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An Association between Brain MRI and Neurologic Findings in
Welders Exposed to Manganese Fume
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Kang-Sook Lee, Chung Yill Park, Jeong Wook Lee",
Si Ryung Han*, Hye Suk Jang**

Catholic Industrial Medical Center, Catholic University Medical College
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This study was carried out to investigate the relationship between brain magnetic reso-
nance imaging(MRI) and neurological findings in welders exposed to manganese fume.
Thirty five welders from a bus manufacturing factory who were occupationally exposed to
low dose manganese fume were examined. We collected the information on the demo-
graphic factors and welding careers. Laboratory investigations included blood and urine
manganese concentration and blood chemistry. Brain MRI was checked, and high signal
intensity of the globus pallidus was graded from 0 to 3 compared to the white matter of
the frontal lobe. Neurologic examination was carried out.

The results were as follows;

1. The mean age of workers was 48,3%5.7 years, mean duration of welding was 21.4+
5.6 years.

2. On brain MRL high signal intensity in the globus pallidus was observed in 27 work-
ers(77.1%). Among them, 18 cases(66.7%) showed remarkably high signal intensity (grade
2). Mean concentration of blood manganese was higher in those with high signal intensity
and correlated to the grade of high signal intensity (p=0.02).

3. On neurologic examination, no workers showed the finding of typical parkinsonism.
But 11 workers(31.4%) showed subtle neurological abnormalities such as gait without
associated arm movement, postural instability, intention tremor, and so on.
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Blood manganese concentration of neurologically abnormal group was 2.4%0.7 us/dL,
which was significantly higher, compared to 1.8+0.7 we/dL of neurologically normal

group (p=0.03).

4, Among 27 workers who showed high signal intensity on brain MRI, 10 workers(37%)
were neurologically abnormal. Higher grade of signal intensity on globus pallidus showed
higher rate of neurologic abnormality(p<0.05). Especially postural instability and gait
without associated arm movement were prominent findings.

These findings suggest that high signal intensity on brain MRI might be associated with
a prodromal sign of manganese intoxication, Careful neurologic examination should be fol-
lowed up on welders showing high signal intensity in the golbus pallidus of brain MRIL
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oA A& B8 A AFelAA Pzt
A& 2ud FHe gloy, 4iE e 4
= 2E ZEAAAM] BEEL E3) B
2lrtt(Rodier, 1954; Tanaka %, 1969; Smith
%5, 1973; Rosenstock %, 1971; Ferraz %,
1988; Huang %, 1989). AYH oz WHeFE
of ®Bxlolvt Foll BA=dA =EFHH ZF7FNE
do7lm, THIHoR iy 7S AYHA F
348 ANEFTE dodle Aoz U9A
ek,

Felvetold HEzE Bnd 9E5e Fie
1989 7h3AE EHsle EHEATYUEE A
et FAelA WAstHT wreAE B, A
Z, AR e 34 19 IREsE 33 14
FAKeE 31l AIN HEAQ BFEd 23 gl
Zol A= ARFA R} AY] AR @i
ZAMAFZE 199190 HaE Ao (dd 5, 1991;
dged &, 1991).

WA le FAEAE AH A, BEAGozN v
WA sEEe] FREo] wAldte WRIFEC] FE
Ba Hlen), Agle dgdz £H7o] Frkshd
Al B3t AXE ORe TR HE Hay we
Fro Wit ZEEE $HTZA AN WS
o] Full7l Kus A SHIEA A Y] AFE
o] ¥A-& EA HAUWH(Chandra &, 1981; Nel-

Brain magnetic resonance imaging,

High signal intensity,

son &, 1993).

PEEcE BT HF&Fe du Sagshd
A&7t & HA @ 54& 7 (7] vl (¢
9 5, 1991 Calne 5, 1994) FFgH L2 YIHF
olu} WzrEFAE FERYE TEAE FdA @
5o AYHe FRE 2r)d Adslnxt she
o] o]Fo} Hr}H{Chandra 5, 1974; Chandra
%, 1981; Khandelwal %, 1981; Siqueira &,
1991). & SHZEANA HR7| FHEE & o] &
Bl AT (globus pallidus)oll IANFTHEE 3
Qlgte Wzho] 7] F-9lo] FAYE AG4HezE B
o393 (Newland &, 1989) ¥HA7iggadds
o] &8ty WTrFEC] X7 Aol o] &8lAlw FAol
o]}t (Nelson &, 1993). 18y} #7382
4 23 ARE HQ 2EAF o= Izt A
el 2AAE o|AAAE Holx WFHoR
olejAl& Aol BRE A& o] ol ul glrh

