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A Study of the Effectiveness of Hwanggeum-tang and Gamchosasim-tfang in the Mice
Model of Inflammatory Bowel Disease

Young-kwang Kim, Young-ho Moon
Dept. of Internal Medicine, College of Korean Medicing, Dong-Shin University

ABSTRACT

Objectives: This study investigates the mechanism of Hwanggeum-tang (HGT) and Gamchosasim-tang (GST) on

inflammatory bowel disease (IBD).

Methods: The mice (C57BL/6N) were treated with distilled water and 3% dextran sulfate sodium (DSS) to experimentally
induce ulcerative colitis. The mice were divided into 7 groups of (6 mice: normal. negative control. positive control (with
sulfasalazine), 4 experimental groups (with HGT and GST. respectively). RAW 264.7 cells were used for cell experiments. The

experiment was conducted in two ways: in vitro and in vivo.

Results: In the experimental group (HGT. GST) of in vitro experiments, NO production decreased, and significant changes

in gene expression and protein activation were observed.

The length of the colon recovered in the experimental groups (HGT, GST) of the in vivo experiment was longer than that
of the negative control group, and the mucosal barrier was recovered. Sone significant changes in the amount of mRNA
expression were partially observed, and significant changes in protein activation also were confirmed.

Conclusions: HGT and GST are effective in treating IBD caused by DSS. In the same herbal preparation group, the
higher the concentration, the better the experimental effect, and when the same concentration was tested, HGT was more
effective than GST. Herbal medicine has a higher antioxidant effect than sulfasalazine, so it is also excellent for cell protection.
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Table 1. The Amount and Composition of Hwanggeum-tang (HGT) and Gamchosasim-tang (GST)

Herbal name Scientific name Dose (g)
Scutellariae Radix (¥7%) Scutellaria baicalensis Georgl 6
Zyzyphi Fructus (KRE) Zizyphus jujuba var. inermis 8
Paenoniae Radix (F%5%) Paeonia Japonica 4
Glyeyrrhizae Radix (H¥) Glyeyrrhiza uralensis 4
Total 22

Herbal name Scientific name Dose (g)
Pinelliae Tuber (45.) Pinellia ternata Breitenbach 5

Glyeyrrhizae Radix (H¥) Glyeyrrhiza uralensis 8
Scutellariae Radix (¥7%) Scutellaria baicalensis Georgl 6
Ginseng Radix (N%¢) Panax ginseng C. A. Meyer 6
Zingiberis Rhizoma (¥7E) Zingiber officinale Roscoe 6
Zyzyphi Fructus (KZ) Zizyphus jujuba var. Inermis 8
Coptidis Rhizoma (#3#) Coptis japonica Makino 2
Total 41
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HST A% 220 g(104 ¥ 1.5 L &, 18
3 GST AW 410 (104 392 25 LY &2 A7)
oFel7] (g, Korea)ollM 2A417F 714 &3 § o
3t o HST9} GSTE £33} 817] $l8l freeze
dryer(ilshin biobase, Korea)S o]4-3tod 72417+ &
ok 57:'711&3 A3 A HGT & & 1418%,
GST © 28.23%).

) o

/‘l%% Al9F2- dulbecco’s phosphate buffered saline
(D-PBS : Welgene, Korea), fetal bovine serum(Gibco,
U.S.A.), Dulbecco's modified eagle’s medium(DMEM
: Gibco, U.S.A.). penicillin-streptomycin(Sigma. U.S.A.).
trypan blue(Sigma, U.S.A.), trypsin-EDTA solution
(Welgene, Korea), lipopolysacHGTride(Sigma, U.S.A.),
NO assay kit(Intronbio, Korea), EZ-cytox(Daeilab,
Korea), dexamethasone(Sigma, U.S.A.), accupower
cyclescript RT premix(Bioneer, Korea), total RNA
prep kit(Intronbio, Korea), SYBR Green(Qiagen,
Germany), DEPC-DW(Bioneer, Korea), mouse IL-6
ELISA kit(Komabiotech, Korea), mouse IL-18
ELISA kit(Komabiotech, Korea), mouse TNF-a
(Komabiotech, Korea), pierceTM BCA protein assay
Kit(Thermo Fisher, U.S.A), RIPA lysis and extraction
buffer(Thermo Fisher, U.S.A.), protease inhibitor
cocktail 1 - 2 - 3(Sigma, U.S.A.), bovine serum albumin
(BSA : Gendepot, U.S.A.), miracle-starTM western
blot detection system(Intron Biotechnology, Korea),
Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204)
(D13.14.4E) XP® Rabbit mAb(Cell signaling, U.S.A.),
p44/42 MAPK(Erk1/2)(137F5) Rabbit mAb(Cell
signaling, U.S.A.), SAPK/JNK Antibody(Cell signaling,
US.A.), Phospho-SAPK/JNK(Thr183/Tyr185) (G9)
Mouse mAb(Cell signaling, U.S.A.), Phospho-p38
MAPK (Thr180/Tyr182) (D3F9) XP® Rabbit mAb
(Cell signaling, U.S.A.), p38 MAPK Antibody(Cell
signaling, U.S.A.), peroxidase-conjugated affinipure
rabbit anti-goat IgG(Jackson immunoresearch, U.S.A.),

peroxidase-conjugated affinipure goat anti-mouse
IgG(H+L) (Jackson immunoresearch US.A), 4%
formaldehyde(Slgma US.A) 55 AHEsldch
3) 71 71

