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Anti-inflammatory efficacy of heat-treated Liriope platyphylla ethanol
extract through MAPK pathway regulation in RAW264.7 cells
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Abstract

This study aimed to investigate the anti-inflammatory efficacy and mechanisms of heat-treated Liriope platyphylla
(LP) ethanol extract. This was done by measuring nitric oxide (NO) levels, the gene expression of inflammatory cytokines
such as interleukin (IL)-1f, IL-6, and tumor necrosis factor (TNF)-a, as well as chemokines like monocyte chemoattractant
protein-1 (MCP-1) and macrophage inflammatory protein-la (MIP-l1a), and inflammation-related proteins like
cyclooxygenase (COX)-2 and inducible nitric oxide synthase (iNOS). Additionally, protein expression of COX-2 and
iNOS was assessed, along with the modulation of the mitogen-activated protein kinase (MAPK) pathway involved
in the inflammatory response, in lipopolysaccharide (LPS)-treated macrophages. Treatment with the heat-treated LP
ethanol extract at concentrations of 12.5, 25, 50, and 100 pg/mL, which were not cytotoxic, resulted in a significant
reduction in NO production. particularly at the 100 pg/mL concentration. The gene expression levels of inflammatory
cytokines, chemokines, and inflammation-related proteins were measured using qRT-PCR. Notably, the gene expression
levels of IL-1B, TNF-0, MCP-1, MIP-1a, and COX-2 showed a dose-dependent decrease upon treatment with the extract,
while IL-6 and iNOS were significantly inhibited at a concentration of 100 pg/mL. Furthermore, the study found a
reduction in the protein expression of COX-2 and iNOS, as well as in the MAPK signaling pathway, when cells were
treated with the heat-treated LP ethanol extract. These results indicate that the heat-treated LP ethanol extract exerts
an anti-inflammatory effect, mediated through the inhibition of inflammatory cytokines, chemokines levels, and MAPK
activation.
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He
Aol frafg S o] oA Ul L 9 2Fel] o]
HAYEE A5 vh&(inflammation)-2 AA] A dojub=
WolA w30 2 vt glotE Fol Ay F¥E A A s
o & BEshe B0 g AgshA|nh, e 7
G FutE = B, AT 22 Ao FE <o, AW
oje} -2 WAl el & ok = drk(el3ht 2], 2016).
I k3o W AN Lo oJsf Lojub lipopolysaccharide
(LPS)«= xdo g AAE =& T3+ toll-like

receptor 4 (TLR4)E A=3HH(HAE 9], 2016). &3}
¥ TLR4+= mitogen-activated protein kinases (MAPK)
pathway, nuclear factor kappa-light-chain-enhancer of
activated B cell (NF-kB) 59| 4= v/ A5 M EYaE
Eoehe ofe] @9 Als He A 2495 AT (7‘
A¢d £1,2013). LPSe] ofaf) A=56 Al 2= A5 w73

ZE -2l nitric oxide (NO), inducible NO synthase (1NOS)

cyclooxygenase (COX)-2, prostaglandin E2, interleukin
(IL)-18, TIL-6, tumor necrosis factor (TNF)-a 52 A4
FoH(A o} €1, 2023).

MAPK pathway familyoll= extracellular signal-
regulated protein kinase (ERK), c-Jun N-terminal kinase
(INK), p38e] Jek(F=al 2], 2020). th2A|=EeqA]
MAPK 9| Q13F8} S7h= Aot Mo Aol 4] A5 vi7h
A G -l Bofste] AT vESS STHAIYAL B
H%lom, MAPK pathway &/d3l= NF-kB¢} 22 ZAL
ixao];q_‘/] W 242 Ea) o] 9= vyl 2o A
E27) Ao FelA UTHE-, 249, 2021),
2h W 9% wIRAE el M ol frxje]
ol o] F2 AT A Ex1l MAPK &4 242 g+
A L 918 F2 HARA Bl 4 H T gt
(Park et al, 2018).
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o ABA H A 2qo EH?& DY
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(8780}, 2020).
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BollMs 2789, 2w, ArAgd, 4 28

o
o2
! ophiopogonin, 1 2]

