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Changes in Blood Superoxide Dismutase Activities after Alcohol Withdrawal

Jin-Sook Cheon, M.D.,*" Kyu-Cheon Lee, M.D.,* Byoung-Hoon Oh, M.D.**

ABSTRACT

bjectives The aims of this study were to evaluate changes in plasma superoxide dismutase(SOD) activities in alcohol depedence, to find out
variables to influence on the SOD activities, and finally to identify the correlation of SOD activities with the alcohol-associated cognitive
disorders.

MethodsO For 24 male alcoholics and 21 healthy male controls, plasma SOD activities were measured by spectrophotometry on 1-2 wks after
alcohol withdrawal.Structured interviews and laboratory tests were also performed.

Results 1) Upon comparing SOD activities between controls and alcoholics, the SOD activities were significantly(p<0.01) lower in alcoholics(0.308+
0.140 units/mL) than in healthy controls(0.313+ 0.086 units/mL).

2) Upon comparing SOD activities according fo the presence of alcohol-related cognitive disorders, the SOD activities were significantly(p<0.05) lower
in alcoholics with cognitive disorders(0.247+ 0.049 units/mL) than in alcoholics without cognitive disorders(0.317+ 0.148 unifs/mL).

3) Upon comparing SOD activities according to the presence of alcoholic polyneuropathy or alcohol withdrawal seizure, the SOD activities showed no
significant differences between alcoholics with polyneuropathy or epilepsy and those without.

4) Upon analyzing variables influencing on the SOD activities in alcoholics, the SOD activities had the negative correlation with hemoglobin(y
=-0.433) and severity of alcohol withdrawal symptoms(y =-0.375).

5) Upon comparing variables according to the presence of alcohol-related cognitive disorders, the occurrence of alcoholic polyne-
uropathy(p<0.05) and blood phosphorus concentrations(p<0.01) were significantly higher in alcoholics with cognitive disorders than those
without.

6) Upon analyzing an association between SOD activities and variables in alcoholics with cognitive disorders, the SOD activities were positively
corelated with the onset age(y =0.995), and negatively correlated with the severity of alcohol withdrawal symptoms(y =-0.996).

ConclusionsO Lower SOD activities in alcohol dependence suggested alcohol-associated cognitive disorders and alcohol withdrawal symptoms
might be caused by oxidative stress.

KEY WORDSU Alcohol dependence- Superoxide dismutase activities: Cognitive disorder- Hemoglobin- Severity of alcohol
withdrawal symptoms- Blood phosphorus concentration.

‘D0000 0000 00000000
Department of Neuropsychiatry, Kosin University, School of Medicine, Pusan, Korea

"00000 0000 00000000
Department of Neuropsychiatry, Yonsei University, College of Medicine, Seoul, Korea

'ODooooooOo,602-702 00000 OO0 000 3400
00) (051) 250-5070 / 240—6245, 0 0) (051) 241-5069

- 219 —



N B

Ooo0o0O OO oooD OO0 boDoOo oooo o ooo
00 000 00 0000 50070%0 0000000 OO
000 00 000 0O 0 000 000000, 0 10%00 O
00, 0 125%00 Wernicke—Korsakoff 0000 0O0O0O
0 0000 0000 00000 (Bufour 1993).

00 000D OO0 O0O0O0O 000 OO0 ooo oooo
00 0000 000 000 000 000 BOOOOO OO
00 00000 OO 0o 00 Oooo, 000 ooo oo
0 000 0000 OoOoo0 Ooo0 0o ooo ocogo o
0.0000 OO0 000 000 0000 000 oooo o
00 (free radical reaction)J 0. 0000 ODOO000 OOO
000 000 000 0000 o0 ooo ooo o oo o
00,000 00 00000 Oobo O0Oooo Doo ooo
0000 00000 0000 Oooo o000 Hunt 1993).
000 000 OO0 000 OO0 000 OO0 lipid pero—
xidationd 0000, superoxide dismutase(C 0 SOD)O O
0000,00 OOOOO OoOoO lipid peroxidationD OO
00, 00 antioxidantd OO0 OOO00O0O (Pellmar 1993). O
0 00 D000 (excitotoxicity)DO OO0 OO0 000 O00O0O
O (Crews] Chandler 1993).

