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Anti-inflammatory Effects of Amomum Villosum Lour Extract
on HT-29 Cells: Potential Therapeutic Applications
for Inflammatory Bowel Diseases

Han Byeol Choi, Ryeo Won Kim, Ji Hun Jang, Chan Mi Park, Kang Beom Kwon*

Department of Physiology, School of Korean Medicine, Wonkwang University & Iwonbio Co., Ltd

Amomum villosum Lour extract (AVE) has been traditionally known for its therapeutic properties. This study
investigated the anti-inflammatory effects of AVE on HT-29 colon epithelial cells to evaluate its potential application
for inflammatory bowel diseases (IBD). The MTT assay demonstrated that AVE did not induce cytotoxicity across a
wide range of concentrations, confirming its safety for cell viability. Enzyme-linked immunosorbent assay (ELISA)
revealed that AVE significantly reduced the secretion of inflammatory cytokines IL-8 and TNF-o, while MCP-1 levels
decreased even at low concentrations (100 pg/ml) and remained consistently low at higher concentrations. RT-PCR
and Western blot analyses further confirmed the suppression of inflammatory markers (iNOS, COX-2, TNF-a) and the
upregulation of mucosal barrier proteins (ZO-1, Occludin). These findings suggest that AVE modulates LPS-induced
inflammatory signaling pathways and enhances mucosal barrier integrity, highlighting its potential as a therapeutic

agent for IBD.
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2. AT 4 Aa

Antibiotic-Antimycotic(10,000 units/mL penicillin, 10,000
yg/mL streptomycin, 25 pg/mL amphotericin B), Fetal
bovine serum (FBS), phosphate buffered saline (PBS),
Trypsin/EDTA solution (0.025% trypsin, 0.01% EDTA)
Gibco (CA, USA)oA 45t¥ 3, RPMI-1640 medium2 Cytiva
(IL, USA)OA st ct. EZ-cytox kit:= Dogenbio (Seoul,
Korea)o]A] t435t9tt. human IL-8 ELISA kit, human MCP-1
ELISA kit:= Bioss (MA, USA)oJA U513, human TNF-a
ELISA kit Cusabio (Wuhan, China)ofA] 5ttt RIPA
buffer®t BCA Protein Assay kit Thermo Fisher Scientific
(CA, USA)OA] U519 1, Phosphatase Inhibitor Cocktail,
Protease inhibitor Cocktail, ECL kit: Millipore (Darmstadt,
Germany)old] 791319t} Phospho-ERK  Antibody, ERK
Antibody, p38 MAPK Antibody, Phospho-p38 MAPK
(Thr180/Tyr182) Antibody:= Cell Signaling Technology (MA,
USA)olA] U5t 11, TNF-a Antibody, Goat Anti-Mouse IgG
H&L (HRP), Goat Anti-Rabbit IgG H&L (HRP), Goat Anti-Rat
IgG H&L (HRP)= Abcam(Cambridge, UK)|A tds5t¥1, B
-Actin Antibody, iNOS Antibody, COX-2 Antibody, ZO-1
Antibody, Occludin Antibody+ Santa Cruz Technology (CA,
USA)2HE 73t} skim milk= BD Difco (NJ, USA)OIA]

FUs5t9 3, PVDF blotting membrane2 GE Healthcare Life
Sciences (Buckinghamshire, UK)o|A] 45ttt TRIzol™
USA)oA  FYUsHA,
SuperiorScript Il Master Mix+= Enzynomics (Seoul, Korea)oj
Al U591, Power SYBR Green PCR Master Mix= Applied
UsAeRE  pdstgh. 3 9
Lipopolysaccharides from Escherichia coli 055:B5 (LPS),

Reagent= Invitrogen (CA,

Biosystems (CA,

Bovine serum albumin (BSA), Isopropanol, Methanol S t}&
A|2FE2 Sigma-Aldrich (MO, USA)o|A] Ustoct.

