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ABSTRACT

Scopolamine induces cholinergic dysfunction and oxidative stress, which leads to cognitive
impairment. In the present study, we investigated the mechanisms by which Cirsium japonicum
var. maackii (CJM) improved cognitive impairment in scopolamine-injected mice. Mice were
administered an ethyl acetate fraction of CJM (EACJM, 50 and 100 mg/kg) for 14 days, and were
injected intraperitoneally with scopolamine (1.5 mg/kg) for 8 days. To determine the protective
effect of EACIM against memory loss in mice, T-maze, novel object recognition (NOR), and
Morris water maze (MWM) tests were conducted using a scopolamine-treated mouse model. The
protective mechanisms of EACJM in the brain were studied using western blotting. Scopolamine-
induced memory dysfunction in mice was confirmed using behavioral tests, including T-maze,
NOR, and MWM. However, results showed that EACIM effectively alleviated memory
impairment in scopolamine-treated mice. Brain weight of EACJM-treated mice increased
compared to that of scopolamine-injected mice. EACJM also downregulated acetylcholinesterase
and upregulated brain-derived neurotrophic factor and phosphorylated cAMP response
element-binding protein, indicating that EACIJM ameliorated scopolamine-induced cognitive
impairment. In addition, EACJM downregulated the B-cell lymphoma-2-associated X protein/
B-cell lymphoma-2 ratio, indicating that EACJM blocked the apoptosis of neuronal cells. These
results indicated that EACIM may be a useful therapeutic agent for preventing cognitive
impairment in neurodegenerative diseases.
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A]ull(dementia)= =G| Aol E O] 91502 QI I E|S A W ARt o = aTRa AlakE] = ATiARR] oA
F3 A7) BA 2 tFE 1 et 250l dxslo| Zuli(Alzheimer’s disease)= XU Q] 71 S5t FEf=,
A 2| 2=Fe] oF 60%E AFA[_tt. d=sto]w Xulli= HAZHA| 22 A4 E|o] AREA Q] k] 9153 LERH, 7]
o 7E|e} -2 A S22 eliRttH Lemicére et al., 1999). &=5to| Z]ufjof| x| T2 = X292 £
O 2= A o] AF4-F A (neurofibrillary tangle) Xt A|3E ]9] 218k senile plaque) AAJe] A1), o=

/At F(reactive oxygen species) 2] A& FUAA | A ZAPE-S 5 ol= X A4 9150 = olofd

4= ITH(Cheignon et al., 2018; Choi et al., 2005).
dzstoln] 2ol A 7|98 ZER= sfint W F214d A78A ot 2 A o = welE A o= defA Qlrk o
01 d=stom ZJuf| 2kxte] sfiatol| A= oA EZ % (acetylcholine) 2] /o] Aag Wt ot opMEE TS
Slfol= opAEE ol A E 2 A|(acetylcholine esterase, AChE)7} S7Foh= 2 02 B LIt} o= 7| 2 o5
ALE k= A E=ER] oG TR B U] S5 HAAA 7198 &2 8T 5 Aoh(Kuhl et
al., 1999). wehA JAFA F4ko] 225 Qs 214! 71 (cholinergic hypothesis)oll 713t 2FE-& ARR5ET QITt.

=, TU|= ) (donepezil), BHEAE] I (rivastigmine), ZEHEFT)(galantamine) T} -2 714 Z2 A A A (reversible
acetylcholinesterase inhibitor, AChE)E T O 2H AChEQ] 555 TAA|A SARS &8HA|ZITHRoberson et
al., 1997). 13U} o5 oFE-2 o] YAAQ] 314— UelfH, A7) -0 2 B a5t Ao 71 =49 Lhepd Bt oy
2t 417 Al 2l okt 2o} Zho Bizkg o aulslof wlat 1 ARg-o] AletA o|thDawson and Iversen, 1993). w2t
A dZ=stolm 2] o} 2| =5 oA AAE=HE F2Rgo] A9 gl $HEES Tastes leo] A&
Z 0 & o]foz| 1L it

