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ABSTRACT

Objectives : In the present study, we assessed the effects of water extract of Ulmus davidiana(UED) on the learning
and memory impairments induced by scopolamine in mice through its favorable acetylcholinesterase (AChE) activity
and antioxidant effect.

Methods : The memory and cognitive enhancing effect of the UDE was investigated using a passive avoidance test,
the Morris water maze test and Y—maze test in mice, In addition, to examine the mechanism of UDE using
acetylcholinesterase (AChE) and antioxidant activity.

Results : The water extract of UDE (100, and 200 mg/kg) significantly reversed the scopolamine—induced cognitive
impairments in the passive avoidance test (P < 0.05). Moreover, UDE (100, and 200 mg/kg) also improved escape
latencies in training trials and increased swimming times and distances within the target zone of the Morris water
maze (P € 0.05). On the Y—maze test, UDE (100, and 200 mg/kg) also significantly reversed scopolamine—induced
cognitive impairments in mice (P < 0.05). In an in vitro study, UDE was found to inhibit acetylcholinesterase, changes
in neurotrophic factor (CREB), and antioxidant activity in a dose—dependent manner,

Conclusions : The water extract of UDE dramatically possesses the anti—amnestic and cognitive—enhancing activities
related to the memory processes, and these activities were parallel to treatment duration and dependent on the learning
models, These results suggest that the administration of UDE enhances learning and memory, and that this effect
is partially mediated by ERK—CREB—BDNF signaling and the survival of immature neurons,
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1. A=

1) Alf

Aol AFgE BV-2 A|EZFE American Type Culture
Collection(ATCC)ol| A AlgHrol 37T (5% CO2) HiF7] oAl
5% Fetal bovine serum (FBS, Hyclone, South Logan, UT,
USA)™} 1% penicillin steptomycin (FBS, Hyclone, South
Logan, UT, USA)°o| X¥E dulbecco's modifiedeagl's
medium (FBS, Hyclone, South Logan, UT, USA)S A&
ste] wjFetich E3 2 Aol AE3t (-) scopolamine
(9—amino—1, 2, 3,
4—tetrahydroacridine hydrochloride), acetylthiocholine
iodide and DTNB (5, 5 —dithiobis [2—nitrobenzoic acid]),
phosphoric acid ¥ aluminium(Il) chloride® WakoA}
1,1—diphenyl—2—picrylhydrazyl(DPPH),
2,2’ —Azino-bis(3—ethylbenzothia—
zoline-6—sulfonic acid) diammonium salt(ABTS), phenol
reagent, ascorbic acid, garlic acid, 52 Sigma—Aldrich
(USA)9] A& AHEsEleh 2 Qo] 718k Alok2 2459 Al
oFS AME-SHATH

hydrobromide, tacrine

(Japan),

hydrochloric acid,

2) U. cavidiana &&2(UDE) XM=

AP RRE Aol AMH U davidianafgitfi )= 5Lk
AN A st ARESHET kA 100ge]l %%ér 1 L—E—
7¥ete] 80T 2EOA 2A7F Bk 2EEg o,
Ao oJ7}x|(Advantec No, 2)2 ojI}stz ¢t _7,\_@01]/\—] lg
Zsto] §ujS AAsHL 20T Y& Basta Ao o&
STt (5&: 4.5%).
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3) MEESE

Aol AMgE FEL 439 ICR mouse (SPF/VAF
CrljBgi: CD-1) 453& tguto] oY A(FE, T=)olA +

ujste] &3} 7|7HE 13:9& AR o) S0l fle AAE
A T Ao AR AR 717 5 £ 2ol A5
AR stglon A4 YR 2= 23+1T, F&
50£5%, 2% A7F 12A7HLA TA~2F TA)) 744 9 2%
150~300 Lux® AR ARSAl 27404 polycarbonate cage
(27Lx 22W x 13H cm)ll 572 o2 ARSARE W] A
5 25t ARg St ARl ARk, o] AtollA
Y= TEAE 9 A FEEISHAR 19914 54
319 HE A|88528)0 ZAStY dirEtoista FEAE
-‘%E}-‘H° 3|9 AP oet &2 HAE 50t sPs T
4<¢IHE: DHU2014-101), 2E ZEAYL Z+79 gy=
gz;lu}:} N2E BEZ AAgor JTEE]/\ = 02
Ago] T FES XA 3t & A& & western blotting
AFE APttt AT ES 7YY <5 7172 B8l <
A=A st¥3 5 AY 1A A UDEE &3 AT F93kL
308 F 719&Ae 4k 913t scopolamine 1 mg/kgS
LA °P°ﬂ‘:} AEFES &2 F 6/ 222 o] &
oigt A2 g J4L(NOR), scopolamined Foigh oz
(CON), UDE 50, 100 =+ 200 mg/kg®} scopolamines
Eog AFZ(UDE 50, UDE 100, UDE 200) ¥ tacrine
10 mg/kg®} scopolamined T3 FAURT(THA,
tetrahydroaminoacridine, Tacrine)22 o] A3S A

RS

2, AP

1) MEZA

(1) NlZF2E SH(MTT assay)

