s

oln

= 9 3

11-1541000-001744-01

= N N = |
uiE7R], WA, BR]0] L ZAE7] FRRO
() S5 &1 | = o A 1
HgEs a5 4% 18 ¥ &4 B7F 9+
(Identificlati‘(?n of the gastrointestinal protective efficacy and
superiority of Baechu Kimchi, Baek Kimchi, Dongchimi and Kakdugi)

SERMASIZEY

IR

4346

Y5 ER

~392



7
"

[l

AR

Al

HuAE A&

4%

Els

B7F A7 ol o

O A~
4

ol
=~

29

124

2012

€] 4 o 2o 3 3



T
"

[l

o

o

el

—

~H
o

0

0
R

E
Tor
——
fife)
o
EO
e

—_—

B

R

R



2l Z} % #% A+ (s-methylmethionine,
SMM)< r8staL, 7ls4d AEo=Ae HA o 1S Fystaa sqith. s=R24ds ol&
sto] YRS Faiddol tsk E537HE sk, In vitro A EHAIZ~E 9 in vivo &
EAES B3l 7l AFoEAY A ol&&S Hrtste AREHEAS SMM< ¥ st
12 sglnt. o) ef o] Ao HIARl VA THe Ed A A R A ARE

AT, HELAS @ WA mpAA AA AFOE bt F Q= AVE vtastug 5

M. A7/ He 2 1

%e,
N
o\
N
o]
BN
M
i)

1. w5 % 9] s-methylmethionine(SMM) &% A %4

d



¥ 7

_]

3

s—methylmethionine(SMM)

=
-

o 7 - - s CCIC I
= _ 3 Gy T T B
= = T _m nMu _ﬂ B y ol oy 5T
%o Eo ~ HT_ 3 0 _ OMU L._mV =
= 0 o 0o
ofy o) o T} N _ M T N = T RO
K = ol 2 i > o B X 5 L
X O T ﬁL _— 0L
o o z W A ﬂ BB G T AR w5
3 oy .2 % = g T o m O W
~ = o ;O.# op = 9 = o i o
R - B 5 ol
D Ewm 4 p 2 BELVE 5 xix
X 1o N olp — = =
Mo = -2 v 7 s Pum= 2T
7] op 0 T
O B~ 3 - A N S
237§ £ pLbrE2i 40
8 oxm o = = = g o oM B @ oF o T o
- = g g iy -~ g o T =
g £ 2 o B0 o S g B a T
: = = s AN > CLR -
TO  =o o | HE o X = OMH N X
Me o .m K %) e ,% ,;|0L o W o~ O = = T
RN T L O CTRETANE &%
Mu_.:._ % MY_AE HT_ OT ‘_MAD _y = — ‘I_ﬁl Iﬁm_l %T Lt jruze] ——
N o N N I ey T 2
M%ﬁ%& i o Fow ok g & op o WME
_% Jo > _E K - T = RO R TSR O
o T - T ol e T o o) o
= » 5 4 2 = W ﬂmmﬂw%%%% T N
moF B ° i A g T xw ¥ oW
Te RS E T o M E oy T 2R
A o == Z 4 EF T oo S 9
oﬁmuwﬁ T = G ] S
) o} o o 2 — 0
SR A N C % BT o T oyow = T K
m_m.ﬂ T o ol WE s Fi L Mo N %) = =
© L 3w T T G Bow oo Mg # T 22
% S od o — o U N2 o do g oy o T < o 5 X
=X SR g o 5 F g Fww w 9w 22T
= o ' 0 ot — —_ o o T o
oF T B o 8 N — gy o B S B
— X — i — =
= ® g o T 3 L g ) T 2 o = B4 T 5 S M
< O X > — N H o= F = 4
- ™ 3 A S I -
oo o BN T o 8 = B oG o 3 e ook 2 S
d Z N m B 2 W P e S o =z N T B T s 0¥
_&l il ™ N ojo ~ > ojo 5 _&l . P _&l .@ = TELOoxe N ‘%ol _m & %
= o 0 om NN S ok e TR RE OEAFEF TS NT S
Te) © - o0 = O O O O



Hets] A Sedis] 2 47E3, 201293 1149 94, FEUIStw it FEr|Ed T
AAe] Hagred W& s-methylmethionine (SMM) $H. =72 F x| %813 A o<
3 2 47153, 20129 1149 99, SRSt st gsrjsd T

HAz1el 474717k s-methylmethionine (SMM) 3. d=2FdFsts] A sk 3],
2012:d 129 13, M&u&E3513 8 7hokaE

Fol NtEzd @ A7z wE AART 5% AEEY. = FgUdsts] sA e
8], 2012 12€ 13¢, M=al & ske| 3t 7ok &

Efficacy test of methyl methionine sulphonium chloride on indomethacin induced
gastric mucosal damage in rats. $t=r3Zg]2}t]Zsts]/NCEED =A|st=dl3]. 2012 11

A11<. dsheE <

SMM®| Aol &Eol #HHE A5 2 dFEF 20139 =AS=W3|(IFT, Institute of
Food Technologists)oll A &3 o A<

IR0 AA, 138 AAE, 48 FadA)

Determination of SMM in Brassica vegetables by High Performance Liquid
Chromatography. Plant Resources Research Institute, Duksung Women's University
Vol. 12 (2013. 2)

“Digestive stability of Sulfur-Methyl-L-Methionine (SMM) and its bioaccessibility in



o]
=

bl A} 2

l

Kimchi cabbages using a simulated digestion model system” +=%< Journal of the
[e)

Science of Food and Agriculture il

A7 3kl

w1l
=~

=
I

o

z

\.mo

il

]

=

[e)
“Intestinal transport mechanims of Sulfur-Methyl ~L-Methionine (SMM)"S ZA ol

glom 2013d =A| A

o)

8

el

SMM¢e] 9781

Eis

ojo

o lem 2013

el

}

7 =4 2

=

A 5T AAHORE Aol

Rom 20134

v ol 3

el

Jo

o)
o
X

—

~H

SO0 S S S

el

Jo

o)
o
X

—

~H

Aol

Y %

aloX
2N

o] SMMe| 233y T e

1
T

h=d]
=

=
T

v Hj

2 soz

o

i
B

0

)

-
il
<
)



SUMMARY

S-Methylmethionine is a  derivative  of  methionine  with  the  chemical formula
[(CH;);S(CH,),CHNH;CO,]". It is also known for its anti-ulcer factor, which is extracted from
cabbages and other green vegetables, since its deficiency was thought to be a possible cause of
gastric ulcers. It has other pharmacological properties such as anti-inflammatory, analgesic,
hypolipidemic, and radio-protective. Since SMM was first isolated from cabbages, it has been

identified in plants such as asparagus, green tea and various Brassica vegetables.

The metabolism of SMM was known to be closely associated with sulfur-containing compounds. It
is because that the detachment of a methyl group from SMM forms methionine and enzymatic
hydrolysis of SMM produces dimethyl sulfide. SMM is regarded as a major metabolite of
methionine and also can be synthesized from methionine and S-adenosylmethionine. It is also
reported to act as a reserved form of methionine. The synthesis of SMM reduces both the
concentration of free methionine and its active derivative, S-adenosylmethionine. Even though many
researchers have reported on bioactive components of some plant foods, SMM was not clearly

identified for its physiological activities and biochemical properties.

This research attempts to investigate the gastro-protective agents (SMM) in the ingredients of
Kimchi cabbage, baik kimchi (white kimchi), dongchimi (watery radish kimchi) and kkakdugi (cubed
radish kimchi), and tries to find out the optimal condition to maximize the function of such agents.
By using animal models, assessment on the effectiveness of the gastro-protective agents was
conducted. Then, through an in vitro biomimetic system and in vivo animal testing, the
bioavailability as functional foods was evaluated to establish SMM as index materials. By exploring
the scientific functions of kimchi, this research aims to show the merits of Korean foods, provide
scientific information on them, and prepare a stepping stone for Korean foods to advance into the

global market by activating the Korean food industry.



The results of this study are as follows.

L.

By analyzing the SMM contents based on the processing conditions of cabbage and radish, and
based on the fermentation stage of kimchi, the research found out that the contents were highest

during the early stage of fermentation, and then tended to decrease as fermentation progressed.

. Indomethacin (nonsteroidal anti-inlffammatory drugs) induced gastric mucosal damage animal

model was established and tested the efficacy of SMM as well as chinese cabbage, Baek-kimchi,

white radish, Dong-chi-mee.

. SMM pretreatment at the indomethacin induced gastric mucosal damage rat model resulted in a

decrease in gastric damage area and iINOS expression. It also protective effect on programmed
cell death in AGS cell line.
Pretreatment of Baek-kimchi, white radish, Dong-chi-mee reduced the gastric mucosal damage,

respectively, in the indomethacin induced gastritis animal model.

. Recovery of SMM was 0.68 and 0.65% for fasted and fed in vitro digestion, respectively;

indicating that digestive stability of SMM was not affected by dietary energy or food matrix
during digestion.

The bioaccessibility of SMM from kimchi cabbages, efficient transfer of SMM from Kimchi
cabbages to aqueous fraction, was through salivary, gastric, and small intestinal phase in fasted

condition, indicating 8.83, 14.71, and 10.88%, respectively.

. Results from our study suggest that dietary SMM, a component of food sources is more

bioavailable than SMM by itself.
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1-2. 913 9 F-9] s-methylmethionine(SMM) AA @ Az 2

7}. Vitamin U A 34

Vitamin U, & S-methylmethionine -8 Q1A 9] 4= olu| =Xtz 3}l methionines A

18

TA| Z238}e] S-adenosylmethionine(SAM)& A 2]& 8 4% methionines-methyltransferase

o oalA] el HHHh ABAUNA vitamin U F4AAE obefsh 2ok,

Methionine

v
S-adenosylmethionine(SANM) —  S-methylnethionine
(Vitamin U)
v
1-aminocyclopropane(ACC)
* v

CoH,y Dimethylsul fide Homoserine

vitamin UE &A3AHY 1-amino

o

Methionine< S-adenosylmethionine(SAM)S. 2 % g%
—-cyclopropane(ACC)E AAH ethylene(CoHy)S AT Ethylened A& 32 (plant
regulator) 8.2 &9 43 tEo] AdAowm AdHEHT. oY ethylene ¥4 2
AaF o g Ada F EFH F2 JIFE T 9 58 & FAEY =3}
(senescence), ¥ & t&st FHASE Z2dst7] %= gt}h. S-methymethionine®] &3l 4Hs

sy A=

ol dimethylsulfidex Zx}fFolA sixF2S HAl(laver-like odor)d] FAAREO®E HIIH Il

At} A E9 A S-adenosylmethionine< novel mass—-spectrometric methodsel] 23] =4
2 4 Qo chloroplasto] 4] DMSP(3-dimethysulfoniopropionate) 2 #A3t% 7%= 3o},
S-adenosyl-methionine< W27 &% o] 7Fy Ao 4% optical JH 5 Lo &

o] o]&x i DY LF= &/ Feofskd D] &3h F7F SXdH

U}, HPLC #4

W 5 S-methylmethionine 41 274

O
"
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F Y RIER SMM gt zAd A3, 7

%
v sAAZXS ARl 80% oEHES YWil 3AI7F F9F WA § whatman 110 mmd=z o A

FEAHT FFA 5 0.2 N sodium citrate buffer &

NS 7lsla 3RE LAY E 3 T A|gHNE Sep-pak C18% 0.45 um filter= T}
Al S o3l S BAE AlEE ANESISIY

() EAHZE AR 2 g + 80% EtOH 50 ml

3AI17t 59t shaking(20C, RPM 220)

Filter(Whatman 110 mmo®)

9™ 74t 5E7I(35C)E °l&5191 10 mIE ¥

5% M2 10 ml + 0.2 N-Sodium citrate Buffer Sol. (pH 2.2) 10 ml

ultrasonic X8I Ma|(3&, 207T)

— 5 ml Syringe + Sep—pak C18(Waters) + 0.45 um filter(Whatman
6779—-1302 PVDF syringe filter)2 o3}

— K& 3 ml H2|1 2 ml EMAIR A2 (screw cap vial)

!

