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Abstract

Immune stimulation has emerged as a novel strategy for improving the immune system of the body. Research attention
has been focused on identification of natural and dietary substances that can potentially improve immune activity,
with fewer side effects than those of chemical substances. Cirsium setidens Nakai, also called ‘gondre,” is a perennial
plant belonging to the Asteraceae family and grows only in Korea. It has altemate leaves and leafy edges, and
its tip is pointed. The leaf is somewhat broader, and the flower is purple from July to October. It is used in the
treatment of inflammation, edema, and hypertension. Various physiological activities of raw C. sefidens Nakai aerial
part extracts have been reported recently. Here, we evaluated the antioxidant activity and immune enhancement
efficacy of extracts prepared from blanched and dried C. sefidens Nakai in addition to their potential use in not
only regular but also functional health food. The total phenolic compound content was five times higher in the
extract prepared by freeze drying than in that prepared by blanching. However, production of nitric oxide and secretion
of immunostimulating cytokines such as IL-6 and TNF-0, were relatively higher in the extract prepared by blanching
than in that prepared by drying. Overall, an immunostimulating effect was observed for the C. setidens Nakai aerial

part extract prepared by blanching, confirming its potential as a functional health food ingredient.
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S| WP, AAE U AL 53} 2 Tl B
A ZE 7Ho] AT AR st 1 AAZE FAE . A
At B 0] BEsls, A oS PR e A
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HY ZEQAAFR] NO(nitric oxide)2} TNF-a(tumor necrosis

factor-a)), IL-1B(Interleukin-1p), IL-6(Interleukin-6)2} Z-2
AZA APIEZRRI (pro-inflammatory cytokine)S AJAsT
YAolo] 83t Ag2 SthHiguchi 5, 1990). ol=gt
WA "R AU HY BojAlA 2 gt 5
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ot & HIX & 7Axste] FUER AF67]% SKLim
5 1997; Park 5, 2015). T3t 1 H PR FE= oA I3,
HE, 18 59 o] 3404 ABETHLee 5, 2002).

£ AollA= RWA264.7 thAlA| 2o 1127379 &
JHiet FUER 7gE A9l FEES ol8oto] tlEAQl
A /3821 pectolinarin®] T 7H5 FEjofl w2k HPLCE
ALgsto] HlWEASIY oW, A2 ET} oekgo] &S
g3t 47189 253 Agsto] B &5, AlEsA,
AIEZIR] & NO A3/d0] v]|= ke #ATHo=H olE
9] HAZ73E/ 4 real time PCRS ©]-8510 RNAS] &
A4 Zg7)17S Ejletal, WS AFAPRA 9] N
7Fs/3S YotE 1A} oot

ERTET

M=

H A¥o]| ARESE 123 JAHH(Cirsum setidens Nakai)=
ZFHE oA Al AE Fsto] sAAxsIe] ARESEH
At EUES A854 HoR HE=E0 sE gt &
TIE0A S48 A ARSI 1 H P saURET
FUEY FE5= Alxe 47 50 g2 AT, SR 2
| 108j(vv)E 7I510] SRFE71E o851 90TolA 1
ATt Bt FE519101, 2% 242 Fo= 90T, 30% EtOH,
50% EtOH, 70% EtOH, 100% EtOH -&1fj:= 70T oj|A] 213y
Stk 11 ths &S ofyfsie] A ESto] Aol A
-&5k3ich

7171 & Alef

F2E9 asH7l AMHEE tannic acid=  Sigma-
Aldrich(O4 Folsto] AHgsiglon, HelE BasS
gelsto] AMGE AT uReA HiAMIZ(RAW264.7)=
ATCCOA  Fdot3lom, Alxuffo] A= DMEM
(Dulbecco’s modification of Eagle’ medium)2 Corning A
E & FBS(fetal bovine serum)2 gibco A& sl A
83l9lom, AE=A 7o ARSE EZ-Cytox cell viability
assay reagent= Biogen A|E&, FZ5 *g|of 95t NO A}
A 242 21519 Griess regent system-> Promega Al&-&
Tdste] ARgSt o™, Al W RNA 52 99 illustra
RNAspin Mini€- GE healthcare A&, Real time PCR £4]
< $9517] 95l High capacity cDNA reverse tracscription
kit®} Power SYBR green PCR master MixZ Thermo Fisher
Scientific A& T+t ARESFATE

