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Effects of Sargassum pallidum on 2,4,6-Trinitrobenzene Sulfonic AcicHnduced Colitis in Mice

Sang-wook Lee, Bong-ha Ryu, Jae-woo Park
3rd Dept. of Internal Medicing, College of Oriental Medicine, Kyung-Hee University

ABSTRACT

Objectives : The aim of the current study was to investigate the effects of Sargassum (Sargassum pallidum (TURN.) C.
AG.; SP) on the experimental colitis induced by 2,4,6-trinitrobenzene sulfonic acid (TNBS) in mice.

Methods : ICR mice were divided into 7 groups (NOR, CON, SS50x5, SP20x3, SP50x3, SP20x5, SP20x5). TNBS processing
was intrarectally applied to all experimental groups on the 3rd experiment day, except the normal group (NOR). For investigating
the prophylactic effect, SP at doses of 20 mg/kg (SP20x5) and 50 mg/kg (SP50x5) were orally administered for 5 days. The
SP at doses of 20 mg/kg (SP20x3) and 50 mg/kg (SP50x3) were orally administered for 3 days after the colitis induction in
order to check the effect of treatment. As a positive control group, sulfasalazine 50 mg/kg (SS50x5) was administrated.

Macroscopic findings of epithelial tissue on mice were measured by colon length and macroscopic score.

Histologic findings were also checked by crypt cell, epithelial cell, inflammatory cell and edema of submucosa.

We measured the ability of SP to inhibit lipid peroxidation and myeloperoxidase activity. We also measured levels of the
inflammatory markers, interleukin (IL)-18 and cyclooxygenase-2 (COX-2), its transcription factor activation, phospho-NF-kB
(pp6d), in the colon by enzyme-linked immunosorbent assay and immunoblot analysis. We measured activation of fecal
bacterial enzyme, B-glucuronidase and degradation activation of fecal glycosaminoglycan (GAG), and hyaluronic acid.

Results : Oral administration of SP on mice inhibited TNBS-induced colon shortening and myeloperoxidase activity in the
colon of mice as well as IL-1B and COX-2 expression. SP also inhibited TNBS-induced lipid peroxidation and pp65 activation
in the colon of mice. SP inhibited B-glucuronidase activation and fecal hyaluronic acid degradation activation as well.

Conclusions : SP could be a possible herbal candidate and preventive prebiotic agent for treating inflammatory bowel
disease (IBD). Further experiments to differentiate effects of SP on IBD, such as other solutions and extracting times, might
be promising.

Key words - Sargassum pallidum, inflammatory bowel disease, 2,4,6-trinitrobezene sulfonic acid, lipid peroxidation, fecal enzyme
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gola iz} ot oz 4el7 8§12 (Sargassum,
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H 858 Ued oz FHsl AHE o]&4)
TNBSZ 454 Z43s st ixs T3}
of AF e e &<t e wsh o 2o,
Z28tA AAAA e §484 immunoblot
S o]83k A58k 2|3, enzyme linked immunosorbent
assaye ©o|-&3¢ Agstd A% 9 B F A4
8484 hyaluronic acid a4 et a9 =
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)% (Sargassum, Sargassum pallidum (TURN.)
C. AG; SPE 7A39ad AT T35k
AREEFE T SP 100gS A H3lY round flaskol] ¥
i, 208 2 2)9 FRTFE 7 F 120TelA 2
A7k A87) (Misung Scientific Co., Korea) &
A5 FE2 £ o] HYAS 23] ¥HESAL, rotary
vacuum evaporator (Eyela, Japan)S A&t 7+
HEFFAT. o] FEHS FAUXI FE
46%5 Qo] HAoZ ARG FoAldE 0.2
mle] i SHFF Fo AT T

2 & =

5% ICRA 7 A7 (24-28 g)= Orient
Experimental Animal Breeding Center (Seoul,
Korea)oll Al FH5 Atk 20-227C, 50£10% &= &
oM EFE AEA Ho] (Samyang, Korea)9t &
S YYE HMEE sto dFYzt AP A
A-GAZ] Fof| A3 T
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W olE HEH FoFek 7 (SS50xh)¢ T 1
2 Urdla, AFe SR Adsien,
svie]e] AFZ AT A Fo
e 2 104l 13] Fost3thFig. 1).
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‘ Stable periods for

6 day
one week

sacrificed

1 day

/N
} Oral administration
SP: 20 mg/kg (SP20X3)
or 50 mg/kg (SP50X3)

l Oral administration
SP : 20 mg/kg (SP20X5)

or 50 mg/kg (SP50x5)
851 50 ma/Kg (8850%5)

TNBS 2.5%
Volume: 100 2 /mouse
Intrarectal injection

Fig. 1. The Schematic Outline for Induction of Colitis
by TNBS and SP Treatments.

SP: Sargassum pallidum (TURN.) C. AG.
SS: Sulfasalazine(positive control)
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£ 4%y, uFZS e & uF UE&ES AA
3}a2, phosphate-buffered saline (PBS)2. 2 A|# 3}
of A M5E A7 AFH v 5o W
o] A=A, F WY APAL #Ad T g
o AEE Table 19] 71EHE EF3AT".

Table 1. Grading Criteria for Macroscopic Damage
Score of Intestine

Grade Description
0 No ulcer, no inflammation
1 No ulcer, local hyperemia
2 Ulceration without hyperemia
3 Ulceration and inflammation at one site only
4
5

Two or more sites of ulceration and inflammation
Ulceration extending more than 2cm

gr= Auks Baldte] myeloperoxidase (MPO)
X BE G429 QA cytokineE ] Ld %
st ARSI IR e 2AAAE 9
g5 zEddog PG
Aty Aol g Bz

ZA& 4% para-formaldehyded] B4 THAH
t}. t}2<d PBSE 3% (lhr/each time) A& 3},
15% sucrose®l] 2% (lhr/each time) Al&3t 30%
sucrosedl] 8AIZE F¢F B BAIA 394 He
g4 ESE -25Co A optimal cutting
temperature (OCT) compound (Sakura Finetek, USA)
Z section® blocks ¥HE9] Cryout Microtome-
CM1850 (Leica Microsystems, Germany)< ©] &3
5 umZ 24 sections 3FTE Eko|= FEk2o
5 um AHS Bola, &epo|=d £ 3= OCT
compoundE PBSZ 2%-7F A48} t}. Hematoxylin-
eosin (HE) G415 & 5 @n|4os #aqth

