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— Abstract—
Effect of Toluene or Ethanol Pretreatment on Toluene Metabolism in Rats

Sang-Eun Cha*, Tae-Won Jeon and Chong-Guk Yoon+

Dept. of Industrial Safety and Hygiene, Andong Science College, Andong, Korea*
Dept. of Public Health, College of Natrual Science, Keimyung University, Taegu, Korea

A study was performed to evaluate an effect of toluene or ethanol pretreatment on the toluene
metabolism.

A slight liver damage in rats was induced by administration of 0.2 ml of toluene or 0.2 ml of 50%
ethanol 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 rats pretreated ethanol or
toluene and the control. Rats were sacrificed at the Ist, the 2nd, the 3rd and the 4th week after the
first administration of xenobiotics mentioned above.

Based on the histopathological findings, liver weight per body weight, serum alanine aminotrans-
ferase and hepatic glutathione content, toluene- or ethanol-pretreated groups showed the reversible
liver injury. By the treatment of one dose of toluene, the contents of hippuric acid in urine was higher
in the group pretreated with toluene or ethanol than control.

The contents of cytochrome P-450, benzylalcohol dehydrogenase and benzaldehyde dehydroge-
nase activities were generally more increased in toluene- or ethanol-pretreated rats than control.

K., values of the benzylalcohol dehydrogenase in pooled liver samples from toluene- and ethanol-
pretreated groups were similar each other. V., values of toluene- or ethanol-pretreated group was
higher than control.

In conclusion, the toluene metabolism is accelerated in rats pretreated with toluene or ethanol.

Key Words : Toluene- or ethanol-pretreatment, Hippuric acid, Cytochrome P-450, Benzylalcohol

and benzaldehyde dehydrogenase
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ghH Az} 61[1]/1,44 Tz A} u]._tx} ?ﬂ-Ek
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¥, mitochondria ¥ endoplasmic reticulum 5
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Table 1. Changes of liver weight (L.W.) to body weight (B.W) ratio(%), serum ALT activity and hepatic reduced

glutathione(GSH) content in miuene treated rats after pr:,lr(.d[m(,nt with toluene(T) or ethanol(E)

R L.W./B.W.(%) .Selum AL T GSH"
(Weeks) T E T E T E
NC? 2.82+0.25 31.14£5.27 3012022
1 3143017 3254039 2640+ 7.54  37.09:1085  357:039 3194020
2 3.2:0.10 3284020 38.80£20.63  37.50£11.68  3.562039  3.0740.15
3 3358029 3444020 2425+ 524 31591235 3528022  2.7740.07
4 3.45+0.34 3.3620.29 28.00+12.39 24,06+ 4.48 3.834+0.61 2.99+0.15

The assay procedure was described in the experimental methods.
Data are expressed as mean+S.E. for 6 rats.
1); Normal control, 2); Karmen unit/m] of serum, 3); pmol/g of tissue

Fig. 1. Control rat. The hepatic parenchyme is well preserved.

2. Rat pretreated with toluene. The hepatic parenchyme is well preserved.
3. Rat pretreated with ethanol. The hepatocytes are show mild pyknotic changes (Hematoxylin-eosin stain: mag-

nification x 100).
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M2 F oAM= mitochondria® AWA e FX
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2l (Fig. 8). 7} 22 2 CYPO & H5S JEd AFL
Table 33 2t}

4. 2+ =5 CYP g& HE

CYP #%e E7d 3 ogg d422 25 o
g 2 shuste) #ate ERdm 13 FAE £% 22 e S/RIRR 1 A%E ST AANT
d tlzze] vlE £2d @ g AHATF BF & daed #d 2AHe= Z715e ¥ CEtE
A9 A7 B9 Z7hE Yehigden 4% 594 AAATES BFA AAALTY R deht 47
2 oere AHATL Wzgd Hlal o 110% AFTolA T dFe FPHUG.
(p(0.05) L °F 70%2] E7He EAct (Table 2). 5 sn s = R S AT SR

Fig. 4. Control liver of rat. (Uranyl acetate and lead citrate; magnification X 13,600).
5. Intraperitoneal administration of toluene every other day three times for one week. Three lipid vacuoles(L)
are present in the relatively preserved hepatocyte. (Uranyl acetate and lead citrate; magnification X 20,400).
6. Administration of toluene every other day for four weeks. Intracytoplasmic necrotic area(asterisk) with some
markedly swelling degeneration of RER(arrows). (Uranyl acetate and lead citrate; magnification X 17,000).
N: nucleus, M: mitochondria
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Table 2. Changes of urinary hippuric acid contents in
toluene treated rats after pretreatment with
toluene(T) or ethanol(E)

2t =X F BADS| K& Y Vi Xl2) HE

6.

