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SUMMARY

(3 B 2 o %)

O Title : Development of functional food product improving mental

health using Korean Cirsium japonicum wild plants

Cirsium species grow widely in Asian and Western countries and are used as
medicinal plants all over the world. In paricular, Cirsium japonicum is known as a
traditional folk remedy source in Asian countries including Korea. The bioactive
phenolic compounds of Cirsium japonicum are kown apigenin, cirsimaritin,
kaempferol, chlorogenic acid, linarin, luteolin, pectolinarin, and quercetin. Among
them, chlorogenic acid, linarin and pectolinarin are established index component.
The objectives of this study were to investigate the optimum processing condition,
to establish the applications as nutraceutical materials and to study the biological
activities  psychopharmacological activities.  Cirsium  japonicum is  cultivvated

Chungnam for mass production and Standardization.

For wutilisation as health functional food, the antioxidant and neuronal cell
protective activities of Cirsium japonicum extract and its bioactive components
(chlorogenic acid, linarin and pectolinarin) investigated. The results of four
antioxidant assays (via azinobisethyl-benzothiazoline-6-sulphonic acid radical
scavenging (ABTS), diphenyl-2-picrylhydrazyl (DPPH), ferric reducing antioxidant
power (FRAP) and reducing power assay) showed that activities increased in a
dose-dependent manner. The protective effect against H>Or-induced oxidative
damage on PCl2 cell was investigated by measuring cell viability
via3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT). The extract of
C. japonicum and its three substances (chlorogenic acid, linarin and pectolinarin) also
presented protective effects against H>O»-induced neuro toxicity in a dose-dependent
manner. Therefore, our study verified that Cirsium japonicum extract, chlorogenic
acid, linarin and pectolinarin have strong antioxidant and neuronal protective

effects.
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In order to look for the optimal hebal preparation, Cirsium japonicum extracts
collected from Koheung, Yesan, Cheju, Pyungchang and Pocheon were compared.
The psychopharmacological activities of each extract were investigated using the
open field test, the rota-rod test and the forced swimming test. Effect of each
extract on CI influx in neuroblastoma cells were also identified. All of the extracts
were orally administered at dosages of 50, 100, 200, 400 mg/kg of body weight.
Supplementation of Cirsium japonicum did not significantly alter psychomotor
behaviors such as movement, rearing frequency and total turn angle on the open
field. Supplementation of Cirsium japonicum extract from Pyungchang (100 mg/kg,
p.0o.), Cheju (200 and 400 mg/kg p.o.) and Yesan (100 and 200 mg/kg, p.o.)
significantly decreased immobile duration and increased mobile duration in the
forced swimming test. All of extracts have no influence on NE uptake in HEK-293
cells, but increased ClI influx in neuroblastoma cell. The extract from Yesan
demonstrated the most potent effect on ClI influx. These results indicate that
Cirsium  japonicum extracts from Pyungchang, Cheju and Yesan may alleviate

depression, and the extract from Yesan may be the most effective preparation.
Our results indicate that Cirsium japonicum could be effective plant materials in

premenstrual syndrome and excellent plant materials for the food industry as

effective and safe functional food substances.
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ko] AlE3E A&oltt. wmebA, Iiqt of&2&<Ql Y F(Crisium japonicum)E ©]-&
& AAA AZERE ofyel A AZE 93 FAEo] gle AAE fd AU
AEFS Mk, AF AHE T3 ANAAES FAATN LA ke ARAY =zl 25
st MIAAAFANGS MAEst A4 FAE 2§71 &A5F5d 8% ol =wl
AARAZR T 7|odst12 Foh

A2d AT 294

ARZAGE 3 Fabel w2} A7 54FS AAXCR & B4ds Holn, A

A AZAE Hola v AA7SHF AAANZTES 2008 °oF 26979 @ =
FAHH, 2002d ©o]F2 AP 83%2 S Holi e, ol dATVIsAFS
ARk F e D] DRIEA] AFozA Ty -9 AEGANA =& A FEFo)V]
mj Zolth E3), ZU AAAFS AHEH 20099 ARV E AxYAE E 3857
Zolm, T |ujoe 9,598 d o2 Hdo] wal of 19% F7HE YR Utk AE
Ho= NEJAE A7 F AFEel Hud & &S Yeda glow, o]
e Hoss &A% 7 2 208 AUAN(E 1)

£ 1. AR SAE A7 A3 (2006~2009)

o | BEW 4 + &
= (A48) HOiYE)  HOE® | HoiyE) | HoEE

2006 | 7,008 6,637 10,933 3 667
2007 | 725 | 6888 | 10239 6 39
2008 8,031 7516 12,990 514 697
2009 | 958 | 9184 19,293 415 592
2009488 A 195 A 222 A 485 v 193 Vv 15.1
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FAAE A== AR triterpene F=o] FE FFEO JdedH, HHEA
aplotaxene, dihydroaplotaxene, tetrahydroaplotaxene, cyperene, caryophyllene, «
-himachalene F°] &85 131, triterpene I EEA o¢-F p-amyrin F°| &<l
RAem, FHZol polyacetylene 3HgtEo] ZHUT. T 2o FIE FF==A
flavonoids, phenolic acids, lignans, poly- acetylenes, acetylenes, sterols, sesquiterpene
lactones, 18] a1 alkaloids”} Qo o]EFo] o8 7}X A& AHAH. 53|, AA
st AR 1)oA = Fatkstel A S = Thdet flavonoid7t A3 Z8E] 3
Huga glemw, & A7HY AYATE T3t & A7EHY FAATZEHNA

