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Anti-inflammatory Effects of Tragopogon dubius Methanolic Extract on
Lipopolysaccharide-induced Inflammatory Responses
in RAW 264.7 Cells and ICR Mice
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Abstract — Inflammation is a critical immune response to harmful stimuli such as infections or injuries. However, excessive
inflammation can lead to tissue damage, chronic diseases, and systemic inflammatory response syndrome, resulting in multiple
organ dysfunction. This dysregulated response can trigger a massive inflammatory cascade, which may prove fatal. Current
anti-inflammatory treatments can alleviate symptoms but often have adverse effects, including gastrointestinal and cardiovas-
cular complications. Tragopogon dubius Scop. (T. dubius) is a flowering plant from the Asteraceae family with edible stems.
Despite reports of its effectiveness against periodontitis, overall bioactivity beyond this application remains insufficiently explored.
This study investigates the anti-inflammatory properties and underlying mechanisms of 7' dubius methanolic extract in lipo-
polysaccharide (LPS)-induced RAW 264.7 macrophages and ICR mice. The methanolic extract of 7. dubius inhibited LPS-stimulated
inflammatory mediator nitric oxide (NO) without exhibiting cytotoxicity under 1,000 pg/mL. It also decreased the expression of
inducible NO synthase (iNOS) and interleukin-6 (IL-6) at both mRNA and protein levels. Additionally, the 7" dubius methanolic
extract inhibited the phosphorylation of c-Jun N-terminal kinase (JNK) and nuclear factor-kappa B (NF-kB) in LPS-stimulated
RAW 264.7 macrophages. Furthermore, 7" dubius methanolic extract mitigated weight loss and significantly improved survival
rates in the LPS-induced inflammatory animal model. It also reduced the levels of NO and IL-6 in the plasma. Overall, the find-
ings suggest that 7. dubius methanolic extract has significant anti-inflammatory properties, primarily through inhibiting the

INK/NF-kB signaling pathway.

Keywords — Inflammation, NF-kB, IL-6, Tragopogon dubius, Lipopolysaccharide

g

%% (inflammation
Ztel] thgk s=2] ol 7]2te =,
A et= A ghg-oltt.
Fa 717F A= AW 8l &
&3 7% o]dE gt o]
S 3= Al ¥ (macrophage)= AW BE
tod ol olut Alit-g T2 5k MY w85 :
bS] M2 AdE-2l lipopolysaccharide (LPS)=

o

X ooh sy oL
"

T

ol

=

[ oA DV A

W
o

d

* WA ZHE-mail) : sejinpark@kangwon.ac.kr
(Tel): +82—33-250-6441

255

W] M EE A8} extracellular signal-regulated kinase
(ERK), Jun N-terminal kinase (JNK), p38 52 X 33sl=
mitogen-activated protein kinase (MAPK) family A3 U]
NS AY HR2E S 95 v AdE fdx d
FEgth o] M B, AME, 95 24l 83
-5 311, nuclear factor-kappa B (NF-kB) HAFQIALES:
Aol AT Ale|EFRRIS] TS S/t
FZo] FE=A )4 A Z= inducible nitric oxide synthase
(iNOS)E #dstar, 95 w7l &2 <2 nitric oxide (NO)E
A3t NOw= 3 &7, A ol 2 Als dgs >
el ohFe A Aol Fad 9T AN H=

BN 12 o


https://crossmark.crossref.org/dialog/?doi=10.22889/KJP.2024.55.4.255&domain=http://journal.ksp.or.kr/&uri_scheme=http:&cm_version=v1.5

256

B NO e 25 £4% BB By 71

215 -
2 QOGN Ek, GEUSANN FEHE G54 Al
§ =

>

Hol A% oz WS AYZ, A3, BAEH 2
Fag A g Ak A8 oteia g 5 3l

TFe 957 2] AR50 AH-HE v AEH R0 EA
FASAE 9T A AF7F HAUA, B717E A Al
& 71 ell, 1 A9} 32 F-2pgo] iy
At olof] F Bl d Fok g A SES ¥
i

b s o B R =1
A N Al gk o] w5t kY AAdES
2 A7 AR7E 288 & b e ALe R, TheFd
A2 HEE0] AT WAE 28k $83 AT

ol\

(e

So] FE8] Harw L ek 538, Y
ol Eads /e D ARE2 A ¢
1S 2dske d g et a3E YEhiH, ol i
7IREOZ S A2 -9 X5 Fefo] &R 9l
2| 2 oA 8] (Tragopogon dubius Scop.y= =73} 1 3 =

tlo ofN

t

L.
Felj o] AeR Me, AdE 9Y, FHRE 9, S
= GFollr BEET AFoloFEbdA o] AEFgAdel w

=23 o= 718 A8ste =R SAE e
™, ksl 9 PR G50 BT 538, Aok
|

Hl= X5 23S - 83k= Porphyromonas gingivalis®] A
Te Adfste a7F ERIEHATEY o] FF] Fo W
4 AR LPSe €5 RS st A E24 8

