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ABSTRACT 

A simple, accurate and precise isocratic reversed-phase high-performance liquid chromatographic method (HPLC) using ultraviolet 

detection was developed for the determination ofp-chloronitrobenzene @-CNB) and seven of its metaboalites in rat urine. Analysis was 

performed before and after hydrolysis of the urine samples with acid to determine both free and conjugate forms of the mctabolites. An 

equal volume of methanol was added to the urine sample and after centrifugation the mixed solution was injected into a high- 

perfornlan~e liquid ~hromatograph. A column packed with 5-/m octadecylsilane (ODS) spherical particles was used at 30°C. The 

metabolites were divided into three groups, and each group was subjected to three different mobile phase and detection wavelength 

conditions as follows: water-methanol (60:40. v/v) and 250 nm for p-CNB and 2.4-dichloroaniline: 0.005 M phosphate buffer (pH 

3.6)-methanol (76:24, v/v) containing I .2 mM sodium I-octanesulphonate and 240 nm for p-chloroaniline, 2-chloro-5-nitrophenol, 

2-amino-5-chlorophenol, p-chloroacetanilide and 4-chloro-2-hydroxyacetanilide; and 0.005 A4 phosphate buffer (pH 6.0))methanol 

(80:20, viv) and 340 nm for N-acetyl-S-(4-nitrophenyl)-L-cysteine. The response was linear at concentrations less than 200.0 fig/ml (r = 

0.9998) for all metabolites, and the detection limits of each metabolite were between 0.05 and 0.2 /‘g/ml in non-hydrolysed urine. 

Analysis of the spiked samples demonstrated good accuracy and precision of the method in both intra- and inter-day assays. Storage 

stabilities ofp-CNB and its mctabolites at - 20°C 4°C and room temperature were examined for both neutral and acidic urine samples. 

This method was also shown to be applicable to toxicokinetic study of p-CNB following administration to rats. 

INTRODUCTION 

~-Chloronitrobenzene t’~-CNB) is widely used 
as an intermediate in the synthesis of azo and 
sulphur dyes and as a raw material for pesticides 
and medicines. However, p-CNB causes methae- 
moglobinaemia in humans and animals [1,2]. 
Further, p-CNB is weakly mutagenic in the Ames 
test 131 and shows some carcinogenic activity in 
mice [4]. Therefore, it is very important to be able 
to measure the amounts of p-CNB absorbed by 
subjects poisoned by it or by workers exposed to 
it. The amounts of hazardous substances ab- 
sorbed are commonly monitored by measuring 
the urinary metabolite levels. However, there are 

only a few reports concerning the metabolism of 
p-CNB in rabbit [5], yeast [6] and isolated hepa- 
tocytes [7] and on the determination of the me- 
tabolites. Corbett and Corbett [6] described a 
method for the determination ofp-CNB metabo- 
lites by high-performance liquid chromatography 
(HPLC) in a culture medium of incubated yeast 
with @ZNB. In addition, Rickert and Held [7] 
determined the metabolites in a solution of isolat- 
ed rat hepatocytes incubated with radiolabelled 
p-CNB by HPLC using radioactivity detection. 
In both methods, the samples for analysis were 
relatively clean and the metabolites were eluted 
with a gradient solvent system. Therefore, these 
methods do not seem to be suitable for the deter- 
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mination ofp-CNB metabolites in urine samples, 
which contain many endogeneous components, 
from workers exposed to P-CNB and subjects 
poisoned by it. 

We previously identified urinary metabohtes in 
rats treated with p-CNB [S] and in subjects with 
acute p-CNB poisoning ]9] using gas chromatog- 
raphy-mass spectromet~. Eight metaboIites, 
2,4-dichloroaniline, ~-chloroaniline, 2-chloro-5 
nitrophenol, 2-amil~o-5-chlorophenol, p-chioro- 
acetanilide, 4-chloro-2-hydroxyacetanilide, N- 
acetyl-S-(4-nitrophenyl)-r*-cysteine and p-chloro- 
formanilide, were detected in the urine of both 
the rats and the subjects. Traces of unchanged 
p-CNB were also found in the rat urine. The p- 

chloroformanilide detected in both urine samples 
was considered to have resulted from pyrolysis of 
a substance originating from p-chloroaniline, a 
p-CNB metabolite, in the injection port of the gas 
chromatograph [lo]. Further, the metabolic 
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pathway ofp-CNB in humans as shown in Fig. I 

was deduced from the above reports concerning 
the metabolism of p-CNB [9]. In rats, p-CNB 
seems to be excreted in urine through the same 
metabolic pathway as that in humans because the 
same metabolites were found in both urine sam- 
ples. 

