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Copper (Cu) is an essential trace element indispensable for brain development and function; either
excess or deficiency in Cu can cause brain malfunction. While it is known that Cu and Fe homeosta-
sis are strictly regulated in the brain, the question as to how systemic Fe status may influence brain
Cu distribution was poorly understood. This study was designed to test the hypothesis that dietary Fe
condition affects Cu transport into the brain, leading to an altered brain distribution of Cu. Rats were
divided into 3 groups; an Fe-deficient (Fe-D) group which received an Fe-D diet (3~5 mg Fe/kg), a
control group that was fed with normal diet (35 mg Fe/kg), and an Fe-overload group whose diet con-
tained an Fe-O diet (20 g carbonyl Fe/kg). Following a 4-week treatment, the concentration of Cu/Fe
in serum, CSF (cerebrospinal fluid) and brain were determined by AAS, and the uptake rates of Cu
into choroids plexus (CP), CSF, brain capillary and parenchyma were determined by an in situ brain
perfusion, followed by capillary depletion. In Fe-D and Fe-O, serum Fe level decreased by 91% (p <
0.01) and increased by 131% (p < 0.01), respectively, in comparison to controls. Fe concentrations in
all brain regions tested (frontal cortex, striatum, hippocampus, mid brain, and cerebellum) were lower
than those of controls in Fe-D rats (p < 0.05), but not changed in Fe-O rats. In Fe-D animals, serum
and CSF Cu were not affected, while brain Cu levels in all tested regions (frontal cortex, striatum, hip-
pocampus, mid brain, and cerebellum) were significantly increased (p < 0.05). Likewise, the unidirec-
tional transport rate constants (K,) of Cu in CP, CSF, brain capillary and parenchyma were
significantly increased (p < 0.05) in the Fe-D rats. In contrast, with Fe-O, serum, CSF and brain Cu
concentrations were significantly decreased as compared to controls (p < 0.05). Cu transport was no
significant change of Cu transport of serum in Fe-O rats. The mRNA levels of five Cu-related trans-
porters were not affected by Fe status except DMT1 in the CP, which was increased in Fe-D and
decreased in Fe-O. Our data suggest that Cu transport into brain and ensuing brain Cu levels are
regulated by systemic Fe status. Fe deficiency appears to augment Cu transport by brain barriers,
leading to an accumulation of Cu in brain parenchyma.
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c oxidase, tryrosinase, lysyl oxidase, ceruloplasmin,
hephaestin 3 722 F2g-F E&(cuproenzyme)?l
1 7212Hcofactor/@A] B o2}, 3P4 (angiogenesis),
N7 2=z3} P4 (myelination)® endorphin 2H8- 5ol
T 03 488 o AT AU & 78 ol
2A] 2k} vresle] ABAEHAE YO F|E hydroxyl
radicals EAat7) w2l AolA 2 =t dAHA
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ZA"HTurnlund, 1998). wekA Wilson's diseasest
Menkes' disease 53 2-& 78] 2 7159 AAA ©
Ao A w sy FuUlst A4S op7lsh, 53
AZAAEY & fEgtHDanks, 2004).

w3 Alzheimer's disease, Parkinson's disease,
spongiform encephalopathies®} familial amyotrophic
lateral sclerosis 7+ A173¥Ad A $E=(neurondegene-
rative disorders}e AU F2 x| Bw¥I ##Hol
9 Aoz el JrkHartmann and Evenson,
1992:; Deibel et al, 1996; Waggoner et al, 1999;
Strausak et a/, 2001; Rossi et a/, 2006). Alzheimer's
disease SAtollA 78] F=7F Auk AT Bt
E=o Aow BYEATL(Basun et al, 1991; Loeffler et
al, 1996; Squitti et a/, 2002; Squitti et &/, 2005), A
HAEEL Ed dAFoA Cu/Zn chelatorgs Fo3td
Alzheimer's disease?] Hglol 223 A8 = AL
2 4elZ amyloid p-peptides] &2 o] A3 A
v BarslgoHCherny et a/, 2001). Bellingham et
a/(2004)2 HZ QTN FEE 24X amyloid-
beta precursor protein®] §-A} wde] Zagiil &
937, Sparks and Schreurs(2003)s 4% TEE =&
& Ealo) AFFENA FUL ul B-amyloid plague©l
Z7vsla A7t SdETiy Hska], Alzheimer's
diseased] WolozME A 2] Edde] 8T o
&g sl Aog wolth whd H W29 38 o]F7]
Aol gt AFE Alzheimer's disease 2 L ¥te] 417
HAAEEe e s Ao el Azt

o

iﬂj A e g4 FEo2 3 oo YJREoeR
Nas Sutsledl o] F5F TS & oldd:
DNA @433 Azpdg 2 ouiz] thatel] Hofshs o=
&% gltHAisen, 1994; Lash and Saleem, 1995). A