4) AHure] g484 34

15
S al,



AHE 28 & S FoUo] icecold #
F 89 (015 M KCl, 2 mM EDTA, pH 74)2.2
F8kL, 50 mM Egs @iF 45 (Tris-HCI
buffer, pH 7.4)914 T&3ke}Ath 4T, 10000xg2
2 30wEet AR & ASde AsPiAA
WolA|A S Z4o) AHE-staAth

(2) MPO &4

Mullane 5%l w}, 50 ule] 3 &l 16
mM9 tetramethyl benzidine (Sigma, USA)¥} 0.1
mM2] H.0.5 7138 37CE A3k, 650 nmol
A FBEE SA}AT MPO &4 37T
peroxideE AtA)7| = 849 FHo 7 1AL
9l A mgd MPO unit(U)2 EASIEh @92
ke Bradford W7ol e B4k

(3) Lipid peroxidation(LPO) &4

A A8 Ohkawa 570 o8] 71&9 Az
2, g FEdelA S8 50 mM Egs
AAk = (Tris-HCl buffer, pH 7.4), 500 M
tert-butyl hydroperoxide o|g+g &A% 1 mM &
SAYES IFete - EFES TCAA D
E7 wjokstdth 02 ml 8% sodium  dodecyl
sulfate®} 1.5 ml 20% acetic acid (pH 35)& ¥
Hk8e-S A2 A AT Malondialdehyde (MDA)S] <
2 15% thiobarbituric acid (TBA)E F7}8taL 9
5CoIA 4587 71EsiA Frtstgnh WA &,
AES ARY7IZ Eesto], 435949 TBA §
$ EZ (TBA reactive substances=TBARS)Z
532 nmellA FFEE st ATt
Ao 99d mgd 0BT BHEAA A"
TBARS nmolZ XA]3}%Th

(4) Reduced glutathione A %

%2 setb o] 393 glutathione %S Pagalia
9} Valentined] WP el we}t 23tk gz
2 A= 0.2 miol 25% trichloroacetic acid 0.5 ml
£ 43, 13000xgol A 2083 YA EEsHS g

300 plE Fsk, 1 mM DTNB 27 mlE ¥ &

A

0N - BB - A2

o,

foll A 2087 HAS & 412 nmollA $EES
etk

(5) Liposome THI¢} A A H4tksl A EA
Liposome ZHE 8], 01 g9 L-a-
phosphatidylcholine(type IV-S; Form soybean, Sigma,
USA)E 10 ml9] diethyl etherell €383}, 0.6 ml
FHFE F7II Y £8E-2 ultrasonic disrupter
(Eyeler Co., Japan)2 %<3 Agsty S24%
3tk 558 30 ml 0.1 M NV-(2-acetamido)-
imidinodiacetic acid YEH &= (pH 6.7)9] *
TAIA, 1587 253 AHEstal, 4THdA 1500xg
o7 1087 ARSI S liposome
dgd oz o] &H It} AAdH i s JASHS &
28}17] 938l 100 pl liposome BEH-L berberine©]
U Al Aol o gle AEjellA 37°Cel 1A1%E
<t 15 ml 50 mM sodium phosphate buffer (pH
74), 100 W 2 mM g3AL4d 100 pl 4 mM
ascorbic acidelA] Bj 4= At} ¥HE EE 9] A4
IrketEe ojdo] Hid AXY TBARSZE =74
e 1=

5) Enzyme-linked immunosorbent assay (ELISA)
£ o] &3t A3slea B4

Interleukin-18 (IL-1B)2] ELISAE 93l 1A=
215 1% protease inhibitor cocktail (Roche Applied
Science, Germany)®} 1% phosphatase inhibitor
cocktail®] 33+ ice-cold radio-immunoprecipitation
assay (RIPA) &3 &% (Sigma, USA) 1 mlE
ol #Asstglth. 8882 4T 15000xg o2 15
w7+ AE e st 45 HS 96-well ELISA plates
o &t IL-1B =& Y4 ELISA kits
(Pierce Biotechnology Inc., USA)E o|&3}e] =4
=ik

6) Immunoblot& ©]-§-g+ AJs}sha £4

Cyclooxygenase—2 (C0X-2), phospho—nuclear factor
—kB (phospho-NF-B, pp65), B-actin® immunoblot
BAS S8, dgE AE AEE g5317] {6l

19 protease inhibitor cocktail® 1% phosphatase

e
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’

sl =7} 24 6-trinitrobenzene-sulfonic acidZ2 FatEl HEA A& S22 njxl= A
inhibitor cocktaile] E%%¥ RIPA &3] ¢459 1 £ F7k3ld, 585 nmol A FHEE w4
ml Woll tiAx2S FYZA a2 AT 44 st
2 T AL immunoblot #40 AFEE S
AL 8-10% sodium dodecyl 3 E A
4&s 3l RE HolHe HTtEFHUAZ BASIHOH,
EA 94 H7l= one-way repeated measure
2 analysis of variance (ANOVA) B+ student t-test
2 9o, p<005E FAHCE FY8de 2
g A EAZ2 39S SPSS for windows
version 12.0 (SPSS inc., USA)S A}&-314 T}
ln. & o}
CHE Zolofl cHEt g2t
A}

o2& AX
sulfate-polyacrylamide gel YolA A7)
A, nitrocellulose membrane®. 2 %A% th COX-2,

pp6o, B-actin®] FW2 oA 7]&d AAH

=t
dolg ZA4¢

A9t W AZL enhanced chemiluminescence
detection kit (Pierce Biotechnology Inc., USA)E
o] &3t = At}
7) B = AlgAd 84284 2 hyaluronic acid
el
(1) #¥AE 2 GUET 2aad9 Az
AH ANF (e JUER)S 749 1. S0 Se| w5}
Z HOpA oF 1 g2 20 mlo] B cold A A EF D o Zole] W)
of dgste] 500xgol A H5E7 AR st A WARE A Z71x)9)
A 718 Eres AAR S-S 10000xgoA NORZ-E 7144015 cm, CONZL 670£0.19 cm,
0wt AAEHse de FAES 20 mM SSH0X5T-E 7.04+0.23 em, SP20x37-2 6.94+0.42 cm,
phosphate €Hg-olel @este] Zahdo R ARG SPROX3Z-LS T0240.11 em, SP2X5T-E 6.88£0.28 cm,
= 13 AAste] 7 SPIXGT-L 7.08+0.28 emE Uik SPS0x37
SP50x57-& CONT# H W3S uf, SAZHSZ {9
SHA g Zo] @32 JAISHAtHp<0.06). SP20x3
&+ F3b SPRXEEE CONZo Bl8) W dole 2
Ao, BAA Fo492 $lthFig. 2).
2) o9 &<t gl ws}
] §obF &4 ARE AAdete A2
°% o] gt o
2t
ONZ

