RAAAAGEAA] A 4R A 23
Korean Ind. Hyg. Assoc. ]
Vol. 4, No. 2, November 1994

Trichloroethylene X&l¥t 315 9] 7+ vja2E
Alcohol dehydrogenase®} Aldehyde dehydrogenase
A A3 AF

AU FE FPrdd 7

UJS Y 4T Y HM % AN B g

Ao

— Abstract —

Studies on Hepatic Microsomal Alcohol Dehydrogenase(ADH) and
Aldehyde Dehydrogenase(ALDH) Activities in Rats Treated with Trichloroethylene

Ki-Woong Kim, Seong Kyu Kang, Jeong Sun Yang, In-Jeong Park, Young-Hahn Moon

Industrial Health Research Institute Korea Industrial Safety Corporation,
Kusan-Dong 34-4, Puk-Ku, Incheon 403-120, Korea

Chloral hydrate(CH), an intermediate metabolite of trichloroethylene(TRI) is reduced to
trichloroethanol(TCE-OH), and is oxidized to trichloroacetic acid(TCA) by the nicotinamide
adenine dinucleotide(NAD)-dependent enzymes such as alcohol dehydrogenase(ADH) and
aldehyde dehydrogenase(ALDH) in liver.

This study was performed to find out the change of activity of ADH and ALDH with increas-
ing amount of TRI. Intraperitoneal injection of TRI were done to the male Sprague Dawely
rats(mean body weight, 170+ 10g) in corn oil at the dosage of 150, 300, 600 mg/kg for 2 days.
The results of experiments are following :

1. The contents of xenobiotic metabolic enzymes in liver are tended to be decreased with
increasing amount of, but not significantlly (P>0.05).

2. Activity of ADH in microsome is decreased(p<0.05), and activity of ALDH is increased
with amount of TRI(P<0.05).

3. Total trichloro-compounds(TTC) concentration in urine are increased with amount of TRI,
but the ratio of between the TCE-OH and the TCA were not shown any critical change.

These results suggests that the ALLDH in microsome may be related to metabolism of TRI, but
ADH was nothing less than the effected to metabolism of TRI.
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drogenase and Aldehyde dehydrogenase, Urinary Total trichloro-compounds

M B

Alcohol dehydrogenase(ADH) % Aldehyde
dehydrogenase (ALDH) & +& EH/F9 o &
A= AL 2A ethanol# acetaldehydes] 413}
g gl Fad g ste dF nicoti-
namide®|&4 @42 A2 (dehydrogenase)©]th
(Khanna$} Israel, 1980).

Bonnichsen® Brink (1955) 7} Ztell gloiA
ADHA A 92 A% WHA Walkensteind
Weinhouse(1953) o] 2j8jA] F3te] w|EFE =z o}
of e 713 Bold& = ALDHIZF &A%t
© R F o XA olE BEAS) BEH B
£ A7t FPEd e (Roig %, 1991; Sinclair
%, 1990; Crabb % 1983) 53] ol& &ie AX
AU BX] gigh < d7e) dARME A7
2}t o]7e] @,

Lumeng 5(1979)°l 2884 ADHEe F2 A%
Zd 2% sgen, Teitz(1964) 2 M X
olx ALDH7Z} AEES vid2FdT At
3 2eni, Marjanen(1972) & vlEZ=z]old] of
80%°173, NEEdve 0%HE EAgcin B
At

=3 Tottmar §(1973)9 23k A EEH v|2
2% RYo] NAD'E HZHAE 3k 2 AlE9
ALDH7} 9% REadsth. ADH$ ALDH7}
ATAY] om Fio] EEEH AAHQ Fo] o
A% o 2HE E AFe AXAUA &
At Fae} ool wetr olg i 7% R &
fo] tt27| WEeltHHFIH FFx, 1992, 7Y
A9} FFx 19925 chost Joo, 1990). olshe]
ADH®} ALDHE 7124943 whgAo] Ho
ethanol % acetaldehyde®dt opuiel #7144 %
g4 edEAN g g2 o83 (xenobiotics) AAF
o slolA Fa% AEE e, 53 FHEY Al
A, 434, HJE €8 % ¥ A AAH
o] de] AL85&(NOISH, 1978) trichloroethy-
lene(TRD 9 thAlel] glolAlel 2H8-& of$ Fa3}

o} (Williams, 1959).

