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ABSTRACT : To evaluate an effect of ethanol pretreatment on the toluene metabolism, toluene (50% in
olive oil) was given three times at 0.2 ml/100 g body weight at the interval of one day to the rats fed
with 5% ethanol during two months. The ethanol pretreated rats were not identified particular liver in-
jury by the histopathologic findings. In case of toluene treatment, the ethanol pretreatment to the rats
led to more increased concentration of urinary hippuric acid than those treated with only toluene. The
ethanol pretreatment to the rats led to the increased activities of hepatic aniline hydroxylase and these
enzyme activities were higher both in toluene treated and those pretreated with ethanol, but no diff-
erences were found in two groups. Ethanol pretreated rats showed the more increased activities of ben-
zylalcohol dehydrogenase than control group. Moreover, the ethanol pretreatment to the toluene treated
rats led to significantly more increased activities of benzylalcohol dehydrogenase compared with those
treated with toluene only. Furthermore, the alcohol pretreatment to the toluene treated rats also led to
somewhat higher activities of benzaldehyde dehydrogenase than those treated with toluene. In con-
clusion, these results indicate that the chronic pretreatment of ethanol at not so much liver damage as
normal may rather activate the toluene metabolism.
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3} Dodson, 1963; Knox2} Nelson, 1966; Boor2} Hur-
tig, 1977; Rees %, 1987), =& A(Korsak 5, 1991;
Roh %, 1987) ¥ 7} %32 (Hayden %, 1977; Morris,
1987)%5-9] &4 oI/ ZIv . R usElw le 28
I A AW A toluene> T2 ThellA] c}r]5 Bk
3}7] el 2]3te] benzylalcoholZ ¥W3}s t}g ben-
zylalcohol dehydrogenase(BADH)ell 2]3}o] ben-
zaldehyde £ %)™, benzaldehyde= benzaldehyde dehy-
drogenase (BALDH)el| 2|3} benzoic acid 2% % gly-
cine®} ¥3§}slo] wlizAk(hippuric acid)C.2¥ o] &
of] wjAd "} (Toftgard2}l Gustafsson, 1980; Ellenhorn
3} Barceloux, 1988).
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(Kato, 1977; Hodgson, 1987)%] 12 glt}. &l A A<
A wel] AJe]A 2713} xenobiotics thAle}e] Ao
g e A7 (Blacks} Billing, 1969; Zilly =, 1975;
Schoene 5, 1978; Motayama, 1979; Vessey, 1980;
Williams ¢} Benet, 1982)7} = o] $kr}.

Ethanol §7]-8A92} %2 xenobiotics®] TALES-
A A A Z1ch= B 3 (Stott 5, 1982; Wilson 5, 1983;
Liira 5, 1990; Sato 5, 1980, 1983, 19917} )+ ¥t
H, AEEEel 2elA ethanol?] HAFSA] xe-
nobiotics®] tAlel] Teddl= o] 7}X] microsome]
24 B4 fr 2§ FX3ches B x 9 ek (Rubinz}
Lieber, 1968; Carulli®} Manenti, 1971; Sato =,
1981). 2} A ¥ E &l ethanols HA =g 7
dojibe toluene thAtE-o] WFol theh A&hgt 714
off thal A= B3l

olel] ed4= A¥F=N 5% ethanols 6047} &
|17 2AF ] 7hEA AEE I3 F toluene s F

18k th3- toluene tHALS #AE HHo g Q3 vin

b geke Baslleh watk o) WAL Fek 9
3 d3toF toluene thAlel] Hedx cytochrome P-
4500 A+-2-3}+= aniline hydroxylase ¥4 %= (Hangen>}
Coon, 1976)2} benzylalcohol 2 benzaldehyde dehy-
drogenase FAJ =& k22 FolA &R 3} o] F A
48 4} v)ssjel BAsRAC
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| 5%(V/V) ethanol &% (Eagon =; 1987)& A|gkgl
o] S4AFIHA 25°Coll A NL7} ARSAIZ oH oY
2 B B E St o]d) AlE s APFALE 5
Alglale] AL 2E ALRES AFESET 6027 A
A7) 300 g Wels= AP EES HETH ethanol
Eo], toluene 5o, ethanol X 2] X] % toluene o9
T o® Fe sk

