"m Check for updates

Mook s 8 A
Kor. J. Pharmacogn. 56(3): 162 ~ 168 (2025)
https://doi.org/10.22889/KJP.2025.56.3.162

s (o) = L — - A
23EUSE FEst XS Fof SEZHUM FE= g
~ == 3 —_

FEE9 M 21t
HI-D'_JI\_'I,# . gA1Ix|_I1‘# . B KEZ . HHig&* . %_‘;5:_%112*
g st ghorstat, s sk oFstu) st § Ay o] oFsta,
sy AU sly ZEAHW %08 Youlo) 9 s

Ol
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Abstract — Chrysanthemum zawadskii Herbich var. latilobum (Maxim.) Kitamura, a traditional medicinal herb abundant in
caffeoylquinic and flavone glycosides with reported anti-inflammatory and acetylcholinesterase (AChE) inhibitory activities,
was investigated for its cognition-enhancing potential. We investigated whether a hot-water extract of C. zawadskii mitigates
scopolamine-induced cognitive deficits in mice. The administration of scopolamine markedly reduced spontaneous alternation
in the Y-maze test, the discrimination ratio in novel object recognition test, and step-through latency in passive avoidance test.
Oral administration of the extract (300 mg/kg) significantly reversed all three behavioral impairments. Western blotting revealed
that scopolamine suppressed phosphorylation of ERK and CREB in hippocampal tissues, whereas C. zawadskii hot water
extract (300 mg/kg) significantly reinstated their levels. In addition, C. zawadskii hot water extract at 300 mg/kg also inhibited
AChE activity to an extent comparable with donepezil. Collectively, these findings demonstrate that C. zawadskii hot water
extract ameliorates scopolamine-induced deficits in working, recognition, and long-term memory via modulation of the cho-
linergic system and the ERK-CREB signaling pathway. Thus, C. zawadskii may represent a promising natural therapeutic agent
for the prevention or management of dementia.

Keywords — Chrysanthemum zawadskii herba, Alzheimer’s disease, Acetylcholinesterase, Extracellular signal-regulated kinases,
cAMP response element binding protein
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T Z(Chrysanthemum zawadskii Herbich var. latilobum
(Maxim.) Kitamura)y= =5 8K Compositae)ol| &3h= 2H&-2]
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20| 4332 linarin, chlorogenic acid, 3,5-O-dicaffeoylquinic
acid, 4,5-O-dicaffeoylquinic acid 2 caffeoylquinic acid 5]
A& JThMD o] F caffeoylquinic acide F9%, Tk
T35 7 9o, AChE &/9S oJAlete 2Hgo] Bl
Ak P ol st A Azhs A7 =W AChE 84S
AAetaL, AT 28-S Sl AA E APE S ol QA5
e 237t s RS SRS} SRR AR 7R A
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B Ao A= scopolamine® Z2 =3+ Q1A]7]50] A5l
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2]l
5

i

o
42 28 > o |m

163

$3T}. Rabbit anti-IgG= Gene Tex Inc (San Antonio, Texas,
USAYIA F+31ed ARE-3139 T}, Enhanced chemiluminescence
reagent (ECL)A| 252 GE Healthcare Life Sciences (Chicago,
IL, USA)2] A& AF8-311 2L, pierce bicinchoninic acid (BCA)
protein assay kiti= Thermo Fisher (Waltham, MA, USA)2]
AFE AREsIeH, 2 9] b BE A EE AlFddA +
&4 e A TH AES ARSIt

THEX dFFEEQ Mx - gIAKH(E 7=, tghl
A Fllske Az Az (Chrysanthemum zawadskii
Herbich var. latilobum (Maxim.) Kitamura)S 73t 5%
& A zskdth A3 E(2025-CHSP-015) 73|t st oF
S gt AAF<| koA B Fo|t}h 7AxH 78% 500 g
o T/ 500 mks 7Fste] 2A17H5<E 100CoA 7 55
T ofFetarl ofoll g ) wEsl] FEE I FEE 206 ¢