TRIZF AW FYo] HA ] endoplasmic
reticulum®| microsomeo] EAME= o] EA A}
A2 cytochrome P-450¢1 2j#iA @Asd
AQl chloral hydrate(CH)E dadgs
(Reynold®} Molslen, 1977; Millers}
Guengerich, 1982) ¥ @s4&4 &, ADHS
ALDH 2#A trichloroethanol(TCE-OH) 3%
trichloroacetic acid(TCA)E o]A1 8o A9
2 w4 ¥ (Daniel, 1963; Byngton#
Leibman, 1965).

kawamoto #(1987)¢l 2}3tH e 0.25mM
o8} 0, 5mMel4e] CHE FA3l9 & Afol 3
Fx(below 0.25mM)olA= TCE-OHHET} TCA
7 B Agde] dxm, L FE(over 0.5mM) e llA
£t B %9 TCE-OH/} 44¥dvxn Busgct
%3, Nakanishi $(1978)¢} 2}3l8 TRIe] &=
AZ F ol glojA ALDH A9 ¥ o)
A acetaldehydes&& A8 23}, TRIY A}
Al %9 acetaldehyde ¥E+ F7Hen, 7} n

Cyt . P-450
CClz = CHCE e > CC1sCHO
(3]
ADH ALDH
ka ks
TCE-CH Urine -~ CCl3CHOH —————> OClaCO0M > TCA Urine
CC1aCH20-G

~» Other excretion routes <

> Total Trichlore compounds{TIC=TCE + TCA) (-

Fig 1. A scheme of TRI metabolism proposed by

Fernandez et al.(1977) with a slight modifica-
tion.
(Cyto. P-450; Cytochrome P-450, ADH;
Alcohol Dehydrogenase, ALDH; Aldehyde
Dehydrogenase, TCE-OH; Trichloroethanol,
TCA; Trichloroacetic Acid, CCl;CH,0 G; TRI-
Glucuronide conjugation form)
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Edcglo}l B9l low Km ALDHS $4Ee &
AHU vEZ=olst v|AREFY high Km
ALDHS] 4= ¥l JehiA eiskctn East
At

a3Eg B dFe YHE o183 ARiAHA
Wo| AMEEE TRIS dthAle] floiA HAHA hA}
&5 & FAIe 49 mixed function oxi-
dase(MFO) ¢l §4x9 v|a22F EAse B
AX4Q ADH® ALDHSY #4%7} TRIS $£9
o de dlsEe € I, °lg Ex
B9 ot tiAld ¥ vldsle 8F dARHES
FE 2 FRAE Ba A xEc)

e 3 Uy

Cytochrome C, NADPH, NADH, sucrose,
BSA, pyrazol, acetaldehyde, ethanol, KCI,
sodium hydroxide, sodium phosphate,
glycine & ¥@ 49 A€ Al Sigmarlz
e FU3sien, $4832 trichloroethylene
2 AldrichAt2 FE F8t] ARL-8I s 1%te)
dukE el Aok Sigmailet AldrichAlE BE 3
dte] AHE-H)

AYEES FPEAMNATHcE FE g
€ Sprague Dawley(sp-D)Al 653 €4 3P
(170+10g) & AHg-3tRen], H¥ 159d%E &
=(23+3°C), #%=(55+5%) ¥ ABF=4d(12h
light/dark) @ AM&AolA Alast SE58 AH{2
o] MHAIZIF Y= 150, 300, 600 mg/ke TRI
HelTe g BF3Y corn oilel £8A1A 19 13
4 2943 A&l BAFAERen, 7 AYde
4riz)2 3t
1. ZF Microsome &#&<2| £2|

AU FEE ARSI 2% el o8 SUF
ZA] & AAsd 0.9% sodium chloride solu-
tion(saline §¥)o2 ¥WH-& Moz, 48 ¥
9 9 AL AAF & 0.25M sucrose £
oz AN dF, AF YHEE (12,000xgelA
408, 105,000xg*l1A 608) 3t KCI(0.15M) =
AojAE 32 pelletitg Rol 0.25M sucroseZ
resuspension® ¥ (Park and Kim, 1984) &9
A AY, 4= 33 2 AFAEd AR

