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Effects of Vitamin E and Vitamin C Supplementation on the Decrease
in Cognitive Function Induced by Scopolamine
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ABSTRACT

With the increasing elderly population in Korea, dementia has become a major health problem in Korea. Several studies have been
conducted on the association between dementia and dietary intake, especially vitamin E apd vitamin C. The purpose of this study
was to investigate the effect of vitamin E and vitamin C supplementation on the decrease in cognitive function induced by
scopolamine(300mg/kg) in rats. Rats were divided into three groups : control, vitamin C, and vitamin E supplementation(2.4g Vit
C or Vit E/100g dict} and fed the diets for 6 weeks. There were significant decreases in active avoidance response and brain
acetylcholinesterase activity in the control group, but no significant differences were obscrved in the vitamin E and C groups after
scopolamine treatment. Brain dopamine concentration of vitamin E and C groups was significantly higher than those of control
group after scopolamine injection. The concentration of brain norepinephrine also showed similar tendency, even though it was not
statistically significant. These results indicate that vitamin E and vitamin C may protect against the cognitive function decrease
induced by scopolamine. However, it is still unclear how vitamin E and C influence brain neurotransmitters and improve cognitive
function. Further study is needed to elucidate the role of vitamin E and C supplementation in the prevention of dementia. (Korean
J Nutrition 32.(3) : 239~247, 1999)

KEY WORDS : cognitive function - vitamin E + vitamin C - scopolamine - acetylcholinesterase activity.
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Aggo] @A A7 Ego] Frhx BuHJCH N ¢
BEo| R FHASE el AN g9t At
A7 2o, Q8178 =914 Xuj@Ar} 1)
o] AlFdA Awjz Qlah ZAS A TEo| & Ao
H]le}h

ujEhA] B AFeMe 5248 B3l d¢aF e
A2l vE Est HElY C 717} scopolaminee] 2%k
Q%59 A3l vlX]= FEHL Lol s5it

AdAE X S

e odr B

< U2, BEY BT, HEE C
o2 Wrn thA] 24 78 scopolamine BIFAFH sc-
opolamine 5472 F o] ALFE]

282 Fig. 13 2ol AU} & & 1577 oA}
Fo] A-LA17) e, WRTEe dirtRARE HEY EX
o vele CE 22 vigly E<} vleln]l CE dub7FAL
o FH718 o) (24g/kg diet) E 6577 AFS-3PAAM shut-
tle box trainingg HA13tHTable 1). Scopolamines
Foi5l] A9 398-& scopolamined Fstr] gl
A5, 2+ ¥ scopolamine F-ojid H|FAToR
u}7o] scopolamine FH7¢] 750l scopolamines T
AFeHL 2082 ¥ shuttle boxelA 29&2 £A4% v}e- 3
AA)7|3L, scopolamine B2 aUlE 57 vhE

Period(weeks)
1] 1 2 3 4 5 6

- P
% -t

Adaptation
period
{1 week)

L4

Experimental period(® weeks)

Control : Basal diet
Vitamin E : Basal diet+vitamin E(24g/kg diet)
Basal et | Viamin € : Basal diet+-vitamin C(24gkg die)

- r
- L

Shuttle box training(5 weeks)

A

]
Scopolaming
injection

Shuttle box Shuttle box test
test before test 20min after
scopolamine i.p scopolamine ip

Sampling for
scopolamine
treatment group

Sampling for
no scopolamine
group

Fig. 1. Experimental design.