2o

=
i ek (T3] 9], 2019). ‘?ﬂv‘f—';—«l FrEAE
steroidal saponin?l spicatoside 2
o= [B-sitosterol, stigmasterol, B-sitosterol glucoside,
oligosaccharides 5] thegk polysaccharides?} 7=
o] Qo] HuEtH(ol57d 2], 2009). HiEES 37
L39s 299, FU S, i 2d 59, 2H Bs
3%, S a9, FAH27] a9 59 B0l sl
HarE o] Qlek(Frel 9, 2021; 743, ol# 2], 2006; 4
o3l 2], 2019; AT 9], 2002; A5 2], 2014; °]A=}
9], 1998).

B AP A E A% UEEH AAL)E HETE ALS
3l NO A37d % macrophage-derived chemokine (MDC/
CCL22)| W3 A8 wshe Al 1 Aot 93]
28 Mol s 2ol B 958 2 SISHATHA
7ol 9], 2023), AL Qi R, OP|AE 12112
1:1—0;] = e:;l.ﬂc]-;‘q H]—.Q_E = u_ﬂ%%% /Kg Uﬂ)\]-oﬂ /\1 7}1} =13
H- - A3 .0 RolTH 3, W27, 2005).
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2. M= d{et

A ollE v A Q] RAW264.7 Al S AHE-
}3lo ™, gh=A| E5-2-8) (Korean Cell Line Bank, Seoul,
Korea) 2 2 2H |8} it} v A= Dulbecco’s modified
eagle’s medium (DMEM, Gibco, USA)°l| 1% penicillin-
streptomycin (Gibco, Grand Island, NY., USA)Z} 10%
fetal bovine serum (Hyclone, Victroia, Australia)= 492
H| 2|2 ARSI Al EE 37°CE £57} 9 7] incubator
(BB15, Thermo Scientific Inc., Waltham, MA, USA)9]|
A el FE AL, 90 x 20 mm 7] 2] cell culture dish (SPL
Life Science Co., Pocheon, Korea)ol| 4] 8] =] 0 ™, A
E o] Althu ek density7} 80% o] w] X3P}t

3. MZ =d g7t
(water-soluble tetrazolium salts [WST] assay)

At Wits FE=9 AE 540 Yyehe w5
£ 27] $13 RAW264.7 A& 96-well plateo]] well
1x10%cellsZ £33} &, 37°C2 23] 7] incubatordi|A] 24
ARE EeuFek T 1§ FEE2 12.5, 25, 50, 100,
200, 400 ng/mL EE2 A 2)a T 244)7F wjokaloch
EZ-Cytox WST assay reagent (Daeil lab service Co.
Ltd., Seoul, Korea)E 10 pL& A3 vjj kol of] 2 7}ska 2
AZFE 3AIZF 73 Fo] ELISA reader (Bio-Rad
Laboratories, Inc.)Z A&-3}4] 450 nmol|r] FFEE =
Akt A= 2417 3A1%E S8 3k 0] S ARS-S)
Rom, AEo HEES FA 2T AE BEES 7E
S 2 to] A ME AEE(%)= AAkste] BT

4. Nitric oxide (NO) AdMzt =X

ARENOL] FS =A3}7] 9ol welld 1x10° cells 5
T2 48-well plateo]] 300 pL# £33} 3 37°CE 23 7
incubatorol|A] 24|17t Fot wjoksl Gt &S 12.5,
25, 50, 100 pg/mL F%2 a3t 147 3¢ LPS

(Sigma-Aldrich Co.)& 1 ng/mL 5= F71 A2g &

24 A1} &<k incubatorol| 4] ¥ st itk NO Adw 574
< 3l AE u gl S AS A 96-well plateol] vl %
ol 100 uLE ¥, Griess reagent (Sigma-Aldrich Co.,
St. Louis, MO, USA) 100 gL #1718k & 15571 9} %] 4]
Zt}. 1 & ELISA reader (Bio-Rad Laboratories, Inc.)E
ARE31e] 540 nmelA FFE=E S35t A E NO
o] e FIIIERNaNO) S 7|E o2 AAE 25

