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Effects of Phellodendron amurense Extract on the
Alzheimer’s Disease Model

Young Pyo Kim, In Chul Jung, Sang Ryong Lee*

Department of Oriental Neuropsychiatry, College of Oriental Medicine, Daejeon University

This experiment was designed to investigate the effect of Phellodendron amurense(PLDA) on the Alzheimer's
disease. The effects of PLDA extract on IL-1B, IL-6, amyloid precursor proteins(APP), acetylcholinesterase(AChE), glial
fibrillary acidic protein(GFAP) mRNA of PC-12 cell treated by AR plus riL-13 and AChE activity of PC-12 cell lysate
treated by AR plus rlL-1 and behavior of memory deficit mice induced by scopolamine and mice glucose, uric acid,
AChE activity of memory deficit rats induced by scopolamine were investigated, respectively. PLDA extract suppressed
IL-183, IL-6, APP, AChE, GFAP mRNA in PC-12 cell treated by Aj3 plus rlL-153 ; AChE activity in cell lysate of PC-12
cell treated by AB plus riL-13. PLDA extract increased glucose, decreased uric acid and AChE significantly in the
serum of the memory deficit rats induced by scopolamine. PLDA extract group showed significantly inhibitory effect
on the memory deficit of mice induced by scopolamine in the experiment of Morris water maze. According to the above
results, it is suggested that PLDA extract might be usefully applied for prevention and treatment of Alzheimer's
disease.
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olof] HK}E o] Jaoll DiRlE EEgg dEHoE 18
SHUAF PC-12 celloA] IL-1B8, IL-6, APP, AChE, GFAPY] |44}
2+ AChES] YT E a5 1, scopolamineE AE{3tH 71
olEdE AR Y9 g W glucose, uric acid, AChEE &5
52 A4l scopolamineS A z|gh 4F oAl Morris water
mazeZ ECF FE WalE TS 2 wSH 2TE I
of Bigkes diolrh

g 2 Uy

1. W&
1) 5=

LB EES 350~400g 3057 Sprague Dawley(SD)A 24
WA E HSHIE SEHE o4 SFUor ARSI 30g 658
9] International Cancer Reserch(ICR)A zQl 4FH9)
BALB/c ¥ & drslated Aok Zgor AEaIH. o]
ZoA A4 BHRT 23427, MGE 50£10%, ZHAIZ
12A17H07:00~19:00), &ZE 150~300 Luxjoll 257 ZSAIA
ABHP} dAFL AAS SEue dusie dgo AHES)
Frh AIBE TSEALF(REREE 221% o], AW 8.0% 0|5l
ZHEF 5.0% olgl, _1—915‘ 8.0% olal, 2+ 0.6% ¢4}, ¢1 04% 0]
&, HYAL Korea) &, A5 A& Aol 1A Bid

2) kAl

52 480l AMESH #Eif(Phellodendron amurense ; PLDA)S
iAtisha 4o ol TS 21E BA6K ARESIIT
3) Aok 3 717

A}¢F & AChE diagnostic kit, scopolamine, Tris-HCl, NaCl,

Nonidet P-40, ethyleneglycol-bis(B-aminoethyl ether)-NN/N’,
N'-tetraacetic acid (EGTA), phenylmethylsulfonyl fluoride
(PMSF), DL-dithiothreitol(DTT), leupetin, diethyl pyrocarbonate
(DEPC), chloroform, RPMI-1640,
bromide(EtBr), dulbecco’s phosphate buffered saline(D-PBS),
formaldehyde, polyacrylamide, magnesium chloride (MgCl)&

isopropanol, ethidium

SigmaAlU.S.A) AZEE, Taq. polymerase@} deoxynucleotide
triphosphate(dNTP)= TaKaRaAl{Japan) #|&&, Moloey murine
leukemia virus reverse transcriptase(M-MLV RT)2} RNase
inhibitor= PromegaAHU.S.A)) M&&, RNAzolBi= Tel-TestA}
(US.A) RIEE, fetal bovine serum(FBS)2 HycloneAHUS.A.) A
Agaroset FMCAHUSA) REE AIE3IRAL,
anti-human APP N-terminal antibody(Boehringer Mannheim,

g, Iolx

Canada), anti-human Presenilin-1{Oncogen, U.S.A.), anti-human
Presenilin-2(Oncogen, US.A), anti-mouse lg HRP-conjugated
USA)2t  ECL-Hybond  film
(Amersham, US.A)3} 71 9] X195 B W AFS AREIIRICE
7= Al B2 el Korea),

