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Therapeutic Effects of Gaejiigayonggolmoryo-tang on Dextran Sodium Sulfate-induced
Ulcerative Colitis in Mice

Amy Kang, Seong-woo Lim
Dept. of Internal Medicine, College of Korean Medicine, Dong-Guk University

ABSTRACT

Objectives: The aim of this study was to investigate the effects of Gaesigayonggolmoryo-tang (GYT) on ulcerative colitis
induced by dextran sodium sulfate (DSS) in mice.

Methods: Colitis was induced by free drinking of 5% DSS in six-week-old male ICR mice. The experimental groups were
the sample group, the control group, and the normal group. The sample group was treated with GYT for three days after
being was given 5% DSS for five days. The control group was given water, instead of GYT. for three days after the five days
of 5% DSS. The normal group was untreated (not given 5% DSS), for comparison purposes.

Results: Cellular experiments showed that GYT inhibits the expression of the inflammatory enzymes COX-2 and iNOS,
and the production of NO. Based on the primary cellular experiments, the effects of GYT on ulcerative colitis induced by DSS
of mouse tissues were investigated. GYT reduced tissue damage and apoptosis by inhibiting the expression of the inflammatory
enzymes NF-kB p65, COX-2, and iNOS. In the cellular experiment, GYT was more effective in inhibiting the expression of
COX-2 than in inhibiting the expression of iINOS. GYT was evidently effective in tissues in inhibiting the expression of COX-2.

Conclusions: Based on the results here, GYT may have therapeutic effects on ulcerative colitis induced by DSS. GYT is
worthy of research and development as a COX-2 inhibitor and a potential drug for inflammatory bowel diseases from natural
products. Further investigations for exact mechanisms will be needed.
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ALY thyed 72 dFol Folet AXIISS2Re XNESn

29, WdT Ao, gHAs Fol slodt o AT AFHE dsi7lel B g
oz ghape] e A A 45 e
AA e} &3] He7|H & F7) A7l 4 X8} I, |2 = g
A =
stelsholl M= ilHE, KR, fEIM, Wrkie] el RSN
g Ha, YA REFOE FE3te] Mg 1) WOkl £
i MUEFRIE. PRmsE TR, BEURTE R A g o) AFLE M E2FL nfo Aol RAW264.7 Al
M 52 WEel Az x37h A AT ¥ZE KCLB(Korean Cell Line Bank)ollA T3}
 OREAD, FREREIRTS AN g Aze 37 ¢ 5% COP incubatorsl A 10%
QA An el A3 7 Fol A, Mekik Fetal Bovine Serum(FBS: Sigma, USA)°] %
B, Sbhs. MAER S0 STt dHT Dulbecco's modified Eagle’s medium(DMEM: Welgin,
FEANFE S HIES S Rihme  <GHEZNE > ol Korea)ol| #lo}sla, @ uixl2 o)) &AlA) 100 unit/ml

71550} glom dhkiel s, HiEE 7l A penicillin(Sigma, USA)¢} 100 pg/ml streptomycin
ol BE W A%el ARSI EBE T (Gibeo/BRL. USA)E A7t AHgalale.

Hohe fhtE 5%, KHL EE 1) 39 bl ) % =
WL Eel A7k wah S glem, AN 7 Ago] 43 BB eeldEnloeryy T
dotel APYAY A2 A% YALAD G qay (0RA AT AF W g8l 659 +3 AAo)
& AP ST WA e R TS o) 9Fd ga 2w 4] €, 4% 55:3%9) A
o] glef, ABAK MHime A z3har, AflEdE A Ao A 1247 vt F7)2 AL 3 A
5l AR 715l A 29 5-7ekel4 vhre] Abgsils,

olo) AA HERMTEEIG T4 o+Ee) 3) o A
Qe By F3le], Dextran sulfate sodium BB AR S T4 SFE-S. < ARETG > o

X
(DSS) ez AFANA e AFE el Tkl OOH L T4l AN 35
FOMBERHIED T & A2 Ao ey W3 ubo} Algslglel A o Aube) W43 Sk o
AIAE BT g3 934 WAL AAES ga poh(Table 1),

A EAAAL A g3l A 24 AT FoA

Table 1. The Amount and Composition of Gyejigavonggoimoryeo-tang (GYT)

