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Effect of Toluene or Ethanol Pretreatment on Toluene Metabolism in Rats

Sang-Eun Cha*, Tae-Won Jeon and Chong-Guk Yoon+
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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 1st, 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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.M B

A2 AD 7led B Yol AEA Az A
ol FUglol olFAA: gloen <ItI} A
g g Ao HAAHA &L el £ B
2 A3 Edo] A FAAA AYitHa ol g
22X Ad 3 @4 92 4484 sl Yok
o7 A e ol 3EtEAo] QAo Zz
Hol Azte] A& AHEA s Y. ol A
48 FAEF 5 Ao E(xenobiotics)e] ¥F
A EFAL viwa 1 o] A Ya 7
A benzened] WA &AZ da) o] g=m ot
a8y 7] AA Z=HAS we ANAA
(Boor#} Hurtig, 1977: Rees %, 1987), &34
(Zee—-Cheng %. 1985: Vidrio &, 1986), =84
(Korpela®t Tahti, 1988: Rosin %, 1988: Lam
. 1990) 2 3 Fel &4 ol B3
(Toftgard 5, 1982: Pyykko, 1984: Morris,
1989)=l0] 3lo] o]9] f3iAde] AHr7l Wag A
Aot

EFde dirale F2 A Bt
(mixed function oxidation system)ol] <l3iA
benzylalcohol, benzaldehyde, benzoic acid <
o2 43td ¥ benzoic acide glycine® ¥
5of npnAto 2 wo] g% wjddr),

34 xenobiotics®] ™hAls AAle] WAl
73, & 9% 2 AYA e 43T 9L v
g, A AFFA9NE AFFEA ojH
xenobioticsoll 2§ 7H&EAFA] Y xenobiotics®l
qatgo] FrtATty ded, B d7Ae Ao
xenobioticsE& AHF B FoAld 238 o
xenobiotics®] thAlEe] A3lg-g &AL + AN
o 53] &3 5(1996)2 dge-g A7z AA
AT oF B FoA] EFA Ui EAEE
Bt oigo] AT YPFFe| gPow FF
&7 S715 2 glen ffo] Ha AEdAd u
& 57 g AAF 2o Wyl g
gujjo] SHEY dF AEE AIEAESH 20
AlA e oolrt J& Roz YA

old] & AT = HHANA EFA 2 dge
7172 B3 ¢E 2eldtd AAAF o E

3

A& 18] 5o ¥ 7F 24 & F3 2 A0 AEL
3 dFe B AF F 3 FAS ¥A ala-
nine aminotransferase 84x9 234 F glu-
tathione ¥%& F4s}t. £§ ojgig 4 =
oA EF< dALE BRsle dgo2A 8 F vl
5440 k9t B9l thAle] Boddte cytochrome
P450 #%, benzylalcohol dehydrogenase 2
benzaldehyde dehydrogenase BAEE 7+ x=
M FF3A o, olgd EFA thrtel 39 &
& (Chapman %, 1990; Wang® Nakajima,
1991: Backes 5. 1993)3] benzylalcohol dehy-
drogenase®] K, X9} V., A& &35l 0|5 A=
< 4% va gl

I. M2 o ay
1. 329 AR % XX

A 8L (FUFLFZEAEIA 72U A
% 100+10g W9 A4 A7F Sprague-
Dawley ¥9 &£ dFHE FEABWUA AF)=2
1093 HgA the A% 150£10 g Hele] AL
Aol AL8-3tA

AYTL 2z erle|y g dze, ESAd AXNXE
2 ogg AMATeR UYren Efd AXX
T B oehE AXXFEL A 1F, 2%, 3F, 4F
BTl Fo2 77 Q. aeln 7 48
T i Be FEstsion B3 Alge] 4o A
@ glo] Fastdct.