(Shimadzu, Japan), serum separator(=54j %}, Korea), 8 24

sceondary ~ Ab{Amersham,

spectrophotometer

71(Cobas Co., France), centrifuge(Beckman Co., US.A), rotary
vaccum evaporator(Biichi 461, Switzerland), bio-freezer(Sanyo
Co., Japan), deep freezer(Sanyo Co., Japan), freeze dryer(Eyela
Co., Japan), autoclave (Hirayama Co., Japan), ultrasonic
cleaner(Branson ultrasonics Co., US.A), roller mixer(Gowon
scientific technology Co., Korea), vortex(H|%17}&}, Korea), plate
shaker(Lab-line, US.A.), ELISA reader(Molecular devices Co.,
US.A.), VIDEOTRACK(Viewpoint Co., France) && AHSSIAICE

2. 2
1) goio) =A
&g 200g2 7M320] Alod 3,000me round flaskol] @11 &7/
4= 2,000m0E H7IBICE 3417t 71 &SI o X & o] &3t
o FFEEZ 33 odyet &, o] dYNE rotary vaccum
evaporatorol 4] ZIQ} E&3I9C). o] msFYE 84T deep
freezerof|A] 4417} Z0F B}X| )L 2447} SO freeze dryerE &
2 ARG 47g9) BHUE Hoji] dEol QT sEE YA
Aol B4l AMESIETH
2) mLFC%} PC-12 cellol] tigt ME=EH &F
(1) Mouse lung fibroblast cells(mLFC)®} pheochromocytoma
cell line(PC-12 cell)S] HQF
BALB/c 479 A4 HxAEg D-PBSE 33 AHGH & =
e RZ}OFE HTI5HL conical tube(15md)ol Eol 1,400 rpm O E
557} 4] 2|8 &, tubeo] RPMI 1640 BHX|E Y1 37T, 5%

CO; #ENY  uli7lolAd 2/\]7} E0F ik e 05%
trypsin-02% EDTAS H7Igt & 3027+ A4 st T
D-PBSS o] oF 23] 1,500rpm0§ ¢ BElgt & RPMI
1640-10% FBS w4l 179 &¢F Wl & 05%

trypsin-0.2% EDTAE mLFCE Ez2]5l0d RPMI 1640-5% FBS Ll
akollol 10Pcells/m¢ ST 0] 96 wells plated] LIFRIACE

PC-12(ATCC, CRL1721)E rat9] adrenal pheochromocytoma
2R Y cellE 37T, 5% CO: KB HERESoiA
Dulbecco’s modified Eagle’s medium(DMEM)oll 10% horse
serum?} 5% fetal bovine serum, penicillin(200U/me),
streptomycin(100gg/mé) T2]111 gentamycin(10pg/me)0] 7%
HpgFeRol A1 Hl FBIATE

