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Abstract

This study evaluated the anti-inflammatory effects of Cirsium setidens ethanol extract on raw 264.7 cells and effect
on serum immunoglobulins in normal and ovalbumin-sensitized Balb/c mouse. In animal experiments, the Balb/c mice
were randomly divided into four to five groups, which may or may not be ovalbumin-sensitized. Mice were administered
AIN-93G basal diet (for control groups, NC or SC) or AIN-93G diet mixed with 2.5%(G-2.5), 5%(G-5), and 10%(G-10)
Cirsium setidens extracts (treated groups) for 7 weeks. The serum IgE and IgGl levels and the degree of oxidative
DNA damage were evaluated. The results showed that the NO release from raw cell was not significantly changed
by the Cirsium setidens ethanol extract, whereas the levels of TNF-a and IL-1 were significantly decreased from
500 and 250 pg/mL, respectively. In non-sensitized animal experiments, the serum IgE concentration of the experimental
groups was dose-dependently reduced compared with the control group (P<0.05). The tail length and moment resulting
from DNA fragmentation of blood white cells decreased significantly in G-5 and G-10 groups. In the OV A-sensitized
animal experiment, the serum OVA-specific IgE levels were significantly decreased in groups fed with Cirsium setidens
extract. The tail DNA and tail moment in all the experimental groups decreased compared with the SC group. Cirsium
setidens is a vegetable with antioxidant, anti-inflammatory and immunomodulating properties, which warrant additional
research.
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(Table 1) Composition of dried Cirsium setidens (per 100g edible portion)

Energy  Moisture  Protein Fat Fiber Ash Ca P Fe Vit A Vit By Vit B, Niacin Vit C
(kacl) (%) @ @© @ (@ @ @ W (w @m W @m (W)
Dried
Cirsium 229 10.6 20.5 39 130 11.1 880 1110 27 226 0.03 0.07 0.7 1.0
setidens
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(Table 2) Composition of the experimental diet” (% of diet)

Ingredient C(NO) SC G-2.5 G-5 G-10
Casein 20.00 20.00 19.50 19.00 18.00
Cornstarch 39.75 39.75 38.95 38.14 36.49
Dyetrose 13.20 13.20 12.87 12.54 11.88
Sucrose 10.00 10.00 9.75 9.50 9.00
Cellulose 5.00 5.00 4.68 437 3.78
Soybean Oil 7.00 7.00 6.83 6.65 6.30
Mineral Mix” 3.50 3.50 3.41 3.33 3.15
Vitamin Mix” 1.00 1.00 0.98 0.95 0.90
L-Cystine 0.30 0.30 0.29 0.29 0.27
Choline Bitartrate 0.25 0.25 0.24 0.24 0.23
Dried Cirsium setidens powder - - 2.50 5.00 10.00

Y The experimental groups were as follows :

C : Normal diet (AIN-93G diet), which is used in experiment I

NC : Normal diet (AIN-93G diet) + sterile PBS(i.p.), which is used in experiment II
SC : Normal diet (AIN-93G diet) + OVA(i.p.), which is used in experiment II
G-2.5 : 2.5% Cirsium setidens was mixed with the normal diet + OVA(i.p.)

G-5 : 5% Cirsium setidens was mixed with the normal diet + OVA(i.p.)

G-10 : 10% Cirsium setidens was mixed with the normal diet + OVA(.p.)

» AIN 93 Mineral mixture
» AIN 93 Vitamin mixture

(Park. et al., 2005). AN ZZNCEYS Ao)sta 1}
A 4FHEANZH(SCH), FEE Fol G2.5, G5,
G-10)el thste] 3541 0H 15 A0 R 33, 25 714
© 2 13] moused 201g2] ovalbumin(Grade V, Sigma
chemical., St Louis, MO, USA)S PBS 0.2mLol| 5¢]
aluminium hydroxide gel 2mg3} &§}sle] 27} Fofs}e]

F 7F B9 439 AA dHEIE f=sidlen,

adjuvant24] 2 % aluminium hydroxide gel-& AF&-3}1
tHFigure 1]. NColli= OVAZ- LR thale]] Fako]
T PBSE EAFA} sholrt