B 55 22 A AHSE 717]E freeze dryer
(ilshin biobase, Korea), rotary vacuum evaporator
(EYELA FDU-540, Japan), CO, incubator(Sanyo,
Japan), autoclave(Sanyo, Japan), clean bench(Vision
scientific, Korea), vortex mixer(Vision scientific,
Korea), deep-freezer(Sanyo, Japan), centrifuge(Hanil,
Korea), ice-maker(Brema, Australia), micro plate
reader(Molecular Devices, U.S.A.), plate shaker(Lab-Line,
U.S.A.), nanodrop(Thermo Fisher, U.S.A.), real time
PCR(Qiagen, Germany), alpha cycler 1 PCRmax
(PCRmax, U.K.), mini trans—B ot®(Bio—RAD USA),
funsion FX(Vilber, US.A.) 5+ A3}

2.9

1) Azl

RAW 2647 cells= 10% fetal bovine serum¥}
DMEM ®iA](1% penicillin-streptomycin®.2 =
A)E o] &3l 5% CO, 37 T 2722 FAHE
A wfoF7]o| A v oksld 1, 2-39S F7]2 A
wjoksle] Ald & A5},

2) Nitric Oxide(NO) A= =4

RAW 264.7 cells& 24 well platesl] 4x10" cells/well

FF3ted 24417 5<b wieFskar 50, 100, 200 pg/ml
l';‘:"] HGTe} GSTE A=lsta 241z & 100
ng/mle] LPSE 38ke] thA] 24417 <t vl oFatsd
o}, wfoFst £ 96 well plate —r]°ﬂ Al Zul oFel 100 pl
£ Fod38t2 N1 buffer 50 plE F71sked A AF-ol
A 1087 9H-AF S v 3 N2 buffer 50 plE
F7Feted A} Aol A 1087 B A A kg el
%, 540 nm 27N FEE WHIE AL
izl A3 NO S HEd2 2759

3) TE 9 AR

¥ FE EY AFES 918 AHSE CS7BL/6GN
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mouse(55%, 7, 20~25 g)& 2h2u}o] 2 (Korea)
oA F3)5}e] "]“9-3} o}, APEES 15 ARy
M 7)1 5 AXEA -r‘ﬂ_ *]%{iiﬂi A7) 2 A
TYPALRS} BS

3] Fastsid <7 °]*r 675 HEH 1577 5
2 AYE Agsisich 5 AFAIS conventional
system 2702 dF 24A17F F 12417H- 200-300
LuxZ 2H& vF3, 1247 28 9 2d3)
AN TEE 242 TE A3 & 5F =4
Age dAdsty FEAPENLIY £d&
W FEREER Azt Adstch (5w

% DJUARB2020-022).

4) 4389 54 9 A E8AE

MFAE AABA| U= AN, SRFUE AT
Foidl= A2, sulfasalazine 30 mg/kg/day®
Folale AU ERL HGTS GSTE 200, 400
mg/kg/dayE Fost= Ml AL 5 = 1Y
o2 7 7 vy wiY 13], 24 104
of 200 w4 oral zonded AHE3te] 7U Tk AT
sttt AFR7t AdHe A AYEE
A9t 6718 AFIFAE 3% dextran sulfate
sodium(DSS) F4N& FF3lgon, 15979

Foi71 555 o] F ethyl etherZ wl33te] AAA
Ao APt A8 T2 Aol AF 1
kgell 200, 400 mgo-2 7]FAko} A4S 3 mouse?]
A el Bl st AFEEoH.

i

A E2} N AFAo| easy blue 1 ml, chloroform
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200 plE F93k vortexing 31 ©] % 13000 rpm.
4 CellA 1087 A2 313t binding buffer
400 pleb A= 400 plE 18 59k Ao A Hks
A7l 5 wksed 700 plE columndl FUI 3
13000 rpm&EZAM 302 Fot AR o
Columngtell washing buffer AS 700 pl FoI3tx

13000 rpm 2 elA 30% F<¢F YAH2] & washing
buffer BE 700 pl Fe{3lx L34 AA £ 3}
Aot Column® sHEES 15 ml tube2 A g
Zof|, columnel elution buffers 30 pl F4g % 1
F 5o vbSA7I YA 13000 rpm 2A1NA €

25 1E Tk A3t total RNAS FE3t

¥ o>
i)

(2) ¢cDNA A

o A Ab(reverse transcription) ¥He-2 RT premix

kit®] mixture(oligo dT15 primer, stabilizer, reaction

buffer, RNase inhibitor, dNTPs mixture) total RNA
£ 1 ug ¥ DEPC-DW9] % £3)7} 20 7} =

5 AAAR, o SRAE T HE Fol, &5 C

Z710| A 60% 59t HFSAIAA first-strand ¢cDNA
% skt ol F 95 ColA 5 FU¢ AT

¥ M-MLV RTE E3A43} AJAAN Ao sz
¢cDNAZ polymerase chain reaction(PCR)el] A}&
Einsis

(3) FAA 5F

A 5" (DNAS FF2 913t real-time
PCRE #33}9d 1, o] £ real-time %18 tubeol 7
primer 2 pl, cDNA 1 ul, DEPC-DW 5 ul, SYBR
Green 10 pl® ol 95 T zAolA 287 vkg-A
713 g5 95 C 27lM 5%, 625 CTEZAA 30
24 03] WHEEt fAAE SFAFHE FAA
g d el g3t ez AAkstg e, A
% primer®] sequences: Table 29} 2t}

ofp m“é%



Table 2. The Sequences of Primers

Primer F/R* Sequences
F AACCGCATTGCCTCTGAAT
PIGSZ b GATGTTCCAGGAGGATGGAG
wose T CGAAACGCTTCACTTCCAA
R TGAGCCTATATTGCTGTGGCT
5 T AAGAAGAGCCCATCCTCTGT
R GGAGCCTGTAGTGCAGTTGT
s T AGTCCTTCCTACCCCAATTTCC
R GGTCTTGGTCCTTAGCCACT
vmt F ATGGOCTOCCTCTCATCAGT
R TTTGOTACGACGTGGGCTAC
T GCTCTTGCACTACCAAAGCC
R CTGCTGATCCTCATGCCAGT
wrep T CTTCGAAGCACGGCATCATC
R TCCACAAAGCCTGGGCAAAT
vaor | TCGCCATTTTCTTCGGGCTA
R TGAGCAATTCCCTTCTGCCC
wo; T ATGGCGTCACTTCGTCAGAG
R GCTGATCTGGGGTTTCCCTC
P AACAGAACGGCCCTAAAGCA
NFEZLZ B pGGGATTCACGCATAGGAGC
orp T AGGGAAATOGTGCGTGACAT
R TCCAGGGAGGAAGAGGATGC