HE Ao] 9] acetylcholinesterase activity?} dopa-
mine, norepinephrine %< A3}

2. YESEYAS W A9

AT EL 2 F%F HER AHFTELNA Witk
e FEskn A% 55H 9] Wistard 3 3
g Agd Alg3l9n). 83 26vtelE 743 28 £38
ol 4 d¥tnFALR (AEBALZFA S| Ahe] H-S-A|17] F Ha
AFe] FARIES daHe] Q)gle] g2 (10vte]), ¥g
q EZ(8vte]), vlety) CF-(8vle) o2 Wrar, v %
L scopolamine ¥159T% scopolamine FHTLZ
YRtk d2EL Ayl FAR (AEAIEFAZADE, 1]
el Ex 3 Heka O 4= vlete] E(dl-o-tocopher—
yl acetate, Junsei chemical Co., Ltd., Japan)$} BJEt
7l C(ascorbic acid, Daejung chemical and metal Co.,
Korea) & Uub7}5Al3o] H7ek 4] (24g/kg diet)Z
657 ARt ATETAIR S 2ol 2432 Table 29}

Table 1. Classification of experimental groups

i
. Vitamin € Vimin ¢ >POlTne
roup ; i
(gkg diet) (ghkg diet) (300mg/kg i.p)
No lami
scopoiamine 0 0 _
Control (h=>5)
{n=10)  Scopolamine 0
treatment (n=75) 0 -
No scopolamine
Vitamin E (n=4) & ° )
(n=8) Scopolamine 24 0 +
treatment (n==4)
No scopolamine 0 24
Viamin C  (h=4) B
(n=8) Scopolamine
polami 0 24 +

freatment (n=4)
1) Vitamin E : dl-g-tocopheryl acetate(unsei chemical Co., Ltd, Japan)
2) Vitamin C : ascorbic acid(Daejung chemical and metal Co., Korea)

Table 2. Nutritional compoasition of the basal diet”

Nutrient %
Carbohydrate 58.0
Crude protein 22.0
Fat 3.5
Crude fiber 7.0
Total ash 9.0

Calcium 0.7

Phosphorus 0.5
Nutrient supplements 0.5
Total 100.0

1) Prepared for rat by Shinchon feed company



2k A= B2 A4 (ad libitum) 22 36}
S, ARSAe §32AL AULE 23x1T, AUge
55+5%, B 124]7re.2 shv}.

3. YR58 5

UAEHE 4357 95+ shuttle box(Electric sh-
ock interface, Muromachi kikai Co.)Z ©]-83}9 acti-
ve avoidance test® JA185tH® Shuttle boxE gilo-
tin doorell &3t F 7|8 Wo= Urold g} 7 -
dieto] W{7F 3ECE HAE HFo] Zugdn, ¥ 9
A& 22 lamp7} 4250 9t} Ago| A=A A7}
= 2] lamprt AAA &stA Dot H7F do] vslx
o2 o2 v5kA ¢ 109 oloj &Er}t e B
o} 287} YehE 771 B8 & o2 vakx ghow v
o Z2¥ F¥ol Af7t 52A Frh o] o s} O wo
2 ¥ HF7 B2 Aol WA €. & F7r g
YA Algte] A Thg ThA] FH7L = Fe) Wl Wo] &
oW ZE H¥o| HIolHrl AHEPL initial
time(ITD) 20Z%, first conditioned stimulus(CS1) 3%,
second conditioned stimulus(CS82) 3z, uncondition-
ed stimulus(UCS) 32Z 319 18 (tria)E £ 4 sess-
ion, 20=2 A}, electric shockd] 7=+ 2.0 mAZ
Attt 7k sessionolA] B8] &1L gwste] vigA
Wow olFald AsHeRE ¢ 7l FERHL UE =
Hol7t=E dAg vhE, A 2L(3R), 28(3x), A7
£23(3%. 2.0 mA)E A= Fo] W3} 2w Yol o
£ Wo = g9l Ar|aAE A %E 5 UEE FH
2 A% A7t A¥€4d3E= shuttle boxell 948 HAFH
o AFo2 Qo] SHETE ST} Active avoida-
nce test™ BIEY BEE ALIPEA 2+ FH 1U9 403
Aol FAL F TH 4AG 5 24519,

$12)%59 AstAZE scopolamine®] acetylcholine re-
ceptorg At E2A A58 & AapA|7IckaL BalE o]
1o, #* scopolamined $1A% 3 AdA=Z AHgatgt.
Scopolamine F-o] %2 & oz o] 4¥E& B34
st