EF9e] AAHAE olive oilF} TF EFAL s
o] Pathiratne 5(1986)9] Wl F3od A3
100g B 0.2mE, dege AHAE Jde-g 50%
£ AF 100g F 0.2m(Maling 5, 1975)% 1¥ 1
3 24 o2 1, 2, 32 45 T =3
ZE AETe HAE 74 2 gL 45 AAR
Toll 2371 f3ted "X 73] we} 4, 3, 2 &
15 B39 olive oil& E7E FAlSE R, 4F
7t olive 0il& FAIG APFEL A2 3
Aot AAdETE AL 2 E APFEe vpAg A
HAE & F 7 Ao #FH A 7 AF
100g 7 0.2m4 B o] FAG thy 24412 A4
A7) F SAAZT. FEL ether vl 5o 22 3
FAE we} fESn B o zRe APt
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AY¥AL AL F, 4 ¢ A AEFR 2 BUYE 53}
o 7+& BRI T Yol golld E4E AAG
o, 8 A sich A& e A Ages
AL F o2 st 2 ol Folgly A4y
F2 7% BEF AAT O FAE AFEHch
aga o] e B4 8AE 53 2 "W 23 AAL
of AT AT A2 AHE AT alanine
aminotransferase (ALT) 4% &34 Alg=z
A3l 38 metabolic cageE o83l iz
o ERAE FAR AT RE 4A3 Bt 88
AFstA vkt el 400 o] 83Tt

2. EaAMRe| XX

Heg F AdRE FHId 1g B 4mi9] 0.25M
sucrose £94& 7}°P°4 Hwslel] glass teflon

homogenizer2 vilatdct. ©] vl 2 HY(20%
w/v)E 600xgollA 1083 94 Esld 3 %

Plul 28-S AAG ThE, 454 10,000 X g
oM 2087 94 £@ e 4FAE AL 2 4

292 A 105.000x gol A 1A17F B2 94] 29
3led cytosol B8 pellet& A2 o] pellet
£ 0.25M sucrosed o2 AFHAZ] F 105,000
xgollA 1A1ZE 94 #2183l microsome £3&
el tH(Bloom® Fawcett. 1975). Cytosol
£38 & benzylalcohol dehydrogenase (BAD) 2
benzaldehyde dehydrogenase (BzAD) A%
53] BLAEE AMSSIR9 99, microsome £
2 cytochrome P450 (CYP)& &Aoo Al&3}
At

3. 7=F EAEY U CYP glutathione2
L&

BAD® #4%%& Bergmeyer(1974)2] ¥y,
BzAD 4=+ Stachow 5(1967)2] HP ] F3}
o 2339, 83 ALT 4% £3L Reitman
7} Frankel(1957)¢] Wdl ote} A€ kitAldS
AL-g3td Z3 8t

8 CYPS #3FS Omura®t Sato(1964)e) ¥
¥, #9¥ glutathione (GSH)2l ¥82 Ellman
(1959)91 Wy w2} &Rk, 22ln 9wy
F%e Lowry 5(1951)9 "o F& bovine
serum albuming EFZF o g sl 33U},

4. 2 Z ofuit F

8 F vlxAt F#F2 high pressure liquid
chromatograph& At&3t9em, Kiyoshi ¥
(1988)9] el whe} A3zl on ojuf vlzike]
T &L standard® AHE3Sl ZAAE chro-
matogram®] WAL Alg-dte] vl Aoz k&3
fdor, Y A& F creatinine 3L Jaffe vt
$< o] &% Butler(1976)9) ¥Wo st &
9= hippuric acid g/ g creatinine2 2 Jeh}
Atk

5. Y3t W MXHOIBN By

{ zz|o] k]l AT Wisle] #FL AE
FHE B39 e wel n%, g4, paraf-
fm Euj ¥ 4~6me] HAHE ¥E hema-
toxylin-eosin €4 (Degertekin 5. 1986)3t %
gHn|hog f@aEigon AxldnRAA M7z
o] #FZ st F9 AL AE FA AnH,
+327%, €% Epon 8129 =uj(Luft, 1961)8tn
60~70 mme] section® =] uranyl acetatest
lead citrate® o[F X (Watson. 1958
Reynolds, 1963)3 ¥ Axdn Aoz #aAsic).
#d dojz dEAHL Student’'s t-test
(Schefler, 1980)& #9214 AL Y},

£ o

1. gFlel MESY 2t FAH(%),
¥ ZkxZ| GSH &2 e

Y ALT 4

AZF & 7 FAE toluene R ethanol T AXH
st Az vd AAHoz Fvlele
AgelRon P ALT 4L 48 A730e &
& ‘QC}% HEo] gldch. 3t 2329 GSH ¥
< ER4 ANATL QAE Frlste ATo|Re
23 011%—% AAR TN = IFAXAFAMRE =
ZHashe 74 %olAt (Table 1).