AFEE0] & 2EH2 50| Aee FAdsAa, ook ddd AA Aol A
L

a1, Y7 FA(Cirsium japonicum)

A2d =2 Zed dF

A AEe g A &L Ao] F2 71 Ho) &3}
W, A4S A717] 4% dgard e dHgs Aol AstAl A Fa Ut HlE],
271A W EFBo] FF olF 1 glom 2009dE W3, ZAAY Q109 A Aol
EAS Hola glom ofF AHAAZHAH issued| ZF T ofAolAHe| HlEte T
g Fog Ao Ytk

IP:14.49.138.138, 2017-11-03 17:32:42



7 =2 Aol dAolth =S HE 22 Az W 2xyn o2 A% AAAEHE A
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o 1 A5F7EE ) A%

A AAARJ] AR752Fe AF SAE e A7 54E EJEE AHEYS
o, AZ7154F EAE= 371K F82 sector2 YFo]A M, Mood/Mental Health
management (B el A 754 AF)7F & FoE AR e & T

ATHE 2).

Weight Mood /Mental

Body Health Management Health

VTN

Wna e Ca -
» Cardiovascular (heart) * Satiety = Stress relief
* Bones & joints * Hunger control * Relaxation
* Digestive system * Metabolism contr * Sleep enhancement
* Prostate -Calorie burnin * Energy enhancement
e Liver (detoxification) -Fat burning * Mental focus
* Beauty-from—within * Depression

* Basic Nutrient for brain

9% 2 AA AR SAE A9 30 EdE

(£*#]; Datamonitor Analysis, dietary supplement market trend & opportunities, April 29, 2009)
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BAFAE A=Y FeAES ULl Al F oA ARSI, 1 kYA
(pertolirarin, acacetin, rhamnoglicoside, ciryneol A, A, C, D, E, heptadecene ‘év‘f—
Sh)oll sk Bt thekst flavonoidsoll tidh AF7F il FH31 §lon,

7 B =3t AFE P Ho] gt dENAME dx JAHARHE /\}%0}04
4% 9 FulElFol] fES crude drug?l “Wazokudan'o] 7H‘%? HRqot shARL &
TEoA #AES 7HRA 3 NSRSk =4y F 3 F(Cirsium japonicum) HNZ2E
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£ AR&Stlen dol7F Im7F H7] wf&o] dezdes AR & 23k AX AlH A
T dTdxd sAAxE ol &ste] Hdxo WE A&l B JeA AFE FAsA
o 1 A3, Ao mE TeA B ARAols A &2 Ae=m FRlsia A
Ao 285+ @HE aPste dFAZYH(HSTTESTE 5%olstE AA)S A
st 53], & F A2 AAY7E JPHA Fevd d= AR B =7 28
of W& Blgo] WAL ol FAHR HrMdse] TS| WEol &3 FA
d=dA4g7E Y 2 5 e Z2AZ 750 g T2 FEolst & ¢ At A
zH JAFA] FEEES EoV] A% AL HZENE 23 AFIRNA=
ST =E JPst= Aol ¥ axzd Aoz AdHAT

3. FAAERELA
371, A, A, A, gl A9 9A
" HPLC #4zxdoz AFE FI3}

o R
(A, A8HE), AxdH(d43d=x, 54

APAFo A AAE A FEAEL apigenino] F o}, AFZA FHAANERE BT 3H7] 0l
+ HlFAAEC]7] Wl 1%0]d FFEHol e ARFNS JAPsAuTh AZHEC=E
FA A= flavonoidAlE T FHbx oz wo] <A J= 1035 9l(Rutin, Naringin,
Myricetin, Resceratrol, Luteolin, Quercetin, Naringenin, Apigenin, Kaempferol,
Hesperetin) o] ¢+ HPLCEA =18 &3l (Figure 1), 1 A3}, U A4 FAF 9
3% dEd E4S AR THFigure 2), 11 F 2F 2] Unknown A& tigh &
AS fsle EHAEHATE 3921, EtOAc fractions open chromatography
st 2742 224 S o] AAAAAHS AXH =FstA AskH ow(Figure 2), ©]
9l 17FA A&l teix = F7E LC/MS #45 B3t A& A3t HFH o
Z SR A F(linarin ¥ pectolinarin, Figure 3)< A3t o, o]F 71 FE3IHA

olAA o] BRE HES =T A3l EAXNFTAREOZ I3 aA) 3t

O
ol
e
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Detector UV-VIS (340 nm)
Waters Symmetry C18
Column (4.6 % 150 mm, 5 um)
Owven Temp. 35T
A 100% ACH
B: 0.02% aquous phosphoric acid
Gradient - B were used:
) 0-6 min, 7% B
Mobile phase 6-0 min, 87-85% B
89-17 min, 85-81%B
17-28 min, 81-72% B
28-40min, 72-87% B
Run time 40 min
Flow rate ImL/min
Inject vol. 20 uL

