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Effect of CCly~induced liver damage on the metabolism of
toluene in rats

Woo-Chang Choi - Sang-Eun Cha’ - Chong-Guk Yoon"
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To evaluate an effect of pathological liver damage on the toluene metabolism, the rats were induced acute
liver damage with 3 times CCl: injection (0.1 ml of 50 % in olive 0i/100 g body wi.) three days. In the
present animal model, the injection of toluene(0.3 ml of 50 % in olive cil) showed the more decreased urine
hippuric acid throughout 24 hr in the liver damage induced animals(CCli-pretreated rats) than normal group.
The activities of hepatic aniline hydroxylase, benzylalcohol dehydrogenase and benzaldehyde dehydrogenase
were significantly decreased in CCls-pretreated rats than the normal group at 24 hr after injection of toluene.

Furthermore, the benzaldehyde dehydrogenase in pooled liver of CCly-pretreated rats showed similiar K,
value, but showed the more decreased Vi value compared with the normal group by the injection of
toluene.

These results suggest that the rats induced liver damage with CCl; may reduce the toluene metabolism.
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HZ Ade] F43 EAe) dE AR SHER
o] A £22 AP 22 Akl A7
FAE A7t gt o) AR fE EE F
xenobiotics®] 44l toluene> BlEA 1 ¢tAA o]
QA s]o] AFAFolA benzened] ciAl-EA 2 dE o)
571 gloy QAo £3 4] A7 A (Satran® Dod-
son, 1963; Knox%}t Nelson, 1966; Boored Hurtig,
1977; Rees 5. 1987), «#A(Taylors} Harris, 1970
Zee—Cheng 5, 1985; Vidrio 5 1986) Sl &A%
Y3, 54 FEAdE AR oblsle] B
(Hayden 5. 1977; Morris, 1989)5 2 1o toluene
o] A48 F Z2of A F3iA A 238
£ AlAoltt

Toluene® #2 ZFllA mixed function oxida—
tion systemell £18]4 benzylalcohols A4,
zaldehyde, benzoic acid® AR o5 glycined} X
#slo] hippuric acid2 & Fofl w3}
(Ellenhorn®} Barceloux. 1988: Rodwell, 1991). ¢
HbA 2 g xenobiotics®d F5& °l¥ €2 E& d4}
AREe oJsho] oFz|x]u, AU xenobioticss #
A 42 oAl AEE Heol AE vt R
F2] 8] ApAlojrt.

o] Z-& xenobiotics®} AWl A LdH-E e ¥
e d 205 7HAbel wfelr "A & 2jo)7} e}
Jdrh= 8 w(Black® Billing, 1969; Zilly ¥. 1975
Schoene &, 1978; Motayama, 1979: Vessey. 1980.
Williams$} Benet, 1982)7} glov} 7HEARA] toluene
dirtel) gs de Ao itk 647 toluene®
& xenobioticsl F714AME Wel AHEE e
AR SARES] e 2 HedEld 22
oA toluened] FEYUAFE WAL A 714
A 3719 F2o) BE F57 2] 4y sy
9 oltte] Sl ARt goE FE = 9leg
2t A7k=id

¥ Abdstebrs 22 AL ] SARFA A (smo-

ben—

oth endoplasmic reticulum)ell £x3l= 2|44 o4&
chabell Wejsh= B A3}7)F(mixed function
oxidation system)ell €3} free radical (trichloro—
methyl radical; - CClp)E Aghsjo] Ajxte] a3}
A& oPAA 2AENE dor]E oz dEA
9tk (Rao%} Recknagel, 1946; Simon, 1981; Fre—
eman® Crapo, 1982). E3&t A} gletsel] &3} cyto—
chrome P-4502] }A)2H4-2- trichloromethyl radical
o] AL sjgd=otn FohNoguchi 5, 1982).
Zefu} ofA7A] Abedshetk el 23k 7h4do] toluene
2] A& A 4] benzylalcohol % benzaldehyde dehy—
drogenase @Al olwlg Jg viAERE LA
a7} gl

aeta] & dFelde Aldsistte] % EA
o toluene Al ojumigt g nla) 2| E dolr
7] 913 Ao HF Agsletir g Fodte 7t
£40% #FEA7 2 toluene ©iAbe] HEAEQ]
hippuric acid® &%) ZAsH= 34 toluene ©l
Abell #eAshE cytochrome P-450 type?] aniline
hydroxylase(Rahimtula %, 1978) % aminopyrine
demethylase(Brown 5, 1954) #43# benzylal—
cohol ¥ benzaldehyde dehydrogenase 844 7tz
2 Follx AR} FAl ol A4EA WFY 4
2% F93}2A benzaldehyde dehydrogenase &4
o] RS & oA FAsdc)

