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ABSTRACT : This study was performed to evaluate the effect of liver damage on toluene metabolism in
rats pretreated with carbon tetrachloride. Liver damage in rats was induced by administration of 0.1 mi
of carbon tetrachloride per 100 g of body weight intraperitoneally every other day for four weeks except
the last day before sacrifice. One day before sacrifice, toluene was administered to the animals instead
of carbon tetrachloride. Rats were sacrificed at the 1st, the 2nd, the 3rd and the 4th week after the first
administration Qf carbon tetrachloride. Based on the histopathological findings, liver weight and serum
alanine aminotransferase, the CCl,pretreated group was found to have gradual severe liver damage.
Especially the degree of liver injury became increasingly severe throughout the whole course of the
experiment. The contents of hippuric acid in urine was lower in the all groups pretreated with CCl, than
that of the control. The contents of hepatic cytochrome P450 (CYP), benzylalcohol dehydrogenase and ben-
zaldehyde dehydrogenase activities were decreased in CCl,pretreated rats than those of the control.
The CCl,treated animals showed the gradual decreased activities of these enzyme as injection times
elapsed. Km values of the benzylalcohol dehydrogenase in pooled liver samples from CCl,-pretreated or
control groups were similar. On the other hand, Vmax values of the CCl,-pretreated group was lower
than that of the control. Therefore, it can be concluded that reduction of the toluene metabolism in
damaged rat liver induced with CCl, was due to the inhibition of CYP content, bezylalcohol and ben-
zaldehyde dehydrogenase activities which related with toluene metabolic enzyme system.

Key Words : Carbon tetrachloride, Toluene, Cytochrome P450, Benzylalcohol or aldehyde dehy-
drogenase, Hippuric acid.
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AZ} 7t 2A 2 ¥ ALTY &AL Aldsista
2] A= glo] toluene?t 13] Fo3gt toluene 2Tl
TC FollA= AANZT] NC Tl vl8] F7185h= 7
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HE NC Zol vla fojstA S/, 2 F71
Her Aldsiere] Fo 354 vl 53
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Z7}2 Vel gicH(Table 1).
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Fig. 1. Four week weight gains in toluene treated rats after
pretreatment with carbon tetrachloride (CCl). Each value represents
the mean+S.E. of 6 rats. m —m; Control, ® —@; CCL, *; Signi-
ficantly different from each control.
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Table 1. Change of liver weight (L.W.) to body weight (B.W.)
ratio (%) and serum ALT activity in toluene treated rats after
pretreatment with carbon tetrachloride (CCly)

P‘gt{,‘fg{(‘;‘;m LW/BW (%) Serum ALT"
NC? 2.82+0.25 31.14+5.27
TCY 3.26+0.28 47.40+7.92

1 3.74+0.25%* 79.00+20.61
2 3.71+£0.34*" 140.30+92.88
3 432+0.81+ 240.50+ 106.80
4 4.82+0.39%+Y 245.20+ 141.90

Data are expressed as mean+S.E. for 6 rats. According to the
experimental methods in text, 0.1 m! of carbon tetrachloride per 100
g of body weight was administered through intraperitoneally every
other day for four weeks except 1 day before sacrifice. One day
before sacrifice of rats, 0.2 ml of toluene was administered instead
of carbon tetrachloride. And rats were sacrificed at the 1st, 2nd,
3rd and 4th week after first administration of above xenobiotics. 1);
Karmen unit/m/ of serum, 2); Normal control, 3); Toluene control,
a); Significantly different from NC, b); Significantly different from
TC (*; p<0.05, **; p<0.01, ***; p<0.001).

