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Effect of STEL-toluene on Metabolism of Benzene in Rats
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College of Medicine Yonsei University
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Benzene and toluene, which are widely used aromatic hydrocarbons in workplace, are recently proved
to cause health hazards due to their toxic effects.

This study investigated the influence of toluene on the urinary excretion of benzene metabolite by
administering short term exposure limit(STEL) of these compounds(i. e., 13.8mg/kg of benzene and 108.8
mg/kg of toluene) intraperitoneally into Sprague-Dawley rats. After administration, urinary phenol concent-
ration of rat was measured by gas chromatography for every three hours. Data were analyzed by non-
parametric statistical methods using Kruskal-Wallis multi-sample test and Mann-Whitney U test. The
following results were obtained:

1. Administration of STEL-benzene increased urinary phenol concentration in rats.

2. Urinary phenol concentration was increased logarithmically according to the dosage of benzene.

3. Excretion of phenol in urine was decreased when benzene and toluene were administered simulta-
neously compared with administering benzene alone.

In summary, these results reveal that administration of STEL of toluene has antagonistic effect of

urinary excretion of benzene metabolite in rats.

.M =

Benzene-2 2Hg]-gol A § 718 A2 de] 24 govt
B4 ¥ g (Deichmans, 1962 5 Rozman’s, 1968 ;
Green's, 1981)°]u} & (Delore®t Borgomano, 19
28 ; Vigliani®} Saita, 1964 ; Aksoys, 1971:1972; 19
74)% benzeneo] Z¥7\o| vXE 54 wWEo] LA

* 2 A7) IR 19879 AAdEn o wy

B ARR-of A8Hg 1L 9o 4FdFol A= benzeneol]
A% A7 AME EAE] A vnd 54o] He
EA29l toluene-g benzened] WAEZ AME-3lm Yuk
I 222 o] T ER4 2o] & HE 49Ut
gor Mg A ARR-3l= toluenedl= 4 %e] ben-
zeneol FF5lo] Yoi(F e Ertsta T4, 1980), H2
benzene, toluenes W&F ©@dlyae =4 wdw A

AW At o] & AdAdol diste] @alo] nxH o

Ao ols) o] FolHE.
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ojgidt AT Foll= F718A7F A oA F_Ehe
=48 dode Ao FUAHE £ dF(MalloryF, 19
39 ; Philip##} Jensen, 1970 ; Dean, 1985) %} o] E4& 9]
A3 Zgo] B3 d7(Ikedas, 1972 ; Andrewss, 19
77 ; Tunek%, 1981 ; Gad-El-Karim%, 1984)7} 3loH,
=3 23 QA7 548 dodleA Fg U EFo
o FE3H FAgEeRd B3 EAE =@ il
=3 vk wEbA f-718-A o) A oA B AN F3
ZHEAl, de A7 T A A8 WEo 42t SAE
o fF55H & AUA F 18X 2 ZAA dgh
#aol A7 £Hol H1 ek '

Sato9} Nakajima(1979)+= benzene?] 4}3}ol] 23 tj)
ARl WY HAFTE do7ia ditshAl(antioxi-
dant) 9] Tz} o] #AAE AL dgem,
Ikeda$(1972) & benzeneA}#| 7} 28 7)o 93L& Zhn
3} t}h. =3} Pathiratne5-(1986)-& Al A9 A& A to-
luene®] hepatic cytochrome P-4502 Z7}A1# ben-
zened WALE ZFZAATL HIEFHA, old walo]
Ikeda5(1972) & toluene©] benzenes] WhALS A3t
benzene? 548 F5AE FE ok Hiustch

Sato®} Nakajima(1979)+ A A Wol| A benzene3} to-
luene#] 8.3 57} Z42h-g 9= £ E dR} Aprt
Ad=Ee AE FF3ALT o Y &F -y
BAE 7MY St E3 AR Q) HEAAME FEH
A3 Z-gol o3 oAyt AAEcka Bastg o), 4t
AAW 585 %(threshold limit value) 59 $E&
Fo5%-S o olejd Ago] YeldA e A ¢
Folgtal 3ty

927k & 59 benzene# toluened FFH
Bl B3 Rodtd nida 5] AA AAE
AAIZE 23 benzene@E FoAlo vlsf AE {HH
S0 zpolzt glukir 34 (Roh 5, 1987).