Yol H £5o g8 F&o|29 & 9 B3 IS
&, S5 gekrAllA A Age] A ¢
EEE o3, 8F o}y FTEE W LR Rist
AtHYokoi et al, 1990; Ece et af/, 1997, Rodriguez-
Matas et a/, 1998). oj= AW A 2] 3= st
divalent metal transporter 1(DMT1), metal transporter
protein 1(MTP1)9} 2 F&ols Tz el Wgo] W3}
atod Uehbe Aoz A o AAs 7132 U
A YA e AAZo|tHMarzullo et al, 2004; Collins
et al, 2005). =3t Collins(2006)= o1 AFAZ] HE
o4 2] 4o]xZHduodenum) B 2 jejunumiellA oFd
o] o]%o] FAsH= Menkes copper ATPase(ATP7A)2]
mRNA7} FFLE T B usli T

).
[N
rio

)

TFEle] AW olsel he AFe FEI] ASEHIL UL
o, & divalent metal transporter 1(DMT1), metal
transporter protein 1(MTP1) % copper transporter 1
(Ctr1)3} 7o F4o)% W@ (metal transporter)o] &2
A AFE 8 ol didk At v 2715 3
Aok A2 HAIZY 24 HEE o]83t AFelA AE
Uz e fdlinfluxel 1ol Ctrizk DMT1o] 8%k
age 3= RAew dEAHTennant et al, 2002;
Tomas and Oates, 2003). kX3t = W&o ¢ olF
Aol g Axe v vEse, DMT1, MTP1ejut
Ctrl 59 F50)% @ud 33dx 9 A (blood-
brain barrier)e]ut gl 25l A (blood-CSF barrier)
A FEe ol57re] BAE oFF & dEA UA KTt

o] & Ao AW & FFo whE A, HH
o (cerebrospinal fluid, CSF) 2 > A9 18] %
el #FsIHIL, in situ brain perfusion technique
o] g8t o|F AFPFEA Fx Y 4 HllH
o e B3 ¥ YR FEolsg AR AFA
=&t real time reverse transcription polymerase
chain reaction(RT-PCR} o]-&3lo] Holu} Fa]o]&ol
Hoshe Ao 4z DMTI, MTP1, Ctr1, ATP7A &
ATP7BS} 7+-& ZF&olF whildel mRNA 2d &2
FAgo 7R HollAe 7] olFedl ojA Heo] vlAE
ke ws| 3, FalolF 71 o] F&olEs WAl
&g skt st

RN

et

7 W
VEIEE Y Hx B AT AR APTES 3F
3 = Sprague-DawleyAl T3 HE=R, 2% 23 + 2°C,

= =
F A 7 AolE(Fe-0)0E Urlen 71 <% 167}
g4 gt A¥EE2] 4ol American Institute
of Nutrition(Bieri et a/, 1977)%) AXHFS AR 349
2 A Holte 3~5mg Fekg, xL 36 mg Fe/
kg, B 74 2o]F& 20 g carbonyl Fe/kgel HES %
Hs ALEE DyetAlRYE 73t 457 FF3IH
(Table 1). old] && Z=R/FE FFstd FE&F= U
Aol FFL XA AE 5 FF 23K AF
& A3l AFHsts FEsi

43 3 7+ 79 AF8EE 7 vy AERl(ketamine
hydrochloride)o- 2 w3 sled 24 (Cerebrospinal fluid,
CSF)2} doe A3z, Wetd7](choroid plexus)et
¥ A&t 9= ¥ O] ojupEd A frontal cortex),
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Table 1. The formulae of Fe-D (iron deficiency), control and Fe-O (iron overload) diet for rats

Fe-D Diet (No. 115111)

Control Diet (No. 170481) Fe-O Diet (No. 115122)

Casein 140.0
Corn Starch 465.7
Dextrose 165.0
Sucrose 100.0
Cellulose 50.0
Soybean Oil 40.0
Salt Mic, Fe Defic. 35.0
Fe 0.003~0.005
Cu (Cupuric carbonate) 10.5
Vitamin Mix, AIN-93M 10.0
L-Cystine 1.8
Choline Bitartrate 2.5

140.0 140.0
465.7 465.7
1565.0 1565.0
100.0 80.0
50.0 50.0
40.0 40.0
35.0 35.0
0.035 20 (Carbonyi Fe)
10.5 10.5
10.0 10.0
1.8 1.8
25 2.5

Xz (striatum), sl hippocampus), % (midbrain),
& (cerebellum)e 2 E2st FE|9 H 5 793t
= AFSSIN T, FEEE AP R ¥ HAR EE
g & Flo] olFwhilde] WEe] WMalE A¥Ry] 95t
o real time RT-PCRE sl=H] AME-3}7] 98t -80°CE
W Hasta.

