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Anti—Obesity Effects of Water Extracts from Different Organs
of Cirsium japonicum var. ussuriense
Hong Hua Yin, Byoung Ok Cho, Chong Zhou Fang, Jae-Suk Shim', Seon Il Jang*
Department of Health & Science, Jeonju University, 1 : Imsil Herbal Medicine Association

Cirsium japonicum var. ussuriense are often used in treatment of human diseases such as hemorrhage, blood
congestion and inflammation in Korea. However, there was not report on the anti-obesity efficacy of water extracts
from different organs of C. japonicum var. ussuriense. Here, we investigated the antioxidant effects of water extracts
of flowers, leaves and roots from C. japonicum var. ussuriense. Total polyphenol amounts of the flower extract
showed higher than those of leaf and root extract. Flower extract also showed the high antioxidant activities such as
DPPH radical scavenging activity and reducing power. We also investigated the anti-obesity effects of water extracts of
flowers, leaves and roots from C. japonicum var. ussuriense in 3T3-L1 cells and high fat diet-induced obesity mice.
The mice were divided into four groups [high fat diet (HFD) control, HFD + leaf extract, HFD + flower extract and root
extract] and administered with each extract (200 mg/kg) for 12 weeks. The flower and leaf extract significantly
suppressed the levels of oil red O and triglyceride content. The flower and leaf extract also significantly reduced the
triglyceride, total cholesterol and lower density lipoprotein levels of plasma as well as body and abdominal fat weight.
Furthermore, oral glucose tolerance in the flower and leaf extract groups were significantly ameliorated in comparison
to the high fat diet group. Therefore, these results indicate that the flower and leaf extract could ameliorate obesity
and attenuate blood glucose level in high fat diet-induced obesity mice. We conclude that this study may provide
positive insights into water extracts of flowers and leaves from C. japonicum var. ussuriense as a functional food
ingredient for treatment of obesity.
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1) Ale}

Ascorbic acid, garlic acid, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS), butylated
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
(Trolox), dimethyl sulfoxide 9 7|gt
Sigma-AldrichAKSt. Louis, MO, USA)2 B E Zdstyct AL
N3t B3 Q= AM 202-K, AM 203-KTC 2@ AM 157S-K kit &
2 ORI (A&, digtul=)olA L5t

hydroxyanisole (BHA),

BHF Al

2) 939 A=
Aol ASF IBA 2 aAE FEe JUPAYEEY
Yolozue Fwsht. A5y 94 Bal, 4 Fe A7 400

(EYELA FDU-2100, Tokyo Rikakikai Co., Tokyo, Japan)oflA]
Azsto] ZUPE|E 35-38 g oAt Fpdt FEEL
-20°Coll A BH3IHA Ago Agsct.
3) A=
oA fjotofA Safst 3T3-L1 M|ZFE American Type
Culture Collection (ATCC, Rockville, MD, USAX}2EEH 1Y
stol ALgstITh MAMAIZAIZI] 3T3-L19] wjoFe 10% FBS,
0.15% sodium bicarbonate®} 1% penicillin-streptomycino] &t

+% DMEM HjX]E Argsto] 37°ColA 5% CO, A== HiY7]
olq wigstded, AYAZESE FEH7] HollA FAAGA LA
719] wjglo] 0.5 mM IBMX, 1 pM DEX ¥ 1 uM INSE #H7}st
ol "jgstHA Ao Al-&stAt.
4) Ads=E

T 3= AAFE2 FAS30A AgE 45¥ 2A
C57BL/6 UtpAg ZFHATEAHAE, OiRI=)22E FUst
At Ayt J‘i‘a‘glx}i(Purlna Lab. Rodent Chow(#38057),
carbohydrates: 63.07%, fat: 12.41%, protein: 24.52%)¢} &2
AEA HASHES stlon], ASAY LE 23:3C, WHFT