*F © forward, R : reverse

7) A FAs 2A

Al £9} Az ol phosphatase inhibitor 1T -« II.
protease inhibitor cocktail I o] ¥3¥ RIPA buffer
£ Yo SAE FEI9dH FE2H A
pierce BCA protein assay kitS AHS-3te] A3}
a5l o™, sample loading buffer?} 4elA 95 Cell
A 587 dESAIA ERlskdeh ERlE A
10% acrylamide gel& |43 SDS-PAGE3le =
71" 2 £2)8 5, PVDF membraneel ©]5A
o] 277 membranes 3% BSAel Hol 2
A7 F3t Aol A BEAIFE TBS-T buffers
o] &3ty 3 AMZstxz ERK(1 : 1000), p-ERK
(1 : 1000), p38(1 : 1000), p-p38(1 : 1000), INK
(1 : 1000), p-dNK(1 : 1000), B-actin(1 : 1000)

2oz - 2ol

first antibodyS ol 4 CellA 14A17F St vh-&-A]
Zeh. ©FA] 33 Al M 3la @ 3 secondary antibody
(1 : 10000) & Foidted Ab2ollA 1A17F HH-EAIH
o}, o] &, 94 103] A& 3l ECL solutions %3}
of th A& wAlAIZ ) vkl & chemidoc fusion
il g 3E B

-

2 AT F d3E P8 s 2y $ el
£ 5 ime FAE 94 AHs}tod hematoxylin}
eosin®. 2 AM3le] FAalgdo)

3. EAIXE|

%5 29 A3 A3+ meantstandard error of
mean®. 2 7|31 em, SPSS Statistics Version
21.0(IBM. New York, United States) EAZZ1

= o). A F 1§ 7k BAA v
% independent sample t-testE AF&ste] 33514
2 o8 IF 7+ EAA BlZE analysis of
variance(ANOVA) & AH8-3ted 48893 2™, Tukey's
HSD test® %8 fel4F 0.0022 A3t
AL A2, p0.05, p<0.01 Z p<0.001
A FeFe s o] 2734

m. A

oot

Z3

1. In vitro A &A1t

1) NO A=

HGTE GSTE 50 pg/ml o]Ake] HxzA6)A
NO AAzfo] dzel wlste Fo3t vt v
ehgeb(* o op<0.05, ** : p<0.01, F** : p<0.001)
(Table 3, Fig. 1).
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Table 3. Effect of HGT and GST on NO Level in RAW 264.7 cells : treated 50, 100. and 200 pg/ml
RAW 264.7 Cells of HGT and GST with 100 ng/ml LPS for 24 h.
: = : NO level were calculated as percentage relative
Concentration (ng/ml) Nitric oxide level (uM) o the control. The results : presented by the mean
Normal 1.88+0.01 +S.D from 3 independent experiments (Significance
Control 14.15+0.67 of results - ##4# : p<0.001 compared to normal, *
50 12.21+0.24% 5 p<0.05, FF r p<00L, ¥ 1 p<0.001 compared to
HGT 100 9.48+0.09"* control).
200 7.62£0.17%** )
50 1224011 2) AR
GST 100 8.30+0.12 (1) 9% &= Adx
200 8.00£0.23 O PTGS?

PTGS? +AA w4 2
Ml 100 pg/ml, GST+= 200 pg/ml ]S = Z 700 A
S

i . HzFel wlsld fost A Yepgdd
': I I I I I p<0.01, *** : p<0.001)(Table 4, Fig. 2).

~

auiche bevwl (uM)

Mitric

Norma

Concentration [sy'ef)

Fig. 1. Effect of HGT and GST on NO level in RAW
264.7 cells.

Table 4. Effect of HGT and GST on mRNA (P7GS2 NOSZ ILIB. L6 TNFA IL10, HPGD, NQOI, HOJ,
NFEZL2) Expression Level in RAW 264.7 Cells

mRNA fold change

Concentration

(ug/ml) PTGSZ,  NOSZ/ ILIB/ Lo/ TNFA/  ILI0r  HPGD/  NQOI/  HOI/  NFEZLZ

ACTB  ACTB  ACTE  ACTB  ACTE  ACTB  ACTB ACTB ACTB  ACTB

Normal 0.03+ 0.38+ 0.10+ 0.03+ 0.18+ 246+ 241 3.15% 0.19+ 3.36%
0.01 0.02 0.05 0.00 0.02 0.12 0.14 0.11 0.01 0.27

1.00+ 1.00+ 1.00+ 1.00+ 1.00+ 1.00+ 1.00+ 1.00x 1.00x 1.00+

Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 0% L0 08+ 08lx L0 105 Lo L0= 08 097
0.06 0.06 0.03%  0.07 0.07 0.05 0.08 0.19 0.07 0.07
HerT w0 O77E 080 075 06k 083 116 L7+ 122+ 098 119
0.02%%  0.09%  0.01%*  0.04%  006%  0.03* 0.18 0.07% 007 0.04%
jpp  O03BF 043t 065 046+ 060 12 L4lx L7 220 150+
0.07%%  005%F*  003FF  007FF 0.03FF 0027 011F 007 0.10%FF 0,045
s L0312+ 08= 100t 106 L0Ix 098t 0%+ 09 099
0.07 0.02 0.04* 0.01 0.08 0.01 0.07 0.10 0.03 0.07
a7 1g0 09 086= 074 076 095 L0 101+ 106+ 100  LOL¢
006 003 006  00U** 002 0.04 0.10 0.02 0.07 0.04
jpp 069 056r  063= 059 088 LI0: 104 108 LI7x L0

0.06*  0.06™*  0.04™* 0.02%* 0,03 0.04* 0.05 0.06 0.08* 0.03
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Fig. 2. Effect of HGT and GST on mRNA (P7GSZ NOSZ. IL1B, IL6, TNFA IL10, HPGD, NQOI, HOI,

NFEZL2) expression level in RAW 264.7 cells.

