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associated molecular pattern, DAMP)©]
(Pattern Recognition Receptor, PRR)I <J&ll Q121%™ Zlef =]
= AHAEY ¥hSolt} (Xiao, 2017; Medzhitov and Janeway,

triggered Inflammatory Signaling Pathway
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ABSTRACT

Background: Identifying new natural products to controlling inflammatory responses involved in
screening of Asian native plants. The screening revealed a potential candidate, Amomum muricar-
pum Elmer, which is a traditional medicinal plant for gastrointestinal diseases in Vietnam; how-
ever, its scientific basis remains unknown, its scientific basis remain unknown.

Methods and Results: A. muricarpum extract suppressed lipopolysaccharide (LPS)-induced the
protein expression of inflammatory mediators such as interleukine (IL)-1B and cyclooxygenase-2
in mouse-derived RAW264.7 macrophages. The mRNA expression levels of IL-6, IL-1f, tumor
necrosis factor-a, and inducible nitric oxide synthase in response to LPS were reduced by A. muri-
carpum extract. Additionally, A. muricarpum extract inhibited phosphorylation of the signal trans-
ducer and activator of transcription 3 (STAT3) and nuclear factor kappa B (NF-kB). This result
indicates 4. muricarpum suppressed the expression of inflammatory cytokines and mediators by
inhibiting signal transducer and STAT3 and NF-kB activation.

Conclusions: This is the first scientific evidence to report that A. muricarpum suppresses inflam-
matory signaling pathways and can potentially manage excessive and chronic inflammatory
responses.

Key Words: Amomum muricarpum Elmer, Inflammation, Lipopolysaccharide, Nuclear Factor Kappa
B, Signal Transducer and Activator of Transcription 3
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E TLR4= ZAIQIAF NF-«B$} signal transducer and activator
of transcription 3 (STAT3)e| <14HelE F3 A3
(Kim et al, 2017). 2L % nuclear factor kappa B (NF-xB)
= 95 I o] wEE A 2dste o] Fa%
ArpIALE AR Ut} (Schottelius and Baldwin, 1999).

A E= st AGMES FollA 2719 BHYAAE <l

A|S}AL interleukine (IL)-1B, IL-6, interferon-gamma (INF-y)

2+ (pathogen-associated
4 A3 EAFE (damage-
3§ 12 4=-8- A

2000). FERHES freste HEZHS WEsLA=E g8z A5 AllETIRIF cyclooxygenase-2 (COX-2) 7+

| = =
lipopolysaccharide (LPS)= 1# S+ A|lxZHe] 8 A& 2 95 vyl s Eujste] 9] F2)7] el o4
O 2 LPSE toll-like receptor 4 (TLR4Y] Zgsth 43t AE MO)E H54 HAAE MDHez FAFAZT
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(Lissner, et al., 2015; Yunna ef al., 2020). =3+ <A A
E (NK cell)?] 848 ZRsle] Auk-8-8 ZZ A7) 7]
3t} (Bellora et al., 2014). Wby A X =

2g mdlofA B-U} F/Pi "ﬂ—l—i A= AL
3—;]3}74] 2AHE 9%
H3sht, 2dEA|
=

i
9]
AR
e A 74 Skl

/\] A

: urE 43

“Lﬁiﬁ\‘/]— (Barcelos et al., 2019; Tsai et al., 2019). wEhA

A A EZRE FEHE I35 Ale|EFIRIT uiziIzke] &

A} Ge 2AFo A v ASHSE A=) A% A

T7F Edbs] 3= T} (Lissner et al., 2015).
QA DdolA ARSEHIL Y= FSHES JAAI=

=A e H]’\Eﬂiol‘:ﬁ] ofEo] FE ARG

olE S {2 = ok (Mpofu et al.,

< SPgAA A 28
2004). wEbA, HZolle Jﬂiopﬁr A siRHEs Hlaste]
5 FEEI d9Es &

2 H|Zo]

AL e,

T
e Fe A7 EEspl ol FAAL .

