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Effect of ethanol on phenol and S-phenylmercaptwric acid exeretion

as urinary metabolites of benzene in rats

Chi-Nyon Kim - Jachoon Roh "

Institute for Occupational Health, College of medicine, Yonsei University

This study was conducted to provide accurate biological
monitoring for workers who were exposed to benzene and
ethanol pre-exposed condition. For the purpose of this study,
an animal experiment was conducted to evaluate the effects
of pretreatment of ethanol, which are known to affect
metabolism of xenobiotics, on the excretion of urinary phenol
and S-phenylmercapturic acid (SPMA) in the rats adminis—
tered benzene.

The following concentrations of solvents were adminis—
tered orally to Sprague-Dawley rats: Benzene was
administered 2.26 mg/kg body weight (equal concentration to
25 ppm, TLV-STEL in USA) and 9.02 mg/kg body weight
(equal concentration to 10 ppm, OEL-TWA in Korea). As
well, 1g/kg body weight ethanol was pretreated. Hydrolyzed
phenol and SPMA were analyzed by gas chromatography
~flame ionization detector (GC-FID) and gas chromatography
-mass selective detector (GS-MSD). The quantitative
amount of the urinary metabolites was expressed by
calibration of creatinine.

The concentration of phenol and SPMA decreased
markedly at the initial phase in the ethanol pre-treated group
compared with the control group and the concentration was
slightly  increased with elapsed time. This phenomenon
wasremarkable for the concentration of 2.26 mg/kg than 9.02

mg/kg of benzene administration. The total excreted amount

of phenol and SPMA in urine decreased in the ethanol
pretreated group compared with the control group and this
phenomenon was remarkable for the concentration of 9.02
mg/kg in the control group. Urinary phenol excretion was more
increased in 202 mg/kg benzene and pre-ethanol
administered group compared with the benzene-only
administered group. The urinary excretion of phenol and
SPMA was delayed in the case of the ethanol pretreated
group, and these effects are dependent on the amount of
benzene administration.

Benzene metabolism was suppressed by ethanol, and as a
result, the excretion of phenol and SPMA as a urine
metabolites of benzene was delayed. This result will have
applications in the interpreted of results from future
biological monitoring of drunken workers. It's should not
underestimated that the importance of carefully interpreting
the results of biological monitoring data when workers are
exposed to pre—ethanol consumption before work.
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Table 1. Experimental groups and doses of benzene and ethanol administered

Reagents and doses(mgkg)

Number of rats

Control

Benzene
Benzene
Benzene
Benzene

226
2.26 + Ethanol1000
9.02
9.02 + Ethanol1000

NN DN D

Total

30
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Table 2. Operating condition of gas chromatograph-flame ionization detector

for phenol

Descriptions Conditions

Instrument HP 6890 series plus

Detector Flame ionization detector

Column Ultra-2(30m x 0.32mm ID x 0.3 m HP, USA)

Temperature Injection port : 250 C
Detector 250 C
Column oven : 180 C

Carrier gas N2, | ml/min

Injection volume 1.0 p0

Split ratio 5:1

Table 3. Operating condition of gas chromatograph-mass selective detector
for methylated S—phenylmercapturic acid

Descriptions Conditions
Instrument HP 5890 series 1T - HP 5972
Detector HP 5972 mass selective detector
SIM mode o-Phthalic acid : 163, 194, 92

SPMA : 194, 135, 123, 89
Column Carbowax 20M(25m x 0.32mm ID x 0.3 wm HP, USA)
Temperature Injection port : 250 C

Detector 280 C

Column oven : 120 C for 3min

7 C/min — 220 C for 13min

Carrier gas He 1.0 m{/min
Injection volume 1.0 0

Split ratio Splitless mode

TolNE 87 HE Hi §57t Fol¥
6A1ZFNA] 2023 mg/g creatinine©] (T} Hl
Al o FOIS JAE 21 AR
I 2% Fs FT7) odlghE AR
B} fofhAl =3kou(P<0.01) WHY
S5 T Aol Holx| Yl