o3 P AT AAES HES BA FA 540
3 A9} iAo #et 72 o] B 4 ok
E A7e #o] e A 3 A7 iR
benzeneo| -R-AMe Al 5o WL 77]8-A) 9] L o}
I AR WEE e s AE FYE A% A
o]AtH(Parkes} Williams, 1953 ; Masry’S, 1956
Ikedas, 1972 ; Andrews %, 1977 ; Sato®} Nakajima,
1979 ; Pathiratnes., 1986). 22\ o} §7]&4)7}9]

A58 S4d A Aol HE¥IA FHHA
dsron iy Ak Z2AdE F53tgo] dojd
F A=A sjA+= Sato2} Nakajima(1979) 2+ Rohs
(1987) 9] A& AeJstue FopR 7] o Pk

£ A7 BFe AYFES o] 835} benzene thA}
g A, '

AR, GAIZE 38559 tolueneo] benzene UJAME
Aol 8% widd vlAe wW3ls #As) L,

EA, tolueneS =3 T3S W benzenethAl &

Aol 2% wjdel WEle dFste oot

II. &

o

R

1. &3 M=

AF 10~12%, A Fo] 230.3+15.19% %% Sprague-
Dawley7l 317 & AY 582 ARSI A48 4] 25
ARE 7] 25212.6C, §% 65.613.5% ALS-AlA
AR FEAIR (AL Ao L84E AR5 4F
SpAlete] ARSEERAE

BEAGNA AMERE Al TRgF Zh

Benzene, chromatographic grade(Burdick & Jack-
son, USA%

Toluene,/chromatographic grade(Burdick & Jack-
son, USA)

Olive oil, analytic grade(Shinyo Chemical, Japan)
Perchrolic acid, analytic grade(Yakuri Chemical, Ja-
pan)

Methanol, chromatographic grade(Burdick & Jack-
son, USA)

Isoprophyl ether, analytic grade(Yakuri Chemical,
Japan)

2. %2 S0f Y

AQA A FRAEC] m2d F Qe BT HE
&% (short term exposure limit) ¢] benzene 25ppm, to-
luene 200ppm, (American Confernce of Governmental
Industrial Hygenists, 1986) o] si@sle= &3& A3 5
9 B4 UE F437] Y3te #39 & F(Guyton,
1947), A F el /71849 Al §-48-(Dean, 1978)

— 153 —



< 283k (1), (2) 2 (3) 49l 93] benzene 13.8mg/kg,
toluene 108.8mg/kge.2 ZAA sl T)

K-V-M-C
D= ey (1)
V=Respiratory volume(cc/min) X60X8:------- 2
Respiratory volume(cc/min) = 2.1 X Body
weight%(g) ............................................... (3)

@, D8 Fo g3 (ng/g)
K: §718A9 AU &4&(benzene, 057 ; toluene,
0.50)
Vi #8Fe 8A 2FF()

P H718Ae EAE(g)

D H718AY DA #8352 (ppm)

1 7)A734(22,400cc)

W aHe] A5 (kg)

o=

AR H718AE olive oil2 N3l A AF kg
2ccE B2 18] S35t

3. MyZ MY

5 5= benzene 13.8, 55.0 2 220.0mg/kg 2] Ajato]
F7HA H-7184) B3 Fo= benzene 13.8mg/kg3} toluene
108.8mg/kg, benzene 55.0mg/kg T} toluene 108.8mg/kg, ben-
zene 220.0mg/kg3} toluene 108.8mg/kge] Al wollch Ad
e A¥ed 43 100tz 2T 60vteE AHE-E T
(Table 1).

Table 1. Experimental groups and doses of organic
solvents administered

Reagent & doses(mg/kg) Number of rats

Benzene 138 10
Benzene 55.0 10
Benzene 220.0 10
Benzene 13.8, Toluene 108.8 10
Benzene 55.0, Toluene 108.8 10
Benzene 220.0, Toluene 108.8 10

Total 60

4. MY wy

7} N g MAFH

AE ol Hol| 33 Fvl2]E metabolism cage(thE
A, Ag)ol W AR S SE5E AREA AFANA
ok AE 2477 ARE #F Y A e dRT
SHoR ARSI #7184 o5 3,6,9,12, 156 ¢
24N 7kl 2tz A 05meE AHFPon, olw, Awe
FE Hasksy] st vlzlzt 99 urine coliection

vessel& o] &3t cH(Fig. 1).

