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ABSTRACT : To investigate an effect of ethanol pretreatment on the bromobenzene metabolism, the bro-
mobenzene (400 mg/kg body wt. i. p.) was given 3 times at intervals of one day to the male rats orally
pretreated with 5% ethanol throughout 2 months. In the ethanol pretreated rats, liver Injuries were not
demonstrated on the basis of the liver weight per body weight, serum levels of alanine ami-
notransferase (ALT) activity and histopathologic findings. By the bromobenzene treatment, ethanol pre-
treated rats showed the more decreased levels of serum ALT and liver weight/body weight (%), and de-
creased degree of liver damage on histopathological observation than the control group. The ethanol pre-
treated rats showed the more increased activities of hepatic aniline hydroxylase, glutathione S-
transferase (GST) and the more decreased contents of glutathione than the control. Concomitantly the
ethanol pretreated rats showed the more decreased contents of hepatic glutathione and increased ac-
tivitles of GST by the bromobenzene treatment. Above results indicate that ethanol pretreatment

enhance the metabolizing abllity of bromobenzene in rats.
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Zkel 737 ol AR FAIE AV 7FsAE 7R R
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thione(GSH)?} Agwlr g2 F53F =o]x|x epoxide
hydrolaseo]] 2]3}e] bromophenolF-2] JeHZ 535
by odelx ¢ir}(Boyland2} Chasseud, 1969; Thor
%, 1979; Lee 5, 1990). 3 o] ¥ EAE=Z Fe] YA
+ H33e 54 B 55 4 5T A
AelA 7o oJ3te] g Wy gl&e] RauEx
elch(Kato, 1977, Hodgson, 1987). &3] Hejz]= al
&7l F - WA 7+ 33} xenobiotics tiAlele] e
Aol disted B2 A4t H3glew, F - A 7k
31X o] xenobiotics THA}7} AjedEich= A3} (Williams
¢} Benet, 1982; Schoene, 1978; Black3} Billing, 1969;
Motayama, 1979) 73-9-ol wiebd] F31%vh= B,
19947} Qlo] &RbE el AR =vbo] =1 glot.
£3] Rubin3} Lieber(1968), Garulli®} Manenti(1971)
% Hetu $(1983)2 A& TEo| ethanol®] R A A=
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3 sk} wheba] ZhEAte] obr|H A b Al
29 ethanol |+ bromobenzene A}ES £35]7
ZA217 Aoz AlgEct aejng Al Zaat
Eoll oA ArdFallEAe QA F271 T 5829
YE Folo| Wet THEAL HEel oMY G
AL ARG AW B o e >
slolet AZPEE old) ¥ ATE AYFE A%
xo 4F¢& A7|7 &4 A7l v} bromobenzene F
oJ Al ZbARS #olF2F ZH5-Al, €A alanine amino-
transferase(ALT), 7rct A8 =33 EA]o W]z
R ALE 3k, =8F bromobenzene?] thAlel| Fhod 3}
= 7%= 8] aniline hydroxylase(AH), glutathione % ©]
2} 3 A2l glutathione S-transferase(GST) EAJS-
ZA 3= 9 GSTE] &AW 59 73S 1A &
42] 7]#4l 1-chloro-2,4-dinitro-benzene(CDNB) 2
GSH Fx & He|spiA a4 g gharslgch

IL X2 3 2y

1. A8 SEQ A= U AX|

5L 200 g W&o £)AAF A7}EE Sprague-Daw-
ley® %8S 2o 5% olshes 28A7TA
25°ColA] 2097 AFSAA LW D RTe B MRS
shich. olul Al AFpA} BEAl0]S ALgFc). o]
717kl AFS-A1Z) 300 g W $]2] 3139 bromobenzne2-
A 1 kg 400 mgS 1 ZHH o2 3 Foigh F of
2737 7 12417 AA A7 F A& skdvt A EE
2 )&, ethanol ¥o], bromobenzne ol %
ethanol A 2] %] % bromobenzene Tl 5 47)T°
2 sholch B AAE cther shaslelq 2¥HEAL
ool AR F RrclEele 2ne APsted H2 A
YA} A7) Tk 4Ce AeiAdgl ez RFal] 7
A okl WAE AW o 1 A A
&4 718 ALY A7) Sl £ G )
WA AL T AW ARARSE AAT F A
A B s bi‘:} gt 7ke] JdHHE-2 10% formalinol] _1_74
A7 WelzA ALl AHgaksdond, A g Yol
X 3,000 mpmoliA] 1587 AlEe] & A4S 401
ALT 24 2ol AHg-3hsic.