Ethanol £ v & T8 1o 2 283}
A7, toluene Fo9-2 olive oillZ 3|43t 50%(V/V)
S8 HF 100g™ 0.2mlE 3le] Pathiratne %
(1986)2} Wl F3hed 1U13] 3U7F B7F FAFs
t}. Ethanol A= & toluene Fo35--2 ethanol Foi7-

3 Folgk 243t A olive oil 2 32X 3 50%(V/V) &
Ng AF 100 g3 0.2 ml 17} FAbskedct ghd iz
T olive oilut F-o3}9] 0w 47 W uhA| ) AL
5 2477} Fob B Far AA A A
EEo] A B FA dF WEE

A Al AATE 5 QT AZHE A3
B2 ether ubF 3lof| 4] 4 A FAE wet )53
Hodlse e APy, 7 2AE 4°CY
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7F 22 sl A dHe® v O F dAH
S Aekste] 4u) oFe] 0.25M sucrose B-8-E 7}s)e]
glass teflon homogenizer2 vkl T4 (209% W/V)yS [t
E9ir}. o] FA NS 600X goll4] 108-7F YA He]s}o]
& ) v]opf RS A o, A S 10,000 X goll
A1 2087 1A He]sle] mitochondria ¥-& 3} post-
mitochondria %88 o177 77 AFAl -8 105,000 X gol| 4]
1A 7F B Al 2|3} cytosol 2] 3} microsome
35 ekt
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1) Aniline hydroxylase ZAMT &%

ZF %A 22 aniline hydroxylase EAE =32
Bidlacks} Lowry(1982)2] wWlo] Zsle] = sjoic).
BT okl bEA] &4 Sl 3HFE 1 mgd
proteine]| 1A|7F FoF vk-8-3le] 7|A 2 He] AT p-

aminophenol®] }-&- nmole & X A3} T}

2) Benzylalcohol dehydrogenase M T £X

7} %272] £ benzylalcohol dehydrogenase 4] &= =-7]
2 Bergmeyer =(1974)2] "l o] &gl A E o
A+ 1mg? proteino] 107 b whgste] A=
NADH °}2 pmole 2 XA 3hic}.

3) Benzaldehyde dehydrogenase &M T &H
7t Z A & benzaldehyde dehydrogenase 4] & 23]
Stachow 5(1967)2] Hlalo) Falgdc}. A E el
proteine] 5% F<F Hbg3stel A
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4. 2t XX 9] reduced glutathione(GSH) &}2F

Glutathione®] §H2F-2 Ellman(1959)2] vl o)) F&}93
b 7 F2A] vl gAde] Akl 4% sulfosalicylic
acid 0.5 m/E 7}3l3 Al &eld & ARl olx] ao}:'%
0.1 mM 5,5'-dithio-bis (2-nitrobenzonic acidys 3%
0.1M sodium phosphate buffer(pH 8.0)el] @ 3. Hl——‘l/l]
#, o]u] A= p-nitrothiophenolg- &3 3}3th. GSH
& 2F 24 g umole 2 E A 5hed ).

5. Zh =2 B E Hak

thil o] eko LowryS (1951)2] vlof] F3}od
bovine albumin-g ZFE 0 2 3}o] &),

6. 2 = hippuric acid M2}

8 % hippuric acid &2 high performance liquid
chromatography & A}8-3}93 2., Kiyoshi 5(1988)2] H}
Holl w}e} 4w 200 u/E- acetonitrile 2. 3wl 3)A18F o}-g-
UAIsle] A2 AbAld 5 Ul columndl] F9)3) F o] %
AF-&- water-methanol acetic acid(80:20:0.2, V/V/V)YE A}
43t o, 52 1 m/mino 2 24 slo] £2]3F hip-
puric acid§ UV-detector= 235 nmol|x] 23] s}9ic}. o]
ol hippuric acid®] F% AFES standardS ARL3)o] 2}
A% chromatograme] WA & Al&3}e] wj@|Alez 2+
E3t9om, T A8 F creatinine 2%J-2- jaffe WHS-&
o] £-3F Butler(1976)2] Wkl Faledch )& hip-
puric acid g/creatinine g2 +}ehHgic).

7. ZH ZH|Q| Wa| ZF HAt

10% formalinel] 73 ¥ Z 2R -& paraffinel] 375}
o] 4ume] FAR u Zé 3} 12 hematoxylin-eosin <3 4
(Degertekins-, 1986)2 -3 s4stsiv|z o g was}
oAk,

8. MXZH

Ay AHel FAX el student's t-test(Schefler,
1980)% o]-&-3lof 43w wakedic.

