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Abstract

This study was performed to investigate the effects of aluminum sulfate administration on the brain tissues of old rats,
when given at different concentrations. The experiment attempted to further ascertain whether aluminum exposure cause
Alzheimer’s disease. Seventy-five aged Sprague-Dawley rats were divided into five groups; a control group, 2 ppm
aluminum sulfate group, 20 ppm aluminum sulfate group, 40 ppm aluminum sulfate group, and 200 ppm aluminum sulfate
group, and were kept on the respective diets for 12 weeks. In order to understand the influence of aluminum on the brain,
serum aluminum concentrations, phospholipid composition, and catecholamine concentrations were compared between
the aluminum-treated groups and the normal group. According to the results, serum aluminum was higher in the aluminum
sulfate-treated groups than in the normal group. Within the cortex, catecholamine concentrationes were significantly
increased but cerebellum and brainstem tissue were significantly decreased, in the aluminum sulfate-treated groups
compared to the normal group. For phospholipid composition, phosphatidy! inositol was significantly increased wherase
phosphatidyl choline, phosphatidyl ethanolamine, and phosphatidyl serine were significantly decreased in the aluminum
sulfate-treated groups versus the normal group. Based on the data, increased aluminum consumption in experimental
animals causes increased serum aluminum levels and catecholamine variation. These phenomena are very similar to
conditions of Alzherimer’s disease. Therfore, the results of this experiment further suggest that aluminum cause Alzherimer’s
disease, coinciding with reports that aluminum is a cause of neurofibrilly tangles in the brain.
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8 Folo] 09 FsAle] Sk Bk 584 FE £
$4 57 71220 0.2 pp FUCE ZRAE Fol 1)
Z(control), &84 T4l aluminum sulfate 2 ppm<*
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T(A1-200)0.2 B&535lo] A Fo31%T), AlE+= (Table
Dol Bl vhe} o] ZAAJo|R AEBA HAHEE 5
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= 1999)0] ek Az Om, AslAlole] gl AEH
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= AlGAG oA Akl ARESHITE. ARSAS] 202 A
= on 2d P O L% 24£2°C, SE 55-65%%
SRR

choline bitartrate, vitamin mixtures
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<Table 1> Composition of experimental diet (g/%)

Ingredient Base diet
Casein 200
Corn starch 425.7
Sucrose 212.8
Corn oil 25
Beef tallow 25
AIN-93 min mix" 50
AIN-93 vit mix? 10
Choline bitartrate 1.5
Cellulose 50

DDAIN-93-MX miner] mixture and AIN-93-VX-Vitamin mixture
(Reeves et al., 1993)
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4, &3 & AST, ALT, ALP 2 cholinesterase &M 2A

Asparate aminotransferase(AST)E= AST kit A|eF
(Bayer, USA), alanine aminotransferase(ALT)+= ALT
kit A]9F(Bayer, USA) ¥ alkaline phosphatase(ALP)=
ALP regent A|Qfo 2 EX7]7](ADVIA 1650, Bayer,
Japan)Z IFCC W o2 =439t} cholinesterase =
AL cholinesterase =48 A|2F(Roche, switzerland)&
0]-835}o] EA417]7](Cobas Integra 800, Roche switzerland)
= Zgshn

5. &|XX|9| catecholamine s £A

F 2 FEg 283t Y] ZA2 homogenization buffer
(50 mM Tris—Hecl, 250 mM sucrose, 1 mM EDTA, 0.2
mM PMSF, 0,002% bacitracin, pH 7.6, 4°C)oj|A] ﬂ-?\—_._‘
3t A7 & YAEE s TH4°C, 3,500 rpm, 208),

Al 825 AFSHS Bradfordy (1976) 0.8 ThildS ﬂam
= B gl olgstent.

Adrenalin, noradrenalin, dopamine
immunosorbent assay(ELISA)¥S ©]-&3t TriCat ELISA
kit (IBL—Hamburg, Germany)® =74 s}t 2+ A&
(4 mg/mL, 500 uL) ¥ ¥F A|EE5L extraction plate
ofj Al TS A|AAZIE Anti-rabbit IgG7} F2HE 96
wello]] T2 A A% A|FEQ} adrenalin, noradrenalin,
dopamine Z}Z}0] AE (rabbit) il 247t FQF 420
A REGAIHTEE,

2A7t BEG 3 7} well& of2] pe]| AlATS 2} wello]
alkaline phosphate conjugate antibodyS gl 1A|7F &5
o Lol BHSAIZL T 7k welld ofe] Akl A Hstol
PNPP substrate solution® @il 408E7F A0 A4 v

enzyme—linked
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nmol ] FHES 243t