A Toe zhe AAEE 2] flel FHoMor A A
AaEel vls) Blad 9 A7E sEohoRd AAE FE
= golHejE L83t RAW264.7 thAA| 20l A
F=E3 LPSE Aglsle, IL-1p8] HIE A2Alle F5=
< e WWeR aEde s, 2 A3 A

(Zingiberaceae)°ll &3F= Amomum muricarpum Elmers 2t
< F JATh 4 mwricarpume WEGA 217323 X5
AREE AE oF&AEolY, Y Bed 2 AT A
H8HAR] A9} A= mHg A oIt} (Tsai er al., 1981).
weba, & AfolM e rhe2E2RE fHe EH*W]EZ
RAW264.79 13t S99 W52l LPSE AEste] o

S-S {31, A muricarpum FEEL] A5HHS oA Hﬂ
AUES HAHA FAES 58l AAEAT olek 22 Ax
= &% A muricarpum FEEC] FA TF oJFEo=Z L
2 7 e 7FeAE HoEh

Az

1. 2=
Amomum muricarpum Elmer= g=4m 3 a9 8l 248
ELAAEA FEE0 JEE 4SS WUt (Y9I
FBM044-085). %42 F&ES dimethyl sulfoxideZ 20

mg/ml FE7F EES SAste] Aol AR-sisith. s E
SAAE A AE FZ5 e thedt 2

A=7], Evl, £& =z 25l 99.9% W= 3 A7L,
2 Az 7R 15 & B8 220 AEE sl FEES
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ozt & 3HFE7] (N-1000SWD, EYELA, Tokyo, Japan)
2 AMgEte] T390, 7X7] (Modulspin 40, Biotron
Co., Bucheon, Korea)S 3l Ax3}ic}.

2. MIzZufd

RAW264.7 M|AEZF+= American Type Culture Collection
(ATCC, Washington DC, USAPIA Y3+ As ARSI
10% fetal bovine serum (FBS) (Gibco, Carlsbad, CA, USA),
1% penicillin, streptomycin (Gibco, Carlsbad, CA, USA)°] &
7FEl DMEM (Gibco, Carlsbad, CA, USA) v %S Al&-&}
o] 37C, 5% CO, incubator (MCO-18AIC, Sanyo, Tokyo,
Japan)ll A wiFEIATE B3 RAW264.7 Al EFE 2 A 744
o= A ekt

3. Cell viability assay

RAW264.7 M2EFZE 24 well plateol] 24 A|7F vk &, 4.
muricarpum FE=ES FE, APEE A AT 3-4.5-
Dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium Bromide (MTT)
stock solution (5 mg/mlys Z+ well T 100 L5 A3}
37CelA 1 AIZE i gsisich. o PO R formazans: St
o7 #FEI 71F wiAE AA F DMSO 200 4 =

formazang ST 96 well plated]] =91 formazan 200
E 2713 model 680 microplate reader (Bio-Rad, Hercules,

—GJ,].\:_E'_ 5%1 }M . ]

o1-=

CA, USAYE ARE-3te] 570 nm ofJA]
TAELL TR Ao Bslal YRS

MEAEE (%)= AIEAEEe] Fmdlzrte] §495%) x 100
4. Western blot

RAW264.7 AIZFZ vig3t 60 mm culture dishe] HiA S
A AL, lysis buffer [150 mM NaCl, 50 mM Tris-Cl
(pH 8.0), 1 mM EGTA, 1% Nonidet P-40, 10% glycerol,
10 mM NaF, 02 mM phenylmethylsulfonylfluoride, protease

inhibitor cocktail, 1 mM Na;VO,E ©]&3dl] MEE lysis
sta FFsloich. o] F SDS-PAGES Fasla WA E

nitrocellulose membrane (Bio-Rad, Hercules, CA, USA) Qi
transfers} A TF. Membrane2 5% ©A| -5 (non-fat dried
milk)E ©]&3}e 30 & 5<F blocking 3FAT.