47 3 7 73 HAEEE 9 ¥ Aoz v
3 3 n situ brain perfuslong Alisted AU H =

o m& 729 ¥z o]Fg EHEUT

AEISEEo BE & M B7f €3 A, unsaturated
iron binding capacnty(UlBC) Z 435 (total iron
binding capacity; TIBC)®} E#H2#H& E3}%(trans-
ferrin saturation}s =43sled d 29 2 JJFFol o}
2 AW & JeE Hrstdo, 83 W & 3 UIBCE
Pointe Scientificrt2] Iron/TIBC Reagent SetE ©]-8-3}
of Atk TIBCE A#e 4 & A+ UBCE &
3l 74]’\}&21_1_ transferrin saturation(%}> ¥4
Fg TIBCE o] WliE&2 FASIGIH-

F2/2f ofef BE HAIAES ¥H, HHFY 4
Z2 2od et AL AT AL BHEA (SpectrAA,
Varian, Inc.}& o]&3le] flameless WHlo2 At
RE ABE fEEE sde A1 F 2a93|s
71(MARS, CEM}& ©]&3td F233lgt 3 S/FFE g
2Jsted ATt

-
._'_6
K-8
5

In situ brain perfusion. In situ brain perfusion %
-2 Takasato er a/(1984)7 Smith(1996)¢] WS ok
51 FAsle] ARSI &, AES AERICE vlE st
$-Z& 22 Fd(common carotid artery}s =EAIZ1 %,
kR Ewl(external carotid artery), @/9AA 5
(pterygopalatine artery) 18|32 2554 Fo2 Z

e 2

3t & &E =dllinternal carotid artery)o] Zdg#
FHEIE (PE-10)S AYsled RE #RYo] £5 FHE F
g HWE 7t=E 3t #FFHL Ringer 89 (NaCl,
7.31g/l; KCl, 0.356 g/l; NaHCO;, 2.1 g/l; KH,PO,,
0.166 g/; MgS0,-3H,0, 0.213 g/l; glucose, 1.50 g/l;
sodium pyruvate, 1 mmol/l; CaCl,, 2.5 mmol/l; pH
7.4 5% CO,%F 95% O, 7t=E A &EHOR FHA|A
2E FIAA AREEAT A RIS ek &
2 Ringer &9 AFEEE 95HZ(peristaltic pump,
Variable Flow, Mini Pump, VWR}E ©]&3ta] 9.0 ml/
mino.Z gkt ¥ Felel “Curb ¥3H8 Ringer
fole A¥x] HZ(syringe pump, Harvard Compact
Infusion Pump, Model 975)% ©]&-3sl] 1.0 ml/min&

2 geo] 3way valveE og3te] AZsY AF TF

271 10 mi/min7} HE=Z sk}

30%, 60%, 12027} #RFAZ F, tiFZE(cisterna
magna) Folx HHFH e, AR Zé%(ipsilateral) 7}
Z v (lateral ventricle)ollA] ML 7E AR
F3 o] He 2N o HEE el & 64Cu s
Abs& &4 sk=tl A8ttt

i Mg 22 ¥ 2AZE3 dde EIe
Deane et a/(2004)9] Wl ot Alsfsiict. =,
= 82y A BAE 243l 7 ml tissue grind pestle
(Kontes, Vineland, NJ}il 22 , 30 539 2 72
3t g-9l(homogenate buffer; HEPES, 10 g/; NaCl,
141 ght;, KCI, 4 gh, MgSO,, 1 gh; NaH,PO,, 1gh; CaCl,,
2.5 g/l; glucose, 10 g/l; pH 7.4}& o] 7~83] A3le5
< slod FASAZITE of7)0) 4u) H3]] 30% Dextran
70 €98 o 33‘21 Arat £53 F 4°CollA 5,400x g9l
L4, 3l = A A5 BAE
A %‘Z‘ﬁ—% E‘\:ﬂopi‘% olgA ¥ule ¥ mAER
733l M 15T

x



282 J.-H. Choi et al.

Pump 3
Pump 1 [
m Filter Water Bath B
© =
[0 8 9.0 mmin___
el 1.0 mL/min
e £
D""O L= 10.0 mL/min (37 °C)
Pump 2 Alr Trap
40°C
Water Bath A
37°C
Isothermat Piate
95% 0,/5% CO,
Gas

Fig. 1. Scheme of in situ brain perfusion technique.