ZEBE g}

tz2 9 %"1}&1“]737—‘1 WYERAHAL &HL 8
T viett ¥F BT dALELEAe] winH
A Ut 45748 422 HEINT. 32

2. 2te]
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29 T 23 F4 FYE FAHoRZ 7 A )
go] FAH o vehgen B/ A7e 9l
Aok (Fig. 1.

EFd AAA oM e Uz vnsied 2 W
38 U F71 /AT (Fig. 2). olghg AAX
ZoME 3 AEe] T2 WY AL #F
71 At (Fig. 3).

H AN ZA B3 94 8 F ovpAt §F
2 EFd dAtEE: BAo] viwd FA Jdehle
EF4 4 agg HHA 3, 47K E FHOE HE
st AAAQ dzFTd diFd 270 YoM

o

8 mitochondria ¥ endoplasmic reticulum %
9] F ME 47]Fo] A HER FAT AEe e
£ BEYor (Fig. 4), 8549& 1573 AX¥F &
dMe AWFEE F-EHos AEY & e
(Fig. 5), 5F9< 45 8700 5o FollM=
F¥ol HAon, AEAY AL I9E 8A &
AT (Fig. 6).

377 oS AAAF FolAM e A=A o] e}
%3, mitochondriaw 9% &4HJon =3 &
A g AHE Jepiic g A7) 5
a5 89% 4 U0} (Fig. 7). 457 A&

Table 1. Changes of liver weight (L.W.) to body weight (B.W.) ratio(%), serum ALT activity and hepatic reduced
glutathione(GSH) content in toluene-treated rats after pretreatment with toluene(T) or ethanol(E)

Pretreatment L.W./B.W.(%) Serum ALT? GSHY
(Weeks) T E T E T E
NC” 2.8240.25 31.14+5.27 3.01+0.22
1 3.1440.17 3.25+0.39 26.40+ 7.54  37.09+10.85 3.57+0.39 3.19+0.20
2 3.1240.10 3.28+0.29 38.80429.63  37.50+11.68 3.56+0.39 3.07+0.15
3 3.35+0.29 3.4440.20 2425+ 524  31.59+12.35 3.5240.22 2.77+0.07
4 3.45+0.34 3.36+0.29 28.00+12.39  24.06t 4.48 3.83+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/ml 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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AAAF LolA= mitochondria®t AWHe FXE
€ IFY av)we AAE MAgE v 471 3l
At (Fig. 8).

3. ¥ otmitol HY HE

2 % vhite
A dzzol vl ERA L e INAP BE
49 A7 $¢ 378 Uehiiglen, 4% 854
2 g AARFL dR2dd HE & 110%
(p<0.05) 2 % 70%9 5718 RY} (Table 2).

4. 2+ =X CYP B2 WS

23 F CYPY #% ¥HEE Jehd 4™
Table 3% 2t}

CYP &3 EFA 4 &g AAXT =F o
Zwol v3f Flsla 1 Age -?—c{‘l %‘ﬂﬂf‘]
& gz vs) AAF oz Frlshe W
AAAFL EFA AANAZH vz ‘4‘5}‘4’

APTAA T FFoz FAdHUT
5. 2t =3 & BAD ¥ BzAD #4%

O

BAD % BzAD 4% HF< e

Fig. 4. Control liver of rat. (Urany! 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. (Urany] 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). (Urany! acetate and lead citrate; magnification X 17,000).
N: nucleus, M: mitochondria
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A 432 Table 49 Zt}.