Ll

|

FLD1 A, Ex=340, Em=450 (VU\VL409 2012-04-09 12-44-37\1204090000006.0)
FLD1 A, Ex=340, Em=450 (VU\VU0408 2012-04-09 12-44-37\1 204080000007 D)

SE

o o B 8 & 8 8 3
T CA TR TOe PP TV ETRL VLT A
AT - vitamin U

|| Y Y f\ LT Y N | P f\

T T T
2 4 e 8 10 12 14

Fig. 3-6. A g A1 7H3 hr/24 hr)d] W= 2247}

O SMM #4& 93+ HPLC &4 =73

v SMMe] A4 B AFS 98] AFEe HPLCO #Ax712 Table 13 Zth A= F
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SMM 5t ARE 94F Fska AAUs] AGEAS Ax F n&NA AR rhE 19

EEES AR} MTE Agre] A WA AAGS HAFEF

v EFE8N A 0 SMM X% 19.97 mgs gE3] €ol 100 mL €9 volumetric flask

=2
AN
o
=L
=
(@]
—
Z
o
Q
it
ofo
e}
>
a
—
(@]
o
(@]
=

=

=
off
k
it
rlj
i
2

A3kl 10, 50, 100, 125 ymol %7} HEE wE 3 HPLCY FYUs ] 98 =x

davqor SATAL AHste] FARHE

32
oy

Table 3-1. HPLC system for analysis of S—methylmethionine (SMM)

Instrument Agilent 1100 (Agilent Technologies, USA)

Column Zorbox Eclipse AAA-C18, 5 ym, 4.6 mm x 150 mm
Flow rate 2 mL/min

Detector FLD (ex. 340 nm, em. 450 nm)

Temperature 40C

A — 40 mM NaH,PO4 pH 7.6-7.8 with 10 N NaOH solution

Mobile phase B - Acetonitrile : Methanol : Water (45:45:10)

Time (min) A (%) B (%)
Initial 0 0
1.86 0 0
Gradient condition 18.11 433 56.7
18.57 0 100
22.29 0 100
23.21 0 0
26 100 0

Draw 2.5 pl from vial 1 (borate pH 10)
Draw 0.5 pl from vial (amino acid sample = sequence vial)
Mix 3 ul in air, max speed 2x
wait 0.5 min
Draw 0 ul from vial 4 (needle wash using water in uncapped vial)
Draw 0.5 pl from vial 2 (OPA)
Injector program Mix 3.5 pl in air, max speed 6x
Draw 0 ul from vial 4 (needle wash using water in uncapped vial)
Draw 0.5 pl from vial 3 (FMOC)
Mix 4 ul in air, max speed 6x
Draw 32 ul from vial 5 (Water with cap)
Mix 18 ul in air, max speed 2x
Inject
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Aol 3k A3 += SPSS(statistical package social science, version 19.0, SPSS Inc.,
Chicago, 1L, USA)E o]&3le] ANOVA test®} Duncan's multiple range test® A& 7+

JAe AP o, AHA] BAEe ojHEE A#E A (bivariate correlation analysis)o.&

1-3. A9 Aol 4
O A

A
o =4 AAZ] BIAEE FH3 T MeOHR JE7)oA JEd 3 FZ7]o of1slo]

e zsk. Ak 50 mldl wo] FAo T &7 F 80% MeOH 50 ml & 3% 7}sh
o] MeOH =< 343t} 500 ml ¥ Fo %7 %3} NaCl 150 mlE 718t g &2
e 50 mi¥ 2-33] 7hste] FESY. I EEWEESS Rob Fr3MUERES

off 4
J{Tl'

52

&

o
|

fru

fru

i

51

eHE 2 mlol 9] 0.45 ym membrane filter2 <
Fato] AP EAoz Qlrh. BFEE NS Capsaicin 7% 10 mgs 100 ml &F =~

&2 %o F o] gANS yFEEWEo R Aol AR
s Chromatography 8790A FID, Agilent(USA)S AF&3F 2™, Column;
BP-1, &Y% &%; 320C, #A=7] &%; 350C, Column oven Temp.; 280C(1+H) —

2.5TC & 300C(2+%), carrier gas; Ny 59 o =2 FA35At}

B2 105C Ad7tdadaxHoz 2 g Ao A8EE FHskd 105C9 drying ovenol A

Wi - Ws Wo @ F=E e FA(g)
T (%) = x 100 Wi Alset AR e FA(g)
Wi - Wy Wo @ AX —%%9/] }\]_,EJ_S’/]- _o]a]:}jﬂ-/] Tﬂ](g)
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L

. 9 E=(salinity, %)
A6 7)1¢F FE5S o] &3] vl S yAE A=A (SB-2000, Gimisanggung, Korea)E ©|
h

g =33qar.

S=3d AY77E o] HEE AQF ekl YA vhadh ¥ cheese cloth® o]3}sto] 1=

S Aed AS B A g2 ALRE9E. pHE pH meterE AFESFY] ALoA =A& 91

MAEE Agd 1 mlE FHIY SFFTE 508 AAZ1 2 0.1% phenolphthalein A A] ¢F(0.5
1 N NaOH &0z A3 0w (30%7F nj&ao] &= uf 71X]), AH]

H NaOH &ML lactic acid(%, w/v)ZHo =2 FA89 T

0.1IN NaOH &9 &4 ml X F x 0.0090
A= (R Akg) = = 100
Al &= (ml)

F+= 0.1N NaOH &9 9 7}factor)
0.1N NaOH €9 1 ml< ZAF 0.0090 goll a3
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2-1. §848%7F A28 g3 Validation
A sEEo] 9= SGFEATEI B A U AFS ulgltow dalo] SFAA
A= NEATEHS st o Ho|m o] g A= thSa 72,

&8 MY Validation 74 A8 Validation(2A)

SE4d sop MY g #Hzs
Y A A A4 3 "a
Raw data 7| SX| YAl IS HEF FA

=
SRR

HE = Protocol 2F4] A& ¥ H= Protocol

A ol S A4 9 HE K2
HE Report 24| Al® 8 EE Protocol
Hd ol H#3 2y

= SOPs

(Standard Operating Procedures)
= #F Protocol Template
= Raw data 7| E%|
o, g #8274 S
= #F Report Template

rotocol

2-2. &FZA

995

7F. s
1) Fo4E4 @ 3184 AHelE 3 A9 2d g9Hs
Aoz AHus A=etal JHst 25350 F5&

A5 7L
2) T 9 AE
9] ratE& ARE-3Sit).
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S $138 HCL, EtOHS AH&-

FUAA AAH

dadate] sy 5 g7t

2 HEs 8¢

='.’=1 EE

A A
rE_F rb?_'-

Reference 250 E

gt NEY 23 33

NEE 2887 gl

43 28

A8l EFE Report
o4 2

» Al HZ raw data
* A|g¥ EF Report

A7 Aaze] IS FEdat gl AClel 95 el

.,

=
¢}

Validation(& &)

F Y (HCL.EtOH induced gastritis model) AZ 2 A FEZS &

of Hr}

=
[6)

T‘7’|.

(Ethanol ©]
s EAHE 24
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o
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2-3. H|gd=zEA Y955 R d(indomethacin induced gastritis model) AZ} L A3

7}.

ojo

Al

indomethacins

3

_(‘)4

=

s

R8s

gk SD

7}7F &0l

3

h=l]
=

&4

S

Aol

5

=4

Al
=2

SRS

o oA ).

S

Indomethacing F¢
1

%

by

9
pl

. indomethacine 13] A+ F9

%

iR

pu
.

4T o B

[e)

Al HHS
A,

|
=

=
l

e

Fol WA

I,

A7

=

=

J

A

gl

Ao A A E
2E AQdo] Evhd centrifuge 13,000 rpm 4T o & serume 4.

g
JOEES

i=h

o

- A9

|=]
H= 499,

]

10%NBFell 317, 2

SRS
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ol
=

e
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X
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3. 54 9%

D fle] &A= =4

ox
o

v' 10% NBFoll ZZ& 3173k % paraffin blocks THE©] H&E stainings A A8t &A4AE
of e} HA+E o] =xE Halste] ).

2) 91 AlEelA NS HE =7

v immunohistochemistry : paraffin blocko]l A sectiond}e] slideE W= F iNOSel| th3sk #

GRS AAFI, o B 2 o= RRAA o= Fre] iN0ST} WA

il
dob

3) AANEES o] 88 HAE BH9] A

B

/\éxoL E‘l /\}uﬂoqxﬂ a

A=)
|\
o

-

3. Biokinetics model system Z€2 3 vl3 2 F&5# FEHFEY AA &S HU}

3-1. AA&BAHE A%HoE BAYF in viro AARF A2¥ H§S FH W

s—methylmethionine(SMM) €] bioavailability %7}

off
P

4

]_

AL A wF A RS Fske] QIzbe] A4sprlve EEbe A 2R Alsgel] A

.

ofo
ol
38

7V In vitro AR EHPA] <8 A8

2t AlmE sshgriRdd 2 gsto] AARE Ft Qg Astele] AL wiFskla v @
W aspabEe] 4 g FHste] HPLCRE SMMO| & BAsqlct. 447 A8 20

mM phosphate buffero] €&|A|Z1 ¥ salivary phaseE EHW3al7] 938 210 pul amylase(0.2
mg/mL in 20 mM phosphate buffer), 18] AF3}Hx|E 98] 50 pl. BHTE 37 &35}
&t} shaking water bath (37C, 150 rpm). pHZE salivary phase ZF71ol 2hA] w3 Fch
(3£ 3-2), (3 3-3). o] AA7|AE A3 MEES shaking water bath (37C, 150 rpm)
of 5% b HlEAAH. dHEHom A =S wE7] f8l, 280 pL pepsin(3 mg/mL
in 100 mM NaHCO3)< #7FstQlaL, pHE 0.1M HCLES H7FstE=A #HE $jH9] pHE %
A3t & MZE5S shaking water bath (37C, 150 rpm)ol] wjekstFth (F 3-2), (F 3-3).
Small intestinalE 2W3l7] 99&] 100mM NaHCOs;= pH 5.32.% 9311 220 pl Pancreatic
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juice (Pancreatin(0.4 mg/mL in 20 mM phosphate buffer) + Lipase(0.2 mg/mL in 20
mM phosphate buffer))2} 220 pL Bile acid (2.4 mg/mL in 220 pL Bile acid)& A1= #
7bakdct. 12]lal 0.1M NaOHE #7bete] pHE #7438kl shaking water bath (37C, 150
rpm)ol] BlF AT (3F 3-2), (32 3-3). Salivary, Gastric, Small intestinal phase?] A]& 3