A & HH5d 2 23 ¥Cu YAk FAS
we} ¥WAls 2H7)(Packard Tri-Carb 2200A  liquid
scintillation counter}® oj&3std &FsHEY. HZAL
ZAE 243 5, 1 ml9 Solvable®(Packard BioScience
B.V., Groningen) &1-& o] 55°CollX 2~3AI17F A&
3s AT sskd ¥ 23e Hionic Fluor®Packard
BioScience B.V, Groningen) 10 miZ #7ste WAls

& 2330

AAE %Cuel E4E volume of distribution(V 2.2
FABIAT Vi HAEdog 2FdAM Y Wil &
Ao ZAZ i ZHd.p.m/gre FFH HAlsS 7
2 hiE gHd p.m/miez yire] Attt S &
=8 A (unidirectional uptake rates constants), K]
(w/s/g), BF A7l W& Vahe FAIT 2godA A4

Table 2. Primers used for real-time RT-PCR analysis

5 AAL Taked AHIATHY, = K, T + Vi),

5= 0/5 EHYE E 24 e olgHiEe] mRNA
s Awslsly] 8ked Mx3000p(Stratagene, USARE:
ol&sl real time RT-PCRE 333ttt ©A TRIzol®
Reagent(Gibco-BRL, Gaithersburg, MD)E ]85}
acid guanidium-phenol-chloroform HHo2 ¥ 44,
o mAES ¢ BFArlx F RNAS E28isith ©f
274 2ald £ RNAERE GnenAmp® RNA PCR kit
(ABI, USA}E o]&3led cDNAE AAEET. DMTY,
MTP1, Ctr1, ATP7A, ATP7B9} B-actin® primers
Primer Express T21#-& o]8-3le] A3 THTable
2). Z¥Zte] PCR w32 5ul9] cDNA, 12.5ple] 2X
Absolute QPCR SYBR Green® mix(ABgene, UK)2h
primersE 200~400 nMeo| HEE E§sle Eo|Fo=
ZZ A} ol Z+ AlFe) B A= B-actin TH A
=2 FFgsiA.

Exg4s RE AEE SAS packagelversion 9.1}&
o]g3le] BNzt BE ABAA ZF 7] AelE
H28l7] Yste] 4 BAHEA S AR, FolF &
ol Rolx ZA$lE Duncangidl olsted wWHEH|w

(multiple comparison}& 33T},

2

7 2z

mRNA Sequence Position

B-actin : GenBank accession number NM_031144

Forward primer 5-TCCTCCTGAGCGCAAGTACTC-3 1074~1094

Reverse primer 5-GCTCAGTAACAGTCCGCCTAG-3 1206~1226
DMT1 : GenBank accession number NM_013173

Forward primer 5-CAGTGCTCTGTACGTAACCTGTAAGC-3 4055~4080

Reverse primer 5-CGCAGAAGAACGAGGACCAA-3 4146~4165
Ctr1 : GenBank accession number NM_133600

Forward primer 5-CTAAACGCAGGCCGAGTTTC-3 1275~1294

Reverse primer 5-TTGGGATGGGCAGGTTCA-3 1342~1359
MTP1 : GenBank accession number NM_AF394785

Forward primer 5-CCACCTGTGCCTCCCAGAT-3’ 10815~1099

Reverse primer 5'-CCCATGCCAGCCAAAAATAC-3 1155~1174
ATP7A : GenBank accession number NM_052803

Forward primer 5- CCCTCAACAGCGTCGTCACT-3 4420~4439

Reverse primer 5- GACTAGCAGCATCCCCAAAGG-3’ 4511~4530
ATP7B : GenBank accession number NM_012511

Forward primer 5-GCCTACAAATCGCTGAGACAC-3 2148~2168

Reverse primer 5-CTCCGCCTTTTCAGCTATGG-3’ 2248~2267
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Body Weight (g)

0 L s L s

0 7 14 21 28
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Fig. 2. The change of body weight gain in Fe-D, Control,
and Fe-O diet fed rats. Data are represented as mean = SE
(n = 18).