HIAll 9.02 mgkg 0185 ofghe A
AN Hil 8F vlE w5t F
S 3AI7FlA 30.67 mg/g creatinine©] %
o] WAl T FoltelAE Hil %
o] 3AIzIo|GItE HAl T ol

A
9
o
=

Fol% 3AITeA 12ARVA] 8% Hls

Table 4. Concentration of urinary phenol by ethanol pretreatment 24 hr before benzene administration

Benzene 2.26 mg/kg

Benzene 9.02 mg/kg

Time Control  Benzene 2.26 mghkg \ “gypanol 1000 mgkg  Be7ene 202 meke phanol 1000 meke
0 hr 2.620.49 4.69£2.00, 2.98+0.38 2412038 2864063
3 hrs 6.74£1.10 37.26+5.63 17282773 68.54+478 1 306741051
6 hrs 2.8240.60 16.40+3.15 202346 47 45.99:2.66" 12,56:3.38
9 hrs 3.0440.59 13174536 7454103 22.69+198" 1151£3.90
12 hrs 5.86+0.53 400£0.47 7.0642.14 9.96+132" 7.97+1.94
15 hrs 2.8640.63 1.98:0.61 44553 48 3.70:0.11 1 7.05£093
18 hrs 3.5540.42 373067, 3084313 3572031 49540 11
21 hs 3.18£0.40 3374110 2654122 268028 4712015
24 hs 1.87£0.46 417132 3.16+0.59 190£021 1 430019
27 hs 2.01£0.25 215045 216071 169£0.11" 342049
30 hrs 2414038 3.00<1.01 2154053 203016 28340 18

* P<0.01 by Wilcoxon signed rank test for benzene(2.26 mg/kg) and benzene(2.26 mg/kg) + ethanol(1000 mg/kg)
T, P<0.01; ¥, P<0.05 by Wilcoxon signed rank test for benzene(9.02 mg/kg) and benzene(9.02 mg/kg) + ethanol(1000 mg/kg)

Unit: mg/g creatinine, Mean+SD (N=6)
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Figure 1. Concentration of urinary phenal after benzene or
benzene-ethanol administration
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Figure 2. Cumulative excretion amounts of urinary phenol after benzene
or benzene-ethanol administration
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Table 5. Concentration of urinary S-phenylmercapturic acid by ethanol pretreatment 24 hr before
benzene administration

Benzene 2.26 mg/kg Benzene 9.02 mg/kg

Time Control  Benzene 2.26 mgke . "pypanol 1000 mgkg Do P02 meke L Rinol 1000 mgke
0 hr ND ND ND ND ND
3 hrs ND 5454119 4304044 230:081" 0.58:0.72
6 hrs ND 4162238, 404064 1227:4.06 4804167
9 hrs ND 1.50:0.68 0.7240.30 308+1.041 11712743
12 frs ND 0.75+033 0.50£0.12 1.56£0.46 2.09:+1 80
15 hrs ND 0.32£0.07 0254012 038£0.12 136:0.96
18 hrs ND 0.130.03 0.0740.06 0.10=0.03 0.94+0.77
21 hrs ND 0.100.01 0.13£0.10 0.020.02" 0.36£022
24 hrs ND 0.09:0.01 0.0740.06 0.0120.01 0432051
27 hrs ND 0.09:0.01 0.1540.12 0.010.01 0.440.44
30 hrs ND 0.1320.04 0224011 0.010.02" 0.48£0.22

* P<0.05 by Wilcoxon signed rank test for benzene(2.26 mg/kg) and benzene(2.26 mg/kg) + ethanol(1000 2mg/kg)
T, P<0.01 by Wilcoxon signed rank test for Bz 9.02mg/kg and Bz 9.02mg/kg+Tol 106.42mg/kg
Unit: mg/g creatinine, Mean+SD (N=6), N.D: not detected
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Figure. 4. CumLlative excretion amounts of urinary S—phenylmercapturic acid
after benzene or benzene—ethanol administration
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