N

SARO =A|

2

=3k 7k dR-= 1 g 4905F2] 0.25 M sucrose
gohe

7}8le] Hlste] glass teflon homogenizer® v}

A3kt o] wkAlFAN(20% W/VYS 10,000 gol| 4]
2087+ YAl E-2)g o8- 3 2 mitochondria #-%-& xﬂ
AAZ AFZNg chA] 105,000% gollA] 1A17F Feob &
KA1 B2)sle] cytosolic fraction¥} microsomal fraction
& 52519 c}h. Cytosolic fractione GST &4l 23] 2]
FAaYdo g x18sl¢den, microsomal fraction® AH
g4 ZAo] F4Yo g ARSI

3. 84 Ed 54

A ALT &4-& Reitman3} Frankel(1957)3} ol w}
g} Z2AE kitA| S AHEEt e, 34 ele ¥4
m/%} Karmen(1955) UnitZ FA]5lelch 2 E9] mi-
crosomal aniline hydroxylase 42 Bidlack®} Lowery
(1982)°] S o BB Ow], Tae) B4 BSE o
W 1 mgo] 1% £} vlg-8led AAIXl p-aminophenol2]
°F& n mole2 EA3Ic 7k3A F GSTS| &4 &
7} Habig 5-(1974)2] Wbl F3ll o, §4:9] &4
9 BAukgal Foll 345 2l 1 mgo] 13 E
ukg-8le] AAIA]7] conjugate S n mole 2 vFER AT}

g3 CDNB ¥ glutathione T =5 HEZAHA 7pH A
B g49 %‘49« 22 8}o] double reciprocal plotE 2}
A3t V.. 2 K2 S AFE3EA

o] A} Fant-gol 5 ekl 242 Lowry 5(1951)
2] uhy ol E3hodch.

4. ZtX % = glutathione(GSH) &H2F &3

GSH9] §Hek-e Ellman(1959)9] bl we} S48t
2w GSH gtk w9l 2k22] 1 g9 u mole & v}
b sl et.

5. Zatsnld BE

Zhzx)o] odubAql A WIE Pty ¢
A}, ethanol 5o+, bromobenzene o], ethanol
A2 %] 3 bromobenzene 5o Fol|A] A3 3 715
38 =4 10% neutral formalin®iel] A3} EA)2)
uhH o] we} paraffin® 2 gk F 4-6 umo] HHL

ukE-o] hematoxylin-eosin ¢ 4 3}e] F&taiv|gd o2 3t
Zstodch.
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2. HASE 2HFAH(%) H ALT & BE

Ethanol A %] x| 3} 3% o] bromobenzene §-o A A
2 FA(%)et EA ALT &4 & viehd 71 Table
13} 2o}

AEwd 71FA(%) X B3 ALT A *]= ethanol &1
A =& F3} 2T ol HohE 2ol B 5 fAd
t}. Bromobenzene £ AFEw A= E2T
o wlsled oF 57%2 HEl3t FHE el edt
ethanol A 2] x| g+ T+ Zhell= WHLE 2Jo)E & 4 il
t}. =g ALT 44|l 3le{A+= bromobenzene 5
T8 2o Hlste] oF 45002 FA{ F7E B
©1} ethanol = x]% bromobenzene FoiF2 bro-
mobenzene £ B} HA ALT &Ao] &3] <F
50% 7}a¥ o] BEE A

3. 2k ZXEN #HE
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Fig. 1. Two month weight gains in rats fed 5% ethanol or water.
Each value represents the mean =+ standard error (SE) of 30 rats. O:
Control, @ : Alcohol.
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= 7¥%A e 72 acid philic cytoplasmg- 713l A L5
| Eg ot HokE W2 Wb glsdch
Bromobenzene $oJ--& zonal necrosis &7} &3
=gl e} ethanol A # X7 mild necrosis A =71 &
A 5chFig. 2 A%).

o

4. Aniline hydroxylase §M H=

317 ¢]] Ethanol %] %%} % bromobenzene <%t
7+ microsome #2] ¥ Z} microsomal aniline hy-
droxylase 34 W28 v}eh i 712 Table 29} 7},

Fig. 2. 2-1, Control group. The hepatic parenchyme is well
preserved (H & E, x 100). 2-2, Ethanol group. The hepatocytes are
seen mild pyknotic changes (H & E,x 100).