@ NSy 58

MEZEN BE 22 SRB assay e oF7F HEE0] UE
oll AFZBI9EE mLFCS} PC-12 cell2 2.0 x 10°70Q] HEZ 9%
wells plateoﬂ VIR 37°C, 5% COp AERS) wheF7 10141 241 7L bl
O & Fi REERES BT 400ug/nt, 20048/ mt, 100/ m?,
S0ug/ mt, 10pg/ml, lug/mi)yS 48A17F B0 AIBINICE sl &
g o] wgAS M2l D-PBSE 23] AMAGITE 4 wello]
50% trichloroacetic acidE 50 E 7131 1A17F S0 X &
Zasg 53 AT ohg Z7] Bl AZXSIHCh SRB(0.4%
SRB/1% acetic acid) 8% 100u/wellg 713t 4204l 308
7F JAEIAC} 1211 0.1% acetic acid £ O F 43] MAS t}
2 Iyl Boli] HAZXSFIL 10mM Tris Based &dlAlZCE O]
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plateZ plate shakerol}4] 3.5 speed%2 587} shakingsh i ELISA
readerofl 41 540mE FELE SHGINCH
3) PC-12 cell®] proinflammatory cytokine % APP, AChE,
GFAP mRNA 23 %7
(1) mRNA £
PC-12 cell2 24 wells plateo]] 1 x 10° MEZE Zt wello] 2
F51L, g BEE(100pe/ me, 10us/ ml, Tug/m)S HEI5HL 14]
HE AB(IOuM)@} rIL-18(100ng/m)E XTI & 24417 S0t
HSIACt WSS & 45U E 348 & RNAzolBE 0|&
Sk PC-12 AERtg B mRNAE F&5I9ich £&3
mRNAF DEPCE AHEISh 208] &7 4ol =] RT-PCRofl A}
oK.
(2) RT-PCR
Reverse transcription H}&2 FH|E total mRNA 358 7
5Coll4] 58 S0F H&AIZl & 2540 10mM dNTPs mix, 1
random hexanucleotides(25pmole/254¢), RNA
inhibitor 24 144 RNase inhibitor(20U/u¢), 1x¢ 100mM DTT,
458 5xRT buffer(250mM Tris-HCl, pH 8.3, 375mM K(l,
15mM MgCh)E 718t &, 149) M-MLV RT(00U/u0)S THA]
7¥5tal DEPC XEl¥ &R/ 48 ol8dlo] 2& Ral7t 207t 5
& GiRict ol 20u9] Vi SEAE E 41E 5 2000rpmol) 4
527 f4d 40k 37T T XA 608 St BHSAIA
first-strand cDNAS IS THE, 95°ColA] 58 S0 wRislo
M-MLV RTE E&Y3 A7l & g4% DNAE polymerase
chain reaction(PCR)ol| AMZ3I3Ct
(3) cDNA PCR
PCRE @24X 2H4]9] Primus 96 Legal PCR systeme 0]
&5l BNt ¥R oln] B4E 39 (DNAE FEo
Z AMEsil, Fgol oigh primers= AChE, NOsII &
glyceraldehyde-3-phosphate dehydroge- nase(G3PDH)E &Z38}
7] 915k sense primer(20pmole/ x0)Q} antisense primer
s20pmole/ w)E E¢ISKY 1wE 718HL, THA] 3w 2.5mM
dNTPs, 3u¢ 10xPCR buffer(100mM Tris-HCI, pH 8.3, 500mM
KCl, 15mM MgCly), 12)3L 0.18u¢ Taq. polymerase(SU/ )&
ol g & Ral7) 30u7t HEE HASESE Vol
pre-denaturation(95C, 5&), denaturation{957), annealing(55T,
&), elongation(72°C, 18)& 253) Al@St H post-elongationg
72Coll A 38 B £UCSE 5l0d PCRE +dsI%Ct 2t PCR
products= 20404 1.2% agarose gelol| loadingdlod 120V 7ol
A 2087 ArESe Sol 245
Oligonucleotide sequence®] EHRFIS ci2m ZTh
(@ rat IL-18

sequence

5-CCTCTTCTTGAGCTTGCAAC-S
5-AGCCCATGAGTTCCATTCAC-3

sence oligonucieotide
antisence oligonucleotide

®) rat IL-6

5-GACTGATGTTGTTGACAGCCACIGS
5-TAGCCACTCCTICTGTGACTCIAACT-

sence oligonucleoiide
antisence oligonucleotide
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c; rat APP

5-TCTTTIGCICAGCGACTIAY
5-GTCACAGGTICTGAGCATCT-3

sence ohgonucleotide
antisence oligonucieotide

(d rat AChE

5-TCTTTGCTCAGCGACTTAS
5-GTCACAGGTCTGAGCATCT-3

sence oligonucleotide
antisence oligonucieotide

{© rat GFAP

5-GAGCAGCTGGCCCAGCAGCAGS
5-CTTGAGGTGGCCTTCTGACAC-S

sence oligonucleotide
antisence oligonucleotide

(f) rat G3PDH

sence ofigonucleotide 5-ACCACAGTCCATGCCATCAG-3
antisence oligonucleotide 5-TCCACCACCCTGTTGCTGTA-Y

PCR product®| &2 Windows 1D main programe Ol&ol0] ZlDghheight © HICZ
Z=HBIALE

4) PC-12 cell MEA thZchAY] AChE activity £H
(1) MZE oE x&

PC-12 celloll ¥y F2&2(100pg/ m, 10ug/nd, 10pg/nl)TH A
BOuM)S} rIL-1B(100ng/ me)E 24417 BOF FA] Mi¥SE & Al
EZEFHAUE o] AChE EXNTE ZH3I9Ct

ME SolHE H7] 1ok 50ut9) lysis 2HE-EH|Tris-HCI
(200mM, pH 8.0), 200mM NaCl, 0.5% (v/v) Nonidet P-40,
0.1mM EGTA, 1mM PMSF, 0.1mM DTT, 10ug/m¢ leupetin}S
E51%t & ASolA] 3087 wesl 587 4 Reidt &,
Bradford GJMHPOR phldl s BUBIQIC

