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— Abstract -
Effects of Ethanol on the Activities and Inducibility of
Trichloroethylene Metabolic Enzyme System in Rat Liver

Ki Woong Kim' - Seung Kyu Kang' - Young Sook Cho' - Sei Hui Lee
Young Hahn Moon' - Byung Soon Choi®, Sang Shin Park’

Industrial Health Research institute, KISCO'
College of Medicine, Dongguk University”
National Cancer Institute, Laboratory of Comparative Carcinogenesis’

This study was performed to find out the influences of ethanol on the metabolism of
trichloroethylene(TRI) in rats. TRI in corn oil at the dosage of 150, 300, 600 mg/kg was
injected peritoneally once a day for two days to two groups. In one group ethanol(4 8/kg)
was taken orally 30 minutes before TRI injection, and the other group ethanol was not.
The results of experiments are as follows:

1. The contents of cytochrome P-450 and bs had inverse relationship with in-jected TRI
amounts in both groups. :
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2. The activity of NADPH P-450 reductase was decreased slowly in TRI injected group
related with TRI amount, but decreased drastically in the group pretreated with

ethanol.

3. The activity of NADH bs reductase had relationship with injected TRI amount but the
statistical significance was found only in the groups of 300 and 600 mg/kg of TRI injected
without relevance to ethanol when compared with the group that was not injected.

4. The activity of ADH was more decreased and ALDH activity was more increased in

| groups that TRI injected and ethanol was pretreated with ethanol groups than in group

without any treatment.

These results suggest that ethanol may inhibit epoxide formulation, the first step of TRI
metabolism, and change from TCE-OH to TCA also.

Key Words: Trichloroethylene, Ethanol, Cytochrome P-450 Monooxygenase

A E
ethanol2 QFS] FAtg} gEo] <7t 7)12s
52 9 5859 gt} ethanol AW A
A EFo AY 2 Bangd Be IS 2
=0T BB 9 ARS B9 Be A7t o) R0
Ax Yot 53] A Y EZ, krebs
cycle®] 8443}, Aate] Adsizta & 9o A4
g Relziy e BE dgo] 2 Aoz deizon
(Ritchie, 1980: Ellenborn¥} Baeceloux, 1988), 8¢
9] fibrinolysis?} -3 (Olsen?t Osterud, 1987).
o] ethanolell FAZE=A] 7H, A%, Hol| QlojA
ascorbic acide]l el Fadh=(Shugalei &,
1986) 59 AAFHAEZ g A77} &3] Fol
ofjA] o] FolFrt.

A ¥4 ethanol& %14‘101] uF B F5
H g7E9 W% ool F F 247 ool 4t}
==dl(Ritchie, 1980), ©15 2 10%71 41e]u 7
£ B3l vidE 1 YAl 7l She 543 8AE

o 2JaiA AAZQA Al 23t hrpr} o1 F042]7] wf

2ol A 71EL 7719 Blsle] 2Hge] mR])= FEke
e Adn B £ AHGoodman®t Gilman,
1975). 7tA ethanol Al #fske The ¥
A W 43 A (microsomal ethanol
oxidizing system : MEOS)$ 4|23 1 alcohol
dehydrogenase(ADH),  catalase-peroxide(CP)7l
5 3A A FEeg FEE 4 9lom (Liebersd
Decarli, 1970; Orme-Johnson® Ziegler, 1965),
2%} ethanol tIA} 47 5 ADHel 93 E47)
o] ARRgol F2 o|Foivta deiRichLieber,
1985).