BAD 4=t 4% AUzke B3t dzTd
Hg A2 o3 F7HE Jellida B3] 25
AR x| 7o) A2 HAXT B} A3 =4 et
e = i 1 el BzAD Ax 9A A8 AVe B
o] B9 2 dgE AAAT BF dxF Bo
od #A4 Vel

=

Table 2. Changes of urinary hippuric acid contents in
toluene treated rats after pretreatment with
toluene(T) or ethanol(E)

6. ¢ =3 F
2 AgdM E

BAD2| Kl H Vi X129 81E

T dAtES F viad o g4

o] #A Jvehte BADS wg&xg dasinzl

pooled liver specimens A}g-3}o benzylalco—

hol®] 713 =& WAAIHA wEEHEE B3
F BADY K Al ¥ V... A& HAEF o] Table

50|},

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

Pretreatment Urinary Hippuric acid” Pretreatment CYP content*
(Weeks) T E (Weeks) T E

NC 0.21+£0.06 C 100.0£19.4

TC" 3.46+ 0.96 1 138.9+27.8 133,3£25.0
1 6.76+2.01 5.47+1.89 2 161.1+33.3 12224222
2 5.46+1.84 5.74+1.69 3 144.4+£30.6 111.1£19.4
3 7.84+2.57 5.34+1.96 4 172.2433.3 102.8+16.7
4 7.25+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

The assay procedure was described in the experimental

methods.

Data are expressed as meanzS.E. for 6 rats.

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

Fig. 7. Administration of alcohol every other day for three weeks. The hepatocyte shows some lipid droplets (L), loss
of mitochondria(arrows), swelling change of organelle(asterisk), and remainder mitochondria with irregular

shape.

8. Administration of alcohol every 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+ 2.25 104.29+17.79 128.83£28.83
2 251.35267.12%» 132.88+ 6.76%* 143.56+46.63 136.201+43.56
3 295.25£16.67*** 132.88+ 4.50%*» 13497+ 7.36 119.0230.06
4 308.25£45.25%%*w. %0 136.49+ 6.76%* **b 134.36+57.06 117.79£17.79

The assay procedure was described in the experimental methods.

Data are expressed as meanS.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 T 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 17.51 18.30

The assay procedure was described in the experimental
methods.

Each value represents the mean of 3 experiments.

1); 10° M, 2) ; nmoles/mg protein/min

K,AE BA0ze, B9d 9 dekg 4442 2
5§49 28 JERRIOn Vo Ae BEe] Aol
£ glo AAME F7lehes Aee depigict
V.o &
B AR AFT BTA 2 e 28
424 F GSH g¥e 874 % odus A
b Eob o

.
o 2249 WY 273 EHER] YTk, ©
A waols B84 JAAZE RER

9} F3o] vetton, AEA oM HAddo]
FAHA dEE AHATLE XY XA
o] YElten T% mitochondriagl 44 % 47
e} ¥Ado] Yelttt. o) AdA4AES F3E] B
H EF4d R AEE AAAZ QoM HRAL
7ulg 71 7t JEd Aoz Atgd) o]
Stzto] ZAm|d &GS UepllE dEE 3§34
£ AR APEE 2dollA E7AE 13 FAF
Ae W 8 F ehdte] e dus ¥ Efds
AR ¥ EFIE 13 FqF gz Bt
AAY7I17HE Bt dAF ez A4 Jeigo

olg} Zo] oEge EAEAR Qg g HA
2ol oM 8F viAt Fote e 24Y
B AT B 55 5(1996)9] 438499 &
Aret T, wEt B2l 2 ole S AAHAF A
£ 8% rladt TRt FkEE 998 FHstuxt
B A7 BF gl Tejste EAEAS
st BTt

AAWAM B2 cytochrome P-4500] <]3}
o benzylalcohol®, ©]Z & benzylalcohol
dehydrogenase(BAD)®ll 2l3te] benzaldehyde
2. benzaldehyde+ benzaldehyde dehydroge-
nase(BzAD)°l €3t benzoic acid® 4tsld o
+ glycine® Xt nix4itoz sjd=y
(Toftgard 5, 1982: Wang® Nakajima, 1991:
Backes &, 1993) ©jo} EFqlo] tAME L o]o o)
Atell Beldts E4A8A ¥Bd uet d8S Pt
(FFF 5. 1996).