RAW 264.7 cells : treated 50, 100, and 200 pg/ml of HGT and GST with 100 ng/ml LPS for 24 h. NO level

were calculated as percentage relative to the control. The results

presented by the meanzS.D from 3

independent experiments (Significance of results - ### : p<0.001 compared to normal, * : p<0.05, ** : p<0.01,

- p<0.001 compared to control).
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@ NOS?

NOS? A7 weEkE é‘ﬂl} A3, HGT9
GSTE 100 pg/ml o)A H=x
EIE s R R i "}E}‘;’}‘:‘r(* o pC0.05, **
p<0.01, *** : p<0.001)(Table 4, Fig. 2).

® ILIB

[LIB Az 23S SA3 A, HGTQ]-
GST= 50 pg/ml oA H=FAA o 27l
Hlste] o3t ZHAvh bRt p<0.05, *
p<0.01, *** : p<0.001)(Table 4, Fig. 2).

@ 16

IL6 53AF ke 243 29, HGTE 50 pg/ml,
GSTE= 100 pg/ml o]e] s=27dA o 2o
Hlste] fo)8t ZFAzh vehdeh(* 1 p<0.05, **
p<0.01, *** : p<0.001)(Table 4, Fig. 2).

& TNFA

TNFA 37 3 *3: ZAs 7é?Jr HGT
100 pg/ml, GSTE 200 pg/ml ©]AHe] = °ﬂ"1
2 Eot I TR v«]fﬂ a7t ‘/}E]r‘;\“:}(
p<0.05, *** : p<0.001) (Table 4, Fig. 2).

(2) g5 A= AR

@ [L10

2'52'

p<0 01)(Ta

@ HPGD

HPGD §A4A w3zs 343 43 HGT+=
200 pg/ml o)A FERAdAM dx
98 77 vebd e, GSTE dHxel Blst
o] fo3t S7PF e A skt
4, Fig. 2).

(3) Akt 24

@O NQOI

NQOI +4A Hd%s ST 23, HGTE
100 pg/ml o]Ae] F =z ol A
o3 $7F vehgen, GST

e4F1g2

-

Y

rlr o

398

o] o3t F7F vehA sk
: p<0.01)(Table 4, Fig. 2).
@ HOI
HOI A7 w3zks A3 A3, HGT9
GSTE 200 pg/ml o8] s=F71oA o 2ol
Hlste] fo]3k Z77F et
p<0.001) (Table 4, Fig. 2).
@ NFEZL?
NFEZLZ 32 #dss 343 243, HGTE
100 pg/ml oA FE=F27dAM Hx
Fo8 27 vehted, GSTE DHZi—E"ﬂ H] 8}
°4 T S7F deRtA ket
: p<0.001) (Table 4, Fig. 2).
3) @i A g3}
(1) 9% 243 24
O C0X-2
COX-2 <id AstE ZA3 Az, HGT9
GST+ 100 pg/ml o] s=Z76A o 2ol
H3ke] f-o 8k ZhAh vegteh (0 p<0.01,
p<0.001) (Table 5. Fig. 3).
@ STAT3
STAT3 @¥id &35 A3 23, HGTE
200 pg/ml, GSTE 100 pg/ml ©]A4He] FE=271eA
2ol wlste] FoIgt A veRgeht 1 pd0.05,
0 p<0.01, *** 2 p<0.001) (Table 5. Fig. 3).
(2) MAPK (mitogen-activated protein kinase)
© ERK
ERK =id A3t ZA3 43, HGT9
GSTE 50 pg/ml oAk H=zAdAM oz
Hle] f-oJ3t ZRAvE peRgeh(f 0 p<0.001)
(Table 5, Fig. 3).
@ JNK
INK =hijdl &3t A3 A3, HGT< GST
100 pg/ml o] e FEZRAAA el w3}
o] fo& Frarh veRgeh(* 0 p<0.001) (Table
5, Fig. 3).
@ P38

: p<0.05, **

p<0.05, *** -

>

A
o)

A
j=)
(=)
—



P38 = 2435}

= =
= T
el FEz

o] oI a7k vhere e

T 50 pg/ml

5. Fig. 3).

(3) FAstas

O HO-1

ug/ ml °] “4

Xa‘]—

RiA

A3}, HGTeF GST
Aol A Azl wlst
: p<0.001) (Table

ojst Z7p7F vepdA sk o p<0.05, **
: p<0.001) (Table 5, Fig. 3).

p<0.01, ***
@ NRF2
NRF2 =4

93
200 pg/ml o]AHY Tz AdA B ZZol| B]F}e]
F93t F7F el er, GSTE w27l v]sts

o o
o3

2717k e

(Table 5, Fig. 3).

ke o p<0.001)

Table 5. Effect of HGT and GST on Protein (COX-2, STAT3, ERK, JNK, P38, HO-1, NRF2) Expression Level

in RAW 264.7 Cells

Protein fold change

Co?ﬁegrjﬁ?on COX2/ pSTATY pBERK/ pJNK/ pP%/  HO1/  NRFY
Bactin  STAT3  ERK INK P38 Beofn  [Bouln
Nommal  043:000  042:000  048:000 0326000 0602001 036001  L70:001
Control  LO0X00L  LO:0.0L  LOOZ0O1 1002001  LOOE00L  LOOZ001  LOOZ00R
50 L0001 LOGE03 0G00I  L052001  OAL:0007*  L08£003°  0.97=001
HOT 100 0AI:000%* 1062000  062:000"* 0532001 028001 LO0G002°* L0201
200 024000 (18001 045000 026001 019000 112:000%* 1180007
50 1.09+0.01 1.02£0.03  0.66£0.03***  1.03+0.01  0.44+0.01***  1.00+0.02 1.00+0.04
GST 100 073:002 081007  065:002°% 037000 040:002°* 101003  100:0.03
200 043001 0530047 037002 033:008° 03520007 107002 L0303
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Fig. 3. Effect of HGT and GST on protein (COX-2, STAT3, ERK, JNK, P38, HO-1, NRF2) expression level

360

in RAW 264.7 cells.