AAES HYHer A ge 9zt Fro ¥
Aoz ZzE LHTIZAE YAOR Har| 3y
o] AL Flslm, HLUF AR HAE
AAste] HA|FEEY 243 AR o)A
o] #AE Folinzt B ATE A=3
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AHe s AQSA A4 ol R 85, 2F U

— 162 —



FE o]z AdsEo Edd AEAAL =™
3BHE A2 S

2, AT

EE ZEA] ddtd Yo, AP, HAAHY,
8, A48 2 #8354 Fo ddod A9 HA
AAt o BER A YEITH ZUH
A3l €5 9 83 Y=g 2|
< &F £31E A ZANne A8
ErtE o npaa Fgo R tiste] XAEI
7NEERA TNFEA FIMe AoR ¢
2 ¥8F #F(Ca) sz ¥F ADA(Adenosine
deaminase) ¥55 &3t}

o
N

A

0 E X e df
: 2 o

1 =X |3HEA

= 2p7)gE &Y (Brain MRI) < 0.5T (Gyroscan
T5, Philips, Netherlands) ZHE3-& o]&3}ld,
spin-echo” 1§22 T173x%97} (TR/TE=560/20) 3%
T27 29473 (TR/TE=2300/120)& 4%, #Ex
@T& 9%l Gd-DTPA #A35 1 ke 0.1 mmolE
BNEAE TIZZEIZE AUt A THES
27E T1 A28 NA F37(globus pallidus)
o] INIAE 7 AEE 399 WAM HE
o7t ZEAte] AYPYHE R2E A SYPH
B AES AAIBAA 29 o dXEe A¢E 2
ANEEe] gre R Aot BA7ES Ydd
A BT IANERE U7 Y vwe] AFY
o WA} vwatd AV @*& HLE grade 0,
AT WA vwdte 43t FrlE ATE
grade 1, §tFo2 HASHA F7HEAAT K3}
e g AEPEE HQ BLE grade 2,
HalA e vlsgt AEREE HelAY 22 A
£ grade 3.2 FH3agr}

2) Alzsta HuZA

AR FLAAE HEse ol o3 2 7|
B s AAEE ol dadE Lelusieid A
24 AT ARe7t wE AeA e o
o 30%e] AATA WS AP AHEY
A4 Ao e voe BT, 2EA W
A gus 2 BA/E AR ¥ e AN

$E 29¢ At AAARE Aztse @

FZ, & 2o oz g FYsle IUA)Y 2
VA IFARE g d&9 A EER E
3}, #FFol =2 (bradykinesia), LAHA A4,
A% AR, AATFRA, S ojze] WE, B
PP, PN BFF A, BPA| wgpdske] 21
d28g, 247} Folke B4 (micrographia) ol
st AT #8419 A HzpriFHE
g9 HAALAE REE AP AAT i} 38
o] oju] &Y witle HAAYE BWA aF 20|
ol Faze] tkm F A%t AAH ol Faze
2 dgsart. AAEH ArNA st o]ade]
ol FAaAE HS ALE AAYH o|YFor TE
3kt

3) HHEA &8

ATAAE] FAYGA FRO FES doliy] 9§
Bl SHEF 4 SHFWe A O A
73 38E& YR ez AXsrh $3F 2 £ F
el g2 E £33 98 NIOSH (National
Institute for Occupational Safety and
Health)®] F3A48%<] Method 0500 (NIOSH,
1994) & o] 83t AFsA o, HUFEHE FAld
Z43l7] 98] PVC filtertl4d Mixed-cell-fil-
ter(A7 37 mm, FF 0.8 m)E MAANE FTZHAH
(GILAIR, Gilian, USA)el #atsle] TR Th
F4E AREFR A=A (GTA-96,
Australia) & AH&-3le] A F3lAch

Varian,

4) EAE 24

A2 EA L SAS for windows 6. 11-& o}£34
o}, AFAAE HA71FEEY A 23T 14l
7% 3r)o] we} grade 0, grade 1, grade 2,
grade 3% ¥ % ZF 39 vag HEe HAY
9 Kruscal-Wallis test® Alg3l@cl, 28jz A
AEH o|FFFe utE T ¥lme ¥ 2y HA
9] Wilcoxon rank sum test® Algslic), ==}
NEFBEGY FF7o] nATHEe =) wE
ARTH ol3E B AHY AATH AL |3 ES
AP AAE ot 7] A5 Bartholomew A
£ AP AATA o|d RS FEHUFE T
* 43, £4849749, 8% WErE, 8F 9
TE, 2 1Y £7%, £F99 (pack - year)©] ¥
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A YRS Golnr] Asel =AY AR
% stk

A AD}
1 ATCRARLS) Uy S

Z2ax2e] A3 BEx e 3007 39 (8.6%), 40tH
7} 16 (45.7%), 50th7} 167 (45.7%) 191, &3
AdESE 104 A)wo] 1% (2.9%), 108904 20d
mlko] 16% (45.7%), 201 oldo] 18% (51.4%)°)
At FAARE wFAAT 84 (22.9%), 7184
At (ex-smoker) 7t 47 (11.4%), F9A7} 234
(65.7%) 1AL, &Fo]Fe 249 (68.6%) 1 1HdA
o7 S23ctn stk (Table 1).