Figure 1. HPLC analysis method of phenolic compounds from Cirsium japonicum
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Figure 2. HPLC profiles of Cirsium japonicum from different regions
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Table 1. Central composite design for optimization of solvent extraction conditions

using a response surface methodology

Independent variables

X3
(Ethanol concentration, %)

2

X
(Extraction time, hr)

Xa
(extraction temperature, C)

Expl)no.

—_— T~~~ N AAAAAA A
T T AT T oococooco g

~— ~— ~— ~— — N N N N ~—|

80
60
80
60
80
60
80
60
70
70
70
70
70
70
50
90

P e I N P . Ny
1

T T =T T oo oo N o o

~— O O O (O~ —

W0 FHWWHHOO0OoANZ 0o

—_~ N~~~ L /A~ A N/

@nanjanany I NGNS NI NSNS

— — N N ~— ~— — N N N |

0)

75
75
75
75
45
45
45
45
60
60
30
90
60
60
60
60

— AN T ON S

11
12
13
14
15
16

* the number of experimental conditions by composite design

ZAFReH, d38 Hogk

=

W=

e 2. £89 247 A, 1520~2373 %

4 5

=
=

ECIRER

A 4~8A17F AEEFE 60~70 %

3
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%

i
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)
-
ol

o°
Bo

=)
._.#0

K

g HeelA

E
=

Q== 747 6~8A17F 70~90% 0.2

glH ot 3FEFe 4221 ~57.54 mg/g extractO =

i
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o2 Ao DPPH

%

|
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=

70%°] Z70] 71 A=
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radical 47
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o UE dEe e A .
AR 2D RgEARAY T AHFE2AL dYsly, 47 FE2A9 93 9
AEARL B H4 2 3HL FPHAT

Table 2. Experimental data on total phenolic contents, total flavonoid contents
and DPPH radical scavenging activity in Cirsium japonicum extract under

different conditions based on central composite design for response surface

analysis
. Total phenolics Total flavonoids DPPH radical
Expl)no. \il(;}l)d content content scavenging activity
? (mg/g extract) (mg/g extract) (%)

1 20.47 131.23 = 0.6 4931 £38 61.86 £ 22
2 23.07 129.04 + 2.0 4241 £1.1 61.04 £ 09
3 21.47 123.57 £ 21 4651 £19 63.40 = 3.0
4 23.73 120.19 = 1.0 4258 £3.0 56.19 + 4.0
5 16.53 119.35 = 54 4536 £ 34 47.78 £ 3.7
6 18.07 122.09 + 2.6 4280 £ 14 46.35 £38
7 15.20 127.03 £ 29 5427 £ 19 55.18 + 24
8 16.53 112.61 + 3.8 46.71 £19 4810 £ 43
9 19.40 121.32 = 6.5 51.73 £ 4.0 5641 + 3.5
10 19.47 123.28 + 2.3 51.86 = 5.0 5048 + 2.3
11 17.07 132,51 + 6.8 57.83 £ 2.1 4346 £ 5.7
12 23.13 131.85 = 3.9 4891 £ 05 4571 £0.7
13 16.53 130.89 = 5.2 4814 £ 15 62.98 £ 3.7
14 17.47 128.80 + 1.7 4583 £ 3.7 61.07 £ 1.2
15 17.20 129.59 + 0.4 4791 £ 0.7 6694 £ 1.1
16 17.40 138.15 + 6.2 57.54 £ 0.7 56.78 £ 3.1

2. 2 Z7 Scale-up ¥ T FA4k

A B 72 9Ehel Pilot testS B8 HAH F2RA(FZLE 60~7
FEAZE 374N, FEE8H 60~80%) 0= FEAGollA ArjE A=E
3} Scale-upste] tiEFFA4rS AP A k. 3], ARV sAEFLAZ sty 8
= WE=EA] GMP(Good Manufacturing Practice; F-+7177]% 24 &4 &
H AR Al A Ziks kst 903 F29 dAA7edFe AXsES 317 943 7
Fo2A AYHe Tx MUE WEs] AR TYOTRH Yi-xG-
AR A B AA A FAY Belo] B AAHL )
g3stofof (1™ 5).
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(@2 F 71240l W 7—%% Arhel HAol wet ALk P 33 WA
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=]

A3d JAFAFE= AL 2 Y 574

N
A\

1. ¥ dlE ¥&%F =A(total phenolic content, TPC)

%= ¥s THE Folin-Denis ol wal 7+ —ir%%% 50 Lol Folin reagent 300 «L
< Jtetal EES o A2olA 38 AXT F 2% Na2CO3 150 #LE& 7}star A
2o A 247F B9k WA H 760 nmol A FREE =AU EREAZE gallic
acid(Sigma Chemical Co., St. Louis, MO, USA)E Al&3t Al5e} Fd3 W =
TAste] de AFHOERY F de FFs St 2482 33 HhE st
B dk= AASEAT