U A3t 2dl A 39A7F E3 $o] 20 mM phosphate buffer®} ZA7]A] oF7HS o] 8-31¢]

BE ATy HEHIAE FEA HHFAY. O F AR AS5AE v HA JFAEZHEEH
g7l s 4ColA 3000 rpme2 3087F AR ). AEde e B4 u 74A

-20CAA BAsA. Z47te] A5 0.45 uym PVDF Syringe filter & ZE3 3 HPLC &
Aol o]g3s}A T}

. ol g R Ao] AlFe wE bioaccessibility?] z}o]lE H]nLd}l7] ¢3F Fastel Fed condition
o w AA Ay sty 4357 #HS 23S model system 272 o3 2o}

Table 3-2. In vitro A 2WA] <" Fasted =71

Fasted condition

s—methylmethionine (SMM)

vample R eEEE e
20 mg 70 mg
Salivary phase pH 6 = 0.5 / bmin
Gastric phase pH 2 £ 0.5 / 30min
Small intestinal phase pH 6 £ 0.5/ lhr

Table 3-3. In vitro A EHA] A8 Fed 24

Fed condition

s—methylmethionine (SMM) Standard meal
Sample } (ki 68.0 g, A 39.4 g,
rsAnzx v
g2 294.0 g)

20 mg 70 mg
Salivary phase pH 7 £ 0.5/ 5 min
Gastric phase pH3 +05/1hr
Small intestinal phase pH7 05/ 2 hr
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ok A A sty 4shr]#S 2Wel In vitro digestion

S ¥ 3-4°] B (Guyton, Textbook of medical physiology, 1991) o] A 3slo] AdS
A3
C
A B ) )
, (National Institute
(Silverthorn et (Guyton, Textbook ]
Refs. ] for Public Health
al.,Human of medical .
hvsiol 1998 hvsiol 1991) and Environment,
pnysiology, pnysiology, 2004)
Ingestion of food 2.0 2.5 1.5
Saliva 1.5 1.0 1.0
Gastric juice 2.0 1.5 2.0
Bile 0.5 1.0 1.0
Pancreatic juice 1.5 1.0 2.0

3-2. AIXAP L 53 £F0A9 SMM &4 H7t

7}. Caco-2 cell& ©]83F SMM standard®] intestinal transport®} A

m

#4Ee 7t

1) SMMe] A% =48 BH7}

S A EF LYo A EF WS Caco-2(passage # 36-38) AEXE Adiukst & 12 well
monolayer plate®] 0.046X10°¢] density® %3] ME7} confluent® wW7b4] 5% COs, 3
7CxAANA wiAE wASHA incubation AlF T confluent ¥ AEZS] WX E A|ASFaL
phosphate buffered salin® A& gt 5 37ColA Fx=4 (10, 50, 25, 10 ppm), SMM 100 ppm
¥} 37°C, 4TolA AIZHE (15, 30, 45, 60%) =710 whet AdE W&l wjgFS A5 e
¥ Trypsin EDTAE 0.5 mL &5 § 37CelA 423 w3t 5 Al2E oo HPLCZ £4
ST
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Fig. 3-7. Caco-2 cell

2) SMM9] intestinal transport 7}

Fig. 3-8. Trans—epithelial electric resistance (TEER).

S M| EFE Yol A BF HFS Caco-2(passage # 36-38) A|EE AlthuFdt 3 12 transwell
platecl] 2X10°¢] density® #F3}e] ME7} confluentd w744 5% COqz, 37CZEZ11A apical
and basal culture mediums LA SFHA] incubation A1FTh confluent® $ 2~3F o|ud
Trans—-epithelial electric resistance (TEER) kS SA3lo] 250Q ol o) 28-S 2835+

.

Apical and basal H%2] %] & #| A3+ $ phosphate buffered salin®. = A& s}At}. A%HA)
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¥ 9] apical membrane¥} basolateral membraned] Z+Z} EAst= 5N AE (SGLT1H
glucose transporter protein, p-glycoprotein)® & #|#|<! phloridzin, verapamil 50 uM<} $F
Al 100 ppme] SMME A vjklo] z}ZF 2 glsle] apicalel 0.5 mL #53}3, basalol+= HY
A& 1.5 mL 53 & 60%7F incubation A ZA T Apical®} basalel] J+= WA S 80% ol &+
7 1:1 A ske] 337t sonicatiing 3 TE ZH7Fe] A|EE 0.45 um PVDF Syringe filter = 2
Elg § HPLC #4]e] o] &3}3itt.

1. s—methylmethionine(SMM)2] HPLC #24 %7
In vitro A A A XSS T8 9 MEES 0.45 um PVDF Syringe filter= ZE

@ F HPLC B41S ahad. ¥4 zae tes g,

Table 3-5. HPLC condition

Instrument 1260 Infinity Quaternary LC (Agilent Technologies, USA)
Column Zorbox Eclipse AAA-C18, 5 ym, 4.6 mm x 150 mm
Flow rate 2 mL/min
Detector FLD (ex, 340 nm, em, 450 nm)
Temperature 40C
Mobile phase A — 40 mM NaH,PO, pH 7.6-7.8 with 10 N NaOH solution
B - Acetonitrile : Methanol : Water (45:45:10)
Time (min) A (%) B (%)
Initial 0 0
1.86 0 0
) .. 18.11 43.3 56.7
Gradient condition 1857 0 100
22.29 0 100
23.21 0 0
26 100 0

Draw 2.5 ul from vial 1 (borate pH 10)
Draw 0.5 pl from vial (amino acid sample = sequence vial)
Mix 3 ul in air, max speed 2x
wait 0.5 min
Draw O ul from vial 4 (needle wash using water in uncapped vial)
Draw 0.5 pl from vial 2 (OPA)
Injector program Mix 3.5 ul in air, max speed 6x
Draw O ul from vial 4 (needle wash using water in uncapped vial)
Draw 0.5 ul from vial 3 (FMOC)
Mix 4 ul in air, max speed 6x
Draw 32 ul from vial 5 (Water with cap)
Mix 18 pl in air, max speed 2x
Inject
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UHFig. 3-10). AAl A¥4¥, pHe x7] 5.2404 A% 25 F
d 8FFole 3.84% AUt FAEE pHobw= W= AR =71 0.36%0A4 A7 85
T 1.26%% A S7leke AEs UERAtHFig. 3-11). WX %= AX e} vl=gh A=,
pHe W& 7|zte] ZAaet giao] 27 543 frastalvrt aks dvsiAs 43S Bilomn,

FAEE 27] 0.09%90A4 A @7 0.77% = Aap Z7ebE AES e th(Fig. 3-12).

Table 3-6. Water content(%) in Kimchi Cabbage and Baik Kimchi during fermentation at
47T

storage time (weeks)

0 1 2 3 4 5) 6 7 8

Kimchi 89.95 90.08 89.86 89.39 90.67 90.10 89.44 89.24 90.00
Cabbage £1.05 +0.75 +0.41 +0.78 +0.01 +0.60 +0.21 £0.31 +£0.18

Baik 92.62 92.68 92.57 92.92 92.87 93.77 93.44 93.48 93.70
Kimchi +0.52 £1.52 £0.10 £0.28 £0.14 +£0.01 £0.11 £0.27  =*0.04

w AlAEFE; 94.74+0.57, Al 94.09+0.98
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@D Kimchi Cabbage

@ Baik Kimchi

Fig. 3-9. AA] A%&7|3kel] mp& <]3w gl
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1.50

Salinity (%)
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0.50

0.00

Storage time (weeks)

@D Kimchi Cabbage

Salinity (")

0 I 2 3 4 5 & 7T 8
Storage time (weeks)

@ Baik Kimchi

Fig. 3-10. Changes in salinity of Kimchi Cabbage and Baik Kimchi during fermentation
at 47C.
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Fig. 3-11. Changes in pH and acidity of Kimchi Cabbage during fermentation at 4C.
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Fig. 3-12. Changes in pH and acidity of Baik Kimchi during fermentation at 4C.
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u wjF=e] T SMM 4R 24

AA= Evete] dEAd AFLarFom AAXCR F5 Wi e AZAE F st
t}. s—methylmethionine(SMM)2 A4 QA= YAEH] A2 L #HFx2 o A
7280 i AeA AAR dHA k. U AF F SMM EAAI, A Ax F
57.85+1.75 mg/100 ¢ DWE YEelom, A4 45 F 54.04+0.78 mg/100 g DW= Z4a
shlar, A wrlolE 46.90+0.84 mg/100 g DWE YeRf o] AAG7|7te] A fsho] ule}
SMM &S thh #asts 4E¢S BAtH(Fig. 3-15). WA A F SMM 24437}, A
7zl whel A9 A9k FASE AES Bt WMAA Az F 81.89+13.07 mg/100 g
DWE uetfilon, A477te] Zaste]l wel SMM e fHaste] A% 8F Fol+=
39.05+4.54 mg/100 g DW= Z7]ol Hlal °F 52.3% A3t o w, AwFe
75.73+£2.90 mg/100 g DW, dAujZFE= 71.21+0.97 mg/100 g DW =S B o)

2o A" A w3 FFE, B9 SMM %S EAE A, w3 F53 B9l wet
ZFol7h e Felskgith T w5 (Winter Pride)®] #<l(outward leaf)ellAl 12.70 mg/100
g, 554 BF9] %<l(core leaf)oll Al 18.60 mg/100 go & SMM gaFo] 7Hd =A Yebst

w3l HEulF(Winter Pride)®t 559 w59 young seedling® fully grown stagesol]A] <]
SMM o] HM3ls BAM3 A3} young seedling &9 5% v]F(Winter Pride)™ 2.2~16.2
mg/100 g FW, 55¢ H|F& 6.2-18.8 mg/100 g FWe] =S HGlal, 25TColA WolE A
25k o] 2d A M =2 S BSIth Fully grown stageolAl= oF 371 ko] Ajn) &
Hj=o] H91¥ SMM S 543 Ay, SMM g vl o] #3539 9o wE) Jgs v
th. SMM gHFol] leafy H-%°] mid-rib F-EHt} FZuFold= 2.5-9.08] =k, 559
Hj S A= 1.7-4.38) AT sFmFol = core FatdlAe] SMM &&Fo] 74 =kar, Rt

W 559 HiFo| A += outward leavesol A 7F& =k}

1.

ol
ol
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Fig. 3-13. HPLC-FLD chromatograms of standard solution.