ethanol®] tiAlZ g & B9 Az AUz §454
ethanol& ADH7} acetaldehyde® U3} W3]
71 ¥, Al aldehyde dehydrogenase(ALDH)
o] 2402 acetateZ WEE ¥ krebs cycled
B3l At e diER R AgEo] A=
LIEChI=s

olg} Zo} Y RIZRE FYUHTE | EFESY WY
& drtapgela] gae] 4o aet 713 Foly
7} FEAo] e} dd B thg dAbA] 2He3)
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2 o] g 9 A5 Aol dE A
o2 By,

ethanol tiAle] #Fske ¢2E AWM F,
cytochrome P-450 # ADH, ALDH %&
ethanol ¥4t oz} o2} 71x|¢] o] Al
Joix AMeEAn FEALE 73 ded 59,
trichloroethylene(TRD) tiAtel] $lojA] o] &
A tA Al ZAAM dAFeR 2gsi
TRIZ dARA7Ied 2BEQ0 &S v
(Fernandez %, 1977). TRI= &3] EolilM @
2| AEE 5838 7184 F EA 3458Y
ARA, B8] AWAA 2 454, HUE 95
ol Abg= 3 JIHH(NOISH, 1978).

TRIe| o3 d=(detoxication)thAl A B2
ATAE 2JiA] o] o)A Y=t (Nakajima 5,
1990; Guengerich &, 1991; Z %, 1994), TRI Wi
AFe HE WA TRIZF 7122 248l 0|84 thAt
F291 cytochrome P-450 (Lust West, 1980)1| 9|
SA ghae} &4 Aole] o] AR o] EalEo] FHA
9l chloral hydrate(CH)Z 1x ¥3=n(Millerst
Guengerich, 1982), CHe th] a3k 280
JojA  Fod L e EFLEL
(dehydrogenase)&°l <JaiA  trichloroethanol
(TCE-OH)#} trichloroacetic acid(TCA)Z ¥¥H
o] A2l = v =T Williams, 1959; Daniel, 1963).
oluf TRI dlrle] AukdQl £5324-L cytochrome
P-45001 2JsiM CHZF Ase dAlold, 154
& HkgAo] A ELPE’E el epoxidedl] 2JEiA]
fEchAllemand &, 1978).

ojs} Zo] FaE A4 E 71A Fol4o] gl &
YEA T BEFEL e ZEof JlojA] 2ol & K
A Ro| dAEo], EIEA gk Be At F
P rh(Nakajima %,
1991).

JHEE B d3e ARA 22480 7188
9l ethanol¥ 433 ¥ ethanole] tirls]7] o]

1988; Okino %,

o AgRoz 4718409 o Z2d 239, 22
£ 471841 thatol) Belsh Tl olue o

g Pl L71E 8] 3tel AN 9 A

sk TRIE 44, 84S o| 43k B3,

AL 2 W

Cytochrome C, NADPH, NADH. sucrose,
BSA, pyrazol, acetaldehyde, KCl, sodium
hydroxide, ethanol, glycine & %] #d€
A%k Sigmart2RE TYdl AHgsiRen, &
o EA9 trichloroethylened AldrichAt2%H
TFAsIA . a8te] At Aleke Sigmaihet
AldrichAF2HE 1431 ARSI

AYEEL FYPRAMNGATY o2 Y RobE
2 Sprague Dawley(SP-D)Al ¢4 84 65%
(170+108)& AH83te™, 4% 179 AYH
L5(23+3T), ¥=(B5+5%) 2 AFxH(12h
light/dark)® AFSlA AlE9} S48 AR
o] AZA7l & FAEAE At Adve
AaleA] e T(untreated)s} ethanol 48&
Eo3lt F(E), 150(T1), 300(T2), 600(T3) mg/kg
TRI H2lg 3/0F, ethanol 482 AA s}z
30% 73 & 150(ET1), 300(ET2), 600(ET3)
ng/kg TRIZ #2]& ethanol AXTLE 3 8/
Fo2 BF3Y. TRIE corn oildl £3AA
12 138 297 d&3s EBAFAlEdn
ethanol& T2FAslH o, nix2 Fof F 244
7t B AN A ARG, 4 APTL bR
act.