2. ATCHAIRLS] labAdmt QloatZiAlL Ant

1)

AFgAEe] g Bel 34T FA4L 8%
2 209 (7. 1%)°) zA3gom AL 748 18
(51.4%), =7+ 17%(48.6%), =5%% 16
(45.7%), |7 FEdriel 44 #AFe] Wt 2
ax9] Fdupd zZhzh 119 (31.4%), HolA F£4
HAZL deh 1078 (28.6%), 21837 89 (22.9%)
oldct. 19 EWZE, #gAel, A& FTHr) 49
(11.4%), =2T + gle & 39 8.6%), *34
22 E EEE DA AFe) 29 (5.7%) °lA
t}(Table 2).

o of fo

=

2) AaAHAL Hof

BE 8F PUFEEe 2.010.7 w/dl, HT 8
3 PHEEE 2.511.4 w/Lolem, TUFZFA
Z7hitgn 2nd 8% Z43 ADA(adenosine
deaminase) & Zzt 8.7+0.4 me/dL, 15.3%8.0
TU/L °] %At

3 e Hydn

3AFAS tiste] 1271394 S FS M
Zo tistd FFsAt EHFY F=v 1.81-
16.26 mg/meo] Ao &-&7)ER] 5 mg/mE dE &
Al A AU BAEF FEE 0.03-1.15

Table 2. Self-reported symptoms of study subjects

Frequency (%)

Symptoms (n=35)

Lumbago 20(57.1)
Decreased libido 18(51.4)
Asthenia 17(48.6)
Myalgia 16(45.7)
Trritability 11(31.4)
Labile affect 11(31.4)
Lower extremity weakness 11(31.4)

Increased sweat with metallic odor  10(28.6)
Anorexia 8(22.9
Insomnia 4(11. 4
Impaired speech 4(11.4)
Sialorrhea 4(11. 4)
Uncontrolled violence 3( 8.6)
Inappropriate laughing or crying 2( 5.7

Table 1, General characteristics of study subjects

General characteristics Number Relative frequency
(n=35) (%)
Age(years) 30-39 3 8.6
40-49 16 45.7
50-59 16 45,7
Welding career(years) 1-9 1 2.9
10-19 16 45.7
20~ 18 51.4
Smoking habit nonsmoker 8 22.9
ex-smoker 4 11.4
smoker 23 65.7
Alcohol habit nondrinker 11 31.4
drinker 24 68.6
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Table 3, Comparison of the selected variables by brain MRI finding.

(Mean+SD)
Variables MRI high signal intensity finding X p value
grade 0 (n=8) grade 1 (n=9) grade 2 (n=18)
Age(years) 44,4+4.0 48.1+6.2 50.1%5.4 6.72 0.03*
Welding career (years) 17.4+6.0 20.4+5.1 20.8+3.9 1.10 0.58
Mn-B (ue/dL) 1.6£0.7 1.6+0.3 2.3+0.7 7.78 0.02*
Mn-U (us/L) 2.4+1.1 2.6+1.2 2.6+1.5 0.18 0.91
Ca (mg/dL) 8.5+0.7 8.7+0.2 8.7+0.3 0.20 0.90
ADA(IU/L) 12,3247 12.7£2.7 18.0+10.0 4.57 0.10
Alcohols 315.4%286.9 328,3+128.2 239.0+188,2 2.01 0.37
(gm/month) 4 6)) (15)
Cigarettes 15.9£11.1 15.716.2 19.1+£10.0 0.87 0.65
(pack * year) 8 (6 (13
* p<0.05