HelRl & H7Hg Holg A F A 65 T ZF & sco-
polamine FHT# ¥FdTez vl Scopolami-
ne& oI5l A9 scopolamine F94 3w gL &4
3lgdxz. 1 &2 scopolamine FT€ scopolamines
B FAH300mg/kg body weight)d 208 Fol shuttle
boxll e scopolamine F413¢] 588 =43}

TR B AR 323 239~-247, 1999/241

4. Acetylcholinesterase activity 5%

Shuttle boxZ #IAEE& FAT & ZA] AF51 HE
Aol #¥ et $H2 et S E EA ARE 4o}
Ellmans2] #g®7o2 F34(Cary 1E, Varian Co.,
Australia)g ©]83l acetylcholinesterase activityE
FARsAT. oM AEE AAS G2, FAH 20medl
0.1M phosphate buffer(pH 8.0) 1mlE ¥ ¥ homog-
enizer® #ASAIZ T o] TAEAE 0.4ml st 0.1
M phosphate buffer(pH 8.0)7} 2.6ml BAUE cuve~
ttedll H718tr}. 7)ol DTNB (Dithiobisnitrobenzo-
ic acid) 100pE "7l8l 412nmoilq EJEE =33 o}
£, 0.075M acetylthiocholine iodide substrateZ 20u]
B 1 F9] FH HiEE A9

5. Dopamine} norepinephrine ¥3 5§

¢ dopamine¥ norepinephrine ¥#& Sallerst
Salama®¢} Iuvones®¢] ¥ye 2 F50. & ke
0.1M phosphate buffer(pH 8.0)° A&% & 7158 &
@z] A4S AASHT HE 0.4mM sodium metabisu-
Iphite7l ¢4 0.1M perchloric acid 3mlE 78l
homogenizer® FAFAI7)Z 4T, 4000xglA 1527 &
+ HYEEFY FAE do] ENAAA WYFEASA
o} AEH 1mlel internal Std. (DHBA, dihydroxyben-
zyl acid) 20pg, 2N NaOH 204, activated aluminum
50mgs A71stx 12 59 vortex mixer® ETH3GT

ol HdAEIT UL 4 ‘oigﬂ-a— AASHL pelletd FHF
2 79 A%3t4d) 2 % 0.5M perchloric acid 1008
A715 vortex mixerZ E£¢EHT 2000xgoll A 102 Fot
AAEZE L, AEY 200E F8 HPLC(Pharmacia
Ltd., USA)e 8l dopamine¥ norepinephrine %
< 734 Columne Nova-Pak C(3.9%150mm
Waters Co.,)& AF-3}9 2 Pump(Pharmacia Co.), FI-
ow rate(1ml/min). detector= Electrochemical detect-

or(ECD)E AHE-8t3 T}

6. 3HAE

BE A934 4= 7 487 Hee EEEAE
B}, 2 AdE3e] felE #HEL SAS programE ©]
&3ted® vleld] E ¢ C F7P7t e vlste] =) 214
AEZd Tl freldel ¥grt exXE Agsiad
Duncan’s multiple range test® S35t 2 T7ke] AJolE
p<0.055FdM AFeIrt. TLEIA scopolamines:
F49 79 TofARe T Aol Popuim
student’s t-test2 p<0.055FN A Fol 8L AEsgeh
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1. NBEEY HF 2 e BY