ZZ& 59| 5AAZXE ilshinbiobaseAre] TFD8503-S ARE
slgion, T34 E =%L Bio-radAl] xMark microplate
spectrophotometerS ARESIAT}. -FARREAES 2J819] Applied
BiosystemsAt2] StepOnePlusE AREGIOH, AHAJES
BA517] Y3l Shimadzu HPLC system(HPLC-UV)7} AR&-

Ak

ZH=4d sEE 3 24
Y =4 SRME g2 Hle4 E%0| phosphomolbdic

acid®} H-g-to] HA o 2 MRl = 718 0]83t Folin-Denis
ol wh A5 1 mg/mLe] SEE RAR 55
0.25 mL9] Folin-Denis reagent 0.5 mLE 21 BHGER
(Na,COs, 0.35 g/mL) -S4 0.5 mL Yol& th A 20fA
30571 R3St T xMark microplate spectrophotometerE: ©]
g31o] 760 ol SRS ZYe}. ZYE FYEE o
Wik(tannic acid)E ol-&sto] ZHJE EFEIFAE ol-85to]
APHS BT H, 2 AR 2520 S5 ST TF

S Astgin

Nz 2 MZ==d It

Aol AREE R AN RAW264.7 A| 2= ATCC
(American Type Culture Collection)of}4] £330} 100 unit/mL
9] penicillin ¥ streptomycin, 10% fetal bovine serum®] &
71=l Dulbecco’s Modified Eagle’s Medium BjA] & AR85
37C, 5% CO, 271 sloflA] st

FEE9 Aol ofgt ME=4 7= water-soluble
tetrazolium salt(WST)E o|-8-5}0] AolQl= A|3E9] kS =4
5= A0 F 96 well plateo]] 1.0x10° cells/wellZ RAW264.7
NS E7510L, 16AKE B3F Bidet & Tt 59 =
B AEolo] 24417 B2t HIlF = EZ-cytox A|2RS H7eE
3 CO;, HiYFZ1(37T, 5% CO,)OlA 2AIZF HESATZL &, 450
nmoj| A FFT0] HLE S7gsto] iRt High Al &
5 HEEZ HABII

F22 A2[ofl /g NO MMY HIt

48 well plateo]] RAW264.7 cell 1x10° cell/well 2 B3
3t & 37T, 5% CO, incubatoro] 12A]7F =<t Hjjokst & 7+
Z1o] &2 5 pg/mLoflA 500 pg/mLo] FE= A]&513]
31, FAHZRFQ lipopolysaccharide(LPS)= 0.2 pg/mL &
T2 XFolo] 2447t B2F v’ 7, vl e wElst
Rt w2E i S 50 pLof 100 uLof Griess Al2F
Agfsto] 104 52t A4 BREAIX] T xMark microplate
spectrophotometerS- 0125} 517 nmof|A] SHYEE =45}
i} NO9| 5= sodium nitrite (NaNOy)Z AR50 AL
#E A7} vlwsto] ARSIt
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225 Aejo] oJ3l iNOS, COX-2, IL-1B, IL-6, TNF-a 5
Rol71ele] Hlo] BlAlE FHE A} ThelolA SRt
7] 2I5}9] real time RT-PCRE $345}3ic}

FEEZ AR AIEE 24417 ¥Rt £ illustra RNAspin
Mini& ©|-85}9] total RNAE E2|3t & Nano drop& °|-&
sjo] mRNAZ 519lch. o 5 Bt BE(100 nglul)
9] RNAE cDNA reverse transcription kits ©]-835}o]
cDNAE GHARAIZI O™, HHARE cDNAE ©]-8-510] target
cytokine®] -F-AA} WH-S real time RT-PCRE ©o]-8-351o] &
Q13l3tt. AppliedBiosystems®] SYBR green PCR master
MixE ZH2te] AEo] Agsto] 95ToA 5&, 121 10x
HFSAIZL ¥ Q0T 202 WA AL & 408] B
SEZ3SIE Melt curve= 65C-95C Afo|of|A] &RIsIC
o, §AF 24 Aol ARGE primer?] ¥7]4 G2 Table
1o] YeRf3ich

A
~

M

F=8 ARYE o

I HYAAY RNEAFEL pectolinaring H|5-5}9] luteolin,
hispidulin, apigenin 5 o{2] 72| E2tH o|EE THaoaL
9= Ao g KT}tk Jeong 5, 2008; Thao 5, 2011). ©]
of tJFEAQ] AJE1 Pectolinarin (CrH3015, MW. 622.57)2]
S g FEEOA HPLCE o|gste] E4519t)
BAHAZ AL Table 29+ Zth