245

I A nii

L A JIZEE HIE HE

HHE 5% 4ZZ 60 £k S8 A =77 =

F 9% ehd 2 Fig 19} 2o} dl2Pe 4%
AZ o 629 27} 1500} BT HALE oF 43
Z7h)e} 2T wok A% 7ol oha bt

é

2. 2 & hippuric acid 2 HE

3ol toluene Fo{A] ethanol A 2|7} 2447 &
% hippuric acid F%ol| v|x]= Jg& vehd Z&
Table 13} 7bc},

Toluene®t Foi3t A&7 tf2Fo| H|E}] 8 F
oAb FE7F 9F 14m)9] ?ﬂzﬂd F7HE ol
ethanol-g- X & t}&- toluene-g Foigh T 4] ‘H
FTe wla oF 22009] HAg F7LE el

Ethanol 13 2] % toluene ¢ toluenent 5-of gk

Body wight (%) to the coatrol

M

Daya

Fig. 1. Two month weight gains in rats fed 5% ethanol or wat-
er. Each value represents the mean +S.E. of 30 rats. O: Con-
trol, @; Alcohol.

Table 1. Effect of alcohol pretreatment on the urinary hippuric
acid concentration in toluene-treated rats.

Groups Urinary hippuric acid concentration

Control 0.43+0.06

Ethanol 0.35+0.07

Toluene 5.89-+0.71%**
Ethanol+Toluene 9.31+0.80% %+ *x»

The assay procedure was described in experimental methods
Each value represents the mean + S.E. of 6 rats

* Significantly different from the control group

" Significantly different from the toluene treated group

(**; p<0.01, ***; p<0.001)

Unit: hippuric acid g/creatinine g



246

200
180 |
160 |
140 |
120 |
100 |
80 |
60 |
40 |
20 |
0

Fig. 2. Effect of ethanol pretreatment on the hepatic aniline hy-
droxylase activity in toluene-treated rats. The assay procedure
was described in experimental methods. Each value represents
the mean +S.E. of 6 rats. Each value describes the relative % to
the control group. Significantly different from the control group
(*; p<0.05, **; p<0.01)
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| aniline hydroxylase AT HiE

2l #] o ethanol2 %3] x]%F t}2 toluene Fof A 7}
%212] aniline hydroxylase ZAd % ¥HE-8 v}ehd A4
2. Fig. 29} 7t}

Ethanol & ] x| 72 dj o v]sted 7+%=A an-
iline hydroxylase 4 =+ 2F 31%2] #2]&H(p<0.05)
—2—7}£ Hoich Toluenwt F-oigh A3 o] 3JoiA] &

o) YRS Rl vlsed oF 68%2) 1@
(p<0.0]) 275 Jveliget. 12y ethanol % x| 3
T3 toluene F-oi - Zhelli= MrhE b0l & B 4 ¢l

At

4. ZtXZ= benzylalcohol dehydrogenase AT
TS
317 ol ethanol& &3] %3k v} toluened Fo93+
49~ 7+ 22| benzylalcohol dehydrogenase A =&
Fig. 3¢l viepuli it

Ethanol-& 2] x] g+e 2] 7} ZA1e] benzylalcohol
dehydrogenase &4 =+ t 2ol B8] oF 12% F7}5]
+= 73 %E& Bdc) Toluene 7072 thx el H|3}tod
B F 2 BT} o 33%2] $-2]8k(p<0.01) 2715 1}
eljoict. B3] A3 Z 5o toluene £ A| ethanol A
x| g 7ol 2doir B FA] A%} toluenewt
Folgk 739 B} oF 64%2] #-2]8H(p<0.001) F7H=
LA =

BADH BALDH

‘(DC()n(ro]
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Fig. 3. Effect of ethanol pretreatment on the hepatic benzylalcohol
dehydrogenase (BADH) and benzaldehyde dehydrogenase(BALDH)
activities in toluene-treated rats. The assay procedure was described
in experimental methods. Each value represents the mean +S.E. of
6 rats. Each value describes the relative % to the control group. a)
Significantly different from the control group. b) Significantly dif-
ferent from the toluene treated group. c¢) Significantly different
from the ethanol treated group. (**; p<0.01, ***; p<0.001)

5. ZkxF|
H{z=
S

—

Z benzaldehyde dehydrogenase &MT

B Z o) toluene FJA] ethanol A X8+ 7432 &
benzaldehyde dehydrogenase &4 ¥4 ol v]3|
S viebd A A2 Fig. 33 Zch