e
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o] Aol 23 F cytochrome P-450 &3
< EFA AAAZH g AHAE LF d=2T
Bot dAAez A el ogg Axx) el
A cytochrome P-450 &3] Z7ide ¥ 4¥
Ade 48554 d€& %Al microsomal
enzyme°] fFE=¥H%E Ba(Pyykko, 1980:
Toftgard 5, 1982: Nakajima ¥, 1993)7} °|&
AT Jok. Y qEE AAFAME
TS 1F FAF T 2 F7HEe] dA3 U
ERtont g} HAX| 7izte] Frige we) a2
A= ZAaHo] g2 A2 EHe AYgE B
Rk, 22y odgg AMAZAAN 2F o|F YT
A2 FEE AL o] Ao EHsA Mg
71e olgd. BFA HAAHAFNM cytochrome P-
450 27t A #FAE 2L EF4o] cytochrome
P-4509] 713 (Chapman 5. 1990)2 A& 123
£ o BFdo] fxA(inducer)7} Slo] ol9] §4
< F7M Aoz AzhEn

FH EFA dAtel AT F3A4E viXE Aoz
geixgls BADY AL dge T EFA A
AR TN e ALAH7IZT B d2To visld #
9% F718 BAov, 2 /S 59 AAA
o] g AAXF Hrt} o stk £F o] &
28] Voo & A1 Ax9] Aol 9o ogs A
AXNT D EFd AAAT 25 AAP70E E3}
o tizs Bt vl o3F Y Az Ho}
Aol EFdo] FAAQ dAHAE S F8 o
FA9] 7139 benzylalcohol & thaF AAibel)-&uf
€ 7120] FEATL Hol o] Aie FH& FIMA
7le RAeg AzZtdg. a2in §84 2 J&eg
AAR)G 7 ol B Ao V29| WEWTo]
FARHA vehd R odgg 94 BAD9) 7134
EAUE dAs Fm glth o] ™A BzADY
24 94 834 AAX 3 ogE AHATL U
27 Bvh b4 g4 Jedt. g8la o] dyeiA
et 3 EFd AAXFAAM BADY AR Z
7He<l vls) BzADS 84 = F7Ho] WA depd
AL ¢FAH E29 diAldl 9d A€ aldehyde
A4 Edo] EAo] Zdde A (Ellenhorn®
Barceloux: 1988)%% aldehyde7} ©#ide] SH 2
NHy71¢t 283%cte d(Kenney, 1980)2 23]
£ o, §o7|3to] AAASLE g YAE acetal-

dehyde %2 benzaldehyde”} BzAD9] 84< 9
AAZIBERA o] HiAe] BAE F7H8c] vlng @
A Yehd Ro] ohdrt Azhdny

o3 4¥ ZAE FTHsY £ o EFA L Jdg
2o 9% 7t A TEF AP B dA
o fdtes AAGHAEC W & F ohat u)
Aol 71 Zoz ydg.

V.2 o

#H el glolA toluene E¥ ethanol AAX|7}
toluene WAte] ojmg J&E nA&=XE HES
c 4%8o2 #FH) toluene =& ethanold A
B2 470 5o g, EFAE 13 ARAE 3
A28l o2 e ARE Ao

F, TxA9 B& 2 AAEvE L 53 Pz
2&A 247 AF3F AFA. A alanine ami-
notransferase 84 2 %3 F glutathione &
F A5E #d¢ 47, toluene ¥ ethanol A
AT BF 71938 &3 A #REgAen g2
A 2D e AXAT o] N AR Aol B
g gldch,

ol H4Y¥FE =AM toluene ¥ ethanol
AMRZE 2F 8 F vhadt 327 d2F 8o =
A JeEo™ toluene tAle] TAsle k22 9
cytochrome P-450 3% ¥ benzylalcohol(BAD)
%+ benzaldehyde dehydrogenase(BzAD) &4
A7t 2 2ot 54 JeElgd agln 8 F o
4 w29 BAD 2 BzAD9 A4x= 94 A
A Fo] oderg AAAT Hot A AF7IF B¢
HAE v g4 et =3 224 9] benzy-
lalcohol dehydrogenase®] ¥Hg-4:E A3 2
B VoAl toluene ¥ alcohol XA Z 2% of
2T 2o #A4 Jeisid

old Hd¥ZAAE FHHNE W HPFE
toluene ¥ ethanol AX 27} toluene tHAIE %
X719 el toluene WAt #Adl= BAEA
od 4% vA Jepd Az YgEo,
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