BV—-2 A|EZE 96 well plate©] 100 LA 1 X 10° cell/mL
WEE BEG 5 o4 H 5 RS e ¥ oS A
&3, 1-100 pg/mL %= UDEE ©% E+& 2 H H
lipopolysaccharide (LPS) 100 ng/mL #H7}s}o] 24 H 59
Attt 1 ¥ 5 mg/mLe] =7 HE=E -3 MTT
|HL 10 pL H7ste] 1 H B¢t v 3 ¥R E AAsI2
DMSOE 718l AAE formazang £33ttt FFEHo=
& NS 570 nm oA FF =S microplate reader
(Bio—Tek Synergy HT, BioTek, Winooski, VT, USA)E
ol gstel ZYsteict, AT WERE) 274 ABE AR ol
Arhan ALY EYEe st Fuol e gas et
Haict

(2) NO B4 Adls &4

BV-2 HJZZ 1x10° cell/mL H]&Z 48 well plateo] &
3 ohE 24 H ¢t widstleh, i & vix & AAS,
10~100 pg/mL %=2 UDEE 2 H ¢ AXY & &
LPSE 100 ng/mL F=& AZstgct, 24 H AT & Z}
well?] §H2-He 100 LA 96 well plated] &4 @i, 1%
sulfanilamide 50 gL 2} 0.1% N—1—napthyl—ethylenediamine

dihydrochloride (NED) 50 L&
AN FHEE ST

F71stod

535 & 540 nm

N

) %% 1S5

IZI

(1) Y-maze test

AL d7] 7198E 5 FHoE £33
A7 f15te] Y—maze test Q*]g =1
Mo E28 o] 9Jal Z+ E29] Zol= 42 cm, Hol= 3 cem,
F0]& 12 cmo]al ZF T2 Z = 12070}, o] AR A
e MY polyvinyl plastice 2 Hof 3L, Al 79 F
£ 27t A, B, C2 sty APS APt Mouse:
Aol Y 8% F ZF 7HA o] moused| ZE7HA] FEO
=017 o sl9, 7+ FEO HHE X]?Jﬁ} A+E IRE
3lod 17 (AAWMA, actual alternation)& Fojstgich HA
3= (alternation behavior) A 22 —'7—]’0]] FEHA @A
AAdst= Aoz HYHn, oh59 A4k F2lo o) AAtst
art,

HU

H7 53 (Spontaneous alteration, %)
= AAWHA (actual alternation)/Zi1¥7(maximum
alternation) x 100 (FZH7: & YA34+-2)

(2) Passive avoidance test

kel 4 243 7193 AAdA e T d= 719
#HHE 9F 9 working memory abilityE B7H& ﬂﬁ—]?‘i}%
ARH(E) B =N, g ‘ﬂﬂ? A&)E ALt AEE A
Palgic, 2527 AR B A Tl oEL BT %Jr
2 Fror FEEO 3, Y& It mouseE B oW
ol et o) F2 %’—ﬂgi o]§ste &kl B 522F 0.5
mAQ] AV|AZE 713tk AV|ERAL A8 AF gL &

re

mouse® 81 Wl th ¥olg u o5 FrkelAe) A7
274< 71o5te] whe Farel ARA e, oY HEE

A7t (step—through latency) 2.2 719 8& =43} F713
At

JI

(8) Morris water maze test

sup o2&l Ty 58 9 A7) 7199 fAE E<l
3= Ao 2 UXE 90 cm, &£9] 45 cmZE e A X2 &
AFeE6ta 3 BT Ho| X E 9 cm, ¥0] 25 cm9] &2
E& AR 204£2TC H2 MAE IAT 25 SWF 2ot
lem A% =4 AL F mouse’} ZRES Foprt=g &8
B AR A5, 98 fx) 49 2A B AR5
I 52 4R HrEsln UH§] 6027t 233t H 2 mouse”}t
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A £08 {§rst 10_%& AR ottt 5¥zr ;353
A F oA, 58S 545 Yl EHE
AASEL 287F ERE0] AXNPH Aol BF/dt= ’\]ﬂ—
=439t A8 AELE Ethovision program(Noldus,
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3) otMIEZ Ao 2H 2ol A (ACKE) 84 oA 4%

AChE 24 A% 212 $15}e] Ellman GLY 5o} el
acetylthiocholine iodide(ASCh)E 7| -2 o] &34 v]AE
Aoz A5t AR AMSSEA] g2 AP ETEY A
HE A&3ste] YWztH sodium phosphate buffer(100 mM,
pH 8.0)2 543} 3111, 12,500 rpm, 2087+ GAE2E A2
T ASH HS AChE 84 St a2 AMSHAT
A=z FA tdxFo 2 AR donepezil(Sigma—aldrich,
USA)E @A 34sto] o]-&sktt. Sodium phosphate
buffer 134 L, 75 mM ASCh 1 gL, 10 mM Ellman’s &9
(5,5’ —dithiobis—2—nitrobenzoic acid) 5 pL, A|& E=
donepezil& 50 pL Y3 25CAA 1087 HH-S F-A8t &
549 10 pLE 71513 25C R 58 F¢ W& A &
405 nm 2704 FF=F S5 22
A 2]kl sodium phosphate bufferg 3 7}gt gt

SAE o%
3R, ASCh 718 A Qs vh-gHoz Ag7el 4 TS
AF Ato] 9] H|Eo0]F HEZ-o] WHASHR] k= AE SA AT

NEE 715 e W39 AChES AR 2P
100%0 2 5431 ¥Hg-oh e 2 A =7t H7HE F AChE 24 A
s Autel wet a2 e skl