Yl 605
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=2 HE tjy] 2FS AE3ESE Folch 5(1957)9] H
Hol| £3lo] &3}, 53 AR AAL silicic acid
colum chromatography(SACC)o| ¢]5}o] chloroform,
acetone, methanol®] £ 2 {FA|AH AR, x4,
ARAE FEsigion ofF QIAd FES Ay 553 &
w4 AR=E el Al=9 A 24 HPLC(NS-
2004GP, Futecs Co., Korea)® EA35}3tt, o|uf &2
Zarbax RX—SIL(4,6 mmx250 mm), AHXE+= 30°C,
detector+= ELSD(Model 2000, Softa Co, USA), 2=
n—hexane, isopropanol, water, 5<% 1 mL/minZ &}
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7. SAXZ

£ 3 ke 4 B vl Fad s neRy
2 EAEHY, oA HAES SPSS(Statistical Package
for Social Sciences. Inc, Chicago IL, USA) software
package L& 1 (version 11.5) o|-&38lo] a0.05 &=
o] 4] Duncan’s multiple range testo]] &Jdlo] z+ A&
BAe] el AReec

1. AojdFE, SE+4FE, MSHaE | Aolgs

et AT ol S SREle] Foldk 48 5
A ZZ71eF 4l Ao|g8L2 (Table 2)9}
&t A P & ikl Blste] Al-40, A1-200 5o
- %EOM, & AR Al-200 FoiTtollA frol4]

© 2 A4St Lee(1992)= AT F7HgolA LT ule
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1, 2% aluminum sulfateS

sfol & e} fARBct,

B

2, €8 4=R0|s H
(Table 3ol BE wle} go] A% S2nly 00 del
9] ShHEA 459 A= AMEE]AL Qli= aluminum
sulfate(AL,(50))9] 274 ol olet o 29| A
ool s o] lskel Al-200 Fofzo] 014
07 Z75IAT). Lee(1992)% thZto] H]EH] 2% alumnium
sulfate Fo]doA] §oAo =2 =QFom, Berlyne 5
(1972) GFulES Aol =9 oA H+4o= &
ofgt Ayt SHEE, AEE ol WERESIAL,
H|5lo] dF dFulE FE= 1% aluminum sulfatedt©]
1,46 pg/L, 2% aluminum sulfates*©]| 2,94 pg/L2 5=
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<Table 2> Feed intake, water intake, body weight gain and feed efficiency ratio(FER) in old rats fed aluminum sulfate

Feed intake

water intake

body weight gain 4
Group (g/a day) (mL/a day) (o/12 weel) FER®
Control 25.80+2.43 30.55+5.89° 129.4+10.46>® 0.11+0.02
Al-2V 23.23+3.27 27.77+6.42%® 128.50+10.81% 0.11+0.03
Al-20 26.14+2.88 28.4947.64% 116.50+13.18® 0.09+0.02
Al-40 24.21+3.18 25.68+7.53% 109.5+11.48° 0.09+0.01
Al-200 23.21+2.36 22.34+9.24° 90.90+7.50° 0.08+0.02

YAL-2: Aly(SO4)5-2 ppm, Al-20: Aly(SO4)5-20 ppm Al-40: Al,(SO4)3-40 ppm, Al-200: Al,(SO4)3-200 ppm

S

)
;Values are means=SD (n=15)
)

ey

Body weight gain(g)/Food intake(g)

<Table 3> Contents of serum aluminum of old rats fed different
concentration of aluminum sulfate (unit: mg/L)

Group Aluminum content
Control 2.98+0.12%9
Al-2V 3.12+0.36°
Al-20 3.15+0.23°
Al-40 3.21£0.19%
Al-200 3.89+0.31°

DAL-2: AL(SO4)5-2 ppm, Al-20: Aly(SO4)3-20 ppm Al-40: Aly(SO.)-
40 ppm, Al-200: Al,(SO4);-200 ppm
Values are means+SD (n=15)
9Values within a column with different superscripts letters are
significantly different at <0.05

S 52 2150 2

Az S EAEI S ES
(transferrin)5-2] ThAy} Aglslo] ZA)skAL o]Eo]-J_
A A T2 BEA, 2%, AR SolA ofRo]
Zt}ar stk (Vander & Wolff 1985). Gillian =(1990)&
24 ol 4% A A0 HHE ool
transferrin?}2] Ag S oFslA sto] 8] LFulE(free
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3. ¥X Z AST(aspartate aminotransferase)
(alanine aminotransferase) &4 AN