Herbal name Scientific name Dose (g)
Cinnnamomi Ramulus (H#%) Cinamomi Cortex 8
Paenoniae Radix (F#9%) Paeonia japonica 8
Zyzyphi Fructus (KZ) Zizyphus jujuba var. inermis 8
Zingiberis Rhizoma (£#) Zingiber officinale 2
Fossilia Ossis Mastodi (FE®&) Os draconis 7
Ostreae Testa (i) Concha ostreae 7
Glycyrrhizae Radix (H%) Glyeyrrhiza uralensis 4
Total 44
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1) Dextran Sulfate Sodium(DSS)ell 2|3t dj#
AqS
g S 98 5% DSS(dextran sodium

sulfate, MW 5,000, Wako, Japan)S 5947F &-4-4]
ek DSSE Eell B AFE] 24T 4 U=
5 lgon, B2 EUE o] &3t TR 3
acth X8 &3S 8 "LS 5% DSSE 5¥ 59t =4
A7l 5 39 5e FE T8t & Sample group(S),
I3 5% DSS% 54 %"i} 2427 7 3¢ Fot
45 Eod3t ZControl group(C) o2 VyEgle
™, 7‘]-#—5 Normal group(N) 2.2 atich.

2) Cell viability assay

RAW264.7 Al 2 5x10* cell/mli 96 wellell ¥
stod 2417k ot wieks F Z7] 9& w=(0.125,
0.25, 0.5, 1.0, 1.5, 20 mg/ml)e] AA7IEZ 2
FZ5( Gyeigayonggolmoryeo-tang, GYT)ol| 244

Table 2. The Primer of iNOS, COX-2 and B-actin mRNA

Zo) - 442

7t 2ot D71 Tk Cell viability assay= EZ-Cytox
Cell Viability Assay KitZ o] &3stdow 450 nm
TREAA S5,

3) NO A4 &4

wj ekl W< nitrite %2 Griess Reagent System
< o] 83te] EA T RAW26LT Al o FE2E
< 0.125, 0.25, 0.5, 1.0 mg/ml®] == AA s
1417 % 1 mg/ml LPSE X 2|3led 18417} wlj kst
Z wjofal 50 plet EE&E] Griess Reagent® 4
F3 1087 Aol A Whg-AIZ] % ELISA reader
2 540 nmeilA 'E‘%EE K=

1) 9FEL A2 L &4

A A1 (Reverse Transcriptase
-Polymerase Chain Reaction. RT-PCR)& AA]3}
ook, RAW2647 M E 1x10°/ml& 6 wellell plating
st 12A417F 3 1 ul/ml LPS(lipopolysaccharide) &
A8l 2417 H FE2ES 20125, 0.25, 0.5
L0 mg/mD)E Astdet. F2EF Az 4N &
Trizol reagent(Sigma, USA)E o]43le] RNAE
ZZ3}7 Nano Drop(ND-1000, USA)= o]£3] RNA
= A=S AJgsiedel. RT-PCR kit(Promega, USA)
£ o &3led (DNAE A3t ¥ iNOS2 Cox-29
primer(Table 2) & ¥H5-A17 2™ internal standard
2 Bracting Al AAE ¥ 523 mRNAE
1% agarose gelell A719353le] Hdojzl W=z 3
7kt et

o ME
oL re le °l°

Primer Primer sequences
NOS Sense 5: AGACTGGATTTGGCTGGTCCCTCC 3 ’
Antisense 5 AGAACTGAGGGTACATGCTGGAGCC 3
COX-2 Sgnse 5: TCTCCAACCTCTACTAC 3 ’
Antisense 5 GCACGTAGTCTTCGATCACT 3
Bractin Sense 5: GGAGAAGATCTGCACCACACC 3 .
Antisense 5 CCTGCTTGCTGATCCACATCTGCTGG 3
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# RS A ste] A AFHshe] o
A 24L& 10% 222 1247 1A £ &
25 Bl Ao, B4 S AR 9%
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A 3e 9l W z2A sk 9 282 tunnel ¢
Aol o] &3}

>
)
40‘. ml°

X,
[o

o A WA zAsEA ¢
A ZES xylenes o] £3te] Eule}

2)
5t & 7}423}(rehydration) 8t

A3 ZA3sty 44
oz duld o7 A|FstE= H&E 943 AMAA
ddis Yoz FAATE alcian blue, T
Aoz WrightE AlPstsiet. =3 HAx2H i‘r
34 dloze G9gad F e %