st BT A el 1A% wEdt AL rEx
5 FZES YA YE40.9% NaClyell SEreision, oF
Fo] 832 30 mg/kg, 100 mg/kg, 300 mgkgS 2 %
Sof ARg-slaiTt.
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= Agwl 22 AE A1
304 Aol 0.9% saline 842 F =21 scopolamine (1 mg/kg)
S B Bty HEx B FEEO Fo83e It
AR &S 7102 AAsIslen, Z17F Tk 10 mg/ke,
30 mgkg 2 100 mg/kge] £HFHOZ 0.9% saline =82l
st AE X7 Aol AR sisit). 8 ol
0.9% saline® 2 =<1 donepezil (5 mgkg)S 28 117+ A
o 73 T3t
Y-AO|2 A8 (Y-maze test) — vho-2E A3 A FA9=
i & 48717+ AX Aol 283kt Aol ARS-sH
- EE 10 PRE oSSt YRR YAF B
Y M 22 U= polyvinyl plastic® 2 FHE0]Z] v]&2
otk m &9 7z} Al 7EX|&= o] 40 cm, & 3 cm, =°] 12 cm
ojm, A& 120°¢] Zt== 9X|&) Ut 7t A& A, B, C&
At 7 v-2E A VK9] B & HEE BAE XA
AL 8EZF vhe-27F AHEA EAE Sol7ke TS V)
E313th. He] o 7ERel AR Eoj7bE 13 (2A)
W7 actual alternation)® F-olsle] TR F2jo® 1 WA
g5 S Attt WA EHo] =& 75 ©r]7]0]
oS omgith
H7335H (%) = AAIH7 (actual alternation)/Z )7 (F

7 314 — 2; maximum alternation)x 100

Mt 2| 2X| Al&(novel object recognition test) —
At =4 JIA] A1RS K8gst7] 918 A4 polyvinyl plastic
o2 A ZE ¥A(30%30%30 cm)S ARESIHITE Aol AL
3 rhe-Ae PR 10 vRIE ol &St A8 s e vt
20 A8 F JEF 2¢ & vhe-2E 1027 A5
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A&7] 1 A7 Aol 8% B4 32530, 100, 300 mgrke)?
donepezil (10 mg/kg)yS 0.9% saline® = o 7570 313
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gt B4 7 NE Algete] 57 58t AHEA EXE 2 st
Al skt 2477 & = 7R A F shR A= FE €
EAZ AIgE H, g oA opA] v E sled 5
it & AEA EAE S 5 A sl o] 2
A w27t 719 )Y EA| (familiar object)e} A Z-2- &
Al (novel object)el] ek H=, WA| 27, 87| 52 &4 &)
TS Hole A7 S5 ol g E HolHE v’
02 EAl| 455 (object preference ratio)2} 3] 4 2=
(discrimination index)& U &4 |83l ALttt
TEA L7 2S5 A2 EA O tid Qo] =32 9

m g},
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=
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=5 3|1| A& (Passive avoidance test) — 2 &ol A&
H vheie FARIE I5S vhe F, 4871 AR $
Ao FH=HATE Aol A3 rhe-is EE 10 PRIE
o] g3l Age F 7] 20x20x20 cm H7]2] ¥MkAR
739 75 39 HEES S8l XY= 0o, 72 Az
744 2] polyvinyl plastic® 2 THEOIFI T}, Bf29] viee- 2
mm ZHA9] grid2 o] 3lo] 77 B 4 =S A
ATk WA A vpo) 50 W TS AA|sle] e $HE S
RHE §, vheAE a3l FAL 1027 FAE AIE
olF ARE F(5x5 cmyE Ao vh-Lt ol F TR
o] 5 4= Al Frk. vHeF mhe-27) o] Y T 603 o]
o o) T o T So7A] QoW A= v-2E
Lato] o7 B o ® Sol7 sfaL, ofmj o] A7 603
2 71549 vpe-2Tt o T8 o Eojrbd 42/ 8
=237 0.5 mAS] 7RSS 327 F3L, o] % k-5 Alo
A& o]FAIZIT]