Last 5(1988)& &3 = AST W ALT &AL
glol i fao] Aol ot 4
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W, 2t 25, 84+ 5

o
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Z2]o] WA Aol WA AL Aol MAYsHH Ao &
Aoz Bavt o2 o] fEE 0] 40| S7E=
a4z WA, FATE, AN, 1 S FE 7 E
o] Aoy MARE W= Alog de ﬁt} (Table 4)
oA Hi= Bt} o] AFnlE g sEE FEltt SHY
94 T AST aaBA=s txatof 1‘5}04 dFulE &

oA frolHom FUISIIAL, ALT A4 Bk tiat

'Values within a column with different superscripts letters are significantly different at <0.05

<Table 4> Activities of AST (aspartate aminotransferase) and ALT
(alanine aminotransferase) in the serum of old rats fed
different concentration of aluminum sulfate (unit: [U/L)

Group AST ALT
Control 69.00+13.10° 30.30+4.162%
Al-2V 80.70+15.10° 33.80+2.29"
Al-20 83.80+11.69" 35.50+3.50®
Al40 86.90+11.15° 38.10+4.38"
Al-200 88.00+£13.10° 39.80+9.89

DAL2: AL(SO4)s-2 ppm, Al-20: AL(SO4)5-20 ppm Al-40: Al(SO,)s-
40 ppm, Al-200: Al,(SO4);-200 ppm
DValues are means+SD (n=15)
9Values within a column with different superscripts letters are
significantly different at <0.05

T} Al-2 Folitol] Blate] Al-40, A1-200 FololA &
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4. ALP(alkaline phosphate) Z! ChAT(choline acetyltransferase)
A BANE H3|

ALPS| Z7h 4 11908 whelis ALER ALEIT 9
=6 (Bergmeyer 1995) (Table 5)0f|A] K= He} o] @
Z

FulE =58 dgste] Fodst =8 33 ALPEEE= g%k
o] H]gte] Al-20 o)A} Fojito] §-ojA oz Zrlske] 2
2ol Folrk o= AR 1 £4S 7P & 5 S M
olF=aL ot

E3F ChAT: t)Z27o] vlsle] d2ujy o 7}
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A}t Acetylcholine®] A} Eof] HHE
choline acetyltransferase(ChAT)®} acetylcholinesterase
(AchB)] &4 BAS A A7 Heto] AT o]
o)2]7] ©Ja1A uj> ZQ3lH(Schulz 2003 Oh 5 2004).

E3] ¥ ZZoA acetylcholine(Ach)9] sEx 4]9]
choline®|4} phosphatidyl choline®] H3of 9J&| Z7}x]
™ (Jope 1982), ©]2|3F Ach F% F7F= choline’d 417
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<Table 5> Enzymatic activities of ALP(alkaline phosphate) and
ChAT/(choline acetyltransferase) in the serum of old rats
fed different concentration of aluminum sulfate (unit: 1U/

L)
Group ALP ChAT
Control 69.00+9.822<) 211.9042.38"
Al-2Y 71.10£11.00% 156.70+£16.68°
Al-20 83.80+11.69% 149.76+£17.27
Al-40 85.10+14.84% 141.20+17.93°
Al-200 91.60+10.14* 125.50+9.38°

I)AI-ZZ Alz(SO4)3-2ppm, Al-20: Alz(SO4)3-20ppm Al-40: Alz(SO4)3'
40ppm, Al-200: AL, (SO4)5-200ppm

DValues are means+SD (n=15)

9Values within a column with different superscripts letters are
significantly different at <0.05

<Table 6> Catecholamine levels in cerebral cortex of old rats fed
different concentration of aluminum sulfate (unit: ng/mL/

mg tissue)
Group dopamine noradrenaline adrenaline
Control ~ 226.27+17.38°  9.76+2.29 13.89+2.052)
Al-2V 246.70£15.85° 11.16£7.40°  14.39+1.46™
Al-20 256.87+19.71% 11.01+3.09®  14.43+2.48%
Al-40 262.73£17.15°  13.55+3.08* 15.69+1.21°
AlL200  267.62£16.36° 14.35+6.03" 15.30+2.05

DAL-2: Aly(SO4)5-2 ppm, Al-20: Al(SO4)3-20 ppm Al-40: AlL(SO,)s-
40 ppm, Al-200: Al,(SO4);-200 ppm

DValues are means+SD (n=15)

9Values within a column with different superscripts letters are
significantly different at <0.05