(1277} 288E 8704 1 592 48X 3 At
yasedasld  AY el Estel Aastad

(#]JU-IACUC-2014-04).
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1) & 22050 57
% Za)m|s2 Mcdonal®t Prenzlero] uhfo] ulalx Aapst
of UERfIH?. 973 Bd 558 05 mL B
(standard polyphenolic compound)E 0.2 M9 Folin-Ciocalteu
reagent (5 mL)?} 1 M Na,CO; (4 mL)S Yy & &3t § 15
B 5 &3% 765 nmoA A 5}9ict. Standard curve:s
garlic acidE ArEsto] 31.25-1000 pg/mL =2 A X3 S A
29 5% PHoB Aot de BF APHOZVE AR £
#39 § EUUE 92 SYskact

2) DPPH 2ozt 24 24 57

DPPH 2}tz 47 &4L Blois'¥9] Woz &Aslgct. o

2 A8 2552 500 ng/mLo 2 FFste] FHL0 0] 96
well plate of Z} A|&E 100 plE FYst, %1\10]] 0.3 mM
DPPH 100 uLE Yo ALox 2087t ¥rgA|7l & ELISA
reader2 540 nm IFoA FF=E FHot¢ct. DPPH =tz
a7 By NGRS WtEd LR Abole] FFee ol
£ Biez YA
DPPH etz &4 4 (W:=(1-(12 SY=/287H2 5%
£)IX100

3) ABTS 20z 24 24 &4

ABTS 2}t]zZ 27152 Re S99] wpgo] ojato] S7atgict.

ABTS 7.4 mM3i} potassium persulphate 2.6 mM% s3st o
g Mg, daold 24417 S¢ Wxlste] aArize BN o
ABTS 898 A&ARo]| 732 nmojA &L =7} 07 +0.03 (3
+BEQA)0] HES Ueree 8Hsto] ARt 2529 3
% 5=7} 500 ng/mL EH == AFsto] 50 plo] FH]E ABTS &
o 950 uLE H7lsto] YAA 3087 WA & 732 nmolA
U5 S4aloith ABTSY 2AAHE Az 899 Mok
2R7}2 Aole] FFEo| AfolS WEga LRyt
ABTS @z A7 Y W--(H2 ETe/2WAE 23
£)}X100
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ottt I4A ¥ 582 500 pg/mLeg FIFstoq F
=9l $ 0.2 M sodium phosphate buffer (pH 6.6) 500

uLE 77 Bgstel 50°COIN 2087 WA & AgolN W
stal 10% trichloroacetic acid 2.5 mL& 7I5tdct. ¢ ¥r-3AS
1900 g oA 108z7F AAEa]ste] A4EH 500 uLo] FF4 500
uL, 1% ferric chloride 100 yLE 7}sto] &35t wh3o0] &3

= 3 700 nmojlA &35t
5) 3T3-L1 AWMLY triglyceride §F 54X

B3l 3T3-L1 AUAZEE well © 1X 10702 24 well plate
of BENL 2447 3ol IBA U Bt Wwe| 252L 2%
200 pg/mLE Aelstgon, FuAF 2L apigenin (10 p
g/mL)yg Az|st 72A17F SO HjgE & PBSE A|AstiL lysis
buffer (1% Triton X-100/PBS)Z ZF<UstAct AZA F
triglyceride $rF2 triglyceride assay kit (oFAHA|2F, A&, Cfst
Q%) huiAlo] = = Bio-Rad DC protein assay kit (Bio-Rad
Laboratories, Hercules, CA, USA)E ©o]&s3lo] Z43513ict.
6) Oil red O |M

Oil red O ¥M2 Ramirez-Zacarias %2 o] uhdo wa} &
sgatict. Batel 3T3-L1 AYAILE well G 1X10'7HS 24 well
plated] XL 24413 $o] P4 U, Bt Wa] 3228 7
7+ 200 pg/mLE Aelstgen, FuokE 2+ apigenin (10
pe/mL}g Melstn 72417 S9 let 3 PBSZ AHstL AL
oA 2087t 10% 34 2w M(pH 7.2) FUste 1451
tt. 1 5 z=2ud oS A A5 100% propylene glycol2 3
o 31 T}A] 60% propylene glycold ‘do] AL
o] MAE GG oF oil red O §AZ FYsto] XA &
Mgttt 3 & A2 2o oil red 02 AAsH7] AsliA FA 3|
MAg & A2z MES well § 1 mLo isopropyl alcohold
do] gMES §EANAT. §5" FMAL microplate readers
o]&-3t9 510