4) gatst 2ty

(1) DPPH radical 2A% &3

1, 1—diphenyl—2—picrylhydrazyl(DPPH) radical &7
35t o 2 ASHE A radical?] ¥R 2] DPPHE W
olflF 59 g Zgor FAEE= A E S&5te &
249 B AL POz 24 AT FR4
% 0.2 mM DPPH €93} 100 4L 59 o=
21F el A 30E7 W& F-AI%E = 517 nmof| A
ZA3tAth, FA 2T ascorbic acidE ARE3lo] v]wL
BAE 9o Af radical 245 29 FAS 3

ko A 23ttt

rlo

oot o
N
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H1

E:f

d

DPPH radical A2 (%)
= 100-[(A1 & A7t E34=/547H+Y F35)
x 100]

(2) ABTS radical &7% &%

2,2'—azinobis(3—ethylbenzothiazoline—6—sulfonate)
(ABTS) radical 2A%& ABTS%} potassium persulfate@}
WFGA|7 e AS o) QHgshE ABTS A radicald 44
sjol WAlst B g0 BAo| ek U2l S8ato]
FAEE 249 24 A=E SHste WHSE 7 mM ABTS9H
2.4 mM potassium persulfateE 1:1(v:v)2 E3st T Yy
204 12~16A17F & FA8tL ABTS+E FAHH &
734 nmoA FF=E 0.7+0,0322 ABTS 7|2Ed2 9
SE2 IMT & o] Sttt 7 ARE SR ST &
ABTS+ &3} 100 pLA 22 o8 st gAo A 782
FoHuhe-S A% & 734 nmolA FFEE SAEIHTE FA

22 ascorbic acidE ©]-&-8Fe] v 8} 3L A radical

2%

59 AntAe Fste] A= s

Flo

ABTS radical 2A&A (%)
= 100—-[(AN & H7H+9] SH=/FH7HY §35)
x 100]

(3) & Z299= F%F

%2 Za9 % =2 Folin® Denis® o) wat A& 10 pL3t
H& Al¢F 10 pL, 10% Na2CO3 200 pLE 37Fete] Aol A
3087 BREAIZl & 725 nmolAd EFEE =T
Gallic acidg& EFEAE AMEstY AFAS 2% & A

sl A4 A2shent,

(4) & EtE o|E AT

Z EFgtR wo|t stFe AR 50 xLo 1 N NaOH 50 L,
diethylene glycol 200 pLE 7}l 37CoA 5E7F vHe &
420 nmoA SFEE A5t Ruting EFELE AL
st AL A F A= ALk

5) Western blot

AP T EY sfrtz2E A&ste] dwldE BCA kitE ©|&
sto] At AFe M A-S 10% polyacrylamide gel
oA A7|gFo 2 B, polyvinylidene fluoride(PVDF)
membraneZ ©|FA|F Tt Menbranes 5% ©A £-5H(skim
milk)© 2 1A]7F blocking 3Fal, p—ERK(1:4000, santa
cruze), ERK(1:1000, santacruz), pCREB(1:;1000, cell
signaling), CREB(1:1000, cell signaling)®} $7 4Col|A
24A17F B H-S A F T, ©]5 TBST (Tris—buffered saline
with 0.1% tween 20)2 33| A|&st1 22} A<t Zo| A2
oA 1AZF B¢k BEEAIZ T, THA] TBSTE 33] A& stal ECL
298 A3t § TS IS LAS 4000 mini system
(GE Healthcare, VA, USA)2.2 &3} H T},

6) SAXz

E AFo mE AY AP Prism 5(GraphPad Software,
Inc., San Diego, USA)E AME3le] AH&Estith AdTE9
Fod AR YA EAHEA (one—way analysis  of
variance)S A A8l Newman—Keuls testo] &3l S-2oj4=%F
p €0.05 o]go A AFFARES AASHAT BE 54 419
H A= mean * standard error of mean(S.E.M)2.2 3}t

m Z2 3
1. AZEAY

1) UDEQ| M|Z M=E(MTT assay)
UDE7} BV-2 AlZ Q&g uxE FF &S MIT
assay@ ZA3Pgt 23}, UDE ©@E X2 E= LPS 7 A&



A2FZN 02 F=H Micedl A M (Ulmi Cortex)] 71998 7|4 a3} 43

S04

Cell viability
(% of Nomal)
- o
£ 95

[
=
1

NOR 1 5 10 20 50 100

UDE {ug/mL)

Cell viability
(% of Nomal)

¥
NOR CON 10 50 75 100
UDE {ug/mlL)

LPS (100 ng/mL)

Figure 1. Effects of UDE on BV2 cell viability. A: BV2 cells were treated with various doses of UDE (1 to 100 ug/mL) for 24 hours. Cell
viabilites were mesured via MTT assay. B: BV2 cells were treated with various doses of UDE (1 to 100 ug/mL) for 2 hours, and 100 ng/mL
LPS for 24 hours. Cell viabilites were mesured via MTT assay. Results are presented as the mean = SE.M. All data are presented as the

mean * S.E.M of three independent experiments.

2) UDES| NO MM XMalls

BV-2 M| LPS AA|2 NO A& #4171 A3k, LPS
o= A CONZOA &2 NO A4E&e Bgow, UDE
2] = LPSE A28 BV-2 A Z2] NO BA&S CONZ
B3 42202 LPSE Z7bE NO9| $:X|2 UDEZ} 44
717 F3he A& Felstdch(Figure 2).