N2ZE ZATA7]1aL 0|2 Qlsto] AYAE acetylcholine
esterase(AchE)%] &4 o] Z7}=Ettal 3t} (Cheon &
1999). &, AWie] 50% o)/d=Z AASHL Q= Q14 Al
27te] Aol = AlFHAEEA Rl acetylcholine®] 7HA9}
AAMZ APE 5o Yeleg ChATZ} FAasitia B st
ATH(William 1977), #qF opufe} gh=sto|n ¥ 22| H
=3, sfjut, tfjxfu] oA ChAT?} AchES] B/J%=7F 74
3lal(Davies & Maloney 1976), Y=3lo]Hy Q14 3
o} 2E2}O] |5 o] W AofA ChATS| 4=} Hasch
11 (Perry 5 1980)%tc}

wEba] 2 AFtoll A ChATE| /o] tfzgtol| H|slo]
FrjE g0t 527t S7HE 5 fdasidlet o=
7 o Zlof| lojA AR 229 it Bl

s
O O OF X~ O
T O A

30 rlov no

5. 2t L|XZI9| Catecholamine &iZf

(Table 6)°|x FFulE F=5 Deiste] Fgofgt =g 2
F ] %219 dopamine, noradrenaline % adrenaline
Feke ol Hlate] 247k Al-403F A1-200 Folo]
FrojAos 71t (Table TyollA] 42t £24]9] dopamine
Fepe: e Hlsfo] Al-200 FolRol FoHOR F7t

<Table 7> Catecholamine levels in cerebellum of old rats fed differ-
ent concentration aluminum sulfate

Group dopamine noradrenaline adrenaline
Control  218.64+15.01> 17.33+3.34° 15.91+1.882%
Al-2V 223.87+14.35% 15.31+7.31° 11.08+0.91°
Al-20 225.27+13.22°% 13.38+1.92® 10.94+0.86°
Al-40 234.11£13.44™ 11.42+4.53®  10.67+0.47
Al200  259.44+18.14*  7.48+1.03 10.63£0.73°

DAL-2: Aly(SO4)5-2 ppm, Al-20: Al(SO4);-20 ppm Al-40: Al(SO,)5-
40 ppm, Al-200: Al,(SO4);-200 ppm

DValues are means+SD (n=15)

9Values within a column with different superscripts letters are
significantly different at <0.05

<Table 8> Catecholamine levels in brainstem of old rats fed differ-
ent concentration of aluminum sulfate

adrenaline
11.30+0.952

noradrenaline

259.44+17.48" 10.70+0.34°

Group dopamine

Control

Al- 2V 220.33+17.15>  7.62+0.24%  10.66+0.81%
Al-20 212.86+14.08°  6.04+0.49° 10.62+0.24%
Al- 40 176.51413.16™  5.34+0.05> 9.57+1.19°
Al-200 138.30+13.80°  4.48+0.81¢ 9.26+0.57°

DAL-2: Aly(SO4)5-2 ppm, Al-20: Al(SO4);-20 ppm Al-40: Al(SO,)5-
40 ppm, Al-200: Al,(SO4);-200 ppm

DValues are means+SD (n=15)

9Values within a column with different superscripts letters are
significantly different at <0.05

3}9931, noradrenaline¥} adrenaline 3= T Z4to] H|
sto] AFulE Folt 27t F2 S Akt (Table
8ol Al &7t 22]2] dopamine g thzwtof| BIsto] Al-
29} A1-200 FolatolA oo Fristilon, et
o] H]3}o] noradrenaline $S A1-20 ©]AFS] Foft9],
adrenaline ¥R A1-403} Al-200 Fojtol|A §2l& o
2 7FA3HTE. Aluminume AChE 2]9]| serotonin,
dopamine, noradrenalines B]5E3F o8] 417 Ag &4
o] JAto]| HBFS F(William 1977), £3] Kavoussi 5
(1986)2 43t 8 %= £8-& Y=t| A== Wik (aluminum
potassium sulfate, aluminum ammonium sulfate) 2. &
B Al B oA AT ST4 A S
3 Aleh MABS Holnl BF ARulE FEI 17 ng/L
(AA} 3-10 ng/L)7HA] Z7})81e] AA 0 2% aluminum
o] WlHeHg Qo7 4 Tk Hualc, ot Lee(1992)i
9] oy, &%, H7F 22]9] catecholamine(noradrenaline,
dopamine) &% A3} noradrenaline | 7H} A2 of
A tjztof] HISkY] 2% aluminum sulfatewt©] -F-2]% 0
2 fagithal ghth Beal(1989)2 4Fnlw FolAl
choline acetyltransferase®] &AJo] 7443}l serotonin,
noradrenaline, glutamate, asparate, taurine 50| 74
sigton, w2k} av 2L ol vslel folHo
2 rastgolt tHRgeA aska gtk v

st
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<Table 9> Phospholipid composition of cerebral cortex old rats fed of aluminum sulfate (unit: area %)