Ju
P
=

(Tecan Group Ltd., Mannedorf, Switzerland)S
nmolH EFES SRsheict
7) TAGAo] o gk oheA B A

IAYAO|(HFD)  &FAO|(STD)+9  At&(Table 1)=
Research Diet Inc. (New brunswick, NJ, USA)ofA] LQ5to] A}
gstgion, BEAO|(STD)ZE At AYZEL vwe SEat
7 3} DAYAlOlS 857 FIstATh 1 ¥ AFL 34-43 gt
YL 120-140 mg/dLe] T9AE Mdsto] AHZY 6utelE
saigl2 Wgetglct. A 4L Fig. 13t 2ot
8) 4BT MY L 558 £l A8

ulg C57BL/6 OFQAS 7F AT T 6uleld Ul EEA
o]#(normal control), 1IX|¥tAlo]Z(HF control, 45% fat
calories), TAYAolet 4B Bel, A, B F52L Sojsi
o2 77} Wil JX|YA 0|9 apigenin £ojF o2 URo] 12
7t Aot 947 B9E £&522 27 200 mg/kg/body
weight2 2.5 mL/kg¥ 1Y H7508 Erje Argste] Sojst
A1 apigenin (10 mg/kg/body weight)e 742 HlHo=z AL
=ojatoirt.

9 AE. 58T £ U

olr
)]

=7

2

AFe 4P A% Lol HE 5 F g 2
Z28A7R] 123 71K] &R 5191, FEId(fasting blood
glucose)5A L 25 tAOR 12571A] 12X o)A} nfeA2 8
A A7 & B2 FRAAL AFstol FFEA7](Acuu-Check,
Roche Diagnostics Korea Co., Ltd, Seoul, Korea)S ©]£3}9
E4st9t. E7 Ud-s(intraperitoneal glucose tolerance test)
8 133 1207 24 A3 & 2271 g/kg/body

weight) %%‘g E7ho] FAFeH & 0, 15, 30, 60, 12080 ofeA
ma) gohg xFlstel st

m

HF diet A
|
|

How Mg

M
ook

off

741\]»'— 1\1

|
|
0 11 12 (wh)

HF diet + extract (200 mg/kg)

Sacrifice and serum collection

Fig. 1. Schedule for treatment of mice in the experiment. Mice were
administration with only high fat diet (HFD) and then divided to 4 groups
such as HFD control, HFD + leaf extract, HFD + flower extract and root
extract and administered with each extract (200 mg/kg) for 12 weeks.
Intraperitoneal glucose tolerance test IPGTT) was performed at 11 weeks.
The serum collection was performed at the last week before sacrificing
mice.

Table 1. Ingredient and chemical composition of diets
Experimental groups”

Ingredient STD (9) HFD (g)
Casein 200 200
L-Cystine 3 3
Corn starch 315 0
Maltodextrin 10 35 125
Sucrose 350 68.8
Cellulose 50 50
Soybean oil 25 25
Lard 20 245
Mineral mix S10026 10 10
Dicalcium phosphate 13 13
Calcium carbonate 55 55
Potassium citrate 16.5 16.5
Vitamin mix V10001 10 10
Choline bitartrate 2 2
Gm% Gm%
Protein 19.2 26.2
Carbohydrate 67.3 263
Fat 43 349
Kcal/gram 3.85 5.24

1) STD (standard diet with 10% fat calories); HFD (high fat diet with 45% fat
calories).