(2) AChE activity &8

ME SENAE labelingSt £ sodium chloride solution 0.2m¢
o ZRSIGICE 2 tubeol] water 3.0m¢, nitrophenol solution 2mt,
acetylcholine chloride solution 02m S H7ISIACE T 58 =
acetylcholine chloride solutiong H71511, Al7hg HEs| 712
gl 25C X ollA] 3027 tlQkA7] & ELISA reader® 420nm
oA FELE FHCH

5) Scopolamine 22 FE 7IAHUE WA HEO HoHRA
(1) ==

30578 SDA B SPIEE 1SR ol obR| XE|E &)
| &2 X F, tacrine(10mg/kg p.o)S ZBTFH P} tacrine £
T, #f £E2(100ng/kg po)jg A75HT HETLOE 5
Z}2} scopolamine(lmg/kg ip)E 7¢7} 1Y 13] BZ FALSIHA]
UEZ BN FAsIHC

(2) Glucose, uric acid &4

IEBA glucose, uric acid9) 2+ AFSYSIBHREAVIE AL
gk EE3I%Th

(3) AChE activity £4

ACHhE activity £ 215}4 test tubeS} blank tubeE F 4]
Bh1L, test tubeoll sodium chioride solution 0.2m¢ T} serum 0.2m¢
S Wi E3EIMCE Blank tubel} test tubeol 3.0m¢ water,

2 scopolamine A}

P
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nitrophenol solution 2m¢, acetylcholine chioride solution 0.2m¢
2 UKttt olF AI7kg HEE] 7156 25T F2oA F
15] 3027} Wx)A)17] & ELISA reader® 420mollA| E3LE
A on, 1 AiE e o2 AA = ABLANK - ATEST 4
ol g8 E855 SHsINT.
6) ScopolamineC. 2 {TH 7|2 AE 4F HE Morris
water maze A&
(1) ¥rEeks 9 oFERY
ICRA A% 1000 E 157} Morris water mazeol|4] 1
13] S UASHL AHE ICRA MFE CiA) 15U 7} Morris
water mazeollA] 18] 13} HH= Sk&S 4A1BI%CE Morris water
mazet Z17A40] 90cmo] I E017} ¢F 30mQ] AR FE 4+20] 28T
ol 225 2/38 T AL T1 el WFY) S5t ¢ AT &
Z0] 10end! AEH platformS M X311, 12 18] 8k5 A) 30E
oltholl poolollA] platform© &2 Fehte WFE AHHsIich 4
HE ICRA AFE W08 o #2E 5l0] ofFdd AAIE oF
A Qe R, tacrine(10mg/ kg p.o)2 ZTE0ITH tacrine T
T, Hi50ng/kg poye AT Roigh JETOE ERGINT
A 212971 1Y 13) AE B S platformo)} 22+ BIEEH
HAIBHATE
(2) Morris water maze 48
=¥ OB Bdyp E8EL 15 F ICRA H4Fol
scopolamine(lmg/kg ip)2 =zt AT & 308 Fo Morris
water mazeoll 4% 3} nlg|® Y1 VIDEOTRACKSE #EE
Z83IMIL 1 HIE videotrack softwareZ 415181
7) 7 24
Aol A&
Student's T-test &

He dgsiitt

I fo

o

Al meanistandard error® 715313 AL
2
S|

WS 018310 p<0.05 FEA 79

g A

1. mLFCS} PC-12 celiol] thet M ZE4
mLFCO MEG] otME thE ol 8lal 200us/mt 0I5}
9] ABFL 2 Wi} UL 400ug/meel LTS 64+3.5(%)
231.2m, PC-12 celle] YEZS thETol Hlo 100ug/
nt 01312 ATl & W7 YA 200, 400pg/ m S} A8
oA 36429, 74+3.4%) 2 ZAEACKTable 1).