2E AYAFEL 0-4'ColN sYsigeny e
AYE 93] #21¢ microsome FHE -70°Cell
BaAst

2. =t Cytochrome P450 3! Cytochrome bs
e

Lowry 5(1951)8] Wl <jslX BSAE %3
EAE 3lo) 9y =& AR

Cytochrome P4509] 82 Omura$}t Sato9)
W (1964) ol whet 450 me} 490 mmofl A FH= 2}
°lg &F3d & FHAS 91 CmimM1E HE
3L U2, cytochrome b2l ¥:EE
Werringloare} Estabrook$] " (1975) ¢l 2)aha
426 mst 409 molAX FHE zolF FHE B
LA 185 CmmM1& ol &3l =8 A3
k.

3. ZF microsomal fraction2| Alcohol dehydro-
genase (ADH) % Aldehyde dehydroge-
nase (ALDH) &M% &%

ADHe #4 = %32 Bonnichsen®
Brink(1955) 2] 'i& tid ¥¥3le) &)
el HFE= 2 (Im)2 48mM glycine-
sodium hydroxide buffer(pH9.6), 0.8 mM
NAD", 3mM ethanol® AigleZ 3l 340mm
A FBEE S, & FPAE =620 M1 Cm
& olg38ld A

ALDH¥ Tottmar %(1973) 2 Wi& H¥3o
HF¥E 24 & Im2 &9, 50 mM sodium
pyrophosphate buffer (pH 8.5), 1 mM NAD",
2 mM pyrazol, 10 mM acetaldehydes} 49
o2 3o 340 molN EF=E FHsm, & F%
A4 6,220 M1Cm1 & o] 88 AEE A4kl
At
4, oE ChARME 5H

TRIZ #75FA8 £ metabolic caged ol &3}
o 24M% =8 AN, APAAR JPART &
Rom, A|BEAL 48413t ool 3},

8% TCE-OH % TCA® ¥ Christensen
£(1988) 9] Wyl 2)8}A headspace sampler”}
Hag GC/ECD(Hewlett Packard 5890, USA)
& ol g3l #4939
5, Xt2EN

AYAR ¥4 PC/SPSSEAZZIHE )&
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Table 1.  Effects of trichloroethylene on the conients of hepatic protein
Quantity of Protein
TRI (ne/ke) Microsomal Protein Cytochrome P-450 Cytochrome bs bs/P-450
Mean (ug/ml) £8D Mean (nmol/ng) £SD Mean (nmol/ ng) £SD (%)
Control 5.81+0.5413 1.0330+0. 3575 0.3163+0. 0669 30.6
150 5.65+0.5332 0.9797+0. 2527 0.2990:0. 0655 30.5
300 5.69::0.7181 0.8489+0.1305 0.2692:+0. 0678 317
600 5.92:+0. 9842 0.7455+0. 1059 0.2350£0. 0421 315
F-value 0.14 1.53 1.68

* 3]l F-values are not statistically significant

Table 2. Specific activities for the NAD™ -dependent alcohol dehydrogenase and aldehyde dehydrogenase in
microsomal fraction from rats treated with trichloroethylene

TRI (mg/ke) Enzyme
ADH(U/m) + SD ALDH(U/mg)+ SD
Control 0.0140=+0. 0017 0.0319£0. 0027
150 0. 00962+ 0. 0095 0. 0403+0. 0064
300 0.01190. 0019 0. 0504210, 0027
600 0. 01092 0. 0001 0. 0574=+0. 0034
F-value 6.38 22.69
* p<0.03

a : Significantly different from control at a = 0.05

slo] ATl oiM 2HE dIE JUiNE B
A B85, Scheffe Wios A9Ttel HF
A& vlmsisich

2 1

1. cieddl fako] ¢ist

TRI #2]¥ 7t microsomal W83} cytochrome
P-450, cytochrome bs¢} ¥ad2lg £ Ad H1
o] A& AUt

AWl FUE ol YARYELL At
A S T3l YRS AZE AA A}
7F J&d, ov F2 #H9E sl e microso-
maledo] g TRIS) Tz & 4Y
& A3, g2y vzl B3z OE 9%
vehdA] ke (pr0.05). AEEAT Foll BE &
AR ol s HAF Ao|E Hole
cytochrome P-450¢] #3& A@E2 HlmA,
TRI 150 mg/ke A& 0.97972 300 ms/ke
0.84892 Jelster 600 mg/ke M T A E