FLD1 A, Ex=340, Em=450 (AA_KIMAA_0614_S4B 2012-06-14 17-11-0011205220000005.0)

SMM 125 ppm

40+

A

Baik Kimchi - Oweek

SMM(6.303 mm)

V I

u._JL §l. 'v«\«_‘rl,LL\_ Ui i f\"j‘uUJ lJ“L,f e N

T T T T
5 10 15 20 25 mit

6,302 - SMM :

Fig 3-14. HPLC-FLD chromatograms of standard solution(125 ppm) and Baik Kimchi —

0 week.
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Fig. 3-15. SMM content in Kimchi Cabbage and Baik Kimchi during fermentation at
47C.
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o WALOl 4l kol whe SMM e Aol B

27159 W7hgel weh of pH 46704 wolgon} nE7E FHzbEe o 639 ¥ pH e B
thoAbEe] A9 x7ldls nFTe A7k F7bl mek 0-0.6%7H4 Fobdom WE 4UVEHE:
Aol S Awe] F7h7b webd Wi F7l0lE Ao A Aot of 0.6%7 Mtk 1%

7
s A9 HEE AAANA F AS AR AAAH HALol Al

Aol A A o] A7) 3bel]
3-73 2tk A% 8F w9k 0.40-0.54 mg/100 go] FAfo] Al
A3} r’=-0.0550.% A#Ao] flE Aow gy},

Table 3-7. Capsaicin(mg/100 g) in Kimchi Cabbage during fermentation at 4C

storage time (weeks)

0 1 2 3 4 5) 6 7 8

Capsaicin 0.48 0.41 0.43 0.51 0.54 0.46 0.46 0.51 0.40
(mg/100 g) *0.02  +0.02 £0.01 £0.02 £0.01 £0.06 £0.04 £0.06 =£0.06

0.8 -
o7
o
B 06
]
=05 -
£
= g
= 03 -
K 02-
0.1 -
{] 4

Storage time (weels)
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Table 3-8. Water content(%) in Dongchimi and Kkakdugi during fermentation at 4C

storage time (weeks)

0 1 2 3 4 5 6 7 8
.. 91.32 91.45 92.41 93.08 93.44 93.54 93.75 93.47 93.59
Dongchimu
+0.12 +0.27 +0.48 +0.51 +0.06 +0.21 +0.20 +0.00 +0.13
. 88.94 89.47 89.30 90.59 90.60 91.23 91.80 91.96 92.02
Kkakdugi

+0.18 +0.12 +0.05 +0.20 +0.08 +0.27 £0.02 £1.68 £0.04

# 2155 93.96+0.28, A9 91.76+0.01
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Fig. 3-17. Changes in salinity of Dongchimi and Kkakdugi during fermentation at 4C.
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Fig. 3-18. Changes in pH and acidity of Dongchimi during fermentation at 4C.
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Fig. 3-19. Changes in pH and acidity of Kkakdugi during fermentation at 4C.
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m e} Z-F7le] g 715 A A AAARE At HlrRAY F8A4S d4H F AS
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SMMsteET} vl s 98l wi3=(Brassica campestris ssp. pekinensis), Y(Raphanus sativus
L.), %ul(Brassica oleracea var. capitata), A7 XA (Brassica juncea L.), 71 ¥ (Brassica
oleracea var. acephala) & 4#}st3} 249 SMM §H&FS A8k Ay= tpS-3 2t SMM
steke H7b 77.8049.37 mg/100 ¢ DW= 7} =9kar, 85 75.73%£2.90 mg/100 ¢ DW,
s 68.10£3.32 mg/100 g DW, AY 66.14£11.58 mg/100 g DW, ZAX}A
28.88+£0.84 mg/100 g DWW =22 Yel%th(Fig. 3-21). Kime] dAF-ollA A4A4A= &
X A EEe daE SMMS A% Aol Ae AlFA7F 45.2 mg/100 ¢ DW= 7H &
s wola, A9 234 mg/100 ¢ DW, A%%-Ao] 19.8 mg/100 g DW, A=A
mg/100 ¢ DW, BE2F%] 18.9 mg/100 g DW, o}xFebA 2 18.7 mg/100 ¢ DW 52
< B3k (Kim 2003b).
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Fig. 3-20. SMM content in Dongchimi and Kkakdugi during fermentation at 4 C.

_50_



FOTE EmNE,

TR TV P ST 1%

o
Kimchi cabbage
75.73+£2.90 mg/100 g DW

. g

77.8049.37 mg/100 g DW

(]
G 0 , Y A |
i -] " = o
T A il Tt (S0 1Py DSBS S Tty R T 1R T TOTA Bl Evmii LN VDT TR
] Radish “] Cabbage

68.10+£3.32 mg/100 g DW

3
oA _I";ﬂl’\«_al'-"n A n - H ol K ht,_/\n
1 o 1 = H 0 ) ) e
VTR B B a o bk o
= Red leaf mustard N Kale
o 28 88+0.84 mg/100 g DW 3 66.14+11 58 mg/100 g DW
“ ] :
i = g
a__}\_ﬂ -\j.-\_!\. M c__k_n \_L"_‘M L.»u
Fig. 3—-21. HPLC-FLD chromatograms of cabbage, red leaf mustard, kale and radish.

- 51



phenol compound,
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Table 3-9. Changes in pH, acidity and salinity of Kimchi Cabbage during fermentation
at 4T

Degree of fermentation

Early (pH 5.0<) Middle (pH 4.2—4.5) Late (<pH 4.0)

pH 5.63%£0.33 4.26x0.17 3.891£0.06
Acidity (%) 0.35£0.04 0.65x0.17 1.19£0.09

Salinity (%) 1.99£0.46 2.00x0.27 2.60£0.09

100.0 -
90.0 -
20.0 1
70.0 -

5833

60.0 4
50.0 1
40.0
30.0
20.0 |
10.0 1
0.0 -

SMM content (mg/100 g DW)

Early (pH5.0<)  Middle (pH4245)  Late (<pH4.0)

Degree of fermentation

Fig. 3-22. SMM content in Kimchi Cabbage during fermentation at 4C.
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]
Adstr] Rk Ao w ddH At

il - 10 M

(negative con)

s SDrat 7 week 25 10 M
(vehicle con)
G3 25 10 M

(positive con)

Gl: non disease
G2 : indomethacin 25mg/kg
G3 : lansoprazole 100mg/kg + indomethacin 25mg/kg

*indomethacin(25mg/kg)S ratoll AT7Fo3F & 7AI7F Fof 5&5S /fEste] x2S

ul

r

(2) A3
e S92 : indomethacin Aol A GENHES 3Helst 4= gl9l o | lansoprazolol] 23]

AREE AL FAT + Atk

0.5% CMC lansoprazole
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2-4. M) AFRZ gl T FEAHF7 3

v g9d deErds ¥Rl o Fildta gdd vdaed Jdserd
X2y 3 3i vt

(1) 74

Gl = 10 M

(negative con)

G2
(vehicle con)

G3

(test article) 0.25
SDrat 7 week
G4 1
(test article)
G5
(test article) 4
G6

(positive con)

: hoh disease

: indomethacin 25mg/kg

: SMM 0.25mg/kg + indomethacin 25mg/kg

: SMM 1lmg/kg + indomethacin 25mg/kg

: SMM 4mg/kg + indomethacin 25mg/kg

: lansoprazole 100mg/kg + indoemethacin 25mg/kg

(2) Time line

10 M
10 M
10 M
10 M
10 M

-treatment volume : 10ml/kg

Indomethacin 25mg/kg
administration [08:00]

Acclim;iezl(ation 1day 2day
Vehicle con 5;:‘;"6
MMSC b
Positive con Iansg.f:;%mle
Fast 15:00 15:00 Sacrifice
(3) WA F=3x (A 1 HFTHEIA)
(4) Fof, FAAGRE (B3 0 HFHIA)
(5) dBE7FA (BH  HFTHILA)
(6) At
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#P < 0,01
ik
% ik n
A5 - Group Test article . Damage area (%)
4- G1 . 0.0
axd | 1 ] ] ]| s s
3 - G2 - 3.01+0.90
P e D
) G3 MMSC low 1.09 + 0.56
15 - G4 MMSC middle 1.09+0.28
14 " B om0 I e s
05 - - i G5 MMSC high 0.50 £ 0.17
y . M OB b b
Gl G2 G3 G4 G5 G6 G6 lansoprazole 0.0
e _\(‘ & o " e
& & e & &8 &5
< bo@e bo@z&bc bo@"b@ boé;‘&c b°&a,°¢
¢ & x@ & @“‘ © x\g\ ¢ x\,,;:\
X
mape] AT A Fw ANbH R wol AREShs SPSS w4 RIS ARt
Aelstedet. Ad B2 AL E B/ i $RAYe) S FES NG ue
olelgol gloms, mMEEy 44 WS A
Kruskal-Wallis test
HE SA=b
SCORE
= Kruskal-Wallis test Z 1}
7HolFE S P-value < 0.05 0|22 6 Z & M0{% 0L 5 27
iR 5 score Of Xt0|7} QICtTD T 4= QIC}
ZAL RolSHE -000

Gastric damage area

*P < 0.05

a. Kruskal Wallis 74
b. zjcte 4. GROUP

Rank(z=%|H4)E 0|23t Post-hoc test
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G Ha
Rank of SCORE

Tukey HSD
WEROUT (y)eroup | m@xt1) BZon SojaE a}gs;f'ﬂ;i;ﬂ
2 -38.750000 3.841850 000 -50.10067 [ -27.39933
3 -26.400000 3.841850 ,000 -37.75067 | -15.04933
1 4 -31.400000 3.841850 000 -42.75067 | -20.04933
5 -23.450000 3.841850 000 -34.80067 [ -12.00933
6 ,000000 3.341850 1000 |-11.35067 | 11.35067
1 38.750000 3.841850 ,000 27.39933 | 50.10067
3 12.350000° 3.841850 025 99933 | 23.70067
2 4 7350000 3.341850 406 -4,00067 | 18.70067
5 15.300000 3.841850 ,003 3.94933 | 26.65067
A A "} 6 38‘750000: 3.841850 000 27.39933 | 50.10067
1 26.400000 3.841850 000 15.04933 | 37.75067
Group 22} Group 1, Group 3, Group 4, 2 -12.350000 3.841850 025 -23.70067 | -.99933
Group 5, Group 6 7t2| score0f| A F2|d 3 4 -5.000000 3.841850 783 -16.35067 | 6.35067
ol= X}o|E HHC| 5 2950000 3.841850 972 -8.40067 | 1430067
6 26.400000 3.841850 ,000 15.04933 | 37.75067
1 31.400000 3.841850 000 20.04933 | 42.75067
2 -7.350000 3.841850 406 -18.70067 | 4.00067
4 3 5.000000 3.841850 783 -6.35067 | 16.35067
5 7.950000 3.841850 319 -3.40067 | 19.30067
6 31.400000° 3.841850 000 20.04933 | 4275067
1 23.450000 3.841850 000 12.09933 | 34.80067
2 -15.300000 3.841850 003 -26.65067 | -3.94933
5 3 -2.950000 3.841850 972 -14.30067 | 8.40067
4 -7.950000 3.841850 319 -19.30067 | 3.40067
6 23.450000 3.841850 ,000 12.09933 | 34.80067
1 .000000 3.841850 1000 |-11.35067 | 11.35067
2 -38,750000 3.841850 ,000 -50.10067 | -27.39933
6 3 -26.400000 3.841850 ,000 -37.75067 | -15.04933
4 -31.400000 3.841850 000 -42.75067 | -20.04933
5 -23.450000 3.841850 000 -34.80067 [ -12.09933

LET A 0.05 FEOM FLAPLICHL

A

H&E stainings &8 =AY 4 @ 443 9 &4 #2 25 (G2)elA 9 Hox=4

o] Bo] &4d Ae & & 4 US| negative control (G1)Lw3 Hluste] ¢ &

A e Te IhFor A EAo] We AL Feld 4= S MSC Fol (G3, G4,
]

wollM = T8 == AS &A= 3dlew, I 5 high dose Fo (G5) 1w
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MMSC lansoprazole

EA el gd=2x¢l INOSE &eldt7] 9&] immunohistochemistry® AAl @ SA A3 ¢
=4 9 (G2) 279 A negative control (G1) ZZFXHTh i-NOSe| Wdo] F7hele A=
18+, MMSC low, middle dose ¥4 (G3, G4)I152> ¢ &4 ¢ (G2)2FRY =4
o] Tha #rAsdhe FS HAANH, high dose Fof (G5)LHolAE i-NOSe| & o] ot
& asks Ale gl

MMSC lansoprazole
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indomethacin®] &%, AZHE =4S @lslr] 98 0, 1, 2, 4, 8, 16, 24 A+ 0,

bteh.