BAH detE FEE F %FM] TdEFS AT A3, AGEY JIABAFE=E
1000 xg/mL -&

pg/mLell fFojHo=w %%%}711 7}% “}OI fé}%% ez yetgtom AlFA ()
128.24 pg/mLe} AGFAG(N) 10148 pg/mL £XZE F ZdE gFo] B4 u
Ehue As gl

160

OoGG OGW OJN BJJ a a
140 -
Ty b
120 -
~ c
‘s 100 -
] d
=.
e 80 - e —F
= —F
=)
it £ f
= 60 -
[
_?‘J"l
40 -
j
20 k k k

100 500 1000

Extracts concentration (pg/mL)

Figure 5. Total polyphenol contents of ethanol extracts from Cirsium japonicum.
Results are presented as the mean * S.D. of 3 independent experiments in triplicate.
Different letters are significantly different at p<0.05. * GG; Gyeonggido, GW;
Gangwondo, JN; Jeollanamdo, JJ; Jejudo
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2. F EdHol= §F ZH(total flavonoid content, TFC)

T TR ol T FE Davis WHS ol&sted 4 sk, Z7e A& 01
mLe] diethylene glycol 1 mL # 1 N NaOH 0.1 mLS &%3 ¥ 30CA 60&3t
FAAZ B 420 nmel A F3F SAsAH. xE=d= quercetin(Sigma Co.)=
AbgE o™, AlEet L3 Y o' B4t d2 HAFHerRY T ETHE L0
NEskh APe 33 whE Fste] FEgke A AT

b

P s FE2EY T FHExolE FFE SAHS Ay, 4749 A9H JAH
FZE 1000 xg/mL BES 71Z207 AYAYA715 xg/mL), AAAA41.08 u

g/mL), A9 (39.02 xg/mL) ¥ AFAY(B5.04 pg/mL) TAZ FHOE AR
& & ST o= o] YEue A glsinh

60

O0GG OGW EJN mIJ
50 i
a
~ 40 - — ¢ b
E
B
=
= 30
5
b
E 2 ca f f
g ij
10 - gh 5 hi
v J k k
[I T T T
100 250 500 1000

Extracts concentration (pg/mL)

Figure 6. Total flavonoid contents of ethanol extracts from Cirsium japonicum. Results
are presented as the mean * S.D. of 3 independent experiments in triplicate.
Different letters are significantly different at p<0.05. * GG; Gyeonggido, GW;
Gangwondo, JN; Jeollanamdo, JJ; Jejudo
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3. DPPH free radical &A%
72t FE2ES TEHEE A5t 0.2 mM DPPH(1,1-diphenyl-2-picrylhydrazyl) &<}
B %

o

-1 =

Y HEE Jlele F ety YAdA 2587 HPx]EJ % 515 nmoﬂfﬂ TAEE

= A g o
‘)rE]rLHoiqu 0“43111:%0i ascorbic ac1d§- /\}%—6}9}1:}_

AdE JAF e FEFEL o] &35 DPPH @dd &2A4E4 =34 A3}, DPPH
=4 A7 BE F2E9 ¥Ty} %713 wel DPPH oz 4 A

7Vehe AEde BYon F2E 75 9 AR Ao wt gz AAEA
AL &% JAAFEE 1000 pg/mL $E 71FSE B3}

AZIAS > AFAY > AGAHY £AZ G0 52 HoE

>
85.84, 75.76, 60.43 % 55.99% 2 AALAHES EFoH, 1000 «g/mL

UElgton, 7+zt
o FAAY YAAFEES] F4te} B2 ascorbic acid®] 50 uxg/mLel A 72
Aoz F5% BHE Yelgo dd4tstso] 7 Hojd AE FRAsHS
100
90 b

: w0 c

Z 7 d

=

2 60 | f :

=T ]

E .

Dn b -

5 . h = h h

g a0 i i

= rH T

T ow

=]

£ g ik ]

- : k 1

= -

: £l B

{l T T T T —
GG GW IN JJ Ascorbic acid

Samples

Figure 7. DPPH radical scavenging activities of ethanol extracts from Cirsium
japonicum. Results are presented as the mean * S.D. of 3 independent experiments in
triplicate. Different letters are significantly different at p<0.05. * GG; Gyeonggido,
GW,; Gangwondo, JN; Jeollanamdo, JJ; Jejudo
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4. ABTS %¥°]2(ABTS") &A%