0. Ha ¥ uy
1. & ¥ AHx|

TE2 AF 100g el A7 A7t Spra—
gue—Dawley ¢ & 8FHE AFN FUF 5E
ARG ABZ o R AT AlF 250g
Hele] RE A¥el] A3l 7 A¥FL dixd
toluene FolF, CClL FoF, CCLE AAAT F
toluened §% #oz 7z} 7o}y Be] 43
dov] Z3 Alge] ok Ao 2Fedc) FA
ZHEAe] F2¥ CCLE dive oildh 101 TgAE
rEe] Rubin §(1963)2] #hdel ## A5 100g
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T 0.1mE A¥E 74 7oiEe 19 13 3947 &
W FAEg e toluene®] Foi& olive ol Eu
E3elEg wHEo] Pathiratne $(1986)9) wpge) &
o AF 100g F 0.3 mE 19 13) 1949 2 5
Apatgict,

CCLE 1% 13 392 %o 3lnzA &S
=8 F CCly F9 24A417H% toluened Fostadr),
T 7 7of dade $%Y olive oilg ¥V ¥
of spglen 7 BE wpajul Fab ¥ 2447 B¢

2} 2& metabolic cage® AM:sh] 23 shgich

%]

&< ether oh3j3telly B4 AFAE el AR
F 55 digdez R AfYsied A" A7) 3
4CAYARSR g B8lo] 7hE wEsle 7
Well Holgls dag AAE & HEslgin A2
g 7 AeAdez e ¥ oAz qhbsle 73
el dolboles AejAdsg sd 2% AAY o
+ FAE AR, £% 72 2 JRE 10%
formalinell AAl# Welxi el Agslel oo
AT PR AgolA 3087 PAF ok 3000
rpmell M 1587 AAReste] g3 I alanine
aminotransferase B4 A48 A&3 AMRsheic)

8 metabolic cage® o]&3to] AHZ 2+ o
24217 8% hippuric acid ZA e} A}8-s}ac),

2. LA RS =H

TtxAE Uil ddes whEn 1 F oA
Bg& A F 4vfgke] 0.25M sucrose £8g 7}
3}t glass teflon homogeniger® 209%(W/V) vhsllw
el whEUY. o] FAWE 600xgollA 1087

¥-ejsle] o 9 olulgRE-& A A oL A

- 10,000 < gl 2087 YRl oA 2
AAEolE 105.000XgolA 1417 Eob 204828}

& Fejdigle}

e
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o cytosol ¥-83 micosome 3
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1) Alanine aminotransferase(ALT) #4845 &%

¥4 ALT 4% 242 Reitman® Frankel
(1957)2} whgell &3 xA19 kit Ald& AHg3igict
TAx 9= 83 ml 9 Karmen unit (Karmen,
1955)% BAJ8}%ie},

2 Aniine hydroxylase(AH) 4T &3

Ztx2 Fo AH 4% £42 Bidlack®} Lowry
(1982)9] whiell #3lo] FAslgicl A hoje
k22 mao ol §RH bl Imgo] 1417 £
dhg-eted 7143 ¥ A9 p-aminophern®] oF
% n moleE ¥4)3}5ie},

3) Aminopyrine demethylase(AD) BAIT &%

tz2 F AD B4E £4L Nash $(1953)¢]
W& $A% Bidlack®} Lowry(1982)9) g o]
485t BAE I9s k23] G4 S 59
Imgol 1A1ZF ¥k uhgdle] 7|A2 R A=
formaldehydes] k& n mole2 FA}3}Ic}

4) Benzylalcohol detydrogenase(BADH) 84S &%

%z7 % BADH 84X £42 Bergmeyer
(1974)9] el E3l9ict BH=E S9E @ |
mge} 1% F<+ 445 NADH 9% pmole® A
ajoict