HA7IRE st Alee 5 23] Ao, A 2d
=A% AFS viA Aoz Hakch sAshy] A
oF 12AIRF o} FES ARG el DNA
fragmentationS Z7g317] 9Igt AP A 37 d &
heparinized capillary tubeZ o]-8-3}e] otelxjd =z 4=3ls}
AL 3 FA F A Aate] HE Felste] -70T
o ¥F BSHA cytokines F-A o] ARESIATE 4
A" & SA) NE3E 1k 21, 1S 3] PBSE
At FEAA s AAG F A At vt

2 AR F TS SAS,
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Cirsium setidens intake (2.5, 5, 10% diet)

1w 2w

§ & ¢

OVA 20 g / Aluminum Hydroxide Gel 50 x€ (i.p.)

ow Tw 8w Ow

Sacrifice

[Figure 1] Experimental design

4, gHo| HeiZzE &Y

A% 194+ mouse A o] IgEe} IgGE 712} Bethyl
AHMoutgomery, TX)2] Mouse IgE ELISA Quantitation
Set (Cat NO. E90-115)2} Mouse IgGl ELISA
Quantitation Set (Cat NO. E90-105)E o|-&3}e] =A3s}
et A% 204 mouse EH ] OVA-specific IgES}
OVA-specific IgG1E 2} BiolegendA} mouse specific
IgE ELISA kite} ShibayagiAle] mouse anti-OVA IgGl
ELISA kitZ o]g3te] =A3}ict.

5. DNA damage £H

Yol W7 AToel DNA £44EE S487] 9]
&l Tice et al.(2000)2] HHHS o]-83}e] Comet assay
(Single Cell Gel Electrophoresis)S A1}t Al5=2
A8 5 pLE 3l 0.5% normal melting agarose (NMA)
7} =X 9 slide $Joll 53}l cover glass= Hol &3l
S alkali lysis buffer (2.5 M NaCl, 100 mM
Na,EDTA, 10mM Tris)E *2|3}e] DNAQ| o|5 xS

Zo]FYrt. Lysis7} By DNA A2 tfate] 2087F
71955 2Asle] DNAE unwinding AJFTh.

Comet H418 23} 20 pg/mL ethidium bromideZ &%
AAsE & sgskaIn] H(light microscope DM 2000, Leica
Microsystems, Wetzlar, Germany)® 2 F25}0mH,
Komet 5.5 image analyzing system (Andor, UK)o 2 &
Aato] &€ DNARHo| s o2 HE o]Fs]x A7l AL
2] FE-2] DNA H]-&(tail DNA), tail length (TL), 12|31
tail DNAS} tail length25E 2= tail moment (TM)
= ik
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%l & Duncan's multiple range test=2 w2l
|

o
7o) Aol AEeAAT). RE EAM 4L a=0.05

1. Raw 2647 MZo|M ZHAAF oEIE ==

o d¥ws

Mo

1 JAF ek FEE AE 54 oJFE el
7] $18Fe] WST assayS 2A|8k A= [Figure 2a]oll 1}
BRIt 1 F3F olehE FEES 24217 A2e 4
I} 15.6 - 500 pg/mle] FEoA BT 95% o]ike] A=
AEES Vel Al S4d0] JERA] st

1P oleE FEES 244K Bk A gt A7,
LPS Ag|gt ol vjste] 555 15.6 pg/mle] T==
A 28t oA NO AyAdeko] 4559 + 342 UM &
of&tA Fhastitt. 1ev FEE] % 31.2 - 500 pg/
m oAM= NO Aol rashe Ade Yehiof
NOAAERS JAlsh= &3 =A] ¢kgkrHFigure 2b].