Hr

ol

DE A Ak 38) o Qsie] Haut BEwA

Table 1. Primers for real-time PCR

Table 2. HPLC conditions of pectolinarin analysis for C. sefidens
Nakai extracts

Instrument Shimadzu HPLC system (HPLC-UV)
Column XBridge C18 (4.6x250 mm, 5 um)
Solution(A) : 0.1% TFA in D.W
Solution(B) : Acetonitrile
Time (min) B Conc. (%)
0.1 10
5 10
Mobile phase 15 30
20 47
30 47
33 10
40 -
Oven temp. 35C
Wavelength 330 nm
Injection volume 10 puL
Flow rate 1 mL/min
Run time 40 min

2 BAHL 7 A 219] §24 B GraphPad Prism
8.0 version(GraphPad Software, Inc., San Diego, CA, USA)
& A}85}9] One-way ANOVA 5 Tukey test® 35} p

Gene name Orientation Primer sequence (5' - 3") Product size (bp)
Sense 5'-TCCTACACCACACCAAAC-3'
iNOS 199
Antisense 5'-CTCCAATCTCTGCCTATCC-3'
Sense 5'-AGAAGGAAATGGCTGCAGAA-3'
COX-2 194
Antisense 5'-GCTCGGCTTCCAGTATTGAG-3'
Sense 5'-GGGCCTCAAAGGAAAGAATC-3'
IL-1P 183
Antisense 5'-AGAAGGTGCTCATGTCCTCA-3'
Sense 5'-CAAGAAAGACAAAGCCAGAGTCCTT-3'
IL-6 150
Antisense 5'-TGGATGGTCTTGGTCCTTAGCC-3'
Sense 5'-AGCCCCCAGTCTGTATCCTT-3'
TNF-o 186
Antisense 5'-CATTCGAGGCTCCAGTGAAT-3'
Sense 5'-CACTCACGGCAAATTCAACGGCAC-3'
GAPDH 141
Antisense 5'-GACTCCACGACATACTCAGCAC-3'




688 A=A EAE A A28l AlSZ (2021)

#to] 0.05 "HtS FoRt Aog 7HEsisith

Z3 o a3
1AFEF FUEC =Y 3EE Y

Hz4 e AEY 22 ke stuolw, Hle4
RIEE2 U 20 BRI R AlEA 0 g Fixst
11 k. ESE phenolic hydroxy”| & 7FAaL 17| W&o &
w2 59 AtEAEY Aot A4S 7L Qlof, A
3} 383}, P4, NO 75 59 ot Ay 7162
YERHTE Y. B EQITHLee 5, 1994). 1 HJAF S tE
A5 FHQ A FUEY FEES AXste] 3Hsd
SIRMEO] $ekg =5}l tannic acidE equivalent® $HAF
Sto] LERRACK Table 3).

Ve JHE 52 AXT FEEM AEE 2 F
Hez4d REY FS Ut FUE g2
3.17+0.08 ¢/100 g & 7} W UeRdon, 30% ofehe
FEE2 4.38+0.13 g/100 g, 50% OfehS FEE 4.9240.14
g/100 g, 70% Of§hE FE=2 4.69+0.12 g/100 g 1231
100% OErS FEEL 5.63+0.16 g/100 gO & eI AY
& A= sZ2dxed 18 PP E =25 Srk=
4 SRFEY] FFE g5 F=E0] 15168091 g/100 g, 30%
ofEhe =ZE-L 16.88+1.06 g/100 g, 50% OEkS ZEEL
19.05+1.25 g/100 g, 70% OfEhe 2ZEL 17.97+1.21 g/100
g 12|31 100% oErS 2ZE2 29.3242.29 /100 gO& 1}
Bt BB O] 2580 s U} V1o e Sleke LRyt

FE20| HME YZ80 0|2 I

1HYEA S FE=d] AESY oFs 7P
FIotod RAW264.7 TN 2] Hpdgs, 30% olehe +
5, 50% FEE, 0% o2 355, 100% o2 F&=
] 717t 50 pg/ml, 250 pg/mL, 500 pg/ml.2| FIEE A=fo}
of 24417k BigRt F AIE HEEZ EZ-cytoxE ©18310] =
Aotith(Fig. 1). FEES AHA| ool g tixd
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Fig. 1. Effects of various solvent extracts of C. sefidens on the
cell viability in RAW264.7 cells.