5) Benzeldehyde dehydrogenase(BALDH) &M T &%
7tx2 & BALDH 4% &AL Stachow =
(1967)2] whiel| 231} BAs ohejs ol
mge] 1% 5 A€ NADH &g pmoled ¥4
shict.
4. 2182 reduced glutathione(GSH) &1 &%

GSH #=F& Fllman(1959)e] €hHe) Zs}aic)
GSH #2e 7124 g3 gmole® A8k}
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5. 2 2p18 X|Fl(lipid peroxide, LPO) &% &%

723 & 22 JAE ke Ogawa $(1977)
2] vhilef] #3819t LPO #30& 23 1g 9 nmoleE
E A%,

6. Hippuric acid Mg

8% hippuric acid A% high performance
liquid chromatograph® AH8-8lgiem Kivoshi £
(1988)9] =hell =} &35l 5 A& F
creatinine £7-& jaffe 9H8-& o|-&3F Butler(1976)
8} whye) #3tglet. &9 hippuric acid g/ crea—
tinine g& YRSt}

7. UEEQ| Ha|EEHAL

10% formalinel] A% =AME paraffinel] Euj
3l 4 pume| FAZ WA hematoxylineeosin g
A(Degertekin 5, 1986)% & % Hgyn)Ae
S sad

Table 1. Animal model of liver damage with carbon

tetrachloride

. Groups

ments
Bxper Control CCly treatrnent
Liver wt. / body 2871010 435 + 015
Wi(%) 4011036 1183 + 963
GSH" 15154165 4125 + 795"
LPO? 26701741 25100 +4023
Serum ALT ¥

The assay procedure was described in  experimental
methods.
Each value represents the mean + S. E of 7 rais.
Significantly different from control group
(™ pe001, ™ p<0.001)
Unit ; 4 moles / g of tissue,

* n moles / g of tissue,

* karmen unit } ml of seram

8. ZE%| T ¥

iAol AFRE Lowry $(1951)¢) dhfol) F3
o bovine serum albuming& BEEOT 3o} 243}
yri=o

9. 4XAY

Ay Ao EAMe]= student's t—test (Sche~
fler, 1980)% ol&slo] AFu|walsict

mE

1. CCL. B HXMXIE BF A2AH, UxE9
glutathione(GSH) AKX R (LPO) &% §
A OALT § U 2F T s

Aol CClL $A=R sl AF G #A, GSH
Y LPO $r& dizol vlsbe] Z4z oF 15 3 9
2.7 w9 fo% 718 Rolon €A ALT B4
dxFol visted oF 9.4ufe] HAY 2718 Yy
t} (Table 1).

¥ B =Fo A= histopathological findingg A
Azl okekAat olive oiltHE Fojdt HxPe 7tadd
W FAA (central vein)FHe] AEEe] ulzA
& 3&35]0] 9)or toluene FAFE Y273 vl
8 Hok2 HsE BAY ¢ dddd a8y co, ¥
7L FAAME Y FHAH E(necrotic cell)Eo]
AT AuaAEe] Jepygrh M CClL, AA X
¥ toluened ¥ +& CCLEF 54 73 7t=x
2| Hejxashy 7o) fAsHA vebgtl

ol A¥AAE Fidt & w CCLE Fog

2
YT 94 9] 299 8E £ gtk

el

2. CCl,B HXxIBt &iFl0fl toluene EO0Al 8 B
hippuric acid &&0i njxi= Y&

Toluene’t Foi%F B3] glojA] & % hippuric
acid®] & chagol wigle] oF 14949 fojit &
7 2glew CCLell ofsf 2HARe 213¢l toluene
& Fot AT wluenedt F3 A4 nr} o
15%2] #2% FAE vy Table 2).
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Table 2. FEffect of toluene treatment on the urine
hippuric acid concentration in CCli-treatment

rats
Groups Urine hippuric acid concentration
Control 063 + 008
L 064 ~ 003
Toluene 864 105
CCly + Toluene 475 4 097" Y

The assay procedure was described in  experimental
methods.
Other abbreviations are the same as in tble 1.
¥ Significantly different from control group

(", pe0.00D)
" Significantly differenr from toluene group ( ; p<0.01)
Unit ; hippuric acid g / creatinine g

3. CCL.E8 HXXIEt JEESS0l toluene FO0I7|
LA F AH ® AD #Yofl 0jXl= Ay

CCLE AMAY T8 dagel viske] Ay ¥

Table 3. Effect of pathological liver
demethylase(AD) activities in rats

damiage  on

the hepatic

AD 842 27} 44%, 30% % FAE B}
E3 toluenet FAY 7 4] ti2F 2o AH ¥
AL 21% S7HE5lem AD 84 94 13% 5718
et 53] CCLE AHAZ F toluened T3 A
HL toluene?t Foj3 F ¥} AH AL of
42%, AD BAL oF 19%9 fold H4AE wor)
(Table 3).