FV} b AE Q02 vehton), 174REE e
of w3} Azl AUrHp < 0.01). A HY Aol FF
e Z(FeORIME 3AYH AF F7b1 Agion,
AFE 3RATE o) Hlsl AZp < 0.0), B
2o} A% A=Re A7) wek o AT

4

g,a/,e.//kx

ud
oft

#E 4 48 Helg 470 e
E(Fe-D)] ¥4 % %d_ S 14.8 pg/diE hEZ) 163,
ng/diEck 91% b,u_(p <001), & HFZAYS

801.7 pg/di= uﬁzsu 585.8 pg/dlEth 37% Z7}st]
(p <0.01), A & Ago] 549 A& T F UNA
tHFig. 3). EdAsE Z3EE FeDZolM 1.9%= o
279 27.7%RTt XA FUHp < 0.01). B 7Y

Holg FFWe AUSE(FeOPIME I & dFo|
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Fig. 3. Serum iron (Fe) status in Fe-D, Control and Fe-O
rats. Data are represented as mean + SE (n =7) (p < 0.05).

18

L__-d Fe-D

2224 Control

15 | mssm Fe-O
b

12

Fe Concentration (ug/g wet tissue)

CB

Fig. 4. Iron (Fe) concentrations of regional brain (FC: fron-
tal cortex, ST striatum, HP: hippocampus, MB: midbrain,
CB: cerebellum) in Fe-D, Control and Fe-O rats. Data are
represented as mean + SE (n=7) (P < 0.05).

377.0 pg/dizZ 2FRT 131% Z718E52(p < 0.01),
% A7AF%o| 6203 pg/diE HzZ3} =fol7} YUtk
Edxdd EZZeE Fe-O2olA 60.8%E tzzErtt
A3 =UTHp < 0.01).

& XA A &E zA4) 4 =
o]#(Fe-D)] 7%, 57/ ¥(frontal cortex, striatum,
hippocampus, midbrain, cerebellum) E5olA o2

v} Welthp < 0.05). SX% @ 7Y Holg TFL
HFe-OplM e ot xpo| 7} L1A] FSktHFig. 4).

=3 24y 4

rlo

& LE7of Y & LY A/ & BF FEE
E-‘:— 34_ A9 2olZ(Fe-DilA 0.74 + 0.09 ug/mlE o
2729] 0.81 + 0.04 pg/mizk 2Fol7k YA (Fig. 5), &

35

__ 1 FeD
1000 | wzzz3 Control b 4130
gt Fe-O

800

600

400

Cu Conc. (ng/mL) in Serum
ASD w (qwydu) ue) n)

200

Serum CSF

Fig. 5. Copper concentrations of serum and CSF in Fe-D,
Control and Fe-O rats. Data are represented as mean + SE
(n=7) (P <0.05).
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& N Fe-O
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S 3F c c
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o0 b b
) a <
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=
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0
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Fig. 6. Copper concentrations of regional brain (FC: frontal
cortex, ST striatum, HP: hippocampus, MB: midbrain, CB:
cerebellum) in Fe-D, Control and Fe-O rats. Data are repre-
sented as mean = SE (n=7) (P < 0.05).

Q) Aol e F(Fe-OPlME 0.16 + 0.02 pg/
miZ )zl vlste] oF 80% ZAsitHp < 0.01).

HHgaoe 4 A9 20)g FFwHE FHFe-DplA
0.027 + 0.002 pg/mIZ ZFE] 0.024 = 0.001 pug/ml
3} zpol7t gilen, A 3] HolFE(Fe-O)lXE 0.018
+ 0.001 pg/miz tiZol| Blsted oF 25% sttt
{p < 0.01).

o z2AW T2 see 2 29 2ol&Fe-D) 75, HH

B9l (frontal cortex, striatum, hippocampus, midbrain,
cerebelium) 2504 thxFrth B3, 3 3 2o
g FEwe ZFe-Opixe xRt 9 verktt
(Fig. 6).