oo0O 0O 000 OO0 00,00 OO0 oOo0o 00 su-
peroxide dismutase(CO SOD) 0000 OO OO0OO OO
0 000 0000,000 soOb 0000 000 0ooo oo
0 000 00,000 0000 000 00000 ooooo
000000000000 O o000 o000 oooo oo.

hy %

1. 7Y

19980 120 OO0 19990 80 OO0 OOOD OOO
0O 000000 DSM-0O (American Psychiatric Association
1994)0 0000 000000 OD0OD 000 OO0 o0 24
00 0000000 00000, 000 00 0 00 oo o
000 00 0O 000000 000 0000 00 000 o0
00 000 2100 00000 0000,

00 D000 0D0OOD0 448+ 800350630 0O)OO,
0000 00 000 426+ 6.20(310530 OO)oO OO0
00 000 000 DO0D0(pOo.356).

00 0000 00 00 000 109+ 2900000, 00 O
000 00 00 000 227+77000,00 OO0 OOO

244+ 950000(0 5). 000 00 000 00 000 O
00 000,00 00 00 00 00 000 0000 000
000.0000 000000 00 D000 200 (83.3%)0
0,000 000 000 00 0000 70(292%)00 0 O
0o0o@ 3).

2. A

00 0000 0000 o0 000 000 1020 00 0O
00 000 000 000000, 0000 0000 ooooo
000 506cc OOOO0O, SODO spectrophotometry OO0 O
OO0 OO0 00000 (Foh3d Hting 1984). O, OO0 OO
0O 0000 000 000 00,4000 2500900 500 OO0
0000 0000 00000, 000 000 extraction rea—
gent 400up LO OO0 OO 250u LO OOOO, 4000 3000
gl 1000 OO OO0OO0O0,0000 o000 ob40 O
00 assayD OO (@O 1).

00 0000 000 00000 00 000 o0ooooo
0000 (Selzer 1971)0 0O 0OOOO Michigan Alcoholism
Screening Test—Korean Version(O O MAST-K)(OOOO
000 1985)0 0000 O0O0O0O0O, 0000000 Clinical
Institute Withdrawal Assessment Scale(CC 0 CIWA—-A)(Na—
ranjol] Sellers 1986), 00000 OO0 Mini—Mental State
ExaminationD O (MMSE-K)(OOOO OO0 19890000
0 000 1989)0 0000 oOOood.

00 00ooO00O 0o oooo, 0o, 000,000, 000,
0oooao, triglyceride, SGOT, SGPT, y —GTP, 00000
0000 Ooooo ooood.

00 000 000 000 oooo, o000 oo,o00 o0,
00 00,000,000 00,00 000,00 0000 00
O 0000 ooooO oogoo.

To a clean disposable plastic or glass test tube :
Add 900pL buffer(37T)

Add 40pL of sample or 40 pL of water for the control

Add 30pL R2
!

Vortex for 3 -4 seconds

!

Incubate 1minute at 37

l
Add 30pL R1

Vortex immediately for 3 -4 seconds
l

Transfer into a cuvette

Measure absorbance change within 10 seconds at 525nm for 1 minute

Fig. 1. Superoxide dismutase assays.
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000 000 SPsSS for Windows, Version 8.00 0000
gooo ooo.

2 3

1. IZZ21 ZHYZZ0M Superoxide Dismutase &4
Z9| H|W

000000 00000 000 00 SoD 0000 O 10
00(@ 1).0,0000 00 SOD 0000 0.313+ 0.086
units/mL(0.230 0.56units/mL 00)00, 00 0000 OO
SOD 0000 0.308+ 0.140units/mL(0.090 0.60units/mL [
0)O00 00 0000 00000 00000 0000 O 00
0 (p0 0.009).