Anti-COX-2, anti-phospho-STAT3, anti-phospho-IkBa, anti-
phospho-NF-kB p65 (Ser536), anti-phospho-ERK, anti-phospho-
SAPK/INK (Cell Signaling Technology, Beverly, MA,
USA), anti-mouse IL-1B (R&D systems, Minneapolis, MN,
USA), anti-B-actin (Santa Cruz Biotechnology, Santa Cruz,
CA, USA)®] 12} &S 4TCollA ovemight incubation 3FAT}.
©]% anti-rabbit IgG HRP-linked %5+= anti-mouse IgG HRP-

s B
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linked 22} SAIE o]-gsto] Tz W o5 IS
5. RNA 22| ¥ gRT-PCR

60 mm culture dish®] WS #|7 F RiboEx (GeneAll
Biotechnology Co., Ltd., Seoul, Korea)S 1 m 2|3}l
2o)M 5 B7 WS ATIZ MEL 15 ml tubeE &Zth
Chloroform 200 1£S 7}l A-olld 2 27+ whSAIZ T}
HUAHE2]7] (5415 R, Eppendorf, Hauppauge, NY, USA)E
o]g3le 12,000 x g, 4C Z70=Z 15 & T dAERE

HolFa Aheel

S 4

2183}, isopropyl alcohol 1 mé

skt

2% E2]E RNA pelletS dietyl pyrocarbonate (DEPC)S
#2]$t dH,0 (RNase-free water)]l =] nanodrop (Thermo
Fisher Scientific Inc., Waltham, MA, USA)2 53] RNAS
A T 80T RAsn) £eld RNAE 71958
P3led, 1859} 28s ribosomal RNAZS 3215}33 T ReverTra
Ace qPCR RT Master Mix with gDNA Remover (Toyobo,
Osaka, Japan)S ©]-8-3le] 0.5 g 2] RNAE cDNAZE G7A}
gk %, SYBR Green real-time PCR Master Mix (Toyobo,
Osaka, Japan)S ©]-&-3t>] qPCRE 3 3irt.

PCR %712 95CelA] 5 #7F pre-denaturation 3 5, 95TC
oA 30 %, 58Tl 30 %, 72TColA 30 %2 40 cycles®
A=A ) A 24 8 Bactin®E AtslSiiTt
qPCRZ Table 19] primerg ©]83t] AriaMX (Agilent,
Santa Clara, CA, USA)IIA 3= ]t}

6. Luciferase assay
RAW264.7 tHAHMEFE 6 well platecl|A] sH7 F2t v

Table 1. Primer list of gRT-PCR for infllmmation related gene
expression analysis.

Genes Primer Sequence ;;c;ol(ggt)
LB Forward  5-CCTCACAAGCACAGCACAAG-3' 203
Reverse  5-TGTCTTGGCCGAGGACTAAG-3'
16 Forward  5“-TACCACTTCACAAGTCGGAGGC-3' 16
Reverse 5-CTGCAAGTGCATCATCGTTGTTC-3'
NOS Forward ~ 5-TCCTGCACATTACGACCCCT-3' 93
Reverse  5-AGGCCTCCAATCTCTGCCTA-3'
INF-O. Forward ~ 5-CCCTCACACTCACAAACCAC-3' 133
Reverse  5-ACAAGGTACAACCCATCGGC-3'
Bactin Forward  5“AGAGGCAAATCGTGCGTGAC-3' 138
Reverse  5-CGATAGTGATCACCTGACCGT-3'
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TEE

oi=HIS
=

Sie =& 7™

—

Stal, Th'9 NF-kB reporter geneS Lipofetamine 3000
(Invitrogen, Carlsbad, CA, USA)S-Z transfectiond}AT}). 244
v ¥ A muricarpum FEE 20 pg/ml S 30 E7F A8
32, LPSE 100 ngml F==Z 6 A7+ 2] sl3ith

Reporter lysis buffer (Promega, Madison, WI, USA)E ©]
43tod cell & lysis3FaL SpectraMax L microplate reader
(Molecular Devices, Sunnyvale, CA, USA)Z =35 =4

shele.

7. SAHXE]

ZE F7A dulelH+ GraphPad Prism software version
5.01 (GraphPad Software Inc., San Diego, CA, USA)S ©|-&
alo] AT Ao BE A= 3 3] vk Adsie] ¥
o (means) = ¥THA} (standard deviation)Z YERN AT

A Aol gk BA 4L student’s rtests F3l 5%
FollA FeldS FH7EsIATE (p < 0.05).