1004

Nitric oxide
(%/of CON)

h
=]
1

NOR CON 10 S0 75 100
UDE (ug/mL)

LPS (100 ng/'mL)

Figure 2. Effects of UDE on nitric oxide (NO) production of LPS—

treated BV—2 cell. BV—2 cells were treated with UDE for 2 hours

and 100 ng/mL LPS for 24 hours. Supernatants of the wells were

e analyzed on NO contents via measuring the absorbance at

540 nm. Results are presented as the mean = S.E.M. All data are

presented as the mean = sem of three independent experiments.
P<0.01 compared with the NOR group.
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Spontaneous alteration (%)
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UDE {mg'kg)
Scopolamine 1 mglkg

2. =43

1) Y—maze test
37 7199 F7F AR F S EA5F= Y—maze testo| Al
A5 o] scopolamine?t B o2 Eojdt CONTEL #H
5ol 60.4+1.8%= YEFGI, FA NORZE 78.8
2.5%% AIE U] 7198 &4o] f8E AL g
3, UDE 50, 100 E 200 mg/kg Soigt ARZS
64.0+1.9%, 69.0+1.3% & 70.0+1.6%Z 7|25k CON
T vl wste] §5F o]EH 02 WA 35 E o] F7lste UDE
QAT ©7] 7198 A4 dAE Elstgey
A iz AHgE THAT 9A] 73.3+2,0%% NORT
g £F0 2 Yesth(Figure 34). & &4 s 74
3t z}ol7b ¢lo] UDEZ} moused] Yuta L5 49
o] 719Y o B2 = AS AT 5 AU
(Figure 3B),

N o H o) R

1

N

(]
o
N

iy

Total entry (NO.)

NOR 0 50 100 200  THA

UDE (mgkg)

Scopolamme 1 mgkg

Figure 3 Effect of UDE in scopolamine—induced memory impairment on the Y—maze test. Mice were administered with UDE (50, 100 or
200 mg/kg, p.o.) 1 h before the test. After 30 min, the mice were treated with scopolamine (1 mg/kg,**i*.p.) and tested in the Y—maze. A:
spontaneous alteration (%), B: total entry (No.). Results are presented as the mean + S.EEM (n=8—10). ~<0.001 compared with the NOR

aroup. *P<0.05, ¥, 0.01, "™ P(0.001 compared with the CON group.
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2) Passive avoidance test

afute] U 213}t 7191 HAAY - Sl 719
AAE 9% U working memory abilityE &735H= passive
avoidance testoll Al A% FES 22 T3 A|Ho&= NOR
o, CON#, THAZ ¥ UDE 50, UDE 100, UDE 200 A%
o] SAFSE HEE A 7 H(step—through latency time)<] 2
IE et et 2447F A3k & 71X (test trial)oll A
HEEA]7Hstep—through latency time)©] NORT-S 283.6+
13.3%& 7]&31% 1L, CONES 117.8+13. 728 7]E3}
FAHLRE Fou|gt AIE velfo] CONZY 7|98 &4to]
1] fE Aoz It UDE 50, 100 = 200 mg/k
gg Fojgt AL 27 137.5+12.0%, 221.8+14, 7%,
174.8+16.322 YeEG THAT 9A] 213.3+13,022
et UDE7} &449 71989 & §9u|dt d5&
= RS At tH(Figure 4).

EA Acqusition tnal
EEd Retention trial

300+

2004

1004

Step-through latency (sec.)

L]
1

NOR CON 50 100 200 THA

UDE (mg/kg)

Scopelamine 1 mg'kg

Figure 4. Effect of UDE in scopolamine—induced memory impairment
on the passive avoidance test. Mice were administered with UDE
(50, 100 or 200 mg/kg, p.o.) 1 h before the test. After 30 min, the
mice were treated with scopolamine (1 mg/kg, i.p.) and tested
in the passive avoidance. Results are presented as the mean *
S.EM (n=8-9). ""/P¢0.001 compared with the NOR group, P
0.001 compared with the CON group.

3) Morris water maze test

Morris water maze test®] training trialo]A 497t &
AE ZEEHE 28 AT Aot FFAIHENA NOR
T2 o] IAPH+E EHF EDdt= Al7to] Hast=
BFH CONT A H|&=3 202 Ueht CONTOlA
NORZl |3 &5 o] 3] AstEles AL I & &+
At EF UDEE Foidt A3 THAZ A= 5ol
AP 4E ZHE =Fotes ATto] Foste= AL glst
At (Figure 5A), A9 vt 54 ol 7|98 &l ¥y
o2 ZHES AAST T 28 AFEA =9 AAEHHA
Z Ao Ethovision program®2 & $£IYA £ ZHE o)
AXNPA 489 Tl FF5h= XS S5 2 A
9 7198 ZA3ZA3H= NORT 53.3+£3.1%, CONZ 29,2+
1.3%, UDE 50, 100, 200 mg/kg ¥t UDE 50, UDE 100,
UDE 20042 31.3+1.3%, 46.1+1. 1% 9 44 6+1. 722
UERE T, THATS 51.7£1.622 CONTA Z2H +9
A|Zro] UDE®| 93 S7lste 2aE &It thFigure 5B),

o
=
1
#
#

s
=
1

NOR
CON
UDE 50 mg'kg
TDEI00 mg'kg
UDE 200 mg'ke
THA

b2
=
1

Escape latency time ()
mhtihé

T
1 2 3 4

Days

Swimming time in target quardant (s)
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Figure 5. Effect of UDE in scopolamine—induced memory impairment
on the Morris water test. Latency time was measured for 4 days,
probe test was performed last day. Mice were administered with
UDE (50, 100 or 200 mg/kg, p.o.) 1 h before the test. After 30 min,
the mice were treated with scopolamine (1 mg/kg, i.p.) and tested
in the Morris water. A: escape latency time (s), B: swimming time
in target quadrant (S).**Besults are presented as the mean £
SEM (n=7). P{0.01, P{0.001 compared with the NOR group.
"¢ 0.05, *P{0.01, ™ P{0.001 compared with the CON group.