129737 olekE FEE°] Raw 264.7 A EZ2] TNF-
a2l Aol mAE FJeFS [Figure 2c]oll LERHATEH
LPSYF TH==] 23190 w|(4.20 + 0.36 ng/ml) H} LPS
o} 1 J7F oehS FEE 500 pg/mle] TEE FAl
o A2J8ledS wl TNF-a Aol 1.85 + 0.12 ng/ml =

ol
o
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Frefail hastoint. 7} glo] Axr} thEA| e o]g2 B 2 gltk. NO| A
12]Y7F ek FE=ol Raw 2647 AE] IL-1B - AFole 2 JFF& Holx| Fkert TNF-agh IL-159]
o] el mixl= @& [Figure 2d]o] Y ASIe a1 A/dsells 125~250 pg/mle] s=ollA fFoldk Abol&
HAAT ek =229 247+ Aeldt A7 LPSTF o Ko gd=o] PsAe Hol=onh
A 25FS w(40.09 + 4.18 pg/ml) R} LPS9} 117
73 olEE FE= 250 pg/ml, 500 pg/mle] TEE )
E Ao 25t w) IL-18 AAd=ke] ZHF 16.00 + 321
pg/ml, 17.82 £ 1.11 pg/ml=Z F2I3HA] A4a3FAiTt
Lee et al.(2009) & 112377 Bele] Reke 2 ot D AE 8 A
S =ZHo] e FPESS HYT o3t aI= AZE 2 AF 100 g A7) A= =2 1297
syringino|gh= 453} Belo] gitkm Bustglony B o 7 2ol(G-25, G-5, G-10)7 2] fr2ldt 2jo]E Kol
TFollA AFeE g w8 7Fe) aerial part2A] He]  k3tth<Table 3>.
FEo] A a7t S 7 o FEERLE Afo]

. Balb/c mousediiM 12{AAI oEtE FEEF M
|22

1

O

J

a . b. 700
600 -
100
g 500
gm =
= £ a00
£ e 3
£ E 300 -
3w :
200 4
20 100
0 . . - . . . . o ;
N 156 312 625 125 250 500 1000 156 312 625 125
Concentration (ug/mi) Canceditssbion fuefmi)
c d. 50
8
7 50
&
= i - 40 -
z E
B 4 - B 30
2= g
zZ 2z - = 27
z =
1 4 10 -
0 . : !
N 8 625 125 250 500 0 -

N c 625 125 250 500
Concentration {ug/ml)

Concentration (ug/ml)

[Figure 2] Effect of Cirsium setidens ethanol extract on the viability of macrophages and NO, TNF-« and IL-13
releases from LPS/IFN-y- stimulated Raw 264.7 macrophages, The values are presented as mean = SE,

(Table 3) Body and organ weights

0 Body weight Organ weight (g/100 g BW)
Group
(& Liver Kidney Spleen
C(n=7) 30.57 + 1.517 457 + 026 1.53 + 0.09 0.42 + 0.07
G-2.5(n=7) 30.07 £ 2.97 462 £ 0.14 1.54 £ 0.11 0.41 £ 0.04
G-5(n=7) 29.74 + 1.96 470 £ 0.21 1.58 + 0.06 0.42 £ 0.04
G-10(n=7) 2945 + 2.72 4.69 £ 0.27 1.62 £ 0.12 0.43 £ 0.03
p-value 0.835 0.710 0.341 0.851
D Refer to the footnote of Table 2, n: sample size
? Mean + S.D
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A= [Figure 3]0l AAEFIT &5 IgEe] T tix
155 ng/ml ol ¥Iste] 1 PAF FEE AT
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12.0 ng/m¢, 10.1 ng/ml, 8.6 ng/ml 2 EEo]&H o7 1}
ERdtt. weba] 123 d FEE] d3e 85 IgEY
TEE U] WAHuS oUst 4 S AXRH
o} 1gGlo] 739, t2=(106.2 pg/me)ell Hlgte] re]dd
AF FEEE] A7 TEM Fold AolE HolA| ¢k
et [gGl2 HAEHo ulo]g|2E glofn], WETo]
25, AR HEshe $83% 93 g o=
222 JrH(Shin & Kim, 2009). BA|Z7} AY2kal= a4
o o3k AMAF AT FF} HESHH JHAE

T 710

(ng/ml)
L T~
= ]