0.7455 mol/me o2 WHZF(1.0330 mmol/mg) BT}

AT Aol ¥ 5-18% A= FAAHE YAE

Vel ou ASHoR o Aole HolA @

%ATHp0.05). EF o18F R AN n¥AEH

(fatty acids, hormone %)2 thAIA] 4tsh-gkgl

ukgo] Fddte] AAE ALde B ¢

cytochrome bs¥&& F3 ¢ 4748 B, U=

o sloix9] cytochrome by##-E 0.3163 nmol/ms

o2 23H9len, TRIMZFN QM€ 150 me/

keFo3Al 0.2990 nmol/mg, 300 me/ke3} 600 me/ke

2oja] ztzh 0.2692¢) 0.2350 mmol/mglE FAH

9] Z7ld| o} RxFRO thhe] ZAAUFE BA

o EARE o2 FoEkle &3tk (p>0.05).

2. 7} microsomal fraction2| Alcohol dehydroge-
nase (ADH) ZAldehyde dehydrogenase (ALDH)
gor &3

TRI tlAlel] glelA 84319 CHE TCE-OH<
TCAZ sjl4A7le ADHS ALDHS @458 &
A% A3 829 YA E Ak

ADH 45+ TRIZ MR @& h=FNA
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o} sgatgto] 0.0140 U/meE 2= e 150 me/
ke BTy 0.0096 U/mg, 300 mg/kesd 600
mg/ke FATANME Z7t 0.0119 U/me, 0.0109
U/mgo 2 &3S}, A2 vas] 2y 2o
ol leiA 3 vjaRE EA3he ADH 4=
7t Z4E A%E Hole Aoz Yt (pd0.05).

ALDH®4x9 7%, ADHRAES iHe
AegE Holud|, t=FelA 0,0319 U/mz 23
Huon, Fx¥ FojFol oiA 150 me/ke T4
€ 0.0403 U/mg, 300 me/ke T34 & 0.0504
U/reg, 600 mg/ke FoddMe 0.0574 U/mgl2
Ztz} #¢0] =itk &3€ #'d ALDHY #4%=
€ HYE RoyT S8 v ®4x9 k=
Holz oh(p0.05).

3. Trichloroethylene2 RF CHAMME &%

Z AYFE TRI® 8% YAMIES wld3e B
31} 2},

TRIS] B 838 2473t 85 TCE-OH®| )
A%& TRIF Fo3lA & dzT9 4% 15.91
ng/ | & #3o] HAeH, BT olA 150 mg/
kg 973.28 mg/!, 300 mg/ke 1954.01 mg/!
2, 600 mg/kg FATL 3176.34 g/ | B 42} &
AEAG. d=F3 Fo £38 AYUI9 ¥|3A
TRI®] Fo &3<] F7lo] oe} 8% TCE-OHe
Wi T FrhE9]c

TRIY 8% tiAHES] 3l TCAe] wWjd#H&
B, 2PN E 3.96 m/ ! FFSHAL, o
ol A 150 me/ked2 229.91 me/ !, 300 me/
kg & 355.50mg/ { & FHEHAI 600 ng/keg T
T2 528.92 mg/ 1 B 20| HIUL TG 2443
85 F A EFE ¥, YT S 19.87
mg/ {, 150 mg/kg 2 1203.19 mg/ 1, 300 B

600 mg/ke FAFe A& 2309.60 me/ !,
3705.26 mg/ | 2 2zt &40l AU a3 o)
AP glolM Fo] BFo] F71eo] wal AXNAH
Q wpdaEe FUkeh, $o)8%¥ TCE-OHY %
7HEF TCAS F718-&9 Aste JehtAl dsich
(p>0.05).

o #

¥ d7e 8483 A4, &80, HAE ¢
8 9 #7183 AAgez 9y oj8¥E TRIZ
Ao EYEAE w, AN ZAr1ge] 71Ae] o
A oMo} o]EFH tHAMEA, F cytochrome
P-450 dependent monoxygenased F5x#3,
g52R49 ADHSE ALDHY #4% w@sie)
TRI® 8FUALE w4 FE TRIY FI5xe ¢
wale] @Al

TRIS dAtel loid AT E BRse @A
© tAF A9 CHYY 84 sle dAoli k), o
o fAske Ba7l cytochrome P-45001t}, &
W A¥AI, 3 microsomal SR FEpEie
Nz R 2] dolA felAo] gle Rer
Vel e (p)0.05), cytochrome P-4503 b9l
gFe TN Bk Ao oA Fors
o] F7td W} Fadte YL Reln ov ¥
AAQ Ao g} (p0. 05).