(Control)9] M| ZAYEE 100%2} Bl slde W FE=2 A
23t A% 500 pg/ml =7 BEE] HIZL AU S
7¥oh= AFE YEIHSIH. olof ZH7te] 259 5 500
ng/mL OJ5ollAl= RAW264.7 THAA|RO] thgh S&50] A%
5432 gl Ao ftdslo] o] A9 FEE 500 pg/mL
olatz dAstort.

F== A2[of] gt NO WdZH oA &1t

Nitrate oxide™= A W] NO synthase(NOS)°|| 2Jaf AJA]

£ B4R AAEE v A W RSt AlzolA A
e, A W AlzAtole] 282 mirlisks B4 of2 7}
A 715 W B 2d A8 Sk ek NO A4
G ol dS5EE UBdl= Z2E d=A oy,
247F2] NO= P|8E] AhE AlE A ZE Alofshk=
Ao deiA Qo wEbA] MEEAYE o] = 5
ol NO9| F71= WY 7|52 S7HI7I= AR AT
2= 9oty dEA Qth(Hibbs =, 1987).

1P EAAREY FF FEE, 30% kS =
=, 50% FEE, 70% ogkE FE=, 100% ogk2 529

Table 3. Total polyphenolics contents of C. sefidens Nakai hot water and ethanolic extracts

Sample Solvent (Tamtir(ﬁg, (g/yloo o) (leimanif:hg::%d,thg/nlodoryg)
Hot water 15.1620.91 3.1720.08
30% EtOH 16.88+1.06 4.3840.13
C. setidens Nakai 50% EtOH 19.05+1.25 4.9240.14
70% EtOH 17.97+1.21 4.69+0.12
100% EtOH 29.3242.29 5.6320.16
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A sk 4202 NO9| o] 7ok em, 100% offe
= FE004 7P =4 STkt Fig. 2).

g, SUHE] EE04= NO9| 5] E45EE,
70% oEhE FEE, 100% g FEEAT 5= 9=
Ho= kIt 59 FUE 44 FEEY A+ FE H
Z70 2 ARG LPS A 2jtof| H]sf| 50 pg/mL, 250 pg/mL,
500 pg/mL =04 § =2 NO A% UE e, 500
pg/mL == A3t FoflA= LPS A 2ltol Hlsf 3u) 71
=2 NOY 7S YRR Jeon 5(2005)°] =W
Z71A F=3 oA 100 pg/mLe] F== A2t oot
LPS(1 pg/mL)E A 23t FPRTol| A FARE NO 38
<= YERHITHL Eskgith(Jeon <5, 2005). F785 5t
A G2 1HIAH FEUEY deFEEolAT =2 NOAY
S UEio] 248 Yehlie faAdE2 84 sikE
A A0E AlmEH, VHJAT FHE ITFEEY F8
do] tigt A7t 2a3 Aol
olgfgt ATHE v o R 7MY 2 NO %S yehd
HAGF FUHES EF FEES o= 2525 A7
3 iNOS, COX-2, IL-1p, IL-6, TNF-02] 347} dtal oA}
gl

o 1o ki

FEE 2|0 oSt |2 U W}

NPT FHECIA 7S =2 NO A& Herdiof
I\Ag SR SAWEE B9 FUsp) Solol Buke
GL2=E2ES 5 ug/ml, 25 pg/ml, 50 pg/mlLe L&
A2Jste] iNOS, COX-2, IL-1B, IL-6, TNF-02] LAY

o

150 [ 50pg/ml Z4250ug/ml B 500ug/ml
125¢
% 100
S
=
=
=]
S st
=
=
S
~
o 5o
4
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Extract of frozen dry C. setdens Extract of blanching then dry C. setdens

Fig. 2. Effects of various solvent extracts of C. sefidens on the
nitric oxide production in RAW264.7 cells.

The cells were then incubated for 24 h with various concentrations
of C. setidens Nakai or 0.2 pg/mL LPS.
The concentrations of NO in the conditioned media were measured using
the Griess reagent system.
Each bar represents meantSEM (n=3).

p<0.001 significantly different from that of the control group.

real time PCR& ARg3lo] ERolsto] LERQItHFig. 3A).