74 mM ABTS €43 26 mM F3AA5S &3] i A] oF 24A7F HFL A
< 732 nmo A F3F57} 0.740.037F === phosphate buffer saline(pH 7.4)°. = .J
skl A3t &A% &< 950 Lol %E%i ZA8 A2 50 4L 7}0}04
E3tsta Al 1087 Hx3 e 732 nmollA FFEE AT A e AR
H7retA 2 =T vlaste] gy AAZY R Yeylon oougqqzﬁ%gi
+ ascorbic acid& A}F&3F T

ru>J JJH r&

FAA oeEE FE=o ABTS @Hz &7 A3 94|, DPPH 2oz £A2A

A FEE9 57 S7FEel Wt ABTS Sz &A &40 Frlstk=
Uetlew, 54 A3= Fig 4% 2t % 1000 pg/mLolA A o] o
AT g 2AZAHLS LA > FINAY > AFAG > AGA G
7Yz} 76.37, 7456, 69.78 R 63.46% 9 AAZHE YERAT ZAA A IF
& 1000 x#g/mL-2 ascorbic acid®] 25 uxg/mLe| 43} P<0.05 FFolA FolH o

5% a3E Ueds Aoz FAFHen, e Ao JAFAF=E Hl&
Ao gqtshso] Mg Hold Aoz FAHUG

{
e

O;

o

2

j& 508 _l}L o}L m&‘;‘
o

=
T

rﬁHﬂﬂHN'HULmlO-L
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Figure 8. ABTS radical scavenging activities of ethanol extracts from Cirsium
japonicum. Results are presented as the mean * S.D. of 3 independent experiments in
triplicate. Different letters are significantly different at p<0.05. * GG; Gyeonggido,
GW,; Gangwondo, JN; Jeollanamdo, JJ; Jejudo
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5. Reducing power

FdH 2 Oyaizu WHl F3t] AR SF=ol &3l AE 25 mLo] 02 M
sodium phosphate buffer(pH 6.6) 2.5 mL3¥} 1% potassium ferricyanide(KsFe(CN)s) 2.5
mLe 727t EqE BFHELS 50°C & FE(water bath)ol A 2087 WS A2 10%
trichloroacetic acid(TCA; CCIs;COOH, w/v) 2.5 mL-& 3 7}sted ¥H-&H-& 3,000 rpm ol
A 1083 AAEES O A5 5 mLes S/FF 5 mLol st 0.1% ferric

chloride(FeClyH,0) 1 mL 3 7}8ta 700 nmoll A F3 =S =459

g8 s =43 A3, DPPH % ABTSzUZ A7 A3}
o] F7tek= As A & 5 I
ol DPPH % ABTS &z &A

> AFAY > AGAHY A= 47
0.58, 0.52, 042 % 0289 F3%E #= BN om AR Ao kst &do] 714 o
ol o7 Folxch

O:
t
) S

14

1.2 -

1.0 -

0.8 -

0.6 - c

0.4 -

Reducing Power (A700)

0.2 -

0.0

GW IN 4 Ascorbic acid
Samples

Figure 9. Reducing power of ethanol extracts from Cirsium japonicum Results are

presented as the mean * S.D. of 3 independent experiments in triplicate. Different

letters are significantly different at p<0.05. * GG; Gyeonggido, GW; Gangwondo, JN;

Jeollanamdo, JJ; Jejudo
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6. Ferric reducing antioxidant power(FRAP)ol| &3 3435

FRAPO| &gt 34tstsS Benzied Strain®] Wil w2l A3t WA sodium
acetate buffer(0.3M, pH 3.6) 25 mL, 40 mM HCIEZ £33 10 mM 24,6-
Tris(2-pyridyl)-s-tri-azine(TPTZ, Sigma) 2.5 mL, 20 mM FeCl; 25 mL ¥ S/ 3
mLE 4o EFES eI A HAA7A 37CE FASAS AH9E JAAFEE
S g vE52 A5t AR AP AR 005 mLol EFE 1.5 mLE 7
T Egste] 37C oA 3083 WHEAIRl F 593 nmolM 9] FFES SAHSA

A9E J73F olete FEE2 FRAP assay 23, ThE 371A 4tstad Aol #
AFSHAl 5 YEHOE FFE HU(E ol &dH)ol 543 Utk AoE A
H. 1000 pL/mLolA A Ho] th& ZH2he] Y74 FRAP &4 ZHUAY = A7]A
g = AFAY > AGAGY &2 72 077, 0.77, 0.72 D 0419 FAHS YEIH S
W, AR FAakE AES ascorbic acid9] 50 yL/mLel A3 FojHor 5
gk a3 k=

€ U] d4atsteo] 7 Hojd Ae2 4 H. tt, FRAP assaycl
A9 JAAFEEL] A Aol IA F2 Aoz FAJAFHAIG

1.2 -

1.0 -

0.8 -

0.6

0.4 -

0.2 -

Ferric reducing antioxidant power (AS93)

0.0

Ascorbic acid

Samples

Figure 10. Ferric reducing antioxidant power (FRAP) of ethanol extracts from Cirsium
japonicum Results are presented as the mean =+ S.D. of 3 independent experiments in
triplicate. Different letters are significantly different at p<0.05. * GG; Gyeonggido, GW;
Gangwondo, JN; Jeollanamdo, JJ; Jejudo
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A4d dAAF==o BN EERT Y