Notes: () : number of current smoker or drinker

Mn-B: Blood Mn concentration , Mn-U: Urine Mn concentration
Ca: Plasma calcium concentration, ADA: Adenosine deaminase

me/mo 2 587184 1 ne/mE 2FeHe YA

o] 17ha At
3. HAP|BHELMRI) 2dnt 24

7 =X |SHEAE dnl

AT 357 F WA FHEY AR S%
Tol FNZAEE B FEAe 274 (77.1%)°)
A}, 2% AFPe NAY wwdly It Fs18E
grade 172 9% (33.3%) 111, S<tzos A
Al SUFEIAAI R HIRAHEY Be AZPEES
B9l grade 272 18% (66.6%) 1Atk 3] 8kA| W=t
Hls28k NaPd%g WHolAu &2 499 grade 3
& IR FFHA| Ftrh. 28 2ge] HEF
o 27& BYen, I F 14L& @47 ailE
e 7o) But 5o gith

of W& Zt F7te] vluE B A2 grade 0T
M= 44.4+4.04], grade 13A = 48.116.2
Al, grade 2wl AE 50.1£5. 42 239 14l
BT A7)0 we} A#o] FetA Fisidoy
(p=0.03), z} w7te) 834 Aol fAUTh
H% Wtsxe grade 029A 1.6+0.7 we

/dL, grade 134 1.6+0.3 w/dL, grade 27
oA 2.3+0.7 w/dLE ST nANFEE A7)
7} & AL €3 W Ee] f4¢ Aeirt lgw
(=0.02). 8} 83 LHsSE grade 0]
2.4+1.1 wg/L, grade 17°} 2.6+1.2 ug/L,
grade 2F°] 2.6+1.5 we/LE ATAA FARIA
o 3 AEsE @ ADATER ZF w3l Ao
7t Ak SRl A st A3 dEge
Fgram) T FAA L 7| FAR A e] FAH ¥
o E=3 ZF ke Ao)7) f1i T (Table 3).

4, MBI HAATT 2Y

1) HUNHSH Zate) B}

AAT} oA} 399) Aol oleh FUNAGHAA}
4 247 (68.6%) 0] AN, o} wlAG A%
R olgade TR AAER ol gAE 119
(31.4%) o191, AAEA AN A o HAAE B
W BEA) Bwzd 24 109 (28.6%) 24 7 B
k3, AMFHRA ANt 8% (22.9%), NEAA
ol 7%(20.0%), ¥Ael 8 @ %o A &
o] 212} 3% (8.6%), BAel o)zl Wz} @ 27
Awe) Zrb} 247 07 (5.7%), Fee) HASAE
7} 19 (2.9%) 2 AAET. 2 o PEEe
el 4184 rigidity), 29 W 8ol o
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Table 4, Neurologic findings of study subjects and comparison of these neurologic abnormal rate by

brain MRI finding.

Brain MRI findings in globus pallidus

e grade 0 grade 1 grade 2 Total 2

Neurol find.
eurologic findings (n=8) (60) (018) (0235)

Gait without associated arm movement 1(12.5) 1111 8(44.4) 10(28.6) 4,58*
Postural instability 0 1(11. 1) 7(38.9) 8(22.9) 5.70*
Intention tremor 1(12.5) 1{11. 1) 5(27.8) 7(20.0) 1.41
Mask like expressionless face 0 0 3(16.7 3( 8.6) 3.10
Bradykinesia 0 0 3(16.7) 3( 8.6) 3,10
Speech disorder 0 0 2(1.11) 2(5.7) 2.00
Increased muscle tone 0 0 20111 2(5.7 2.00
Blunting of fine movement 0 0 1{ 5.6) 1029 0.97
Abnormality in total neurologic examination  1(12.5) 1(11.1) 9(50 0) 11(31. 4 5.94*
* p<0.05
( }: Percent abnormal

4 (propulsion), S 7F AR Zolxlx= 20,246,049, 19.4+3.39W22 S FAMEHY

é)&
#2 (micrographia), cock walk 2 HZALZHc]
o ME G4 dolxe &4 & KA 223
= A3 (Table 4).

e @
<
[}

IMEUE Z7of mE Zh MEEH
A&7rwe) =74
—‘] #AE 27 9t
o] Bartholomew A%< A]?fga}gil:}_ o] 1
NEFE7E AU ABTH HAL ol gL
12.5%0] W5} grade 172 11.1%, grade 23
& 50,0%0.2 9379 34F B5e 277t E4

5 AAgH oldEol #AAsA FrhstRn
(p€0.05). 217334 AL Z4ze] &4& B 34
wAxe] 277y 245 fosA Fkee A7%E
A ol AMTFERA Fefst AFA BFFH
o] FASATHpd0.05). 29 712X, ®F9) £
2ogFo] =2 2 TE grade 2wl Bl
#EF R FoskAlE W3keh(Table 4).