Oft

0.25, 0.5, 1, 2 mM 5= W] cell viabilityE =4

in vitroolA SMMe] &3} &218 93] cell viabilityES =% : MMSC 3uME treatdt &
30+ ol indomethacin 1 mM = treatd}e] cell viabilitys SHs¥ o™, 0, 1, 2, 4,
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e in vitroolA SMMe] &3} <18 93] TUNEL stainingeS 2 A| : Nomal, indomethacin 1mM,
indomethacin 1mM + MMSC 3uM, 37} ZF o= 7o 233 Z3} normal o)A apoptosis
7} Folwx] ¢kgko | indomethacin ImM L&A= 2O 2 staining¥d apoptosis O]
wo AL 013595 . Indomethacin ImM + MMSC 3uM L& indomethacin 1 mM3I} H]xl3F
A Ao 7 stainingd F-Eo] A or Fo|E AS 253t}

g & * i wEe o P ¢

® ..f,r o N '-39.:‘ Ogs T8 L8

50 jam,

2-5. $AAX wiF & 7o) PR3 add i FadErt 73
v g f9seRdE Wl o Add ngney ddsErde 298 A

FHZ e F FH Ya Helor WEste] FoldAd7A] deep freezerol HyS3ATE.

v 2AAZ ABEE A (60kg) dAAHHEES 7]F5] rat 1vFglE (200g) FoJHo = Al
3 Fo @ g o A 9 6HlE ERS A
Fa EZAZ S0§2F (1x) myg / 2009 rat SZEUZ F0{E (6x) myg / 2009 rat
L B 18 108
R B 25 150
Chs 16 L
SA0| 24 144
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(1) 74

| Growp | Animas | Sz A= Soigmokg | Number | sex |
Gl

{Negative con) = 10 M
(vehifli con) - 10 M
e >40 the M
(“—:"(ié‘llxl) SD rat 7 week 750 10 M
a2 450 10 v
(%i(lsﬂl) 720 10 M
(Posit(i;\l con) - 10 M
G1: non disease -treatment volume : 10ml/kg

G2 : indomethacin 25mg/kg

G3 : MH|E A2 + indomethacin 25mg/kg

G4 : B ZIX| A|E + indomethacin 25mg/kg

G5: M2 A2 + indomethacin 25mg/kg

G6: TX|O0] A|Z + indomethacin 25mg/kg

G7 : lansoprazole 100mg/kg + indomethacin 25mg/kg

(2) Time line

Indomethacin 25mg/kg
administration [08:00]

Acclimatization
1week 1day 2day
Vehicle con ;:gb
Positive con Iansc?}li;a()zole
fast 15:00 15:00 Sacrifice
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(3) 7WAME =53

Group Ear tag Start weightigl DOE TODAY Day
a01 111 2012-10-01 2012-11-13 =
a2 1885 2012-10-01 2012-11-19 £
AE] 1583 2012-10-01 2012-11-13 3
a0 1532 2012-10-01 2012-11-13 3
Gl s 1507 A012-10-01 A12-11-19
606 1587 2012-10-01 2012-11-13
&07 1827 2012-10-01 2012-11-19 <
f08 162 5 AM12-10-01 A012-11-19 &3
a9 1672 2012-10-01 2012-11-13 3
G616 722 2012-10-01 2012-11-13 3
f11 1574 2A12-10-01 2012-11-15 <
a12 167 2012-10-01 2012-11-13 3
&13 1606 2012-10-01 2012-11-13 3
fld 1518 2A012-10-01 2012-11-19
G2 &15 1832 2012-10-01 2012-11-13
£10 1532 2012-10-01 2012-11-13 =
a17 1852 2012-10-01 2012-11-15 a3
HE] 1825 2012-10-01 2012-11-13 3
&19 13 2012-10-01 2012-11-13 oty
a0 1794 2A012-10-01 2012-11-19 <
21 1817 2012-10-01 2012-11-13 3
22 1855 2012-10-01 2012-11-13 3
a3 Fi2 A012-10-01 2012-11-15 a3
a2 1554 2012-10-01 2012-11-13
G3 &25 1853 2012-10-01 2012-11-19
el 1623 2A012-10-01 2012-11-19 <
&7 1862 2012-10-01 2012-11-13 3
A28 1828 2012-10-01 2012-11-13
] 154 2 AM12-10-01 2012-11-15 &
630 1579 2012-10-01 2012-11-19 3
a31 1529 2012-10-01 2012-11-19 3
B2 178 5 2A012-10-01 2012-11-15
A33 155 2012-10-01 2012-11-13
&34 1673 2012-10-01 2012-11-13 &
a4 f35 1605 2A12-10-01 2012-11-19 &3
A36 1657 2012-10-01 2012-11-13 3
&37 1828 2012-10-01 2012-11-13 3 Ll
f53 1514 2A012-10-01 2012-11-15 3 Ll
a39 1582 2012-10-01 2012-11-13 3 Ll
&40 1586 2012-10-01 2012-11-13 3 Ll
Bl 1543 AM2-10-01 2A012-11-19 &3 Ll
542 1851 2012-10-01 2012-11-13 oty Ll
543 1848 2012-10-01 2012-11-13 3 Ll
fad 1805 AM12-10401 2012-11-15 a3 Ll
G5 &45 1627 2012-10-01 2012-11-13 3 Ll
] 1675 2012-10-01 2012-11-13 3 Ll
&7 1853 AM12-10-01 2012-11-15 3 Ll
&45 1585 2012-10-01 2012-11-19 3 Ll
1576 2012-10-01 2012-11-13 3 Ll
1655 2A12-10401 2012-11-15 a3 Ll
1505 2012-10-01 2012-11-13 3 Ll
1681 2012-10-01 2012-11-19 43 Ll
1742 2A012-10-01 2012-11-15 a3 Ll
1578 2012-10-01 2012-11-13 3 Ll
1851 2012-10-01 2012-11-13 oty Ll
6 1677 2012-10-01 2012-11-15 3 Ll
1543 2012-10-01 2012-11-19 23 kA
1802 2012-10-01 2012-11-13 3 Ll
& 1514 AM2-10-01 2012-11-15 43 Ll
&50 1571 2012-10-01 2012-11-13 3 Ll
&41 1737 2012-10-01 2012-11-13 3 Ll
62 158 2 2A012-10-01 2012-11-15 a3 M
653 1832 2012-10-01 2012-11-13 3 Ll
&54 1808 2012-10-01 2012-11-13 3 L]
a7 BEE 1808 2012-10-01 2012-11-19 &3 Ll
656 1826 2012-10-01 2012-11-13 3 LY
657 1822 2012-10-01 2012-11-13 3 Ll
&68 159 2m2-10-401 2012-11-19 &3 Ll
659 1582 2012-10-01 2012-11-13 LY
670 1603 2012-10-01 2012-11-13 < Ll
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Autopsy start

1512
1515
1539
1545

1557

1515
1630
1633
1536
15T
1700
1703
1705
1709
1712
1715
1721
1724
1727
1730
1722
1735
1739
1742
1745
1TAE
1751
17
AT5T
1518

indomethacin treat

1x1z
1X15
1X1s
1351
15T
1102
1112
1115
1118
1171
11:s
1135
1145
1151
11
1212
1215
1218

#Hz:a) 2 & lansoprazole treat

o)
B
E5T
1z
15
k]

Eartag

Group

33
e
5T
112
1X15
plae
1XET
1100
1102
1105
1108
111z
1115
1112
1124
1127
1130
1133
1133
1145
1145
1151
1152
1157
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{olrarsathon - mutrithe conditlon, pivysigus. sotion, shool, bodysurtsoe)

Birth CRybamthan wal_tag 11-14 11-15 11-15 11-17 11-18 11-12 11-20
DI12-10-01 DO1z2-11-14 Sl 000 [ uE] [eja un] 00D D00 D00 FAST
2012-10-01 | A012-11-14 502 GO0 00D G000 G000 SO0 G000 FAST
A1 2-10-01 D01z2-11-14 S03 00 [en uE] 0D 0D 000 G000 FAST
2012-10-01 | 3N12-11-14 S04 GO0 GDOD G000 G000 D00 SDOD FAST
2012-10-01 | 3N12-11-14 SOE GO0 [l G000 [ala] D00 [T ] FAST
2012-10-01 | 2012-11-14 05 D00 00D 00D 00D D00 [ FAST
2012-10-01 | A012-11-14 507 [cia ] S00OD GOOD [ aln] [ aj] D00 FAST
2012-10-01 | AN12-11-14 SOE GO0 SDOD 00D G000 SDOD G000 FAST
D1 2-10-01 2012-11-14 (=5 000 0D 0D [ea uE] 000 FO00 FAST
2012-10-01 | A012-11-14 515 GO0 G000 G000 SDOD SO0 G000 FAST
D1 2-10-a1 201z2-11-14 511 000D OO0 [ein un] [eia ulE] 000 D00 FAST
2012-10-01 | A012-11-14 512 G000 G000 [ ain] [ ajn] GOO0 G000 FAST
2012-10-01 | 3012-11-14 512 D00 00D 00D 00D D00 D00 FAST
2012-10-01 | 3012-11-14 514 D00 OO0 [ ain] OO0 OO0 [ e ] FAST
2012-10-01 | AN12-11-14 515 SO0 G000 GDOD SD0D SO0 SD0D FAST
AO12-10-01 DO1z2-11-14 51d D00 0D [ea uin] 00D 000 D00 FAST
2012-10-01 | 3N12-11-14 517 GO0 G000 SO0D 00D GO0 S0O00 FAST
2012-10-01 | 2012-11-14 515 GO0 00D GO0D GDOD GO0 OO0 FAST
2012-10-01 | A012-11-14 519 [ ajn] G000 G000 00D D00 000 FAST
2012-10-01 | A012-11-14 &30 [ ] [Tl G000 [T [l ] [T a] FAST