10) @4 A%

1253 258
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202-K, AM 203-KTC, AM 157S-K)& TC (total cholesterol),
HDL (high density cholesterol), LDL (low density cholesterol)
2 TG (triglyceride) =X 35tgct. LDL 3t2Fe Friedewald 5%
o] FAlo s {FZAHE -HDLEZ2HE-(TG/5122 AL
St AR a8 UG ID Rl FBWPSA| 4
(atherogenic index, Al)= (total cholesterol - HDL
cholesterol)/HDL cholesterol A0 2 Aatstn, AR R]| 4
(cardiac  risk CRF):= total cholesterol/ HDL
cholesterol ZA®o|| o]sto] Ar&stqict.
12) SAANEY

D& AEYL YA+ EEHAHmeantSD)E EAGCH, 5
B2 ANOVASQL Student’s t-test2 2|5t on], $9oA 31
= p<0.052 AstYUct

factor,

=9lt(Table 2)
75.9+1.1%2 0.51£0.01(0.D.)2 & HQ %
o] #¢ton, g F&EE2 ABTS IUZ 2A%
M xS 2L i%ﬂr. £ A7004 A28 437 Taw %

EEP DPPHQ} 9}1=_] 2 B 3

g 0] wsiA 1 $Ao] RN,
Z 3529 DPPH 2tz i71 gge oe 9o s e
2 242 ugon, ABTS 2tz 47 &L o 2520 7}
A w9t

Table 2. Total polyphenol contents and antioxidant effects of water
extracts from different organs of C japonicum var. ussuriense

Extract” or Total polyphenol Radical scavenging activity (%)  Reducing
compound? (mg/100 g GAE) DPPH ABTS power (O.D.)
Flowers 6758+15 75.9+1.1 482+0.1 0.51+0.01
Leaves 4933+14 525415 61.7+0.6 0.04+0.01
Roots 708+14 175411 11.1+0.2 0.1+0.01
BHT - 89.2+0.5 - -

Trolox - - 94.6+0.2 -
Ascorbic - - - 1354001

1) The extracts of the flowers, leaves and roots from C japonicum var.
ussuriense was prepared by extracting with water. 2) Reference compound: BHT
(butylated hydroxyanisole),  Trolox

(6- hydroxy -2,5,7,8-tetramethylchroman-
2-carboxylic acid), Ascorbic acid.

2. 973 248 529 3T3-L1 A= ALF AR gt
Y3 2AE FE30] AYARY XY FFZ AAoh=A
toluy] olato] UfoA S A|ubZZOl 3T3-L1 Al=2 &8s}
AT WA 3T3-L1 AYA Lo YA BYE 5582

7—.} 200 pg/mLE X 25t 72417t &0 oil red 02 FAS A

Fig. 2A% Zo] 947 £ 232¢ tze 28 0 9

Z&20] HlslA @A 3] oil red O HAAo] AT &Eoje &

7 QIick The-L oil red O T FANYAFS xAHG At

(Fig. 2B% C) izl vlsiN I43H & F&E22 474 29.8%%

_E__J\'_R.HP

0.315 (0.D.)2 A5 AAE YoM (p<0.001), dAH U i%%
T 747} 66.7%2F 0.53 (0.D.)2 F9lstAl AA = Ich(p<0.05). 1
2y 437 F 2589 HS ol red O FAFL FF L 5
ALY Wato] Y-S UIAA] Xttt 53] DA £ FEE
9 oil red 0 ¥ FHAYY FF2 F1okEQ apigenin (27
49.3%8} 0.43 0.D.)¥C} Axsl= &7} 223519},

Water extracts
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Fig. 2. Effect of water extracts from different organs of C japonicum
var. ussuriense on the inhibition of oil red O content and intracellular
triglyceride production in 3T3-L1 adipocytes. Cells were treated with
200 ug/mL flower, leaf or root extract for 72 h. (A) oil red O staining, (B)
oil red O contents and (C) Triglyceride contents. Data are presented as
the means+S.D. of three independent experiments. *p<0.05, **p<0.01 and
***p<0.001 vs. control.
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Fig. 3. Effect of water extracts from different organs of C japonicum
var. ussuriense on the inhibition of body weight in C57BL/6 obesity
mice. Mice were administrated with standard (normal) diet (10% fat
calories) or HF diet (45% fat calories) for 8 weeks and then divided to 6
groups such as Normal, HF, HF+Extract (flowers, leaves or roots) or
HF+Apigenin. (A) Body weight for 12 weeks and (B) increasing body
weight for 12 weeks. Data are presented as the means+S.D. of n=6 mice.
#p<0.001 vs. normal group. *p<0.05 and **p<0.01 vs. control.
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IAIA RS Fo5iQy, AT AT Atzel A
294 £&3(47Z4 200 mg/kg) £+ FdE?A apigenin (10
< 19T 18] F4Foj5t 23 HA02 AFZ 545
o} 3 Zat Fig. 39 Zo| UvtAata Fof FAo v|siAl AW
o gz+2 dA3 AFY 5718 EJoHp<0.001). 224
A% AtgFo] dixgd HsiA J3H P FE22 AFLLA