3) MHEA olMRFOl e FZhe| Hlw

AFRARE AARE 2 wet A4 F
Ak A4 o)t Yed 4 #3el v

w 9yY $EAAAEE AR T
Aol Al Z2b 47,746, 04, 49,5x4, 941

e m!,m

o, 8% WP%EL A 7Aool A 2,4+0.7
we/dLE A 78H2 AT 1.840.6 ug/dLel vl
Fol8tA E3THp=0.03). &% Whex 3 ¥
ZAEeee T #4139 R, ADASEE 474
g AT 12,544, 1 TU/L, 417383 o)4ee
21.5+10.9 TU/LE oldZolA fefatd =sich
(p=0.004). SFAbllA grEtel] AT 429
F(gram) & FAA R 7| FAA A ] FAH ] v
o EF 7 P xfolzt glATh(Table 5).

4) DWI?_ N EE 5?’—‘4 Ol4tol| HEE Dix|le QolEA
A3 Pk, 85 Ibw

£98 (pack - year)o] 2174
]5‘]1‘3‘ FEE dolrgitt, EF
frigdn U ‘3}01 )7} 3.64(95% A&7z 1.20-
13.79) 2 Ffelgh wigolgirt. Ao mAe
0.97(95% A#E T3 0.83-1.13) 031, &FHUIFE
o maple 1.10095% 41873 0.61-1.93) 2.5
FeJ8kA] gkt (Table 6).

g
iy

2

fl

HA PUFE Bz FHEL UHEHE FH
A, %fﬂﬂﬁi’/ﬂ H w3 uFgEe] Z2Fo 4y
3k #xbo] Tt (Rodier, 1955, Smith %, 1973;
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4 &, 1991; Huang &, 1993).

oy HE vad v TR Y3 Ezde
SHIDERANME PAFHFe] FErt EnEEA
(Chandra 5, 1981; Nelson %, 1993) $x¥&=
AeA e WREERC] #AE EA HUALH 53,
Al BeR 83AY[E FAe 22 Ft
ol me} 83 Z2Ae] AR}t F83A HA
o 2 AFUAEe 2Rde 34 WiHE
3 FPeEEH AR 12L Adslie =52 1
Al A97-6552] =EVE(=FF, 1998) 1 mg/me
olUle] HlmA Hyko Zzg T2AE oAUtk
A7 85 2 8.F WiEEe 54703
@y 2 A%EE729 =53 1A Al 94-38%
(=B, 1994) 71& ¥3%% 10 w/dLY} 8.5

TR 10 we/Le 718X Hgld dF 94NEE
2.040.7 wg/dLs} 8% BE% 2.5+1.4 wg/LE
Al 3A A el 2 olfte AA, AYHRA
ZR M) AR vad HEZo|Pon Ex], AT
g 2E2A7E & JARA & AEBWIA FSle]
o]Folx7] Wi Z2r} vimA FYINAS AL
2 AZ4HE AR, ZE2AE 5571 FAgA AR
Q) vkx3a AE-E AR 3] HEL
A7 E At

w7te] AP FHS £3) INEFH AR F
7378 g HHe S guE Yehd
oh &3] PAFSeler T2 A3EA ojE ¥A
0k W3t o% AAEH ol FE& £ JVE )
Fou AFEA 1719 782, 93, 484

Table 5, Comparison of the selected variables between normal and abnormal neurologic finding groups.

(Mean=£SD)
Variables Neurologic finding Z p value
Normal (n=24) Abnormal (n=11)
Age(years) 47.7+6.0 49.5+ 4.9 0.91 0. 36
Welding career (years) 20.2+6.0 19.4+ 3.3 -0.77 0.44
Mn-B (ue/dL) 1.8%0.6 2.4+ 0.7* 2.22 0.03*
Mn-U (ug/L) 2.5+1.4 2.7+ 1.0 0.96 0.34
Ca (mg/dL) 8.6%0.5 8.8t 0.5 0.80 0.42
ADA(IU/L) 12.5+4.1 21.5+10.9 2.91 0.004*
Alcohols 256.9+175.5 292.8+226.3
(gm/month) 15) ©) 0.24 0.81
Cigarettes 16,2+8.1 20.1x12.3
(pack - year) (19 (8 0.96 0.34
* pL0.05
Notes: (J: number of current smoker or drinker
Mn-B: Blood Mn concentration , Mn-U: Urine Mn concentration
Ca: Plasma calcium concentration, ADA: Adenosine deaminase
Table 6, Results of logistic regression for factors affecting neurologic finding.
Factors B SE 0Odds ratio 95% CI
Age(yrs) 0.06 0.07 1.06 0.93- 1.23
Welding career (yrs) -0.04 0.08 0.97 0.83- 1.13
Mn-B (ug/dL) 1.29 0.61 3.64 1.20 - 13.79
Mn-U (ue/L) 0.10 0.27 1.10 0.61 - 1,93
Alcohols (gm/month) 0.002 0.002 1.002 1.0 - 1L.01
Cigarettes(pack - year) 0.02 0.03 0.09 0.95 - 1.09