< proteinase K(20 pg/ml)oll 5% &<t proteoly51s
AL AA F 3% H,0.Z 5387 22lste] 24 |
o el kst aE Al71skaL 1A A (Table 3)
£ A]3ted 4 C humidified chamberoll A 24217 &
ok vEEAIAH L PBSE 33| At 3 23 A&
AHelate] Ao A 1A17F 53t A1 ABC S
(ABC kit, Vector Laboratories, Inc., Burlingama,
CA. USA)ell AlZelA 3087+ uke-A1Zl % 0.05%
3.3"-diaminobenzidine tetrahydrochloride(DAB, Sigma)
2 b upe-S #helalg] o Hematoxylin® 2 o
Z dAsle] 38k A (Olympus BX50, Japan) 3}
oA vl FEF F HAF 7h# 2 (Nikon EI9.
Japan) & &3t}

Table 3. List of Antibodies

Antibody Source Company
MUC2 Rabbit Santa cruz
NF-xB p65 Mouse Santa cruz
COX-2 Goat Santa cruz
iNOS Mouse Santa cruz
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M| EAFAAHapoptosis) Zl-& 9130 in situ apoptosis
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< pixel count® <3AHEA (Image-Pro Plus, ver.
7.0)3+ 1, meanstS.E Frez T =] el
7 2AER 7 5EE SAs A Asiid
A ‘}/] 94 A5 A8 SPSS(ver. 20.0)
o] 43l o™, one-way ANOVAZ &

Az, Folere

program-+<
A3t3 Duncano® AHS
p<0.05o1 A FhE kst

m. 2 =

1. RAW264.7 M ZE 0|8¢ct HEAH g2t

) GYT7F RAW264.7 Al AEFo| n)A=
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=% 1.0 mg/mle] FE7MA AT EAE e
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Fig. 1. The effect of Gyejigayongegoimoryeo-tang
extract (GYT) on the cell viability of
RAW?264.7.

The XTT assay was used to measure viabilities
at an absorbance of 450 nm.

2) RAW264.7 Al ZeM 9] NO A HA &3

dzemEAg 23 ALEL: Llpopolysacchandes
E RAW264.7 M=o HzslHA GYTE 5
(0, 0.125, 0.25, 0.5, 1.0 mg/ml) & #o] A=|gt A=
LPS%F gk Z& NO A4 100% 71Fe2 A+
o, LPSt A2l® Zole NO AAde] w4 &2
z7beke Jeplgl oy 059 1.0 me/ml 59
GYTE A= Es 9 I3 FHastdek(Fig. 2).
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Fig. 2. Inhibition of LPS-induced NO by

Gyeligavonggoimorveo-tang extract (GYT).

3) RAW264.7 A Eel| A9 AFa 4 F4x L
onﬂ %‘-1]_

RAW264.7 Al Zo] LPSE A8t & GYTY 4
Z84 A2 £ INOS9 COX-2 mRNA #H3d
A 235 geldt A3 INOS mRNAE 0.5 mg/ml
9] FRAAMIEE AT WA HE B
M FE v Aed 94 237} el C0X-2
mRNA 9A] 05 mg/mle) F S RE 2 oA
E37}F etk (Fig. 3).

C =5
o™
=
Q200

—~T8

2
5 50
>

w
GYT(m

0
(mg/mi)0 0 0125025 05 1

LPS(1 ug/ml) LPS(1 ug/ml)

Fig. 3. Inhibition of LPS-induced iNOS and COX-2 mRNA expression by Gyejigayonggoimoryeo-tang

extract (GYT).
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Z7HH9eS ¢ 4 gtk Sample groupel A=
Control groupell B8l crypte] £Ake] 2] 0} (Fig.

4C), 2207 AE3= 9FAZE Control group
# AR Wl £7FE vk (Fig. 4F).