AL FA NS FAo g 7k Axo] wde] A
Aoz Jehtoo Er)aar 272 dch(Fig. 2).
g A aEks AR T e 154 FE A
o] WA A7l At wlAXMF WAL, bridging
necrosis?} #&= ¢ ch(Fig. 3). =& 458 = £ =+
o] AAIEHA] kAR necrosis7} ¢ AlSHAl et
et

g9 AR e AA BZx] AAH]] 2T ¥,
mitochondria % endoplasmic reticulum 5-9] 7} Al 427]
o] A REE AA 7hA|E2) e E B 2H(Fig 4),
Al B E 157 A #) 3 T4 = mitochondria,
RER ¥ A% ¥3}E 233 Ax 2v|de] A d

Fig. 2. Control rat. The hepatic parenchyme is well preserved
(Hematoxylin-eosin stain; magnification X 100).
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Fig. 3. Rat pretreated with CCL,. Nodular formation of the hepatic
parenchyme with bridging necrosis is seen. The hepatocytes show
microfatty change and ballooning degeneration (Hematoxylin-eosin
stain; magnification X 100).

F3

¥ oy S N SR A <
Fig. 4. Control liver of rat. N: nucleus, M: mitochondria (Uranyl
acetate and lead citrate; magnification x 13,600)

< ¥ 4 gl (Fig. 5), AHdstAE 4577
=] %] 3} FollA = 2¢-2 mitochondriadl|A] cristae 424
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(Fig. 6).
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Fig. 5. Administration of carbon tetrachloride every other day for
one week. Marked degeneration of cellular organelle including
some mitochondria (small asterisk), RER and microcystic change
(large asterisks). M: mitochondria (Uranyl acetate and lead citrate;
magnification X 13,600).

Fig. 6. Administration of carbon tetrachloride every other day for
four weeks. Many mitochondria show prominent swelling change
with loss of cristac (asterisks) and other organelle show marked
necrotic degeneration (arrows). M: mitochondria (Uranyl acetate
and lead citrate; magnification X 20,400).

Table 2. Changes of hepatic reduced glutathione (GSH) and lipid
peroxide (LPO) contents in toluene treated rats after pretreatment
with carbon tetrachloride (CCL)

P‘f{,{,‘ﬁ‘;’gm GSH” LPO?
NC 3014022 12.38+3.48
TC 3.58+0.41 13.58+3.14
1 4034061 13.45+3.67
2 3.60+0.27 12.56+4.09
3 3774056 18.1045.93
4 3714037 18.81+7.42

Experimental methods are described in Table 1 and text. Data are
expressed as mean+S.E. for 6rats. 1); pmole/g of tissue, 2);
MDA nmole/g of tissue.



Table 3. Changes of liver xanthine oxidase (XO) and glutathione
peroxidase (GPx) activities in toluene treated rats after pretreatment
with carbon tetrachloride (CCL)
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Table 5. Changes of CYP content and benzylalcohol dehydrogenase
(BAD) and benzaldehyde dehydrogenase (BzAD) activities in toluene
treated rats after pretreatment with carbon tetrachloride (CCly)

Pretreatment Xanthine Glutathione
(Weeks) oxidase” peroxidase
NC 1.37+045 15.95+6.61

TC 1.51+0.22 19.37+3.38

1 1.89+0.30 24.5247.47

2 1.98+0.16 21.65+1.62

3 2.00+0.93 22.26+2.01

4 2.10+0.75 19.79+1.84

Experimental methods are described in Table 1 and text. Data are
expressed as mean+S.E. for 6 rats. 1); umol uric acid formed/min/
100 g body weight, 2); NADPH oxidized nmol/mg protein/min.

Table 4. Changes of urinary hippuric acid contents in toluene treat-
ed rats after pretreatment with carbon tetrachloride (CCLy)

Prf‘t’rveez;tlx(r:):nt Hippuric acid”
NC 0.18+0.05
TC 6.18+1.05
1 4.52+1.00
2 3.40+1.03
3 3.08+0.96
4 2.02+1.23*

Experimental methods are described in Table 1 and text. Data are
expressed as mean+S.E. for 6 rats. 1); hippuric acid g/g of
creatine, *; Significantly different from TC (p<0.05).