D7 F(Cirsium japonicum var. maackii, CJM)y+= =S Compositae)°l] k= thaA 2207 Q2uet [y

O rhat Sl A g, of| 258 Rt A = 7 UEo et &8 H ofd & AiFfste] UhE = o851, b

M= EY, E I 7HY 255 et A2 -85t H(Jeong et al., 2017; Jang et al., 2012). F|- Bl Ao
w2H A= dA7 AAE Holl A vrERE 7d7] ZALS dkslet.on, Hot HlEof|A] oF HolE Aslja},
ool Feg thAAEEof A FERIAFe] /-2 SJAIsHA E](Park et al., 2018; Park et al., 2017; Shin et al., 2017).
1 C6 A7 WA EA A H2029]r ofZo]= HEKA B)°ll oJet Al 7iAdohe 5 1Al st A A7 Aol
¢ -at Ae]EAS LRI Lee et al., 2018; Kim et al., 2019). ©]2]3 A4S J A 7o) mote =4
Ao 7 Atz &=, oE 50 F7dFe] 79 FAIEZR] cirsimaritin estrogen receptor a & S/33}51]
178 5= eeti]7] 2 S AAEE SAlsto] o Al2Ee] ?ﬂ‘ﬂ% 9, GF AR S AT s A= &
I % th(Park et al., 2018; Park et al., 2017; Shin et al., 2017). T35 A7 F =2 5 H —.—E]E apigenine 5 A
AAE FEol=Hif-2 o & Aol A ES 814 0 2 oJAlol= 2102 B 1 E| It Cho et al., 2019). /‘17§74]
o} 1510 luteolin Firoll 2J5t 55418 A] 7157800, = T HFol thote] St 7l avkE Yehdle
™, apigenin<> kainate 2 - S-2-5-J0] tisto] supe]] 2h-8-5t0] XA SRS YRRty B =|glct
(Liu et al., 2013; Han et al., 2012). ©]2} 7*01 0474%% TRt S Bt o= dufA glov, Q1A
WA Gt gt S-Endo|r o] AT ARet Aot waba B AT AT Zab](scopolamine)S A2t 5
sREoA 4737 A1 AN aatet 11 mAY S B A} Stk
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A& of| A8 FAF= Cirsium japonicum var. maackii= QA F F52 8 (Imsil, Korea) ZA o4 2019
AL Al 22 Algatol ARESIAE JAFAE AXSH T ez (reflux, Sunileyela, Seongnam, Korea)S

0]-8514 99% ethanol(EtOH) & 55111, EtOH 55 667.2 g2 AATHT& 11.68%). ©]F n-hexane(213.6g),
CHCI5(39.0g), ethyl acetate(67.6g), & n-butanol(47.0g)= ©]8ot] EEE2 AXSIYI, 15 77 ethyl
acetate = Z(EACIM)= A2 2 AFSSITHSE 1.18%).

ABE Y Aot
0h2e0) 7100 A2 fal] SIT ATEATE Sigmalst. Louis, USA)E] A1ES 73letod AHSo1%e)

Western blottingS <=3JoHH ARZ3F radioimmunoprecipitation assay(RIPA) buffer= Elpis Biotech.(Daejeon,

Korea)A, polyvinylidenefluoride(PVDF) membrane-=> Millipore Co.(Billerica, USA)AL, skim milk+= Sigma(Saint

Louis, USA)A}, enhanced chemoluminescence(ECL)-= Bio-Rad Lab.(Hercules, USA)AF Al &2 ARSI