Table 1. Effect of ethanol pretreatment on the liver weight per body weight (%) and liver protein, serum ALT activity in bromobenzene treat-

ed rats
Groups
Parameters
Control Ethanol Bromobenzene Ethanol+Bromobenzen
Liver wt/body wt (%) 247+ 0.10 2.56+0.04 3.89+ 0.12*** 3.97+ 0.50
Serum ALT” 29.60+ 3.08 28.00+1.87 131.50432.26%** 68.67+20.68
Liver proteinz) 120.10+14.00 115.90+6.20 107.40+ 9.36 121.07+ 6.20

The assay procedure was described in experimental methods. Each value represents the mean+S.E of 6 rats.
Significantly different from the control group (***p < 0.001). unit "Karmen unit/m/ of serum, Pmg/g. liver wt.
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Fig. 2. 2-3, Ethanol group. The hepatocytes are seen mild pyk-
notic changes (H & E,x 100). 2-4, Disarray of centrolobular hepa-
tocytes, which consist of hepatocytic swelling and minute necrosis
(H & E, x 100).

Table 2. Effect of ethanol pretreatment on the liver microsome an-
iline hydroxylase (AH) activity in bromobenzene-treated rats

Groups AH activity ]
(n moles p-aminophenol/mg protein/hr)
Control 30.80+ 2.57
Ethanol 4033+ 1.83*
Bromobenzene 44.60+11.38
Ethanol+Bromobenzene 3985+ 6.87

Each value represents the mean +S.E of 6 rats.
Other abbreviations are the same as Table 1.
Significantly different from the control group (*; p < 0.05).

Ethanol A x|l qloiA] ZkZ2]e] aniline hy-
droxylase &A-& t)Z<lol wdte] of 31%2] #2&
2718 R.gt}. Bromobenzene 5o 4 ethanol
g} t}-&- bromobenzene F-o 7+ BF tZ ol H|Eheq
Y7t 45%, 29% SV o R e £ 8
2] Z7H&-& ethanol % 2]o] 23| ZFAa= ot

5. ZX% § GSH &2 §s

Ethanol 13} x]§F t}2- bromobenzene Fo §F 7+&

Table 3. Effect of Ethanol pretreatment on the hapatic contents of
glutathione (GSH) in bromobnezene-treated rats

GSH contents

Groups (1 mole/g of tissue)
Control 3.29+0.13
Ethanol 3.05+0.18
Bromobenzene 1.3140.16**"
Ethanol+Bromobenzene 1.02+0.13**Y

Each value represents the mean+S.E of 6 rats.

Other abbreviations are the same as in Table 1.

“Significantly different from the control group.

®Significantly different from the bromobenzene-treated group (**;
p < 0.01).

Table 4. Effect of ethanol pretreatment on the hapatic glutathione
S-transferase (GST) activity in bromobenzene-treated rats

Groups GST activity
Control 750.50+74.40
Ethanol 765.03+51.90
Bromobenzene 915.54+61.40
Ethanol+Bromobenzene 940.45+73.70

Each value represents the mean+S.E of 6 rats.
JUnit; 2,4-dinitrobenzene-glutathione conjugate n moles/min/mg protein.
Other abbreviation are same as in Table 1.