F2/of & Lf=2/ 0/F. In situ brain perfusion ¥4
o7 233 IUF FFE (K WLl (choroid
plexusiiX 7V B, ¥ EAEH, ¥ 472 agd
HH4el ol QirhFig. 7). 2 4R HolE Y A48T
E(FeD}e By, ¥ mAgd, Hdd ¢ x5
Ao AW F& (K0l 42 0.311, 0.061, 0.010,
0.0007 pl/s/ge= tiz=w+2] 0.245, 0.023, 0.005, 0.0003
pi/s/gEth =4 UeltHp < 0.05). 3R A 39 Ao
{Fe-OpllA= 0.188, 0.025, 0.006, 0.0004 ml/s/g=
3 zhol 7t Yt

5= 0/5 EMYES mRNA &8, AW A = o
2 Y 2% olF vz mRNA 24 wslE Aui
AFE= Table 33 2tk DMT12] 25 2 AY 2olg
FFte AFFE(Fe-D)e] HFD/]A tizZ 2ot
1,500 EA Vet (p < 0.05), & 7<) 2lol{Fe-Ol
Ae 0.714) @A YeRgthp < 0.05). 3T OE &%
o]F whil Ao & 450 mEl mRNA 239 Hihk=

£ 5 Aok

0.2

50
Choroid Plexus CSF
oF O FeD -0.10
P -
j“ ® Control S"
o Fe-O {008
:E; 30 E
@
g 4 0.0 g
> wf =)
& Jooa
3 3
10
40,02
0 0.00
g | Brain Capillary Endothelia Brain Parenchyme
& 15 _
B
&
2 o 3
g > E
< Ji0 £
S | S
s 4 4 =
= =
.t= jo &
¢ 4 =
] % *oo
0 0.0

30 60 120
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30 60 120
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Fig. 7. Unidirectional uptake rate constants, K, of free %Cu in the choroid plexus, brain capillaries, brain parenchyma and

cerebrospinal fluid (CSF) (P < 0.05).
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Table 3. Relative abundance of mRNAs encoding metal
transporters in choroid plexus (CP), brain capillary endo-
thelia (BCE), and brain parenchyma (BP)

Fe-D Control Fe-O
DMT1 CP 1.51+005* 1.00+£0.10 0.71 £0.06*
BCE 096006 1.00+0.06 0.93+0.08
BP 117 +0.14 1.00+£0.03 0.98+0.10
MTP1 CP 0.89+0.08 1.00+£0.24 0.85+0.08
BCE 052+0.13 1.00 £0.31 1.26 +0.26
BP 1.08 +0.22 1.00£0.08 1.40+0.27
Ctr CP 114 £0.12 1.00+£0.07 0.84 £ 0.06
BCE 091+0.04 1.00+£0.15 0.89+0.32
BP 1.03+0.10 1.00+£0.05 1.08 +0.07
ATP7A CP 0.99+0.03 1.00£0.03 0.95+0.01
BCE 0.89 +0.05 1.00£ 0.1 0.94 £0.06
BP 1.01 £0.05 1.00+£0.04 091+0.M1
ATP7B CP 0.95+0.04 1.00£0.03 0.93 +0.01
BCE 0.86+0.08 1.00£0.12 0.94+0.05
BP 1.08 +0.05 1.00£0.05 0.92+0.10

Each value represents the mean + SE.
*Significantly different from the control, P < 0.05.

AW o] TAE & A E 9FI3 DMTT,
MTP1 59| &< olF Tz Wdg Z7kAA As7|7
2 23 7oy F4E TP AR 9uA U
tHLinder et a/, 2003; Collins et a/, 2005; Collins,
2006). ol 7oA F AY 2olg FHE HEAME
179RARE AS5S7P) gA4sP] ARSI, 457 $ole
v 3 Fgol vizLrY 91% Zadal, ¥ AT
5 37% ZF7eld, Bl E3lwrt 93% 3Aast
2 A9 2748 2y HEAYY] 2 sE= 54
E E9oA tIZZEY 16~21% AX WUt
d 5% 7T & MY A ZRT oS u
< B, Hollx F FEE X317] 93 ez
Hz2o] H F47t FTvhEe ALE AR, o=
Yokoi et a/{1990)3} Erikson et 4/(1997)2] A9} dX]
Bl

A A9 o) TFT It A HHgAe ¢
e gxLd o7t giiey, E43 RE H =
HoMe] pElsse 2 49 Aol FFT A o
Z720 10~11% =4 Yebdth. Yokoi et a/{1991)>
A A9 Holg TFE fue F AW FEEIA
83 78 wxrt St Basllov, Reeves et
a/(2004) W3yt vk RIS ATgRAIME
Ece et a/{1997)7 Gurgoze et a/(2006}2 A ZHBH
Ndellr g FElert SV g1, Olivares
et a/(2006)7 Van Nhien et a/(2006)> Wsp7} gltkal
stk olgdt BEUXE A 2o 29 A=, H 49
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