2. YASY QXM FF0| E Superoxide Dismutase
MO Hlw

00000 MMSE-KO 0000 000000, 2400 O
0000 00 240 000 00 000 00 000, 250 00
0 0000 0000,0000 000 00 Sob 0000 O
00 000 0 000 0 20 00(@ 2).0,00 000 O
0 00 0000 00 SOD 0000 0.247+ 0.049units/mL,
00000 00 OO0 0000 00 SOob 0000 0317+
0.148unitsmL00 OO0 000 OO0 000 SOD 0000 O
0000 0000 O 000 (p00.046).

000 000(@00955). 00 000 000 000 00 O
0 0000 00 SOD 0000 0.347+ 0.176units/mL, 00
0000 000 OO0 00 0000 OO0 SOD 0000 0.292
+ 0.126units/mL00 00 OO SOD D000 000 000
00 0000 00O (p00.353).

4. ZHOIZZM M Superoxide Dismutase EMZ0 Y|
= 01
0000000 SOD 0000 000 0000 O 00 OO
000000000 40 00 4).0,00 00000
sob 0000 00,00 00,00 00,00 00,00 00

000,00 00,000 0,0000,0000@E00CO

Table 3. Comparison of superoxide dismutase activities according
to the alcoholic polyneuropathy and alcohol withdrawal
seizure(N=21)

Superoxide dismutase activities

No.(%) (units/mL) p-Value
Alcoholic polyneuropathy
No 4(16.7) 0.303% 0.159 p=0.955
Yes 20(83.3) 0.310+ 0.141
Alcohol withdrawal seizure
No 17(70.8) 0.292+ 0.126 p=0.353
Yes 7(29.2) 0.347+ 0.176

Table 4. Correlation coefficients between SOD activities and va-
riables in the 24 male alcoholics

Variables Pearson’s correlation coefficients (y ) p-Value
3. YISY UXMZY, dISZCY 2 RFU ME age —0.116 0.590
Superoxide Dismutase &4 =2| H|w Education 0.125 0.561
0000000 oboob ooodoo 0o 0o 0oboo boog o Onset age —0.024 0.912
0 0D0 00 Sob 000D D00 000 O ooo o 3 0 Pvelion —0.138 0-519
Polyneuropathy 0.019 0.930
0O 00@ 3).0,0000 00 0000 00 00 0o0doo Epilepsy 0.18] 0.397
00 sSOD 0000 0.310+ 0.141units/mL, OO0OO OO O WBC _0.179 0.403
000 00 OO0 0DbOoOo OO sob OOddo 0.303x 0.159 Hemoglobin —0.433 0.035
units/mLO0 OO0 00 SOD 0000 000 00000 O Platelet 0.142 0.507
Cholesterol —0.164 0.445
Table 1. Comparison of plasma superoxide dismutase activities Triglyceride 0.130 0.543
between healthy controls and alcoholics y —GTP 0.104 0628
Superoxide dismutase activities(units/mL) SGOT —0.097 0.651
ConTroIs(N=2]) A|COhO|ICS(N=24) SGPT —0.092 0.667
Range 0.230 0.56 0.090 0.60 Ammonia —0.056 0.796
Meant S.D. 0.313+ 0.086 0.308+ 0.140* Magnesium —0.151 0.481
"p=0.007 Calcium 0.128 0.550
Phosphorus —0.056 0.793
Table 2. Comparison of superoxide dismutase activities according "
to the alcohol-related cognitive disorders(N=21) MMSE-K 0.169 0.431
Superoxide dismutase MAST-K2 0.041 0.849
Cognitive disorder NO(%) activities (UanS/mL) p-Value CIWA-A3 —0.375 0.071
No (MMSE-K = 25) 21(87.5) 0.317+ 0.148 p=0.046 10 M!ni—{v\enfol SToTe_ExominoTiqn—Koreon Version )
20 Michigan Alcoholism Screening Test-Korean Version
Yes (MMSEK < 24)  3(12.5) 0.247+ 0.049 30 Clinical Institute Withdrawal Assessment Scale
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Table 5. Comparison of variables(Mean+ S.D.) between alcoholics with cognitive disorders(MMSE-K> 24) and those without cognitive
disorders(MMSE-K< 25)