Gogp phf)sphatidyl phoshphatidyl phosphatidyl phosp}.latidyl
inositol choline ethanolamine serine
Control 3.44+0.109% 62.30+8.68" 52.46+5.65% 9.84+2.68"
Al-2V 4.44+0.67* 53.91£7.46% 38.61+5.52" 7.69+1.45®
Al-20 4.88+0.52% 51.73+5.59® 36.99+6.37° 7.48+2.05%
Al-40 5.32+2.19° 47.12+5.14" 29.90+5.79" 6.42+1.55
Al-200 5.57+1.20° 39.90+3.10° 28.13+3.45" 5.93+1.17°

DAL-2: AL(SO,)5-2 ppm, Al-20: Aly(SO4)3-20 ppm Al-40: Al,(SO4);-40 ppm, Al-200: Al,(SO4)3-200 ppm

DValues are means=SD (n=15)

9Values within a column with different superscripts letters are significantly different at <0.05

B 3Loj A catecholamine EEolA thi] RAS =z
7o) Hlste] AFnE Fo] FEt SUH 42 foFow
S7hta o Awfol H7hRA]2 Zh4ske] Lee(1992)9F
Beal 5(1989)9] Ao} FARE A0 R o= dFulEo| Al
ure] Bibde] JEE vAl= AR AlmE

=
¥ w0l T=F 2Ee =8 dF ol lojA i =
2] 9] (Table 9yollA] Hi= Hpe}
phosphatidyl inositol(PI)& tZtof H|S}o] A1-40, Al—
200 FojwoA Lo or Z7)3}9 3L, phosphatidyl
serine(PS)¥} phoshphatidyl choline(PC)-& Al-40, Al—

]
8

200 Fojwto] oAz FASIYE S, phosphatidyl
ethanolamine(PE)-2 %_P—?—U]‘-g— =0 =7} ZvKe =2 7

2359tk Lee(1992) &
sto] AdFrE Tt B
waste] B Aviel gAIHAT

¥ Q19 80%7} PC, PE, PSo|H, o]=0]|4 choline?]
80%7} PCe] Fel=2 ZA3Hc}H(Steven = 1990), 0]= dhoj
ZA5H= PC7} acetylcholine2 $H4J3l=t] =23} choline
O] AAARA o] &E I 9101, glycerophosphocholine
(GPC)¥} glycerophosphoethanolamine(GPE)©| £7}6k=
v o] 2 X E thAlEl= phosphatidyl choline, phosphoe—
thanolamine £9°] Z+4A38}lo] (Buyukysl & Richard 1990)
glycerophosphocholine(GPC),
(GPE)®HE choline, ethanolamine®] -] %]
b 9488 elvlgter

E3SF Akeson 5(1989)2 dFulFo] AlZu W PCet
o] Aglelo] Zrzol Hlg| 560 AE o o]Fsh ¢F
v} POS] ARl pinocytosise] I3 A e oF
ol el SRR AT T 4 Y ek

53] 32914 Aol ko] M= pCok PR} 7ehs wh
o|50] HAFEAS] GPC AAFEET} 67-150%, TFES

2 AR} 81-104% =01, GPEE: AAZHTF 21—

52%, Th-=54 IAHETE 27-92% =TH(Jan 5 1990).

ol QIAIAL] BIAAA Q] 71 o] =21/ A hRfoA|

o PES} PCY] RS tjRtof H]

42 golHog sty

glycerophosphoethanolamine

=t &4

9lo.o

=502 et 7Rso] 982 AT wheb i
3179] T Aol 4 Q1A 3 ek PIYE thzto] u
sto] F2xjol Mol GIgkoL} PC, PS, PEOA kx|
Folze] hak AEnjio] Almate] Fa 4 AH
MR Aete 4o siof tolsel Az 5
2 EofFo] AT AF0)E FEE F7HIZIAL A 2
1]753194 —‘[L/\-l A—ll‘;_oﬂ tﬂg}__ }_gﬂtﬂ- o} o]—\,]a} /\‘“:{;U}_—] =
ThgE WsHIA AZY SES F7HA7] Ao ARE