2 A¥E) A% L K9] A% Table 35 2k A
3} ¥ $AE dER B9} C A71E BF $979 o)
2 Holx etk

2. HENEXNCHW AUSHO Hidt sjmE) oA =
92

Scopolamined FAR] Aol x4 vy E 4
74, HlEl ¢ J7ke 2l 71534 dig- du e &
o|7} @isirk. 2=} scopolamined FAME Fo=, W=
T A= scopolaminedl] $&te] SlHgof AA Yola] &
9A¢) Aolg BYHp<0.05)(Table 4). @k sco-
polamine®] AEHE AsAFIEH aa59& el
22, o] scopolamine®| X wlHLAE ALE 7}5EL
BAF9 % Riekkineng™l 25 scopolamines
muscarinic acetylcholine receptor antagonist ©]e]A]
scopolamines F oA F5'H water maze®} passi-
ve avoidance performance behavior 2 gellA] A zj-&-o]
FolRt}x 393, Hirokawa’s*®2 scopolamine 5o A]
71998o] &5 0] radial maze performance testol]*]

Table 3. Body weight and brain weight of each group

Group Body weight (g) Brain weight (g)
Control (n=10) 397.80+£43.11" 1.51+0.09°
Vitamin E (n=28) 386.75+30.99° 1.4910.11°
Vitamin C (n=8) 383.50+33.24° 1.521+0.06

1) Mean+5.D
2) Different superscripts within the same column indicate significant
difference(p <{0.05) among groups by Duncan's muliiple range test

Table 4. Rate of active avoidance response to electric shock in rats
during before and after scopolamine treatment

Before After .

. . Reduction
Group scopolamine  scopolamine
rate
treatment treatment
Control (n=5) 995+ 1.1 3954+41.8%  60.4+41.8
Vitamin E(n=4) 95.0+ 84" 60.0+326™ 37.8+30.7°
Vitamin C (n=4) 80.0++38.4° 50.0+18.3™ 15.1+64.4"
1) Mean+SD

2) Different superscripts within the same column indicate significant
difference(p<0.05) among groups by Duncan's multiple range test
NS : Not significant between before scopolamine and after scopola-
mine group

* : Symbol indicates significant difference(p<{0.05) between the befo-
re scopolamine and after scopolamine group by Student's t-test
Reduction rate=((before scopolamine treatment-after scopolamine
treatment)/before scopolamine treatment) % 100

o] Aty nysigied ¥ driAE gz
2] 7% scopolamine ¥ 4] shuttle boxel 4] 3]1]-g0]
A3t Aoz Jepdtt

aet ekl E A7 e HER C #7bE2 scopola-
mine FAMAH F9f &) FJH ze]7} flo] v)E
9l B¢} C4 H7P} scopolamined] 23 912532 A&}
£ o= Ao 2 el

WA Hetd] E 2 HER] Che] A g |
T& A9 EH, Rues?2 HlEH E o] & =91
o] F7F A ZAH]] 34 TF0l d Hojutha Buagx,
Rosenberg® Miller'?+= HIE}Y] E ZAge] 4173 & )5
FHFE = F 2 9. Tohgis e ¢xstely g}
9] 3% Ao vgd EvErt A w¢ 2eida
B35t Zamans o &b gzsloln] 3z} w73
AR Al gkzle] EF vEld]l Eee] diadre #-9F
o2 ¥ty Jeandels W2 4Zslo|n Azl YA wlgt
9 E &0 A72¢ dExrRg f8oz wgtty 59
T} Bano® ¥ dZEteln] FAE H|EY EE XE5E 7
& ¥e] zlxlo] e 7Tk B9, Van Dyke™s sjate)
HEtY Es} w|gld] Cr} gzZsto]w] gzlel Al =-go] At
3 Barskge}

323 Goodwins 2 BF HIEH C 571 Rod 7
Aoju} uldo] Q] 44 Atz H47h @A velhsttia
515t BarabasT "2 A% 4917 2904 Amjgzie)
HNF HER C w52 vEste] 2 23, =904 Arg
Zko] EaF vErgl Coie] A% 49 30% FEos
A3 wdttn Rustgth Nes5*2 X¢l Sxp=¢l
o] vjeltl C HFHFE7T B4 A2 vEr ¢ 43
e Rt ok a S5}, Parnettis®ol 95ha ¢z3t
ol# gRel A Citicolines} vIEM CE 37197k BEAA
2 73} 7109, 9449 B9 Fd5ge] taiurt
A=}, 28T de Angelis® Furlan®2 scopolam-
ineg FoI% o ¥glyl CE ¥4 FoI8FH scopolaminc
of 83 712He] AslH e AL el E37) ddvin
Hustged 2 a7 29 o9 vlnd A4%E myoh