RAW 264.7 cells : treated 50, 100, and 200 pg/ml of HGT and GST with 100 ng/ml LPS for 24 h. NO level
were calculated as percentage relative to the control. The results : presented by the mean=S.D from 3
independent experiments (Significance of results - ### : p<0.001 compared to normal, * : p<0.05. ** = p<0.01,
#% 1 p<0.001 compared to control).



2. Invivo A® Z2 Table 6. Effect of HGT and GST on Colon Length
1) 93 22 2o in DSS-induced Colitis Model
g2} 229 Zo|= 2A3 A3} o x| B8} Concentration (mg/kg)  Colon length (cm)

of HOT: 22 o2, GSTE 400 mg/kg Fol & lgont“ﬂ ?igfgéé

o o0]5 = [P T wokk - oniro -20%V.
A FER Z7P7E e - pd0L Sulfasalazine 30 0254043+
HGT 400 8.92+0.39%**
GST 200 7.22+0.81
GST 400 8.70+0.64™**
Ay 12
0 Lty '._' e
g ¢ ]
§ .
.
! Hormal Contral Sulfasalazine HET HGT GET G5T
30 200 400 200 400
Concentration (mg/ig)
@ MNormal |« S el
Control 'V"""""""‘
Sulfasalazine 30 ny/ig h—-ﬁ R, T
HGT 200 54/1) | e ——
HGT 400 my/ig ‘F"“-‘*
GST 200 ay/ty | e
GST 400 my/ks ’.-ﬁ-—————-
Fig. 4. Effect of HGT and GST on colon length in DSS-induced colitis mddel.

The result were presented by the meantS.D (Significance of results - ##3# : p<0.001 compared to normal, ** :

p<0.01, *** : p<0.001 compared to control) (n=6). A : data graphic image. B : photograph image
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Fig. 5. Representative colon sections stained with hematoxyl

Magnifications : x100
3) AR wEEF
(1) 9= #4 Az

O PTGS?

PTGS? 5AA wzks A A3, 2
B35t HGTF GST+= 400 mg/kg Fo3olA £
g 7hasb Rt o p<0.05, f  p<0.001)
(Table 7. Fig. 6).

@ NOS2

NOS2 A7 Hd%es FA4% A3, gzl
Hgte] HGTE 2T F+, GSTE 400 mg/kg F

362

re
-

.
1}

400 mg/kg FoA Fol & 2 vl w3
FEEA o

T deAEe] AE
B3EgEE #2E & A9 =

mg/kg FolFANE ol vlste] g By
of FE=A AgkH(Fig. 5).

1 P
ek il T 01 1 P
i

0 & eosin (H8E).

o Zoll A F2] & sk vkt p<0.05.
p<0.01)(Table 7. Fig. 6).

® ILIB

ILIB 37 3gs SAT A3} bz
Hlske] HGT 400 mg/kg Foftell A fofdt 2ha
7h et en, GST+ Azl nlske f2f3 3t
27F el ke (* ¢ p<0.05) (Table 7. Fig. 6).

@ IL6

oX,

=



7} YA ekekek(Table 7, Fig. 6).

® TNFA

TNFA 742 wdz-s A5 A3, o2
Hste] HGTE —E* FoJ, GSTE 400 mg/kg &
oJFo A f-9J 3 FAst vreRgeR(t 1 p<0.05, **
p<0.01)(Table 7. Fig. 6).

(2) 395 J&rf’d ez

@ IL10

ILI0 A s AT 23 dxde
B3l HGT9 G T% E_-‘E— Eoj oA Fo8 =

A7h dedA kst
@ HPGD

H]3le] HGT 400 mg/kg o] 7ol A
7} Yehtor, GSTE Wiz

7}7} ‘/PE]r‘/}Z] sty
3) dakzta s
@ NQO1
NQOI +A4A s ZAT A, 2ol
B]3le] HGTS} GSTE 400 mg/kg FoI7olA 9
gt 277k Jebdeh(* 1 p<0.05) (Table 7, Fig. 6).
@ HoI
HOI 47 wdss
v]3le] HGTS GSTE E& Foi ol
7F7F et sk (Table 7,
@ NFEZL2
NFEZL? 5737 wdwgs A3
o W)ate] HGTS GSTE EE FolFollA #28
Z7P7F Ve Al ok (Ta

: p<0.05)(Table 7. Fig. 6).