A A Ut o] & vt o2 A olA|n] 7} Hojd P E
FH T50] Ae A= ALEEY, SfolAn] o] A e

71530l it A= vlgek Aot ujehA] £ AT
NME = % E2< LPSE o] &3] tha A E(RAW
264.7)%} F= Edof|A HAfobAln] HEE FEES] 3
T 258 453t 7158 2AEA e AAEE g8t

Kl uR

e X

AIBRIE — 3-4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
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USAYIA 7413t} Penicillin-streptomycin (P/S), Dulbecco’s
phosphate buffered saline (DPBS) Dulbecco’s modified Eagle’s
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medium (DMEM)+= Welgene (Gyeongsan, Korea)ol| A
A3}F% 3L, fetal bovine serum (FBS)< Altas Biologicals
(Fort Collins, CO, USA)°ll A ¢ &} t}. RNAiso Plus=
Takara Bio Inc. (Kusatsu, Japan)°ll A1, griess reagent= promega
(Madison, WI, USA)°l A T+ &3t} PowerSYBR® Green
PCR Master Mix+= applied biosystem | %< Thermo Fisher
Scientific (Rockford, IL, USA)o| A -1 3}+53 t}. IL-6, iNOS,
B-actin primer= Integrated DNA Technologies (Coralville,
IA, USA)l A -1 8+ o}, TransScript® All-in-one Firest-
Strand ¢cDNA synthesis SuperMix for PCR (One-step gDNA
Removal)- TransGen Biotech Co. (Beijing, China)ol| 4] *
2 3FA T} Lysis buffer= Jubiotech (Dagjeon, Korea)oll A1
TA3FAtE ERK, p38, INK, p65, phosphorylated ERK (p-
ERK), phosphorylated p38 (p-p38), phosphorylated JNK (p-
JNK), phosphorylated p65 (p-p65), iNOS, B-actin antibody
= Cell Signaling Technology (Danvers, MA, USA)ol| 4]
Y33t

AMNE H FEEQ M= - £ Aol ARE-E 2 Aok =
e Gt e ggelelA Akt AP 4
oA ZFdigta A& 573 42 wakel o3 &
AE AT oM Axg HAjolRiH] AxE AT
(NANIL, Korea)= vl|gt & 1 kg F3od AzhEeiao|
a7 2 Le] mlekge] AN o] mleke I ES 7t
o Fstal F53 F, SRl &8st 4713 (ILSHIN
Lab Co. Ltd., Yangju, Korea)d}S3ith. 2] 2o} v] 2] o et
FEE FEES 5.08%C1Uth A X AF A= HAolAlH]
HERE FEE-S 70% olehEol &3allelaiaL, 5= A=
0.9% A 2] 2 H=ell B3l ko] ARE-sk3AT.

M=Z i & ¥E FE - 7H¢= el A AIE RAW
264.7-2 =AM L 3=-23](Korean Cell Line Bank, KCLB,
Seoul, Korea)oll A %331 th. RAW 264.7 Al X2 = DMEM®]|
10%2] FBS9} 100 units/mLe] P/S7} ZFHE wjx| & A8}
o] 37T, 5% CO, Z712] incubatorell A vl FsFATE LPS
2 =¥ RAW 264.7 Aol A & x]jobay] Heghs F5&
o] FAF T5S H7IsH7] 918 RAW 264.7 Al Z(2x10°
cells/well)E 6 well cell culture plate®l] 53} 24A]7F ul]
& 7, FBS7F 3R] 5> DMEMO 2 WA 3to] 244]
7k Al gt o) %, thdst w0 HAfopAu] vehE
FZE(0-1,000 pg/mL)S 1A 7+ AA 2] & & LPS (1 pg/
mL)E A28l 5 skl

M= =X "I}(Cell viability) - RAW 264.7 A 3ol T3k
2 fobafH] WehE FEE9 A E54-2 MTT assay= ©]
o ME AEEE AT Ao HEs 5
=& 0-1,000 pgmL7F ¥ %5 FBS7F EHA 2
DMEM®] 3] 4] &t RAW 264.7 Al £(2x10° cells/well)ol
100 uLA 5=3ke] 244 7F l=Z&8k3i . ©1 %, 5 mg/mLe]
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MTT &85 FBS7} X §=A] %2 DMEM# 1:.9%2 &¢}s}
o 100 pL¥ H7Fskarl 4x17F Auf FstdTt. o] & wjgel-&
5 AASEAL 99.5% dimethyl sulfoxide (DMSO)$} isopropyl
alcohol 742t 50 pLA 71ste] Al 25 3] gaiAl7]aL
microplate reader (Molecular devices, San Jose, CA, USA)E
o]g-3ted 540 nmollA FEEE ST AEES U=
wol| gk S-g=e] A5 WEEE FAsl] Hlal 248kt