3.HEDNE X C AU HY acetylcholinesterase ac-
tivity™l 0| Rl= ¥%
B YA de zF AEF2] acetylcholinesterase
activity’s Table 53} 72t}
Acetylcholinesterase activitys HEF C FH7hrol|A]
A Y THp <0.09). F9 F-4- BER Ce H9 ace-

tylcholinesterase activity2 2F5E AL2 Hol ¥y 4



BAGEAAY 9 A FFE FE RoE eyt
23 scopolamined FAME Folli= AZzhe F2HQ
zte7F gldtH(Table 5).

Acetylcholinesterase activitye] ™% scopolamine?]
FEE 2H, 279 acetylcholinesterase activity:
scopolamine FAlre] BIFARZETE fojdoz yiA 1}
el (Fig. 2) shuttle boxolA19] 3=)&o] felFow
ot = Ad 22 AL Byl a2t v[E] EXH o]
El C&2 scopolamine FAkrT} HIFARTZ ] £94
9l Zo] & Holx] gk},

Acetylcholinesterased] W3t A4, AEA= A
8"+ acetylcholinesterse activity® &3l Zo] ¢l
AFHE APH R ZJY 5 YE Wil art
783 Davis®e gz28to|H gzte] U, suf, =iy
Z A acetylcholinesterase activity?} ZH4aHichw s}
R, o™ Al 9 Fg o7t FUA ¥ ace-
tylcholinesterase activity”} T4tz RusEdd). Iyo
¥l oy gdzdtoln] At d2FHR X ace-
tylcholinesterase activity7} @sktha ¥ watgls, Shen®

S A Zufj@=te] H Sy acetylcholinesterase S3=0]

Table 5. Brain acetylcholinesterase activity of each group

No scopolamine Scopolamine treatment

Group
(Change in absorbance/min)*
Control 0.270+0.084™*n=5) 0.178+0.015"(n=5)
Vitamin E 0.215+0.051%(n=4) 0.219+0.034™(n=4)
Vitamin C 0.143+0.063%(n=4) 0.185+0.057"%(n=4)

*: The values were obtained from 20mg of brain per m! of 0.1M
phosphate buffer(pH 8.0)

1) Meant5D

2) Different superscripts within the same column indicate significant
difference(p <0.05) among groups by Duncan's multiple range test
NS : Not significant between no scopolamine and scopolamine tre-
atment group

* 1 Symbol indicates significant difference(p<{0.05) between the no
scopolamine treatment group and scopolamine treatment group by
Student's t-test

1401

1201
g 1001
%  8or
5
8 60
aQ
o 40}

20r

0 1 1

Control Vitamin E Vitamin C

Fig. 2. Percentages of mean brain acetylcholinesterase activity for sc-
opolamine groups to values for matched no scopolamine groups.
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wiop Zufe] gl AT skt A2 = Ug Flo]
H1 gt E Qishis e 4= stoly] &=} 109, 3t
3 Avigdal 109, 238 N2F 1088 ez st &
Tg A o] 29 AAFTHE AT F T XEE ol %
¥+ MMSE(mini-mental state examination, 1A%

< 2437 8 ALE =72 AT A5Vt 58
& MMSE #57F ¥H score?t 525 M350 (cer-
ebrospinal fluid)W acetylcholinesterase %7} 724
©2 Ut B sl

