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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, Yonsel 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). simultanecusly 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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A (benzene) < AHEokollM de] &85 2
AaA AA AFEFEe 10 %= 7HEde)] T
HRIVM, 1988). #HAe A2 F2 AH-SU
A%k HZoe st ddn HAE, FHaA, #Hd
E AAA 482 o]&dxn dFMara% Lee,

1978; Windholz 5, 1983; Gilman %, 1985).
Al Z2AE0] A7 w2 A B WY

(Rozman 2, 1979; Green %, 1981; Medinsky
. 1994 oIt &Y (Vigliani®t Saita, 1964; Aksoy
, 19743 2& Z2¥7] vt Jdeihdoh, 8 1
To WAL HH FMFo AEHATH =
T do7th (Roh %, 1987). ©l=gd =4 W&
o) m=Z Ak A 2] 3] (American Conference of
Governmental Industrial Hygienist, ACGIH)
dAe WAE e AAHEA(ADRE Fetxn 8
Az AAEHTE =271 (Threshold Limit
Value - Time Weighted Average, TLV-TWA)
S 0.5 ppmeZ AFRoH QAL =27|F
(Thres-hold Limit Value-Short Term
Exposure Limit, TLV-STEL)2 2.5 ppm<=
% AAsHA dAastn JTHACGIH, 2002). +
2 vake] sEgd 3 2ed Qzle =E27|F (=
ER, 1998) e HAlE wad FFEAA)E
3t} 8217 AZI7IEHTE =E71EE 10 ppmeE
et ot GAIE wE71EE AF ] A &

ox off of off

o} vjZRT AAeAE @uh a2 HD wER
ANE WAL wF 7158 1 ppme® 2EHE dF
ol

e FRESF 7FsE4 (skin notation) 2 &
A4 0ol (ACGIH, 2002) <2x159 =2%7HE
&g o) gedl F71F WAE x3sid EA48e
Wimto 2 BEReH AETE ZUEF (bio-
logical monitoring) & &7 Z-&3h= ol uidz
o oAl A fdEE hepatlc cytochrome
P-450 2E19) &j&ted w2 2HEE F(Lindstrom
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28)3 glutathione®te] E3FWHEo] diatahg 2 A
A} (Snyder®t Hedli, 1996; Medeiros %,
1997; Dor 5. 1999; Nedelcheva &, 1999;
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Sukhodub® Padalko, 1999). 9%k
2 RUE Ropf A wlAe] 2F HAIEAR AHE
3t A EE2 H=(phenol), S-phenylmercap-
turic acid(el8t SPMA) 18|31 trans, trans-
muconic acidelth. F8] vl = faldapd =
FAZAD HARE (=FE, 199794 8F dA=
< Asta v=E AP E SPMAS
trans, trans-muconic acid® AETHE =FAE

o2 e

{biological exposure index, BEDZ &3t Sl
HACGIH, 2002).
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1977; Purcell 5, 1990). 1313 &2 AAHA
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Table 1. Experimental groups and doses of organic solvents administered

Reagents & doses (mg/ks)

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. Agohd

AE 7-8 Folx, AZFo] 230+10 gl 307t=e
47 Sprague-Dawley HE AT BREHAAN &
AAAE AX & SPF(Specific Pathogen Free)
=& 434 (Divisilon of Laboratory Animal
Medicine, Medical Research Center, Yonsei
University, College of Medicine, Seoul, Korea)
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T #718A9 AW F4& (Dean, 1978)&
Hiled (1), @ 2 Ao &) Asact WA
71% %% 10 ppmol 3@3E 9.02 mg/kg
body weightet 2.5 ppmol 333t 2.26
mg/kg body weightZ Air=gict, J2jn 34
£ 71% % 100 ppmel #@s= 106.42 mg/kg
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V = Respiratory Volume (c¢/min) X60x8 - - (2)

Respiratory
Volume
(cc/min)

= 2.1 x (Body weight, g% - - - (3)

! AF5S % (mg/kg body weight)
DB EAL] AN FrE
: BF e 8A1ZE ZFE(1)
DRl EA Y EAE (g)
D F718Ae AT B EEE (ppm)
1 713442 (22, 400 co)
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corn oilE FAsted 1 ml/kg body weighZ
Boiglgdct, Fo{ubie vlwd i AAHF curved
ball-tipped gastric inoculation needle® AH&-3t
At} (Baker 5, 1979).
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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 wm, HP, USA)
Temperature Injection port = 250 C

Detector: 250 €
Column oven
Carrier gas N2, 1 ml/min
Injection volume 1.0 H
Split ratio 5:1

180 €

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

capturic acid

Descriptions Conditions

Instrument HP 5890 series IT - HP 5972

Detector HP 5972 mass selective detector

Column Carbowax 20M (25m % 0.32 mm ID x 0.3 wm, HP, USA)
Temperature Injection port . 250 T