Variables Total (N=24) MMSE-K < 24 (N=3) MMSE-K25 = (N=21) p-Value
Age(Yrs) 448 + 8.0 39.0 £+ 3.5 45.7 + 8.2 p=0.213
Education(Yrs) 10.9 + 29 8.0+ 3.5 113+ 27 p=0.535
Onset age(Yrs) 227 * 7.7 190+ 1.7 232 + 80 p=0.320
Duration(Yrs) 244 + 9.5 200 + 3.0 25.1 £ 10.0 p=0.092
Polyneuropathy* 1.8+ 04 20+ 0.0 1.8+ 04 p=0.047
Epilepsy* 1.3+ 0.5 1.0 £+ 0.0 1.3+ 0.5 p=0.000
WBC(/ul) 7122.9 + 2733.3 7676.7 + 380.0 7043.8 + 2919.7 p=0.084
Hemoglobin(mg%) 13.6 + 2.3 14.1 + 3.5 13.6 + 2.3 p=0.354
Platelet(x 103/ul) 250.4 + 207.3 165.6 + 127.5 262.5 + 215.8 p=0.662
Cholesterol(mg/dl) 1418 + 38.9 1463 + 15.2 1412 + 414 p=0.279
Triglyceride(mg/dl) 150.7 £ 85.7 210.0 = 119.2 1422 + 80.2 p=0.360
g-GTP(U/L) 317.2 + 392.1 482.3 + 697.0 293.6 + 351.5 p=0.068
SGOT(IU/L) 1111 £ 1249 643 + 20.3 1178 + 1324 p=0.206
SGPT(IU/L) 58.4 + 787 49.0 £ 18.5 59.7 + 84.1 p=0.386
Ammonia(ug/dl) 752 £ 78.5 70.0 + 16.0 76.0 £+ 84.0 p=0.532
Magnesium(mg/L) 1.9+ 0.3 1.8+ 04 1.9+ 03 p=0.854
Calcium(mg/L) 8.7 + 0.7 8.1+ 0.9 88 + 0.6 p=0.438
Phosphorus(mg/L) 38 + 0.9 4.1+ 1.9 38 + 0.7 p=0.008
MMSE-K? 274 + 3.0 207 £ 1.2 284 + 1.6 p=0.247
MAST-K2 305+ 9.6 340 £ 9.2 300 £+ 9.7 p=0.692
CIWA-A3 269 + 33 300 £ 2.7 265+ 3.0 p=0.742
SOD activity 0.308 + 0.140 0.247 + 0.049 0.317 + 0.148 p=0.046
*No=1, Yes=2 10 Mini-Mental State Examination-Korean Version

20 Michigan Alcoholism Screening Test-Korean Version

O, triglyceride), OO0 OO(y —GTP, SGOT, SGPT, am—
monia), 000 OO (magnesium, calcium, phosphorus), OO
000 00 OoMMMSE-K) O OO0 000 0000 (MAST-
K)O 00O 000 000.000 0000 sob 0000 oo
000 000 00@oo.03%5)0 00D 00O 0oO 0oOo
(y 0-0433). 00 000 00000 OO OO(CIWA-A)
0 00 00000 OO0 000 0b00o@oo.ory), sob
0000 000 000 000 000 000y 0-0.375).

5. QX S50 mE

00 00000 0000 000 00 00 000 0000
000 0 000 050 00(@ 5). 0,00 000 0000
00 000,000 000 00,00 0 000 00000 O
0 00 000 00 00 00 000 00 0O 000 0000
0 000 000 000.0000 00 0000 000 00
000 00 000 0000 0 0000(00.047), 0000
00 000 000 00 000 00 000 0000 0 00
0(p00.000). 00 00 000 00000 OO0 O(41+ 1.9
mg/L)0 00000 00 038+ 0.7mg/L)J0 0000 O
000 (p00.008).