Ethanol A3 2|72 7}%32] 3 benzaldehyde dehy-
drogenase A =7} EAAH Q] ol o|= HA|vE djFETl
H|3}od <oF 22% Z7}=|girh. 1e]l 1 toluenewt Fof&h
3} ethanol A2} x] 3 toluene o X5 =79
Hlgte B & 48 o] 72t 60%, 70% F7HE e,
ol B F40] FAE F7HE-2 ethanol % 3 x]Fo]

toluene®t Fo38r o+ ¥} tis: Z7bE| i)

6. M SZ0] toluene FE0{A| ethanol F£0{7} A=
S 2279} ZHE 5 BT U glutathione B2
S0l 0|X|= &

Toluene o9 A= = dZzFef 8l
3le] ¢F17% ZU)E = AEFS Ny o ethanol S
] x| &+ ¥ toluene Fo3}
o]u] ethanol Fo{73} of
£ % 5 ddd. 2123 F A g2 ethanol
Fo7, toluene £ ¥ ethanol AX ¥ to-
luene FoiF 5 R v|3te] ¢zt FAaH e
s maoh aeiv 30 oH7kel HobE Aol &
B glede}. 7Fxz] F  glutathione ¥k
ethanol Fofg o] ol v]dte] <7} 7Has
913, toluene Yoii¢ 2 ethanol A %] % toluene

2ol 2T vd oiix A et o, to-
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Table 2. The parameters of liver damage in toluene-treated or ethanol pretreated rats

Groups
Parameters
Control Ethanol Toluene Ethanol+Toluene
Liver wt./Body wt.(%) 2.47+0.10 256 40.04 2881 0.00 2.79+0.07
Liver protein” 120.00%14.00 115.90+6.20 111.89 1 8.57 111.65+12.48
Hepatic glutathione” 3.29+0.13 3.05+0.18 3.62+0.36 3.40+0.12

Other abbreviations are the same in table 1.
Unit : 1) mg/g of liver wt.
2) umole/g of tissue

ST AT

Fagyteseomes,

Fig. 4. Light microscopic findings of rat liver (Hematoxylin-eosin stain, x 100).

2-1. Control. The hepatic parenchyme is well preserved.

2-2. Ethanol pretreated group. The hepatocytes are seen mild pyknotic changes.
2-3. Toluene treated group. The hepatocytes show mild hepatocytic swelling.
2-4. Toluene treated rats pretreated with ethanol. The hepatocytes show occasionally mild hepatocytic swelling and pyknotic changes.

luene F-o3} ethanol 2] 2| F 7belli= W} 2 2}
°| & 2 4= 1%t} (Table 2).

7. 42| ZXSF A

Ethanol 4 2] 3t2] we])z28h 273 7+ 240
pyknotic changes7} H.9l % Wrhe we] 27 s
%l Toluenedt Foigh AT 71 229

swellingo] #&%]¢) 9w, ethanol& A 2% & toluene
£ FoI3t %ol ZF 229 swelling HE7} to-
luenewt Fo{gh 7 B} 23]e] JFhcl(Fig. 4).

v.n #

A A el A xenobiotics¢} alcohol#}o] A}E whed A
of Tale] @We <A77}t Hol ghel(Lamson =, 1923;
Klaasen®} Plaa, 1975; Strubelt, 1980; Sato = 1983).
53] Nakajima % (1985)2 ethanol-g %] %] x| 3} 7 4]
el o g FE] uhaka] 3l3tEo] wjdde] A=)y 8}
ek,

%ol 5% alcohol e 244 ek 43H417 7
$oll AF Z7H8E ol Wshed chi HaEiele
o RE &l AR o) gEe 2 FA 2 EA alan-
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ine aminotransferase A =9} We] F23A HAlaA
oA HohE hEARe AR R] odsht). oleidt Al
ndl2 e alcohol& # 2] x]3t toluene §of-¢] to-
luenewt §o3t AT Bl & F vyl 50} 34
%] Z7}%)=d] o] 712 alcohol A #] 2|7} toluene T ALS-
Z2AA FE& dAEA Qlek

duld © 2 toluene thAF= toluene thAlel] Fodd)=
§45, & cytochrome P-4500] AF2-3}+= aniline hy-
droxylase (Hangen¥} Coon, 1976), benzylalcohol dehy-
drogenase % benzaldehyde dehydrogenase 2| &4
Ao de B Qe AR dHA -
(Toftgard2} Gustafsson, 1980; Ellenhorn¥} Barceloux,
1988; Smith %, 1980). t]-9-7] A3 5 E-o|| alcohol %
o] A] cytochrome P-450 &4 A4S XA 7k B
(Rubin3} Lieber, 1968; Smith =, 1980)% glc}. ubet
4] toluene Fod A] alcohol-& A3 x] s}m2A 8 & v}
XA %7 E7tElE 9922 microsomal enzymeol]
°3ekS k7] Wi Zlew Azbdc