1. Cage compartment

2. Grid floor

3. Feces deflector

4. Urine collection ring

5. Urine collection vessel

6. Feces collection receptacle
7. Water bottle

8. Water overflow collection
9. Food compartment

10. Cage stand

Fig. 1. Schematic diagram of metabolism cage
1}. Benzene? 8% tial 24 =3
1 AMgel d4g
Baselt(1980) &} Wg-& o] &3te] A58 A st
Metabolism cage 2 F-E] 2| F g+ 317 2] 41 0.5mlE 10mé
o] w7} e Al G2l HAste] FF4-(Burdick & Jack-
son, USA)% o] 5mé7}t 5 A3 F o 710 60% perchlo-
ric acid 2m¢E 7}8ke] 95C water bathol|A] 2417k F<ot
THEE AR T o] A A& WAAIR F 99% isop-
rophyl ether In¢E H7}ato] 127+ A A E50|F0] 2
% phenold£-0] &of Fof &3l 5| =& 8%tk Phenolo]
238 452 F 2ulE #3lo gas chromatography-&
24 AzE s
2) BFEH
A& F phenol?] =& A#s7] #3td 1% HCI
fHo 2 Img/mée] phenol stock solutiong A|Xg F
oA BRE 5 10, 20 ¥ 40ug/L9] HF &AL WET
(@2l oste] 2% phenolg A st
C=F « Cs » He/Hrrrrreerrrrremrreremnneiinennnnnnns (4)
. C: 8% Al 229 s%(mg/l)
F ! sjAul4
Cs: ZFE8N g F=(ng/l)
Hs . A]|52] peak height
H: #5892 peak height



Table 2. Concentration of urinary phenol after benzene administration

Dose
(nghkg) 0 hour 3 hour 6 hour 9 hour 12 hour 15 hour 24 hour
138 274 656.3* 756.7* 582.9* 240.0% 126.7* 71.0*
' (112-434) ( 5682— 6667) ( 5670— 9909) ( 4318— 8743) ( 900- 3364) ( 500— 1422) (567~ 889)
550 26.2 700.7* 1,946.6* 1,305.4* 666.7* 239.3* 1733*
) (128-415) ( 3742-16110) (14118-23790) (159.0-25333) ( 5333-12267) (1600- 4026) ( 80.0—2956)
00 486 26129* 3,960.0* 3,080.0* 2,800.0* 1,100.0* 5224*
) (319-548) (1,7000-3280.0)  (28400—44000) (25800-35510) (1.780.0—3751.4) (760.0—1,658.7) (4320-8237)

Values are median values and ranges in parentheses(mg/£).
* p<{0.01 compared with 0 hour values by Mann-Whitney U test

e Ao ALS-¥ gas chromatography 9] ¥4 =7
oS 2k

Detector : FID

Column : Stainless steel(2mm X 1m)

Packing material . 2% Prophyl ethyl glycol adipate on
chromosorb W

Injection temperature : 200C

Column temperature : 150

Detector temperature : 200C

Carrier gas I N,

Flow rate : 50mf/min

X~
~

5. S A

0
I
RL

A 49 A QAR M ol =dHE H4PTY
z}o] 2 HA %= vl 24 EA wbE 2l Kruskal-Wallis mul-
ti-sample test(©]d} K—W testz} AgHE o} gsle] 4
HTEY 8% phenole] FE& HusYch E DAL
Al#zre] 2% phenolyExol zto|7}F glvhd oW 7t
2}ol7} YEAE U] 913k Mann-Whitney U test (o] 5}
M—W testd} A3HE 42 QA3 H H(Bradley, 1968).
87 benzene T &%H 2F phenol ¥ HFE
ZE 9ol B A dSErAA BAE B 5
<1 benzene 8- F-& G A 715 FEH 42 phe-
noluf A #ate] e sAWAHAS Fetgch dEAETT
Sl & gholl T o] 5 FAA(AT
phenol HjA &) 7} Yo m 2 &F—vhg A EA41] B A
ASE AHES dE3A WA AE o &3FHATH(SokalH
Rohlf, 1981).