3. AChE &4 %A

UDES] AChE &4 oA 535 &A%t 23 UDEY ICso
2 1.841 pg/mLE YEHL, FAHRTLORE o] g3t
donepezil 9] Z3E= IC50%k°] 0.1789 1 g/mLZE et
(Figure 6).
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Figure 6. Effects of UDE on the AChE activity.
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1) DPPH radical 27 &4

FABA = k5t Uelo s uAAE FtEe] AL IR
3t7] $l8h A1E A AE i JEE o] DNA &4-& HA|ska
w3 9 Ay oo £ Zohy ¢aA Qth DPPHE H|
T3 A H Z¢ radical 2G5 3BHER ke EA T}
AEsHE g 28l o3 radicale] 2AF o] A E=

£ S83te] AgS Ayttt & AolAME Ad gakst
A2l ascorbic acidS YR FOZ AMEsle] UDESHS] &1}
£ 8|3 A3} ascorbic acid 100 gg/mLolAE 99.9+0.4%
©] DPPH radical £4&4<& Uetliglal, UDES DPPH
radical 27 &4 A@ZI= 31,25, 62.5, 125, 250, 500 L
1000 pg/mL F=oNA 26.3+1.4%, 46.9+7.1%, 73.2+1.6%,
87.6+0.6%, 91.9+0.0%, 93.1+0.0%% = &R
S7Fstch(Figure 7).
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Figure 7. DPPH radical scavenging activity of UDE. The results are
presented as the mean = S.EM of three independent experiments.
P{0.001 compared with blank group.

2) ABTS radical A7 &M

ABTS radical& o]-& o}o:1 FAEso E4%te WHeEE
FABHEA O] 24 o] 2 & 54L& Bt s 24
g oz ABTSSH potassmm persulfate?} ¥HS-3] AWAE

ABTS free radical®] 3}4tst £l o A| A& o] radical 1252
Bel A2 o] GHFE €S S8 Wl & Ao

1204

1004

o
=1
L

ABTS Radical Scavenging Activity (%)
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UDE Ascorbic acid
Concentration (ug/ml)
Figure 8. ABTS radical scavenging activity of UDE. The results are
presented as the mean = S.EM of three independent experiments.
P<0.001 compared with blank group.

62.5

-

Ae AA FAEA S ascorbic acidE FAYRTLLE AL
3to] UDES] &S v|me 23} ascorbic acid 100 pg/mL
AAHE 99.9+0.5%2] ABTS radical 2A4Z4L Yepygln
UDES] ABTS radical &4 &4 A3dZ3= 31.25, 62.5,
125, 250, 500 2 1000 pg/mL HEol|A] 18.8+1,.0%, 24.4+
3.3%, 55.1+0.9%, 86.4+2.8%, 99.1+0.2%, 99.6+0,1%
2 5k o&F o2 ZU3l9H tHFigure 8).

3) & E2lHs ¥ EetE0|E E

UDEY % %Elﬁﬂb“ dFS S 7234 15.4%+0.7 mg
GAE/go 2 L]'EP;;\"T_ ZF 2R Lol
47.4+1.9 mg RUE/g2 & et (Table 1),

Table 1. The total phenolic and flavonoid contents of UDE.

Total phenolics(mg GAE”/g) Total flavonoids(mg RUE?/g)

15.4+0.7Y 47.4+1.9

" Gallic acid equivalent.

2 Rutin equivalent,

9 Results are presented as the mean = S.E.M of 3 independent
in triplicate.

"3

5. Western blot @98 W& =F &

(o]
AFFEY sfintell A pERKY H@YS S43% 43, NOR
T 27.2. CONZ 10022 =7}3+92, UDE 1, 10, 50, 100,
pg/mLE Eod Ao] 190.1, 289.2, 412.8, 256,82
CONZ| H|3te] Z713t= Ao 2 UehdthFigure 9A), E3t
pCREBY] WdFS &4 27 NOR+ 1.0+£0.1, CONZ
0.5+0.02.2 #4393, UDE 50, 100, 200 mg/kg & &
o3t AE o] 0.6+0.1, 0.7+0.1, 0.8+0,122 CONT|
Hlﬁ}@l —7P0Pf Aoz Ueyith(Figure 9B). BDNF¢| &

doFe 2743 A3t NORZ 1.0+0.2, CONZ 0.8+£0.002

FBL

=

UDE (mg/kg)

pERK/ERK

50 100 200
UDE (mg/kg)
Figure 9A Effects of U. davidiana extracts on pERK production in

BV—2 cells treated with LPS. Results are presented as the mean
+ S.EM.
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Z43t9 3 UDE 50, 100, 200 mg/kgS T3t A3 o]
0.840.1, 0.9+0.1, 0.940.02.2 CONZ| v} Z=7}5}
= AL 2 Yegth(Figure 9C),

B UDE (mg/kg)
NOR CON 50 100 200

PCREB e s s S cs—
CRED W W e S
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a aan
0.04 ! S5
CON 5 100 200
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Figure 9.B Effects of UDE on the CREB signaling pathway in
scopolamine—induced memory impairment mice. The hippocampus
weas lysed and analyzed by Western blotting. pCREB and CREB.
Results are presented as the mean * S.E.M (n=3—4/group).
"P(0.05 with the NOR group.