=

Jl

F

i

F

il

el
=

V. =

Aol FES DEjslo] Foidt e BFo AFE o)
ol HI3ko] Al-40, Al-200 FoiollA GoFos 7+
319al, 3 gl FEE Al-200 ppm FoltolA]
o) om Zylatrt. FA 2 ASTO ALT ik TAE
L gizo) Hgte] dFujE FoFoA Frskdon,
ALPE tjzgto] vlsto] Al-20 Folt o[/ dRE o3 o

2 Z7}819131, ChATE thzto] Hlate] Al-200 Foli

BN

B b

2 40% ol TasHY. dEH=2Z 9] dopamine,
noradrenaline, adrenaline ¥ tjjto] H|5te] Al-
40 o) Foltol A S7FsHITt. a2 £24]2] dopamine ¥

2o ool Hafel Al-200 FololA] felHOR 57}

5}-3&.1_ noradrenaline¥} adrenaline e 57} =2

42 45k, 7 £2]19) dopamine, noradrenaline,

g th2ato] Blsto] dFnlE gof F=7t
e,

l:]Z:Z] OLI_Z] 4 E4o] A Phosphatidyl inositol2 T

Z7o] H|ate] Al-40, Al-200 FolFo] GojHoz 27}

Far

adrenahne sk

Nérf

i

5 phosphatidyl ethanolamine2 =7} & &
Zj"_/f_ﬁ]—‘ﬁgtq, phoshphatidyl choline¥} phosphatidyl
serine2 T Zto]| H|3}o] Al-40, Al-200 GojolA] &
o|Hoa 7hasleT).

2 At QA mAE =4

=

gl Tl ohmiat 4=

FE 35 Aagol BRI AGE D g g
B 5 ) el Aol 127 aiel 44 g

A 7170l A3 ARl = “H 37k AS 4



242 EEIREEEEEEE Vol 24, No. 2 (2009)

i

) >

A, AFHAEEZQ] catechalomine =9 74 U

AL kol = e AT = 380k

J % AST, ALT, ALP 39| %7} ChAT 4]
A

o KB

i)

A 2

o] A7tz 20079 = s AT S0 A BEApAL
A IAL(C00071)2] ATALAMA ] AH] Aoz &=
FElon olof 21> S ="yt

" zoes

Alfrey AC. 1983. Aluminum. Advance in clinical chemistry,
23(10):69-91

Akeson MA, Munns DN, Buran RG. 1989. Absorption of Al” to
phosphatidylcholine versicles. Biochim Biophys Acta,
986(1):33-40

Andreoil SP, Bergstein JM, Sherrad JD. 1984. Aluminum
intoxication from aluminum-containing phosphate binders
in children with azotemia not undergoing dialysis. New
England Journal of medicine, 31(17):1079-1084

Beal ME Mazurek ME Ellison DW, Kowall NW, Solomon PR,
Penelebury WW. 1989. Neurochemical characteristics of
aluminum-induced neurofibrillary degeneration in rabbits.
Neuroscience, 29(2):339-346

Berlyne GM, Yagil R, Ari JB, Weinderger G, Knopf E, Danovicth
GM. 1972. Aluminum toxicity in rats. Lancet, 11:546-568

Bergmeyer HU. 1995. Methods of enzymatic analysis verlag chemie.
Academic press weinheim, 1(2):20-28

Bjorksten JA. 1982. Dietary aluminum and Alzheimer’s disease. Sci
Total Environ, 25(1):81-86

Bradford MM. 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Analytical biochemistry,
72(1):248-254

Buyukysl RL, Richard JW. 1990. 4-Aminopyridine increase
acetylcholine  release without ~diminishing membrane
phosphatidylcholine. ] Neurochem, 54(4):1302-1309

Candy JM, Oakley A, Klinowski J, Carpenter T, Perry R, Atack J,
Perry E, Blessed G, Fairbairn A, Edwardson JA. 1986.
Aluminosilicates and senile plaque formation in Alzheimer’s
disease. Lancet, 15(1):354-357

Chan YM, Wong R, Maclean L. 1983. Epidemiologic health study of
workers in an aluminum smelter in British columbia. Am
Rev Respir Dis, 127(4):465-469

Cheon YM, Chang YK, Baik TK. 1999. Evidence of memory
improvement by phosphatidylcholine supplement at fetus
and neonate. Kor J Nutr, 32(8):864-869

Choi YH, Yoon SH, Hong HM, Kang YS, Chae KR, Lee JO. 2005.