}él
AAEELZICR TFAE ARSI oW, 558 9] $:71 nkeAE © 2] EHO] (Seongnam, Korea) oAl 553
o} ALE5IT) AAEE AR S-S 24 20 + 2°C, B 50 + 10%, 12A17F 7HA light-dark cycleS 52|51t 1
F9lo] Ag71kg 71X 9, & ¥ BaAFel 548 foldol lES AR normal), AFE Foi
(control), AFZa}7] Eo 9 50 mg/kg EACIM A3 THEACIMS0), AF-ZaH] =0 I 100 mg/kg EACIM A5
HEACIM100)22 31T} EACTME H5-Bo]| o] u] el 1 5] ALEo] s}l o, ARS 4151614 eF= normal
2 control P& A2 Tl 5B 70 s3Ik 71998 &44& o] 919 1.5 mykg 27271 54
3 A2} 302 Hol BT sl o, 7|18 £448 G E51A] ¢F= normal —8— 25E2 oAl A2 A A90.9%
NaClyE 27450 S193r). #5A¢o] Fag & *e"fﬁ%a% e
RS A H st YR A 42 TFRAA A7 Y &
5l Bykgr]of ol 2g5to] —80°C deep freezero]l Y Ej’&ﬁ}‘ﬂ A

215192191915 0] 2912 Hiol 43 E| Q%91 S : PNU-2021-0079).
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T-maze
T-maze 2 E-2 Montgomery(1952)2] HiH 0 2 A5t Aglof| ARt n| 2= 2} JE| = 71 291 9
%Y QX FEE Ao, oRelE o 2 e At S ojg = AIASIelth Ad-S F 297t 118
Skt AA J2 @ B& TEE T Ao AthES AAIsto] 9F FET o] 8 4= Q== Sl uhe A=
-‘%tﬂ F=ol iAR ] 1027 AHEA B 5 A stk B 2 AR S A Sl F H e EZR TR R
T o8 4 UEF SF L, v AE FASHA| B R[_E ] 10427 AME Al A 4= QA sttt 71E80] 9% 5=

St AR 9BE F2o] SO} S48 717 Z451] TS S ALEstnt
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Novel object recognition(NOR)

NOR “J¢-2 Bevins2} Besheer(2006) 2] ®H ol whe} =35}t Aol S ofa = Aatet HYARzEe o] A=t
of| A Z1aslr, & 2 47 ST AA F-2 /gt ¢l T
SHF 1027 2B A 'A< A shaltt. =4 E2 7 3
T 10827 2-5A A 4= A sl 7190 EAet M= 245 BARE 1905 212 SA4sto] 41914

g Ahzsiglc

Morris water maze(MWM)

MWM A9l Morris(1984) 2] 15 Xarsto] AAJsHginh. Aol AR p5n|2e AFHIRIZ A A”S o]
Sto] g o= AlAtsigint. +ER2E 4710 o= Usr F, Y= oF 7o AAsto] Tdol 9 =utiE A
Aottt Tt AR AR R E SAX S 20 $HOZRE | em ool Y1AIoHE S SHITh vheAT A ZHA
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& aspartate aminotransferase(AST) ¥ alanine aminotransferase(ALT) 24

AT E=RE AR FH2 A-20f 3027 FH 4°CellA 3,000 rppm S = 1557 AHERE 2 2] §HEst
o] @& Falotltt. @4 W AST Y ALTO] skt kitS o]-8a1o] S5 HAM-102K E AM-103K, Asan
Pharm. Co., Seoul, Korea)(Reitman and Frankel, 1957).

Western blotting

RIPA buffer®} protease inhibitor cocktail-2 E@}oo] TH= lysis bufferE ©1-85to] AgsE=5 6 =3t 1
2.2 5k 5 4°ColA 12,000 rpm O 3057 BAlE] sfo] x] 220 27 TS Befshgick. B
10% sodium dodecyl sulfate polyacrylamide gel=2 717]%551] E2|3F & PVDF membrane®]| transferst3iCt.
PVDF membrane<> 245H H-&& 5415t 12} 4|2} overnight ¥FH-AIZTE Aol AHESH 12} A= B-actin(l :
1000, Cell Signaling Tech.), AChE(1 : 500, Santa Cruz Biotech.), brain-derived neurotrophic factor(BDNF, 1 : 500,
Cell Signaling Tech.), cAMP response element-binding protein(CREB, 1 : 500, Cell Signaling Tech.), phospho-CREB

flo I
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(p-CREB, 1 : 500, Cell Signaling Tech.), B-cell lymphoma-2-associated X protein(Bax, 1 : 500, Cell Signaling Tech.),