Okino 5(1990) ¢l 2&8A 653 Wisterd 24
F 8 < 500ppm(=2.7 g 2000
ppm(= 10.8g)¢] TRIol Z2A] FARH {9
& g1lou(p)0.05), microsomal ©¥ae] Fv}
3te W€ Eastdd. z23v Rouissest
Chakrabarti(1986) & TRI® %o 838 (.25,

Table 3. Cumulative amount of urinary metabolite in 24 after ip administration to different doses of trichloroethy-

lene

Urinary methabolite level (xg/ )

TRI(me/kg
(ea/ke) TCE-OH TCA Total
Control 15.91+1.13 3.9611.01 19.87+0.74
150 973.28+89.05 229.91+54. 64 1203.19+114.17
300 1954. 01+ 303. 50 355.59+80.15 2309.60+369. 69
600 3176.34+346. 24 528.92+89.99 3705.26+421.99

Values in the table are mean+SD
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0.50, 0.75, 1.00, 1.50, 2.00 mi/kg TRI(d=: 1
m=0.68g) & & 19 BAFAE F 139
microsome @93 ¥HE HFE A3}, FoAF0|
1.0 m (F 0.68g) FAT7AE A2E Helr} 1.5
n BT FHEe i F/8e 44E 234
(p<0.05). 23} & 4¥Yo] A€ TRI® ¥=%
g st 29zt A Fod 2 (150, 300,600 mg/
ke TRD N 3101 §F ¥s7t 3ol UehbAl &
gtch, ol2i gt A& Okino %(1990) % Rouissest
Chakrabarti(1986) 8] d7ZAze} vlm sjAsfs
W, CHS 4A4%E &35 Yohd d3srle o
9 2t 22 AA A HEAe] dEE HBel TRI
o ok Aol Asfel Byt EH Koop ¥
(1985)€ New Zealand White male rab-
bits(2. 0-2. 5kg) ol TRI 11 mmol/ke& 131 B4}
% & 7} microsomes®] 1+ cytochrome P-450
o Fe #EY Ay}, FAR ge FAM B
A" 23AE HYm, Kawamoto ¥ (1988)2
uwrEAel TRI £2A| cytochrome P4500] fX¥
otz &gen, Okino 5(1991)& TRI Fofo]
1.0 m (d»:0.68 g/ks) wlRtel EZ A
cytochrome P4509] #ao] Zase A%E Hol
U EARHcs fAdAE ¥%2H (p0.05),
1.Omi/kg TCE o3¢} EzAld EAHH o2 f
3 Zrart Jehdtin Ba st (pd0.05). 39
Agel gloir TRIS Fosm® Gidtd gl
oA cytochrome P4509) #3-& &3¢ A,
AR e ot (p0.05) R y=y F7t
o] wet Zadte AEE Ho] Koop F(1985) 3
Okino ¥(1991)¢] ZAue} dAshe AHE BA
t},

ADHS} ALDHE NAD'$t NADPE 2XxEA
2 ol gsle] YAW FAHELAD oJEAE A8-8d
282 A7]vvl, ADHE dimeric zinc metal-
loenzyme2.24] o] Eie YAxE A =
B A (Mezey =, 1988: Mezey 5, 1986), %
& (Cablleria %, 1989; Roig $:1991), 4|4
(Lumeng &, 1979)%°] wet 9%& werh 2
W Ay glojAl TRICN 2§ 7t microsome] %l
olxe] ADHe #A4x WHile dz2Ed F9T
¥ @A) Foj el oA FAES ALE RS B
Ak (p<0.05). ADH7F F2 A EFU] EA5t1

1o} microsomet|] ADH®| F& A EEA e
ADHS <3} wlwA] wj$ o] ADHEth: oH&
i o#A dAl $M< CHZY TCE-OH=R 2
AREy) ez gz