Z2
1. A muricarpum@| MIEZ 54 =0l

A. muricarpum FEw0] -2 TIAAMIETQ] RAW264.7°1

(A)
100-

Viability (%)
$

04
A. muricarpum (pg/ml)

(B)

100

Viability (%)
g

0-
A. muricarpum (h)

0

Fig. 1. Dose- and time-dependent cytotoxicity of A. muricarpum
extract. (A) RAW264.7 cells were treated with A
muricarpum _extract for the indicated concentrations.
After 12 h of incubation, the cytotoxicity was assessed by
MTT assay. (B) RAW264.7 cells were treated with A.
muricarpum extract (50 pg/md) for the indicated times,
and the cytotoxicity was measured by MTT assay. The
results are represented as the means = SD of three
independent experiments. n.s.; non-significant. "Means
significantly different from the control (p < 0.05).
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1O L=

AE 54E& fFdskeA] Rlstz] 18] MTT assays 38t
o Ag] A7 TRl wE Al XAEES IS

RAW264.7 MAEF A muricarpum FZE 10, 20, 50,
100 pg/me F== Agstar 12 A7 ¥ AEAESES gRlst
Atk L A3 10, 20, 50, 100 pg/mb F=oA ZH}E 96.9%,
95.4%, 98.4%, 84.8%°] MEAEES HIATH (Fig 1A). &
gk, A7t wE AR 5498 gRIgh ARolA 50 gl &
26, 12, 24 A7 AR W 93.9%, 98.4%, 103.0%°]
&S HAUT (Fig. 1B). o] A5 v oE M F540]
= FEQ1 20, 50 pg/ml & o]F AZPoNA ARSI

o=

2. A muricapum FE2°| A& PSR

O =l

A. muricarpum FE=2| ¥Y TS at7] 1sl, LPS
2 IFS-S Fsle] RAW264.7 A EFolA FF5HHS- o}
AR AMEHE IL-1B, COX-29] 8 F2& nwalsich. 4.
muricarpum FZE=2 LPSE AE3l7] 30 & Ao 20, 50
pgml 2 A8 393 LPSE 100 ng/ml, 6A17F 2] aksitt.
©]% Western blotS 433t IL-1p9} COX-29] whiid
A RISkt (Fig. 2).

A. muricarpum FZ==2 20, 50 pg/ml 3} LPSE A0S
o) IL-1p ¥ W Eke LpS T AElit (100%) Bl
sled 27.7 £ 1036%, 14.07 £ 5.67%%2 Z23t9th (Fig
2B). COX-2 whld d&ae LpS W 2|3 v|wsle,
A. muricarpum F=2 20, 50 pg/ml 2 LPSE A 2|515S o
39.68 + 17.41%, 27.51 + 19.77%% #A3IATH (Fig. 20).
WA, A muricarpum FZE°] LPSo| 28] fE=5+ 95
g AtelEFRIF ATull AAte] HEAS AAT F A2
5=

M St

oy
1=
34

A=A

3. A. muricarpum FE22| &Y AMOIEI|1210t S0
QIX} mRNA sl X St

A. muricarpum FZE°] 9 &S FHs] S8, F7t
2 A58 AllEZRIF A5 w7l IS4l mRNA &
F WSS gPCRE S8l vlaL A5

RAW264.7 M EFo]| LPSE A& st7] 30 & A.
muricarpum FE=& 20, 50 psg/ml 2 HAAE] 3492, LPS
= 100 ng/md, 6 A7+ F ATSIATE. A muricarpum F
ZE 20, 50 pg/mb 3} LPSE A 8IS o IL-6°] mRNA
EFS LPS ©E AT (100%)2 B8] 86.59 +
27.78%, 13.02 £ 741%= ZFA3FATE (Fig. 3A). IL-1p<]
mRNA 22 LPS ©5 A Hlwste] 4.
muricarpum FE5S 20 pg/ml AT 33 2129 + 6.94%,
50 pg/mlZ X2|et 79 mRNAZE HAEEA 8 757 7
A3kt (Fig. 3B). TNF-a2] 7% A muricarpum FE%
20 pg/ml AgFoME 10047 £ 9.80%% LPS T A2+