2719 BE BAFES FF5EL 0052 e 27
A F e A5 S H33}8aL SPSS/PC+ (Norusis, 1986)
£ o] &3ly B4t

. A A

1. Benzenese0{ E2H0) M2 25 phenole| vl

Benzened| WA 3&Fkol sEEHE B Fo
8391 benzene 13.8mg/kg-& Fgt H$ Q@ %Z phenols]
F(oet FU¢at 2 H)E 77184 5o £ 3X730]
656.3(568.2~666.7), 617t 765.7(567.0~990.9), 9A)
7tel) 582.9(431.8~874.3), 124 7t4) 240.0(90.0~336.4),
15A] 7boll 126.7(50.0~142.2), 241 7tel} 71.0(56.7~88.9)
mg/eE tFae] B% 274(11.2~434)mg/¢ R} EA 8t
Aoz FosA S7HE Ak (p< 0.01 by K-W test, M-W
test). 2% phenol 357} A1) o]2& A7+ §714-A]
o F gAztell e, 1 Aj7te] 8% phenol?] FEE
F718-A4 £ A 28] Fxo v)3) 284 F7FHAG
(Table 2)(Fig.2).

Benzene 550mg/kg S Sod% A S H1 Fro ojzE
A7+ 13.8mg/kg BT B Pon] 15T E 1,946.
6(1,411.8~2,379.0)mg/¢ = 13.8mg/kg F-o] Hl& &
A8 s =k

Benzene 220.0mg/kg-& £35S @ &5 phenold]
BEE 47184 S F 347kl 2,612.9(1.700.0— 3,280,
0), 6X] 719l 3,960.0(2,840.0~4,400,0), 9+ 71l 3,080.0(2,
580.0~3,551.0), 12A)7k4] 2,800.0(1,780.0~3,751.4), 15
Ajzboll 1,100.0(760.0~1,658.7), 24A]7kel| 522.4(432.0~
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823.7)mg/ ¢ & #7184 Fo F 64 H FEE
Hch(Table 2)(Fig 2).

T 4,000
g " 0—0220.0 mg/kg
2 o0 550 mg/kg
= 3,500 o0 13.8 mg/kg
£
a,
3,000
£
< 2,500
=]
£
s

o
g 2, ’P‘~\_
5§ - / A
Sil, 500 ! \

/ \
/ Y
1, 000 / Y
; \
At R
500 ;{, q\ N\,
# R
Y -GN - S
0 . P e o

Fig. 2. Concentration of urinary phenol after benzene ad-
ministration. Each point is median value.

1. 000
900 |
800}
700 o—oB
o-----0 B+T
600

500

400

300

Concentration of urinary phenol.(mg/1)

200

100

Fig. 3. Concentration of urinary phenol after benzene with

or without simultaneous toluene administration
Each point is median value.
B : benzene(13.8mg/kg), T : toluene(108.8mg/kg)

2. Benzenel} toluene =& F0{A| = phenol

4ol s}

9A) 7} 3 8- F 59 3G =+ toluene©) benzene £ 2
€15 2% phenol B} Ao = 92 &7] 93} benzene
13.8mg/kg ¥} toluene 108.8mg/kgS E-3F E o3t} ben-
zene¥} toluened I3l ToljA] 2% phenole] FE&
B & 3A17ko) 140.0(93.3~275.6), 6A17toll 164.4(88.
8~208.8), 9A}7te] 148.8(48.8~193.3), 12A|7te] 93.3
(44.4~160.0), 15A]7t¢]] 64.4(37.7~80.0), 24~ 7+ 33.3
(26.6~622)mg/L2 /7] 4A Fo F 66Xt Hn ¥
== HYHp< 001 by M-W test)(Table 3)(Fig. 3).

Benzene 55.0mg/kg¥} toluene 108.8mg/kgS Fof3F}t

9] 8% phenol?] FE+= 3217kl 264.2(153.4~4184),
62| 7Yoll 308.3(219.2~429.4), 9A17kell 572.5(295.9~660.
6), 1217}l 330.3(175.4~671.6), 15217} 352.3(109.
6~451.4), 2411749l 121.1(66.0~308.3)mg/¢ 2 benzene
55.0mg/kg THE Fof Fol v]8t] M A7k o)) 2.5 phenol
57} @¥otom benzene 13.8mg/kg3} toluened E-%}
Fdq§ 73 g2 1 w2 o2& AL {7184
BoF 9A o] Ak (Table 3) (Fig. 4).

