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— Abstract —

Effect of Toluene on Phenol and S-phenylmercapturic Acid Excretion
as Urinary Metabolites of Benzene in Rats

Jong Kook Moon, Chi-Nyon Kim", Jae Hoon Roh"

Department of Public Health, The Graduate School, Yonsei University
Institute for Occupational Health, College of Medicine, Yonsei University”

Objectives : This study was conducted to provide accurate exposure evaluation of
workers in a biologicallymonitored state who were simultaneously exposed to benzene and
toluene. For the purpose of this study, an animal experiment was conducted.

Methods : The following concentrations of solvents were administered orally to
Sprague-Dawley rats : benzene at 2.26 mg/kg body weight (equivalent concentration to
the 2.5 ppm. Threshold Limit Value-ShortTerm Exposure Limit, in the USA) and 9.02
mg/kg body weight (equivalent concentration to the 10 ppm, Threshold Limit Value-
TimeWeighted Average in Korea), simultaneously with toluene at 106.42 mg/kg body
weight (equivalent concentration to the 100 ppm, Threshold Limit Value-TimeWeighted
Average, in Korea).

Results @ The following results were obtained from the analysis of reading taken at
3hour intervals of S-phenylmercapturic acid (SPMA) and phenol concentration in urine
metabolites of benzene after oral administration for 30 hours.

1. The concentrations of phenol and SPMA in urine were markedly decreased in the
initial phase of the mixed group (both benzene and toluene administered group) as com-
pared with the benzeneonly administered group. and the concentrations were slightly ele-
vated with elapsed time.

2. The total excreted amounts of phenol and SPMA in urine decreased in the mixed
group compared with the benzene-only group. and these decreases were more remarkable
at the benzene administration concentration of 9.02 mg/kg than at 2.26 mg/kg.

3. The urinary excretions of phenol and SPMA were delayed in the case of the mixed
group, and the extent of the delay was dependent on the amount of benzene administra-
tion.

Conclusions : Benzene metabolism was suppressed by toluene. and hence the excretion
of phenol and SPMA as urinary metabolites of benzene was delayed. This result will have
applications in the interpretation of results from future biological monitoring of workers
exposed to mixed solvents. We should not underestimate the importance of carefully
interpreting the results of biological monitoring data when workers are exposed to mixed
benzene and toluene.

Key Words : Benzene, Toluene, Phenol, S-phenylmercapturic acid, Biological monitor-
ing, Exposure assessment of benzene
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WAl (benzene)2 A EotollA] A8 d8=HE &
A2 AA A 10 %= 71Eddd 2=
H(RIVM, 1988). IAd= €AZ F2 AMEEHA
ZRE FH o= et dAdy HAE, FEA, #H<
E AAA A8 o)L&stn Jtt(Marast Lee,
1978: Windholz &, 1983; Gilman &, 1985).
Al Z2A}E0] 7|7t w=E2HW A B 9E
(Rozman &, 1979: Green 5, 1981: Medinsky
. 1994)o1} W™ (Vigliani®} Saita, 1964 Aksoy
19743 2L 2d7] Aelrh vYepdt, 23
o] HAle 3F] ZHAM|E AEFHTE =
doztt (Roh &, 1987). <|8d =4 wj&
o w= AA 983 2l3] (American Conference of
Governmental Industrial Hygienist, ACGIH)
oA WAl Fld W EHADE Hotx 8
AE A7V &7 (Threshold Limit
Value - Time Weighted Average, TLV-TWA)
< 0.5 ppmeZ AF3H o DA =&7|F
(Thres-hold Limit Value-Short Term
Exposure Limit, TLV-STEL) 2.5 ppmo=
- AAsA Axstz JTHACGIH, 2002).
g veke slEgEd 9 g4 A =27
TE, 1998)0ME WAS B FHEH(A)Z
ko] 8AIZE AlIZteH T =E71ES 10 ppmlE
At o) Gt wE3Ee AFHY A &
of xR A= Yt 1Yy HE =5F
oA WAl =& 7|EE 1 ppmo 2 Z3lE oF
olt},

wAle ¥HES 7HeE4 (skin notation)® &
A Y (ACGIH, 2002) S2A59 =EH7E
AAE o @] F71F WAlE 2Pste] EM5kE