Z

Tl

2
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M

I} v)g HEFS Bou), 50 ugml HElolME 61.54
+ 12.65%Z mRNA & zFo] 71431t} (Fig. 3C). iNOSE]
ASE A muricarpum FZEE 20, 50 pgml A2t Z5F
Al mRNAZ} AEHA @ 202 ddo] #asit
(Fig. 3D). °|& BRSO 2 A muricarpum FE2°] 454 Al
o] E7}013} AZF M7l QAFS mRNA S0l A 5= 9l
S FERIsISITh

M O

=20 T

4. A. Muricarpum FE32| FIARIX}
LPSEZHE F=EE A5l xlel d54 Al &7l
S NF«B, STAT3 59 HARIAe o8] 2HE 4

[e]
T U=

(A) LPS + o+ o+
A. muricarpum (ug/ml) 20 50 20 50
IL-1B » —
COX-2 » —
B-actin > | c—D P =D GEF > o=
(B)
*kk
- 1204 —
o
0 5 100
gg 80
£ 60+
[}
=
o 4
‘5.“5 40
28 20
=
0-
LPS + + + . -
A. muricarpum (ug/ml) 20 50 20 50
(C) *xk
c 1204 _
k]
0~ i
g E 100
£8 o
]
.% (£ 60
ko=
8% 407
:‘2 £ 20
[*]
o 0-
LPS + + + = =
A. muricarpum (ug/ml) 20 50 20 50

Fig. 2. The effect of A. muricarpum extract in the protein
expression of LPS-induced inflammatory mediators.
(A) RAW264.7 cells were treated with A. muricarpum
extract (20 or 50 ug/md) for 30 min, followed by the LPS
(100 ng/mQ) for 6 h. IL-1B, COX-2 and B3-actin protein
expression levels were analyzed by Western blot analysis.
(B and C) IL-13 and COX-2 protein expression levels
were compared with the LPS-treated iroup. The results
are represented as the means + SD of three independent
experiments. ~ Means significantly different from the
LPS-treated group (p < 0.001).
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1204

-

o

o
I

e
o
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60+

40

(% of LPS-treated)

20

iNOS mRNA expression

0
LPS
A. muricarpum (ug/ml)

20 50

Fig. 3. The effects of A. muricarpum extract in the mRNA
expression of LPS-induced pro-inflammatory cytokines.
RAW264.7 cells were treated with A. muricarpum
extract (20 or 50 pg/mQ) for 30 min, followed by the
LPS (100 ng/mQ) for 6 h. The mRNA expression revels
were determined by qPCR and compared with the LPS-
treated group. The results are represented as the means
+ SD of three independent experiments. n.s., nonsignificant.
Means significantly different from the LPS-treated group
("p < 0.01 and "p < 0.001).

o] WHAT}H (Liu er al, 2018). FE3F o]2j3h HARIR}2
EAdsk= ERK®F INK9F 722 MAPKsel| o3 =84
o] 4EA Ut (Schulze-Osthoff ef al., 2017).

o
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===20

TEE

HBHS =F I

A muricarpum FEEC| 9t AFA Al|ETRIY HF
w7l Q1Ape] W 2™ HAYUSES w7 98] MAPKse

22 O
1=

NF-«B, inhibitor kB (IxkB), STAT3¢] ¢l14ks}
blot® & RISIATH (Fig. 4).