B-cell lymphoma-2(Bcl-2, 1 : 500, Abcam Inc.)?|t}. 015 ZA3F 22} A|(1 : 1000, Cell Signaling Tech.)E 1A|7F
Zol HI2A]7] T ECL -8ol-8 53] vl d 2 - £ S}ol5)Qitt

o 1= L

S
= AF-0] A9 ‘A= Statistical Package for the Social Sciences(SPSS, Chicago, IL, USA) Z& 1581-& o]-8-51
HASL) 2 Adghe W + B5EtE ERALE SAA 2492 one-way analysis of variance(ANOVA) S A]

351592 ™, Duncan’s multiple testS ©]-8-51] p <0.05 U|THL A FAX 02 FOI5H 7 © &2 w3t ZF 7
A 2|o|%] T 2] 3.2] Bl = Student’s r-testE -850 H, p <0.05 [T ¢ SAH = Rt 2l o 2 st
Ak
AT

23

ADEAD| S0} DA SIS £40] Tz OMe| B3

T-maze AAL Eaf AFEah] o 2 Qg y|oled 24 Rl EACIMS] Z7H17)%
BRIt (Fig. 1). B4 G55 Foiet normal%LOﬂ/\i 7|Zo] EZol 2o a2 ehllsl vl %7}7 33
o} 66.47%2 7]1Z20] E2HT} 2L Ea2E el Hlgo] GolHoa ¢ =gkt FHH, AT EelS Eolsl
control-2- 7] E =2 A2 EA% EPAIGHE H]- o] 212} 52.86%9} 47.14% 2 50129 2Ho] 2 Lpehyj2] ¢
O*E‘r‘ ¥, EACIM 50 2 100 mg/kg/day 01 B5 71E0] B2 o] vlg] 2L B2 S e 6]-: 31571 90)H 0

$£9LOP], 53] EACIMI00 oA A28 528 ThAI5he o] normal vk Mg 5.2 Lehiick

HOld route [0 New route

* * *®
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Fig. 1. Effect of the ethyl acetate fraction of Cirsium japonicumvar. maackiion spatial perception in T-maze. Values are
means = SD. a - b: Means with different letters are significantly different (p < 0.05) as determined by Duncan’s multiple
range test. *The space perceptive abilities are significantly different as determined by Student’s test (p < 0.05).
Normal: 0.9% NaCl + water; Control: scopolamine + water; EACJM50: scopolamine + EACIM (50 mg/kg/day);
EACIM100: scopolamine + EACIJM (100 mg/kg/day).
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M Familiar object O Novel object
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Fig. 2. Effect of the ethyl acetate fraction of Cirsium japonicumvar. maackiion object recognition in scopolamine-injected
mice. Values are means + SD. a - b: Means with different letters are significantly different (p < 0.05) as determined by
Duncan’s multiple range test. *The object perceptive abilities are significantly different as determined by Student’s
ttest (p <0.05). Normal: 0.9% NaCl + water; Control: scopolamine + water; EACJM50: scopolamine + EACIM (50
mg/kg/day); EACJM100: scopolamine + EACJM (100 mg/kg/day).

23Z219 £ OFRA0M SAIQIRISH &40 st M| =1}

NOR A% 59l EACIME] AT E2] Fof FER X 9] 2491215 9-S B el 3ithFig. 2). A3 Z29lE
2@t controlitoll ] 71E2] St M =2 A HAlSE Hle-2 212 48.00% B 47.87% % 7 HI& 7Ho] -#-214]
2l 2ol @Il |4 A4S A E]et normalwoll A= 7]E2] BA|t 28 EAIE 7#&49 63% 2 59.04%2] H]

&g BAslo] 22 BAIS QIAsHE Hlgo] ol o = Ztsgnt o}xm EACIME £oI31e uf 7]20] &
Aot A28 ZAIE QIXISHE Hlgo] S7F5H 9 H, 100 mg/kg/day 5 == 1+94 A A=
EAIE gAs= Hl20] 212} 48.49%2} 58.86% 2 S oS wamiq.