3. Al Hig L oFE Al

2 Ago] 1&g o7t 9 thget AT HT-29 AEA:
SN EF23(Seoul, Korea)o 2 HE HoFgtol ARE51Ct 10%
FBS, 2mM L-glutamine, 100 units/ml penicillin, 100 pg/ml
streptomycin, 250 ng/ml amphotericin B7} Z3t=l RPMI-1640
HjX| 2 g5, PBS, Trypsin/EDTA solution2 AFg5to] 7
ol sigst.

HT-29 NIZ3E& &% A cytokines 5= 5% %L Real
time PCR BA& 9Ja] 5x10° cells/well®] s&2 12 well plate
o], Western blot analysisS ¢Ja 3x10° cells®] =2 100mm
disho] £53taL 37°C, 5% CO. ZZ0A 244t 5t vigst &,
100, 200, 500 ug/ml s=°] YFAL FEES 1AL AAY &
20 pg/mio] LPSS} 37 Mejstel A7 AT 59t wleateict.

4. QE =4 A3

Water soluble tetrazolium salt (WST) assay AJ2Ql
EZ-cytox® Atgstol AIZ S4g shlstgirt. HT29 HEZE
3x10* cells/well?] =E£2 96 well plated] ®Zstn 37°C, 5%
CO: 710X 24A17F Z9F vt & 100, 200, 500 pg/ml 5%
of }EAl 252 WEo2 Aalsto] 2x7 59 vieksigt. 7t
wello]] 10p19] EZ-cytox A|eFS A7}sta 37°C, 5% CO. RZ0A
30® =9 "r2A]71 & microplate reader (Multiskan, Thermo
Scientific, MA, USA)Z2 450 nm oA 4 =g F451%ct

5. ¥4 MY cytokines = &8

FF Aaloto] At B 24A17F ¢ HIGRE & A2 Alx
589 cytokine FH|FZ &Rl5t7] 9l5to] AJHE|= ELISA kit
£ AMgsigith. AZEAN] ¥ol wher A3 £ microplate
reader2 450 nm PO FF=E FA5t0] 525 A4S

6. Total RNA 2a 2 Real time
transcription-polymerase chain reaction (RT-PCR)
oFg AZsto] 3AIZ Ex 24A17 FQF HIGE & A2 A
] RNA+= TRIzol reagent (Invitrogen, CA, USA)E 0]£35}o]
2|5t 1, B3 e A(IMPLEN GmbH, Munich, Germany)oj|A]
FE=E FAsto Yot RNAZRES cDNA P42
total RNAQ} SuperiorScript Il Master MixS o]8-5}o] %1885}
At} Real Time PCR2 cDNA, primer sequences (Table 1),
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Power SYBR Green PCR master MixZ o] 835}o] 488519t &
d=l 242 GAAe] mRNAYE Real-time PCR  systems
(Applied Biosystems, CA, USA)S o]£35to] GAPDHO]| tjjst Aoy
Ael oz Adsict.

Table 1. Sequences and Accession Numbers for Primer, Forward and
Reverse, Used in Real-Time PCR.

Gene Prime Sequence (5" — 3') Accession no.

GAPDH Forward: GTCAGTGGTGGACCTGACCT

Reverse: TGACAAAGTGGTCGTTGAGG NM_0013579432

Forward: CCCTGAGGCATTTAGGCAGCTA

TIR4  peverse; AGGTAGAGAGGTGGCTTAGGCT ~ WM-0032664
s o SOOI o
oo ST oo
e Forward: GCCTTCGGTCCAGTTGCCTT NVLO006005

Reverse: GCCAGTGCCTCTTTGCTGCT

Forward: GAGAGTGATTGAGAGTGGACCAC

IL-8 Reverse: CACAACCCTCTGCACCCAGTTT  NM001354840.3
Forward: GCAATCAATGCCCCAGTCA
MCP-1 Reverse: GCCTCTGCACTGAGATCTTCCT NM_002382.4
Forward: GTCCAGAATCTCGGAAAAGTGCC
Z0-1 Reverse: CTTTCAGCGCACCATACCAACC  XM_047432991.1
Occlugin_FomWard: AAGAGTTGACAGTCCCATGGCATAC oo coc