Detector-

Carrier gas
1.0 M
Splitless mode

Injection volume
Split ratio

280 T
Column oven

He 1.0 mi/min

120 ¢ for 3 min
7 C/min - 220 € for 13min

2, AlEyy
1) 2F mizel Xzl A 24

WAl JAERQ HES Kawai®t Horiguchi
(1979) ¢ W o2 isopropyl etheri ZZ3e] 7}
agvnEad /8%l 238 %71 (Gas chro-
matograph/Flame ionization detector, HP
6890 series plus, USA, °l3t GC/FID)E £4<&
5}t (Table 2). A& gL rt-azntEagz/
AFEMeA 27 (Gas chrpmatograph/Mass

Selective Detector, HP 5890/MSD 5972,

USA, °]3t GC/MSD) & °]8-3k3l
2 S—Phenylmercaptuno acidel Mg ol 2
B‘!_]xj_]_g] EH/\}-EXMD] SPMA-/] "?‘@,3 1‘/]0}-}‘

33
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Wee 2 Wese st GC/MSDE 43¢
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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 6.74x1.10 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, 32% 16.75+4. 56
15 hrs 2.86+0.63 1.98+0.61** 4,06+1.09 3.70+0.11% 7.18+1.46
18 hrs 3.55+0.42 3.73+£0.67* 4,88+1.91 3.57+0.31% 8.63+3.20
21 hrs 3.18+0.40 3.37£1.10 3.43+0.84 2.68+0. 28" 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.01, *, PL.05 by Wilcoxon signed rank test for Bz 2.26 mg/kg and Bz 2.26 mg/kg + Tol 106.42 mg/kg
* P.01; ¥, P05 by Wilcoxon signed rank test for Bz 9.02 mg/kg and Bz 9.02 mg/kg + Tol 106.42 mg/kg

3, EAEHE 24
WA OE Rl WA-BRd AFATIY

23 SPMAS #lE9 Fx7} 2ol A&7t

2 o

o4&k

1. 8Fdio] 2F wHizol vidof Dixls S

71847t £ A 2 corn oil HE F

a
dzEY 83 Hy $5v A7 v & ¥
o] 1.87-6.74 mg/g creatinineclth, #A
2.26 mg/kgl 2 9% T4i¥ 79 F3 8F HAE
5= BEoE 34174 32,76 mg/g creatinine
olglon WAl 2 26 mg/kgd EFA 106.42
mg/kgs BA B3 9] Hn 8F HE FEE
EoF 9gAIZrelA 11.31 mg/g creatininel AT
(Table 4). WA T4 2,26 mg/kgMe F
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106.42 mg/kes A 54 79 Hx 8% dAs
5% FAF 9A7)A 26,75 mg/g creatinine
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Fig. 1. Cumulative excretion amounts of urinary phenot after benzene-toluene

administration.

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

Bz 9.02 mg/kg
+ Tol 106,42 mg/kg

Bz 2.26 mg/kg Bz 9.02 mg/kg
Tol 106.42 mg/kg

Time Control Bz 2.26 mg/kg
N

0 hr N.D N.D

3 hrs N.D 5.45+1.19*
6 hrs N.D 4,16+2.38**
9 hrs N.D 1.50+0.68
12 hrs N.D 0.75+0.33
15 hrs N.D 0.32+0.07*
18 hrs N.D 0.120.03
21 hrs N.DB 0.10x0.01*
24 hrs N.D 0.090.01**
27 hrs N.D 0.08+0.01
30 hrs N.D 0.13%0.04

N.D N.D N.D
0.98+0. 30 2. 32+9, 81" 0.87+0.35
2.43%2.15 12.27+4. 06% 2.18%0.45
0.840,04 3.28%1. 04% 1.22+0.64
0. 4940, 22 1.56+0.46 1.45+0.12
0.53%0.22 0,380, 19° 0.92+0.24
0.25+0.15 0.10+0.03 0.14x0.11
0, 220,07 0,020, 02 1.06+0.98
0.14:£0, 04 0.010.017 0.45+0.12
0.12+0.02 0.01+0.01 0.21+0.19
{.14:+0.14 0. 010,027 0.1340.03

Unit’ mg/g creatinine, N=6, N.D, not detected
> P01 %, PO.05 by Wikcoxon signed vank test for

Bz 2.26 mg/kg and Bz 2.26 mg/ke + Tol 106.42 mg/kg

® P.01; . PO,05 by Wilcoxon signed rank test for Bz 9.02 mg/kg and Bz 9.02 mg/kg + Tal 106. 42 mg/kg