4. CCl,& HMXXIEH SF0l toluene BOA] ZBxX
% & benzylalcohol % benzaldehyde de-
hydrogenase &40 ojxl= ¥&t

AEEe CCLE Axx sk2EM benzylalcohol
dehydrogenase 44L& iz 7o u|sle] ok 28 7}
£5%le ™ benzaldehyde dehydrogenase B+ of
%] % 24E Byl AHEE toluened
Sotgke 24 benzylalcohol dehydrogenase 442 oF
19% F7)512) 2, benzaldehyde dehydrogenase
BASE oF 17% F7hEIdY 3 CCLE A}

B84 henzylulcohol dehydrogenase 42 1oluencyt

aniline hydroxylase(AH) and aminopyrine

Groups

Toluene . CCL +Toluene

Enzyme e o

activities Control

 AH" nw0te
AD D

3550+ 1.83

18.17 1 2.24™
2519 1170

1330+ 1,737
24404052

19.6042.76"
4020+ 0.52™

B Significantly different from control group
(1 pe00s, T pe00l, T pe0.00D)
Unit : " n moles p-aminophenol / mg protein / hr

Y Significantly different from toluene wreated group

? 1 moles HCHO / mg protein / hr

Table 4. Effect of pathological liver damage om the hepatic benzylaleohol and benzaldehyde dehydrogenase activities

in rats
Enzyme Groups
activities Control CCL Toluene QL +Toluene
_“.M”I;I\B_}; - 476;001_~ 338 £0.75 s 601040 3474026 ™
BALDH 5,50 +0.63 300 ~051™ 6461 0,49 311+022

* Significantly different from control groun ( ; p<0.05 )

& Significantly differert from toluene treated group ( " ; p<0.001 )

Unit ; 2 moles NADH [ mg proein / min
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FA% Fol vl of 30% o3t FaEReH,
benzaldehyde dehydrogenase ¥4%+ < 51%9]
9% 248 39K Table 4).

5. CCl, @ MXx|I8t MF0 toluene FOA| ZIEE]
benzaldehyde dehydrogenase®] 7|3 HEO|
hE HR2450 ojkis 9%

7|A%E 4% WE 2 A¥FE pooled A&
A4 AL kinetics FHoA Yeld 22 Fig 13
Zd.

Z dix2, CCl; AAAZ, toluene 97 % CCly
€ AAAL F toluene FAF ZF FAE Km A
€ 29 28y Vmax 2+ toluenedt Foid A
oA 47 F 7P 24 velteH, CCLE AA
A3 AYFLE 27 Brh @A JEpgE 2t opd
2} CCl, AAAE F toluene F4F°) toluenedt §
A% 7 2o} o 34% A=k

v.n &

2 AgelAM e frEd) 8l CCLE o)
14 13 397 A% | &84 57 "ge
, 7kx2A & glutathione(Yoon 5, 1994),
LPO #H(Younes, 1983) % €3 ALT #4x
(Yoon &, 199)%& iz 2o} #A3 F7isigle
o, a2 L7 AT FHale} 29 wWAo]
HRE Q. ek CCLE AAAN A¥TE F4
ZHEA o) HelE it

ol 7t AYEFEEI toluened 13 Fof
F 2442 £ 8 F A toluened] HF oia}
4F2<l hippuric acidg 4% AF izl v)sly
oF 45%9) ¥ #4AE 29k gelA oluened
hAHES 8 % hippuric acid®] ekl we} wvlz)s}
B2 CCLell 23t 7HEAe] toluened] A AA)

r\l
-
hY

40 p—
| =
o
°
Q- w -
e ]
E
<
£
v 2 -
o
o)
d
1ot
| . i 1 ]
-200 -100 0 100 200 300
1/aldehyde

Fig 1. Double reciprocal plots of hepatic benzaldehyde dehydrogenase with benzaldehyde as a substrate.

Each value is the mean of 3 experiments.