1gE concentration

O M oE @@

c
4 b
- ab
I a
C G-2.5 G5 G-10

(plasma cell)2 Z3}=HA o 712 RS A8k
IS Hot. IgEe del27)d de gl 54 A ¥
kS-S fieshe Ao dejA glom, ghelo] Al
S Al mast cellS A}=3}e] | 2EMIT 2o 2ES B
sHA| ekaL, AL wiEshr] HF shtel EdEA 7t
g3l (Lee et al., 2012), wehr] 218 22| Fov}

7 B FEE 3E 5 e A AWe=s) B
o Qeg AR,

3) DNA damage

Comet assay A¥= <Table 4>¢] YJeER}RIcH & 2
A2 Tail DNAS] 7k U] = {hol| fojgh 2po| & Hol
A eFkovt tizel vt sk AEE Bk
91, tail lengthls O)Z2(60.4046.40 im)ol] H]8) G-5

1

(51.74£13.03 )} G-10:%(49.99+5.03 myoll ] z}z}

b
ab
1 ab
100 -
s

il .
o +— —

(= G-25 G-5 G-10

1861 concentration (ug/ml)

[Figure 3] Effect of Cirsium setidens diet on the serum IgE and IgG1 levels determined by ELISA and
presented as mean + S.D Bars with different letters show significant differences between groups

(Table 4) Effects of the Cirsium setidens diet on tail-DNA, tail length and tail moment of blood lymphocyte in

Balb/c mice

Groupl) Tail DNA(%) Tail length(ym) Tail moment

C(n=7) 15.06 + 1.76” 60.40 + 6.40°™ 7.03 £ 1.15%
G-2.5(n=7) 1435 + 1.27 63.66 + 7.08" 741 + 0.97°
G-5(n=7) 1322 + 1.78 51.74 + 13.03" 6.12 + 1.21°
G-10(n=7) 12.67 = 1.25 49.99 + 5.03 538 + 0.60"
F-value 2.965 3.677°" 4914

D Refer to the footnote of Table 2, n: sample size
? Mean + S.D

» Mean with different letters are significantly different by Duncan's multiple range test at a=0.05

9" p<0.05
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14.3%, 17.2% 7¥2~3}ic}. Tail momenti= tZ+(7.03 £
1.15)3 G-2.57(7.41 + 0.97)2 Zo|7} YAAT G-10
(5.38£0.60)& ThzTolL} G257 H]3] G-olahA] sk
THp<0.05). Lee et al.(2003)2] 2794+ HCI, ethanol
4 indomethacin® & =, T S el

D37 FEEel S et 9 HUEdE AT

o Cé‘].

3 3}9lom, Kang et al.(2013b)& FeCLE %3+ A3
W] ol 949 FE80] hxokEe AREEE ofx

v} vl o7 @t A EFE He]
047—1_?47]_ _/-*_N—Q /q]jL_E g]l-ﬂ_}\];"] _/,: %l\ ﬂg}oﬂq
ME2] DNA fragmentation®] A4S FEdh= S Al
E w3 Age) Qo ¥ 4+ 3tk

3. Ovoalbumine 2 &g|27|& kgt Balb/c
mousedflM DHAHT| oEtE FEE MFET
D AS 2 2715
As 9 A71FA, AEFEES <Table 5> A|AJsH3A

th 2 49 23}, OVAZIEae] Folst Aol ot

RS FA fkon, Alsin] A71FA T NCI

H]gte] OVATA 1HFAI7E S7kstalont, are] g7

AFAT A SopAl= A Bk Al NCTol
Hgte] OVA Foiellx frolahl S7kstaletl, oleigh

A= ve] A 3ol ofst A &3t e v

o] Tkl oF Ao melrh. de} melel7)