1. 72+ Microsomes ¥3]9] £

AYEEL AR 3 WoZ AR &
ZA] 7k AAFA 0.9% sodium chloride $942
2 o & o]2AS Mojiiz, $E A Z =k
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£ AAZ 7+ 0.25M sucrose £4 02 FH3e T
&, A5 ¥ 12,000xgelA 408, 105,000xgel
M 60%)31d 0.15M KC12 Aol 3 238 pellet
uhS Rolk (.25M sucrose® resuspensiondt ¥
(Park® Kim, 1984) @943 A%, cytochrome P-
450 monooxygenase AT ¥ Yrais Y
Sl AHE3IAT), BE AEEL 0~4TAA 343t
om 589 micrasomese 704 B3I,

2. Cytochrome P-450 Monooxygenase
L 3R

7 microsomes 2] Tl FFE Lowry
5(1951)9] wez FRE HAsHed P-
4503 bs TS Omuradt Sato HPHE(1964)3
Werringloer % Estabrook(1975)2] ¥ <
M ZAsgtt. NADPH P-450 reductase:
Master 5(1967)9] ¥l <Jalx S8t om,
NADH bs reductase®] A== Hultquist ¥
W (1978)0 osliA 4=38tAt.

3. Alcohol dehydrogenase(ADH) %
Aldehyde dehydrogenase(ALDH) 24%

7t microsomesel EAsk= ADHY 4% &
& Bonnichen® Brink(1955)e] HWo=z
ALDHY ZX4=& Tottmar $(1973)¢) W&
A sl St

ADH 4= 32 whgde A3 5= 24(1
ml)& 48 mM glycine sodium hydroxide buffer(H
9.6), 0.8 MM NAD’", 3 mM ethanola} EAYo=
d9e8, ALDH¥ 50 mM sodium
pyrophosphate buffer(pH 8.5), 1 mM
NAD’, 2 mM pyrazol, 10 mM acetaldehyde
o} FAYo= 3o whgodel HF T 2PS 1
mZ 3}t ol F4o BYE S FRLE

AE o83t 340 nmelM FR=E SN =
AT 6,220 Men & o] 831 GHTE AL
skt

4. AEA(AEAT] 2 £4)

AEEE f3 PC/SAS 2 AHsly
BEHH FFoAs Mg Azl 54 na}
Zh 8 v nE AT t-test, EAHEAM(ANOVA)
< A8k

TRI 2 ethanol A2}l $eiA microsomal
ehl2l3} cytochrome P450, bs 3 Bi3lE £ 4
I £ 19 A& Ak

AU o] 8F F5A1 AR Al Fefshe
FAES WES T & microsomal T¥E o)
3 GAEE 2T 2T, A % w3 vl
Al TRI %23 ethanol AA 23 Foj BT
oM Bo] ko] ME BT ks YehiR|
2cH(p>0.05).

A F5E ol EAT T WE FHAHQ He)
2§z @de] wet @A Aol Hole
cytochrome P-4509} &3 A2jslA] e T
£7%%(1.033 nmol/ng)9t FATZte] wlwA| T
3(0.745 nmol/mg)¢} ET3(0.512 nmol/ng) A3
Tl BAIFAY el vt AR (pC0.05)
71ete] TRI ©% X2 2 ethanol X2
oM BAIFAS Afol= YTt

7} microsomesll cytochrome P-450% &)
ZAs o2 2 BAPLEAY Ast-84d F
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ofp

Al AR FAAZ A8-8= cytochrome by}
cytochrome P-4502} =}7RA| 2 A 2jstA]
#(0.316 nmol/mg)Z ¥wA] T3(0.235
nmol/ng)¢t ET2(0.249 nmol/ng), ET37(0.198
nmol/mg) A% FATAQ Aolg HHR(p<0.
05) YA 7]Ele] BoAZodME EAEHA f9
Aol iAtHpY0.05). 23 cytochrome P-
4503} bs2] 2 ethanol = AATZ(E) L A
o3t Ak o Aelah] ¥ FoAY SHX
Hr} Boj g QoA aeE Adks el ¢l
o},

o rlo

52 o

2. NADPH P-450 reductase %
NADH bs reductase 84 =

Aol oA o184 € A FHEDS KA
=6 $2% 8L s T4} mixed function
oxidase(MFO)RIE], od) o5 Fzl] AAE HEe)
FE AA-HLA7l NADPH P45 reductasest
NADH bs reductaseclth. e £ Adojre
TRI € ethanol& A28} o|E B diAlA] Axt
-AgAz Z83= NADPH P-450 reductase®}
NADH bs reductase®] 84=& 3% 2% X