Reverse: ATCCACAGGCGAAGTTAATGGAAG

7. Western blot analysis

e Tl wet ob2 At 15% E& 24X7 59 XY
stgon], o] <AdojZ AM=E Y THAL protease inhibitor,
phosphatase inhibitor2 Z st RIPA lysis bufferE Al835}o]
#2513t BCA protein assayE ©|-&sto] 2|3t SHAZ A
St Tl <ol U= AAME At 10 ngo W
sodium dodecyl sulfate-polyacrylamide (SDS-PAGE) gel
Sta A7]1Ys AlA ZFstyct. Gel o] Z7]E8 22
2 PVDF membrane®] o]ZA|Zct. Z42H9] membrane
skim milk EX 5%9] BSAS A}83to] 24|17t SoF 22
1Zt A= lwg/mlE 1 @ 200022 3]Asto] 4°ColA
7Tk 23 Al 10 200002 3|Asto] ALLoA 1
ut2A]7]11 ECL Kkit9} image analyzer (EZ-Capture
ST, Tokyo, Japan)g Ap-&sto] THA LIFS AUstet.

ol

foAe o
2& P

(1a)

5%

> 0T oM rlo it =2 pX of
_O'l_l‘
32} L
olo koL
>

o=
ofn rE

2

8. 54 A

RE 49 AB: Y7 + BEUAR BolelTh 2 2 2
A% 9o ZAol TE EARANS ANOVA (One-way
analysis of variance test) Ducan AlS ZA HWE AA|5HY
p<0.05¢ o §oJst Zoz WASYUCHSPSS vi2., SPSS Inc,
IL, USA).
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Fig. 1. Cytotoxicity evaluation of Amomum viflosum Lour extract (AVE)
on HT-29 cells using the MTT assay. HT-29 cells were treated with AVE at
concentrations of 50, 100, 200, 500, and 1000 pg/ml for 24 hours. Cell
viability was measured relative to the untreated control group (set as 100%).
AVE treatment showed no cytotoxicity across the tested concentrations.
Data are presented as the mean + standard deviation (n=3).

2. RN AFH AolEAH ox] mt
sfol
FEAL FE5E(Amomum villosum Lour extract, AVE)Q] |&5A4
APIEFRI HE A &nE Frhoith. HT-29 N|ZE AVE=R
A7t S9t MAalst &, LPS2 AF25}o] IL-8, TNF-o, MCP-1
9] FulFE EAoIAd. dEF(Control)ofAql IL-8, TNF-a,
MCP-19] Bu|gF2 7z oF 77.7416.81, 3.43+0.12, 26.58+2.44
pg/mlz YEPFTh LPS A2]FojA= IL-82t TNF-a9 ZH|Zo]
Z¥Z} oF 158.34+22.96, 6.08+0.50 pg/mlz J-2J51A F7}st¥ L,
MCP-19] 79 42.7915.69 pg/mlz WL Qict
AVE Aol IL-83F TNF-a9 ZH|Fo] 5= OEXO
2 Ztaste FAE ¥t AVE 100, 200, 500 pg/ml X2] A]
IL-82 Z}z} 126.69+10.67, 98.39+9.76, 67.26+7.06 pg/mlZ,
TNF-a= 27 6.04+0.70, 2.86+1.73, 0.71+£0.34 pg/ml2 LE}
Wb ¥ MCP-19] 73¢9, AVE 100 pg/ml A2jZojxe oF
16.83+8.44 pg/ml2 Zt4A35M¥om, 200 ng/mlet 500 pg/ml %
T E FARE 22 WREO] Aol RE A
A auE Yot ol2jdt Aate MCP-10] AVEQ] 5k 9EX
HE 22X gou, 32 soX: aatEQl FAE |EF
A2 AR
IL-83} TNF-o+= AVE AXAg] & LPSE 3A]7F =9 A=
ERstgon, MCP-12 24A1%F &<t A= & H7tstith
A= AVEZ} LPSE SET 9454 AloE7lYl wEe oFleh
ZUsS Yotshe o autR Y-S Ui
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Fig. 2. Inhibitory effects of Amomum villosum Lour extract (AVE) on
cytokine release in HT-29 cells. HT-29 cells were pretreated with AVE at
concentrations of 100, 200, and 500 ug/ml for 1 hour, followed by LPS
stimulation. Cytokine levels were measured using ELISA. (A) IL-8 release
was significantly reduced in a dose-dependent manner. (B) TNF-a
secretion showed a similar dose-dependent decrease. (C) MCP-1 release
was slightly reduced in AVE-treated groups compared to the control. Data
are presented as the mean * standard deviation (n=3). ###p<0.01,
#p<0.005 vs. CON, **p<0.01, ***p<0.05, vs. LPS.