ATl ol thdsto] A28l

5. Quantitative real-time polymerase chain reaction

(GRT-PCR)
=4 cytokine¢! IL-1B, IL-6, TNF-a9} =4
chemokine?] MCP-1, MIP-1a, 28|31l 954 G4 o
9] COX-29} INOS ] mRNA &l 558 437 ¢

ot

3lo] 6-well plateol] Zt well @ A ZZ 5x10° cells EE=
2 mLA B30 FE2E212.5, 25, 50, 100 pg/mL &
T2 AgstaL 147 Eo LPSE | ug/mL 552 37} 4
]38k 3 2477k St incubator ol 4] v F3F AT}, Trizol A
°Fo 2 RNAE %3193, 5% RNAE 0|83 cDNA
£ A5ttt 2 5 3 ¥ cDNAC SYBR green gPCR
mix (Biofact, Daejeon, Korea)e} Z+ -f-2x}o] E-0]4 2l
primerE &315}o] PCRS 2183} St}. Real-time PCR 2]
A% 2712 pre-denaturationg 50°CollA] 23, 95°C ol A
15+ &<t 2188} 9laL, 53 #H7g-2 95°CollA] 20%, 60°C
o] A 40z 52140 cycles =33} St} Internal standard 2
GAPDHE AH-8-3ff 451 3itt.

6. Western blot analysis

MAPK ] 8 gél= & 4521 p-ERK, ERK, p-JNK,
JNK, p-p38, p38 & COX-29} iNOS 9] 3] g¢l-S 93}
o] A| = 6-well platec]] Z}t well F 5x10° cells 557} =
=2 B2t 2222 125,25, 50, 100 pg/mL 5%
2 A gatar 127F Hell 1 pg/mL 559 LPSE 37} 2] g
&k - 24731 F<F incubatorol| A vl FsEGict. v ol gk
29 plateE PBSE A| 2%+ 3 RIPA buffers AF-8-3}¢]
ol A5 %3190}, Bradford reagent (Sigma-Aldrich
Co)= T4 F=& FstaL, e @S 10%
SDS-PAGE (Polyacrylamide gel)Z o]-&3] dA7]d% o
2 F2g 5% GA - &Y 1413 52k blocking 3

ot COX-2 ¥ iNOS¢} p-ERK, ERK, p-JNK, JNK,
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p-p38, p38e] WS &<lety] 913te] Cell Signaling
% ARgEFT. 22F FAlEE
anti-rabbit IgG (Cell Signaling Technology Inc.)& A&
3Tt Membraneoﬂ EzWestLumi—plus (ATTO CO.,
Tokyo, Japan)&
ATTO Co.)o.& ‘%HE AVJ%
3F3dth. Image J intensity (US Naional Institutes of
Health, Bethesda, MD, USA)E Al-&-3}e] W= o] Aak i
A& 31T COX-29FINOS 2] ¥l == B-actin<- internal
standard 2 A}8-3}913L, MAPK pathwayol] 3l &-3}+= 8l
=9 phospho-form total-form< internal standard=

AHg-8ESIT

Technology Inc.o] A=

2 ChemiDoc (LuminoGraph,
jo] hu 2 WS 57

7. SAEA

Ay}o] FA| 292 SPSS 26 (Statistical Package for
the Social Science, IBM, Chicago, IL, USA)E &85} ¢
AAE AL, A9 A Fed FFEAE JER T
]2l #) LPS A gl 2ke] Hatgh vl 9 LPS X 2)r
2 dA @ A Ao T ek 2ol e] f2
Ao A x| EAHEA (one-way ANOVA)S S48 &<l
39l o1, AlE 7152 Tukey’s multiple comparison test
E ARt a=0.05 FEollA #9435 ek STt

I,

i)

39 2%

120 ;
100 1
80 1
60 4

40 ;

Cell viability (%)

20 ;