c2% BFESH AETH RYEH (bio-
logical monitoring) & 37 &&= Zlo] nigrz
sitt, wlAle Aol Y= hepatic cytochrome
P-450 2E1°] 2l3te] w27 2tate F(Lindstrom
%. 1997) ring-hydroxylation, ring-open ®WH&-
a2]al glutathione@he] EZgwkg-o] tiAlzg & A
At (Snyderet Hedli, 1996: Medeiros 5.
1997: Dor &. 1999: Nedelcheva &, 1999:
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Sukhodub$} Padalko, 1999). ¥wt& oz &gt
A BUE Rl wlAle] 8% UAERR AN
sle A ZE2 ¥ (phenol), S-phenylmercap-
turic acid(e]sl SPMA) Z8]3 trans, trans-
muconic acidelth. -2 v faildArd &
FURAG AAGE (=T, 19974 25 HE

< AAsta nE g geldE SPMAStH

trans, trans-muconic acidE AAETA =ZA|3

X0 M

(biological exposure index, BED & #iLslx
THACGIH, 2002).
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Table 1. Experimental groups and doses of organic solvents administered

Reagents & doses(mg/kg)

Number of rats

Control 6
Benzene 2.26 6
Benzene 2.26 + Toluene 106.42 6
Benzene 9.02 6
Benzene 9.02, + Toluene 106.42 6

Total 30

1. Ao

AT 7-8 Fola, Azl 23010 gl 30wtz
471 Sprague-Dawley 2 & A% HEHA F
AHAAE AR F SPF(Specific Pathogen Free)
55 44 (Divisiion of Laboratory Animal
Medicine, Medical Research Center, Yonsei
University, College of Medicine, Seoul, Korea)
AA AFS 2 23S AR AT
WA 8 BT AT Folwe nlE Ael94%
=E71%(ACGIH, 2002)2 %2 veke] shshs
2t =B, 1998)2 ol &

Q 5—%7]"‘(-1—0‘1‘

2 8 vEke] 8AIZE AIZHE
m¥ ] 219 A3 o) 35
7] o] 2.5 ppmell T
AZ FA| Bt &
s =E2F
g AMgsllt. AT F
ZF(Guyton, 1947), Az
agla AW EF5&(Dean, 1978)%
2 3o (1), ) F(3)2lel o ALtstA. WAl
< 7NF %:E 10 ppmel 3= 9.02 mg/kg
body weight® 2.5 ppmel d@3t= 2. 26
mg/kg body weight2 A4 AT agla 54
£ 71% % 100 ppmel FstE 106.42 mg/kg
body weightZ 273} t}.
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V = Respiratory Volume (cc/min) X60X8 - - (2)

Respiratory
Volume = 2.1 x(Body weight, g)* - - - (3)
(cc/min)
D : A% &% (mg/kg body weight)
K : 718412 AW &8
Vv aHe] 8AT B FU(1)
M : F718A19 £ (g)
C 1 f71&A19 ©AZt 3 &% % (ppm)
L : 71A1747(22,400 cc)
W o 259 AF(ke)

AY TETS
Al Folaroln
ot (Table 1). 2&%
2 BEF 0vEE AN
corn oil2 A3ste] 1 ml/kg body weigh® A+
Folaigith, Foie ¥lwd fu kg curved
ball-tipped gastric inoculation needles AM&-3}
Atk (Baker 5, 1979).
A dFY HdEE AFHE dad Bt st
metabolism cage°l] ¥1 Atg5¢ SEFE ARFEF
A AFAANAS. WA 2 ERAE T3] 24A3F
AREH #H o &2WE AFs] 7184 FoAd &
oz ARgalth Als AFHAARRS dudd
st} ARt om {7184 FoA% 3A17E 114
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Table 2. Gas chromatograph/flame ionization detector operating conditions for phenol

Descriptions Conditions

Instrument HP 6890 series plus

Detector Flame ionization detector

Column Ultra—2(30m x 0.32mm ID x 0.3 wn, HP, USA)
Temperature Injection port : 250

Detector: 250 C

Column oven : 180 C

Carrier gas N2, 1 ml/min
Injection volume 1.0 #
Split ratio 511

Table 3. Gas chromatograph/mass selective detector operating conditions for methylated S-phenylmer-

capturic acid

Descriptions Conditions

Instrument HP 5890 series II - HP 5972

Detector HP 5972 mass selective detector

Column Carbowax 20M(25m X 0.32 mm ID X 0.3 um, HP, USA)
Temperature Injection port : 250