1. Assessment of cell viability

MTT assayol 98] 4AFAFEE =AY (0~1000 ug/mL)S PCI2 cell (2x10°
cell/well)a Fefol] 713 & AZ AEES HrlstAdth Ax54 &< 2 s=274
& EAX Y (ttest) S B3H] 5% HYWNA FoA ztolrt gl A2 HAsAh

l

MTT assay(o~1ooo pg/mL)E 3 NZzEAHS A3 Ad, o1H2010, 2011d
), & AHE 500 pg/mLol oA Az=He ot wetA Al AHo Algs
ANAMERZ ‘JJr?j%LoﬂAi 250 pg/mL7HAE APdF=2 AASAY. £, FHAAY
o] JAAFE=L 500 pg/mL7HA AMEZAHS FEstA] Fhon, F Ao Algs
AFAER S EAAT N 500 vg/mLAAE ddeER D3N T-

120 4 120 4
B 90 4 e B 90 ""---Q
i 3
= &0 5 ]
4 g
& 3o £ a3
CN 2011 CN 2010
1] T T T T T 1 1] T T T T T )
0 @25 125 250 3500 1000 0 625 125 250 300 1000
concenirations concenirations

120 - 120 -

=]

[=1
=]
=

% cellviahility
=9
o

%o cell viahility
=3
(=1

L
[=1
L
(=1
L

JN GG

0 425 1325 250 500 1000 0 625 125 250 300 1000

concenirations concenirations

[
=]

90:'/_\’"*-*

GW

0 a5 135 250 300 1000

concenirations

Figure 11. Cirsium japonicum extract prevented loss of PC 12 cell viability. Effects
of different regions on cell viability in PC12 cells by concentration (0~1000 xg/mL)
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2. Neuro-protective effect against HO:-induced cytotoxicity

Cell viability®} wFRF7FA| 2 MTT assayoll olall H7lstdom, #A4kste4 250 nM<
A7ttt 4ked &3S Y42 PC 12 cellddl YAAFZ=E ZA H(0~1000 pg/mL)<S
A7rsted AE Hzass SAHSAT.

AAAFZES AEstd AANZRTEIHE FA3 A3, o2H2010,2011) & 1F

o] YAAFE=L 625~250 ug/mLolA FoHow AAHNE BREagds HERAI
o 23 R FAO JAAFEES 625~500 xg/mLoAlA 5% olelA fejHow
A7 Mz Hsads yepdfiden, 250~500 xg/mLolA+= 1% olWollA #2142
AAAL REEAE Uehlo] T Ao FEEo] AAME BB g v aH
9 Qo Azdch
100
CN 2011 100 4 CN 2010
ag ao 4
3w % w ]
20 20 4
o 0 T T
Control H202 31.25 825 Control H202 3125 625 125 250
100 - N 100 GW
80 8o
E &0 E
T a0 - 3 a0
= ®
20 20

Comtrol H202 3125 625 125 250 Control H202 625 125 250 500

Concentrations Concentrations

100 - GG
c
B0 4 4

60 g
=
3
2

% Cell viability

a0

20 -

C.

Control H202 625 125 250 500 Control  H;O; 100 250 500 AA

Concentrations CIE (pg/mL) + HyOy

Figure 12. Neuroprotective effects of the whole extract and their phenolic
compounds form Crisium japonicum on PC 12 cells damaged by oxidative stress of
HoOby MTT assay. Each bar represents mean * SD of three separate replications.

Different letters on bars indicate.
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A5d AQE JAFAFEEY T &4 v

1. 4¥k P55 H7}

Locomotor activity®} Rota-rod test& Tl AAFEAE F 24, Add&F, E<L
EE5ASH AA, A D FH Fo O a5 st dAAFEES I &
5 Wyol ol Qs wshE AUeA Rskon, BH 9AAFEEN o4 WANFE
=2 s B4 SV S UEH ItH(Figure 13). Rota-rod testol]l A=
FAAFZEE=EC] HSE FEsHA YA TH JAPAFEE 50mg/kg3ﬂr ik
AHAF== 100 mg/kgollAl A3 D& wf7tR] 9] Alzto] Frista "ozl 347t 7
rahs AFol YehbA £EUEET SFASEE FAANE APl BHOY fe
d& glAth(Figure 14).

3500+ so0-
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_ 25004 ~
: 3
8 2000 § 3001
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3 g 2004
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10004 =
1004
500+
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Pheongchang Pocheon Sonenns Shele Yoo Pyeongchang Pocheon Goheung Cheju Yesan
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E I 1500004
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ol g 75000
F tEss c88¢ s8¢ 8488 c888 N T siss cess s04¢ 848 Sede me

Pyeongchang

Pocheon Goheung Cheju Yesan Pyeongchang Pocheon Goheung Cheju Yesan

Figure 13. Effects of Cirsium japonicum extracts on Locomotor activity in mice (n=9~

10).

duration

Each bar represents the mean

+ S.EEM of the moved distance (A), movement

(B), rearing frequency (C) and turn angle (D) for 10 minutes.
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Figure 14. Effects of Cirsium japonicum extracts on activity on the
rotating rod in mice (n=9~10). Each bar represents the mean =*
SEM of endurance time(A) and falling frequency(B) from rotating
rod.