Notes: Mn-B: Blood Mn concentration , Mn-U: Urine Mn concentration
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S&F59] oo gl o]go] iy
QAT F FHELFINLRE MNAY BuE U
7le] oA F4 2 FAH B
oo AL, AREAQ 289 osle} ey,
A% F& agr BRI A$ Azl FXA] dF
Aol & gitelel Aol e we Aol AR}
333}, M33lEo] Hehnetritt (cock-walk) &t &
gl 5ol RIAFHE vehln BE I8 F
A FRrA 22 AFAEE JeEhA d0 "dils
ArF o 2 WelW AFANE (micrographia) & E
ol &rie, &, #, dEe AHE e
(Rodier, 1955; Mena &, 1967; Sullivan %,
1992). & A7 Fice 8%, 489 7
H, 9@ o82A FE ATAA L H5H 4
£ T48H(Table 2).

D E sl det ARG o) AA 3
N&Fo] WS 3 A&7 & H4 Ferh (Y
%, 1991; Huang &, 1993; Calne &, 1994,

3t
ol dFAE Holm WgA #et fle agln A9
o]
i

Bhii7)= @tk 3

4> ml

Lu 5, 1994). H Fa1g502 o9 271409
27] ASe gomm oug sldol Wrk ey
Gnsos ABHE BT 08 4R =

YE el f%%“ % 8% Pex 539 4% ¥F
F 717 of 404 AER FAZ 2] A=
g gtz ol8d # & ol (Mena %
1967; Chandra 5, 1981). Atk Z2r)7ka) =
FEATGE BAV gle AR RadHdd
(Tanaka %, 1969). w&hA AYH oz 9¥tE 5
2 PRHERHEe £REE 2EAlA WEES
AAEA ol dazie] Yoy He 2] AdE dn
A} 582 e gk A7 gof o] Fo]
AAA L] el o3 e AdzA A
ol ADA (adenosine deaminase) A% W3}, *
rol A= Fe| e 5o tiAld] JgE FeH &
Adld % F¥2dHE 9 HDL SH2HEE 2%
3, 29 ¥H A, < 59 sk AW

17-ketosteroid, &, ¢ 59 Wald] gk A7}
B3 FHflov XS Hela A Rt 430l
o (Chandra &, 1974, Chandra 5, 1981;
Khandelwal %, 1981; Siqueira %, 1991). &
AP E Ha7|FE8E 41 2L AFH ol
2o wel 83 AHr: 9 ADANEE vws
Aot A AdarEe HA7|FEEY 2d 2 A
738 ol da i & AolE Holx] gt
U ADA¥EE LAEZEI} BA3] F7HE FolA
F7kehe A3E BYa, AATH ol datolAM Feo
A Frlst ot RFEAIFIE 2] wiiel 2717
&g % AsEY AFRE AR Aog A7
=y

8 1993 d Nelson 52 g3 Zz 2 %7l
THgAHe R mE2E T olIETEA A M
el #APE MRIE o83l B3t 34
TEAE 20% R 8HFoR ARRST 83
< 257 sted 2 4449 ER} ofmEH FE A
on 3y 249 gGA &S, 4A &3,
EHZo] Azon, 25¢AlY HA EF (confu-
sion), 7198 75, JA7|5e] £4do] o3, HFY
Al AF dolAn Yizivkdg Yelgd v FHds] 1
P& AN ¢ gl S4E shdgo). A7) —’?}X}
o] HANFHEY A28 TIZARGNA %=
e FHA RAIAEE Haste] 7 Zl
TEAA PRHFE9 oL
A8 w27 FH %}%94 F849& =3