BT QAL 23 F22L AF APl K &I} 9
AUCHp<0.012 p<0.05). £3] YAH £ FE22 Y apigenin
=olZ urt o AFPFY anst Aok

A

HF diet administration
Normal Control Flowers Leaves Roots Apigenin
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Fig. 4. Effect of water extracts from different organs of C japonicum
var. ussuriense on the inhibition of abdominal fat in C57BL/6 obesity
mice administrated with high fat (HF) diet. Mice were administrated
with standard (normal) diet (10% fat calories) or HF diet (45% fat calories)
for 8 weeks and then divided to 6 groups such as Normal, HF, HF+Extract
(flowers, leaves or roots) or HF+Apigenin. (A) Morphology of abdominal
fat at 12 weeks and (B) weight of abdominal fat at 12 weeks. Data are
presented as the means+S.D. of n=6 mice. #p<0.001 vs. normal group.
*p<0.05 and **p<0.01 vs. control.
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Fig. 5. Effects of water extracts from different organs of C. japonicum
var. ussuriense on the serum lipid profile in C57BL/6 obesity mice.
Mice were administrated with standard (normal) diet (10% fat calories) or
HF diet (45% fat calories) for 8 weeks and then divided to 6 groups such
as Normal, HF, HF+Extract (flowers, leaves or roots) or HF+Apigenin. (A)
Triglyceride, (B) Total cholesterol, (C) HDL cholesterol and (D) LDL
cholesterol. LDL cholesterol=[total cholesterol - HDL  cholesterol -
(triglyceride/5)] Data are presented as the meanstS.D. of n=6 mice.
#p<0.001 vs. normal group. *p<0.05, **p<0.01 and ***p<0.001 vs. control.
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NEBYY Ao UL JFS Lottt 1 A Table 33t
2ol SUPe A4 HBAYY AL FYT0| 03120029
1.

0.73+0.0321g] H]s]A ThRFE 1.62+0.237} 2.55+0.2102 (ﬂKi
5] 3716t9itH(p<0.001). 22|y I3 £ FEE2H U FEF
iz vlsiAl FostA ZaE= gabvb UG o2 g 7*4—
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Table 3. Effects of water extracts from different organs of C
Japonicum var. ussuriense on atherogenic index (Al) and cardiac risk
factor (CRF) in C57BL/6 obesity mice

Groups Atherogenic index Cardiac risk factor
Normal 0.31+0.02 0.73£0.03
Control 1.62+0.23# 2.55£0.21*
Flower extract 0.49+0.19** 1.50+0.18**
Leaf extract 042+0.18** 1.43+0.17**
Root extract 0.77+0.21* 1.84+0.19
Apigenin 041+0.15** 1.22+0.14**
A 250 B 600
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Fig. 6. Effects of water extracts from different organs of C japonicum
var. ussuriense on the inhibition of fasting blood glucose and oral
glucose tolerance test in C57BL/6 obesity mice. Mice were
administrated with standard (normal) diet (10% fat calories) or HF diet
(45% fat calories) for 8 weeks and then divided to 6 groups such as
Normal, HF, HF+Extract (flowers, leaves or roots) or HF+Apigenin. (A)
Fasting blood glucose contents for 12 weeks per 2 weeks and (B) Fasting
blood glucose contents at 12 weeks on oral glucose tolerance test. Data
are presented as the meanstS.D. of n=6 mice. #p<0.001 vs. normal
group. *p<0.05, *p<0.01 and **p<0.01 vs. control.
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