ALDHE AMulg] AutHQl sige] £x3la e
ul, 538 oM 3¢ ALDHe| it |77t &
3] o]RojA 3 U} (Tottmar §, 1973; Carbb
%, 1983; Card®} Berin, 1989; Sinclar¥,
1990), 3t M ¥AWe mitochondria, cytosol B
microsomed] ¥¥32 e ALDHe FHELS
Yejo} Aol vtEr, rjde] el wepA
SEo|Mgo] trar}(Takagi ¥, 1985; Tottmar
¥, 1973; Cho$t Joo, 1990). °lsizde] MEAW
of EAhe ¥-¥#o] whet ALDHS dde] tang
£t 3¢ n2% microsomes] Y& ALDHe] 2
& TRIS diAlel wt& J%& 27] fst] A¥9d
A, dizgels Boh FoiFe glolre] ALDH
o] BAEr) F718ba sk olE§ 8L AEd
9] mitochondria, cytosol®l ALDH®! w3 &
AL E 24812 %3, microsomed] e ALDH
AT g 23 s TRISY dAle #oA3ke
ALDHO g Av z4-& getsirle ofslf
Y, Benedetti 5(1984) & Cho% Joo(1990) &2
AFAgNA ePtEe] 3 R EX3] @sles
9 @&F7 FHEFE kgte]l A o
microsome ALDHE TRIS} #o] @agrt A2
g3jae] dAbe] slolA Fad J8E dte A2
2 Rz

TRIE T35 difEe f718Ad A F,
B3, dAL A B 71d3 F408, AR &5
o g AHEHH 7HA (biological monitering)
HES ge 47t Ha Yded, TRIE Z¥e 8
Z A48 E (TCE-OHH TCA)Y &3 HE
84 A8 slm At} (Ogata 5, 1970; Ikeda®h
Hara, 1980; ACGIH, 1991). Soucek
Valchova(1960) o 2ls}® &<¥ TRIS 73% &
50% A% TCE-OHE, 19%+ TCA, YA
4%¥ monochloroacetic acid2 w489z &%
o9, Nakajima %(1988)& Wisterd ¥4 83
(8-125) ) TRIE 500, 1000, 2000, 4000, 8000
ppmE 2713 B¢ F2AD £ 8F FAEEES]
dge 238 dx, wde FAdEEF TCA
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9] ke AM9 2 .9%°l%2A ¥ TCE-OHZ
Wdeds Rt 39 A7) UM TR
A% TRIS ¥ F7iol wel 48] 4
Fe ZF7ENeU(®E 3), FUUNRE ¥ TCE-
OH(F 83%) st TCA(F 17%)<¢] Wid® nj&
FoFgo] wtA AolE RolA @ten,
Nakajima #(1988)9] 4943 ¥ A4748+4
§ YA TCAS] w4 o] Xjol& Keoled, ¥
& WAL F(species) I FY o] & F49
B4, 8859 44 2 Holdd § A=A
o] golo2 Q¥ Avlel BAAY, waty & A7
E BEE UoE o ANHez 4FFe TRI
& BAFAE F JePd dA3E @38 dAEA
AAEARAQ] &M Algg ddes A g5
A thiel osige] & AeZ Holu, TRIY
A1 AT o] 39 A Bt 3@ B
9 43¢ Ninzg 3ty VAR §4%
T gl& ALE Hglr),

4 B

TRI®) %7tM< chloral hydrate(CH)& 1tol
& NAD'e}&4 A ADHSE ALDH si#)
A TCAS} TCE-OH=E g}, #4ldc} & d3e
TRIS] $o3-83o] ©& ADHS} ALDHS #4%=
W3 E #A7] Hste], &4 Sprague DawleyA
2 (170+10g) 9l TRIZE 150 me/ke, 300 me/ke,
600 mg/kgd 293 BAFAVY ¥ o33t @2 A
& 4

1. 3ol iAol A Al HAe] FEte
BA%Ho2 RN e WAL (p0.05), 4o
F F7lo] et Aadke A%E 2y

2. Microsome®l & ADH9 #4=+ TRIS
Fo g8k mal 2HAaE 3 (pd0.05), ALDHY] 84
& TRIS F9%0 o] f9¢ F7H Ao
(p<0.05).

3. 83 4938 wdF2 TRIS 2o
oz} F7HE 2oy, TCE-OHe TCAe wWid#
H] & Aol HolA] ¥ttt

o)4e] ZIE Hol microsomes] EAZE
ALDHE TRIY diAlel #dte zles Reoly
microsome ADH¥ TRI® thAle] uxle g 8o]

f A Aoz B

REFERENCES

FUAM, FRx 29 T ANEE 3= E52EL
o FAL B B¢ A7, I
1992;25:475-482

HFY, F3x : Fo T EE=2 o} Aldehyde
Dehydrogenase2] ¥X o} B4 @8 A7, ¢+Z 43}
B3] &) 1992;25:452-459