3. ¢l AFUS 57 24 oA &
RT-PCR& 0] 8519 UFAL &5 E(Amomum villosum Lour
extract, AVE)o] COX-2, TLR-4, IL-89] mRNA ugo] ojx|:
FT2 2ASIPT. HT-29 AZE AVER 1AIZF &<t AA§
S LPSE 3A|7F ®ast Ay, tgix+(Control)?] COX-2, TLR-4,
IL-89] mRNA %@ £& dy], LPS AgFox+= COX-2,
TLR-4, IL-89] ¥do] ztzt 1.4, 2.5, 1.932 Z7tstgich Tyt
AVE A2|ZoA = LPS @5 A2 dy], COX-29] Ido] 100,
200, 500 pg/ml &3] A] z}ZF 0.45, 0.31, 0.282 ZrAstgod,
TLR-49] a2 Zrzk 0.79, 0.52, 0.2302 WAL Yct IL-89
79 100, 200, 500 pg/ml X2 A] z+zt 0.86, 0.77, 0.382 Zta
Sttt ol2dt Aate AVEZL 45%HS &7]9] COX-2, TLR-4,
IL-89] Wdg AAste] BF5 &3}t a5 YA AAFE
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Fig. 3. Inhibitory effects of Amomum villosum Lour extract (AVE) on
COX-2, TLR-4, and IL-8 mRNA expression in HT-29 cells. Cells were
pretreated with AVE at concentrations of 100, 200, and 500 pg/ml for 1
hour, followed by LPS stimulation for 3 hours. mRNA levels were analyzed
using RT-PCR and normalized to the untreated control. Data are
presented as the mean + standard deviation (n=3). #p<0.05 vs. CON,
*9<0.05, **p<0.01, ***p<0.05 vs. LPS.
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8] RT-PCRE ©]&5l9 YZFEAl F&5E(Amomum villosum Lour
extract, AVE)o] iNOS, TNF-a, IL-6, ZO-1, Occludin® mRNA
oo oAl 9 PASIUTh HT-29 AZE AVER 1A

RA2gt & LPSE 24Xt Agt ZAa}, 2+ (Control)9] iNOS,
TNF-a, IL-6, ZO-1, Occludin® mRNA ¥d £%& tfjd], LPS
Ag]#oAE= iINOS, TNF-o, IL-69] dglo] zhzb 2.15, 4.29,
1.472 Z 715t Wi, ZO-13t Occluding ZHzF 0.37, 0.682 ZF4
stglch. AVE Xa|ZolA& LPS 5 Azl tijy], iNOSe] wdo]
100, 200, 500 pg/ml ®2] A] Z¥z} 0.74, 0.48, 0.412 ZrASHY
oo, TNF-at= Zt7} 0.88, 1.19, 0.332, IL-62 Z}Z} 0.83, 0.78,
0.542 Zrast9ich Z0-19] wee zHzb 2,12, 152, 3.1,
Occludin®] @2 7k7zF 1.26, 1.29, 1.4908 Z7}stgct. o]gst
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Fig. 4. Effects of Amomum villosum Lour extract (AVE) on iNOS, TNF-
o, IL-6, ZO-1, and Occludin mRNA expression in HT-29 cells. Cells
were pretreated with AVE at concentrations of 200, 500, and 1000 pg/ml
for 1 hour, followed by LPS stimulation for 24 hours. mRNA levels were
analyzed using RT-PCR and normalized to the untreated control. Data are
presented as the mean + standard deviation (n=3). #p<0.05 vs. CON,
*p<0.05, **p<0.01 vs. LPS.