[ 20z-10-01 | 2012-13-14 521 D00 D00 00D 00D D00 [ FAST
2012-10-01 | 3012-11-14 522 OO0 OO0 [ nin] [ aju] SDO0 [ ] FAST
2012-10-01 | A012-11-14 S22 GDOD 00D G000 G000 GO0 G000 FAST
A1 2-10-01 D01z2-11-14 ] 00 [en uE] 0D 0D 000 G000 FAST
2012-10-01 | 3012-11-14 525 GO0 GDOD G000 G000 D00 [ ] FAET
2012-10-01 | 3012-11-14 525 GO0 GOOD OO0 G000 GDOD D00 FAST
2012-10-01 | A012-11-14 52T [ )] G000 G000 G000 [ ajn] 000 FAST
2012-10-01 | A012-11-14 G525 D00 00D 00D 00D D00 000 FAST
D1 2-10-01 DO1z2-11-14 523 000 [ein uE] 0D 0D 000 D00 FAST
2012-10-01 | 3N12-11-14 530 SO0 G000 [ nin) G000 D00 OO0 FAST
D1 2-10-01 DO1z2-11-14 631 D00 00D OO0 [eia uE] D00 000D FAST
2012-10-01 | A012-11-14 532 SO0 G000 G000 00D GO0 G000 FAET
2012-10-01 | 2012-11-14 533 GO0 GDOD G000 G000 D00 D00 FAST
J012-10-01 | A012-11-14 534 SOO0 G000 [ njn] G000 SO0 [ ] FAST
2012-10-01 | A012-11-14 [EH] [ial] [l [Tl [l [ ] [ o] FAST
2012-10-01 | A012-11-14 525 SO0 SDOD GDOD G000 SO0 [caa] FAST
A1 2-10-01 DO1z2-11-14 s37 D00 0D [ea un] 00D D00 000D FAST
2012-10-01 | 3012-11-14 552 GO0 G000 SDOD G000 GO0 S000 FAST
DO12-10-01 DO1z2-11-14 [t D00 0D 0D OO0 000 [ein ae] FAST
2012-10-01 | A012-11-14 540 D00 G000 G000 F00D D00 000 FAST
2012-10-01 | A012-11-14 551 D00 00D 00D 00D D00 D00 FAST
2012-10-01 | 3012-11-14 542 [ ] [ ajn] [ ajn] D00 OO0 D00 FAST
2012-10-01 | 3012-11-14 542 SO0 G000 G000 G000 SO0 G000 FAST
D12-10-01 A01z2-11-14 Sl 000 [ein uE] 0D 0D 000 D00 FAST
2012-10-01 | A012-11-14 545 GO0 G000 00D G000 SO0 G000 FAST
2012-10-01 | 3012-11-14 545 GO0 G000 OO0 G000 GDOD G000 FAST
2012-10-01 | A012-11-14 54T D00 G000 E00D G000 [ aj] G000 FAST
2012-10-01 | A012-11-14 545 D00 00D 00D 00D D00 D00 FAST
2012-10-01 | 3012-11-14 ] OO0 D00 [ ain] [ ajn] [ ] S000 FAST
2012-10-01 | 3012-11-14 SE0 GO0 SOOD SDOD 00D GDOD S000 FAST
2012-10-01 | A012-11-14 SE1 GO0 SOOD [t [ala] GDOD [ca] FAST
D1 2-10-01 DO1z2-11-14 552 D00 00D OO0 [ein uE] D00 OO0 FAST
2012-10-01 | A012-11-14 52E SO0 G000 G000 00D GO0 G000 FAET
2012-10-01 | 2012-11-14 SE4 GO0 GDOD G000 G000 D00 D00 FAST
J012-10-01 | A012-11-14 S55 SOO0 SO0D [ nin] SO0D SO0 OO0 FAST
2012-10-01 | A012-11-14 SE5 D00 00D 00D G000 D00 D00 FAST
2012-10-01 | 3012-11-14 55T OO0 D00 SO0D [ciaain] OO0 000 FAST
2012-10-01 | 3N12-11-14 SEE GO0 GDOD SOOD G000 D00 SO0 FAET
D1 2-10-01 DO1z2-11-14 a5a 000 [ein uE] [eja un] 00D D00 D00 FAST
2012-10-01 | AN12-11-14 S50 GO0 00D G000 GOOD SO0 G000 FAST
2012-10-01 | 2012-11-14 541 GO0 GDOD G000 OO0 GO0 G000 FAST
2012-10-01 | A012-11-14 552 G000 G000 S00D G000 OO0 GOO0 FAST
2012-10-01 | A012-11-14 553 D00 00D 00D 00D D00 D00 FAST
D1 2-10-01 D01z2-11-14 554 D00 00D 00D 0D 000 000D FAST
2012-10-01 | A012-11-14 555 SO0 G000 G000 G000 GO0 G000 FAST
2012-10-01 | A012-11-14 555 GO0 [l 00D [Tl [ ] SOO0 FAET
21 2-10-01 DO12-11-14 e57 000 0D 0D [ea uE] 000 OO0 FAST
2012-10-01 | 3012-11-14 GEE GO0 G000 G000 G000 [ ] G000 FAST
2012-10-01 | A012-11-14 (=] D00 00D 00D 00D D00 D00 FAST
2012-10-01 | 3012-11-14 510 OO0 SDOD [ ain] [ ajn] [ ] 000 FAST
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ST 5 =] Ao} iz =l = H 3T o S
e SAA A eAs I o R ol Abg sk SPSS A ZRIMS ARGt
y =)ol o & B A= (e} = 5 o] E =H 3 2~ 3 o)
AR, A Aol ASHE BA WHe SRAYY B SRS N Fu

o o 2= o =] O
ool omw, HESFH ZHA WHS ARSI
Kruskal-Wallis test
2™ EHZE b
SCORE |
7HOI M| & 51.569 Kruskal-Wallis test Z 1}
P-value < 0.05 0|22 7 ¢ & MOz O & #7F
A= B score 0] X}0|7} glctn & 4 olch
At golstE ooo| |
a. Kruskal Wallis 747 G
b. Fetey 4 GROUP
Rank(x=2|H4)E 0|23l Post-hoc test
Gastric damage area
**P < 0.01
%
3 & K
2.7 Group Test article Damage area (%)
2.4 - G1 - 0.0
S e ety RTINS
G2 - 2.09+ 0.52
2 B | e (1 N e e T
15 4 G3 PUTES 0.99+ 0.26
1.2 - I G4 x| 043,042
0.9 - e
o | . G5 we 0.27: 0.07
0.3 - T i G6 Ex|0| 0.41+ 0.13
i B R
61 G2 G2 Ga G5 G5 G7 G7 lansoprazole 0.0
N & & & & & & T
&'b 2 e & 4 g ,((b A
3 & S &“&9‘\ Sx & &L
o S St oL % o R
A& & % A& x & & % \°\,°¢
x
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AlE HE 2

Group 22} Group 1, Group 4, Group 5,
Group 6, Group 7 7t2| score®f|A] S2|4
e Ato|& 2Lt

H&E stainingS =3k %% sH4
o wol &4 AL ol @

_69_

T}z T
Rank of SCORE
Tukey HSD
= % » 95% HlE[7H
(D GROUP  (J) GROUP D) EFOR FogE e, e
2 ~28.700000, 7730899 000 63.10723 | -34.29077
3 ~39.900000" 4,730499 000 -54.30723 | -25.49277
: 1 ~30.650000" 4,730499 000 -15.05723 | -16.24277
5 ~26.600000, 4,730499 000 -41.00723 | -12.19277
6 ~29.150000 4730499 000 4355723 | -14.74217
7 000000 4.730499 1.000 -14.40723 14.40723
1 48.700000 4.730499 .000 3429277 63.10723
3 3.800000 7730499 514 5.607723 23.20123
, 7 18.050000 7730499 7000 3.64277 45123
5 22.100000 7730499 “000 760277 36,5023
6 19550000 7. 730499 007 514277 33.05773
7 5. 700000 7730499 000 3429077 63.107123
i 39,900000 7730499 7000 75.49077 51.30723
2 -5.500000 4730499 514 -3.20723 5.60723
4 1 9.250000 4730499 453 -5.15723 23.65723
5 13.300000 4730499 089 -1.10723 27.70723
6 10.750000 4730499 274 -3.65723 25.15723
7 39.900000 4730499 000 2549277 5430723
1 30.650000 7730899 000 16.20277 15.06723
2 -18.050000 4,730499 006 -32.45723 -3.64277
. 3 -9.250000 4.730499 453 -23.65723 516723
5 4050000 4,730499 978 -10.35723 18.45723
6 1500000, 4730499 1.000 -12.90723 15.90723
7 30.650000 4.730499 .000 16.24277 45.05723
1 26.600000 4.730499 .000 12.19277 41.00723
2 ~22.100000 4730499 000 -36.50723 -7.69277
i 3 ~13.300000 4730499 089 9770723 1.10723
1 -4.050000 4730499 978 -18.45723 10.35723
6 ~2.550000 4730499 998 -16.95723 11.85723
7 26.600000 4730499 000 12.19277 41.00723
[ 29.750000 7730899 000 1878277 13.55723
2 ~19,550000 4730499 1002 -33.95723 -5.14977
. 3 -10.750000 4.730499 274 -95.15723 3.65723
1 ~1.500000 4,730499 1.000 -15.90723 12.90723
5 2550000, 4,730499 .998 -11.85723 16.95723
7 29,150000 4730499 000 14.74277 43.55723
1 000000 _ 1.730499 1.000 1840723 12.40723
2 ~48.700000 4,730499 000 -63.10723 | -34.20077
= 3 ~39.900000" 4,730499 000 -54.30723 | -25.49277
1 ~30.650000, 4,730499 000 -15.05723 | -16.24277
5 —26.600000 4.730499 .000 -41.00723 -12.19277
6 —29.150000 4.730499 .000 -43.55723 -14.74277
~mars 005 S Zo RelL
=] =] gL o] 2~ oy = o T
A EAAT 9 & 7 OF (G2)olA A A9
P . = =] o] A~
T e, negative control (G1)Zi33} Hlusle] 9 &=
A u- o S 3Flolsk olo] O = E
é “1‘:001 5w 7)4\3 Q’Je T OAMH= - K(EHHT TCﬂ (G3)1
A= S 3Flolsl Z= olol o ul 7] = 1= = E
= s ST o dflem, wWMAR, AR, X" Fo
o) = S 3Flolslad
F A E 2SS g
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3] immunohistochemistry
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o] ol &= iNOS2

= E
T T
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3. Biokinetics model system Z€2 3 vl3 2 FH# FEHFEY AA|L&E HU}

3-1. AA 28 A 282 &3 s-methylmethionine(SMM) standard®] Digestive stability 37}
s—methylmethionine(SMM) standard®] Digestive stabilityS &olH 7] 93] AA) Zu; A]~=
of A-g3le] H7FsFsIth (Fig. 3-23). Fasted ¢ Fed conditionol 4] A& 3 SMM standard<]
Digestive stability® 2+ 0.68%, 0.65% = A2 f9# el x}o]& Ho|x = ottt o]+ oy
g AT W(Fed)et 184 &S w(Fasted) A= Ape]7}t gle 2oz HLAT

HPLC A zvtE 234 SMM digestion & 3 5 9] peakE B digestion F-° SMM peak
AFZo T FA7F Rl A e E4do] A= HAH o= 43t F 4F Astaa, pH 1

9] AN So7 olg SMMeo| T EAE EaE A W= Aoz weld (Fig. 3-24).

i

Fasted Fed

Fig. 3-23. Fasted, Fed Z7o] w2 SMM standard® digestive
stability.
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......... After digesta of SMM
w2 = Before digesta of SMM

Fig. 3-24. SMM STD®] In vitro digestion A3} = HPLC chromatogram.
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3-2. AA 2it A" 53 FAAZ W39 s-methylmethionine (SMM)2] recovery 37}

18
16 3
¥

= 14 -
é 12
&£ 10 L
5
o 8
=
2 6
& 4

2

0

Salivary phase  Gastric phase  Intestinal phase
Fasted condition

Fig. 3-25. Fasted condition®l| 4] 27 % w|52] recovery 37}

Az wFe AEAR] in viro BAEYALTE HEsto] 9f, 9, &2 &30l

SMM®| St S H7kekglth. 9 28+ SMMY recoverys YERH A olth

TO0.00
0000
S00.00
400,00
200,00
200,00
100,00

Area(LU*s)

D.m 1 T+ r T
2.0 3.0 4.0 5.0 6.0 7.0
prH

Fig. 3-26. pH W&lo] W= 100 ppm %2 SMM A& AL,

salivary phase°ll 4] 8.83% 2] SMMe] 8Z4% %3 Gastric phaseolA 14.71%= <7} A}
Wb o] intestinal phaseolA & 10.88%= SMMo| thA] Zo]E It} o]+= Salivary phase©l] A
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Wl =0 Ba7F & dojulx] ¢rol SMMeo| HA £&F
pH 6.9¢14 A3 omz SMMe] el A 4+
ol YoM T2
i, pH 2.09] 2oz A8 a3l7]d
Zo] ol o] 9%
2913 kgl )& SMMeo| ¥ E 5

ool % 2

’

gl

j T
Eg;]\t

intestinal phase°l A== SMMo©|
AN 5 o] A A
o4 pH 2% wWiET SMMe] @A HEH= dFoz <l
H3l} (Fig. 3-26).