A2 B A

Y. HAAEL cold saline
F 109 B4 AL AL

Uehl7] 913 Hollenbache] 7)%'

S IL= Eﬂé}%‘:}(’l\able 1)

A Az NORTE 04+0.55,

0£0.71, SS50x572 1.4+0.89, SP20x37-2 2.2+

0ColAM B3t
(2) B-glucuronidase &4
B AHE-S 0.1 M potassium phosphate
J9 (pH 70)o.2 Hedt
Aoz ARE3gth &4l 100 1, 0.1 M potassium
phosphate $H9(pH 7.0) 330 ul, 7121 10 mM
p-nitrophenyl-B-glucuronide (Sigma, USA) 20 ul
£ 6083t 37CAA w-eAIZ F, WS A doz TR
05 N NaOH 500 1l 743 % 3000<gel X 4% o go =
TAEE Ao R Zsig: o
0.84, SP30x372 1.6%1.14, SP20x57& 1.60.55,
SPo0x5w2 1.6+0.562 Ytk SP20x6 3 SP0%5
37¢C T CONT3 Hlafe o, St Je) &4 445
7F FAHSE FrefstA wkth(p<0.01). SP20x3
7} SPo0x37-2 CONrel| Hlsl St e &4 d4
7F 2A Uskod, SAA 99 slithFig. 3).

ek 406 nmoilA]
(3) Hyaluronic acid #3]&4
06 ml tj¥ FHES& ke uk
oA 1A17HEQt mf sk, 4TCelA] 3000xg o2 ¥4l
w28kt 500 we A4S Ael 0.1 ml 0.4 M NaOH=}
ol 57t /A, Ao

0.2 ml hyaluronic acid (1.0 mg/ml, Sigma, USA)$}
5 EFgEL
Sics
2 Yzl 3 ml 67 mM p-dimethylaminobenzaldehyde

01 ml 04 M ZF B4k
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Fig. 2. Effects of SP on Colon Length on TNBS-
Induced Colitis.

The colon lengths were measured on 3rd day
after the intrarectal injection of TNBS. Values
of colon lengths indicate the mean+S.D.(n=5).
# Significantly different from normal group(#
p<0.01).

* Significantly different from control group(*
p<0.05).

NOR: Normal group without any treatment.
CON: Control group provided with only TNBS
intrarectal injection.

SS0%5: SS 50mg/kg oral administration for 5 days.
SP20x3: SP 20mg/kg oral administration for 3 days.
SP0x3: SP 50mg/kg oral administration for 3 days.
SP20x5: SP 20mg/kg oral administration for 5 days.
SP0x5: SP 50mg/kg oral administration for 5 days.
SP: Sargassum pallidum (TURN.) C. AG.

SS: Sulfasalazine

Macroscopic score
~

0
NOR CON $S850x5 SP20x3 SP50x3 SP20x5 SP50x5

Fig. 3. Comparison on Macroscopic Scores between
Each Group.

Values of macroscopic scores indicate the mean=
S.D.(n=5).

# Significantly different from normal group(##
p<0.001).

* Significantly different from control group(+ p<0.05,
% p<0.01).

NOR: Normal group without any treatment.

0N - BB - A2

CON: Control group provided with only TNBS
intrarectal injection.

SS50%5: SS 50mg/kg oral administration for 5 days.
SP20%3: SP 20mg/kg oral administration for 3 days.
SP0%3: SP 50mg/kg oral administration for 3 days.
SP20x5: SP 20mg/kg oral administration for 5 days.
SP0%5: SP 50mg/kg oral administration for 5 days.
SP: Sargassum pallidum (TUrN.) C. AG.

SS: Sulfasalazine
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oA~

SP20%5

SP50%5
Fig. 4. Histologic findings.

§ Black arrow indicate normal epithelial
tissue. I White arrow indicate epithelial tissue
disruption. a4  Black triangle indicate
inflammatory cell. [] White box indicate crypt.
NOR: Normal group without any treatment.
CON: Control group provided with only TNBS
intrarectal injection. SS50%5: SS 50mg/kg oral
administration for 5 days. SP20x3: SP
20mg/kg oral administration for 3 days.
SP50x3: SP 50 mg/kg oral administration for
3 days. SP20x5: SP 20mg/kg oral administration
for 5 days. SPo0x5: SP 50mg/kg oral
administration for 5 days.

SP: Sargassum pallidum (TURN.) C. AG.

SS: Sulfasalazine

(H&E stain, x100)

SAEM st s}

Fig.

Myeloperoxidase (punit/mg)

5.

1) MPO &4¢] w3}

MPO &4 =74 A3} NORT-2 5.38+1.33 punit/mg,
CON-& 17.270.37 punit/mg, SS50x572 10.11+
2.38 punit/mg, SP20x37-2 13.76+0.44 punit/mg,
SP50x37-2 10.02+1.55 punit/mg, SP20x57-2 10.31
+1.00 punit/mg, SP50x572 8.25+1.62 punit/mge
2 Usith CONT# vlugls w, MPO 49|
SP20x37 (p<0.05) 2 SP50x3, SP20x5w, SP30x5
T (p<O.0DAA o3l JA = ATHFig. 5).

HH#
o

-
3

-
>

o«

~

0

Effects of SP on Colonic Myeloperoxidase
Activities on TNBS-Induced Colitis.

