & © © © > & © @ @
& o & s‘y &é* o")‘. & c,°‘xv «9)* &“X‘. &é“ o““o & e‘y «é‘ 0&
SR ) &£ &S & O R
37kda & & K & & & & S &~ & &
GAPDH - & & &L & EAN) & & & &
-~ & ¥ &S N X & & ® R )
& WV 88 Q«" v {&@ V &
R 3% 0SS & 3% DSS & 3% DSS

Fig 3.5 GTE decrease phosphorylation of NF-kB and MAPK proteins, while enhance

the expression of NRF2/HO-1/NQO-1. Immunoblotting and quantification of

phosphorylated p65 and IkBa, total p65 and 1kBa of colonic tissue (A). Immunoblotting and

quantification of JNK and ¢ Jun of colonic tissues (B). Immunoblotting and quantification of

anti-oxidants, Nrf2, HO-1, and NQOL. of colonic tissue (C). Significance compare to Oug/mL
or LPS groups *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 compared to model

group. # compared to negative control group. Data are shown as mean + SEM (n=6).
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Chapter 4 Conclusion

The current dilemma of IBD is there are treatment for the disease, while it remains to be
uncured. There are classic drugs such as sulfasalazine with low price, while there are
potential severe risk and side effects such as nausea, heartburn, headache, abdominal pain,
which are symptoms and signs similar as IBD. Other novel developed drugs such as TNF-a
inhibitors and monoclonal antibodies are more expansive. In addition, the side effects could
be serious, clinical studies have shown using these monoclonal antibodies could lead to
autoimmune diseases, decrease in the number of platelet and other conditions. Therefore,
utilizing the large number of herbs in nature and seek for the effective ones is an alternative
solution for IBD. Previous studies revealed the therapeutic effects of GTE against arthritis,
nephrotic syndrome, and synovial inflammation by down regulating TNF-a., IL-6, 1L-1j,
Nitric Oxide, NF-xB pathway, and MAPK pathways. Thus, GTE might have similar effects
against IBD through identical signaling pathways. The natural herb glycine tabacina and its
aqueous extract are examined in TNF-a. or LPS induced Caco 2 cells and DSS induced
BALB/c mice. GTE was proven to ameliorate symptoms and conditioned of IBD within the

safety concentration.

TNF-o and IL-6 are key pro-inflammatory cytokines contributing to IBD pathogenesis. First,
they are signaling proteins released to recruit immune cells and activates immune response.
After migration and aggregation of immune cells such as macrophages and neutrophils in the
colon, fibrosis and fistula might occur as a result, which are common symptoms of IBD.
Next, ECM and cytokines increase protein expression of MMPs to degrade tight junction
proteins allowing extracellular factors to invade the host as the intestinal permeability
increases. In our current study, three safe and effective concentrations of GTE were identified
with LPS or TNF-a induced Caco 2 cells and two concentration with DSS induced BALB/c
mice. Pro-inflammatory cytokines secretion and transcription are inhibited by GTE because
the phosphorylation in NF-kB and MAPK/JNK are lessen. More specifically, the nuclear
translocation of both transcription factors, p65 and ¢ Jun is disrupted by GTE, so the

transcription of targeted genes is prevented.

Inflammation and oxidative stress are positively correlated, neutrophils infiltration and
injuries of cells are due to the imbalance amount of ROS. We observed the level of ROS in
Caco 2 cells and MPO in colonic tissue decreased after GTE was used. In healthy state and

LPS induction, we observed low protein expression level of the transcription factor and lack
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of nuclear translocation of Nrf2. It was discovered to be enhanced by GTE, and Nrf2
undergoes nuclear translocation to promote the transcription of anti-oxidants HO-1 and
NQO1 (Fig 4.1).

The anti-inflammatory effects of GTE at molecular level improves the weight loss, diarrhea,
and occult bleeding activities. In addition, the structure of colonic tissues, the percentage of
various types of cells are balanced comparing to DSS model group. Overall, GTE is proven
to have therapeutic function against IBD and reduce the degree of IBD symptoms and
ameliorates the condition of the environment in mice colons under the ruination of DSS on
the macroscopic level. Molecularly, GTE prevents nuclear translocation of p65 and ¢ Jun
causing the lower level of TNF-o and IL-6. In the aspect of oxidative stress, GTE elevates
the expression of Nrf2, HO-1, and NQOL to disrupt the cycle of inflammation and oxidative

stress.
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Fig 4.1 GTE inhibiting extracellular risk factors to prevent activation of inflammatory

pathways and oxidative stress in intestinal cells.
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Some of the limitation of our study:

We did not use single compounds of GTE in the study. Without this compound, we do not
understand the specific mechanism and targets of the drug in treatment of IBD. We did not
perform molecular assays such as knockdown and overexpression of specific proteins, so we
cannot confirm the major pathway regulates by GTE. Lack of co-culture with immune cells

to mimic the environment in the colon after lamina propria infiltration.
Future Perspective

Use the isolated compounds for further mechanism and target studies by utilizing
immunoprecipitation, docking, and many other assays. Using microbiota to investigate the
microbiome and metabolites to explain their role in treatment of IBD. This extract can be

developed into products for oral administration to treat IBD.
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