0 125 2h

1. RAW264.7 A|Z0{|A]
NE=d ot

Gxig|et WES FES2

I g)st MEE FZEo] RAW264.7 N X2] =S
o v x| FEFS FRlst7] flete] FEES 12.5, 25, 50,
100, 200, 400 ng/mL F == X 2]3t & =A8 A=
117 2 om dxjejgt WiE-E(LP) FE55-220
N HE FA el folgh Zolvt U= Ae 5
548 UehlE RS #IEelt). o5 BEdl= fz}%‘i A9
N = M E F248 YERA] 9= 100 ng/mL F=7k4E
28 ol AR&3EITE 7170} 9](2023)9] ATt o3}

S thA AL 774 M EoA FA e u"“'%
W 22 E2E5(20%, 40%, 60%, 80%, 100% 01]
4 100% = FE5)o] MESFA nX&
93, 2 A3 100 pg/mLe] FE=7FA] Al E X
1) x| A] e¥kThal B arstoct.

o

2. RAW2647 MIZ0jlA EX{2|st WES FEE9
Nitric oxide AHMzt =X

AT A
of ] Ap=ol] ofslf 244
A 2218 Ea) 77 2

T2 ead 290 HEe 93
3}= a1, NOSF 9954 cytokineE-9]

Z7] YA ol T gk IS o
t}(Snyder & Bredt, 1992). NO= & &d A (reactive
nitrogen species) % 3F}= L-Arginine/nitric oxide
pathwayE $8) 450, Shess) 2o)= Ag =

*E+

*tE

ho 100 200 400

Concentration {pg/mL)

[a3 1] RAW264.7 M[ZH|M

x5t

WES FE=9 Mz YES

FA 2 W] a #+#p<.001.
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2008). IA 2|3 WiEE F&
LPS AA=02 AFo] 55 RAW264.7 A Z oA A4
ENOYe] ¥alE A3t daf= (19 2]9} 2. LPS A
2|2 13 NO2| Aol 94 A F == A5 &elst
AL, A glgt WitE FE2-2 100 ug/mL F=o4 NO
AL frolstAl Asskdct. 7ol 91(2023)F 1774 Al
FolA] DAk 7S 60% olehe FEE-0] 100 pg/mL

ST oA NO| A& frofat Asietde< Bastsl
ok el 9](2021)9] 7ol o3t WiEE A5 FEE
2 80 ng/mL sEoAXFE NOO| BAS frojd o= 3+
A3t rkal B st St

3. RAW2647 MZEUM Fx2|st WES FZE0|
AZSM cytokinez} chemokine 2! COX-22} iINOSQ|
A a0 olXls I

- Oo

AFA AlolE7}el el s sl IL-13, IL-6, TNF-a:
%7 9= kSN FQ3 oskS dlth(Wautier &
Wautier, 2023). TNF-a2} IL-6+= 37 & &
wholUet oA Z, oM FolAx &84, 8Fet4 2}
ol oJ3) 0=, IL-6© 95, g 5471 d3 &
W2 A A5 eEaL, IL-67F 3 A =S o e, 2

897, 92 5o Fgo] el 5 gl Rl FeiAl 3l

A

o (G4 9, 2017; A5+ 2], 2011; Grossman et al,
1989). dA2g WiE FEE0] 954 cytokine?|
mRNA & 5] v 3= 2e13}t7] $18ke] LPS
Zo] f =% RAW264.7 A Zo] gt
3k, AAE g4 cytokined]
cedS e A=

2 3]9] (A), (B), (C)ollA] £ e} Zo] LPS A 2] <]
954 cytokine$! IL-13, IL-6, TNF-a 2] mRNA 23] &
o] EOAE AL RIS, AA e WitE FEE
S AEsFYS v ZFAsts A dolsk 9t TNF-a=
25 pg/mL, IL-1B%E 50 pg/mL 5ol A e, IL-6E 100
ng/mL F5=olA frolsiA| st gl 11e4 2](2014)
o] Ao 9]6‘}‘11 Q17 H]RkA| 32 HMC-1 A Z oA o)
5 80% olleh& FZF 50| IL-1B, IL-6, 18] 3L TNF-a.2]
B2 7] 7l—t~ A& gelstalon, IL-62 1 ng/mL
FL oA RE, IL-1B+ 10 pg/mL F =4 2, TNF-a
100 pg/mL F5=olA] f-2J3kA] ZHAAATkAL B s}