2 Aol BT tAEL F vnd o 84
°l ¥4 Jehe BADY wresweg galsiaz)
pooled liver specimen® AM83l9 benzylalco-
hol®} 717 =& WANEA wres s Bas
¥ BAD KA 2 V,..X2 ZES 30| Table
5o},

Table 3. Changes of cytochrome P450 (CYP) content in
toluene treated rats after pretreatment with
toluene(T) or ethanol(E)

Pretreatment Urinary Hippuric acid®
(Weeks) T E -

NC 0.21+0.06

TEY 3.46% 0.96
1 6.76+2.01 5.47+1.89
2 5.46+1.84 5.74+1.69
2 7.84%2.57 5.34+1.96
4

1.25£1.37* 5.89+1.84

The assay procedure was described in the experimental
methods.
Data are expressed as mean%S.E. for 6 rats,

Significantly different from the control (* ; p<0.05)
1) ; Toluene control, # ; hippuric acid g/g creatinine

Fig. 7. Amimslation of alcohol e:very other day for three weeks. The hepatocyte shows some lipid d

Pretreatment CYP content*
(Weeks) o E
[ 100.0+19.4
1 138.9+27.8 133.3£25.0
2 161.1+£33.3 122.2422.2
3 144.4+30.6 111.1+19.4
4 172.2433.3 102.8+16.7

The assay procedure was described in the experimental
methods.
Data are expressed as mean=S.E. for 6 rats.

# ; Each value indicates the relative value to the control
(%)

rop]ets(L), 0S8

of mitochondria(arrows), swelling change of organelle(asterisk), and remainder mitochondria with irregular

shape.

8. Administration of alcohol cvery other day for four weeks. The hepatocyte shows marked degeneration of
organelle including vacuolar change(arrows) of mitochondria and a lipid droplet(L). N: nucleus, M: mito-
chondria(Uranyl acetate and lead citrate; magnification X 13,600).
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Table 4. Changes of benzylalcohol dehydrogenase(BAD) and benzaldehyde dehydrogenase (BzAD) activities in
toluene treated rats after pretreatment with toluene(T) or ethanol(E)

Pretreatment BAD" BzAD*
(Weeks) T E T E
NC 100.00+5.86 100.00%16.56
1 195.50+66.22 105.86% 2.25 104.20+17.79 128 83128 .83
2 251.35107. 12 132.88% 6.76** 143,56+46.63 136.20+£43.56
3 205.25+16.67*** 132.88+ 4.50%*w 13497+ 7.36 119.02£30.06
4 308.25+45.25% %% %) 136.49+ 6.76%*-%*b) 134.36x£57.06 1177951779

The assay procedure was described in the experimental methods.

Data are expressed as mean=S.E. for 6 rats.

# Each value indicates the relative value to the control(%).

a) ; Significantly different from the control, b) ; Significantly different from 1 week and 4 weeks. (* ; p<0.05, **; p<

0.01, #** ; p<0.001)

Table 5. Changes of K,, and V,,,, values of benzylalco-
hol dehydrogenase in toluene treated rats after
pretreatment with toluene(T) or ethanol(E)

Pretreatment Km Value" Vmax value”
(Weeks) T E A E
C 2.97 14.7
1 3.12 2.95 16.45 15.98
2 2.94 2.94 16.58 17.42
3 2.94 3.10 17.83 16.11
4 3.09 3.02 1751 18.30

The assay procedure was described in the cxperimental
methods.

Each value represents the mean of 3 experiments.