ALEAF O oJgt Bl FAle] WSk HolA| 3ttt

(Table 5) Body and organ weights

2) 83 OVA-specific IgE?} IgGl F&

A o] OVA-specific IgE2} OVA-specific IgGl12] 4=
2 ELISARIo® =78l [Figure 4]0 YeRHAT,
SCT-2] OVA-specific IgE AAJ=H(1,373.37 pg/ml)ol H]
o] G-2.5794+= OVA-specific IgE AAd2Fo] 930.9
pg/ml, G-107l|4= OVA-specific IgE JAl=Fo] 926.2
pg/ml, G—S:rLOﬂ/Hl‘— 824.2 pg/m{ 2 OVA-specific IgE ¥
o] 71 wo] stk B ¥4 OVA-specific
IgE A@/HE]:O} é}o]oﬂ fﬂtﬂ— j_l_g:]ﬂ?]:ﬂ zz‘:’_,] _g_a]:oﬂ
/ld—ﬂi Fagag Pt A2 ofl o}, SCtoll Hlgke] aL
HY4A F AAAZ & BFlA fofabAl EH

7} skt UJrEPﬂ dY271E FEAR R T
of wgte] IHFAF 2loltollA  FolskAl OVA-
specific IgE A deFo] FHAasto 2 uefgdFel
d27] &35 7IdE F Aok whE, NCollA
OVA-specific IgG19] AAl=ko] Aol ¢iglar, SCTlA
= 2537 U/mb o]jor, G-2.574 379.9 U/md, G-5
FolA 464.0 U/ml 2 1gGl o] G-ol317] 271519
E]-(p<0 05). 1Eb G-10olA1= 333.3 Uibe] AAleE
S Uehjo] melAAe] Fuol dEEoR vehtA
Foket. IgGle type 119} type I Ld|=7] vkl o
3= FAIE A e OVA-specific IgEsl= o} 2

7170l ofste] Wonke-g Ak IgGle FA F 7}
B2 HES AAehs ofd o2 ThaA| oA 8|5
IL-40)| oJate] FEw= AR defA Qok £ A7
01]/\1 1HPAEF FEES Fogt AR TellA
OVA-specific IgGle] F71g Aael tisire & o o

&0 o

l«

lF OZi

Body weight

Organ weight (g/100 g BW)

Groupl)
(8) Liver Kidney Spleen
NC(n=7) 2936 + 0.437 4.64 + 0.08 1.53 + 0.07 0.37 £ 0.03*
SC(n=7) 29.74 + 0.72 505 + 0.11 1.51 + 0.02 0.48 + 0.03°
G-2.5(n=7) 29.04 + 0.53 4.87 £ 0.14 1.41 + 0.03 0.47 + 0.02°
G-5(n=T7) 29.57 + 0.39 4.88 £ 0.12 147 £ 0.04 0.47 + 0.02°
G-10(n=7) 30.26 + 0.92 4.85 £ 0.09 1.44 £ 0.04 0.45 + 0.02°
F-value 0.520 1.814 1.239 3.653"

D Refer to the footnote of Table 2, n: sample size
? Mean + S.E

% Different letters within the same column indicate significant differences among groups by Duncan's multiple range test

I p<0.05
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[Figure 4] Effect of Cirsium setidens on the serum OVA-specific IgE and IgG1 levels, Antibody levels
determined by ELISA and presented as mean = SE. Bars with different letters show significant differences
between groups at «=0.05,

7} dag Aoz Ame.

3) DNA damage

OVA Gelgolo e hell2r] Whe-g fiat nheso]
A 31219477 2ele] A7} A8 2Ewzel] Ak
F3S HAESH] Y5le] Comet assayS ©]-85}e] DNA
fragmentationg Z43}IT<Table 6>, ¥ 2343} SCH
o nlale] weYAdF AFTolA tail DNA, tail length,
tail momentz}e| G2JsHA 7+438Fc). Tail DNAYE SC
o] 18.40 £ 1.39%0°]™, G-2.57°] 13.33 + 1.51%, G-57
I} G-1070] 242} 13.21 + 0.83%, 13.82 + 1.68%= 118
B73F AFTIN frolgh S YERH M (p<0.05),
tail length= SCT¢| 74.51 + 9.33 pmo]™, G-2.57°]
55.25 + 643 um, G-573 G-107°] 7247} 48.14 + 2.98