Fig. 4. The histological changes of mucosa and submucosa.
Light micrographical findings by H&E stain (A, B and C) and Wright stain (D, E and F). A, D : Normal

group without DSS: B, E :

Control group, DSS-induced colitis, B showed the erosion and increased the

infiltration of inflammatory cells (E): C and F @ GYT extract treatment for 3 days after DSS-induced colitis.
Sample group showed the decrease of damage compared to the Control group (C). However, Sample group did
not show the decrease of inflammatory cells compared to the Control group (F). bar=100 pm

2) AN E RE &3

AN E BEEss elsr] 98 SiHE
(goblet cell)®] AHIAATHTFE HN o2 ehi
+ alcian blue G 8] == mucin 5 mucin2
(Muc2) #3-& elst A3}, Normal groupell A&
AN )RR A alcian blued] Moz G
57 (Fig. 5A), Muc2 =3 %2 i3S Folgd &
Ao, 53 Muc27t A¥e Ze| FE o
o] Ao zRH H3HT gl&S & 4 sldd
(Fig. 5D). Control group®l A= crypte] B3 4l
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Fig. 5. Alcian blue-positive goblet cells (A, B and C) and expression of Mucin2 (D, E and F).

A and D : Normal group without DSS: B and E : Control group. DSS-induced colitis: C. F : Sample group,
GYT extract treatment for 3 days after DSS-induced colitis. Sample group showed the increase of Muc2
expression compared to the Control group (F). bar=100 pym

3) AFA LAz A 2 = 37H RE oFAte] FlEddeh A FellA
A5 HHAA gAEHE Falsr] 98 o w7k & vepf gl et Sample groupel A
v gajo A Felst A NF-xB p6h, COX-2 = Control groupell ®l3] A3 7HA= A Fig.
283 iNOS aHAle] Was 22oA Falslot 6A, B and C). *3/+AE 53l st 23 Control
(1) NF-xB p65 group¥ Sample groupe] 27+ 341.8+70.04¢} 148.2+
NF-«B p65 282 Normal groupol|AE wf$- 14142 7 ko] 93}A 243 AL 4 5 99
okgt e Ak Jehd Wb Control groupell A t}(Fig. 6D).
A B i % __ b

Fig. 6. The expression of NF-xB p65 in colon.

A : Normal group without DSS: B : Control group., DSS-induced colitis: C : Sample group, GYT extract
treatment for 3 days after DSS-induced colitis: D : image analysis of NF-xB p65
*K0.01, bar=100 yum
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(2) COX-2 Ho(Fig. 7B) COX-2 w3 oz zx] &4} o3k

COX-29} INOS &S it A3, COX-29 < v)A 2 dgler DSS 24 o]F A FH A=
e oA NF-«B p65 2del] d3ks wohes A5 W7t S7HE R s YeRdE Sample
ok 4 ¢lglth. Normal groupsllAlE A9l $AY group< COX-22] w3 o] Control groupel ®ls &
o] - oFst kel (Fig. 7A)e] IaE Wb Control 3] A= Aok Fig. 7C). 94 #4723} Control
group~ Hut ZoM COX-29] W&ol wj$ =7} group<> 3579.24272.359] o= A=A Control
Holom, 53] Aw F9| £Abo] Wi Ald ¥ group< 62.0+17.199] o g A= o] o3 2a
ob ol Al Ze M= COX-29] Wale] & £ &lskd ek (Fig. 7D).

EApIESS K OTCOXZ Pl oo 1t

A B C D

Fig. 7. The expression of COX-2 in colon.

A Normal group without DSS: B : Control group, DSS-induced colitis: C : Sample group, GYT extract
treatment for 3 day after DSS-induced colitis: D : image analysis of COX-2
*1X0.001, bar=100 pm

(3) iNOS 73S HeH(Fig. 8C). A ¥A7Z23 Control

iNOS w&& st 243}, Normal groupol| A+ groupZ Sample groupel A 27 590.8+118.07}
74 A Jep gl e (Fig. 8A), Control group<] 351.2452.17¢) ez ZA=Hgom T IF 7i
Aot Fol M= INOSS| o] wo] F7k= vk (Fig. fogh A "AE #d# 4 slsiek(Fig. 8D).

8B). Sample group= Control groupell ¥]&] A%
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Fig. 8. The expression iNOS in colon.

o

A : Normal group without DSS: B : Control group. DSS-induced colitis (CI): C : Sample group, GYT extract
treatment for 3 days after DSS-induced colitis: D : image analysis of iINOS
*K0.01, bar=100 yum
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Fig. 9. Tunel stain in colon.
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A Normal group, without DSS: B : Control group. DSS-induced colitis (CI): C : Sample group, GYT
extract treatment for 3 day after DSS-induced colitis: D : apoptotic cell count

*£X0.001, bar=100 pm
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