Table 1. Cytotoxicity of PLDA Extract on miFC and PC-12 Cell
Viability(% of controf)

Concentration

Group (s / ) mLFC PC-12 cel
Control 0 10042* 100+4.4
! 9835 %6237
10 %243 91438
o 50 91241 86226
00 827 83240
o0 8437 7434
400 64235 %29

2. PC-12 cell®} proinflammatory cytokine3lt APP, AChE, GFAP
mRNAd oist g3
1) PC-12 celi®) IL-1B, IL-6 mRNA 28 oA 3%

IL-1B, IL-6 mRNA gigio] lojA]l ti&Tol Hlgld dET
2 5T 9EHCT ddg AMoIIt(Fis. 1, 2)

PLDA (100 pg/ml)
PLDA (10 pg/ml)
PLDA (1 pg/ml)

PLDA (0.1 pg/ml)

£
P17
2 2 S

IL-1B

G3PDH

Fig. 1. Inhibitory effects of PLDA extract on IL-18 mRNA expression
in PC-12 cell.

PLDA (100 pg/mi)
PLDA (10 pg/ml)
PLDA (0.1 pg/ml)

DNA marker
Normal
Control

PLDA (1 pg/ml)

IL-6

G3PDH

Fig. 2. Inhibitory effects of PLDA extract on IL-6 mRNA expression
in PC-12 cell.

2) APP, AChE, GFAP mRNA 23 A i
APP, AChE, GFAP mRNA g}&o] QloiA] izl Highed
AEER =5 JEXHOE wEg AHMSKITH(Fig. 3-5).

PLDA (100 pg/ml)
PLDA (10 pg/ml)
PLDA (1 pg/mi)
PLDA (0.1 pg/mi)

g
]
g
(]
g
z
a

Normal
Control

APP

G3PDH

Fig. 3. Inhibitory effects of PLDA extract on APP mRNA expression
in PC-12 cell.




T

- PLDA (100 pg/m)
- PLDA (10 ug/md

E PLDA (1 pg/m))
| PLDA (0.1 pg/mp

i
:
g ”

 Control

AChE

G3PDH

Fig. 4. Inhibitory effects of PLDA extract on AChE mRNA expression
in PC-12 cell.

DNA paarker

Control

PLDA (100 jig/mi)
PLDA (10 pg/ml)
PLDA (1 pg/mai)
PLDA (0.1 pg/ml)

. Normal

GFAP

G3PDH

Fig. 5. Inhibitory effé
expression in PC-12 cell.

of PLDA extract on GFAP mRNA

3. PC-12 cell 24 wHBR)A1Q] AChE activity A% G3}
thE 7ol B8], 48T, & PLDA 1, 1, M= 242 411451,

48.8+4.6, 78.9+8.7(%)2 VER} S Y& AMENE BT

PLDA V& 1055 + 978 294 A& HalE ik Table 2).

Table 2. Inhibitory Effects of PLDA Extract on the AChE
Activity in PC-12 Cell

AB

h |
Group rIL%B (@(}C oIfE ?oCrtw}tvrgil)
Normal - %2t 36"
Control + 1163 + 79
PLDA 1 + 499 £ 51
PLDA Il + 488 = 46™
PLDA + 89 + 87
PLDA N + 1065 £ 97

* Mean + Standard error. * 1 p<005, ™ ¢ p{001, ** + p{0001

A

4. Scopolamine2 T [{LE 7{AHEAUE WA P 2
glucose, uric acid, AChEol t&r &3

Glucoser= THETO) 56.5+4.2(mg/ d)Q)Tl W15, tacrine &
AET A 27) 61.144.8, 765:37(ng/ W) E AE5S HI S
L F94 2 gi¥cKTable 3). Uric acide AR T0] 2.54+0.19(mg
/409l Hl8l, tacrine FoFH AT 242 2.06+0.17,
1.96+0.14(ng/ d0)Z LIER} BF FOY &= ZA48HE HYct
(Table 3). AChE activity= tHE 0] 69.315.6(U/ m)Q1dl] 0I5}k,

23

S HoIA -

>
o
il

tacrine BoJ -3} A2 Z17F 31.347.1, 37.8:6.2(U/m) & LIEL

U 25 894

Table 3. Effects of PLDA on the Serum Level of Memory Deficit
Rats Induced by Scopolamine

Grow e leld) i

Normat 8784 7% 1.24+0.03 26.7£15

Gontrol 56.5%42 254019 69356

Tacrine 61.1£48 206017 313471

PLDA 76537 1.96%0.14" 37862
' Mean * Standard error, * @ p¢Q.06, ™ 1 p<001, ™+ p¢0.001

5. ScopolamineQ & ST % 71GE e 47 Zeo] s G
1) Stop-through latency Z&ollA19} 7|9 8 G g34
Stop-through latency & WAISH A} tHZETO] 80.6+ 13.9(sec)
2 LR, tacrine o7 15.2+40(sec) E LIERIOH, U8
© 3174585 LER} RIY U= BES BCHFig, 6).