2% GSH 3=k 5§ vehd A& Table 39} 3t}
Z- ethanol A x| §F AP -2 2T w]she] k4]
% GSH a2 o7t i+ A%E 2929 bro-
mobenzene F-of - tl &l wsle] oF 60%2] -9
g 7tas Hor}h. 53] ethanol A A olg bro-
mobenzene-S FJ3 2N 7re| GSH a2 diZ=T
B} ok 70% -§-2) 314 7t4=| o] Ethanol A x| o2
A 7re] GSH Flago] 7HdE o = it

6. ZtXZE|Z= glutathione S-transferase(GST) §A S

Ethanol A 2|& AT} gz 7ol 7h= 9
GST 42 Mg Aol& & 4 Usith(Table 4).
Bromobenzene o & thztel visle] B a4 &
A2 oF 22% ZF71E e 21, ethanol A X x| gF A
YL dlzTell nlsle] 2F 25% F7b= At o]df o
27 gk £ &40 F7H8-S ethanol AA Ao s
A 7t b= A e B

7. Ethanol MA X5t EF|0| UA0{A{ bromobenzene
F0{7} 2+ GSTQ| BHSSE0l 0IX|= L&

GST2] 7]#Alal 1-chloro-2, 4-dinitrobenzene(CDNB)
4 GSH 5% #3}e)| o}E kinetic parameter?] ¥HE-2-
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Fig. 3. Double reciprocal plots of hepatic cytosolic glutathione S-
transferase with 1-chloro-2, 4-dinitrobenzene (CDNB) as a sub-
strate in bromobenzene-treated rats with ethanol. The assay pro-
cedure was described in the experimental methods. Data points
represent means for 3 separate experiments. ®: Control, O:
Ethanol, A: Bromobenzene, 2\ : Ethanol+Bromobenzene.

1
. ,/ . ; ; \

-2 -1 1 2 3 4

1/S(GSH ™) 1/glutation:
Fig. 4. Double reciprocal plots of hepatic cytosolic glutathione S-
transferase with glutathione as a substrate in bromobenzene-treated
rats with ethanol. The assay procedure was described in the ex-
perimental methods. Data points represent means for 3 separate ex-
periments. @: Control, O: Ethanol, A: Bromobenzene, /A : Ethanol+

vehdl 7o) Fig. 3 ¥ Fig. 40]c}.

K.*& ethanol AA X, ethanol M43 o}
bromobenzene ¥ % bromobenzeneqt FolF 2
7} 5 7)<l CDNB$} GSHol|4] HtlE xjo] & 2 4
U} Voo H A CDNB} GSHe| glojA = &=
3} ethanol A X Zhell = W}E 3Jo]E B 4 ¢l
21} bromobenzene F-¢A|¢)| ethanol %3] x|+ o 24
7172l CDNB$} GSH =5 oF 1.4u) Z7}s| 9},

Iv.n &
- 2l g9qlel sl AAE AR EA

(Trush 5, 1982; croci 5, 1985)% ¥3§}3}= free rad-
ical 52 AWollA i2]7}x] E2}8-(Freeman} Crapo,
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1982; Susan¥} Barry, 1989y fiA|7]=, QA =
3} Agow 753 ¥cl(Thor, 1979; Marklund9}
Markuland, 1974; McCord, Free®} Fridovich, 1967; Oh
S 1982)x #hc}. 18] 31 free radicalS9) =24 4 3
Sage AAS WrzAe weh DebxchKat,
1977, Hodgson, 1987)x 3dit}. AHEE bro-
mobenzene F-{A] ZHA| X FArpr} ZeEE Ao
4212 9JcHReid 5, 1970, 1971). 819 ethanol-& &5
F F2 ZhlA A=A A7) 55 WS g A
ubzh, 7k, 7b7d¥HZ(Christoflersen?} Paulsen, 1979;
Wooddell, 1980: Sherlock, 1985)e] = %iclw Fic}
53] Hedeld 279 F- WA 7HAE A xe-
nobiotics®] wAlel]l #|JF Ar2H Zilly S(1975)H%
Vessey(1980)y= F4 7FdAlel &AL E47) 744
Hrhw 3kelem, Williamse} Benet(1982)= 7HA| £ &
“+A] xenobiotics®] B F wzlr|7} A= ch 31
t}. =%t Blank3} Billing(1969) % Motayama(1979)&=
= - T 7k A]ell xenobiotics®] thAlel] #WEFl glu-
curonide X318 4 3AJo] AHAtolglw B wslg). o]
o} o] 744Xl xenobioticse] tHAlel] Tajed ofe)
S-S 7ol 02 Bhae] H3 Slck

t]-9-7] Rabin¥} Lieber(1968)= wtA] o A3 Al
7t microsome?] FEA} HA A& Fxgichw
9J.0.m, Heta 5(1982)2 ethanol®] whAJA = =) x]7}
bromobenzene 3, 4-epoxide £4]2] AF-g &2 A7)
i S A=