o1a
&<

2
iV

Chemokine —3— owtzlo = JL-1, TNF-q, interferon
(IFN)-c9} 22 A5 Aol E711#) LPS ol 23 #1]
7} TT—J—HU% W o] 3184 F4& eI cytokine S
o] BETHH-94l 9], 2001; Capelli et al, 1999). 7HA
71 BA A o] 71 A #H 2 AlF Yol MCP-1 37}
freetHAl S7Feh= o] Barko] 91w, MCP-1, MIP-1
a7 54 35T d9s e F e dHTE 24

40 118
35
2 30 {
E or | +iE
i3
3 20 ;
2
a 15 .
o)
Z 10 ;
5 4
0 - - » . »
LPS (1 pa/mL) = + + + + +
LP {(pg/mL) & = 12.5 25 B0 100
[3% 2] RAW2647 MEOIM ZR2Ist HES £H20| NO 44
Control¥} ] 1L ###p<.001, LPS A 2]} H] 1L ***p<.001.
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3} A|ZItk(o] 83, ¢l-em], 2013; Capelli et al, 1999). &
A2t WEtE FEE] 954 chemokine2] mRNA &
A FEel vAE dEs ERlgk A= (19 3]9] (D),
(E)ollA] £ nle} o] LPS ] 2] <] 9]3l] 95/ chemokine
¢1 MCP-1, MIP-1a2] mRNA %3 F30] Holx|&= A&
gletaL, A st Wits FEES Aestds o 7
2R A4S 218k MCP-1-2 25 ng/mL, MIP-1a
= 50 pg/mL “F =AM FEH #2351 43Tt Kim et
al.(2012)2] Aol ©J31H RAW264.7 A E oA W5
GF FEE0| 25 ng/mL F =X FE MCP-19] 435
el Aalst a= Karskit.

COX+= arachidonic acidZ prostanoid2 AZIA|7]=
848 COX-13COX-2 o 235l A3 H A2 prostanoid
=3 Aol F @ skt ko] prostanoids o WS-
o Tofste] o AFAd AEHS WS 5 ATh(EFA <l <,
2011).COX-2¢] A wdo] Z7l=d Alxe] BaAde

(A

0.5 9

mBNA levelof IL-1B

0.0 T
LPS (1 pg/mLy - + + + + +

LP (ua/mL) — - 125 25 50 100

©

=] n
"
H

=
wn

mBNA level of TNF—

0.0 -
LPS (1 pg/mLy - + + + + +

LP (ua/mL) — = 125 25 50 100

[22) 3] RAW2647 MEOIM EHalst HES $520| 5N

~

N

BEAF o2 o] AT Aeke] iy gl P Fa
&5 Fh(ahd4, 2007). iINOS= thaFak 22 ol A]
< 8 = LPS 5ol oJal 273t o] e e
O e &l Al 574, 224 &4 5 ol 285
FCoH(Forstermann & Sessa, 2012). A 2lgt W5 +
o] A58 B T o] mRNA e 0 v A
33F-S 3H018l7] $)5te] LPSE A=3te] %o &
RAW264.7 Al A 2j3k Wits FE=S Al2lsta,
COX-2¢} iNOSS mRNA Hd F58 aA7)E 5

< SRIF Ay [T1' 319 (F), (G)ellA = mpek 2ol
LPS A 2ol ¢J3 COX-29} INOS2] mRNA & S=50]
EoMAE g Eelata, dA e HEs FEES A
2Jel3le W sk S E1leklt. COX-2+=50 1
g/mL FEARE], INOSE 100 pg/mL FElA F2
3170 +4~3F I} Park et al.(2005)<] Aol <J3}# LPS

2 ¥g3o] F-=¥ mouse BV2 microglial cellof|4] &

o2 o
X

ﬂ}{}]« rq' z

o]
k1
e i

(B)