Detector:

Carrier gas
1.0 “
Splitless mode

Injection volume
Split ratio

280 C
Column oven :

120 € for 3 min
7 ¢/min — 220 € for 13min
He 1.0 ml/min

S
Ao }%é‘d uﬂ%—:j—% Kawai®} Horiguchi
(1979)4 PHo 2 jsopropyl etherZ F&3le] 7}
2AZuEOYZ/EFol3 HE7](Gas chro-
matograph/Flame ionization detector, HP
6890 series plus, USA, ¢|3} GC/FID)Z ¥42
sl th(Table 2). A& &1L 7tA~AZnfE 2/
AFAdHZE7] (Gas chrpmatograph/Mass
Selective Detector, HP 5890/MSD 5972,
USA, ©]3F GC/MSD)E °l&3F3tt.

A

i

2) S-Phenylmercapturic acid2| Xz &
WAl 85 dAEEd SPMAS # =]
g 2 WEss st GC/MSDE #4412 3
. 1998). &WARe] A= 4%

=

24
—1’8‘ 01—&
4¢ s
2

ol

o

(Angeror 5

146

2R YWEEFER %‘ﬂi (o phthahc acid)< 7fgt
% ethyl acetate® % =

T 1,500 rppmO.i 487k 9
< FE23 718vES T

jutal
ML
Ach
o
0, _EL

FEgith
uum evaporator)ol
S U Az, SUARES WEE 1.5 miel

3) Creatinine 24

Z AEEY BYEEE HAs] fsle &
At 25 Agolgde F
Oull glAste] o3k &

L
L
fil



=

Ho
on

o4 5F

S BIF A E200] 2F A AP 2R phenollt S-phenylmercapturic acid A0 0[X|&= Hat

Table 4. Concentration of urinary phenol after benzene-toluene administration

Time Control Bz 2.26 mg/kg Bz 2.26 mg/kg Bz 9.02 mg/kg Bz 9.02 mg/kg
+Tol 106.42 mg/kg + Tol 106.42 mg/kg
0 hr 2.62+0.49 4.69+2.00 2.82+0.60 2.41+0.38 1.69+0.72
3 hrs 6.74+1.10 37.26+5.63"" 9.45+0.88 68.54+4.78" 3.66+1.42
6 hrs 2.82+0.60 16.40+3.15 11.27+3.96 45.99+2.66" 14.89+1.86
9 hrs 3.04+0.59 13.17+5.36 11.31+2.77 22.69+1.98 26.57+3.38
12 hrs 5.86+0.53 4.00+0.47* 7.75+1.69 9.96+1.327 16.75+4.56
15 hrs 2.86+0.63 1.98+0.61** 4.06+1.09 3.70+£0.117 7.18+1.46
18 hrs 3.55+0.42 3.73+0.67* 4.88+1.91 3.57+0.317 8.63+3.20
21 hrs 3.18+0.40 3.37+1.10 3.43+0.84 2.68+0.287 3.68+0.53
24 hrs 1.87+0.46 4.17+1.32* 1.74+1.30 1.90+0.21 2.83+0.82
27 hrs 2.01+0.25 2.15+0.45* 3.39+0.63 1.69+0.11 3.44+2.25
30 hrs 2.41+0.38 3.00+1.01 2.75+1.46 2.03+0.16 3.31+2.42

Unit: mg/g creatinine, N=6

** P<0.01; *, P€0.05 by Wilcoxon signed rank test for Bz 2.26 mg/kg and Bz 2.26 mg/kg + Tol 106.42 mg/kg
" P<0.01: ", P€0.05 by Wilcoxon signed rank test for Bz 9.02 mg/kg and Bz 9.02 mg/kg + Tol 106.42 mg/kg

3. SAEH &4

a0y

WA gE FojFy WA-EF9d AT
Az 85 SPMAS} 9] F7t 2|7t vt
= #As] Ysted Wilcoxon signed rank test=

AAledT. BE AREEALE SAS B4 sAE
o] &3t

2 ot
1. EFo| 2F Hl=2| siHdol o|x|= &

F718A7F EgER] e corn oil T Fodt
tzwe 83 dis e Az wel 2 W3 gl
o] 1.87-6.74 mg/g creatinine°|th. WAS
2.26 mg/kgo & ©E T3t 7o Hu 8F &
T F9% 3AAlA 32.76 mg/g creatinine
olglem WAl 2 .26 mg/kgd EFA 106.42
mg/kgS BN T3 £ Hu 2% A FEE
FolF 9r7to|A 11.31 mg/g creatinineo]9lth
(Table 4). WA T 2.26 mg/kgolrles F
T 3ARtA 8% dHE Tl WA-EFQ BA