$550x5 SP20x3 SP50x3 SP20x5 SP50x5

Values of enzyme activities indicate the mean*
S.D.(n=3).

# Significantly different from normal group(#
p<0.01).

* Significantly different from control group(*
p<0.05, ** p<0.01).

NOR: Normal group without any treatment.
CON: Control group provided with only TNBS
intrarectal injection.

SSE0x5: SS Hmg/kg oral administration for 5 days.
SP20x3: SP 20mg/kg oral administration for 3 days.
SPY0*3: SP S0mg/kg oral administration for 3 days.
SP20%5: SP 20mg/kg oral administration for 5 days.
SPY0*5: SP S0mg/kg oral administration for 5 days.
SP: Sargassum pallidum (TURN.) C. AG.

SS: Sulfasalazine

2) MDA &4¢] w3}

MDA &4 =4 ZA3} NORw-& 1.0+0.8 pmol/mg,
CONT=&- 25407 mol/mg, SSE0x67-2 14403 pmol/mg,
SP20x372 0.8+0.7 ymol/mg, SP50x372 1.2+0.7



pmol/mg, SP20x57-& 1.240.4 pmol/mg, SP50x57
2 0.8+04 pmol/mgo.Z Ykt CONT-Z Hlw g
S uj, MDA #4Jo] SP20x3%, SP30x3+t, SP20x5
T, SP50x5 (p<0.05)olA frelstAl A = Atk
(Fig. 6).

MDA {amolimg pretein)
~

Wlid b

Fig. 6. Effects of SP on Colonic Malondialdehyde
Activities on TNBS-Induced Colitis.

Values of enzyme activities indicate the mean+
S.D.(n=4).

# Significantly different from normal group(#
p<0.05).

* Significantly different from control group(*
p<0.05).

NOR: Normal group without any treatment.
CON: Control group provided with only TNBS
intrarectal injection.

SS0%5: SS 50mg/kg oral administration for 5 days.
SP20x3: SP 20mg/kg oral administration for 3 days.
SP0x3: SP 50mg/kg oral administration for 3 days.
SP20x5: SP 20mg/kg oral administration for 5 days.
SP0x5: SP 50mg/kg oral administration for 5 days.
SP: Sargassum pallidum (TURN.) C. AG.

SS: Sulfasalazine

3) Reduced glutathione®] 3}

Reduced glutathiones =43+ 23 NORT&
1.8+0.3 pg/ml, CONT< 0.6£0.1 pg/ml, SS50x57
£ 1602 pg/ml, SP20x3-2 1.3+0.3 pg/ml, SPX0x3
T2 16401 pg/ml, SP20x67-2 1.310.1 pg/ml, SP30x5
T2 1.3+0.1 pg/mZ Yok

CONT# vl W3S w reduced glutathione 3
Eo] SP50x3, SP20x53, SPY0x57 (p<0.05)911A]
frostA 7t Ack(Fig. 7).

0N - BB - A2

Glutathione (ugimi)
S

#

L[]

Fig. 7. Effects of SP on Colonic Glutathione
Activities on TNBS-Induced Colitis.

Values of enzyme activities indicate the mean
+S.D.(n=4).

# Significantly different from normal group(#
p<0.05).

* Significantly different from control group(
p<0.05).

NOR: Normal group without any treatment.
CON: Control group provided with only
TNBS intrarectal injection.

SSH0%5: SS H0mg/ke oral administration for 5 days.
SP20%3: SP 20mg/kg oral administration for 3 days.
SP30%3: SP S0mg/kg oral administration for 3 days.
SP20%5: SP 20mg/kg oral administration for 5 days.
SP30%5: SP 50mg/kg oral administration for 5 days.
SP: Sargassum pallidum (TURN.) C. AG.
SS: Sulfasalazine

AAakst A G4 WM}

EZ0l FABIAZ 2ol butylated
hydroxytoluene (BHT) 30 pg/mle] A Z3}aks} <
A58 91+34%E YEtEth SPY Fxo] wE
AAIAE A THE 70 pg/mls 25+1.4%, 150
pg/mle 29+7.9%2 YEeltA, BHT 30 pg/mlst
EAAoZ o8 2o]E B} (p<0.05). SP 300
pg/mle] A A#bgl A Fee 4+32%2 BHT
30 pg/mlet EAZHOZ Ao|7} 9= Aoz e
% HFig. ).
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Fig. 8. The Comparison of the Lipid Peroxidation
Inhibition of the SP and BHT.

Lipid peroxidation inhibition (%)

Values of lipid peroxidation inhibition activities
indicate the meantS.D.(n=2).

« Significantly different from BHT(30ug/ml)
group(* p<0.05).

SP: Sargassum pallidum (TURN.) C. AG.
BHT: Butylated hydroxytoluene

o|&st
R immunoblot ©. £
45 #4d 8 p6b, COX-29] &
of "l CONwolA F7keo] AU,

o ME CONTl Hls] 7Ha

AN X|Hol| CHst st
Flasisy
D

4. ImmunoblotS

ppod, COX-2
=43 Al
#o] NOR®

20l

-

A3
. SP20x3-el| A pp6b, COX-2 &
Fof Aol Hlel vkt

B - . s
- S s o COX-2
——————— 5~ NN
NOR CON SPH-3 SPXx3 SPH0x5 SPAX5 SS50x5
Fig. 9. Effects of SP on Protein Expression of
ppe5, COX-2 in TNBS-Induced Murine Colitis.

NOR: Normal group without any treatment.
CON: Control group provided with only TNBS
intrarectal injection.

SSE0xG: SS 50mg/kg oral administration for 5 days.
SP20x3: SP 0mg/kg oral administration for 3 days.
SP30x3: SP 0mg/kg oral administration for 3 days.
SP20>5: SP 0mg/kg oral administration for 5 days.
SP0XG: SP 0mg/kg oral administration for 5 days.
SP: Sargassum pallidum (TURN.) C. AG.