Table 1. Effects of trichloroethylene and trichloroethylene with ethanol on the contents of

hepatic protein

Quantity of Protein

Substances

Cytochrome P-450

Cytochrome bs
Mean(nmol/ng) +SE

Mean(nmol/ng) +SE

Microsomal protein
(ng/¥e) Mean (ng/ml) £SE
Untreated 5.87 £ 0.248
T1 5.65 = 0.238
T2 569 £ 0.321
T3 5.92 = 0.440
E 5.41 + 0.430
ET1 5.31 + 0.177
ET2 5.16 + 0.266
ET3 5.03 + 0.331

1.033 £ 0.1598
0.979 + 0.1129
0.849 + 0.0584
0.745% £ 0.0473
1.087 +£ 0.0411
0.914 =+ 0.0316
0.885 =+ (.1478
0.512* = 0.0211

0.316 + 0.0298
0.299 =+ 0.0293
0.269 + 0.0303
0.235* = 0.0188
0.303 =+ 0.0153
0.276 = 0.0138
0.249* = 0.0370
0.198% + 0.0087

2: Significantly different from untreated at ¢=0.05

Table 2. The effect of chemicals pretreatment on microsomal NADPH C(P-450) reductase
and NADH bs reductase

Substances NADPH C(P-450) NADH b,

(mg/kg) Mean+SE Mean+SE

Untreated 0.752 + 0.0430 103.40 + 7.778
T1 0.717 + 0.0013 116.34 = 6.930
T2 0.685 =+ 0.0455 139.62° + 13.528
T3 0.677 =+ 0.0482 144.02* = 7.786
E 0.753 =+ 0.0476 144.95* + 8.218
ET1 0.591* + 0.0069 119.10 *+ 5.147
ET2 0.601* % 0.0143 156.00° = 5.286
ET3 0.579* + 0.0073 151.51% + 8.543

Unit : pmol/min/mg

2. significantly different from untreated at o=0.05
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20 A& Al

NADPH P-450 reductase®] &4=x Az}
2] & 7(0.752 pmol/min/mg) 3 Fol T 7] H]
WA] ethanol 48 53 F(E)2 A3 T
B5o] Sl AejeiA] ¥ TR ad e
Holzd], ethanol AA e ET1(0.591 pmol/
min/mg), ET2(0.601 pmol/min/ng) 2 ET3(0.
579 pmol/min/mg) Tl FATFHL Hel@ Aol
2 2A%(p(0.05). =3 flavo protein?l
NADH bs reductased] @4=e AMelatd] ¥
7(103.40 pmol/min/mg)ol M BTt Fojze] $lof
A S7H8 ZA%e BAY. Tis ET1¢AME 116.
349} 119.10 pmol/min/mgl 2 HEl3lA] & &
I} vl wA] BAEAE] Fode gl 7E] F
o9l T2, T3, ET2, ET3Fl UM € 5A A
o2 fold S/ UATHp<0.05).

=3 ethanolol] oJ8t A-H2AY J3e B
93l TRI @542l 2(T1, T2, T3)% ethanolS A
sl 5YE P TRIE T UFFETI,
ET2, ET3)3te HlaA| NADPH P-450
reductase 4= W= TRI 95 T
ethanol AA2lwel| BAEQ Aole HelA] &
koK (p)0.05), TRI &= FFolHTt ethanol
Aol 2olxde] NADPH P-450 reductase®)
At #adHe A% JEuih 2y
NADH bs reductase®] 4%+ TRI ©% F23
ethanol AXzlT BF gloid BASAL felt
Aol Ho|A] -kt p)).05), ethanol Ml
9 3o} NADH bs reductase’t 2715 @4&
YeRict.

3. 7} Microsome ADHS} ALDH 4=
Phase I componentsol] &J3iA 13 ¥3€

CHE TCE-OH% TCAZ A7t dejshe
ADH$ ALDH®| 84%& 343 2% % 39 4

A

tlo

At

ADH¢ 8A4EE T2 A3 ZE A2l
QoM AgjskA] g #(0.0140 U/mg) M Bt} &
AgH o 493 728 HYHp0.05).