H{019| H|W

—_ =

30 Clinical Institute Withdrawal Assessment Scale

Table 6. Correlation coefficients between SOD activities and va-
riables in the male alcoholics with cognitive disorders

Variables Pearson’s correlation coefficients (y ) p-Value
Age 0.410 0.731
Education 0.410 0.731
Onset age 0.995 0.065
Duration —0.101 0.935
WBC 0.706 0.501
Hemoglobin -0.776 0.435
Platelet 0.950 0.203
Cholesterol 0.890 0.301
Triglyceride 0.968 0.161
y —GTP 0.601 0.589
SGOT —0.498 0.669
SGPT 0.575 0.610
Ammonia -0.811 0.398
Magnesium 0.760 0.450
Calcium -0.782 0.429
Phosphorus 0.345 0.775
MMSE-K! 0.585 0.602
MAST-K2 -0.818 0.390
CIWA-A3 —0.996 0.056

10 Mini-Mental State Examination-Korean Version

20 Michigan Alcoholism Screening Test-Korean Version

30 Clinical Institute Withdrawal Assessment Scale
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6. CIX|HOHE SISt FHYZTOl 0f2f Hola} Super-
oxide Dismutase EMTo| 12ty

00000 00 000000 SOD 0000 00 000
00 00 0000 00 00 0000 0000 000 0 O
00 0 60 0O 6). 0,00 000 00 00 0000
soD 0000 00 00 000 00000 000 000 O
0 000 000 000.00 00000 000 000 00
000, 00000 00 000000 SoD 0000 000
00 000 000 000 000 (y 00.995, pd0.065), 00
0 00 000 00 0000 000 000 000 000G
[0 —0.996, p(] 0.056).

L}
-

i

M

00000 00 00000 Oooo oooo ooo oo,
000 00,000 000 00,000 OO0 Oo,00, We—
rnicke—Korsakoff 000, 0000 00,00 000 OO0,
00 00 0O 0000 000 00 ooooo oo oooo o
0000 000 0000 0000 oooo.

0000 000000 OO0 U0 OOo0Ob ooo ooo
000@Ooo0O0 000 19840000 O 1986), OOOO gl—
utamate(0 0 Glu), y —aminobutyric acid(0O 0 GABA) rec—
eptorgated ion channelD 00O 000 O-000 O000O0O O
00 00000 00000 Ooobo 000 ooo ooooo
(Tsai O 1995).

0000 0000 000 ooobo ooooo oog o
00 000, serotonin(d O 5-HT)O dopamine(C O DA)
(OO O 1997), norepinephrine(C 0 NE), Glu, aspartate
(00O ASP), GABAO 000 O0O0O0O, 00 N—methyl-D—
aspartate(U0 NMDA) 0000 OO0 OOOO0O OOOO
(Tsai 0 1995). Glycinel NMDA 0000 coagonistd 00
GluO OO NMDA 000 OO0 00O DOOO (Fosterd
Kemp 198900 Wood 1995). 000 Lustig 0(1992)00 OO
0 00 00 OO0 OO0 OO0 NMDAD OOOOOOO
0 00000 0000 0000000 0000 MK-801 O
OO0 OooDoO OO 000 OO0 Uopboo ooooo o
00000 000 000000 00000.000 0ooo o
00 0000 OO0 000 OO0 oooobo oo oo o
00 00 000 0o00,000 000 0000 00 long—
term potentiation(C O LTP)O OO0 OO0, 00 Glu OO
00 000 NMDAD 00O 000 000 OOOO (Lovinger
0 19890 Blitzer 0 19900 Morrisettd Swartzwelder 19930
Grunze 0 1996). SinclairD Lo(1986)0 OO 00O OO0 CAL
0000 OO0 OO0 ooOO LTPO ODOO OOOCO DO

ooo.

0000 000 000 NMDA OO0 OO0 OoOgo oo
0 0000,00 000 000 OO0 00 000 oooo
O O0O000O(orio O 1992). Morgan 0(1992)0 OO0 OO
0O NMDA 0000 Glu 000 000 00000 ooooo.
00 0000 000 OO0 OO O0O0O0O NMDA OOOO O
00 00 OO0 0000 00 000 000 o000 oooo
(Grant O 19900 Valverius 0 199001 Hoffman 0O 199200
Snell O 19930 Trevisan [0 1994). SepMveda O (1995)0
0000 OO0 000 Ooooo ooo 0O0d((dentate gy—
rus)J0 NMDA-OOO NEO OO0 O O 0O00O.0000
0000 OO 00000 NMDA OO0 OO0 cuOoooo
0 000000,00 000 0000000 o000 oooo
goodnO acamprosate] UU OO ODOO0O ODOOO OO
000 000000 0000 0000 o000 00 (Sass
19960 SpanagelC Zieglg)nsberger 1997).