SS: Sulfasalazine
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5. ELISAE 0|3¢t MstetA X|z0of cHst gt

Proinflammatory cytokine & IL-18¢] W& #S
ELISA o2 B% 5743 247, NOR+2 137
+1.70 pg/ml, CONT& 12965658 pg/ml, SS50x5
& 21254318 pg/ml, SP20x3TS 79.95+4.83
pg/ml, SP50x37e 25495 pg/ml, SP20x57-<
28.3+0.99 pg/ml, SPo0x57-& 2874509 pg/mlE
Stk CONT Hlw e o, IL-1B E43o] SP20x3
T (p<0.05) 2 SPS0x3:E, SP20x53, SP50x5

(p<0.0DNIA FrefstA A= Aek(Fig. 10).

160

IL-1B (pgtmI)
®» ® B B B
o o o o o

o
o

s

ollonr

§$550x5 SP20x3 SP50x3 SP20x5 SP50x5
Effects of SP on Protein Expression of
Inflammatory Cytokines IL-16 on TNBS-
Induced Colitis.

]
=3

1.

NOR

o

CON

Fig.

©

Values of cytokine production indicate the mean
+S.D.(n=2).

# Significantly different from normal group(#
p<0.05).

* Significantly different from control group(*
p<0.05, ** p<0.01).

NOR: Normal group without any treatment.
CON: Control group provided with only
TNBS intrarectal injection.

SSH0X5: SS Hmg/ke oral administration for 5 days.
SP20%3: SP 20mg/kg oral administration for 3 days.
SPH0%3: SP 50mg/kg oral administration for 3 days.
SP20%5: SP 20mg/kg oral administration for 5 days.
SP50%5: SP 50mg/kg oral administration for 5 days.
SP: Sargassum pallidum (TURN.) C. AG.
SS: Sulfasalazine

A 9l nhyaluronic acid £



B-glucuronidase &4 &4 A3 NOR+2 0.074
+0.045, CON2 1.723+0.411, SS50x52 (.363+
0.296, SP20x372 (0.394£0.162, SP50x372 0.211+
0.146, SP20x57-2 0.377+0.333, SPA0Ox5-2 0.317+0.118
2 Ugtt}, CONZ vl w e u), B-glucuronidase
gAdo] SP20x3, SPo0x3, SP20x5:, SPo0X5
(p<0.05)9 A freJsiAl oA = AckFig. 11).

~N
R

B-glucuronidase avtivity

Lo ﬁﬁﬁﬁﬁ

NOR ON S$550x5 SP20x3 SP50x3 SP20x5 SP50x5
Fig. 11. Effects of SP on Fecal G-glucuronidase
Activities on TNBS-Induced Coltis.

Values of enzyme activities indicate the mean
£S.D.(n=4).

# Significantly different from normal group(#
p<0.01).

* Significantly different from control group(*
p<0.05)

NOR: Normal group without any treatment.
CON: Control group provided with only TNBS
Intrarectal injection.

SSH0G: SS H0mg/kg oral administration for 5 days.
SP20x3: SP 0mg/kg oral administration for 3 days.
SP30x3: SP 0mg/kg oral administration for 3 days.
SP20x5: SP 0mg/kg oral administration for 5 days.
SPR0x5: SP 0mg/kg oral administration for 5 days.
SP: Sargassum pallidum (TUrN.) C. AG.

SS: Sulfasalazine

2) Hyaluronic acid ¥3]&4 H3}

Hyaluronic acid 3|24 =4 23, NORT&
0.013£0.009, CON-2 0.094+0.009, SSH0x57-2 0.065+
0.010, SP20x32 0.022+0.006, SPo0x37-2 0.034+0.012,
SP20x57-2 0.027+0.010, SP50x5--2 0.025+0.0112
gttt CONT# Hlg-S o, hyaluronic acid &

0N - BB - A2

g4 o] SP20x3%, SP30x3, SP20x6, SP50%5
T (p<O0DONA FejsiAl A= SthFig. 12).
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NOR CON SS50x5 SP20x3 SP50x3 SP20x5 SP50x5
Fig. 12. Effects of SP on Fecal Hyaluronic acid

Degradation Activites on  TNBS-Induced
Colitis.

Hyaluronic acid degradation activity

Values of hyaluronic acid degradation activities
indicate the mean+S.D.(n=4).

# Significantly different from normal group(##
p<0.001).

* Significantly different from control group(#+
p<0.01).

NOR: Normal group without any treatment.
CON: Control group provided with only TNBS
intrarectal injection.

SSH0X6: SS H0mg/kg oral administration for 5 days.
SP20%3: SP 20mg/kg oral administration for 3 days.
SPA0%3: SP 50mg/kg oral administration for 3 days.
SP20%5: SP 20mg/kg oral administration for 5 days.
SP50%5: SP 50mg/kg oral administration for 5 days.
SP: Sargassum pallidum (TURN.) C. AG.
SS: Sulfasalazine
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£ Ueigith. SP §¢F 7)7to] FYg #5711
H 3¢, SP20x37- 3 SP50x37¢) Bl 3, SP20x5- 3
SPa0x5-9] Hlno| A=, FE7F 2 oA MPO
AR dAZE Fo ANE 29E YESith
o= PUIRIkE Y-S o] -3k A8 AFolA 25 mg/kg
Fofgh 7ol H3) 100 mg/kgs TS el
4 gAZE F9 HHE AR et A
1t ATy, SP FoF &%o] sl F
AZI7F B2 e vadl, SP20x37E
SP20x57-9] Hlal, SPH0x37 T SP50x5e] Hl e
A, A E i A5E Fofe oA MPO €4
T2 AA7F £ AAAE AR Yo, B

KR
=
BAE
= A
ok
o

Aikslel Hrt=
hydroperoxides, isoprostanes, conjugated dienes &
2481=d”, MDAE Ad3patste] vpe 2
IAHE=, free radicalel Z7FsHH MDA7Z} 34
AHET. MDAE dwbHoR AkslA 2Eg 2]
AR deiA om, A58 FASAME o
S5 I’ B Aoe FHUAME 4o
& 9102 Agste AAJNEE Hrtsr] 9
& MDAE ZAstth