2,000
1,800}
. 1,600F
= :
£
= 1, 400} o—-o0BR
g o----0 B+T
[
B 1,200
bl
g
E 1 000}
e
IS 800
.2
8
= 600
&
5
&) 400
200

0 3 6 9 12 15 18 21 24

Hours

Fig. 4. Concentration of urinary phenol after benzene with
or without simultaneous toluene administration
Each point is median value.
B : benzene(55.0mg/kg), T : toluene(108.8mg/kg)



Table 3. Concentration of urinary phenol after benzene with simultaneous toluene administration

Reagents 0 hour 3 hour 6 hour 9 hour 12 hour 15 hour 24 hour
274 400" 1644* 1488* 633 644* 33
B 138+T1088
(112-438) ( 933-2756) (888-2088)  ( 488-1933) ( 444- 1600) (377- 800)  ( 266— 622)
54.2 264.2% 308.3* 5725 330.3* k23" 1211
B 550+T1088
(179-610) (1533—-4184) (2192-4294)  (2959- 6606) ( 1754— 671L6) (1006- 4514)  ( 658-3083)
B4 286.3% 605.6** 23121 12212% 11317 3909*
B 220.0+T1088
(129-423) (1872-5285) (38%54-7597)  (7267-12882) (L1431-20479) (4624-18938)  (2411-5725)

Values are median values and ranges in parenthesis(mg/2)

B benzene, T toluene '

* P{005 ** P<0.05 compared with 0 hour values by Mann-Whitney U test

Benzene 220.0mg/kg¥} toluene 108.8mg/kgS H3 ¥
o3 79 8% phenold) FEE FoF 347t 2863
(187.2~5285), 6A1Ztel] 605.6(385.4~759.7), 9AZtell
2,312.1(726.7~1,288.2), 12A17kel] 1,221.2(1,143.1~2,047.
9), 1547¢e)) 1,131.7(462.4~1,893.8), 24Aj7vo) 390.0
(241.1~572.5)mg/4 Z benzene 220.0mg/kg G= FofF-oll
Hjat dgton] 1 Fxd olzv Ake #7144 F
o F 9z h o] ek (Table 3)(Fig. 5)

4,000

3, 600[-

3,200

2, 800~

2, 400 o0 B
O~ew=-0 B4+T

2, 000

1, 600

1, 200,

Concentration of urinary phenol (mg/1)

1 1
3 6 9 12 15 18 21

Hours

Concentration of urinary phenql after benzene with
or without simultaneous toluene administration
Each point is median value.

B : benzene(220.0mg/kg), T : toluene(108.8mg/kg)

Fig. 5.

3. BenzeneS0§2to]| = RF phenolo| HiAE

13.8mg/kg 2] benzeneS B% Tl T2 4N 8F
phenol WAl ake 43.9(34.8~68.7)umole £ benzene
o 2ol 59.1(31.6~64.0)%7t 24A17kol v A= S2H to-

T

L=

luene(108.8mg/kg) & E3 B Aol 4N 2F
phenol ®}4do} benzene Foj&2] 232(159~319)%=
FATHc R FoaA FaHUKPp001 by M-W
test).

55.0mg/kg 9] benzene$ V% FoA§ T 24X 2. F
phenol HjAHZES 1124(66.9~159.4)umole2 benzene
oo 394(22.1~535)%7} 24X vlAdE Qo H
toluene(108.8mg/kg) & B3 TG ol 243t 8.5
phenol Hj4o] benzene HFojike] 12.8(89~17.6)% =
ZFaEAr

220.0mg/kg 8] benzene- S T% T o] 24A17 8. F
phenol Wj4dgke 287.4(202.1~385.2)umoleE benzene
ool 18.0(13.6~222)%7 24A37ke) wjA o w
toluene(108.8mg/kg) & B3} Fod3l 9o 2447 8%
phenol v Ao} Z}2} benzene £ 8 ¢) 8.6(6.1~10.5) %=
ARz {oAsA Z4AHAMPp 001 by M-W
test).

wtA, tolueneF-447} benzeneFA 2 Q13 8 F phe-
nol BjAFE AAAZE & = ANTH Table 4).