223 tohT®2 scopolamine F9J4] 9] acetylch-
olinesterase T~F0| ol ln 312, Hirokawa$?L
scopolamine FoA] Wd= 9] A& o] 7HAEA X9 ac-
etylcholinesterase ¥%°] 74ty 2usie B A4
2o} fARE 2ats BT B dFAM % scopolam-
ine2 R332 9 shuttle boxZ 4% active avoi-
dance testel ] @7)A= 3]91&3} acetyleholinest-
erase activity7} felde2 wolxc} o=y HEH B
% CE #71etge dolv 29 22 297} JepdA &
Ut 2HuE A8 A7et E dTEnE TS B o
"1 e} B¢} C 37FA] acetyleholinesterase activity2] A
3he} QA5 H Y] ZHEE ol 77} AT

et GA) gzl o] X BAZ Wol AREE T
%13 tacrine(tetrahydroaminoacrine THA)S B]#3 of
2] £52] oF8-2 acetylcholinesterase inhibitore| ok, *
upha] d@ato]w] Fapo] X FE Ao acetylcholinest-
erase®] ZHE-& A= o] 1A FHE AdATIEH
Ege] He AL & B o, HW acetylcholinest-
erase FFH AR FEHAL] FHAG A= BHrh B2
A7t dagh Hog nilch

4 HEHE R C W HY dopamine BTl OA=
%

1 dopamine #3& scopolamined FAVsEAl sk
£ dol= 4 F7ell #2220 Aelg HolA] APTHTa-
ble 6). 228} scopolamine2 FALEE Foll= |29
W dopamine 57t BB BT CTRG FojFoz
wolth 383, scopolamine FAWEH H|FARE ZHIE
FrofAel zpelE Ao, vlE] By C Feojzt A7t
A Bako| A rHFig. 3).

o]#]3 F= ovlE scopolamine$ A dopam-
ine?] 43}7} F7ea B 13 Champans*'e] &7
Aot 2L o] opdzt AZAEH, HgRl B9 C 22> #
25} vlgjyle] Bej2 wlgln] B2 CFelA] dopamined]
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Table 6. Dopamine concentrations in brain of each group

Table 7. Norepinephrine concentrations in brain of each group

No scopolamine Scopolamine treatment

No scopolamine Scopolamine treatment

Group - Group - -
(ng/g brain weight) (ng/g brain weight)
Control 1243.14341.6™(n=5) 1054.6+208.3"(n=5) Control 229.7+86.3™(n=5) 170.0+71.1"(n=5)
Vitamin E 1558.3+108.2%=4)  1502.6£291.1"n=4) Vitamin E 2523+87.6%n=4) 236.0426.7%Mn=4)
Vitamin C 1497.0+£287.6n=4)  1464.7+177.1"5(n=4) Vitamin C 246.6+94.0°(n=4) 217.5+73.9™n=4)
1) Mean5D 1) Mean=+5D

2) Different superscripts within the same column indicate significant
difference(p <{0.05) among groups by Duncan's multiple range test
NS : Not significant between no scopolamine and scopolamine tre-
atment group

2) Different superscripts within the same column indicate significant
difference(p <{0.05) among groups by Duncan's multiple range test
NS : Not significant between no scopolamine and scopolamine tre-
atment group

120 r 1201

100 100

£ w0 £  sor
T o,
P &

£ &0 =z 60
@ @
s o

& 40 & 40}~

20 201

0 T e 0 - . S ]
Cortrol Vitamin E Vitamin C i Control Vitamin E Vitamin C

Fig. 3. Percentages of mean brain dopamine concentrations for sco-
polamine groups to values for matched no scopolamine groups.