100 1

38888388

Stop-though latency (sec)

C;Il;tml Tacrine PLDA

Pre-training

2
:

<&

UNceolamieg L et k. et ier 3w
Fig. 6. Effects of PLDA on the memory deficit mice induced by
scopolamine in the stop-through type morris water maze test. a) :
Mean £ Standard error * : p<0.05, ™« p<0.01, ™+ p<0.001

2) Distance movement-through latency S&oliA{9] 7]¢2] Z1E]
oA g

Distance movement-through latency & #aer Zil, thx o+
<

U952 HYCkF. 7).

Distance-though latency (cm)
o H8BEEBEEE

Pre-training Contiol Tacrine PLDA

Fig. 7. Effects of PLDA on the the memory deficit mice induced by
scopolamine in the distance movemet-through type morris water
maze test. * : p<005 * : p001, ™ & p0.001
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e A8y X osia wEEr 719,
Aba, R, oldl, A4k, sk, Ao, It B thel ATl
SEE 0|28 EEFOE MYFEQ HAFEY HAEY &
A7 7@ A5 7E, F4E ALL W 9] Foly) dh
5 UEE 4As, BY, 4858 89 S8 VEE 3
oty

ADE 1906 =¢]9] A1} QA1 Alzheimer7t R 27] A
ol Bale] B uEEA NS LB RO, AuEel HAH
o HMEY 24T 7Y A5 4E, FAE AL R T
o] Zoh7} sl 2= H2HE, 2, g4, dsad 59
E42 UERIEY 1@z gEsel By 534044 2
ol

AD Fabolle 9ol HulEel & o]l AB, estrogen,
apolipoprotein E, presenilin, free radicals, &5, ALl Sl8t &
4, AFALEA Bdd 59 W2 QA HoldkE AR &
HA Adrp). o] & ABY AF ST W7l wolHIY] AFELOF
ola) AIZMEY Th 7} Yotk Kol thERQ Fhdolcy,

ABE B-secretasel} y-secretaseol] Q&) 2 EAFS APP ¢
27} ZEb A WHEE DY, APPY H3%t 7152 deid U
X QoL MIIE - AEZL AIZE - TR S Fojoi e,
ol B ZE 0|29 AlZU felol Bg HoE YEHE
WZ2”, APPY FEAN: 21 FalAo] AXIEHL A2 o]
21 GAA 7L N TRREET 8AE R7IXN #dE Ve
W 3052} 40tol AD 2119l HolA] e BE2 A4
£ dolglg moluto] UEehdr). olgidh WHE |AA E7iol
o5t APPY) BTHA WRo] Yojhtl £5H 1L k.

Sl AD RN 7VA Hkl(basal forebrain)2} ool
APPYl FAA} welo] E71=ietl B HRRAA, w3lE Aol
A A APP FEIA} giso] £t 0] Qlvke B IS o o)
= wet HEIZE AF Holl FABIH FARRS JZAET}
APEETHE 2R 2 uf APPZ} 8, B35 AmEy Iy
ol AFPE BAE /XL YS ACE FEHL Y

AD 71310 PEE T2 £28 o122 HAA AT Y4t
g 4 Urin Yol e B cytokineFo] WATY A &®
L 2o w44 Eoll 98] <4 brain blood barrier(BBB)Z
Edlo HAA MES0l SRUEARZ FJolH, astrocytes}
microglial cell 9] AZA M Z7} 843}E]0] proinflammatory
cytokineZ0| FCIHA YHET O]F Ql8l Al|EFRI 2
Kol ot E O AAMES ApHol EXFCHE 7RIk

ol 7Hd & AD, 3714, b Esls 22 Bl o

i

A519] wH Qo)A proinflammatory cytokine®] gl E Ho]
= astrocyte®} microglial celld] 4317t BAFCZHN B &
o] FEH I Tk

o|Z18} proinflammatory cytokine®@| ZEIEE X &Y
9] QEAIZ0IAFS 915k microglial cello] 43} Zlof IL-1
8 U TNFaE A4k, ol EZHIE ARIETRIES
astrocyteZ E43IR1AH OISR Ax(nitric oxide ; NOYE 4415}
I R g4t FE(reactive oxygen species ; ROS)Q] UEQ!
peroxynitrite(OX00) £& FT5l AHAE AFEE oP7|A]
7\A B