4. Benzene F0{20} RE phenol dljAdzko] A

Benzene 13.8mg/kg(176.3umole/kg), 55.0mg/kg(705.1
umole/kg) = 220.0mg/kg (2,820.5umole/kg) T4t 2] 24
Azt 2% phenol?] Wi #Fe ztzh 103.9(55.6~103.9),
254.2(155.6~376.8) 2 507.8(383.2~570.8)umole/kg &
benzene ¥ &3} 95 phenol ) F7tol= Ul
Heol BAE By F3 Jow o FAE G)AH g}
(Fig. 6).
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Table 4. Amount of urinary phenol excreted in 24 hours after benzene with or without simultaneous

toluene administration

R ts(ma/kg) Administered Excreted amount of Excretion ratio(%)
s(mg/k
eagentsing/ig amount of benzene(umole)(1) phenol(umole) (2) (2)/(1) X100
97.3 439 59.1
B 138
( 729— 116.3) ( 348— 68.7) (31.6—64.0)
711 16.8 23.2*
B 138+T 108.8
( 679— 725) ( 108— 229) (159—31.9)
297.8 1124 394
B 55.0
( 2795— 4104) ( 66.9—159.4) (22.1—53.5)
490.8 495 12.8*
B 55.0+T 108.8 .
( 3819— 5056) ( 369— 87.3) ( 89—176)
1,489.9 2874 18.0
B 220.0
(1,278.7-1,836.4) (202.1—385.2) (136—22.2)
1,773.0 142.8 8.6*
B 220.0+T 108.8
(1,574.5~1,963.1) (131.0—1723) ( 6.1—105)

Values are median values and ranges in parenthesis

* P<{0.01 compared with benzene administration group by Mann-Whitney U test

B : benzene, T : toluene

Y=3372 log X—678.6(2=0.89, P{0.01)-+-(5)
o, X benzene Fof=Z(umole/ky)
Y 124747t 2% phenol®] uj4d F(umole/kg)

600 (
B 500 B
3
<}
E
2 a0f
5
g
= -
g 300k Y=337.2log X ~678.6
2 (r*=10,89, P<001)
E’ § maximum
& median
: 200¢ minimum
S 100k
0l t T e | — P W T |
100 500 1, 000 5,000 10, 000

Dose of benzene administered (wmole/kg)

Fig. 6. Dose-response relationship between dose of ben-
zene administered and 24 hours urinary phenol
amount

.

Rl
2]

HHEE: §18}4=421 benzene toluene & EFAUAA S
AAA7I 2 B, 557 D AUz AT T4 Yo
1tk AEE) WS Bsleh S FAS A9 dAE
A FE A7 fLEU ATele 3074 A
gefol o]2th Benzeneo| %717t =&Y HIy 4
WY 49 Ao g AE sk 27
Zsl7h A21c). Benzene2 & A X A3HE doA
47 gag doru oduiz} Wy Fel A¥Fo) AP
ME7} 48k ASH 0= benzened =&HY 7HF
49 28 7150 E7FEE R ol vAEAY
P74-& JehfAIR benzeneln & F9A7IE A4
Q1 ¥4& H.lct Benzeneol 23] myeloblastic leuke-
mia(Mallory%, 1939 ; Vigliani®} Saita, 1964 ; Forni$}
Moreo, 1967), chronic myeloid leukemia(Vigliani$};
Saita, 1964 ; Sellyei®} Kelemen, 1971), lymphatic leuke-
mia(Girard%, 1971), Hodgkin’s disease(Aksoy %, 1974)
9 Aol A E YT B E U, benzene 10g 1 &
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g8 A FRAAAC] Fealo] TE,
SR FEAE WIIZ,

o] Uehdrin RaEAc

[RTOg.-
ofN

3} 217l

%
g AFsE
10

35 F1(Benignus, 1981) & 719 A

2 434 JkLongleys, 1967).
AEA Y 5 FLAANAA 24 7)%
sl Bel Rz oA 217, BabinskiWhg, o] 4T}
27, 8%, 87to] Yel}E encepalopathyso] BE.iE
R0 3 (Grabski, 1961 ; Knox®} Nelson, 1966 ; Cohrek
Stockholm, 1979), 24w o 2 Q1% Al Hus ot
(Nomiyama$} Nomiyama, 1978). Tolueneo] 3717} =
E5A A 2okt A F3478A Fde] YehA Rt
gH4d benzene FEAlo UEhte= WEH LS VA U=
i 3t tH(Matsushita, 1966). Fabre5-(1955)2 %+
A 58 AFS A3 tolueneo] 4 AHEE o
AAFIA et AS WHon mebA benzened] o
&2 toluened A}L3}l1L %lli}.