Monitoring of aluminum phospholipid residues in wheat

and wheat flour. Korean J Food Sci Technol, 37(4): 532-536

Crapper DR, Boni UD. 1983. Experimental and clinical
neurotoxicology. Aluminum, 32(9):326-335

Committee on nutrition. 1986. Aluminum toxicity in infants and
children. Pediatrics, 78(6):1150-1160

Davies B Maloney AJE 1976. Selective loss of central neurons in
Alzheimer’s disease. Lancet, 25(2):1403

Deschamp V, Astier X, Ferry M, Rainfrary M, Emeriau JP. 2002.
Nutritional status of health elderly persons living in
Dordogne, France and realtion with mortality and cognitive
or functional decline. Eur ] Clin Nutr, 56(4):305-312

Deloncel R, Guillard O. 1990. Mechanism of Alzeheimer’s disease:
argument for a neurotransmitter aluminum complex
implication. Neurochem Res, 15(12):1239-1245

Folch J, Lees M, Sloane-Stanley G. 1957. A simple method for the
isolation and purification of total lipids from animal tissue. ]
Biol Chem, 226(1):497-509

Flaten TB, Alfrey AC, Birchall JD, Savory J, Yokel RA. 1996. States
and future concerns of clinical and environmental aluminum
toxicology. Toxicol Environ Health, 48(6):527-541

Fraser GE, Singh PN, Bennett H. 1996. Variables associated with
cognitives function in elderly california seventy day
adventists. Am ] Epidemiol, 143(12):1181-1190

Gillian E Paul A, Simon W, Ghose B, Lejeune J, Corbett ], Prasher V,
Blair J. 1990. Defective gallium transferrin binding in
alzheimer’s disease and down syndrome;possible mechanism
for accumulation of aluminium in brain. Lancet,
335(8719):745-750

Greger JL, Lane HW. 1987. The toxicology of dietary tin aluminum
and selenium Ch 9. In nutritional toxicoligy vol II. Hathcock
JN (Ed) Academic Press. New York. pp 223-230

Growdon JH, Wurtman RJ. 1979. Dietary influences on the
synthesis of neurotransmitters in the brain. Nutrition Rev,
37(5):129-136

Goyer RA, Klaassen CD, Waalkes MP. 1995. Metal toxicology.
Academic Press. London. pp 199-235

Gupta A, Shulka GS. 1995. Effect of chronic aluminum exposure in
the levels of conjugated dienes and enzymatic antioxidants in
hippocampus and whole brain of rats. Bull Environ Contain
Toxicol, 55(33):716-722

Herman DR, Solomons NW, Mendoza I, Qureshi AK. 2001. Self-
rated health and its realtionship to functional status and well-
being in a group of elderly guatemalan subjects. Asia Pacifice
J Clin Nutr, 10(3):176-182

Jan KB, Gonzalez IL, Logue M, Growdon JH, Wurtman. R]. 1990.
Levels of phosphlipid catabolic intermediates glycero-
phosphocholine  and  glycerophos-phoetanolamine  are
elevated in brains of alzheimer’s disease but not of down’s
syndrome patients. Brain Res, 536(17):240-244

Jack R, Rabin PL, Mckinney TD. 1983. Dialysis encephalpathy; a



L=0ls

b

tjo

0

roh

o
o

review. Int J Psychiat in Med, 13(4):309-326

Jope RS. 1982. Effects of phosphatidylcholine administration to rats
on choline in blood and choline and acetylcholine in brain. ]
Pharmacology Exp Ther, 220(3):322-328

Kang NE. 1993. A study on the influence of aging and nutrition on
the cognitive function by the blood glucose level among
elderly korean. Ewha Womans® University Doctal Thesis. pp
115-120

Kavoussi LB, Laurence DG, Andriole GL. 1986. Encephalopathy and
an elevated serum aluminum level in patients receving
intravesical aluminum irrigation for severe urinary
hemorrage. ] Urol, 136(3):665-667

Klein GL. 1990. Nutritional aspects of aluminum toxicity. Nutrition
reserach review, 3(1):117-141

Kim JM, Ahn JM, Kim JI, Shin HR, Jung KY, Kim JY. 2000. Blood
Lead, Manganess, Aluminum and silicon concentration in
korean adults. Korean ] Prev Med, 33(2):157-164

Korean national statistical office. 2006. Annual report

Krschbaum BB, Schoolwerth AC. 1989. Acute aluminum toxicity
associated with oral citrate and aluminum containg antacids.
American Journal Medical Science, 297(1):9-11

Lansberg JB McDonald B, Watt E 1992. Absence of aluminum in
neurtic plague cores in Alzheimer’s disease. Nature, 360(5):65-
68