37 A Aol TNBSE 23S W superoxide
<} O Aol omISiA F7Fshket, AW ascorbate
9} 39 glutathione 59 23 TNBS7} 24
= Fof| A+ reactive oxygen metabolite”}
TNBS®] WH F271349] sz 2-gatejet +=
H1 g B A ME superoxide radicalS =
AetA @3, Al oxygen radicalS AAAA A&
AS HI3= 849 glutathioneS ZA34th
Glutathione AHs}2] ~EH 20} AFHEEA] AL
9] gefo] rolA, MEEAT =46 tlgk wigk
=7 Eobdny, a@Eg AEel glutathioned]
FA7 FFHE AL AEY htslsgo] 35

expired pentane, MDA, lipid

mlo

{o

o

l‘

|

5

236

=]

HAs S22 ojxE Fs

pl

e A2 ovlsiy, Atsha EFo RN &
AR & F 9o & Aol SAsHA =304
SP AHA7E AshAE-5 2T Akeky &S oA
ahe sEol A, AR FuseaE H04
71 FEU JEAS Hrisly] g8, EAd
AgatslAol BHTY talsds nla A8e
st

=
@ﬁ%‘ﬂ]/ﬂ 574]112 FrefstAl dAE o 2 dat
517} °*7<1]E]MH% & F AN HEAQ] it}
ak glutathloneQ] 3ES BH CONELE]' H] 2l

T, SP20x55, SP50x57olt}. A Z%l*&i‘rﬂ VB
o] oAlE SP20x37-F SP50x5Toll A Saksta s
9l glutathione?] 3]&-0] 7} sofof HA|uh 2|4
a3} 7H A A A" SP50x37-9] glutathione
ﬂ—%l T iﬂl ygth ojgg Adart g ol

2 a3l as e glutathione ©]2]9 % superoxide
dismutase, catalase 55 23122 2 A7l
HZE 22l MDA 3¢} 3H3ksl 8491 glutathione

5% £A709) Aol7t A71E A0E FEEY
SP AAS) FussEe 49 23, UEd 9
FHA8A9 BHTS] 109 52 49, BAZL

2 9514 BHTY 50%°l sjdshs 3atslsd
el

A F71E0] Q¥ 454 Z&éli&Oﬂ/ﬂ AN 2
ARl ps7 At H MEH Y2 o]Fs|
Z cytokine®l tumor necrosis factor-alpha, IL-18
£ HEANA dFEE ASAT Sulfasalazine,
mesalazine, corticosteroids 52| 2F50] |23 73



28-S JAF”. P9 ¢
Shof] o3t JAFHE HRO U o]
27} F&3=AE syl fdl, pece
g43 el pp6hS immunoblotl 2 =73
L, ppeoell o3l EAstEE AEF cytokine T2
sl IL-1BE A% 435t
435, B AY, Al 248 Y AErezxd
o1z 2 A-g3}l= prostaglanding A ¥ ofg}d]
EAFo 2 HE cyclooxygenase(COX)ol| ojal] A4k=
. COX= 274 el 2 EA8t=d], COX-12 4
A AEY AP 7)5E A5 £23F housekeeping
E’\"“’ﬂ gl COX-2v 9% 7ed Elt
F A= o5 dAFoRE HEEE 24 &
io]r/}%. A ZAg A o ’%-‘4*1]:?501] Al
COX-27} &= 1 prostaglandin® FEAALE
E o] #2EYY. C0X-2& 954 A4 33}
A wRE deA o, dFA FEee] 243
M EAHE FL BT B
< &3 A

i

ofN
rol ox, it

v}

AF | AT immunoblot

ppe5st COX-29 wrid dS =43 2
CON=oll Hl8} SP50x37-2} SPS0x57-& Tl
640] el om] 23kt SP20x37H SP20X5

7ol RIS} pp6b, COX—2 g o] A=
t}, ppooell 93l EAstE = AES cytokine?! IL-1
BY A% =AXE HW SP20x37olA cytokine
s 771 oA =8, immunoblotell A pp6s
BHAA 7} A U AT gA]she A4S
oA ARE Bl SPE Lactobacillus suntoryveus
7b A8A 954 AN psAERE A A
= 7)\4 Tr/\}d A2Ys B3 &n

bo{:
%
it
T
o
- ¢
f

Xc}’é‘f&ﬂ s 3010§ fraxoez
THANA B A alel ofsf Ak

3tAA, et oA A frafe

Azl ti WAs s siM, A= A

HAH R 2t AT 24 dSie<

o
=,
=
o
filo
FE
o N =2 o oEE

0N - BB - A2

AN 7E AeZE %‘:}7. 2 AgdAe Zd
Al #stE golr 7] 3 B-glucuronidase
A3 hyaluronic acid —v—OH%Fé Z2A39} B
~glucuronidase= 7t 28] ¥=38¥ glucuronide
IFAE A7l B4 FU AldFelA
AAE S ket 2322 A g e A
Gl iAol fEE NS W B-glucuronidase
7} STV RS B, o]F Aitste Aol 59
u, Al B Aldze Wse doA, 45 A
EA7] AoZ FAHUY Hyaluronic acide
AR A2efEe] %4 glucoseaminoglycan
(GAQLE Qe Axvs Hisle 98
sh=d], 9=0] A7]H hyaluronic acide] 47}
Z7t5 1, o5 Eajske AldE F7bskA B
Chondroitin sulfates$}t hyaluronic acide ™ol A]
WA s 7P T 29 GAGE A Al
chondroitinaset} hyaluronidased}= &3} &40 23]
SFA 2 FeET o3t o]FF+ B-glucuronidase
9} acetylasedl] 9}l iuronic acid, D-uronic acid-}

=

D-glucuronic acid4t D-galactosamine T+ D-
glucosamine 2. & 3|51, D-galactosamine, D-
glucosamine< in vitro A oA ZA| o th3t Al
IEMJJF TNBS°ﬂ ,]a]- /q];_ AL 27}/\] ]

Aoz &eA 01E1r3041 o]213}t hyaluronic ac1d4

SP o dgeA FAHZ fFostA wA
SIT} BRI GS o]8e Ad) AFdAE B

—glucuronidase?] JA &I} FAZ ouZ 7]
B A’ maEEES olgd 934 A4

- L

Ao M= B-glucuronidased] JA &7} EAZ
o gu|E zH] £ ol B AddMe RE
SP o ddFoA FAHSRE fFosiA dAE