ACGIH : TLVs Threshold Limit Values and
Biological Exposure Indices for 1991-1992,
Cincinnati, OH, ACGIH, 1991

Benedetti AM, Comporti R, Fulceri R, and
Esterbbauer H : Cytotoxic aldehydes orginating
from the peroxidationof liver microsomal lipids.
Biochem Biophys Acta 1984;792:172-181

Bonnichsen RK and Brink NG : Liver Alcohol dehy-
drogenase. Methods in Enzymology 1955;78:495-
500

Byngton KH, Leibman KC : Merabolism of
trichloroethylene in liver microsome. [ .
Indentification of the reaction products as chloral
hydrate. Molecular Pharmacology 1965;1:247-
254

Caballeria J, Baraona E, Rodamilans M, and Lieber
CS : Effects of Cimetidine on Gastric Alcohol
Dehydrogenase Activity and Blood Ethanol Levels.
Gastroenterology 1989;96:388-392

Card SE and Brien JF : No effect of chronic ethanol
administrationon the activity of alcohol dehydro-
genase and aldehyde dehydrogenase in the near-
term pregnant guinea pig. Can J Physiol
Pharmacol 1989;67:601-606

Cho EW, Joo CN : Probable Function of Rat Liver
Microsomal Aldehyde Dehydrogenase. Korean
Biochem J 1990;23:528-534

Christensen JM, Rasmussen K, Koeppen B :
Automatic headspace gas chromatographic method
Jor the simultaneous determination of trichloroethy-
lene and metabolites in blood and urine. J
Chromatogr 1988;442:317-323

Crabb DW, Bosron WF, and Li T-K : Steady-State
Kinetic Properties of Purified Rat Liver Alcohol

— 154 —



Dehydrogenase : Application to Predicting Alcohol
Elimination Rates in Vivo. Arch Biochem Biophy
1983,224(1):299-309

Daniel JW The metabolism Cl-labelled
trichloroethylene and tetrachloroethylene in the
rat. Biochem Pharmacol 1963;12:795-802

Fernandez JG, Droz PO, Humbert BE, and Caperos
IR : Trichloroethylene exposure simulation of
uptake, excretion, and metabolism using a math-
matical model. Br J Ind Med 1977,;34:43-55

Ikeda M, Hara I : Evaluation of the exposure to
organic solvents by means of urinanalysis for
metabolites. Jap J Ind Health 1980;22:3-17

Kawamoto T, Hobara T, Nakamura K, Imamura A,
Ogino K, Kobayashi H, Iwamoto S, and Sakai T :
Induction of cytochrome P-450, cytochrome b
NADPH-cytochrome C reductase and change of
cytochrome P-450 isozymes with long-term
trichloroethylene treatment. Toxicology
1988;53:239-249

Khanna JM and Israel Y : Ethanol metabolism. Int
Rev Physiol 1980;21:275-315

Koop DR, Crump BL, Nordblom GD, and Coon MJ :
Immunochemical evidence for induction of the
alcohol-oxidizing cytochrome P-450 of rabbit liver
microsomes by diverse agents : Ethanol, imidazole,
trichloroethylene, aceton, pyrazole, and isoniazid.
Proc Natl Acad Sci USA 1985;82:4065-4069

Lowry OH, Rosebrough NJ, Farr AL, and Randall RJ
: Protein measurement with folin phenol reagent. J
Biol Chem 1951;193:401-404

Lumeng L, Bosron WF, Li T-K : Quantitative corre-
lation of ethanol elimination rates in vivo with
liver alcoho! dehydrogenase activity in fad fasted
and food-restricted rats. Biochem Pharmacol
1979,;28:1547-1551

Marjanen L : Intracellular localization of aldehyd-
edehvdrogenase in rat liver. Biochem J
1972:127:633-639