U7k 7, d 59 2L AAHEHRE A)F
HAFEGAl AHEEE A 2o ofs] A1E)E
€ 54 7R3 itk 23 "ilo EEE}EM
W A7) FHGAEG A T1o] kA 7k &S 2514
ol o] A% TiZAZEGAAN 2HEAEE el
U F9Eg o A HolA i (Nelson %,
1993;. Mirowitz &, 1991). =z} T14x=9%
A HriAel nNEREE Holy ASE tE
WA= U&F e dES] Aw=z3z, AR
(paramagnetic) EHE 2t B4 (59 23
metahemoglobin, melanin), EWA, L4,
A, Fele] A3, AAMNFES O A, A
T AP dE e FxolMe Wt AR '
o} alAololl A AakhA M &) Fo] w7 1
AZAEE B F AUk 28y o)Fe] e o
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E W89 24, 3MERT] AAY F FT,
T1 2 T2RZ2FA 27, AP ALY 58 £
Fete] AEAGe] 7bestt (Gomori 5, 1985,
Newland &, 1989; #$= 5, 1994). B Q7o
A= 3ol ZEASE 278 (77.1%)AA 245 7
= &S HYon FFHdoz FEIH F)s)
A, T1 B T2AzFolAe] 276 A %
7o) &Ad) 98 AFez AMAHEU) A7) AF
AL 12 AEAAN] 3 A7) wf e
BRG] &R NN IABZFEFHELS o|R
o W& Ao,

2ATe] pAZAE A7) BE P vmE
HR 83 OtyEe 2AIREr AARA F0t
3t grade 274 2.3+0.7 wg/dLo-Z grade 0T
9] 1.6+0.7 we/dLT} grade 129 1.6+0.3 w
/dLlel Hsled {2stA Frketdd. 28y 4383
[AY 2 83 FNFEE Z 23] Zolrt 9
o % PEEE W70 oF 4082 v $- Fol
@A T Eaug d¥dhe AoE Huser
(Mena %, 1967), B47 2AE2%7} e 3
5 AL FARE /LT FH A FHEY
£ 3I¥YY FH9 INIAZI A oA Rn
(Nelson %, 1993), &7zt M¥ATFH A%
(TPN) Al ool £33 B3kl o3 HAprlggd
4 A# 243 ZA5gE RAW @x6lA Py £
oo il zhg AARJA] 1549 Foll FHZANG
A3 NAYHG K3t T1Z294Y 2373 =7) 2
28 the 23 (Ejima %, 1992; Mirowitz 5,
1992) 2 Hol #3719 I PE: 5 9 8F
bend vsle © A7 FELEES QAT
gx & ¢ ok 2BV SFH o @AEA FUt
H pAFAET (grade AN F B3 x7t
E7] W o]g Alolo] AFBA 7 L&A
Qe gy Gaae] 3NFRE NEE Y S
sl g3 Wtsmete] A Ui 47t "s
& oz AZEr,

Bzte] FAAE el HAAV|FEER A 14l
FAEE YeEE AL £ o2 uzte) A
23} A& A AW EIL o] gk o)
dedt 3 aXed B8 AAEE &4E 50
3lea] B 1995 Shinotoh Fo] 3rlele] €
018 Ao R 10-14 mg/ke o F3UE 15T

Ao g TF FAMFAlste] PAFEF 7 93]
& FITLT I YA THEY A9 TRz
GAellAl H2A (striatum), B3 (globus pal-
lidus), @ &7 (substantia nigra) ¥l 1AF
BEg BEAY & den WAty PAEy
F2 ST 9 A AR AAnF AAA
¥ 24% B3, Krieger 5(1995) H4
ARARAF AGE SR FHEY Ao gz
AgtA 27 2 R4 YWHERE vasty 23
W #2Hsxr)t F71% $-9l9 Alzheimer type I
ARAE7F FAEE 2adsiget. gEA K2 F
HE&Y 4y NI EE G 95Fe A
o] olyE} ZAWEst FHE 7 UASE s
Aot & AT AFHAAEFT AFHA H2
&F FAE B9 22 fdied, 1 9 4k
Eo2 vehte B4 (rigidity), d-& w Eol
goz #£ule 4 (propulsion), X7} ¥A 7
olAl= 4 (micrographia), cock walk ¥ Rz
S3o] vl¢ MEF 44 dolAle 21& B 2
ZAe itk 2 olfe SHEFI U 94 s
oRE dFEge dUALE AFxd Wi &
2E 3, AFUREC] AHA A vtaIE HAE
AHS-37) WiEo 2 AZbE . 22y 119e] v &
ol&el wHg AAYA] WIE Hoem o F
27| 2P EGA HE2F APE Hel 19 AYF
1090] 25 @3ToAM 2ASHEE B3t
IANEZ=E B2 222 2T9F 107 (37%) 9
SE2AZL AR ol AFAE B, 3IFE
az7t 19 A% 995 189 (11.1%) ooy x
AZRAE A7 29 A= 1898 F 98 (0% o=
INZRES] 77t EFF ABRA ol e
o] T} (p<0.05), HAIFHEIY FHIATE
HlaFoR @37d nAIFE 274E H T4
AZAEH ool g FiHlE 2.928 foA=
gkort Fkete A%E BT wEtA HAr|F
W #YY NI AEE 9wt YA 2 €5
Pibr=el 8.3 Wexd viE vlad A7t
PRER FE2E 9] e A Y BAFHY A
FAAR g & e HedE e Aol
o}t WA IR AE o] PhFEL
9] Aol F2F AFARALE Az}, A
A A 2+ 2o gigide nAERFES V|7t
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242 ol Fotete AAEA o AR A
ANFPHA Aol AgA BERY Fan
(p<0.05), 29 7|=XH, FF E3F 2 #FFo
w273 AZEE grade 2ToA #AEHJCE 19
U B Aol #EE AAEH ot a7e HE
o]Ao]7] wiidl o|3t Azt AAA Wt @
25E0 AFTAARAN et JAFAJAA o F-of
el s FF A7)t glojof &t