4.2t 2% 3 X0 U GPx §idT HE

2
i-N

2 F X0 % GPx2 #4-2 NGl Hl3)
BE AldsigtA AX X TellA] Fod 3] v
Z7)she A8 By tiTable 3).

s\
a

TCE 2 &
Hated AAA L

5. 2 F Okzdto] BaHHE

2 F vtxuAbe] 82 NCFol |84 toluened
T3 wE AYTM A3 Folsida, TCE
o Bl Attt AR 2] 72kl vlEsle] H4
e, &
A 73 3=(P<0.05)3}3 c}(Table 4).

6. 2t =X F CYPY BE I BAD ¥ BzAD #y
EHE

Al eb A E A X 8HA] 92 TCFol A& NCtoll
H]s CYP2| ¥&<k3} BAD ¥ BzADS] #A4L 2% &
7Vshe A 3E Jefdigich v Aldsiea AR ]
T NC % TCZ w3l A3 A7 F4F CYPS] &
o] ¥A3] 7HaH gl o, BAD ¥ BzAD ¥4 25
Ay A7|17He 3l Aldstea £ 30t 271

3] 43 AXAFANE= G 67% AL JA - Z2F 25

Pretreatment 1) 2) 3)
(Woeks) CYP BAD BzAD
NC 0.30+0.06 2.04+0.12 1.69+0.27
TC 0.39+0.03 2.23+0.29 1.98+0.15
1 0.03+0.01***”  1.70+1.15 1.1940.17**"
2 0.07+0.01***”  1.73+0.54 1.08+0.17**"
3 0.07+0.02***”  1.46+0.76 1.024+0.25%+
4 0.05+0.01***”  120+0.44*" 0.99+0.12**"

Experimental methods are described in Table 1 and text. Data are
expressed as mean+S.E. for 6 rats. 1); nmole/mg protein, 2); pmol
NADH/mg protein/min, 3); umol NADH/mg protein/min, a); Sig-
nificantly different from NC, b); Significantly different from TC.
(*; p<0.05, **; p<0.01, ***; p<0.001)

Table 6. Changes of K, and V,, values of benzylalcohol dehy-
drogenase in toluene treated rats after pretreatment with carbon
tetrachloride (CCL,)

Prmf:‘s;m Ka value" Vinax value”
NC 2.97 14.71
TC 3.02 15.21
1 3.13 12.15
2 2.92 10.49
3 3.19 8.24
4 2.82 8.95

Experimental methods are described in Table 1 and text. Each
value represents the mean of 3 experiments. 1); 10 M, 2); nmoles/
mg protein/min.

g2 B4 YL et dAs) A=
(Table 5).

7. 2t =3 BADQ| K, X| ¥ V,...X2| BES0 O|X=
g9

7} cytosol B&8-& AFFHE 7hz} 28 o)L o) &
axgozste] Batael 344 HET A3t K,
A= AdEEAE AAAF 3 A Y toluene T
AR 3E veEigE @ VA= TC
9} NCEL Akl o}, Absdshabs A x| foll A&
NC 2 TCHl| v3f FAstgon, 2] Ae:= 5
o] 3] o] uhn] 3| &} cH(Table 6).

v.an @&

Wl 2 2l a”ledl ofste] A" AR
EZ] (Trush &, 1982; Croci¢} Williams, 1985) ¥5t o}
Yz} o]9} ZAlol] WAIE oxygen free radical 52 A
WellA oeirbx] E5248-& 83l 7 (Freemans}
Crapo, 1982; Susan¥} Barry, 1980)° 2 &z gl o,
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=772 zAgow =Ao] <3(Thor, 1978;
Marklund®} Marklund, 1974; McCord2} Fridovich,
1967; Oh %, 1982) "t} g}

o] ATl At sbetie} 72H2 A A o] EA e ¢
g 7t A E B4 EFA Al Aud HES
et =5 HES T4 02 AYPS Pt

£ Ay 2A5A AMSEAE A A SHEA 2
A SR8k AT 3 ZHAl, k2= GSH 3,
X0 &4 9 ¥A ALTY 433 Az &9 X%
Ql ZkxA LPO9| 3k Wa F3t 2 Az v A
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8 Az AR w7 ARl 7 &4l e S &
A 57b Yt oleldt Aske hATAES By
(Drill, 1952; Recknagel®} Glende, 1973; &, 1988)} £
AR o2, Aldslgda: B2 AlE 7o) fd
Hol A Ar|7Eet AL AR Fasdon,
o| 2 lste] A|FFrHeo] dxTol vz dA3] A
vehd e Alg ).