B8, acetylcholine, dopamine, serotonin, GABA &) A
HEEAL sl wiet Zasienl?, ADS) FE40) 7198
o7t 3ivt 2 EFH9 WA F-IY J1E3HY BHO| 4~
Ao} AT 2BA AT, E5] AD SXGIAA UERE
714G UE = acetylcholineg THES] Wl A1AMI 29 B35l uf
Folm o] 142 acetylcholine& 5= 491 AChEQ] &
7}E Qg T AskEnt?. olA- AD ] WollAf choline
A ggol AaEo] 719E UHE ol A1dE
Holl  ZEdl=  acetylcholined] ST ALY,
acetylcholinesterase®] &4& Axgh= AEE0] 7LEAU
FEOF FDAY 5018 BH2 acetylcholinesterase®] E48E o
AEHR= tacrine S0l UL TP} 052 k9| AHEA|T0]
Fo} 19 43U} E83lodol 3 7HEHo] Bol Uehle ©F
o] oo, ExLY] 20~40%04Tt FI7 VER S R2E B
= UeH.

migE HEEOOR FRY, WY, BETVEY W
of &6, FRol ther B9 @Eary e PR R <
BERE - FIEEA> B “RRE oo EwREH, BERE
WL, HEY, HEATHEE BHRE, ROSEEE 5K
Buh, BBEARE:----"0IC}

WY B B2 MYsty] el BUS MESE R
Aol THal 2] AUtohL QUTh 3 < EmRE>e niF
Sl we BREE VML FmRU R BES fou
BT B9 Aol FASH ERE AMAISHL AT

FRS) ERE BoEt, SHER, BPRE BRERE &
BRA, BERR, RRRR, WHwigsr™™ Soln, BEo2e
HREE, EITR SEFE, BRETE 50 F2 ASHL U
oY FRe FR KK KX BRI, CEE, OBRY, FE
TR EQR B & duhh.
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(Rutaceae)oll &8+ BHALIRO BIRE XD ROE”, HEMR
R, EXEE, BEH ok Wekol ol #HE, T, BT, B
£ BRI sigict.
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RENE, IREAR, BHF BEE, (LZERO] Fkd vlXls
Gkl thgt G775 o) 48 =Ro] WEEQROLL Bk B
el #Ehol kol DIRl= G ofl HBkA E5Kirk

ololl FEE #ind fxrol Wit S8 Yol IR}, PC-12
cellof A IL-1B, IL-6, APP, AChE, GFAPQ] A A} ubs 1 AChE
9 EMTE AR, scopolamineLF FEE WIA]of 4L
MBA  glucose, uric acid, AChEE ZHIFOH 4|
scopolamine 2 2 XI5t HF oA Morris water mazeE E¢}
B9 Wsls BEAIYCE

WA, A4l MF 9 mLFCS PC-12 cellE E7)6kd #FHo)
MESHE P8 43, mLFCY Y& o= thR ol
HI5h 200pg/mt O151Y AEFS & H3t HAL 400ug/ m S
AP 64135(%) 2 Ao, PC-12 celld) MEEL o
&7l HI8] 100ug/mt 01518 ddolies & ¥t gl
200, 400ug/m ] ABTNAE 36429, 74+3.4(%) 2 ZaHUT
(Table 1). 100ug/mt 01512 ST E HIFE XEISIGE wh FHA
Q] mLFCollAe MEZEHE VERIA QAT HE el A
ZQI PC12 cellofAf= BESO] OF 80%0IUQEE 0]%F9)
PC-12 cellg 0}&% HElolMe= FE 100ug/ml 01310 FiEg
FERSIACL

PC-12 cell®] TL-1B, TL-6 mRNA 232 £53 23 IL-18
mRNA @30l = 10uMe} ABS} 100ng/mé rIL-189+E XEI
thzTtoll Hioh, AB, rIL-189} 100ug/ml, 10ug/mh, 1ug/me2) Fha
g B B3 U T4 WElo] B5 EHOT AU L
(Fig. 1), IL-6 mRNA 2h5iolAl= 10uMe} ABS} 100ng/ i rIL-1
RS X2Igh thx ool vish, B, rIL-1B2F 100ug/ ml, 10pg/ me,
lug/mb9] EinE 87 RESH S FA 55 9QEHOZ Wy
o] HHEYET (Fig. 2), 012 %61’04 ##10] proinflammatory
cytokine®] W5 AIxIE ol ADY AFoll E) UASS & 5
AT