Benzene2] AUl At #33 F ¥/3= T benzene epo-
xidex= RNAS} FHZ2%3}a] mitochondria Woll 41 RNA
g4e AdANA 548 dovn dHck(Jerinat
Daly, 1974 ; Gut, 1976). ¥+ Tunek$(1978) =} Kalf%
(1982)2 RNAS} F# A3l 22 benzene epoxide7}t
ole} phenol FFEolztr Huste] o}Z7AA ben-
zene] 54 71Fo] E9aA WHAX ¥ Urh

Parke®} Williams(1953)+= “C-benzeneg E7|d] &
T2 o 2 T3l & UC-benzeneS A A3l benzene
Fof 2ol 43%= AR A B3 72 WEH 5L, 24%E
8% phenol, 5%+% quinol 21 4%Fe Jgt EAE
vl Erhe 28w Wch 22y @474 benzene hy-
droxylation2] 71A-& & deix YA gL F7HA 7o
AAE 3 ek A, benzeneo] EA2A§S AH A7
phenol2 %% m (Ingelman-Sundberge} Hagbjork, 19
82), 4, benzene©] microsomal mixed function oxi-
daseo| 23] benzene epoxide® %1 H]E A2 WRS-S
23] phenol2 Hctx 3} ch(Jerina®t Daly, 1974).

F718A thde 3 Ego] Bebe] Ikeda5(1972) 2
Wistar ratol] benzene(110.0my/kg) & @& 5331 (b2
A% 7o) benzene(110.0mg/kg) 3 toluene(430.0mg/kg) &
E3} 543} benzene thAHE Q] 8% phenol 2] v d3-&

%43t} 71 47} benzened} toluene S EAlol Fof gt
| 2% phenol W} Zo] benzene W= FA| R} 7+
43} benzeneo| thAlE]o] phenol 3E=Z A=
S tolueneo] JAIStT RI3IYck Andrews =
(1977) & ICRA moused] benzene(880.0mg/kg) 3 to-
luene(1,720.0mg/kg) S &% E+ B3 FH3l1 phe-
nole] Wi Z-& =743 A7, benzene-d GE T3S
) 24413t ol benzene thALE-0] 20.1%ujQ = Aot
toluene-2 B3 Fol3tyS. wol= 79%E wjido] TA
How, vhd dAtEA] $2 benzened 37| FOE
HjZ&o] F7tE| Yoty B ustgch

Sato9} Nakajima(1979) & Wistar ratol] benzene(391.0
mg/kg) 7} toluene(461.0mg/kg), benzene(24.0mg/kg) =}
toluene(29.0mg/kg) & E73 W) F3l2 8% phenolZ
2 243 A9 1% %9 benzened} toluened] B3 F
qAlolE AFE benzene BE FoAlof M| 23F phe-
nolgko] ZAaHRo} AEES benzene# tolueneo]
B FoAolle A¥E benzenedE FojA|ol| H|dta
2% phenol#o] 7+A5A] oottty HEtHT)

Toluene(867.0mg/kg) #} benzene(440.0mg/kg) =
mouseF3loll 6U7t FAF T 4 AxE] F4 HAAE
P23 A7 benzeneFojo] 23 T4 AEY AR o
A7} toluene?] Fodol ols) &3}% %o 0i(Tuneks, 19
81), 15 % benzene Fojo]l ol PMA o]t w4y
Y3 o] 15T tolueneE-3 £ 2 774 ¥ 0.2} benzene
(11mg/kg) % toluene(108.8mg/kg) & FAl FAF wi=
A o] ujidl o] vehibR] ggskrhal ST
(Gad-El-Karim%, 1984 ; Roh%, 1987).

Toluene 1,000ppm} n-hexane 1,000ppm< = &
BAlel 1Y 1241242 1653F mouses] F YA 27 to-
luene¥} n-hexane-& &3 FYAIZ] ] 4174 g Zsl]7
n-hexane B% FYol Hlal HUoW toluenes TE
FAAR FollAE AR HAe ez el gggkohar
3l tH(Takeuchis, 1981).
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2225 A 385 97 38559 benzene T to-
luene 313 9] 3.5 2(Guyton, 1947) 3} {71 &-#) 2] 2}

%28 (Dean, 1978)& A2+t benzene 13.8mg/kg, to-
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