HEY AO|EFIRI2] mRNA &8 B4 — 2 fofxH] =]
B FEES AH F LPSE 24417 A3 RAW
264.7 M FoAA B/ At EFIRI] Ak S Siklsh]
#1530l real time-quantitative polymerase chain reaction (RT-
gPCR)E 533191t} RT-qPCR 382 9]3)] A2 U] mRNAE
Kim et al.9] *'-& w2} £ 5313 2™ microplate readers
o] &3} A &3t F TransScript All in one first-strand cDNA
synthesis SuperMix for gPCR-S- ©]-8-3}44 20 uL cDNAZ &
AJSFATE) THE01Z] cDNAE pure water 180 pLoll )45}
A&t

cDNA 4 pL$} pure water 4.4 pL, Power SYBR® Green
PCR Master Mix 10 pL& &%3}aL primer (iNOS, IL-6, or
B-actin) 1.6 pLE ¥ o] RT-qPCR-E 3 3} t}. RT-qPCR
271 HZ 95ColA 1087 7Fg8la 95ColA 15%, 57
TollA 20%, 72T 40%2) cycleS & 403] vHE 33 &
95CellA 152, 60ToA 13, 95Tl 15% 13] =331
t}2) 7} primere] sequence= T2} ZHTH(Table ).

Western blot £4 —RAW 264.7 Al 3|4 iNOS2] 28 3}
Ao ] HEks: 220 FEF 2H871AE gRls]
213 western blotS 3T, 2 2otAH] HEHE: FE2=8
AAE & LPSE 935S = AEE FH3L lysis
buffers: ©]&-3t] WS FEsk3inh. LPS A2 iNOS
A= 24417k, MAPKS}F NF-kB #24 o= 1A]7F A48}
At A8 Bradford assay®2 7 @3t 5 20 pge] wh
ZS 10% SDS-PAGEE =Z7|H=E E23 I PVDF
membrane®]| transferstSATh. &4 o] H|5o0]4 AtE At
7] 98l 5% skimmed milkZ 2A17F F<F WS A2 01
3 9] M&] Zo ERK, p-ERK, p38, p-p38, INK, p-INK, p65,
p-p65, iNOSS} B-actinoll thdt z}zke] A E 4TCo A

Table 1. Primer sequences for RT-qPCR analysis

Target gene Primer sequence

NOS F 5-CATGCTACTGGAGGTGGGTG-3'

R 5'-CATTGATCTCCGTGACAGCC-3'

F 5-GAGGATACCACTCCCAACAGACC-3'
1L-6 R 5'-AAGTGCATCATCGTTGTTCATACA-3'
B-actin F 5-ATCACTATTGGCAACGAGCG-3'

R 5-TCAGCAATGCCTGGGTACAT-3'
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overnight A|Z1t}. PVDF membraneS M4 3132 22} | 2
A2 A 2417 &9 HESAIZ] & ECL system@. 2 HESATA
LAS-500 mini imager (General Electric, Boston, MA, USA)
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Rasband National Institutes of Health, USA)S A}-&-3}o] &
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ARefste] AN AFE FESATED ol 1243b] 73}
5,7 492 D ankes SAAA P AAS A
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A3 =Y A ol T E JUTHKW-221102-6).
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540 nmellX F3=E S35k sodium nitrite (NaNO,) 3£
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LPSE H5S fr A4
10,000 rpmllA] 105, 4T 279
Aot 4 U N0 F=+ NO kit (Biomax, Guri, Korea)
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LPSE 94%5S =3 A 95 & 249 d95 A
Helste] 24 W IL-69] 525 g sttt Al el
2 E2 W IL-62] F%+ ELISA kit (Invitrogen, Carlsbad,
CA, USA)¢] protocolel] e} 74 51T
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okt 9 AR 7He] $A1A el 7152 GraphPad
Prism Version 8.0 (GraphPad Software Inc., La jolla, CA,
USA)2 53} One-way analysis of variance (ANOVA)S A}
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mL)E A2 S o, Al 2] BEE0] LPS A2 HlaLst
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Fig. 1. Effect of T dubis methanolic extract on cell viability in RAW 264.7 cells. (A) Cytotoxicity and (B) cytoprotective effects of

T dubis methanolic extract without/with LPS treatment. “*P < 0.001 vs vehicle,
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2. Effects of T. dubius methanolic extract on NO production, nRNA and protein expression of iNOS in LPS-stimulated RAW

264.7 cells. (A) NO production was determined after LPS stimulated for 24 h. (B) The mRNA expression level and (C) relative

protein expression of iNOS were analyzed compared to vehicle. P < 0.01; **P < 0.001 vs vehicle,

LPS alone.
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Fig. 3. Effects of T dubius methanolic extract on mRNA and protein expression of IL-6 in LPS-stimulated RAW 264.7 cells. (A)
The mRNA expression level and (B) relative protein expression of IL-6 were analyzed using RT-qPCR and ELISA, respectively.

#p < 0.001 vs vehicle, P < 0.001 vs LPS alone.
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Fig. 4. Effect of T. dubius methanolic extract on LPS-stimulated MAPK/NF-«B activations in RAW 264.7 cells. After stimulation
with LPS for 1 h, (A) the phosphorylation of p65 (p-p65) was analyzed relative to total p65 levels. (B) The levels of phosphory-
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