& UDE (mg/ke)
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GAPDH o . W —
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Figure 9C. Effects of UDE on the BDNF signaling pathway in
scopolamine—induced memory impairment mice. The hippocampus
weas lysed and analyzed by Western blotting. BDNF Results are
presented as the mean + S.EM (n=3—4/group). P 0.05 with the
NOR group.

v, Z

2 AFHE 22 E0R §EH XY 9 7|9
HE mdg o]-gste] UDES A f5ol tiste] A4S 213
et SEAYE Ao, Y-R2 AY, 53T AIY, BEa
4% "2 A|¥ ESFo|4 UDE 100 ¥ 200 mg/kgS Foi3t
A 23Fe a2 dis 5248 A 7198 A E 1A
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5 AME FAstAth EF. SEAYNA Yehd UDEY
ol it 2871 & elsty] A oA B ma
&4 2% X Y ARERK, CRER)S| Wk 3 Gy
of thatel mlAL JEFS WPttt 1 A3t UDEZ} HellA
AChES]) T4 8% gzdos oA 5, sﬁn} H9)0] A
o] ERK ¥ CREB9] Q48 Z7HAHoH, $4:31 A8t
w32 Ui 2 gsiint ofs 2 é#— anq
UDEZ} 9] 99 ¢12HERK, CREB) ¥ Z34 A3AS
st 7198 9 1A AH a7t S & & M‘RiE}
iz AL F e TR EY FECE o] ik
WK, KEEH, Be3=Y ST J=7t Ae fEE, 78
KE Y AR 47 FEIT KRS AA, =3
T2 FERE, BRAE 929 MEAE EA. RS,
HRAE 9919 féiseis AR, = 72759 &l Ll
NGO E FFRER: 9919 PRIt UA, MkmEo s Jex
Dl R THAA, LRREEGO] MR RUmA(t MR ¥
Qo] RIMAE ARA, MrEdkEo s YAIH ki 9A9 %
FRE AEA, BREE LA Bk, taEkTE, AT
# 5oz AEstn A, EF Fek A 2ol gKerol 2839
o|ZFHQl JRIN S E Q1A H I §lom kiR, ihkE-go] Fast
A8 W F st Hx kY ol mEga el Ade
Higo 2 o] & A3 A+s 23 UDEZF 7|98t 5

w Aol Fakol S ALRE AGE U,

WA UDEY MEZEA4E &Rlstr] st BV-2 A2 4
Z&9 A& JFF TS MTT assay= A3+ 23} UDE
4= AR E= LPSY A Agd BE oA 80% o439l
Mz AEee UrE‘rLHOi UDE7} BV-2 N Z &g TS
FA B3l Z2AE I8t AtH(Fig. 1A, 1B), E3F 3713
© 2 UDE9 7198 /HAd faake} & 51t #AgE 8l
7] $18te] NO 34 Asise AWty o, LPSE 57 r%
NO 42 UDEZ} #&A7]1A] £ate] 4% dAets o
RE AL ¥ 5 A Fig. 2).

£ A4 UDES A8 ¥ 7|98 /fd 53-8 S—ZH
ste] §Iste] RAZMANY £8A 0 v|Eo|Ho R 2835 }%
AR g 27 EGVIOCR FEH 798 7E FER
oA Y-u|&2 AIE, =531 AJd, BaA =F U2 AF T
ot s ARS skt WA @] 7]19ef ik UDES]
B5S S Yt Y-maze Al@ES Al A, A5
ZelE £4% aFA ALE ¥ 35 (spontaneous

HHII

0

_4

ru* I

alternation)©] % _/.\_o}gix]u} UDES] Eoj=2 zputA 843
Yol oA FTtste Ae st AEE B7] 719
ol FusL A% & % SISl 34), £ ST 22

oA AEETEC] Z ZHA(arm)ol Eoi7t AA Z(total
entry) ¥ &&= 9FS FA &UtHFig. 3B). E3 7]
719& &%t 539 A FolAx UDEZF 23 E&eies
ZAEYE g2 ¥ HEE A ZH(step—through latency
time)o] %9434 02 ZylEe AL Bty 7o) B
He AL & 4 At (Fig. 4). AR F2F 9 s 7|

=1 7]'01'7] ot mE|A F U2 AFES g 23t
HA 4 Fo JP=E g5 Al (training trial)oﬂlﬂ AF
EH49E g5 T F ZHE =gt Aol AT
of vlste] FoFeg A UehtbA 7198 ZETL & o]
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oA AL & 4 YtHFig 5A). §HHo| UDEY] AL Z
WZo| == A|7to] AFEEyl Foj o HFte] §293
o2 A or(Fig. 5A) A vhAet Il 5d4A o E3
ES AAT & AP 7] H AHretention trial)o| A= Z3l

Fo A 4520 HEE= A7ko] AFEET] FoFo H]
gto] g oz FUhske AL st thFig. 5B).