Each enzyme specimen was prepared from the pooled liver each group.
s Control, @—@; CCL, [T Toluene, Il CCL - Toluene
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AZ| 2 A& dAE F2 gl
Toluene—% ThAHE-S toluene ThAlell Bolsh: &
Aol G2 T 7] d@ge] CCLell % 7
¢4 toluene wiAlel] Hejdle FA AL 243
< 997t gldn AlEs
Al8ollA toluene 2 F HE] benzylalcohol2 A
J=dl #osh= cytochrome P-450 tvpe<l
aniline hydroxylase (Rahimtula %, 1978) % ami—
nopyrine demethylase(Brown ¥. 1978) ¥4o|
CCLell o3t 7hAdol el AdlPeld dad B
o fog A E Rglew B3] CCLE AHAF
2 toluened FoF T toluenedt Fojgh AlE
2ol vlste] 7vxA aniline hydroxylase 2
nopyrine demethylase 847} % f48k 2148
Bk Noguchi $(1982)& CCLE A¥EE 5
oA cytochrome P—1502) d=k7t48E st
wheld  CCLell 2%t ZhEAPo]l toluenel®  HE]
benzylalcohol®] A& A3t A|F)-& A)absl £ 9}
=2

£ ¥ A¥A benzylalcohol ¥ benzaldehyde
dehydrogenase 848 dl&27F CClL o33, CCL A
Hz)gell 91l toluenedt F-oift A#F el v|zlo
2¥ fo3iA A =l 2 AAEL ben-
zaldehyde dehydregenase ¥4de] benzvialcohol de-—
hydrogenase 4 2 24 gA=gch 28{ns
CClLoll &gt 7h&2dol toluene HiAbel] Bofsh= ol
2 &4 BAo] A Hlmgs 8 F vinal §hefo)
Hagd A F2 9

CClLell 2% 7k&AFA] cytochrome P—450 typedl
aniline hydroxylase(Rahimtula 5. 1978) % ami-
nopyrine demethylase(Brown 5, 1954) #Ado] <
AL CCLE H¥ A= free radicald) trichlo-
romethyl( - CCls)e] cvtochrome P-450¢) 24 &
Satzg A Jellr] gl Aed 2 i(Noguchi
5 1982)%l3 el mE 2 A#elAM benzal-
dehyde dehydrogenase %’@8 iz, CCl, Az
T toluene F4F 3 CCLE AHAZE ¥ toluene
Fo4F BF FARRE K, 21E Bglond v, 2

]_!_—.
R JL WHEER W

Q»

‘e o

7
£
A7

®

g4

ami—
ZFAE

HzlFo] dxy 2o WA Jelten, toluenedt
FAg 7ol vlste] CCLE AAMAFT ¥ toluene A
7 A @A veRrd A2 CCLell 3t 7HeAte]
A4 A gL Al diEal Aoz A7t
c}.

ol AY Zast FHe] AAE S B
o CClLell &3 54 7HE43o] toluene ThAlol o]
B B4 o] JAE|Z2 A toluened] wiAHEo]

e rle

=

{n

Hepd ey Al
v.e %
Aol glojd  Aldsidael A e

toluene Aol ojuldt g miA=AE Yolry)
gt BFe CCLE 7o 3 2715 Habel ge)
£ ZAHE Bl 7h&Ade] Halsgitg o) 7t
&4 2 AYMEEY toluened T ¥ 2447

¥ AX®E 9% & F hippwric acid ¥FHE A
Az, TEAto]l Fx® F Aol toluened R
¥ Pl 9lo}A & % hippuric acid ) toluene
Tk o3t I Roh #As] A=) o9 toluene
it 3l 7txA ) cytochrome P-45000 4
2-31= aniline hydroxylase ¥ aminopyrine deme—
thylase ¥4 2 benzylalcohol % benzaldehyde de—
hydrogenase 84 4] 7t&Ate] f53 e g
ofd FostA A=t} £3F benzaldehyde de—
hydrogenase 849 kinctics® 33 s 7kt
o] 5% A¥FE Y dxF EF FAY K, AE
oy Vi, A o]l fx¥ A¥EEA
g Yepe)

ol H¥AAE FYUSt & o CClLoll 4% T
#4A] toluene HA7E dAEB ) toluene ThA
of gejdls AAdMity Ao riedd Aze A}
BEc}
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