AT E2NTN F0] 0p220fM o5 2 7| 240 gt IMe| =t
MWME E3]] AFZatalo] ofs] 7|elelo] &4hs] nko oA EACIMO| 8153 7]l &lof| m] )= oJake 1 7}s}
Ak Figs. 3 - 5). 2|4 A4E A2]et normal -2 TAL S3)] HH2SNS SRE 77 Ta|thE 3H= A7h
Hrk(Fig. 3). T2 ~3EeRE 5 046& control- -8 Edo] A Elo] 77 mujtjo] 9j712 7]
494 Hl= O TogfE Zopfs A71o] 43322, 14.5%2 7]23F normaliZELt SojH oz At ¥hH,
EACIMZ FoRt 72 WIS 5ol 547 =ujtio] /215 7] ¢fsto] uldE 2= ARto] A4
5] 404 EACIMI00- normal 212 whe /| o ofict. waoh& 713t 5 wajei} ol ARl

_|_4
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HE2 = A7RS S5 27K Fig. 4) controli2 afg AREHof| M2 = A|7Fo] 18.2% 2 normali-2] 2520 H]3]
fFolA o 2 ZQlt). BFH EACIM2 Fo{3-2 T controlwol] HIol F-2]4. 02 Q30 AI7HE<t o ARErof Bl f2
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Fig. 3. Effect of the ethyl acetate fraction of Cirsium japonicum var. maackii on latency to reach the hidden platform
during the Morris water maze test. Escape latency to the hidden platform (A) and path tracing of each group to reach
the hidden platform (B). Values are means + SD. a - b: Means with different letters are significantly different (0 < 0.05) as
determined by Duncan’s multiple range test. Normal: 0.9% NaCl + water; Control: scopolamine + water; EACJM50:
scopolamine + EACJM (50 mg/kg/day); EACJM100: scopolamine + EACJM (100 mg/kg/day).

3000 1 4 :
1 -

20.00 4

10.00

Occupancy in target quadant (%)

0.00

Normal Control EACIMS0  EACIM100

Fig. 4. Effect of the ethyl acetate fraction of Cirsium japonicum var. maackii on occupancy in target quadrant during
the Morris water maze test. Values are means + SD. a - b: Means with different letters are significantly different (p <
0.05) as determined by Duncan’s multiple range test. Normal: 0.9% NaCl + water; Control: scopolamine + water;
EACIM50: scopolamine + EACIM (50 mg/kg/day); EACJM100: scopolamine + EACJM (100 mg/kg/day).

60 ~
a

]

40 1

O Hidden W Exposed
30 4

aah

Normal Control EACIMS0 EACJM100

Latency to reach platform (seconds)

Fig. 5. Effect of the ethyl acetate fraction of Cirsium japonicumvar. maackiion latency to reach the hidden or exposed
platform during the Morris water maze test. Values are means + SD. a - b: Means with different letters are significantly
different (p< 0.05) as determined by Duncan’s multiple range test. NS means no significant differences among groups.
Normal: 0.9% NaCl + water; Control: scopolamine + water; EACJM50: scopolamine + EACIM (50 mg/kg/day);
EACJM100: scopolamine + EACJM (100 mg/kg/day).
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0.48 ol H]5]] control0.45 g 0 & k| 2 HA7} G014 0 2 714519 ©LFEACIMS0 2 10070141 0.48 g©
2 37FRRE FRlsdrt.
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RO