Table 7. Effect of HGT and GST on mRNA (P7GS2 NOSZ ILIB. IL6 TNEA IL10. HPGD, NQOI, HOI, NFEA2)
Expression Level in DSS-induced Colitis Model

mRNA fold change

Concentration

e\ PTGSZ NOSJ LB/ 1L INFA/ ILIJ HPGD/ NQOJ HOU NREAD
ACTB ACTB ACTB ACTB ACTB ACTB ACTB ACTB ACTB ACTB

Norma | 0I6F 03¢ 010t 003 OIS+ 246+ 24lr 3Lk 010e 33
004 008 005 000 002 012 014 01l 00l 0%

o WO0ELODsL00¢ L00e L0s 100k L= LO0s  LO00=  Lo:
000 000 000 000 000 000 000 000 000 000
Sulfasalezine 038¢  059¢ 083 08l L02¢ 105+ LOl£ L10¢ 098t 097
30 005 002 003 007 007 005 008 019 007 007
HoT 2 L0 0B5T 075k 064 0 Ll L2re 122¢ 0% LI
006 002 OO0 004* 006 003* 018 007 007 004

HoT g 05TF 072F 06k 0d6r 060+ Lo Léle L7 2s 150+
OO 004 003 007 003 002 011F 007 010 004F

oo 0905 0% 082 L00F L0t LOl= 0%+ 0% 096 099
003 005 004 001 008 00l 007 010 003 007

082+ 074t 076t 0%t L0t 101=  LOGt  L00t  L0I%

GST 400 oo OB003" oo o= 002 004 010 002 007 004
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Fig. 6. Effect of HGT and GST on mRNA (P7GS2 NOSZ2 IL1B IL6 TNFA /.10, HPGD, NQOI],
HOI, NFEZL2) expression level in DSS-induced colitis model.

The results : presented by the meantS.D (Significance of results - ### : p<0.001 compared to normal,
p<0.05, *** : p<0.001 compared to control) (n=6).
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® COX

COX-2 = —‘VE A3E SAT 23 Azl
Hlsted HGTe 2 FowolA ol d Zart v
ehton, GSTE izl Hlste] fo)3 7&517}

@D
oo—'
=)

e

O'Q

-3
=

yeptz] ekgke (¥ 1 pd0.001) (Tabl
@ STAT3
STATS ol

‘/}E}‘/}x] ke 1 p<0.001) (Table 8, Fig. 7).
%&ﬂ»;
+ o
HOT 943 TISE 29 39, 52

N
~
N
<
iJ
k)
xL
o
*
*
*
o)
P
=
o
(=]
—_
=
=
ﬂ
Qo
o
o
oo
=S|
S
.
=

@ NRF2

NRF2 =4 2435 543
Hjgte] HGTE EE Fod2elA fad 7171 v
ehtom, GSTE: dlzol nlsle] o8t 2717}

Wb ergrehe

|
p<0.001) (Table 8, Fig. 7).

Table 8. Effect of HGT and GST on Protein (COX-2, STAT3, HO-1, NRF2) Expression Level in DSS-induced

Colitis Model
Concentration Protein fold change

(ng/ml) COX-2/B-actin p-STAT3/STAT3 p-ERK/ERK p-JNK/JNK

Normal 0.43+0.00 0.42+0.00 0.48+0.00 0.32%0.00

Control 1.00£0.01 1.00+0.01 1.00£0.01 1.00£0.01

50 1.00=0.01 1.06+0.03 0.63+0.017%** 1.05£0.01
HGT 100 0.41£0.00%** 1.06=0.00 0.62+0.01*** 0.530.01%**
200 0.24£0.01** 0.18+0.01%** 0.45%0.01%** 0.26%0.01%**

50 1.09+0.01 1.02+0.03 0.66=0.037** 1.03+0.01
GST 100 0.730.02** 0.81%0.07* 0.65=0.027** 0.37+0.01%**
200 0.43%0.01*** 0.53+0.04** 0.37£0.02%** 0.330.03***
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Fig. 7. Effect of HGT and GST on protein (COX-2, STAT3, HO-

colitis model.

The results :
p<0.001 compared to control) (n=F6).

v, o &

a

=
MTetE e gl AAE e R <l ¢
Z4 A% (inflammatory bowel disease. IBD)ell
sFats A A (ulcerative colitis, UC)Z
249 (Crohn’s Disease, CD) o] Z7}ata ot
73R A 7 el w2 2009l M 2016
QA Aok gAke wheEL 109 1 o} 3989

oAl 5278 (A 31398 - A 2.14%) 22 3%
ZA SHES A Aol 10% 9
4141714 65.95% (A 38.277% - 44 27.79) &
2 50% Z7M0A. w8 A9 2 e o|el A
2geln AFshe Az Bz e A%
A QKo ez Agnke ka5 20154

35.623% 14 20199 4668102 31% F7HE F
Mg HefFa o,

366

presented by the meantS.D (Significance of results - ### : p<0.001 compared to
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Hoshy aqlozs AAA, CD4+ T cell®] A
3}, cytokine®] A4 ol AU, HFAE cytokined
w2 G3uke] 247)5 A3 A7 o
87 olFelA 1 9H” CD4+ T 37HA(Th
Th2, Thi7) 1€, 2 % Th2+ IL-6, TNFE A
A AFd A Age Yo7l =3 Thl cytokine
pathway Aot 95& YA APEHo
A F28H| AFE-EE cytokined] IL-125 &3 +
=99,

HA AFLELT Qe ASARE AH RO E A
A, sulfasalazine, mesalazine 5% 5-aminosalicylic
acid(5-ASA) AAI7F A= glom, 2|2 o= A4
o MF3HA] 9= 7% cyclosporin, 6-mercaptopurine,
azathioprine =9 HWIJAA = AFLEH T glov}t
A5 7|HE e GBS Ao g =
gt o] 3t ofA|Eo AHE-> AW A 7HeA o
=7] W&ol sulfasalazine, mesalazine 59 s
=7F #l9 ofA| e AV R E T AEe WA
dof 3t A= ook Iy ojHd A7)z
oFA L TE, I BAE 5 oo 3
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#KHZ T4
28 0 Fu AL 4
FEES B Ao AL gelt
B4l AT ol HEBLE Al