237



sl =7} 2,4 6-trinitrobenzene-sulfonic acid2 FE HEA

7} el s, 53] SP50x3w2 B-glucuronidase
o] A& CONTY 1/8 SSH0x5te] 3502 ¢
At ole $A AF3 SPY FHSH 2o
78 A AlEE] Holzt Hof -8 Foll folg
AU AltEe S48 =9 AU 8738 744
= prebiotic 243 AT Aoz =AY

Hyaluronic acid #8]&4-& CONTol| vl &
= SP o] AZTdA FAHSE oA WA
uUskorn A dizTEodE @A ysith

ol 2o A= Lactobacillus suntoryveus”,
Lactic acid bacteria"& ©]83 9%4 Z2A3o|
st AFATE Tl ¢ A 2ol SPE &
W ATES BAAA AW Al 54
=l =4 EH}\}U Ao HAS m;q]»g}oq
3] AL AAA 7= Aoz FATE

£ A7494E £ o, SPe 9AdelA Ouﬂz‘—*é 2
Ago] A5 &8 5
AFellA slzFe] ol
g

2 Aol

=
Oﬂ%/\g ]

FZ2EqA Hoytte Bu® 7tg A
o FAYGFe
Attes Bulls Z
A7t wE
g},

% /\hﬁ% gﬂz
(TURN. C. AG;
Al v A=
& Aragst

(Sargassum, Sargassum pallidum
; )9,] cﬂz zzl A]—g]_ z]-q]
FFS Frtel ‘ﬁ%*é FAg] o

A=A Asbr] s, Bl 25%
TNBS 3 50% olghe 89 01 miEs #3435k
s a3k g2 (CONI giZd9Y owsa
H= H7] S8 oidd i 2985 E SP 20
mg/kg (SP20x5), 50 mg/kg (SP50x5) §Fo.2 &
A5 Al diAE i 3¢ $7HA] Fod A

A

73 g9 i T AzaHE 2] 98 o
A H9 & 397F SP 20 mg/keg (SP20x3), 50

238

o2 Rt AT, A
Z70 g A i 29 ARE sulfasalazine 50
mg/kgS T3 AFF (SSH0%5), FES 7=
317 ¥ A4 (NOR)C.2 o] AFste] o

+3 2 A3E

mg/kg (SP50x3) &350 2
i 2dd
A

2 fFYstA astsh

2. ZAsA BA Az SPAOx3TEF SPAxGTS
CON=roll HIsl &slAl Ao}t Ao} (crypt)
o Aol JAHNL, AFAEY] M g F
Fol dAE RS ¢ & AU SP0x37
SP20x5- CONoll Hls) d5AEe] &gk
AaE Aol AEHA

3. o AutelA MPO €4S A%
SP Fof Agtel|A CONTol Hls)
o3t A3k

4. A& Auboll 4 MDA, glutathione %]
A3}, AAYAES MDAE 2E SP 9
Aol CONTol HIs] SAZOR %913}71]
A H A}, GAk3HE-Z <l glutathione T3
E SP Fof AgFoA CONTol HIs) 5435401
Ao, SP20x37E FAF oo ST

5. Immunoblot®. & pp65, COX-2¢] whld &S
vlagt 2y CONTlMe F7HE ey, Be
SP Fo] AFFNNE AFHNeH, 53] SPH0x3

T3 SPo0x5wol A wlE W kAL US

T3

23}

7
A4

(o w1-[:1

mlru

6. ELISAZ IL-189] wdzS A =43 4,
TE SP T4 Aol M CONZol HI3| 54

Hog §elapl Tastdnh

7. 829 2 ) AT Feal a4 B-glucuronidase



Tl A CONol wls) &
°] A=t} Hyaluronic
SP Fof Agtex CON
2 fFYstAl GHA Usit.

~
Wi a2 E O_Q‘j
iin
&
il
e
e
w2
ige)
rr
k=]
o
Ot
i

>
o
re
)
_ts
o
q

X0 (x

fr o oo

o3 oo
ié

2
rufc: X

rol ofm ot
_O|£

ML o,
)
olr
ot of
pad)
o
i
R
L
il
T 4

M2 19
24 ofN
Hl ox o

o%

=
Dat
El
A
rok

H
og
1%
=
ot
A
o
o,
o

ool
i
92,
=
rk
f~

o o
N

e o ofy
ol
2L
Do
=
N
=3

1o T ox
ro, o2
ox, ol}l
4 f—lol‘ oX,
oy
=
1:011

=Y
R to
ro,
r'O
K
M
ox
N
)
Jf
>

2
—
&
~
[N}
Q1
~
—
~
—
o

o]

p%
=N
)
fep
Jo 5
b~
rt,

fu

rhu
o
ey

=

M ™ o2 12 rlo
0
>

of
oy o
o
&£ o
o
o el
Lok
ot
XN
&3
S
x
RE)
1
N
&
N
-3
J

=2
M
op
¢

i
of

L2 oy LGy
Z
%)
fil
e
e
;
Hogg oox
oY
oxl
= o
N,

i
s
2
4
=
e
=
Lob ox
X
%
eS|
=
[\
?
o8]
o1

(@]

N,

o

ot

ﬂ

[

o

N

W ok of\
ri?i J

Nod
=
0T
o
N
o T
(0]

ﬁox e

14

=)

A2, A d%F

ol
e
9

]mcﬂ SRz e A

=

2
ofN
o,
2,
_. mN J

3o A cyclosporine®] X|E& 3.
. 1997,53(1):62-78.
%’5‘}, &35 29 Eo] DSSE
of A% tFE vA= 3 st
5] ], 2008;29(2):385-400.
af, BhAlg- AdE g E sERY
Age] 45 9 AuAlT 548
a7} oighehe st A]. 2008,29(3):50-62.
BERE, HIRAF, B, A vk B
\Eﬂfu%ﬂ@ﬁum& TGFB mRNAZLZRFED.
LR R R, 2005,24(4):25-9.
10. 94, A%, A&7, "oz Ags}

= v

r
2
Lo

78

. o
4

N
Lo

=~
o b nEoofy &ooff

P o i o2

rg =
A=)
Lok
to

R

)

Al
o)A

9. FER

=
[‘.& o}n‘,

o, =2
22&
H&F:_'

11.