ALDH 4 =& ADH 4=} itele 2
22 AgsA] &2 £(0.0032 U/ng)ellA B} A
g2l gl BF FriHe A EYou ET
2(0.0296 U/ng)ZolMwh BASA foi4e B
ATHp<0.05). =g TRI thAlll 91oA ethanolel
o] ggo 2 ADH9 ALDH A %7} oj9A W
sEle7le £ 49, ADHY 84xe TRI 9%
FAE(T1, T2, T3)Ert ethanol A4 (ET1,
ET2, ET3)9l Sloixe] BA=r} tade Ade
Holx ¢ledl, TRI 150mg/kgE F4% T13 ET
1S A3 T29 ET27, T3¢ ET3 QlojA &
A o2 {93t 2tol & VERRATHpC0.05). L
#Hu ALDH A=+ T3% ET3E A3 T1#
ET1, T29 ET2 A 77k 9loiq TRI @5 £
TAM R} ethanol A2l glold =7}
Z7kse A4S JeERTh(p0.05).

I &

TRI dr&EEE 243 cytochrome P-
450 7Hg, #, A%, o, Eut g B R o] Al
A AAZA9 microsomed| cytochrome bs%t
3 single polypeptide2] heme T2 2 =4
she S53 G2 o] Bt offg}t YA W]
TREAS dAMTIE S dcHLuet West,
1980). o} &4E A8 7] SHELE FAE
slon 7] g2 ojujiite] AFEAE 7HA 1 Sl
o] (Botelho %, 1979: Ryan %, 1980) 712l w}
g FEHE 989 faa FHE ekt
(Nebert<} Gonzalez, 1987). |

o]9} 2] cytochrome P-450- 7|20 th3t &}
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& 5ol 2 e 7L Sl AgEdE &
2% B2 9771 385 2 itk(Patten &, 1986;
Sinclair &, 1985; Khan %, 1989: Z %,
1994).

Johansson 5(1987)° <8I acetone,
phenobarbital, ethanol § =220 webr
THEARS FHeFo| B 2lo]E Beoln), F47 ¢
Bo] o]& 82 AaA| acetoned] 7% P-450b,
e 3 j FEe FHELY Fgo] FrtEThL 33
on, Okino %(1991)2 TRI tirfell $lojA
ethanol® phenobarbitale] wx|& B A3
A7 27, ethanots =842 Axelsln TRI
2000ppmel] E28 AP FAMT cytochrome P-
4509] gHedo| vz HlwA] ¥ 1S BY
o9, cytochrome bs9] % 500ppm 8T
A&t 2000, 8000ppm A EZalA ethanol
AAelstal TRIY 2471 Ado], TRIY 2
g A oA Eo 24 gEAE 2y}

9 A& o2 YAl SlolA Zz Bk
B3A4EE E7 st Adsden A
ethanol€ AAE3la F kg3 TRI 600mgS F
g APFlA cytochrome P-4503 bs 3ol
AeA] ¥ = vl BATHOR g 7t

23%s JeRlth olgs Z2#%E Okino §
(191)¢] @743}t vlwAl cytochrome P-
4509 L Aoldt ZHAE, cytochrome bs2l
e Hl&E FAS Holn e, FowEg
A7) Bl whebA gk Rlol= Q& AoF
Bolu ol FAavt EAEY e X9 724
ol 54, 24 mechanism, &9 %229 A7
5< 228 & 9, cytochrome P-4503} bs7tel
geko] vl A AAE FAE AR AdHER
FH AFA et o] 4ol gle AR
HojZr},