AN A A EFANL] HALEL o]9] diAfel] o 3}
+ ZtZA CYP, BAD, BzAD 52 &4 W5l oz}
o 3Fg =

B A zAstd = AHdseba x| te] A
23l vle) k324 CYP9] gk, BAD2} BAzDY)
4o BT Frasiden, o 34 Axe Ak
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Zha dAdo] of® 7]Ad] 7]d=Ee] vepd AJAE
HEYE Exor FHIAQ SH4 BADS 24
+ FA3EE 9, Kox9 W3igle] VA7t A
ook olzigt APAAe} etdFAES H(Huh
%, 1986)yF a# s £ o Aldsigtad] AAARE 4]
g 7r&Ade] of7|= o] toluene?] tiilel] HAoJdl= &
Axtele] o] AsiEe] & Aol A=
Z o2 ALgEH, o] & I3}, toluene?] tHAMEo] 7T
Axo] AMGS RS A X3 AYFEolA toluene
at 13] ot 2ol vlE toluene?) #F thAjak
2 vheAbe] uF ko] dA3] Atad Aoz A
et

ol o] A¥Y AHEF T AAEL £
E o, &4 22 A Alelle A S8R o
Ale}h S 5ol Fojsle A4 e FA A3l 54
ARG B olEl 4] o2 NE A U £
dE 7 ol FAEAEY dalgo] a2 o]
9 AW SAFA] A Aold, o2 qldt Az}
gk =ahgo] g 7o g Als ).

vdg £

2 Aol HEel e 5l oiate HES ool
27l $3le  3Fo At AAAE F
tolueneg- 043t o)) tiAlE #AFAL & F vikn
A+ 3=, 722 CYP 3+, benzylalcohol dehydrogen-
ase(BAD) % benzaldehybe dehydrogenase(BzAD) &4
HES AR 5 7 &4 ARE yelzA A
A2 " AsAHAN A 2 83
aminotransferase(ALT)$} free radical A & A+ &4
o] &L EAse bt 22 AFAE Ao

A steta AA 2] 717 AF Y AF F7HES A
BIREAE AAAJE oA FAB) A Vb e,
Az 5Ale AY A7)17ke Fstd AAF 2Tl
vl Al slgtA AA x|l A FoHEe] =94t ¥H
ALT+ Alg3ets Foito] AA R vl A
3l F7HEA e 2 71 Axe AR Fo
717kel)  wiElslgdt. 7bx3)  glutathione?) e,
xanthine oxidase = glutathione peroxidase2] A2 A
Azt vl ol g 5L ol o) Aldstet
28 AAAFEEHR S8k A4S Jehigich

Bt n| g 2AEY A AR HAA
T2 7k A 9] WAdo] AlFA velte FApe} Aut
FTEE TEE 5 Jddw, AR AE 40T
9] A& A ALG3} A A 2] x])F-o)| 4= mitochondria
cristae?] 2 9 FAo)] AEA dehb= AlE A3
HAPHAE el 7} olsdch k22 CYPY] 3t
7} BAD 2 BzAD A2 Aldsieht: A A x| FellA]
Aozl Bla dA3] zHads] s, BADY K,
= HETFH Ao Vo, &= AbsEs A A
2 i B I B B R Ad a2

ol4ke] APAAEF TN AAES T34 =
o, 7r&Ake] Aol mebA] toluened] thabe} Feix
CYP9]| 3=, BAD ¥ BzAD®] &4 wko] Zz=|e]
vk Abe] 2 5wl Adeke] Wiskd Al o2 A7)

alanine
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