FX Al Al Ao 2 Bt 181 Sanos Y <
3k BelY E7F 39 catecholamine £5& 71472,
A5l A ¢l &4 oxidative damange)S =to} A7 o] &4¢

£ A2 #2AAN d=slolue] 1&g 2lA I}
3 BuEYEH, B A=z bieln v C FriEd
dopamine F&°] hR2TRT} FrjF o2 gof, HElTl
E¢} C #717} dopamine®] 4H8E gol= g7} &
Aoz Tt

A wie}t dopaminee} ARA ] i3 A7NA, TtohF*
2 gzslo|n e A Av@xE ¥Ee 3289
Aejg=be] HF dopamine HAFS G738 Az, Xdjrt
A51A QR w2l dopamine thAK o7l shrka B
23t eh Nitta$h Nabeshima®s @zsloln¥e]
2 79| 4| mini-osmotic pumpE ©|&35}e] betaamy-
loid proteing FHst] AFH ez AuF2 betaamy-
loid-infused rat® &), ©] FE& 7|9 o] ol
213, ¢ 9d(cortex)T} nHhippocampus), A=A
(striatum) el &E= acetylcholine¥} dopamine
Fo] gagrrl @ity By EAT

¥ AHd| X scopolamine FA] eIX5He] o)A
o2 ¥k ¥ dopamine @] wgkor o)zd Ak
2 vjER] BV C #7lEv damatl A oS SRt
wEhA vjelel B9} C A7FAllE U] dopamine T A
&7} AR 1, olzl0] YA 5 7EE Yol g

Fig. 4. Percentages of mean brain norepinephrine concentrations for
scopolamine groups to values for matched no scopolamine groups.

o] He Ae= et

5. HIEfE E % C BT S norepinephrine Bl 0N
= 3%

Norepinephrine &2 2t &3kl 93 |7t ¢
At (Table 7). 2#}, scopolamine FAVET} B]FEALE
£ vanged thEFANA = seopolamine FAMES nor-
epinephrine &) v w2 Fgkolgion}, HlE £}
CTolAE & Aol7t fATHFig. 4).

Norepinephrine® x|vje}e] #AE FAIGE A9 2
atH, o] A7ellA g2stoln A= ¥ 9] norepinepr-
ineo| FrAsIckn BnE et 2 Rosgsor™el €]&td
dz3toln] Fxtel 79 div 93, AgsHE-e] norepine-
prine o] ZHAFF TE oM E A L3xslo)
o &2 did 92 <] norepineprine FE7} AL
norepinephrine ¥H3 #4910 dopamine P-hydroxylase
o] @ido] AT BHa=gith v gxElels g
g H7lste] 3¢ norepineprined 32 $xle] A4
o FhEe] g7 R A ] FEmels A#Ho) ¢l
%132, norepineprine® .9 thAlE0] -2 §2l9] 799
= rolstA 7P AJAT o7t o B Hfoll= 2
=] gkt @ gla A|vje} FNe] norepinephrine 4
Fo tig 478 B, Lawlor5-92 o], Whiile] A
g BA% o)X peripheral noradrenergic marker<!



F79] MHPG(3-methoxy-4-hydroxyphenylglycol) ]
AA5He 47 T30 4AaAAZ Byt = Ah-
lskogT & #lANH #Ate] 87 norepinephrine %
=7t geA ez Frtgvn Bostgeh 1) Vitiello
T0e gdzslo|wgatel A4 =209 P73 norepinep-
hrine &4l A< 2ke)7t Gt 193, Oishis™
= %_1’5-"3}0]“'} 2zt 10, 894 AWgkA 10, A4
T 1 A-7g 27 0]Z9¢] MMSE (mini-ment-
al state exammatwn) score®} norepinephrine ¥=A:
ool -2 HQl £¢] AT} JA Ty Bste] X]uje}
norepinephrine@¢] @A 3§t o= JdFdAd+ 47
o A4S Bolx A guTt

a#d 28 didtes 3 A9L ®¥W, norepineph-
rine F£%¢] ¥< 2% scopolamined] & ¢1X)5Ho] 7+
HE= 57 o AdAe 2e2 #2u¥th Ohnos®
o o5t F oA &L A5t hippocampus® nore-
pinephrine ¥ =& #A3HA 24A17] Fo F9] 71959
g At e 88 FA ek 2Ey Fe 4
scopolamine® F939 & 4 dEZA+E 7195 Y
(working memory task)d] #1371 ‘-J'E]'L}Z] kAT
] norepinephrine =% #4271 =2 threepan-
nel runway task 28-& slo] HA vule] X84 314
3t9E o, Ai7)9] panel-gate FAXA ZER F9) pa-