ANZ FoEe o|BRL FU4ERY B4 &
2 - 3EHAQ o] Ao webd E4718 4 o
AAETE MZ Agoldie}, a2 o] o849 o
Al gloiAt AAZQ] AL} o] Fold d= At
Holdhe Ax-ALA o] 2go] srubkE]ojo} Fl=],
TRIS At QoM F3HQd d&E e
phase I components?! cytochrome P-450¢]
AZAE Adshs AA-HEAZE NADPH P-450
reductase®t NADH bs reductasec]tHE7 1€,
1986). °l& F AA-HBAE cytochrome P-
4503 bso] 3ol wet GBS Aol Holed|
(Peterson &, 1976) & €7 2#4& B9, &

Table 3. Specific activities for the NAD-dependent ADH and ALDH in microsomes fraction
from rats treated with trichloroethylene and mixture ethanol

Activity of Liver Enzyme(U/mg of protein)

Substances(mg/kg)

ADH(U/ng) £SE ALDH(U/ng) £SE
Untreated 0.0140 =+ 0.00197 0.0032 =+ 0.00014
T1 0.0096* = 0.00017 0.0040 =+ 0.00037
T2 0.0119 £ 0.00109 0.0050 = 0.00016
T3 0.0109* £+ 0.00003 0.0057 =+ 0.00053
E 0.0113* £+ 0.00020 0.0073 = 0.00009
ET1 0.0086% = 0.00094 0.0051 =+ 0.00021*
ET2 0.0089* + 0.00131* 0.0296* + 0.01411*
ET3 0.0064* + 0.00046* 0.0051 = 0.00054

$0.05

2 Significantly different from untreated at ¢=0.05(Duncan)
*:p€0.05 compared with corresponding trichloroethylene treatment group(t-test)
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AA-RGAL] ol AolE Holn Sitt

NADPH P-450 reductased A%< TRIY %

F7ket ethanol AAeldl wet, 283 A2sHA|
e 73 uigA AT BT goid BT}
#ase 495 Holed, ojgd Azke olv] 2
=(1994)9 el Baigdonl Kawamoto S
(1983)9] A<} Autele S Holn ek,

Ak 0 2 ethanolS #7184 HALE A dtct
= Bl JEdira 5, 1990: Wang®
Nakajima, 1992) ¥ 474 TRIY diAlel
QoA 27HE AAE Adske AR-ARAA
ethanol] "X 982 & 23, A2 42
TAMED ethanol AAZFA NADPH P-
450 reductase®] BA=}F ZAFAY. ol 2
& Peterson 5(1976)9] 727 oA BAF
%o], cytochrome P-4509] &g ztao) w& 2
79} ethanol tiAl §lojr] Meldoz 2H83=
Fao) B4 o A2 Az}, £k AA-
A2AI) NADH bs reductased] BHEE =3
g 23} NADPH P-450 reductase £33} At
s 295 19}

o] A Kawataki 5(1983)0] gt
TFAMAY AFAAA X NADPH P-450
reductase® ¥%7} 22 @ NADH bs
reductase’t B & 878k 239} dX &= A
o2 AZEY. 1228 ol&d dAK] .FHE
Azks 7149 FF9 cytochrome P-4503 by
3Heko] wh} xpo] & Kol A2 Ayzter),

o]Bdo] A2 FY=o] Al el e K
o S4o] & BAE A%Ho EFF g4 9
A APEYE & phase II componentstt
scavenger E4Ed QA wjAds=d, old =
Aol & urgAE s ER A8 e F
8% 98L& e FaV EFirEL
(dehydrogenase)eltt.

g5hEhe 7186 g ddA 2 SEX o] A

A ethanol(Khanna$} Israel, 1980) %4t oju
2t TRIHALe] $lojx] &43ske epoxided! CHE
TCE-OHSt TCAZ ¥W&A7|l= 8L g
(Daniel, 1963: Byngton® Leibman, 1965).
Kawamoto 5(1987)e] 9Jstd we F%(0.25
mM ©]ah)ol = TCE-OHR.th TCAS] o] &
7HE 3, 8 F5(0.5 mM ol )dlMe Be e
TCE-OH7} A9ty sttt =3 Nakanishi
5(1978)l 2l&hA TRIS Z2A171 & 7l gloiA
ALDH #Xx=9} 8% acetaldehyde =5 &%
& Azt TRI BAA] %9 acetaldehyde =
7} 3718v 2 siler, ADH #45e AEEY
of X3l 713l webA B 2ol ]l
£ T A7AR o)7do] BohLumeng 5. 1979
Teitz, 1964: Marjanen, 1972, Tottmar %,
1973).