12.

13.

14.

15.

16.

17.

18

19.

20.

0N - BB - A2

Pl 19, diekehdulEelslA]. 2005,26(3):685-9
MEE, AL o]y HAA upe 719

ojF. =9 3ot 014‘1 2% HE' 1
Z3 §%; 2008, p. 18, 98-9, 112, 229-36, 2827,
291-301, 321.

Hong Ye, Keqi Wang, Chunhong Zhou, Jun Liu,
Xiaoxiong Zeng. Purification, antitumor and
antioxidant activities in vitro of polysaccharides
from the brown seaweed Sargassum pallidum.
Food Chem. 2008;111(2):428-32.

w42}, B 2859 in vitroo A9 ket
a3 S AF A A. 2004;33(3):480-6.
Hollenbach E, Vieth M, Rosessner A, Neumann
M, Malfertheiner P, Naumann M. Inhibition of
RICK/Nuclear factor-kB and p38 signalling
attenuates the inflammatory response in a
murine model of Crohn Disease. J Biol chem.
2005;280:14981-8.

Mullane KM, Kraemer R, Smith B. Myeloperoxidase
activity as a quantitative assessment of neutrophil
infiltration into ischemic myocardium. ./ Pharmeacol
Methods. 1985;,14(3):157-67.

Bradford MM. A rapid and sensitive method
for the quantitation of microgram quantities of
protein utilizing the principle of protein—-dye
binding. Anal Biochem. 1976;72:248-54.
Ohkawa H, Ohishi N, Yagi K. Assay of lipid
peroxides in animal tissues by thiobarbituric
acid reaction. Anal Biochem. 1978,95(2):351-8.
Paglia DE, Valentine WN. Studies on the
quantitative and qualitative characterization
of erythrocyte glutathione peroxidases. / Lab
Clin Med, 1967,70(1):158-69.

Ito M, Ohishi K, Yoshida Y, Yokoi W, Sawada

239



sl =

21.

22.

23.

EAE RISt e E

7} 2,4 6-trinitrobenzene-sulfonic acidZ &

H. Antioxidative effects of lactic acid bacteria
on the colonic mucosa of iron-overload mice. J
Agric Food Chem. 2003;51(15):4456-60.

Kruis W. Antibiotics and probiotics in inflammatory
bowel disease. Aliment Pharmacol Ther. 2004;
20(suppl.4):75-8.

A=rgre] gy sl BlA Bet A, wA 8L
A A FAETRAL 2008, p. 366-75.
EACEE, SIENERI R BRI, BB B,
2003;19(5):457-9.

A

2

Z] g_tg

37,
A 2 o e % F2EY 78

oA AR, F=Aeke) A 1994,27(5):462-8,

o)
y -
=

2. S ZFEZRE 584 f‘z}&ﬂxﬂ
o a3} FZ U IIHstA 1
p. 13-29.

%. 7ad, sererg]sl 13 Ae FEG 2008,
p. 360-1

21, A, 954 A% Ay FERY g
2:3}718+3) A, 2001;37:69-75.

28 FraR, 71935, A=A AHsle] AEFERY,

20.

30.

3L

240

SRR R, 1999;27(3):131-40.

Lee JH, Lee BM, Lee HS, Bae EA, Lee HY,
Ahn YT et al. Lactobacillus suntoryeus inhibits
proinflammatory cytokine expression and TLR
-4-linked NF-xB activation in experimental
colitis. Int J colorectal Dis. 2009;24:231-7.
Lee HS, Han SY, Ryu KY, Kim DH. The
degradation of glycosaminoglycans by intestinal
microflora deteriorates colitis in mice. /nfammation
2009;32(1):27-36.

Daddaoua A, Martinez-Plata E, Lopez-Posadas
R, Vieites JM, Gonzalez M, Requena P et al.
Active hexose correlated compound acts as a
prebiotic and is antiinflammatory in rats with
hapten—induced colitis. J Nutr. 2007;137(5)
:1222-8.

32.

33.

.

36.

37.

38.

3.

40.

41.

Kim SJ, Choi DH, Chung YT. Gliotoxin protects
against TNBS-induced colitis via down-regulation
of NF-xB activation. Kor J Anat. 2004;37(3)
:309-15.

Krawisz JE, Sharon P, Stenson WF. Quantitative
assay for acute intestinal inflammation based
on myeloperoxidase activity. Assessment of
inflammation in rat and hamster models.
Gastroenterology. 1984;87(6):1344-50.

Cestari SH, Bastos JK, Di Stasi LC. Intestinal anti
-inflammatory activity of baccharis dracunculifolia
in the trinitrobenzenesulphonic acid model of
rat colitis. £Evid Based Complement Alternat
Med 2009 Jul 10. [Epub ahead of print]

. Urso ML, Clarkson PM. Oxidative stress, exercise

and antioxidant supplementation. 7oxicol 2003
;189:41-54.

Daniel K, Podolsky DK. Inflammatory bowel
disease. N Engl J Med. 2002,347(6):417-29.
Jackson M]. Free radicals in skin and muscle:
damaging agents or signals for adaptation?
Proc Nutr Soc. 1999;58(3):673-6.

Barnes PJ, Karin M. Nuclear factor-xB-a pivotal
transcription factor in chronic inflammatory
disease. N Engl J Med. 1997;336(15):1066-71.
Mgz AdA COX-2 AslierE9] 318} ¢ o
Woan 9 A8 AT 3 RAEA R
2003, p. 1.

H]—Oﬂ/\ Oniz/x ]— T oﬂ/q COX-2 O-1;<-]];<ﬂ_,]

g o] 2717 S22 thakastrIeE] Al 2007
;50:350-5.

Lee HS, Han SY, Bae EA, Huh CS, Ahn YT,
Lee JH et al. Lactic acid bacteria inhibit
proinflammatory cytokine expression and bacterial
glycosaminoglycan degradation activity in dextran
sulfate  sodium-induced colitic mice. [nt
Immunopharmacol. 2008;3(4):574-80.



72

o -

=
. 78

o/42

2. 2006;2006:93-4.

241