1S dEste] FasE L A Eshs 2R Wil 3F
7} fredez vttt v welA Ohno%2 ©l
ADR nRe] & d e ZL 719750 #b=HE A%
AdHH glelA hippocampal muscar-inic/noradr-
energic interaction®| & Aoz} &gtt. E¢ Van-
derwolfs} Baker®™ 94| 6-hydroxydopamine® ARE5}
o norepinephrine® 2 ZA1A 73, scopolaminel <]
& we o] N A S oS FMA AT Radiy.

a2} o3 A790A norepinephrine &) W& A4
scopolamine®] &J3] A5 o] t] Yo| AHsH= zloF
UehgtEd, ¥ AgdAE scopolamine FAME ZHE2)
norepinephrine F=EAtolo] #9139l Zojs} YAt 2
ANAE dATHe| R o= ol dzF2] nore-
pinephrine §&°] HERl ExX3 CwHT} Bo] Lol A3
ATet vlsgt Aol oy BAFHLZE 15 Afel7} 3l
the AgE A Bilged, o)t ok ZHEd Y%
B 7 UF A7) diEe] v 22 H2elv o
el A vlepEl C7F F5H Y g dart obd?¥g a1e 5
e, B Agdre] vg C HrhEke] Wi #&0191‘3
RO Z BTt mEA % dFoA A58 £5

BB ERSEEE 323 239247, 1999/245

3 BlEk O8] ArhEe the 3o 48e woF A
©% 4949 2HE 2L 5 8 Ao g

OF O H
29 o 22

2 ATE $SEHY L o vigw B9 HlgR ¢ drt
7} scopolamine®] €& QIA|FE Aslol| oful s v
X EA ot mat AAIH et

AT AFE ¥W, scopolamine FAFHT FARE 37
&2 ¥ G8d, Y2F BT FAMETG FALF
23] froH o ol W (p<0.05). HIEM E¥%
HIEH CTL FAP S F9 Fu 8ol fol2Ql Aol7t ¢l
peie

Acetylcholinesterase activity® scopolamine H|FA}
9 A5 Hle C ZrktelA] A Vel ok (p<0.05).
scopolamnined FAMAS wele APkl F239 zlo]
7t 131t} Scopolamine FARZ-#} BlFAHES] acetylcho-
linesterase activity® H]Zsld B9, dF2TF2 scope-
lamine FAlTe] HFART B} o4 o= wigkon), e
7 BT veld C-2 e8] Aol & BolA] g5 o
Y dopamine FF2 scopolamines FASIA] S ¢
A7t F94Q) Apol7t gAovt, FARF = =Ty
gko] ekl Exolv} CFEY o8 o8 welr}. Sco-
polamine FANF, FAE9] M dopamine &2 v+
AREET} 2 Aol A AT BT 79939 AelE o
ElfjA = &9kt). Y norepinephrine 88 FANEH
H]FARES BTl A] dizgee] H|EH] Exolvt CEr) WA
veRd o) felde)x] §9km, scopolamine FARE FAF
T-2] 1] norepinephrine §o] H|FAFZR T} 2] 0]
Ao PR GA] Y& Agko| At

o] A #3rste] BW, scopolamine FAlolli= A7)A}
o ek L =] acetylcholinesterase activity
7} $elFe 2 ol ¥ dopamine, norepinephr-
ine §Fo] A= HIke Ho|x| ek vlekwl B C #H7)
oAM= §9&3 HU acetylcholinesterase activity.
dopamine, norepinephrine 5% A}t ol A= 29
HAth. wekr ved B} C Zrbe Hu AAAgEA
F&S 1A scopolamined] 23 A5 He] ZHEE= A
£ WAol= AL E Bk
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