FolwEn WAl s Foliol A frelaiAl E3ke

= (P€0.01) 2% 12413FA 18413k 7= WAl
UE Fol M WA-EFA BA FelT 2%
AE dEEs BAGHoR folahA wt

(P<0.05).
HWAl 9.02 mg/kgl 2 G5 T3k o Hu 8
Z e sEE FoqF 3A7AA 68.54 mg/g
creatinineclle™ WAl 9 .02 mg/kgd EF<l
106.42 mg/kgS 54 g 2o Ax 2% A=
FolZ 9N Zrol A 26.75 mg/g creatinine
o]t} (Table 4). WA FoA7F 9.02 mg/kgellA
' FoZ Azt 6AZ HAE 8F #HE B0t
HA-EFA B4 FolFHT} WAl G= Fo Fof| A
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—a—Bz 2.26 mg/kg
—a—Bz 2.26 mg/kg + Tol 106.42 mg/kg

4Bz 9.02 ma/kg”

—.aBz 202 mg/kg + Tol 106.42 mg/kg
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Fig. 1. Cumulative excretion amounts of urinary phenol after benzene-toluene

administration.

Table 5. Concentration of urinary S-phenylmercapturic acid after benzene-toluene administration

Time Control Bz 2.26 mg/kg Bz 2.26 mg/kg Bz 9.02 mg/kg Bz 9.02 mg/kg
+Tol 106.42 mg/kg +Tol 106.42 mg/kg

0 hr N.D N.D N.D N.D N.D

3 hrs N.D 5.45+1.19* 0.98+0.30 2.32+0.817 0.87+0.35

6 hrs N.D 4.16+2.38" 2.43+2.15 12.27+4.06 2.18+0.45

9 hrs N.D 1.50+0.68 0.8+£0.04 3.2841.047 1.22+0.64
12 hrs N.D 0.75+0.33 0.49+0.22 1.56+0.46 1.45+0.12
15 hrs N.D 0.32+0.07* 0.53+0.22 0.38+0.127 0.92+0.24
18 hrs N.D 0.13+0.03 0.25+0.15 0.10£0.03 0.14+0.11
21 hrs N.D 0.10+0.01** 0.22+0.07 0.02+0.02 1.06+0.98
24 hrs N.D 0.09+0.01** 0.14+0.04 0.01£0.017 0.45+0.12
27 hrs N.D 0.09+0.01 0.12+0.02 0.01+0.01 0.21+0.19
30 hrs N.D 0.13+0.04 0.14+0.14 0.01£0.027 0.13+0.03

Unit: mg/g creatinine, N=6, N.D. not detected
** P{0.01: *, P<0.05 by Wilcoxon signed rank test for Bz 2.26 mg/kg and Bz 2.26 mg/kg + Tol 106.42 mg/kg
. P<0.05 by Wilcoxon signed rank test for Bz 9.02 mg/kg and Bz 9.02 mg/kg + Tol 106.42 mg/kg

7, P€0.01:

B2 3 9F A= uY b
£ 2.26 mg/kgEtt 9.02 mg/kg? Fol &
e"é‘} | YERsT).

Corn oil W& FJ3l o)
7 BE AR AHANA HEEHRA ek WA oA FoeAl %o (P0.05) 1%
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= WA

SPMA =%

Fo]  2.26 mg/kges &
ol Fo]&F 3A7re A 5.45 mg/g crea-

dmow Fold 1o Hu 8F

tinineollew WAl 2.26
[<)

106.42 mg/kgs A Fodd

o8 el

-phenylmercapturic acid2] SPMA FE& FoF 6411 A

mg/kgd EFA
boael Ha 8%
2.43 mg/g crea-

tinineol"i‘;}(Table 5). WAl T 2,26 mg/kg
SIESES T 3AIZE, 6AIZEIA 25 SPMA 5%
ZToME 23 SPMA 7t ‘%iﬂ Tl BA FATZED WA TE R

1571%F, 21
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Bz 9,02"{119/@

Fig. 2. Cumulative excretion amounts of

benzene-toluene administration.
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24N 7l A= WAl ©E FoT Bt AAd-F
TA FolFe 8% SPMAS vl =7} B
2 fola =4tHP0.05).