#e <>l £25) g Aoz
B PE KK L o= 745 glom,
LA 7} . RO Al

= Wel 43 g Yol Ashg

& 4 olvhe Aol HAelslod HHET HEIELE
°l Aol AT g 38 2t & A
olgl 7}t et ofd] = ATl DSSE A%
A WA o] fEE Aol EES P HEELE
B85 T3t in vitro AFPE B3 NO AA
| &3, A wEFe folst wsi(dF @
olz}e] 744, = T Qlle] 27}, kst
2420 Z71), wA %"*EH v#ﬂ ﬁi‘r <
I e R

Aole] 5%, 24 W, 9§04 2R
o 4o wEH e B AR Ba F9F
B A 27) Raskass] F7h), 93 s
A $A% 4ol A B B2 B4
FAtEae 27% A,

In vitro AgellA NO A= HGTe GST =
T 50 pg/ml oA FEEZAA o3 ATt
vebgth NOE "IN ZE 283 ookt Al 2E
2XE L-arginine®| guanidine group o2 A A
=3 goFat g3ubso] AelM dejubH N0
A o] .7;7].?‘5].04 Z7)9] &Alo|| o8FS FrBY

FAA g A 352 37HA category (%
&4 kL, J‘ﬁ% HA QAL Ak 24 2RE
I QlA2E PTGSAProstaglandin
—endoperomde synthase 2), MOSANitric oxide synthase
2), IL1KInterleukin-18), /LA Interleukin-6), 7/NFA
(Tumor necrosis factor-a)7} 212, 3F9= & QIAlZ
= [LiInterleukin-10), APGD(Hydroxyprostaglandin
Dehydrogenase) 7} glom, ikt 42 NQYOI
(NAD(P)H quinone oxidoreductase), HOI/(Heme
oxygenase-1), NFEZLANuclear factor erythroid
2-like 2)7} Sl

dE I AAE F PTGS. TNFA= HGT
100 pg/ml, GST 200 pg/ml o]Ae] F=z76lA
2ol wlel fost At el NOSA
HGT¢} GST =% 100 pg/ml oA sxZ70
A Rzl vs foldt A velg. [L1B
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= HGT9 GST EF 50 pg/ml oA H=x7
oA B zTel ws Fo3t A7 Jety, 106
< HGT 50 pg/ml, GST 100 pg/ml °]4¢] v
Zo Mt 2ol Bls] Folgh At vepdd &
dE I dAE F /LI= HGT 100 pg/ml.
GST 200 pg/ml ©]Ae] F=Z27ANAM 2ol H]
8l el $7pF vebdan HPGDE HGT 200 pg/ml
o] be| FExZLA Xl vl FoF 7t
7} JePg A GSTE dxzdel vls) o4 &
7p7F vehA dskd SAbstEAE T OHORS
HGT<} GST =5 200 pg/ml o] =270l
A Azl ws fels S Jelda, NQOL
NFE2LZ= HGT 100 pg/ml o] sE=276A
2ol wls Fes S JebEAS GSTE
2ol ws fH S e A dsio
oF B3 9% #H AAEY A d9F #H
AR F7k, abstaae] FHE o 4 Sl
PTGS- 2= 453 55 miste 245 34
3= 242 COX-ACyclooxygenase-2) Bt EE]7]
% st} o]72 LPS(Lipopolysaccharide), 7VF-a,
IL-16 58 A=l o3l wad 4= 9l 2449l
7t dofdth FIolE v AH R =A A
A (Nonsteroidal antiinmflammatory drugs, NSAIDs)<]
BALE Zo)7] 98] COX-AHe AdA oz A
sl WGBS ATEe] A&sA Bolux
NO A=A (nitric oxide synthase, NOS)& inducible
NOS(NOS), neuronal NOS(nNOS), endothelial
NOS(eNOS)7} Sl= INOSE NOS-ZEi= £
o, o] Foll FFe] Ade A WA E B HoFst
A EZHE INOSS FAo= s Heke] NO
= AakstA =H, A% A9 (UC) S NO AL
NOSe| &4 =7} 274 D, [L-18= TNF-a
o} tjEo] tZAel 94 cytokinel 2, NOZ A
AT e FE wAEA Y, 14> o9
SH AlzodA FulEEA gekdt 715 7
9= cytokineo| ¥, TNF-a= ZA3} H9A Alo)9

728 WINLE AT 45 HLTES 9

368

—Hz

92 o] FA7IE G I ol A4
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olowg® TNF-g A& F2A7E Aol 4
SEANA H$- Festy & 4 g9

IL-10% TNF-a, IL-1G. IL-6® ¥vE 243l
He 2440 Tz} H= o B aEe] QI
HPGD= ZERXelg3de 843l oJ3s F
t I404e 542 9FeA S 2437
NQOI- &k, 53] $hellx 1 wdo] Frx2iA
CAE BB 75 AE FAE oplEhe
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Ed e date] B3 8-S 3t 2A3 A E
FAFA o =55 FH HO AHEQ
bilirubin® 934 cytokine?] A& ZE4FE= 7
o7 A Qo NFEILA= A3t ~Ed 2 A
ANE B3 iAo daE f23bo, b oW}
o =g & Ao

o A8} AA} eHE2 374A] category (H 5
$A3} £4, MAPK, sMbstEL) 2 B/ 4 8l
ol 9% A3} 242 F COX-2, STAT3(Signal
transducer and activator of transcription 3)7} <l
37, MAPKll+= ERK(extracellular signal-regulated
kinase), JNK(c-Jun N-terminal kinase), P387} <l
on, shksts A2 = HO-1, NRF27} sl

A4S A3 245 F COX-2& HGT9 GST
55 100 pg/ml o] =R w2l vls)
$9)3t At e, STAT3E= HGT 200 pg/ml.
GST 100 pg/ml °]Ae] s=F27AM B 2ol H]
& o3 At eyt MAPK % ERK, P38
< HGT¢ GST 2% 50 pg/ml o)A H=z7
oAlM 2ol vl f-218 ZHar vebda, JNK
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A Bzl vls 213 S7F e A R GST+
ol vlsl fojd S vehA sk