0000 000 0000 000 0000 Oo0o0 ooo o
000 000 0000.000 00 00 Oooo oo goo
000 0000 Hunt 1993). OO0 alcohol dehydrogenase
000 00,000 OO0 OO00 ethanol—inducible cyt—
ochrome P4500 catalasel 000 OO0O0O, 00 OO O O
000 0000 000 0000@AIbano O 1991). OO0 O
00 000 000 0000 000 ethanol OO O OOOO,
ethanol 000 OO o —hydrogend hydroxylD O OO0 hy—
droxyethylD O 0000, 0000 OO0 OO0 nitric oxide
O 000000 0oooo, nitric oxided superoxided O O
000 peroxynitriteD O0O0OO, OO hydroxyl O nitroxide
0000 O0OHalliwell 1992). OO0O0O OO0 0OOO O
OO0 000 000 000 lipid peroxidationd OOOO, SOD,
a —tocopherol, ascorbate, seleniumd OOO0O, 000 glut—
athioneOD O0000. 0000 00000 O0OO0O, lipid pe—
roxidationD 0000 O0O0O0O0O, 00000 OO0 OOO0O
O (Ahmad O 19880 Pellmar 19930 Puttfarcken 0 1993a).
Zidenberg—Cherr 0 (1990)0 OO0 OO0 OO0 OO0OO
OO0 000 000 O O OO0 copper—zinc SOD(CuZnSOD)
O glutathione peroxided OO0 OO0O0O0 OOOOO.

000 0000 0000 NMDA OO0 OO O00OOO O
0 0000 00 000 000 oboo Ooo0oo oooo.
0000 000 000 0000 OO0 000 oDOOO0 ooo
OO0 OOO0O0O OoOOOD 0O ODoObo0 Oooo NMDA
O voltage—sensitive calcium channel 000 000 OO0
O.0000C OOoooooo 00 channeld OO0 OOO
000 00000 0000 000 00000 ooooo oo
OO0 (Crewsd Chandler 1993). Volterra 00 (1994)0 000
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Increased Excitatory Neurotransmission
T N-Acetylaspartylglutamate | Glutamate
T Aspartate | Glycine | GABA

T

Alcohol Exposure ] LApoptotic Neuronal Damage ’

\/

Increased Oxidative Stress
| Superoxide Dismutase T Lipid Hydroperoxide

Fig. 2. Model of reduced inhibitory neurotransmission and increased
excitatory neurotransmission and oxidative stress during alcohol
withdrawal(Tsai et al 1998).

0 00 000 000 00 clud OO0 000 0oooo o
000, Pellegrini—Giampietro 0 (1988)00 0OOO OO0 O
0000 OO0 U000 oOOO0 oooob oooo. Coyle
0O Puttfarcken(1993)0 OO O0O0O0O0O Glu OOOO OOO
000 000 OO0 OO0 00 00 OO oobo goooo
0000, Tsai 0(1998)0 OO OO OOODO Asp, glycine,
N—acetylaspartylglutamate 00 OO Glu OO0 OO0,
GABA 000 0000, 00 DOOO OO0 sobd OO0
O lipid peroxidel carbonyl OO OO OO00O0O, OO0 OO
00000 000000 00 00 000 0000 ooo o
oo000,000 DOooOb 000 oobooog oooo
0,000 000 000 00000 0000 000 00o o
00 OO0 000 Uboooo ooo ooooo ooo o
oooo@o 2).