RAW264.7 M|l LPSE A&7l A A muricarpum
FZ2ES 20, 50 wg/ml FEE 30 B o AAT &,
LPSE 100 ngmt == 6 AZF &<t Mt 4
muricarpum FZ%5 20, 50 pgml 3 LPSE TN S o)
STAT3¢] whulzd wezke Lps ©E g3} H|wsle
1934 + 8.7%, 2235 + 8.9%% 743t} (Fig. 4B). NF-
kB2 Axsl= A muricarpum FEEES 20, 50 ug/ml A2
39S W, 41.90 £ 825%, 20.55 + 5.54%% 7+2EIoH
(Fig. 40C), IkB2] <laksl= 3050 + 8.25%, 20.55 + 5.54%
2 74390 (Fig. 4D). ERKSF INK2| ¢lAksl= Foju)dh
W3l PR @k9ko™ (Fig. 4E and Fig. 4F), NF-xB
reporter gene assays THS A A muricarpum FE=
20 pg/mb & A 2|3k3-& ® NF-«xB9| transcriptional activity”}
LPS &= A2eat vlwsle] 62.05 £ 17.6%% #HAskich
(Fig. 4G). ZHH 22 A muricarpum FZE=°| LPSol| 25|
FE=EE NF-«BeF STAT3S] &/9S Alste] 5 izl 1=t

Western

o A4 AlETRIY] W THAE Bl devheS oAt
= & SIS (Fig. 5).
Y
AENES AR Qe Al T vlolf e} 2 WA
o] ZHPogHE AAZS HIE Wol7Heltl (Lawrence

and Fong, 2010). o|u], thaM ¥ HSA AR|ETRI e
S Wl AR EHIEk] TR HIMEES SASIA
MAHA} SHHA] J&FS Fr} (Plowden ef al., 2004).
a3y, o] dFukgo] 2EEA sl A7 Bk A&
g A v gho] fIRlo] =W FulEls #EY, &
=, Adadst st 4= QIt} (Choy and Panayi, 2001;
Jayashree et al., 2014). 2 5 "AE 7ol <3k 3] @
A& YA TR FASHA He 74 9% vl Al
E7Il Z3 (cytokine storm)S F9E 4 3o, Hilo=w
FePd A HPFo=Z Qs AF7EA] o]fF & Ut
(Cavaillon, 2018). webA, FEstal THI#Q1 AFWt
Ak Zlo] A9} 22 AWES oYslal X Esk=t
Aolgt AR At Noori ef al., 2020).

LPSE= 714 341 PAMPE th2JA| 3] TLR4ol SR
T} TLR4AE Ti2ME 9o T} SR dA oM = T
Hw, LPSE 21X]3 TLR4E NF-kB HARIAE 4311 A
HZHES-S WYAIZITE (An et al, 2002). 5712 LPSE

JAK/STAT AZHAGHZE E3] STATIE sl AlA FHF

olo

o]

A

O
o

S

o=
=8
S =
il

o=

r



S - 2N - AR

Aoz IL-1p9} 4kslda AJAE A (inducible Nitric Oxygen 2 AolM A muricarpum FEE2 LPSol| 93] f=
Synthase, INOSYE WAAA AFWES Fdeivial g4 = IL-1pet COX-2¢] wid W& #s} IL-6, IL-1B, TNF-a,
ATH (Kim, et al., 2017). iNOS2] mRNA 2&S Fx &7 ZIaAIE S
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o
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80+
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‘ *

0- 04
LPS - + + + = = LPS = + + -
A. muricarpum (ug/ml) - - 20 50 20 50 A. muricarpum (ug/ml) - - 20 20

Fig. 4. The effect of A. muricarpum extract in LPS-induced MAPKs, NF-xB and STAT3 signaling pathway. (A) RAW264.7 cells were

treated with the A. muricarpum extract (20 or 50 pg/mQ) for 30 min, followed by the LPS (100 ng/md) for 6 h. p-STAT3, p-NF-kB,
p-1xB, p-ERK, p-JNK and (3-actin protein expression levels were analyzed by Western blot analysis. (B — F) P-STAT3, p-NF-kB, p-
IkB, p-ERK and p-JNK protein expression levels were compared with the LPS-treated group. (G) RAW264.7 cells were
transfected with NF-xB-luciferase reporter vectors. After 24 h, cells were pretreated with the A. muricarpum extract (20 ug,/md)
for 30 min, followed by the LPS (100 rgg/mﬂl) for 6 h. Cell lysates were analyzed for luciferase activity. The results are represented
as the means =+ SD of three independent experiments. n.s., nonsignificant. Means significantly different from the LPS-treated
group (p < 0.05 and "p < 0.001).
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