-

3-3. Caco-2 cell& ©o]&3 SMMY intestinal transport 37}
oF Alzte] whE SMMe| HMXE F dolr 7] fsf 37T, 47
Sk} (Fig. 3-27). 37C, 4TZZ|A A o]
2ol & Holx| gkokr), Hak Ao EAStE &
Z30l A ol 7} gl

. AZbel wh2 SMMe| Al

51 ool ¢&H

o
Bk

Ay
-

Ea

AL
—a-

A= Hol SMM2 Al

7(4
85

Ay
a-

£

= Zlo=

"-J
G

C‘\-
G

'.l"'
ﬂ

.h
ﬂ

#4°C
m37C

l...:
E

PF‘M{mgfl:l
EE

f_“.}

15 30

time(min)

45

KO wt
T -

Fig. 3-27. W% &=} AJzko] w2 SMMe] AE %4%.
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Savrage)

oft
ok
-
2
r
£
PL
rir

SGLT13} glucose transporter proteing A 33s}+=
phloridzin, 9% 7|28 933stE p-glycoprotein® A Al verapamilE ZHzF # &gk
Caco-2 trans-port AHo=2 LM E g SMMO FEIHES ol Aot} (Fig.
3-28). basal w/o inhibitor(t}
38.8%% M= oAl o]z}

2 PoE)

) ¥} phloridzin, verapamil A&+ Z+ZF 39.7%, 39.9%,
EfL}A] Eokth. SMMe] d<-% 7

E S

x
rlo
o
U
2
)
)
&2
rlr
PR
o

50
45 |
40 -+
5 -
= 30 -+
25 -
20 -
15 <
10 +

PPRM(mg/

L]

=

basal w/o inhibitor basal with phloridzin -~ basal with verapamil

Fig. 3-28. Caco-2 AlXWlA Stz A&7} SMM 7} SMM
o] ol mA &= 9
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S ¥ Bz 3 o2, gutEel mANM2|HES AN ot ZOiS5H 4~5uml
ZAHEHES NEot = dErd ol HAEMH Ol Hematoxylink & Eosin FAH(H&E stain)g & A
5t gEo A |G AA(BBMES HE SOM=EL FxOY 2 ZEHE|SHH
ol Hah)S EHESHIAC

44 2| =Zl0A{Q] i-NOS =H

H&E stainingg &A|5t0] F52| Aoty 2 A(BSM=ZL TR, JOMzZe| FLxmty|
59 zEde[atdel  #Hghg  #AEet = ZF OEYE  slideE MESHY
Immunohistochemistry (IHO)Z 4 = Deparaffin, Target retrival, Staining,
Dehydration, Slide mounting =92 Tl or, ZMOZ Staining=l E2& =0lsty
FSLQIXLRl i-NOSE ZFSIRALE

45 Cell viability =%

OIM g2 ™Y M=EQl AGS cellg 0|2310] cell viabilityEs =73}IQICE Indomethacin
ImME 0, 1, 2, 4, 8 16, 24 A|Zt ¢ treatst | cell0] 2= damageE A|ZICHEZE =Xl
o, indomethacin IMmE treats}”?| 3082 MO MMSC 3uME treatdt & 2A|7F 2o
cell9| viabilityE =7}t SICt

4.6 TUNEL stainingS £t apoptosis =9l

AGS cellg 0|83}0f TUNEL stainingg AA|SFRICE Chamber slided| cellS HiYst =
nomal, indomethacin 1mM, indomethacin 1mM + MMSC 3uMZ J1&& L= ¥ treat 2
AlZE 20| gMZ MAISESLCE TUNEL staining2 ApopTag® Peroxidase In Situ Apoptosis
Detection Kit (MILLIPORE)Z AtE3}Qon, ZAOZ Staining=l 22 =01510 apoptosis
£ =I5t

51 Ak S QliAb=AF ZHEF (Tablel, Appendix2)
20| CHot F£0f U Al SEAIZIA] AL £ HAMZRMOIE 3 A4S HS o
2 A

Ao 2t EE0 YT YO EEIX| FUCL

de B T 24 A, ®IE HEStY fY ttHE #F5H indomethacinf| oot 9| &4
A APEE ¢ & Bz 2ItE |22 HQISIRCL HEES| f & FYUIE (G2
OlM= 20 Mor Har&Ear o 20| S OfLEL ¢ THO =9 U 2
AE|QUCE |Ot% A0 E E [, MMSC low, middls dose 50 (G3, G4)1E2 9 &4
T2 T (G2)0f HlsH HH £L{7F AT HAdts A 2SI, high dose £ (G5
Jd80Me da2 Mo HH 227t O Zdass 2o & = UARUCE d52 Mol ¢
ot &AM H2|E Microscope Software AxioVision LE & A3l %= LIEtHH = H| WSt
= ZA3L, MMSC low, middle dose £0] (G3, G4)AE2 G20 H|s {o|&Ql ZLAZIE AU
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mjo

QLOLt (*P<0.05 VS G2), high dose £0f (G5)1E0| H|s) |o/MQl ZArzmI}t M 2
(*P<0.01 VS G2)2 BtQIeH 4 ULt

5.3 H&E staining 2 S%t Heo|st™ A (Figure2. A)
|

MY B2 3 9| N2 YHH =X Mzl WS AN DHSD TEHE Zopste) XE H
M2 MES T HEE FMS MASIYUCHL IEYISN AME 2 0, 9 &4 9% 1F
(G2UIM $| HYEHO| Bo| A4 WS el B 4 YA, Negative control (G1)1E
I HlEsel 9 &4 Y T2 IaHo= SEM M0 e HS HUY & AL
MMSC £0{ (G3, G4, G5)IE0IME S40| SHels X2 AT 4 Yo, 1 5
high dose £0f (G5)182 Z40| 7} SMElE 22 Holstc

[,

4 8 Z=ZlojA{e] i-NOS =7 (Figure2. B)

A EF F Q MO ZEAM S0t 2AHE =3 marker@l TNF-a, i-NOSQ| &2a s
immunohistochemistry Ht#Hoz =NSIQCt CHHHSZE 9 A L8 (G2)OAEH A
negative control (Gl) & &Lt TNF-a, i-NOSQ| &510| F716l= AHE =QIsHRACE. MMSC

=
b

F|['

low, middle dose &0 (G3, G4)1E2 ¢ &4 {82 (G2)AEECH &30| CtA ZUASHE
des ERX|T high dose £ (G5)AEO0|AM= TNF-a, i-NOSQ| &oi 0| ChEf ZAst=
A =ISHACE DX A Yelz2 ZMo = staining®El TNF-a, i-NOS2| HoHEQ|E H]
st 2 Zif MMSC B¢ & & G5 G4, G39| =22 TNF-a, i-NOSQ| &0 E20{E
L AE FOlSLY,

5.5 Cell viability =% (Figure3. A-B)

AGS cello MMSC 3uME treatet & 302 HO| indomethacin 1mM & treatstd] cell
V|ab|I|ty§ Z=MSIQUCE 0, 1, 2, 4, 8 16, 24 A|Zto| ZtAES =1 aAbkkst ZAqf 24|70 Aot
ot 29| cell viabilityZ} 7% HE =0IBSLCY.

=

O
rlo

5.6 TUNEL staining2 E¢t apoptosis 221 (Figure3. C)

AGS cellg M viabilityE &8st Z0tE ELCHE AGS cellgj A TUNEL stainingS TIsHSHSILCE
Nomal, indomethacin 1mM, indomethacin 1mM + MMSC 3uM, 37 1892 L}5+0{ Al
st A1t normal 0| A= apoptosis7t ZOIE|X| AUSH, indomethacin ImM A E A=
ZMo Z staining=l apoptosis ¥0| B2 AZ =I5t Indomethacin ImM + MMSC
3uM &2 indomethacin 1mM 2t H|uWot Zut ZMO Z stainingEl £&£0| ACHECZ

0= AS =olstAct
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2 22 ¢ &Y f: ZE0oM MMSCe| # &4 ol 2ItE HX} HAISHIUCE Al
=2 negative control (Gl), vehicle control (G2), MMSC low dose E0 = (G3), MMSC
middle dose £ & (G4), MMSC high dose £0{ = (G5), positive control (G6) & 672
2, = T SD rat 10 O2/4 34510 MHdHZ THSIALCE ¢ &4 indomethacin
25mg/kgE THel AT Soisto =M SUEINUCE
~ g FEI1E G2) oAM= <o 843

o = 9 THO HEY FHUEHO0| BHERACEL O Hite CHE ==0M
A 7

o immunohistochemistry2 =Xt Z 1},
MMSC high dose 0] (G5) AEWHA ¢ &4 & & (G2) ECt TNF-al} i-NOSQ| &dd

242 9 250 B, 9
sict.
2 MY 21, |9 A0IME MMSC £0f (G3, G4, G5) 189 9 MY &40 9| a4
QY (G2) 1EI} HIISIYS I ZAsts HS HAUGYSD, 1 F MMSC high dose £
of (GS)DEO| M £M0| I 0| ABEE HS SIS
-NOs©| =
|

Cell viabilitye| A2 2A|Zt0| Ast = MMSCE EQBt AGS cell9| viability7t 7t& =
AE 2ISIRACt 2A|7F 0|2 0|l= indomethacin®| & Z cell viability7} ZASt=s A2
HYom 8A|7Zt0] Aiutst 2 cell viabilityZ7t indomethacinBt treat$t 1-&92| viability2t
H=SHAH oKX= ZHE Qs oml, TUNEL stainingdA{= indomethacin 1mM  +
MMSC 3uM 1&0| indomethacin 1ImM HLC} ZAO Z staining®l 2 &20| Ao Z =0