A7AEH 78’8’ I} B Hlus R A%

A WA dTE BT sl 8F YAFEEIL &
ol wgked (p=0.03), @F UUNEE luw/dlF
7vell NAEA ¥t 3,548 F7FsIA T (Table
6). 28 9 Azke AFUAARL 13} A8 A
o3 Adso] AAEH ol FihHgo]l L I HE
o] Adgoin ARz PYAEa, F Yher
HA7F 2.0+0.7(0.7-3.3) we/dLE =FHVIE(=
TR, 1994) o HEte] Be e vwH FEe
o &3l7] Wl FF FAAAE T3hshe] EAg]o]
ok & o]},

2 A7e A2 B4V Ha gle %%‘jﬂizh Er
Ay Pt E2de LPSERAES e
s, 3 e FRelA 329y 1 LIS ]
TRASE YR 7] wied AFUEAE
A B9 PhEmd At F2E ZRAE
ojewm, 1 Azt 23] AAeH oAz
o] JAEE 31 YETY 354 TEANE e
2 2K wlRoll Ak o)daze] Qg st
gl %fc} HellA HApr|guad Lda A4
a7 o)l dazdgule] FHUAP S Hed HAHZ dF
olAEA R *M%T:}.

w27 gHEdY STy pNER=AVL F
8 AR A o) dad o] wolRE 1 W o
A7) 3 HGY BT ANEREE B ZEA
YRt FEoge g oo gzt ALF A
7AerA FAAAE ad Hor BzhE,

4 B

‘a

AP oz Nad WL P R wgHoR
ZaE 3223 A HA7)F3EEY 2Ha A3
317 o)AkAa7 el BAE golR A}t 357 £3

EEAE BgoR MRRA, AAABA(EE B

8% WE%, 5 Ca, ADA), AAA AA 2
AN 2HEGHAALE AAEHT. T 343
7% A7l AFH9 9d3 v wsl grade 1)
A 377}2] TE3IAT
E& ofyie} 2t
1. AAZ2Ae) HivolE 48.3+5, 74,
£AADASE 21,445 641k
2. EAF] AANIZAEE B TEAE 274
(77.1%)°1%3, 2% AAsA 718 1A%
ZEE Bl 284 (grade 2) & 187 (66.7%)
olgrt. 8% WiEEE grade 0Tl 1.6
+0.7 we/dl, grade 191X 1.6+0.3 ug
/dL, grade 2u*lA 2.3+0.7 wue/dLE &%
e ANFTAT AL E AL 8dF whE
=7b 48 E:3keH(p=0. 02).
3. AATHPAMY HEHR] AET FHE B
ol Z&ake Il 2y R3] 383 3
A&, AATHRA Ao, N=EZA F A
AATgA ol g27AE KB Z22AE 119
(31.4%) ©1At}h. AATFHAAL] WE FHATE
3} o]l ulmel A AAEA ol e BF
PheEe 2.4+0.7 w/dLe2 F4F9 1.8

B

+0.6 wg/dLel ®idtd HosA Euh
(p=0. 03).
4, HANFHBLLAN AANERES He 22

A 2T9%F ARERA olFLAE&EL 37%°IN
3, 2AEAES D7k 252 ARRH ol
4 Aol ¥ITH(p0.05). ABEH HA
er ol disfre wlsF=e F77t &

2 folalA F7Kshe AT ol AL z}
AFRRA sk Aer) Bl F20
(p<0.05).

ol g Adte WA FP&Ye 4“ DA FE
7} wtE RS AFIAd F ;,l < AEH, >
7\]_7] %034 )\7:])2]- '1/\ ¥E__. EC’ %13’3
A AR AAGH PAE FAsldo} & oz
QzE,

o =
?_l’g'?r._

w8 gshEd 9 BeAAxe] w&v|E (A A97-65

). A& =T, 1998,
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