B A& ol A A% EEol alcohold x| 3224
cytochrome P-4500} A)-2-3}+= aniline hydroxylase 4]
X (Hangen3} Coon, 19767} Z7}=¢ic). o|A-&
Smith 5 (1980)] A3 Axte} F-Alstedct. zeiv} al-
cohol&- A2 =] ¥ tolueneS- o9&k F-o] toluenewt &
ol gk A Bl Ba 4 ST} FolE|ojo) B =)
T B3la 7 Ik HohE zlelE HAE A
o} o]l AAHAA BAo] gAchiAl S B33 3
th= H 3 (Weiner 5, 1979; -, 1990)% s 2 o
alcoholZ H-E] tjx}¥ acetaldehyde”} aniline hy-
droxylase A x ol d8kS v|xl7] Wi Ao 2 Alg
ot

# <% toluene thA}e] Fxl =4k3}E-4 (hydroxylation
product)e] benzylalcohole]2h+= ¥ 37(Backes %, 1993)
ol B AlFoa] AHZE| toluene F9A] ethanol-g-
2] %] &}=.FA] benzylalcohol dehydrogenase ZA] %
Z7F&°] tolueneqt F-o &k ol vl3le] HAjs] Z71d
7ZA#= ethanolS Az 32 E4] toluene o & ¥-E]
benzylalcohol®] AJA Z2& FE3] =& A8 2
glt}. 58k benzylalcohol dehydrogenase &4 & Z71=
benzylalcohol 2 -] benzaldehyde A4S F%3}7]
ol o] =2 chal A F Al aldehyde dehy-
drogenase A& Z7}2 F23 & Roew AzEch
Z22] 7 benzaldehyde dehydrogenase A% 4] to-
luene 593 4] ethanol& A x| =] 3fEEA B F49] &
A ZF7HE w5 sk

ole) 4He Fge 2 o AHEE! toluene ¥

o] A] ethanol& AA 2 3t 2A] 8 F vheite] F7}
fdale] toluene thAlol] Foddh= U] T4 AT}
Aoz =7 Aztze Azt

V.2 <%

Toluene =2 A] ethanol A %] |7} toluene A}l o
Wk F3FE X =XE HEZA #F | 5% ethanol
< 207 A3 A7 F tolueneS AS 100g%% 0.2ml
(50% in olive 0il)Z 1% 7140 & 3¥ Eoigt 3 2|
sle] ofg-7F & AE L)

Bthanol & A& APEE el 2 2]
we} 2203k 7 Abek 2t protein, GSH #)% i
T} uae) B o) HTRE 7k £4fo] HuEA) ek,
ol#] gl A3 -EE ol ethanold A x3 F toluene F
o] F-¢] toluene FoI7 B} 8 F wtkAl FXo) -9
A 271=9dc}. 7 23] = aniline hydroxylase &A1
2]+ ethanol-2 KA x| sl2 24| F-2)8lA Z7}=] o).
3} toluene 704 % ethanol A2 %] gk o} toluene
TojF BT E HA BYEs} ET uot Eoch of
W FF el WChE Aol & 4 Wdeh 2 27
% benzylalcohol dehydrogenase 34] =+ ethanol A
2ol txTE B} =9kew toluene 59§ A] ethanol
S A slEEA B 54 FAE7} toluenent 5o
g AT 2o folskAl S1Esdel. g ben-
zaldehyde dehydrogenase &A% < A] toluene Fof 4]
ethanolS A= g E 4 AT} vhr =
et

oldel AEANAE T & o APFE to-
luene FoR&] 7t £AFS $-% 314 ¢4 ethanol A *] |
< toluene A& 23]8] £Z14]7]w o]+ toluene
Yalel] Todshs RARNEE S 53517 o Fo e}
A2 Abggld
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