5. GEA dF3WHS $7] 24 9@ Fu Y oAl wa}

Western blot2 ©]835t0] %&EAl £5E(Amomum villosum
Lour extract, AVE)o] |Z4 TalZI(INOS, COX-2, TNF-a), Al
Y Y OWA(p-ERK, ERK, p-p38, p38), AL Y A
A (Occludin, Z0-1)9] L&) t]x]:= I AU

A AR A= iNOS, COX-2, TNF-o9] L &gt 2o
., AVE 1X]Zt X2] § LPSE 3A3t Ae2jgt ZAto|o}. LPS &
&|2]Zo]A= INOS, COX-2, TNF-a Aol whgo| iz
Hlg] 3oJstAl F71stitt. 22y AVE A2jdoi e s 9
Zx”o2 iNOS, COX-2, TNF-09] 4rdo] ZtAsly
pg/ml F=oA 7P ¥ TS Bo| AVET}L EF4
2 gatFor AT 5 USS AlAISIRITt.(Fig. 5A)

Fig. 5Bx Als43F &3 OWAQ p-ERK, ERK, p-p38, p38

=2 Jn
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2 TR Ao AVE 1A7F AXE & LPSE 154 =0t
Aejgt ZAatolct. LPS ©& A2joxl+= p-ERK ¥ p-p389
phospho-form ¥&o] F71st¥ o}, AVE A2|#oAE 55 9
ZRog Ztastgoh ol= AVEZl LPSZ {&d d3 A% Ag
ARE a5 og AAFS HolEr.

Fig. 5C= Occludin®} Z0O-1 ©ulxlo] uhy
AVE 1At A3 & LPSE 24X7F 59t X2t
s MaZdAe F 9Ud 9 Wydo] Aastglon), AVE
M= sk JERoR WwHo] FI5t Occluding AVE
100 pg/ml A2FoA tixFEC &2 YPS BFon, 500 p
g/ml R2FNE JoJ3t F715 e Z0-19] 39, AVE
100, 200, 500 pg/ml X2]Fo] thxZ3t FASIAY § =2 ¢
#S Ho, AVEZF Jut g9 chilido] wd g FXloh= o &atA

A AALSHCT,

32
&

(A) (B) (C)

inos| [ 1 NI oy oy p-ERK- 1 PE |
COX2/IN g | o] | Occlucin] W
TNF-o| W9 w50 o p-p38m?r 201 S . 0 a9
B-actinﬁ paa“-dl Bactn| ) P
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Fig. 5. Effects of Amomum villosum Lour extract (AVE) on the
expression of inflammatory proteins, signaling pathway proteins, and
mucosal barrier proteins in HT-29 cells. (A) Protein levels of iNOS,
COX-2, and TNF-a were analyzed by Western blot after pretreatment with
AVE for 1 hour, followed by LPS stimulation for 3 hours. AVE treatment
reduced the expression of all three proteins in a dose-dependent manner.
(B) Phospho- and total forms of ERK and p38 were assessed after AVE
pretreatment for 1 hour and LPS stimulation for 15 minutes. AVE
inhibited phospho-ERK and phospho-p38 levels in a dose-dependent
manner. (C) Protein levels of Occludin and ZO-1 were analyzed after AVE
pretreatment for 1 hour and LPS stimulation for 24 hours. AVE increased
the expression of Occludin and ZO-1 in a dose-dependent manner,
restoring the levels reduced by LPS.
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