= n
i :

=
m

mBNA level of IL&

0.0 +
LPS (1 pg/mLy - + + + + +

LP (ua/mL) — - 125 25 50 100

(D)

tn

o

mBNA level of MCP—1
=
o

0.0 4
PSAuagmd —  +  +  + + 4

LP (ug/mL} 125 s} 5 100

cytokinez} chemokine %! COX-22} iINOSQ| FFA} &

A) IL-18, (B) IL-6, (C) TNF-a, (D) MCP-1

>> Hof A%
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RAW2647 MIZOIM Hx2l3t WEE ofEHe X520 MAPK ZZ XS 53t 3dZ 85 7
(E) (]
8 15, o 1
Ql_ 2 71
s i 8
?5 1.0 4 — 15 1.0
E g EX Y
i 0.5 % 05 e
2 g
£
=
= 0.0 0.0 1
LPS (1 ya/mb) — + + + + + LPS (1 ya/mL) — + + + + +
LP {pg/mL) - = 125 25 50 100 LP (ua/mL) - = 125 25 50 100
(G)
83 1.5 »
< i
|
o 1.0 4
g +i+
% 05
al
E
0.0 A
LPS (1 ya/mb) _— + + + + ¥
LP (pg/mL) - Ex 125 25 50 100

[a3! 3] RAW264.7 MIZH|IM

Axjg|st MEE FEE9| HSM cytokinen}t chemokine & COX-22} iINOS2| XA} wi&d

(E) MIP-1q, (F) COX-2, (G) iNOS
Control¥} B] 3 ####p<.001, LPS *] 2]} B3 *p<.05, **p<.01, ***p<.001.

] 5 mg/mL 5ol COX-29}iNOS ] £
F2J3Al Al sl o< Hu3FIC Han et al.
(2013)% s ] ol A 2] ¥l Ad+E<] prosapogenin III
= LPSE F=H RAW264.7 A0l 22|52 u COX-2
=10 uM FE A 2E], INOSE 50 uM 5= o A FE] &
AR 5o F-ol5H A H A2 B sk it

0l

4. RAW2647 MIZO|M ExElet HES FE
THiEl o

o
MAPK family2l COX-2 U iNOS THHE
Dlxl'— oSt

- Oo

& 1o

HF
=

MAPK= the¥s el 3785 2dstal Alofsh= 5
L3k A3 el whet, el 7] B QIZE dehkd
Aol kg qirgstr] sl B 9Igh dA-o] thde] o
g¥th(Johnson & Lapadat, 2002). MAPK= 95 #1410l

=

[

23] NF-kB2] *F9| 215 A9A) 7|2 MAPK | o) 3ok
ERKE= A ZE 97 Ao thaf RE-g-sho] HAalelats 84
35l W INKS} p382 Al E U] 2E# A2 fulsls
B4} LPSS} RE AZF G0 2

¢

[o:

rr

ik B o EAstEE

Ao 2 A vk, &34, 2023). GA gk =
o] 9= AW &4 Tzl COX-29} iNOS
373220 MAPK & & #he o) n| x| &= JFS
I= [ 419k [ 5]04] & nfe} o] LPS
ox-29Jr iNOS ¥ <148} # ERK, JNK, p38
o] T7FataL, A g WitE FEE A5
S7Fgtol Wk COX-2+= 50 ng/mL 5 ol 58,
, p-INK, 12|31 p-p38-2 100 ng/mL F=ollA

Al 223, INOST A8k A Bt
COX-2¢} INOSe| & 7+ NF-kB A5 d¥ 7
2 o] &4 wistel Aol o1& 715 3S AlAFEHH, o] o tf

L 2 e 4y |
i
rﬂ Q rz nﬂn
Nﬁ J“‘-

Hﬂ rf
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(A)

p—EFIK‘ S e e e S et

EHK‘ p—— 1.5 - s
p-JNK [TRw)
CC”CC 1.0 4
|
JNK| ————— . EQ
4] o +
0—938‘ | — N — — E'—HU.S-
o
p38 ‘ P
0.0 -
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