Last JM, Wallace RB, Connor EB, Fielding JE, Frank AL,
Scutchfield FD, Tyler CW, Wenzel RP. 1998. Maxcy
Rosenau-Last Public health & preventive medicine. Prentice-
hall international Inc. USA. 14:494-502

Lee HS, Chang MJ. 1999. Effects of family type on the nutrient
intake and nutritional status in eldetly women. ] Korean Soc
Food Sci Nutr, 28(4):934-941

Lee L, Kang SA, Lee HO, Lee BH. 2001. Relationships between
dietary intake and cognitive function level in korean eldetly
people. Public Health, 115(2):133-138

Lee HS. 1992. Analysis of aluminum concentration in serum and
phospholipid composition and catecholamine concentration
in the brain of rats fed aluminium in drinking water. Dept.
of food & nutrition graduate school Sook Myung women’s
university

Martyn CN, Barker DJB Osmond C, Harris EC, Edwardson JA,
Lacey RE. 1989. Geographical relation between alzeheimer’s
disease and aluminum in drinking water. Lancet, 14(1):59-
62

Merrill FE, Robbins MA, Schultz NR, Streeten DH, Penelope KE.
1987. Clinical significance of cognitive performance by
hypertensive patients. Hypertension, 9(2):192-197

Moon CJ, Koh HC, Shin IC, Lee EH, Moon HR. 2004. The effects
of oxidative stress induced by aluminum on cellular

macromolecules in the hippocampus and cerebral cortex of

rats. ] Toxicol Pub Health, 20(3):213-223

U |Z=2{O] QXA gt MEHY 22 S50 0[Xl= B 243

Oh MH, Houghton PJ, Whang WK, Cho JH. 2004. Screening of
korean herbal medicines used to improve cognitive function
for anti-cholin esterase activity. Phytomedicine, 11(6):544-
548

Park JS, Kang SA, Lee L, Kim JH, Jung IK, Park Y], Lee JE. 1999.
Associations between environmental factors and depression
in korean elderly people. J of Arahe, 4(6):51-56

Parkinson IS, Ward HK, Feest TG, Fawett RWP, Kerr DNS. 1979.
Fracturing dialysis osteodystrophy and dialysis encephalopathy.
An epidemiological survey. Lancet, 24(1):406-409

Price DL. 1986. New perspective on alzheimer’s disease. Annu Rev
Neurosci, 9(27):489-517

Perl DP, Brody AR. 1980, Alzherimer’s disease; X-ray spectrometric
evidence of aluminum accumulation in neurofibrillary
evidence of aluminum accumulation in neurofibrillary
tangle-bearing neuros. Science, 208(18):297-299

Perry RH, Blessed G, Perry EK. 1980. Histochemical observations
on cholinesterase activities on the brains of elderly normal
and demented (Alzhermer-type) patients. Age-aging, 9(2):9-
16

Reeves PG, Nielson FH, Fahey GC. 1993. AIN-93 purified diets for
laboratoary rodents finial report of the American institute of
nutrition and hoc writing committee on the reformulation of
the AIN-76A rodent diet. ] Nutr, 123(11):1939-1995

Rue AL, Koehler CM, Wayne SJ, Chiulli SJ, Haland KY, Garry PJ.
1997. Nutritional status and cognitive functioning in a
normally aging sample: a 6-y reassessment. Am J Clin Nur,
65(1):20-29

Schulz V. 2003. Ginkgo extract or cholinesterase inhibitors in
patients with dementia; what clinical trials and guidelines fail
to considr. Phytomedicine, 10(4):74-79

Sedman AB, Wilkening GN, Bradeley PD, Warrady BA, Lum GM,
Alfrey AC. 1984. Encephalopathy in childhood secondary to
aluminum toxicity. Journal of pediatrics, 105(5):835-838

Spencer H, Kramer L, Norris C. 1982. Effect of small doses of
aluminum containing antacids on calcaium and phosphorus
metabolism. Am J Clin Nutr, 36(1):32-40

Steven AF, Buyukuysal RL, Wurtman RJ. 1990. Why do
phospholipid levels decrease with repeated stimulation? A
study of choline-containing compounds in rat striatum
following electrical stimulation. Annal NY Acad Sci,
640(1):114-117

William RM. 1977. Oxidative stress hypothesis in Alzheimer's
disease. Free Radic Biol Med, 23(1):134-147

Vander VGB, Wolff FA. 1985. Distribution of aluminum between
plasma and erythrocytes. Human Toxicol, 4(6):643-648

2008 12¢ 202 AMF=2F4, 209d 12 30Y £™=2F4, 3

E 27 pE=Ede, 42 172 =i, 42 7Y AH-