Ethanol®} TRIC| A& 285 3= ADH
¢} ALDHel oigt a9 A+47, ADH$
ALDHE A& e 2458 et ADH
B = TRI @5 AHalPe] HslA] & vtk
Z25E AE BYon ethanol AAE 44
TANE APsIA B THT Aishe AN B
Heh. ALDH BAEE 5T 25 lojA A
A g2 T VM 58 Bt olgg d
e WMo R IAE ethanold 7598k 7t
9] subcellular fractionol|r ethanol %
acetaldehyde® Z3¢ 21} A EZ<] ADHel 23
A ¥A9 aldehydeZ}, w325 ALDHel 9J&lA 4
3} eA] & mitochondria® ALDHe 2laix] A

Sl BRusin 3(1992)7) RasigEe] At

3] 2slr)E o189t Tottmar $(1973)8) d+2
Fol Aozl Azts| B ALDHZ}F microsomeol
A EAshe Jo] B A= Hol microsomed]] )
ojx ALDHe 8¥= ZvP} Jeid Aoz Azd
t}. T3 microsomesell oA ADH ZHe ADH
b F2 BERsSn e 71#e] AEEEA
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microsomes®l} leixle] B TAE B A3 )
Qe @goz welrk

ethanole] TRIAA Pl & d&E T4 B
=9 d#std £ AZ NADPH P-450
reductaset ADH 9 =+= ethanol A2
TRI &= ATitt Z4d $3PXNE BYon
NADH bs reductase®t ALDH 84=% 3714
F5& B}

Nakajima %(1983)<f &5 Asx=e] TRI &
ZA] ethanole] TRI tAFe &AM Hav}
ANew . Sato F(1991)L Akdel  SloiA
ethanole] 8% TRIE F7M)7]2 8% TCE-
OHS] WA #s A7 Buslger, TRI
o] dARHEQ TCE-OH$ TCA9 $JoiM TCE-
OH7F TCAZ Wigts]= A2 ethanole] IAAIZ
the B31% QckMuller &, 1975). 3 97
AeiM TRIS] girPdE<] TCE-OHSH TCAS] W)
AT AT 2FRNEHE A Ao B A A

g &dsid A3dEAE JEpiA @8,
ethanol A2 A3 SlojA TCAS] 4
o] ZHAasE A3E B Muller 519752 <
TAH} dAshe S HFBYE

oleld AHE g4 FAEe AHsl] B, CHY
< Z8A Kot DHIE ofE it TRIS) thrk:

2 288 cytochrome P-4500) AR S Agdh=
NADPH P-450 reductase®] 84=7} ethanol A
A oA Aase A& Bo} ethanolo] TRIS)
A S7S) CHY A4S vk dAATIE Ao
AZVEh 3 gARE] v = AR AHdEAE
VERIA] 925k3) 3} g4 841 ADH 2 ALDHS]
SH=E 2 ADHO| 7% TRI® ethanol AAE]
T 25 QoM BAxY ZAE Holed ole
microsomesolld Bt} cytosolel] leirjel &)
37} AM(Lumeng 5, 1979) 248 232 Hol
o, ALDHe TRI® $9%5%d] Be &4z 37}
% H9 Nakanishi 5(1978)9] d7-23}s} dx)ahe

Aog HOn T2 ALDHe #A=E F71sl1
TRIS 235 tARHE]] TCAE ZHashs Adukd @4
& Hol=d, ol2ig Z3k= ethanolo] TRIY oA}
A CHE TCAZ diRZAP= 29 Slo]
Aol FFe mAPlEne CHY 348383 TCE-
OH7} TCAZ. Hske Ao d&s niaA Jepd
Avela Azt

ZE g
£ A& Trichloroethylene tAlel ethanol
ol P& & W] Yol Alzsiglct.
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