Mezey E, Potter JJ, Litt MR and Rhodes DL :
Influence of epinephrine on alcohol dehydrogenase
activity in rat hepatocyte culture. Biochem
Pharmacol 1988;37:2993-3000

Mezey E, Potter 11, Phodes DL : Effect of Glucagon

on Alcohol Dehydrogenase Activity in Rat
Hepatocyte Culture.Gastroenterology 1986,91:1271-
1277

Miller RE, and Guengerich FP : Oxidation of
trichloroethylene by liver microsomal cytochrome
P-450 : Evidence for chlorine migration in a tran-
sition state not involving trichloroethylene oxide.
Biochemistry 1982;21:1090-1097

Nakajima T, Okino T, Okuyama S, Kaneko T,
Yonekura I, and Sato A : Ethanol-induced
Enhancement of Trichloroethylene Metabolism and
Hepatotoxicity : Difference from the Effect of
Phenobarbiral. Toxicol Appl
1988;94:227-237

Nakanishi S, Shiohara E, Tsukada M, Yamazaki H,
Okumura K : Acetaldehyde level in blood and liver
aldehyde dehydrogenase activites in trichloroethy-
lene treated rats. Arch Toxicol 1978;41:207-214

Niosh : Special Occupational Hazard Review with

Pharmacol

Control Recommendation Trichloroethylene, US.
Dept. of Health Education and Welfare Public
Health Service, 1978, 1-59

Ogata M, Takatsuka Y, Tomokuni K : A simple
method for the quantitative analysis of urinary
trichloroethanol and trichloroacetic acid as an
index of trichloroethylene exposure. Br J Ind Med
1970,27:378-381

Okino T, Nakajima T, and Nakano M
Morphological and biochemical analysis of
trichloroethylene hepatotoxicity : Differences in
ethanol and phenobarbital pretreated rats. Toxicol
Appl Pharmacol 1991;108:379-389

Omura T, Sato R : The carbon monooxide-binding
pigment of liver microsomes. 1. Evidence for its
hemoprotein nature. J Biol Chem 1964;239:2370-
2378

Park KH and Kim CR : Induction of the different
forms cytochrome P-450 isozymes and comparison
of aryl hydrocarbon hydroxylase levels on rat tis-
sues by chemical treatment. Korean Biochem J
1984;17:10-19

Reynold ES, and Moslen MT : Damage to hepatic
cellular membranes by chlorinated olefins with
emphasis on synergism and antagonism. Environ

— 1556 —



Health Perspect 1977;21:137-147

Roig MG, Bello F, Burguilio FJ, Cachaza JM, and
Kenedy JF : In vitro interaction between psy-
chotropic drogs and alcohol dehydrogenase activi-
ty. J Pharmaceuti Sci 1991;80:267-270

Rouisse L, and Chakrabarti SK : Dose-dependent
metabolism of trichloroethylene and its relevance
to hepatotoxicity in rats. Environmental Research
1986,40:450-458

Sinclair J, Lambrecht L, Smith EL : Hepatic alcohol
dehydrogenase activity in chicken hepatocytes
towards the major alcohols present in commercial
alcoholic beverages : Comparison with activities
in rat and human liver. Comp Biochem Physiol
1990;96B(4):677-682

Soucek B, Vlachova D : Excretion of trichloroethy-
lene metabolites in human urine. Br J Ind Med
1960;17(60):60-64

Takagi Y, Ito A, and Omura T : Biogenesis of micro-

somal aldehyde dehydrogenase in rat liver. J
Biochem 1985;98:1647-1652

Teitz A: Lindberg M, and Kennedy EP. J Biol Chem
1964,239:4081-4090

Tottmar SOC, Pettersson H and Kiessling K-H : The
Subcellular Distribution and Properties of
Aldehyde Dehydrogenase in Rat Liver. Biochem J
1973;135:577-586

Walkenstein SS and Weinhouse S : Oxidation of
aldehydes by mitochondria of rat tissues. J Biol
Chem 1953,200:515-523

Werringloar J, and Estabrook NR : Heterogeneity of
liver microsomal cytochrome P-450 : The spectral
characterization of reactants with reduced
cytochrome P-450. Arch Biochem Biophys
1975;167:270-286

Williams RT : In detoxification mechanism, John
Wiley & Sons, New York 1959, pp29-30

— 156 —