ADE Fdli} B#EE o] Qe APP, AChE, GFAPS] mRNA
WSS PC-12 celiof|A] BESH Ak, APP, AChE, GFAP mRNA
wslof) lojad 10uMS} ABSH 100ng/ e rIL-1BTHE At i A
woll ¥18l, AB, rIL-18%} 100¢g/ml, 10ug/ml, 1ug/ml, 0.1ug/ meS)
e e ROE 484 BF 5E JEFHOE wslo)
AA =A== (Fig. 3-5), ol &8l Hue ADE FUshE o
ol 239 R} W9 AAE S5l ADo) G} USS Y
& AUt

PC-12 cell A2 ThIZoA 9 AChE activitys Z4¢F &
T} iz 2ol Bls) 100pe/ml, 10ug/ml, 1ug/me) Fing A &
ogt dETolA] EF R4 U= AChE activity o8 530S
Ho{ =t (Table. 2), 0]& AChE mRNA 28l 5ol g7 B
#Eie 2o 2 PC12 celld) RTX} & AZY TE £5
o4l EF AChE7} AFEo], EigS) $437} acetylcholineS &
HIRLo BN 7|dEg Midd E88 £ ACE JgErh

Glucoset= scopolamine Eof QJdl ST 7UEUEE 3
271 o—‘j%‘ She AOE 8711 QoMY uric acids 3
A E

% purine @719 AF AMIZEY, ADS} VDoA] 18 /5)

o1 olug

= AR aud Aok

ol BEIA #EHaol scopolamine 2 REF 7|ojed
WE YOl 3% W glucose, uric acidd] DXl GUE B
A, glucosers thZE ol HIGI0], Tl FAAHE Q%2
Lt B7HE B 1, uric acide 230l Bk, tacrine 80|

I Aol 25 Fo4 U= ZdaE LER E(Table 3), 0]
ZMR Fol glucoseE £71A19] 1, uric acidE ZH4A)1A 71908
UEIE F5A7112 AD Ao a7t )lg ROZ 4748t

L3 M N AChEE BAI8E 21 AChE activity= T A
ol B18l, tacrine Bojgta AglFol4] B ROd e Aa
2 HAOFEYET(Table 3), olZ4 #Figo] PC-12 cello] SF1AY,
Mzd chlzent ohlgl B g&oll4l ¢A] AChES] &M &
MO E M (Table 3), AChEQ] FICIE QIS acetylcholine®] %t
g A& 7Hdslol 71 dEol e AISa7t Ug AL=E
J=EIT]

Scopolamine ©.F FEE 7|oled ZIE] MFHHI Morris
water maze A S E¢} 71998 UE X S8 B3 A1)
stop-through latency= thRTol Bl 480l F94 Al7H
9 &g B I(Fig. 6), distance movement-through latency =S
PHESH 73—\4 ROl el ATl 25 F94 s Al
9 ©&EE HAEu(Fig 7), OlZCE # Bo & 719HUE
7} Oﬁﬂﬂﬁ g 2 7 UM

O]9 WES ETd6] HH #FHIES PC-12 cellofAj
ZofA IL-1B, IL-62] proinflammatory cytokine®)
APP, AChE, GFAPY] Wl g ARG L, Alzy ehia
Al AChEQ] & ZAAIZI2m, scopolamine© &2 S5 %! 71
BZE GR 2go &Y uric acid$} AChEE FAA|7 o
B 479

|oied 7tE]
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Mok
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L 4 1= 4o

Morris water maze A& o4l scopolamineCF FT
EEIIBRE MAHAIE

Wb #FHG2 microglial cell®] proinflammtory cytokineQ]
FriEks, APPO] FridA, AChEY 1ol E435lE o1E 4= 9l
£ ADoll theh gt X g5ol 888 4 A€ RAOE A5t

#haol AD HeZdol viXlE Jakg #Es 21 e
&2 e durk

EiES PC-12 celloA] IL-1B, IL-6, APP, AChE, GFAP
mRNAS] BEE MAGINACE FHE PC-12 celld] MEY chi
o4l AChES] &#4& FYd UA Msieldct #HE:
scopolamine 2. 2 FEEE 710BELE HEY AU 894
QJA uric acidE 4, AChE ¥ Adsibrt &me
scopolamine2Z  FHEE 7]AAE M3 stop-through
latency, distance movemet-through latency E&0llA 224 ¢}
= 719E AR g HAAIEET

ol4tol AT Yo} FiS IL-1B, IL-6, APP, AChE, GEAP
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