AdE Ardzte] e g2w 71 Fofel Fik
A=E {3l AR AL 71998 A FEECE okAE
2 A FA (acetylcholine precursor), $8&A /A
(Receptor agonist), ot EU LS JAA (Acetylcholine
esterase inhibitor) 5°] gJoi} 377} w|ekstal AzHgk B
28 9 B4 gi&of ofF Agof =3t o X7t @ AE| o]
o AR = dbe] F% gl obEo] AUEA &
gt Qe A Aol di83t] fste] HAES o] &% A+
o] oL Fat EopA| 1 9o, T 7| Al Tt
AAEE o] 43 o E 2 Eofjask I AF 5FS 1E,
AL FE2ES 0|83 7198 Ui 2 AR Y FAdol et
ALY s A kS o3 7)ole el it A a2 2
FA w3l gigt 47" So] BuEo] gk, B AFAE
UDEQ] ol g 23 Bajast AAdS APg A o3}
A 24 A &35 AR ™ ICsoak2 1.841 pg/mLE
Uebgth(Fig. 6). ©] Ail= UDEZ} 71& <&t Zo] oA
429 BEdlas A4 53g F3 71949 FEE JAE

AL E A2 AXAL E 214 EFol o3 Alx
|4 grEol | w w3t uhet BAAAE FIHeHY, o)d
P} #aAsto] QI = U A ftga) Aba AH|Ro]
o A ek 4 Qe 1= EEIAPAe] FE8k
PobA] W ol a0 AoiA Ages s AshE 4t
uizsitta dA ek, o|gA FUks B4
oAl BAEAIeE w5 st A EHI I 7199
FslA |t A8 A7ATtel wet 5y 28
Ara 0] 7] Aol Rl tig FFE A

FAE & AHE APstgth g4t AA
A5S Rlghs WL P9 A radicalE 3= DPPH
9 ABTS £4t= 49 radical 2745 B7Hst7] 913)
7V wol AET 0o dAzte) wet DPPHSE ABTS
radical £27% &3 AP 27 5= JEH o2 F7tshe=
AL EAstAtH(Fig. 7, Fig 8). 0|9z & Edd&s 4 &
FELo|E FIFE gallic acidE EFEZLRER A3 2y
UDE7} tt9] Eew&d S8t eo|Ert Fdi-5 U<
gl 4= USitH(Table 1,). ol=2|g 232 UDEY 4itst
BNE A = AU, Ak aiyt GRS A
sho] B4 A 7198} Fn o] A TS S &
UL

TR FAEE 715 A3} olYo= Rt WA RSl
o AAAZE HBsto] FERE AR A7 olu
At olFE AR HEE 2dste AT HRE A=
AL aRARl =9 TS A N2 £ 23S 22
& 4 9o, 1Zo]A CREB(c—AMP response element—
binding protein) sk} 719 €] 7|27} H= B4 A o
o 2A F7719% AdA 7S 984l CREBo| 98|

2

o

1

2 =~ |o
EE%O

o o 4y g

o B B oofh o R Rl 2
oo rr

Lorlr o
ru

o
o
N
Ho
o
o
2

e 82 ddo] Fasitt, o]9o|= BDNF&= 43t
CREBY] 35 &7 3 3R, AlYa 7243 AA7]s
Z4a3% 93 ddst™, oA ERK-CREB-BDNF 4l
A A2 &4she d=sto|uy I 22 AXFNE A
e A 7 BHoz gEA U, B A=
UDE®] ERK—CREB-BDNF 3 o8& 8kolgt Ayt pCREB/
CREBO|A A3Ze}q] Fojitof vls) o8tA S7kete A
g 4= AtHFig 9B). 22t ERK®F BDNFIA = &
FEe Fojof g FFstAARt FAH {949 Ve
WA ghskeh(Fig 9A, Fig 90),
olAte] ATE Edle] UDE7} ol EZd Baj a4
kel

o 2

gL Foto] 23 EHNIC R FEg 7|oY E FERY
AA 718 AT AR AL aBE Edstgen, of
A3 A U davidiana(iifisg)7F S0 24249 7}
TS AARIT

V.7‘“‘ =

= =

E AFoXe U davidianaitipz) #2289 7199 7
Ao it B3t TS A o2 F2 AES A

1. UDE®] AZ5/4& gelstr] Y5t BV-2 Al HEE
o mA = g3 &elS MTT assay® A3t A1}, UDE
4= A2 B LPSE A A 2E 2olA 80%
o]44e] Mz HEES YetYo] UDEZL BV-2 A3 AY
E8 FFE FA Ete AL & 5 Usth

= A=

EAYA &7 719E FRIst= Y-maze AIES
Al A3, AFEHNS Fog 2FNA ATl
v n15}e] ¥ A 3= 2 (spontaneous alternation)©] Z4
gom, o] ¥l UDE+ AFEZFIoz ZrAstad
Aol FYH o Frtst= AL Eglste HE
@7] 71980] I EEH= AS 4 5 A

Z > o

i g o

3. 4585 9 +3 w2 APe|HE UDEs} 2zFehn)
oz gzg 708 gEE foHoR AU AL

FAF 4 A,

A selst

;
30

4, UDE7} otdEEd A73A <}
st otEEY Eafas
g4 9A 5E Fstgen, UDEYL 7]
Zo] ot dE= o 2 gtolA] A BIE F3f 7]