= AS =HSHIUCE

[o rlo

= A|E Z, indomethacinO 2 QEE | HUAMO| MMSCO| SIHTMZEY L AF0
AWESe| AREIE YR UMY YBS O/XIE HS oIS
HIIHOE, MMSCE indomethacin®® SES 9| W2y SERUNMC 9 HU2 LS
HSHOEM BF HE Y 2 9 XS E CHE JI5Y YR o mAH FHo Y
g HOIFYUM, YREB| S HUMECEMO| A8 THSHES HOIFICH
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8. FIGURES
FIGURE 1. Effect of MMSC on indomethacin-induced gastric mucosal damage
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(A) Gross appearance of gastric lesions induced by indomethacin. (B) Quantitative
analysis of gastric damage scoring. (C) The results are expressed in mean + SEM. GI:
Normal, G2: 25 mg/kg Indomethacin, G3: 25 mg/kg Indomethacin + 0.25 mg/kg MMSC,
G4: 25 mg/kg Indomethacin + 1 mg/kg MMSC, G5: 25 mg/kg Indomethacin + 4 mg/kg
MMSC, G6: 25 mg/kg Indomethacin + 100 mg/kg Lansoprazole.
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FIGURE 2. Effect of MMSC on histological evaluation and expression of iNOS in
indomethacin-induced gastric mucosal damage

MMSC lansoprazole

(A) H&E staining (x100). (B) Expression of iINOS was confirmed by immunohistochemistry
(x200). G1: Normal, G2: 25 mg/kg Indomethacin, G3: 25 mg/kg Indomethacin + 0.25
mg/kg MMSC, G4: 25 mg/kg Indomethacin + 1 mg/kg MMSC, G5: 25 mg/kg
Indomethacin + 4 mg/kg MMSC, G6: 25 mg/kg Indomethacin + 100 mg/kg
Lansoprazole.
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FIGURE 3. Effect of MMSC on the cell viability and TUNEL staining of

indomethacin-induced AGS cells
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(A) Damage to cells depended on doses of indomethacin and time-sequence. (B)
Presence and absence of 3 uM MMSC treatment 2 h before the indomethacin treatment
were compared. (C) The induction of apoptosis by AGS cells was confirmed by TUNEL
assay. Condensed and marginated chromatin was labeled to be stained dark brown in

AGS cell line (x250).
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9. TABLES

TABLE 1. Experiment summary of animal mortality and clinical observations

. . Clinical
No. of animals Mortality )
Group Observations

Male Male Male
Gl 10 N N
G2 10 N N
G3 10 N N
G4 10 N N
G5 10 N N
G6 10 N N

N: normal

TABLE 2. Changes in gross appearance of the gastric damage area

Group Test article Damage area (%)
Gl - 0.0
G2 - 3.01 + 0.90
G3 MMSC  low 1.09 + 0.56
G4 MMSC  middle 1.09 + 0.28
G5 MMSC high 0.50 + 0.17
G6 lansoprazole 0.0

The results are expressed in mean + SEM (n=10).
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10. APPENDICES

APPENDIX 1. Individual Animal list

Group Ear tag Start weightig) DOB TODAY Day Weeks S
268 1927 2012-07-18 2012-09-04 48 6.9 M

269 1872 2012-07-18 2012-09-04 43 6.9 M

270 1885 2012-07-18 2012-09-04 43 6.9 Ll

271 1912 2012-07-18 2012-09-04 43 6.9 M

Gl 272 1952 2012-07-18 2012-09-04 43 6.9 Ll
278 201.8 2012-07-18 2012-09-04 43 6.9 Ll

274 1878 2012-07-18 2012-09-04 43 6.9 M

285 2027 2012-07-18 20120904 43 6.9 M

276 190.6 2012-07-18 2012-09-04 43 6.9 Ll

277 196.5 2012-07-18 2012-09-04 48 6.9 Ll

273 1772 2012-07-18 2012-09-04 43 6.9 M

275 197.6 2012-07-18 2012-09-04 43 6.9 M

280 19059 2012-07-18 2012-09-04 43 6.9 M

281 1973 2012-07-18 2012-09-04 43 6.9 Ll

G2 282 2006 2012-07-18 2012-09-04 48 6.9 M
283 199.6 2012-07-18 2012-09-04 43 6.9 Ll

284 1926 2012-07-18 2012-09-04 43 6.9 Ll

275 1888 2012-07-18 2012-09-04 48 6.9 M

286 1937 2012-07-18 2012-09-04 48 6.9 M

287 1941 2012-07-18 2012-09-04 43 6.9 M

288 1973 2012-07-18 2012-09-04 43 6.9 Ll

285 1921 2012-07-18 2012-09-04 43 6.9 Ll

290 1857 2012-07-18 2012-09-04 48 6.9 Ll

291 1937 2012-07-18 2012-09-04 48 6.9 M

2492 1886 2012-07-18 2012-09-04 48 6.9 M

G3 2493 1842 2012-07-18 20120804 43 6.9 M
294 2043 2012-07-18 2012-09-04 48 6.9 M

295 196.9 2012-07-18 2012-09-04 43 6.9 Ll

296 200 2012-07-18 2012-09-04 43 6.9 Ll

297 200 2012-07-18 2012-03-04 48 6.9 [

298 196.9 2012-07-18 20120804 43 6.9 M

299 1935 2012-07-18 2012-09-04 43 6.9 K

300 1962 2012-07-18 2012-09-04 48 6.9 M

3ol 1975 2012-07-18 2012-09-04 43 6.9 M

Gd 302 1932 2012-07-18 2012-09-04 43 6.9 M
303 1922 2012-07-18 2012-09-04 43 6.9 M

304 1953 2012-07-18 2012-09-04 43 6.9 Ll

305 1913 2012-07-18 2012-09-04 48 6.9 M

306 1940.5 2012-07-18 2012-09-04 43 6.9 Ll

307 1885 2012-07-18 2012-09-04 43 6.9 Ll

08 202.3 2012-07-18 20120904 43 6.9 M

09 1933 2012-07-18 2012-09-04 43 6.9 Ll

310 1864 2012-07-18 2012-09-04 48 6.9 M

i1l 190.3 2012-07-18 2012-09-04 43 6.9 Ll

G5 ERL] 202.6 2012-07-18 2012-09-04 43 6.9 Ll
313 1927 2012-07-18 2012-09-04 43 6.9 Ll

314 190.1 2012-07-18 2012-09-04 48 6.9 Ll

315 190.4 2012-07-18 2012-09-04 43 6.9 M

316 198 2012-07-18 20120804 43 6.9 M

317 196.6 2012-07-18 2012-09-04 43 6.9 M

318 193.6 2012-07-18 2012-09-04 43 6.9 Ll

312 181 2012-07-18 2012-09-04 43 6.9 Ll

320 1843 2012-07-18 2012-09-04 43 6.9 M

321 14973 2012-07-18 20120904 43 6.9 M

G6 322 14951 2012-07-18 2012-09-04 43 6.9 Ll
323 1902 2012-07-18 2012-09-04 48 6.9 Ll

324 2035 2012-07-18 2012-09-04 43 6.9 L

325 190.6 2012-07-18 2012-09-04 43 6.9 M

326 202.5 2012-07-18 2012-09-04 48 6.9 M

327 1978 2012-07-18 2012-09-04 43 6.9 M

- 100 -




APPENDIX 2. Individual Animal Clinical Observations
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APPENDIX 3. Individual Animal autopsy schedule

Group Ear tap MM 5C & lansoprazole treat | indomethacin treat Autopsy start
=1 268 800 8:30 14-30
=2 273 8405 8:35 14:35
=3 288 8:140 8:40 14:40
=4 258 8:15 845 14:45
[ ELTT] 820 8:50 14:50
[=] EFT] 8:25 8:55 14:55
(=] 312 8:30 300 1500
=5 04 8:35 405 15:05
= FEE] 840 10 15:10
&3 289 8:45 4-15 15:15
[=] 279 8:50 5:20 15:20
1 260 B:55 925 15:25
=1 70 900 9-30 15-30
=2 2810 3405 435 15:35
(=] 2494 9:10 9=40 15:40

= =4 EL 315 45 15:45
[ 110 920 950 1550
(=] 320 9:25 955 15:55
(=] 121 9:30 1000 1600
=5 i1l 9:35 10:05 16:05
=X gl 540 10:14 1a:10
=3 2491 945 10:15 16:15
[=H] 281 9:50 10:24 1620
=1 271 955 1025 1625
=1 272 10:00 10:30 16:-30
=2 282 1005 10:35 1635
=3 242 14:10 1040 1640
=4 adz 1015 1045 16:45
[ 1% 10:20 10:50 1850
(= 322 10:25 10:55 1655
=1 278 [T 8:30 14:30
[=H] 283 805 8:35 14:35
[ 243 8:10 840 14:40
=4 03 B:15 8:45 14:45
=5 313 820 8:50 14:50
=6 323 825 8:55 14:55
(= 324 8:30 500 1500
(= 114 8:35 905 1505
=L 04 8:40 4-10 15:-10
[ 244 845 415 15:15
&2 284 8:50 920 15-20
=1 274 8:55 25 15:25
=1 285 300 930 15:30
[=H] 275 905 9:35 15:35
&3 245 310 =40 15:40

T =4 05 415 945 15:45
=5 315 920 50 1550
= 125 925 955 15:55
[=] 326 9:30 1004 1600
=3 116 9=315 1005 1605
= ET 9-40 14:14 14:-10
[ 296 545 1015 1615
=2 286 950 1020 1620
=1 276 9:55 1025 16:25
=1 297 10000 10:30 1a:30
[=H] 247 1005 10:35 16-35
[ 297 10:10 1044 16240
=4 07 10:15 10:45 16:45
=5 il7 1020 1054 1azs0
(e 127 10:25 1055 1855
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APPENDIX 4. Individual Animal Gastric Damage Area
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APPENDIX 5. Individual gastric mucosa damage area (%)

group ear tag Gastric area (pixel} Lesion area (pixel) | damage area (3) g :grza} e,
268 0 0
269 0 ]
270 1] 1]
71 0 ]
172 '] L]
- 278 1] 1] .
74 0 L]
285 1] 1]
76 0 ]
7 0 o
75 37198 757 204
79 JB172 1402 367
273 43558 1534 3.52
280 39136 577 147
281 35824 55 014
2 282 38437 300 078 A
283 39524 3354 859
254 41943 557 228
286 33768 127 038
287 31034 2242 722
288 41722 46 011
289 M7 105 023
250 43112 57 013
291 46712 1104 236
252 42250 519 1213
= 293 J4258 35 0.10 e
254 40186 145 036
295 45552 a5 019
296 36046 2065 573
257 38543 134 050
258 46020 53 012
Pyl 37196 252 068
300 41007 495 111
301 38274 105 027
302 35730 1113 280
i 303 36179 734 203 o
304 35412 106 07
305 I9958 220 055
306 462950 915 158
307 HMT 326 085
308 T 25 006
305 41333 161 039
310 43806 14 [E]
311 38438 235 061
313 43868 467 106
as 314 IBE5D E73 173 030
315 35341 275 070
316 46538 11 0.26
317 52474 73 0.14
319 53186 19 004
312 1] [1]
312 1] 1]
3 0 0
EX | 1] ]
322 1] L]
R 323 1] 1] .
34 1] ]
325 0 ]
326 0 ]
37 0 0
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