2. %% Y5 9 54 H7} (Forced swimming test)

Forced swimming test:= A5+ 8& A2 Wol| +F3t= Axte] H3lE T3 =
AES Wlehs Wt BH I4AFE= =2 100mg/kg FoAA TS 914
QA FI7HANA & AHE eSO H, AT IBAFTEES T YEH o=
400mg/kgoll Al A Sle e TS UHET A4 AT dEgE FE=2
100, 200mg/kgol A §-o]5tA & i

[e}e]
T=
T2 B3 AFe dite] AFAFEEC] - Ao AsdHn
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Figure 15. Effect of Cirsium japonicum extracts on activity on the
forced swimming test in mice (n=9) Each bar represents the mean =
S.EM. of immobile duration(A) and mobile duration(B) for 4 minutes

(* p <0.05 * p < 0.01 versus control group).
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A JAAFESEESC] NE reuptake®} Cl influxol] PIX& FFS IAstATh o
dFHAFZEES NE reuptakeo] W& FI3tA @} O U(Figure 16) Cl influxE W3}
NZHS 18 FAAFEEL A influxdll FEFS HXA GFtoy, AF4E SBHAF=
5, 3% dAAFEE, T JdPAFEE EF A influxE FHAZHoH, g 97
AF==0] A influxE 7H A S7HAET A4 dAFAF=EY 5345 Huskad
s Holv & FEEET Jdes FEEY ARV o $FEiAth =3 G4 43 H
Ner& FEE 9% CI influx7} GABA antagonist?] bicuculline®] 23] o= =
A& &8 th(Figure 17).
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Figure 16. Effects of Cirsium japonicum extracts on NE uptake in CHO
cell. Each bar represents the mean = SEM of percentage of NE

uptake (** p< .01 versus control group).
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Figure 17. Effects of Cirsium japonicum extracts on [Cl-]i in
neuroblastoma cells. Flurescence was monitored in the excitation
wavelength at 365nm and the emission wavelength at 450nm using the
Cl- sensitive indicator, N-(6-methoxyquinolyl) acetoetylester(MQAE).

Contents of influx CI- ion was expressed as a peak (a.u.).
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Foq3S o] open armo] Eo7le AT HFE= AlZte] 7HE FYA8 UAA STHEH
of gEQF EHNE YN T (Figure 19). =3 AFAE GAFAFZFEL C influxs
W5l © 1, bicucullined] oldl] HFEAHOZ ZTHE A FEE 1200 ug/mlS F 3}
A 8T EHLRE A influxs FEdts S ST 5 AT Figure 20).
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Figure 18. Effects of Cirsium japonicum extracts on Locomotor
activity in mice (n=9~10). Each bar represents the mean * S.EM
of the moved distance (A), movement duration (B) in 42cm>42cm

or center area(15cm>15cm, C and D) for 10 minutes.
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Figure 19. Effects of Cirsium japonicum extracts collected from Cheju on elevated
plus maze in mice (n=9~10). Each bar represents the mean = S.EM of the
percentages of duration time in open arms (A), and entries into open arms (B) for

5 minutes (* p < .05, ** p< .01 versus control group).
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Figure 20. Effect of Cirsium japonicum extracts collected from Cheju on [Cl-]i in
neuroblastoma cells. Fluorescence was monitored in the excitation wavelength at
365nm and the emission wavelength at 450 nm using the Cl--sensitive indicator,
N-(6-methoxyquinolyl) acetoetylester (MQAE). Contents of influxed Cl- ion were

expressed as a peak.
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f FTIAZe] FYAE JA HAERLeH, 200mg/kgd] FAAFEE FoAol o3 IF
& BV YEPES FUsA T (Figure 24).
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Figure 21. Effects of 1 day administration of CJ extracts on locomotor
activity in mice chronically exposed to unpredictable mild stress (n=6~7).
Each bar represents the mean * SEM of the moved distance(A) and

movement duration(B) for 10 minutes.
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Figure 22. Effects of 1 day administration of CJ extracts on rotaing rod in
mice chronically exposed to unpredictable mild stress (n=6~7). Each bar
represents the mean * S.EEM of endurance time on the rotating rod and

falling frequency for 20 minutes.
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Figure 23. Effects of 1 day administration of CJ extracts on elevated plus
maze in mice chronically exposed to unpredictable mild stress (n=6~7). Each
bar represents the mean * S.E.M of the percentage of frequency and duration

in each arms for 5 minutes. (*» < 0.05. versus stress control group).
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Figure 24. Effects of 1 day administration of CJ extracts on the forced
swimming test in mice chronically exposed to unpredictable mild stress
(n=6). Each bar represents the mean * S.EM of immobile duration and
mobile duration for 4 minutes(*p < 0.05 versus stress control group and ##P