ANAFE = 5 2440700 Al 7, vhe-ag oA B
Hl2of 3 1027 AR =
F&7F o2 TR o]Fshe H ARl= Al{H(latency
time)ys 574 gtk o] 42 Fv 30027k g€t
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donepezil (5 mg/kgys 7475313 305 5, scopolamine
(1 mgkgys H7HFABIAL 1 T 304 ol k928 XA
sl W& &5tk A& HENE ankE w2 d F, 2t
A2l 108l sgskes W27 €41 mM PMSF, 1 mM
orthovanadate, 1| mM sodium fluoride, 1 mM EDTA, 0.32 M
sucrose, protease inhibitor (50 mL-E T 1)2 &7}k 20
mM Tris-HCI buffer (pH 7.4)&4 10l 2o] #2361t} &+
ZoH2 4TCo|A] 14,000 rpmO= 2047 A4 F2)ek & Al
2 tubedl] F5AE £ F T AS st ARSI
2l (30 pug)S SDS-polyacrylamide gel (10%)°)] reducing
condition®lA] 7] 45 HAASIATH @M AS PSDF
membrane®]| transfer buffer [192 mM glycine & 20% v/v
methanolS ¥88H= 25 mM Tris-HCl (pH 74)[E ©]-&-35}¢]
300 mAR 24]7F F<F o[ FAAZITE o] § membranes
2of|A] 2A17F E<?F blocking solution (5% skim milk)©- 2
blockingS AAISH Th, 7+ AALE = HIEZ 3|48 12} &
A& 7kl 4TCollA 24A)7F 2t wigslaiT). Bzl
membranes Tris-buffered saline/Tween 2022 53] A& &
1:300022 5]AA7] 22} FAZ 2417 5-F incubations} 3
t}. ©]% enhanced chemiluminescence (ECL)Z W=3A]7
LAS-4000 mini bio-imaging program (Fujifilm Lifescience,
Stamford, CT, USA)S ©|-&3}d E43t % membraneS
20% glycine -§-21 © 2 ¢4 204 53t strippingatSith.
Acetylcholinesterase 2{Xls & (AChE inhibition assay,
ex-vivo) — Ellman®] AAIE RS -3-8-3} acetylthiocholine
(ATCh)®] acetylcholinesterase (AChE)?l] 23] thiocholine® 2
HajlE)ar, 23)% thiocholine® DTNBES TNBE ZSHA|A
o AR HEE o]gsle] S WAtk
AEH ¥ 2] Ak Fe]sle] 2}7F2- 50 mM phosphate
buffer (pH 8.0)5 %3 #& 35t 10,000 rpmellA] 4T
2]sle] A45dS- AChE S 49U 0 Z AMESla Tl aS &
sht}. 96 well plateE ©]-8-, 50 mM phosphate buffer (pH 8.0),
DTNB9} HollX FE3 §49S ¥ § acetylthiocholine
iodide 3L 10%7F HHE-A1Z] & neostigmines Ho] W2
AAAIZ1AL 412 nmollA] §E=E 543t AChE] €43
HEE vleteitt. Adthaae] AChE S44EE 100%=
stod fFodto] AChE S EE thadt 2ol ALkt

AChE 4% (%)= (HHe S-8=-blank &-3=) g gzt
AChE 4= %H4) x100

EAIXNE| - 248 A3+ mean + SEM 22 UEREATE
RE AdAsE d9EHEY (one-way ANOVA)YS ©]&-3}
o A AR, Fo2 Zel7t U& 7% Student-
Newman-Keuls WH-S- 0]-85}0 95% 21F] <= o|slol| A 7+
freld AAS A 7 F-21421 Afol= p<0.055
7o 2 AR ST
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Fig. 1. The ameliorating effect of C. zawadskii hot water extract
on Y-maze task in scopolamine-induced cognitive impairment in
mice. (A) The percentage of spontaneous alternation and (B)
the total arm entries in Y-maze test were presented. The results
were expressed as mean means £ S.E.M (n= 8-10/group).
(***P<0.001, compared to the control group; “P < 0.05, compared
to the scopolamine-treated group). CON, Control group. DNZ,
donepezil.
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TAhZ G4 FEE9°] scopolamine T2 F=H ©7]7]9]
#F4719D)e] =35 3 HAFE AR TEe], Y-RI29
Z} 7ER9 uR-2=71 E017F & 34 (total entry)S H] 23RS
o, FHZx G5 FE= Fool o FFo] fle A4S 8
3lod(Fig. 1B), 7% G5 F==9] 7199 /I a3
&9 Wsiels WAL e A o2 A7

A7 X AX BN FEE = FEE2 S -4
T EA QAN E L AFE F=0] At =A<} 71 =AE
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3 FEE e A E Bk fd AdoeE,
7E sERYA THx
AT FE2E9] FAol o5t AsES] 471719 2 AA]7]
o] JiEHE ERlsh] flal AAlstsith. YA
I} AHE A % (object preference ratio, Fig. 2A)9} HE 2 =
(discrimination index, Fig. 2B)°llA] 2t Fodt2] £-21% 2}o]
5 RISIATHF, 5,=5480, p<0.0001, Fig. 2A; Fs ,,=10.96,
p<0.0001, Fig. 2B). Scopolamine £+ 7/l vls|
AFe BT} o) 07 734819 01 (p<0.05), A2
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Fig. 2. The ameliorating effect of C. zawadskii hot water extract
in the novel object recognition test on scopolamine-induced
cognitive impairment in mice. (A) The percentage of explora-
tion time between familiar and novel object and (B) the dis-
crimination ratio in the novel object test were presented. The
results were expressed as mean means = S.E.M (n = 8-10/group).
(***P<0.001, compared to the control group; *P<0.05, compared
to the scopolamine-treated group). CON, Control group. DNZ,
donepezil.
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BAIS} 713 BAES GASIE Ao 5214 Fol7} gl
2 53 Q171ele] ol HEHISS BT 5 ek
=]