1); 10° M, 2) ; nmoles/mg protein/min
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cytochrome P-450¢] 2|3}
o benzy]alcoholf., o] A& henzylalcohol
dehydrogenase(BAD)<ll ¢ls}e} benzaldehyde
%, benzaldehydes= benzaldehyde dehydroge-
nase(BzAD)el ¢l&ta] benzoic acid® ArstE o
& glycine® X®§dle] vixitez wjAdE v
(Toftgard %, 1982: Wang® Nakajima, 1991:
Backes 5. 1993) o|d EFqle] that&2 o]e] of
At Fejshe Bagy Wigd wet TS ted
(&Z= 5. 1996).
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o] A#o|A 2tx& F cytochrome P-450 33
2 E54d AAAZD e AAAF 2F d=2T
B} daldez w4 Jeldtt o§E WA o
A cytochrome P-450 @] Frise 2 43
Ane 4858 Jd& T4 microsomal
enzyme®] fE¥HT= Ei(Pyykko, 1980
Toftgard £, 1982: Nakajima %. 1993)7} o|&
gudaglFan glch gy Cdge AARFZAM e
ok 28 15 Falgh FolA 1 Fheo] EAE Y
Eltont olebge) AXA] 7]3te] SrHe mEk o
Az} ZHhso] gaT A2 EHEe AFE B
Aok, 2z oeg FAATNA 25 ol F d=T
A7 389 AL o] dgvtez: FHEA A5t
e o], EFd AXA oA cytochrome P-
450 A7} =A AR1"E AL EF 9] cytochrome
P-4502] 712 (Chapman %, 1990)% & x2is)
2 o E2qlo] f=2Hinducer)7} o] o] &4
2 Z7M2 Aoz Aztdn.

g E7a talel] A hE s vX = AeR
42z 2E BADY 2L daE F& 54 A
AT e ALF7IT B¢ 2T Hlstq &
g F7E Hyew, 1 Ve E9< AAA
o] dekg AAATF Hod o #idch E§ o] &
&9 VA 94 A= Aole glont oeg A
AT 2 EF AXNAT 25 ALE7IME F9)
o gz 2ot Edrh ol A3 AR Ho}
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£ 7180] fEA7L Hof o] Eiol FAE F7H
7l Aoz yzdd, aZln 854 ¢ e
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g4 dA] 224 AT ek AAA TS of
Z27 2o da B4 veidth aeja o] AgeA
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A BAdol 54o] ZAstdde #H(Ellenhornd
BRarceloux: 1988)3% aldehyde?’} ©¥§ae] SH R
NH,71¢} Aggcte d(Kenney, 1980)& 3123
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Al R Aol opd7t 4ZHE
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29 9% 7193 AER AR EF4 A4
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Agko] 71 Aoz AdAct
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o] oM toluene =+ ethanol A3 |7}
toluene thAlel] ojwd J&F& vl A& FES
£ dgoz #FHo| toluene =X ethanols ZAl
W2 4F7 5o ¥ U, 8542 13 MRS &
AA sl g e 43E dch

2 xFe Pt ¢ AAErAE 5 Y=
AstA LA AFF HFA, 8A alanine ami-
notransferase 84 % 7+22 3 glutathione
2 HES Bae 241 toluene R ethanol HA
AT BT 7194 33 Axrt 2= 7
d 2 oerE AMAF el &Y X zole =
4 gisich

olgja AeEE =Rulo]r toluene L ethanol
AART BF 8 F vt eI diET 1o =
A vEbden toluene thatell deddhs 3hEZ o
cytochrome P-450 % % benzylalcohol (BAD)
£ benzaldehyde dehydrogenase(BzAD) 24
A7b =2 2ok 24 veihdt a8l & F v
=4k %9 BAD 9 BzADe #4x= 54 A
AR To] dere AHAT Hoh A ARYL T4
A2 ok A Vgt =3 3tE2 2] benzy-
lalcohol dehydrogenase?] W&z E #FI 2
 Vou® = toluene 2 alcohol AX AT 25 o
Z22 B g7 Jepgo

ol APANE FHNE o HdEFEA
toluene 3 ethanol AX A7}t toluene HALE =
AA718 o] toluene thAtel #ojste HAUA
of 43S vlH et 2%=E Az,
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