Ezoo o3 8F d WP His Wl 79
22 2,26 mg/kgEtt 9.02 mg/kgel Fol &%
A Bt Jepdol
9, E20) 2 RE S-phenyimercapturic acid®
afadof alkls AE
Corn il 9Hg Eoj?t dladilres 8% SPMA
7} BE Alg AN dE2EA Gk W

h=
=

2.26 mg/kgd WEoR T Fo Hi 8F
SPMA BEv 5oF 3A13rel4 5.45 mg/g crea-
tininec]gles WA 2 26 mg/kgd EFA
106.42 mg/kge FA FA4@ F¢ H1L 8F
SPMA =5 A% AT 2.43 mg/g crea-
tininec] et (Table 5. WA FosF 2,26 mg/kg
M= B 3A17E 6A7Fd £F SPMA %
7 WAg-ERg BA FFRo WA 9E FAF
oA FalstAl (P.05 2% 15417 21
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Fig. 2. Cumulative excretion amounts of urinary S-phenylmercapturic acid after

benzene-toluene administration.
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©E FAF Hr) HA-E
A ?04%94 2% SPMAQ] WiAd w2t A
F93HA =%THP0.05).

9.02 mg/kgl 2 BE A% #& FAF
6A17FA 12.27 mg/g creatininec|l o HWA

9,02 mg/kg¥} EF9 106.42 mg/kgs FAl T
g 2o A1 2% SPMA T2t FoAF 6AIA
2.18 mg/g creatininec}tHTable 5). WA F
o2 9,02 mg/kgdlAe FAF 3AIA 9AZH
Z 23 SPMA %71 WiA-E84d B FATE
= EO%—?OHH FolstA =eteoH
(P0.01) 1% 15417, 24417F, 30A1ZEelM & wlA
9= R 2u HA-EF FA FAE 2F
SPMAS] wWidFEst SAHcE {34 Edth
(P<0.01).

A FodFo] 2,26 mg/kg?l A dE FoiA
de A =7 3ARIAR EFAA T4 FH
& e A7) AgE o] FAF 6AITeNAM Hu
7 HA9oh 2y WAl Foq%Fe] 9,02 mg/kg
e v5 T3 A% EFAFN FA] FAT
AE BT 6NN Az wEVE HAh FAE
Z7)dE WA ©E FojFe SPMAS wlds=rt
EU7F 15247 o Fole 238 WA-EFA FA
oo 8% SPMAS widFs=rt 5& A% B
At ol Ae EFde] 2% SPMAS wid
£ AdNFT L AtsErt
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Eddl 93l oud Y& weA H AFe
[R:3ca=
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zene oxide®t benzene oxepino Z wh2A A%
THLindstrom %, 1997). °1%9] sy A471A
benzene oxide2] A} AujLe ofste] o] F

A Pz LW wdHr] WE
(Kenyon %, 1998) #Hl& A4 g3 24 F+=
Qzke A AtgEgel #ojstE CYP 450 2E1
o} g4 xolty. SPMAE benzene oxide® el
A glutathione® AL FAJslo] vid=r] &
o) (Dor &, 1999; Nedelcheva &, 1999) SPMA
o] Ao JTE FE ArE AsiyAd Hoddte
CYP 450 2E19} glutathione FXxeo|tt.

EZq0] WA hAEZRQ 85 HEH SPMAY
Ao JEFE v ARE AnEd, WA 2.26
mg/kge g FE 43 Fdie= 8F SPMA%
Hxol] 327N A L T2E 2UAT A
2.26 mg/kg¥ EF4 106.42 mg/kgs T Fo
3 FME 23 SPMAE 673 28l 8% #E
9|7t A Az EE JE 8% UAEIE
H 1 5 EEAZRe] =Xt =3 WAe
26 mg/kgl 2 FA% o] 8F HEe wd v
1718l HrlolME @ R 2 8A%E, ERd
Al B F e 3,747 ollen 2% SPMAS v
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of ¥lgled 2Fo2 widHE HE € SPM
ZF(amount)°] FAsIHon oleg YL

T8 902 mg/kglA 2.26 mg/kgRrh 4
A UEbdl, ol g A gFA Wae #
F(9.02 mg/kg) 2T Foddtd 4F7F ez
E5Ex @n AFrEE A wjdse] e
A9d 5 9ol =g WAe] el FA=T b
sty o) waA 28H o] benzene oxide?t ben-
zene oxepin®Z #H¥ol @ % (Lindstrom %,
1997) Mz o9& gAY S AR 7k = o
AFEA o] R dEol (Snyder?t Hedli, 1996;
Medeiros %, 1997; Dor &, 1999; Nedelcheva -5,
1999; Sukhodub$ Padalko, 1999) #H==3
SPMA°] HAEE HAZE o9 02 F22 §
2 ¢ko] o]FHo Ueld = k. A ¥A e
Zel ¥l ring-hydroxylated metabolites®
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