HEE AT RS & 5 Ui

Hs 4 F SehicolE FaFg 53
shith. 71 23} UDES] w27t $7hetol wet DPPHS}
ABTS radical &7 A =7} Z718l= AL 0 ¢+



48

KR E B & 35— Vol. 37 No. 4, 2022

Ao, & Eede 4 § SR 0|59 FHE gallic
acidE EEEEE S4T 23 UDE7l e &9
=i SR olE7} Tl e el T 4 UKtk

6. UDEQ| ¥ 92z ERK-CREB—-BDNF %@ oRE2

gholgt Ay} CREBoA A3 Zehdl FojFo| vlg) &
oatA F7kshe AL A = it 13U ERKe}
BDNFoA& 23 eyl Fojof g F7ishaA|w
SAA 5942 vepA] gtk

oyt it U davidianalitify) S&8°] 7199 WA

ol
=

AA5Y B2 NE AWt YIS ulshel, FF U

davidiana(iti )& ©]-&3 thefst 24 9 &4 d+4E §
st A7 5AE D QUE Jfde] AMHEE 5 e HAE
A AL AJAFSEIL ST},

10.

11,

12,

References

Dr Ren Minghui, Risk reduction of cognitive decline
and dementia: WHO guidelines,2019;Foreword 5.
Healthcare Bigdata Hub 2019,11,15. URL http://
opendata. hira.or kr/op/opc/olapMfrnintrslinsinfo.do
Squire LR, Memory systems of the brain: a brief
history and current perspective, Neurobiol Learn Mem,
2004:82(3):171-17.

Wang yingyan, Lu zhaolin, TCM internal medicine
People's Medical Publishing House, 1999:322.

Wang yingyan., Lu zhaolin, TCM internal medicine
People's Medical Publishing House, 1999:325—29,
Bu Il Seo, Ji Ha Par, Seong—Soo Roh Illustrated book
of herbal plants in oriental medicine, 2011:;355—58,
Park H, Hwang E, Choi G, Kim H, Park K, Sul J,
Hwang Y, Choi GW, Kim BI, Park H, Maeng S, Park
J. Sulforaphane enhances long—term potentiation and
ameliorate scopolamine—induced memory impairment,
Physiol Behav, 2021:238:113467,

G. L. Courtney, K. D, V.,
Featherstone, R, M.: A new and rapid colorimetric

Ellman, Andres,

determination of acetylcholinesterase activity.
Biochem. Pharmacol, 1961:7:88.
Zhou ZhongYing, CaiGan Traditional Chinese

Medicine2, People's Medical Publishing House, 2008;
227—28,
YinHuiHe, TongYao TCMBasicSciences2, People's
Medical Publishing House, 2006;310—11,
Giacobini E. From molecular structure to Alzheimer
therapy. Jpn J Pharmacol, 1997;74(3): 225—4,
Giacobini E, Present and future of Alzheimer therapy.
J Neural Transm Suppl. 2000;59:231—-42,

13

14,

15,

16.

17.

18.

19.

20.

21,

. Sa Rang Oh. Ji Wook Jung. The Root of Angelica
tenuissima Nakai ameliorates learning and memory
impairments induced by scopolamine Journal of
Oriental Medicine Industry 2009;Vol. 1, No,1:1—11,
Wang ShuBin., Ahn Enn Mi, Jung Ji Wook The
Fruits of Crataegus pinnatifida Bunge ameliorates
Learning and Memory Impairments Induced by
Scopolamine The Korea Association Of Herbology
2009:24(4): 165-71,

Kim Dong—Hyun . Se Jin Park  Jung Ji Wook, Ryu
Jong Hoon, Memory Enhancing Properties of the
Ethanolic
Ameliorating Properties on Memory Impairments in

Extract of Black Sesame and its
Mice The Korean Society Of Pharmacognosy 2010;
41(8):9-19, 19603,

Wattanathorn J, Jittiwat J, Tongun T, Muchimapura
S, Ingkaninan K. Zingiber officinale mitigates
brain damage and improves memory impairment in
focal cerebral ischemic rat, Evid Based Complement
Alternat Med, 2011:429505,

Nunomura A, Perry G, Aliev G, Hirai K, Takeda A,
Balraj EK, Jones PK, Ghanbari H, Wataya T,
Shimohama S, Chiba S, Atwood CS, Petersen RB,
Smith MA, Oxidative damage is the earliest event
in Alzheimer disease, J Neuropathol Exp Neurol,
2001:60:759-67.

Rao KS. Free radical induced oxidative damage to
DNA:
disorders,
9-15,
Blois MS. Antioxidants determination by the use
astable free radical. Nature, 1958.4617:119-00.
Kim SI, Sim KH, Ju SY, Han YS. A study of

Antioxidantive and Hypoglycemic Activities of

relation to brain aging and neurological

Indian J Biochem Biophys., 2009;46:

Omija(Schizandra chinensis Baillon) Extract under
Variable Extract Conditions, Korean J Food Nutr,
2009:22(1):41-17.

Amidfar M, Oliveira JD, Ewa Kucharska E, Josiane
Budni J, Kim Y. The role of CREB and BDNF in
neurobiology and treatment of Alzheimer's disease,
Life Sci, 2020:;257:118020