um, 49.21 £ 6.16 ymo g 1HJAF A3 TolM frold
a2 YeRNItHp<0.05). Tail moment:= SCol H]&}
o] G-2.57NA] 33.8% 743, G-573, G-10-00l4]
212} 41.5%, 39.4% 7H5kithp<0.05). Waba] Tl
7 ole-e FEE<] 4F= OVAR 742 Balb/c vl
AN Ak E45 JAlBRE Zlo R Heltt ofe} #yd
A3 AT2E= D- Galactosamine© 2 8- %% SDA| rat 7+
Frdoa] e PAF] FEEIA DL pectolinarin,
pectolinari- gening 7d7-5F¢] 31935 wl, GSH(glutathione
peroxidase)9} SOD(superoxide dismutase)’} 25 5713}
k= Aat e m(Yoo et al, 2008) iLzl7dF <]
FedEre, o, 7)) FEE 2 29ES o83 Lee et
al.(2003)2] AT ethyl acetate #2]E3} butanol -
el ek it 29s Bodvkal Barste] HEo)

(Table 6) Effects of the Cirsium setidens on tail-DNA, tail length and tail moment of blood lymphocyte in

OVA-sensitized mice

Group” Tail DNA (%) Tail length (tm) Tail moment
NC(n=7) 13.32 + 1.0329 59.18 + 6.50® 6.87 £ 0.79®
SC(n=7) 18.40 + 1.39" 74.51 £ 9.33° 965 + 1.41°
G-2.5(n=7) 1333 + 1.51° 5525 + 643" 639 + 0.99°
G-5(n=7) 1321 + 0.83° 48.14 + 2.98° 5.65 + 0.43°
G-10(n=7) 13.82 + 1.68° 4921 + 6.16° 5.85 + 1.05°
F-value 2969 2.664° 3.122°

D Refer to the footnote of Table 2, n: sample size
? Mean + SE

* Mean with different letters are significantly different by Duncan's multiple range test at a=0.05

Y % : p<0.05
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AP TP Fasksol desiA Husn
Ree & % ot
M. 2o 9 AL

B AFolre nedAdT deke 25| ¢, FAt
s} 558 238 s17] 913t Raw 264.7 AlEF¢} 4
A} Balb/c w92~ 2 ovalbumin® &2 7F2FA)71 Balb/c mR$-
2o o] Fello] MR EY} DNA damageol m|x|=
FEFS AESIICE Raw 264.7 A XA 112 F737] ol
EHE FEE2 500 pgml7kA| 54495 YERA] 949k
mitogen© 2 EAJ8}E thaA 3zl AHelet 1HJ A F=
-2 500 pg/mLojA] TNF-aZ ZH2A1ZaL 250 pg/mL 3
E] IL1BS] A Aarzitt 753 {97719 ot
& FZ8S 747} 2.5%, 5%, 10%S 4F§ Balb/e nRe-~
o] AlF E A7FA et 3 Jislem diztol 1]
3 1#FAF FEE 3Tl IgES] T2 Fefst
A AR 1gGlol| gk Fake HolA| agitt. F5&
= FoIgk #o] WM AE DNA damage =4 A7 tail
lengtht= F=E 5, 10% A37ollA tail moment= 10%
AFelA frefaiAl wedeh mgt 1 PAdd deks =
&9 A3 OVAgtg o= A 83 OVA-specific
IgE F55 frolab 7Harlzien, d3e] OVA-specific
IgGl9] T=& G-2.5¢) G-5wolM 7Rkt 555
FoJst #o] WM M E DNA damage =% 23}, SCTol
H|&te] G-57 G-10:-0l14] tail length7} -5-oJ3HA] 7H43]
Qon, FEES Fogk RE FolA tail DNAS tail
moment”} F-2JslA| FHAa}dr.

1P e FEE-2 mitogenC 2 EAJ3]3 tf
2 ZollM] GEdH A7 TNF-a} IL1BE THAAIA
om A4 Balb/e n9-~9} OVAR Adg2718 futsh
Balb/c n}9-2~0] oA L =79} #AH A IgE
o] WS AAAIZITE, T F sEAY EFol4 DNA
TN ZH] Akt E4E AAAATF] e

—% = R =
AF FEES allergeno & H3tE WSS 3|EAY
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