0 00000 00 OO OO0 Ooobo oooo oo oo
00 1020 00 000 00 sSOb 0000 ooooooo
0000 0000, 00 00 000 000 00 0o0o0o o
goO0o0.000 OO0 000 U0 oooo ooooooo
000000 OO OO0 sob ooo0O 000 ooo ooo
0 000.sob 0000 00 00 O 00 0o ooooo o
000 0000 00,0000 000 00 0000 000 O
00000 0000.0,00000 00000 soDb 00
0 000 OO 000 000 OO ooo oog, obooo
SOD 0000 00000 000 000 000 ood oo
0,00 00000 000 000 00000 000 oo o
00 00 OO0 SOD 0000 OO0 000 000 ooo
oo.

0 000 0000 000 oo0o0O0 o0oo oo cooo
0 000000 0000 000 0000 oo 0oog. d, Glu
0000 N-acetylaspartylglutamate, aspartate, glutamate,

glycine, N—acetylaspartate 00 000 0000000 GA-
BAO 000 0000 0O0O0O,00 0000 OOO0O SOD O
O carbonyl protein, lipid hydroperoxide OO OO0 OO0
O 0000 (Koller O 19840 Sekiguchi 0 19870 Sekigu—
chi 0 19890 Roy [0 19900 Sekiguchi O 19920 Puttfar—
cken 0O 1993b0 Wroblewska 0 19930 Tsaill Coyle 199501
Tsai 0 1998). 00 00O 0O OO0 OO OO0 OO OO
000 0000 00000 000000 000 0o ooo
00 000 000 000 0000 Oo00o0 ooo oo o
0 000 000 O OO0 00 0oo 0 0oo ooo o
000,000 000000 000 000 00 o000 oo
00 00000 0000000 00 0000 0o ooo O
0 000 oooo og.

g2 E

00 00 0000 00 sob 00oo Oooo oo oo o
00 000 0000, 0000 00 0000 0000 oo
00000,00 00 00 00 2400 00 00 000 210
0 000 00 sOD 0000 0000 000 o000 ooo
0000 0000 000 ooo ooo.

1) 0000 00 00000 sob Ooooo ooo o od,
SOD 0000 00 000(0.308+ 0.140units/mL)0 OO0
(0.313+ 0.086units/mL)00 OOOOO OOO0O O OOO
(p<0.01).

2) 0000 00 00O 000 O0o sob oooo ooo
0 00,SOD 0000 0000 00000 00 00 0ooo
(0.247+ 0.049units/mL)0 OO0O0O OO0O0O0O OO O0O0O
00(0.317+ 0.2148units/mL)00 OOOOOD OOO0O O O
00 (p<0.05).

3) 0000 ODO0O00O, 000 000 00O 00D Oooo
SOD 0000 000 O 0O0O,S0D 0000 oooo ooo
000 00 00 0000 000000 00 O,000000
000 00 00 000000 000 00 O 00 Oooo oo
0O ooo.

4) 00 00000 sSOD 0000 0ooono oog goo
0 00,sO0D 0000 00Oy 0-0433) 0 00O OO O
00 00 00( 0-0375)0 000 OO0 00O OOO.

5) 00 00000 00 00O 000 000 00 ooo o
00 O 00,00 OO0 000 00 00000 oooo o
O 0000 00(@e<0.04)0 00O phosphorus 00 (p<0.01)
0 00 000 00 000 0000 o ooao.

6) 00 000 000 OO0 0000 OO0 OO0 sob 00
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gd oooob oog 0 oo,00 000 0o bo ggoo
SOD 0000 OO0 000 000 00 00.995), 000 O
0000 00 0000 000 0oOy 0-0.99)0 OO0O.

gogog, booo obob oo sob 0ooo oo oo,

oo oo 00 0 00 o000 boo 0b boo oogo
udd oo oooo oooad.

ZM O : 0000 Superoxide dismutase OO0 OO0
0. 0ood- 00b obooo oo oag- oo g
od.
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- ¥F231(1989) _‘1‘2_% =3 Mini-Mental State Exami-
=
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A% - BB - ATA1986) AT @ Tl WA
W 7V adenosine triphosphatase Aol v x]= J3F A AA

Ao} 8} 25 1 253-265
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