23DE2 F0] OFR20M A AST Y ALTO]| Clist EACIM2| =3}

EACIMO] A WollA =242 Uehl=2] E115t7] $1all @4 AST 9 ALTE S7oHlth(Fig. 6). 23 E2}T
o1t controltol| 2] ASTRFALT “&te= 27 Z2H thal 0.9% NaCl& 7012t normal<to] Hlsf frof4o 2
7¥eta. o, 1 =217 A 9] Wefl 93-S ER1eFATH~298 U/L(AST), ~97 U/L(ALT)). $HH, EACIME £
S o controlie]] H]a] ASTR} ALTZ}F-G-0]4 0 2 7445kt

32 ol o

Table 1. Effects of the ethyl acetate fraction of Girsium japonicum var. maackii on the body and organ weights of
scopolamine-injected mice

Normal Control EACIMS50 EACIM100
Initial body weight (g) 27.22£0.68 NS 27.32+£0.46 27.33+£0.47 27.35+0.58
Final body weight (g) 34.77 £ 1.84 NS 34.63+1.33 34.63 + 1.66 3435+1.18
Brain weight (g) 0.48+0.02a 0.45+0.02b 0.48+0.02a 0.48+0.02a
Liver weight (g) 2.80+£0.21 NS 2.79+0.16 2.71£0.31 2.65+£0.22
Kidney weight (g) 0.50 +0.02 NS 0.51+0.03 0.50+£0.15 0.51+0.04

Values are means + SD. a—b: Means with the different letters are significantly different (»p < 0.05) by Duncan’s multiple range
test. NS indicates no significance among experimental groups. Normal; 0.9% NaCl + water, Control; scopolamine + water,
EACIMS50; scopolamine + EACIM (50 mg/kg/day), EACIM100; scopolamine + EACIM (100 mg/kg/day).

(A) 18 (B) 14 a
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Serum AST (IU/L)
o
Serum ALT (1U/L)
»
.
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i
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L Nl

S}
L

8
6
4 4 c
2
0

Normal Control EACIMS0 EACIM100 Normal Control EACIMS50 EACIM100
Fig. 6. Effect of the ethyl acetate fraction of Cirsium japonicum var. maackii on aspartate aminotransferase (A) and
alanine aminotransferase (B) levels in scopolamine-injected mice. Values are means * SD. a - ¢: Means with different
letters are significantly different (p < 0.05) as determined by Duncan’s multiple range test. Normal: 0.9% NaCl + water;

Control: scopolamine + water; EACJM50: scopolamine + EACIM (50 mg/kg/day); EACJM100: scopolamine + EACJM
(100 mg/kg/day).
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Fig. 7. Effect of the ethyl acetate fraction of Cirsium japonicumvar. maackiion acetylcholinesterase protein expression
in scopolamine-injected mice. Values are means + SD. a - c: Means with different letters are significantly different (p <
0.05) as determined by Duncan’s multiple range test. Normal: 0.9% NaCl + water; Control: scopolamine + water;
EACIM50: scopolamine + EACIM (50 mg/kg/day); EACJM100: scopolamine + EACJM (100 mg/kg/day).
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Fig. 8. Effect of the ethyl acetate fraction of Cirsium japonicum var. maackii on brain-derived neurotrophic
factor-related protein expression in scopolamine-injected mice. Values are means + SD. a - d: Means with different
letters are significantly different (p < 0.05) as determined by Duncan’s multiple range test. Normal: 0.9% NaCl + water;

Control: scopolamine + water; EACJM50: scopolamine + EACIM (50 mg/kg/day); EACJM100: scopolamine + EACJM
(100 mg/kg/day).
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Fig. 9. Effect of the ethyl acetate fraction of Girsium japonicumvar. maackiion apoptosis-related protein expression in
scopolamine-injected mice. Values are means + SD. a - b: Means with different letters are significantly different (p <
0.05) by Duncan’s multiple range test. Normal: 0.9% NaCl + water; Control: scopolamine + water; EACJM50:
scopolamine + EACJM (50 mg/kg/day); EACJM100: scopolamine + EACJM (100 mg/kg/day).
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(Fakurazi et al., 2008). == Aol A=EACIMO] A W 582 f&oh= 2] &RIsk ] flol @ AST L ALTE S
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