HA 9.02 mg/kgl® TGE T T F

6A17tll A 12.27 mg/g creatinineo]¥lom #l
9.02 mg/kgd EF< 106.42 mg/kgs A F
3 o Ha 25 SPMA s5& FolF 6A|7tol|A
2.18 mg/g creatinine°]AtH(Table 5). WAl
% 9.02 mg/kgollAE FoIF A7 A 9A]
A 8% SPMA =7l HIA-E5< 5A] 5o
o WA s FoFA fFo3tA =
(P€0.01) % 15417k, 24A1%F, 30A17tol|A]

s R B dAd-E J%’\]—Er
SPMAS] widsmrl BAACR R =%
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urinary S-phenylmercapturic acid after

!
Aol

I
o SPMAY} 8502 mARE Fol
(Fig. 2). B2 g SPMAS] 7hackte W
Aol Fol % 9.02 mg/kgolH Fol
mg/kgRth S ept

|_
2|_|

2002) A=A wUH

ACGIH, ol g3 =&
Fr7ph dasit. dAlR SEAREC] Al Wl
Ao &2 e dd B42 =IHe A5e A
o] glern g 2453 i =2He 457 o
oty ey AESHA AxE AMRStE s
(=55, 1998)7 SPMAZF WAz 37 =Z==
248 st oW JFE WweA Hr A=
v &8k},

walo] Aol FAEH 1AH o Astag g 7
A3 2% #lEwd SPMAZE AAE7] w2 F+ &
o] Ay z7le 22 Al ARolth olue]
2bstabd & CYP 450 2E19] ©J3te] #lAle] ben-
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zene oxide®} benzene oxepinoz w27 HgE
SH(Lindstrom &, 1997). °]%<9] & A471HL
benzene oxide®] A1 AujFol| eJste] o] Fo
234 FHgE AW mAEH7 w&Ed
(Kenyon %, 1998) ml= Aol d3s A F=
A= WAl Atslapge #ofsl= CYP 450 2E1
o] & olt. SPMAE benzene oxide2] 3 Ejol
A glutathioned XFAE FAdste] =] W&
ol (Dor &, 1999; Nedelcheva &, 1999) SPMA
o] Ao &S F= A At TAt=
CYP 450 2E19} glutathione H%=°]t}.

EFdo] WA hAFEAEQ 25 #HE3 SPMAQ
Aol Qs R AnE AuEd wAdS 2.26
mg/kgl 2 @5 T3k FollME 25 SPMA<H
H o] A7 A M B

A3

S
NN A T2 YEY 835 dAEd
Hiu = ARl oty mgh wiAl
.26 mg/kgo & T3 o aF wHso wid
1719] Bl e @5 F
Al o 3.TAZE o]9lem 235 SPMASC]
i

oy N 1o o

off

e G5 FATEe 1547 ERd B
Fole 2. 1A 2 g wizbvl F B B
i ZdojHcet #WA 9.02 mg/kg G5 Fof &
AS¥e 8% dEse A7 2% SPMAE 6413t
H1u T2 Y ¢ A Fo £ 8
HEo] 9AZE, 85 SPMATE 6AIZteA Ha &
2 U EFAF B =E2He AF &5 9
2 H1u =2 Yehde Alzte] =ARAIT SPMA
o] ASw FHa sEAZre] TE FolTd ZA G
Bl ey WAlE 9.02 g/kglo® T3k o
82 dEe i s HoRt A s v
Tl 1,673, &34 Al Tl 3.141%t0]
Aem 8F SPMAS 7|&= @& FoA72 1.1
AlZtelar EF A B2 2.3A17te2 wjAd
W77 7 B RreA AdEe AR vttt
olglgt A¥e EFF<lo] WAl thate] 27|
Aralag o] #Hofst= CYP450 2E1S SAIsH] o)
2o vebd ddolth(lkeda 5. 1972: Andrews
5. 1977: Purcell 5, 1990). =A& 5(1988)2
GG EATE HEERdd Pt EFA

—_
at
[en]

WAL AAE dgor BA TG Ao WAL

U5 Ro@ R o 83 dse] ghddn A

0] o] 2 ARkE Ase] B A7 AX|ssct
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