Ethanol A X x| &2 Qlaled o7 ZkEAFA] o= bro-
mobenzene WAL} ] ed =] A A9k BH]E- ethanol g A7)
sk AR E 7Sl dEito] 2] e Ao
4]+ bromobenzene thA}-go| 238 Z7ME 4 9ok
7VeAd & AlAb FaL gl

E AN AIFTEES oF 60Y E¢F 50%
ethanol A1 H A& of 7H5-A, ¥4 ALT 84, 7k
A ek 2T} HokE 2ol & vrehgR] odghon
HE]ZA A A E T F7lol] HrE Xfo]E B S
et o]} 72 ethanol A =g AP EEw W)
bromobenzene-2- o A]o]] bromobenzene®t Fod§F Al
- Bl A ALT 4L A Yepgen #Helx
AAAL A7 X ethanol A% § e bro-
mobenzeneS %<&t o] bromobenzene®}t Fo g T+
B} 7heAto] AnlslA Jeldtl o]zte] Al FEo
bromobenzene -9 A} ethanol A A x| 3o 24 7h&=A)
o] Au[s}A el Yelg 7 ¥ 74} bromobenzene
L 2 HE] 34-epoxide Aol Fod 8l cytochrome P-
4500]] A}-2-31= aniline hydroxylase 3438 7422 F
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of| A EA it & A3 olA] ethanol HAX]g A3
FE9lA] aniline hydroxylase &4o] 2 Hr} &7
v}elytct. o]= Rubin3} Lieber(1968)2] Zate} -§-A1s}
ojr}. &t bromobenzene Foi-3} ethanol % x| x|&F
% bromobenzene-S Foi3t AL 2T iE FHc}
B B0 Aol A et oy 7 7k Mo E
atolE £ 4 dldch

9o} z+& HAu}E Hol bromobenzene o A] ethanol
A2 21§22 bromobenzene 3, 4-epoxide S ¥
e ztel7t Glg-& AlAb T3 Qlch o] e Ft 7k
of| 3,4-epoxide AJAd-Eo] FAFGH| = B8t ethanol
=T 7hEAde] ZAuleA Jehtes |48 34
epoxide 5o He] & 4 gloe]e} A7Ech 1A
+x2 2 GSH 71483} GST 27189 ethanol & ] %]
g th3- bromobenzene §-oJ7-¢] bromobenzenedt -
T AP Boh A vebste}. meba ethanol A X
.2 24 bromobenzene 3,4- epoxide 35 2] &7}
& AAR) Fa sl

H Al¥o]lA] bromobenzene} ethanol-& A %] x| gto
2 k22 F GST9| 7]Aal 1-chloro-2, 4-dinitro-
benzene(CDNB) % GSH % ¥ 3}o] u} & yl-g-& v 5
HES £ 2y T F3le Kozl #ol7p glon
VoAl ethanol AAAFo] A vhedeh. weba]
bromobenzene £ A] ethanol A& x]Fol gleir] 7t
GST &Ajo] F7}=+= Yl ethanol A x| Fo s B
a0 AR 710" AR Y=ich

V.2 <

3] ¢]] bromobenzene -4 A] ethanol % 2] x|7} bro-
mobenzene thAlel ojmgt of g nA=x]& HET
B o2 3zE 5% ecthanole 270Y7} &-8A7] &
bromobenzene F A t}-&3} 2 AL Aot &
F AA AR & HE Y] 2EEA] Ygkov)
7¥#%] % aniline hydroxylase®] A =& =7 Ho}
=9tc}. 28] 3 bromobenzene $93%F T3} ethanol A
2] % bromobenzene Fo{7 XF 7t aniline hy-
droxylase 4 2= 2T 2o} 9o} F 2kl
HoE zlo] & B = ¢lsdc).

Bromobenzene % A} ethanol A& %3 24 7+=
Z] % glutathione S-transferase(GST) Z7}§o] &9t}
7rZA 9] GST B4 HHE =]l SwoA] FHas)
. A3} ethanol 1 ] X] &} bromobenzene o] bro-
mobenzene F-oI7 Mt V., X7} S7kE 90 KX
o] skt ao)7h BT A ke
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