==t Ry
3 | donepezil S o3 7ol HE scopolamine & =¥
AR 719 &l oo F&E = AS g1 & U3
U}(discrimination index, p<0.05; object preference ratio,
p<0.001). o]2igt Q1A7|He] FEL PR I+ FEE
300 mg/kg (discrimination index, p<0.05)X = F2|H o2
UeRton, ol& $3l 1Ex deFE=Ec] a9 R
scopolamine® = =¥ QU719 &S 3| HAIFE E1l
& AATE At EAol] gk Q12 7]52] e = X|H) &
2ol 2716l #EE = AfgolojM, FEx d5FEEC] A
o] S A = 2 T e rlgitt
TS U AI@E 0|88 7Ex g FE22 Als
28 - 5539 A2 APTES A7 s ¢
T2 Hrksl] st A¥ 22, scopolamine Fiol o]
g 7E sERYAN X ¢ FEES Fost
2 33 ke Sl AAlsielvh. ddwii A3 2t
fFodtolld] folAQl 2folE ERISIITHF, ;,=15.61, p<0.0001,
Fig. 3). Scopolamine2] Fofol 2|3t 7|8 Asl= Tt
thH] HE-E Al7k(latency time)2] -F-o]% ZAE Sl gl
& 4 UJOH (p<0.01), FHHETFOE AFREF donepezil
Foite] M5 A1Zke] scopolamine ool M]3l f-2]%]
o7 Z7Vsh= 218 3l scopolamine = ¢1A]7]%5 A3}
FERYo] F5EE IRISUTHp<0.05). FEX EFF
E2 30, 100 % 300 mg/kge] 502 T3] Fof gt 1o 1
5 Al7H(latency time)yS 2793192 wl, 100 2 300 mg/k
FoTe] BFE AlZke] oA o' FTlelE Als Rl
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Fig. 3. The ameliorating effect of C. zawadskii hot water extract in
the passive avoidance test. The latency time of acquisition and
retention trial in passive avoidance test were presented. Each
data was expressed as means = S.EM (n = 8-10/group). (***P <
0.001, compared to the control group; *P < 0.05 or *P < 0.01,
compared to the scopolamine-treated group). CON, Control
group. DNZ, donepezil.
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UATHP<0.05). ©|& F3ll TH% EF F=E°] donepezilt
AR Amo] 502 scopolamine® 2§38+ 71719
F Al s FEIT= A S & AT

TEx ¥ FEE 50| F siooliMe| ERK-CREB &
SHAAIL| WS} — 8% I FZE00 o3 7|9 7419
A91-& 7+ A}F Western blotS: 8¥3F T}, Scopolamine

A Scopolamine (1 mg/kg, i.p)
C. zawadskii DNZ
CON 0 300 5 (mg/kg)

p-ERK | — -.-4

ERK | e i<

p-ERK/ ERK
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:g 1.5 __ -
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- 0
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E s
0.0 T T T T
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Fig. 4. The expression levels of phosphorylated (A) ERK (p-
ERK) and (B) CREB (p-CREB) in hippocampal tissue were
measured by western blot analysis. The representative immu-
noblots of p-ERK and p-CREB were presented. The immuno-
reactivity of (A) p-ERK/ERK and p-CREB/CREB were normalized
to the control group (taken as 1.0). The results were expressed
as means + S.E.M (n = 6/group). (**P < 0.01, compared to the
control group; P <0.05 or P <0.001, compared to the sco-
polamine-treated group). CON, Control group. DNZ, donepezil.
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Fig. 5. The inhibitory effect of AChE activity in the adminis-
tration C. zawadskii hot water extract in the mice brain. After
the administration of C. zawadskii hot water extract, the mice
were sacrificed and isolated whole brain tissues. The AChE
activities were normalized with vehicle-treated control group.
The results were expressed as means = S.E.M (n = 6/group).
(***P <0.001, compared to the control group). CON, Control
group. DNZ, donepezil.

FoiZ fE8 AA7)E ARl PR A5 FEE
300 mgkge Tl T SokE 4ET F /1S sk

7171974 3}el AR AT 44 9= ERK-CREBS] @1
ArlEl kS ZAET 718 RUEF AL sl A o)
ERK®} CREB®] Q14¥8} °2|= scopolamine®] Foqol] 2]af
AaEE AL ERIsIen, FE % E4 FE5E 300 mgkg
TR FoIgh oA QISR ERK (F,,=14.46, p<0.0001,
Fig. 4A)?} CREB (F,,;=9.159, p<0.001, Fig. 4B)¢] ¥ o]
FreoHem Frlkele AL Iaslt). o8 B3l 5
ARRE SR AR G FE2E W] H 7171 Ui
gt 714 &3t sfjwioll Al €] ERK-CREB 2132 A 2] 7
sl ofst AxEtar 53 4 k.

THEE G £EE F0§7| AChE Hof D|X|= P& -
TAZx I FE=Y 7199 N aFe] 2871 Els
fl8te] =W AChE 84 7Hs Faatitt. ks
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