< 0.01. versus no stress group).
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35 ¢ 2EH 23 FAAIM Ao, wEstE IABAF
ZE 100, 200mg/kgs 7¢ T Afoe dubs@A ol FUkste Aol UEE
S fFod2 gl TH(Fiure 25). Rotarod testoll A% 232 gloy 2Eg 2o 9
3 EEHTY B EAETol Hashe Aol UEEtHFigure 26). 35 FQte] =
Ef 2+ Elevated plus mazeolX 94 A+ WHASIE F3ekA ZUthH(Figure 27).
Forced swimming testoll A& 2Ed 20 &3] FFAI7Eo] HAas s Aol oy
oL AT FAAFF= 100mg/kge 793 FAstA FA8 A FF AlZEol

Z7hshe 2 213k th(Figure 28).
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Figure 25. Effects of 7 day administration of CJ extracts on locomotor activity in
mice chronically exposed to unpredictable mild stress (n=6 ~ 7). Each bar
represents the mean + S.EM of the moved distance and movement duration for
10 minutes. (*p < 0.05.versus stress control group and #P < 0.05. versus no

stress group).
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Figure 26. Effects of 7 day administration of CJ extracts on rotaing rod in
mice chronically exposed to unpredictable mild stress (n=6~7). Each bar
represents the mean * S.EM of endurance time on the rotating rod and

falling frequency for 20 minutes. (*p < 0.05 versus stress control group).
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Figure 27. Effects of 7 day administration of CJ extracts on elevated plus
maze in mice chronically exposed to unpredictable mild stress (n=6~7). Each
bar represents the mean * SEE.M of the percentage of frequency and duration

in each arms for 5 minutes. (*p < 0.05. versus stress control group).
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Figure 28. Effects of 7 day administration of CJ extracts on the forced swimming
test in mice chronically exposed to unpredictable mild stress (n=6). Each bar
represents the mean * SEM of immobile duration and mobile duration for 4

minutes(*p < 0.05 versus stress control group).

3. 4F B¢ 2Ef X B3 F JAAFEE U Fo9 55

45 B 5T F Qv 2EH T s S AT Aol ANen,
FF3tE YAFAFTEE 200mg/kgs 149 FAZ Aol 2EHZ T v o
Hhsgddo] foAd UA F7FstAth(Figure 29). 45 F<te] ~E# 2+ Rotarod

g EEAEEo WIS FIskA Ftil(Figure 30), Elevated
o

1 2}

Aol HaFHE= Aol Aoy fede s,
Ef 2 ol vl 49 Azte]l Srbsks Aol YEN
1o 143t

[e]
A
717ke] Z2EH 2olv o= A

sEY 20 o8 b fold e WME degon A
5 A8 Aol Yo FAT 5 YT HEHH YQAFZE 100mg/kgel
s 2Ed 2 o HARNE AMSE Tt Qe FAsAT

_35_

IP:14.49.138.138, 2017-11-03 17:32:42



14 days administration 14 days administration

4000- 500+

5 * *
£ 3000 s T
P o— "
(2] - - I .
2 T s 300 |
Z 2000- 3
= s 2004
2 o
Z 10004 g
e o -
S g 100
=
stress i -;. + + + 0
0 0 100 200 IMP5 stress 130 2;() |&P5
CJ (mg/kg) CJ (mg/kg)

Figure 29. Effects of 14 day administration of CJ extracts on locomotor activity in
mice chronically exposed to wunpredictable mild stress (n=6~7). Each bar
represents the mean * SE.M of the moved distance and movement duration for

10 minutes. (*p < 0.05.versus stress control group).
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Figure 30. Effects of 14 day administration of CJ extracts on rotaing rod in
mice chronically exposed to unpredictable mild stress (n=6~7). Each bar
represents the mean * S.EEM of endurance time on the rotating rod and

falling frequency for 20 minutes. (*»p < 0.05 versus stress control group).
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Figure 31. Effects of 14 day administration of CJ extracts on elevated plus maze in
mice chronically exposed to unpredictable mild stress (n=6~7). Each bar represents
the mean = SE.M of the percentage of frequency and duration in each arms for 5

minutes. (*p < 0.05. versus stress control group).
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Figure 32. Effects of 14 day administration of CJ extracts on the forced swimming
test in mice chronically exposed to unpredictable mild stress (n=6). Each bar

represents the mean * S.EM of immobile duration and mobile duration for 4

minutes(*p < 0.05 versus stress control group).
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Figure 33. Effects of four compounds of CJ extracts on the forced swimming test in
mice (n=9~10). Each bar represents the mean = S.EM of mobile duration(A) and

immobile duration(B) for 4 minutes(* p < 0.05, ** p < 0.01 versus control group).
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Figure 34. Effects of Cirsium japonicum extracts and luteolin on NE uptake in CHO
cell. Each bar represents the mean = S EM of percentage of NE uptake.
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Figure 35. Effects of four compounds of Cirsium japonicum extracts on [Cl-]i in
neuroblastoma cells. Flurescence was monitored in the excitation wavelength at
365nm and the emission wavelength at 450nm using the Cl- -sensitive indicator,
N-(6-methoxyquinolyl) acetoetylester(MQAE). Contents of influx Cl- ion was

expressed as a peak (a.u.).
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