LPSE A2 Alo] NOS} #2sli50] 1) 7oK 242 iNOS
o] o] FrloRA FIQlEke AR BAIEo, B
2] @220 Aol 93] No Ago] Fhlste
¥, 052 MR 271 Ao ey

of 2310] Sfgh Aol ©Ja) PSR PAAEE 22
2 TNF-a, IL-1p % L6 5] Tlokat Ajol7lelg 2
o) WeAE PR o MRS SIS, 48
Mg fETo A LUUANE AL BENEE 2
syich. 443 w9 YolA AolEr1ele] 4 271
Aol Z21T1S ehis, tharet Agigo] AojErlale)
g kol We gHE gl HIEHYeo 5,
2014). TNF-o= SREAE 2 Thi Azm2Ee] 5 Aol
BRI TelT Ul T2 WeES ATsk] WaTe §
T 9 B3F 5] 8% 9= 5= chemokineZ #H|5H]
Sff Wg o] B3 Bl HYAE AATT L BaEdc
(Kiemer -5, 2001).

T2 HAINIEER] RAW264.7 Al2zof] 1 JAHHY F1h
= =29 A7t IL-6, IL-1 E TNF-02} Z-2 Afo]E7}
Q19] Aol m|A= FFE AR

[L-6= 7} 23] &40 o2 WY 27] Bh3ollA] 44
= 8% W7l EE= TNF-a 5o ofsf| f82t ddlo] A}
=E]o] A zoA B o] AFHEES £ ARITHTanaka
S, 2016). IL-1B= TNF-a2} 97 thAA|E 9 thofgt HY
Alzoll A ABgE]o] BFRES M7IRtEA] TS k= Ao
4 A Uth(Freidin 5, 1992).

1HPAT FUHEY GTFEE3 RAW264.7 A|3Eof|A]
A2l Al IL-1p= 527t S71tol wet Fask= 3ol
Efd uleto], 1L-69] SHE 5 pgimL, 25 pgmL 9] BT
7SS g ST, 50 pg/mL A2 Alol=
Haole A UESItkFig. 3C, D).

1A FUE FEE9 50 pg/ml Aol ukE TNF-
o] BTk FA 29l LPSE AP wiel o2
Hjol7} QA Z/1H9l0m, S gz o Z/lekirkFig
3E). ol 1HYBHA FHES I FEE0| PHEE
2/33tsll TNF-a 9 IL-69] B4 FHIE S7HA1711L ol A
O|E7IRIE9] Ao AE-0 2 TARZS} BNZEE Al=5to] AU
AAAAS B/dsts M50l 7194 4= AU Ael=t A

1=}
gL
o

[e)

ox M o 18 Ol

=
o
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Fig. 3. Relative expression of iNOS (A), COX-2 (B), IL-1§ (C), IL-6 (D), TNF-a (E) genes measured by real-time PCR in RAW264.7
cells compared with control after treatment with different concentrations of hot water extract of blanching and drying C. sefidens Nakai

(5, 25 and 50 pg/mL), followed by LPS stimulation (1 pg/mL).

Each bar represents meantSEM (n=3).
p<0.001 significantly different from that of the control group.

AHGEY THF HAZ Z1P5HATK Table 4).
1HYAF 2259 X HAE Pectolinarin = A
I}, FUHE9] 7B 50% e 253} 10% e &=
oA X/gEo] =A SRIEeH, HE sZ1UX 11y
737z ofletE 81l BlE&o] =25 Pectolinarin 30|
Al ZRl= 3Tt
1HYFHE Bole R E= UL

0

Hir o2

e

_E:l‘_] =4

15

rO

FH= HFEg. BE = AR2ddy 2AS
B3 AR 852 ERIst o, AXo]| Bolg FUES
INOSQ] WS XA nitrite oxideS B34S Z7HA7]1,
IL-6 ¥ TNF-09] &S T7MA HY 42 S |=
A0 g ZRIEQ). o= AUEET ol FuE: HY
E SR A7164% AR Y 7S &
QIS &= SA9ITh
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Table 4. Content of pectolinarin in C. setidens Nakai extracts by HPLC analysis

Sample Solvent Freeze drying (mg/g) Blanching and drying (mg/g)
Hot water 18.96+5.96 4.33+0.75
30% EtOH 78.70+1.57 34.38+0.17
C. setidens Nakai 50% EtOH 81.02+0.98 51.86+0.12
70% EtOH 89.60+3.07 53.24+0.24
100% EtOH 107.16£1.29 44.33+0.18

A =

£ AT TRPIAE AR E: 17081-
02-1-HD030)2] A\00] 2J3} 54 A7 Zpeiet.
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