STAT3E opekdt f4ke] was 243tHA
NE 23}, 34, AHE S5 FEATIH, 53] &
A E oM o] Frbste EAE d=A 9l
o*. MAPK® ERK, JNK, P38 whid& ¥ia
o LPS 5 wefst 2=l o8] SAstEHA @
Zukgo] 238 9F& 3P ERKE A= AR
5ol osl FAdskEa, o] @43l ERKE NF-«B
a3 YRz o|HE Fxdte FFutes A
g JNK 9A] activator protein(AP)-1, c-Jun
Qarsle] e Sl 9EueE zAsHY
P3ge A} d=upee] 2AA AR T, uufg_:lv_o]
ol AL FxdHAM TNF-a L6 52
dq& 249"

In vivo AgelA+= =
A A, AR LR A 2 S g
7R} o] FofF o}, wlx Z At
A3 HGTS BE Fo9(HGT 200, HGT 400),
GSTE 4 FoJZ(GST 400)elA szl nls)
o3t Aelel FIPE vl o= HGTe
GSTEH 45 wksadr} v o9+ A& &
4 913z, GST 400¢ =He) wiA =2 ZHe](8.70
em) ¢ HGT 2009 we] == i*—l 710](8.87 cm)
= vlws BHobS 9, GST7F 2y sold d3uks
35| o= Ax &3t Qe Sli s

ZAFA AT A 29 AIAE
A 48

o

W AuEe A DSSE Fol 2A9 A4 &4

Hyo| BAwR] 9k}

A R 75"} 2L in vitro AFH F
A3t 3714 category(92 & <A}, 9= A
oA}, ks EA)E ERE 4 ol 95 #™

O

AARE F PTGS2 NOSA= HGTSF GST =5 400
mg/kg ©]3e] FEZZNA HxTe Bl§ F-23t
a7t Vel a, JL1B= HGT 400 mg/kg ©]4He]
FTEZNA Wzl wE folg vt et
WAk, GSToAME ol vls] +28 347}t
yehtr] gkold}. /26= HGTS GST BE Foi
oA el vlsl folgt s vehdA] ek
3, TNFAT® HGT 2t 59+, GST 400 mg/kg
Fol ol At zel| B3 23 3HAr) Vet
i I oAE F /LI HGTS GST =&
Tl M Lol vl folst ) YA
okl HPGD= HGT 400 mg/kg o148 =27
A Azl vlsl f-2l3t S717F el AR GST
 dx22el s fost 7P vepdA gt
sHAkgle A F NQOS- HGT 400 mg/kg °]A+
o] FERACA dxl vs el S b
PRI GST izl B8] £-213 $747F o
| ¥k, HOL NFEZ2LZ= HGTS GST &
T FoATelA dzLel B8 fol5 vt et
] okole}, =38 HGT. GST7} sulfasalazineX o}
AL EA Z7bel| oS &3} ol HeE Hol 3t
FAA 7} sulfasalazine® o} Ml E B F(cell protection)
7} oS S5t A o 4 9l
ol g5t AAF 52 2709 category (F 5
A3 54 BABEL) D BB & g 9=
A3l gao slgsts COX-2, STAT3E HGT
TE R FoA dizFe ug 23 At o
el AEl, GSTE w27 B8] 93 a7}
EhtA akgieh @AlslEse] dgsls HO-1:
HGTQ} GST B& Fof oA "412—7“’1] uls) o
Z717F e 1, NRF2E HGT B8 Fof ol
"1 2 I o4 o ‘/}F)r‘)’z]”} GST
E dx2Zel vls f993 S7F vehtA] sk
In vitro A&7} In vivo A3 ZAFZ AA vz
& Bote W T AY BE AR EsE ALA,
WA FEe] A, 39S w ¢5| Fk ¢

A 5o F7te] AEA ol vehdoh(Fig. 8).
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n vivo A¥eA HGT, GST &=
AA s E5o] o8 FEEC vE 5T
4 =4, HGT7F GSTRY A& o 23
4> 9leh. &3] HGT. GST7} sulfasal azmei
o} absbAg, AT 2R Y] B3 5o &
522 HGT. GST7F AlZ 23a4 59 %W
Zdo| M = sulfasalazine® e} $-53lct & 4
ghef 7'451117} kof A ZA Kt 115“1
= A3 5 glefA <
UL g ‘}l% 7ot} o2 st A+
+ HGT# GSTQ] A ek

Inflammation-
related factors |

Anti-inflammation-
related factors 1

Fa% E3del 280 9 4 USE T 4 U = BF
53] HGTe] GSTEY foldt ApA7F & A2 W5
% vj%o] wol, 454 4 ABelA HGTl GST o &84
g o% E%0 £5% 4T 4 QU wEA 2, HGT, GS
£ A M HGTo] GSTRU= oS A3tst A 7F A&

HGT™ (50, 100, 200)
GST™ (50, 100, 200)
RAW 264.7
cell
(In vitro) mRNA &
protein
expression
Animal level test
(In vivo)
3% HGT (200, 400) ™
DSS® [| GST (200, 400) *

Fig. 8. Schematic diagram of this experiment.

Animal @ 7 week-old C57BL/6N mice
* 3% DSS in drinking water for 7 days

“* HGT & GST as oral gavage, 200 and 400 mg/kg for 2 weeks

% HGT & GST unit : pg/ml

Antioxidant-related
factors 1

(DSS : Dextran sulfate sodium, HGT : Awanggeum-tang, GST : Gamchosasim-tang)
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v.Z24 E
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94 we g 9] A5k, HOT

£ Felt 3 NO 44 3l m3 44 2
G5 S 243 AR T 95UE 9
A3t oA w3 A Rele) Wk 23t
B2 4 24 0 5A 24 2T o8, 24
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