This paper describes a simple, accurate and 
precise method for measuring p-CNB and its sev- 
en metabolites, except ~-chloroformanilide~ in 
urine by isocratic reversed-phase HPLC. 

EXPERIMENTAL 

Chemicals 
p-CNB and p-chloroaniline were obtained 

from Tokyo Kasei Kogyo (Tokyo, Japan), p- 
chloroacetanilide from Aldrich (Milwaukee, WI. 
USA) and N-acetyl-S-(4-nitrophenyl)-L-cysteine 
from Toshin Gousei Kogyo (Tokyo, Japan). 2- 
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Fig. I. Metabolic pathway of/~-chloronitrobenzene @-CNB) in humans. I = p-CNB; 11 = 2-chloro-5-nitrophenol; Ill = N-acetyl-S-(4- 

nitrophenyl)-L-cysteine; IV = ~-c~loroaniline; V = 2,4-dichloroaniline; VI = 2-amino-5-chloropi~e~~ol; VII = ~-chloroacetanillde: 

VIII = 4-chloro-2-hydrox~ce~nilide~ IX = ~-chloroformaniIide. IX resulted from pyrolysis of a precursor originating from IV at the 

injection port of the gas chromatoyraph. Dashed arrows: it was not clear whether VIII was formed by N-acetylation of VI or 

hydroxylation of VII. This figure is taken from ref. 9. 
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Chloro-5-nitrophenol, 2-amino-5-chlorophenol 
and 4-chloro-2-hydroxyacetanilide were synthe- 
sized as described previously [l I]. Other chem- 
icals were purchased from Yoneyama Yakuhin 
Kogyo (Osaka, Japan) or Wako (Osaka, Japan). 
Methanol was of liquid chromatographic reagent 
grade. All other chemicals were of analytical-re- 
agent grade and were used as received. Water for 
the experiments had been deionized and distilled. 

Equipment 
The liquid chromatograph was assembled 

from components primarily from Hitachi (To- 
kyo, Japan), and included a Model L-6200 in- 
telligent pump, a Model 655A-52 column oven, a 
Model L-4000 UV detector and a Model D-2500 
chromate-integrator. The injector was a Rheo- 
dyne (Cotati, CA, USA) Model 7125 chromato- 
graphic injector with a 20-pl injection loop. A 
supersonic bath was used to degas the mobile 
phase (Transsonic T570, Elma, Singen, Germa- 
ny). A Tomy Seiko (Tokyo, Japan) Model 
MC-15A centrifuge was used. The vortex mixer 
was purchased from Iuchi (Osaka, Japan). 

Chromatographic conditions 
p-CNB and its metabolites were separated 

from urine using an analytical column, Li- 
Chrospher RI?-Select B (125 mm x 4 mm I.D., 5 
pm particle diameter) (Merck, Darmstadt, Ger- 
many), protected by an RP-Select B guard col- 
umn (4 mm x 4 mm I.D.). The guard column 
was replaced with a new one after the analysis of 
about 200 samples. The water for the mobile 
phase was filtered through an Advantec cellulose 
nitrate membrane filter (0.45 pm pore size) (Toyo 
Roshi Kaisha, Tokyo, Japan). The urine samples 
were subjected to three different mobile phase 
and detection wavelength conditions for absorp- 
tion measurement, as follows: system I for p- 
CNB and 2,4-dichloroaniline, water-methanol 
(60:40, v/v) and 250 nm; system II for p-chloro- 
aniline, 2-~hloro-5-nitrophenol, 2-amino-5-chlo- 
rophenol, p-chloroacetanilide and 4-chloro-2-hy- 
droxyacetanilide, 0.005 M phosphate buffer (pH 
3.(i)-methanol (76:24, v/v) containing 1.2 mM 
sodium 1 -octanesuIphonate as paired ion and 240 

nm; and system III for N-acetyl-S-(4-nitrophen- 
yl)-L-cysteine, 0.005 M phosphate buffer (pH 
4.0)-methanol (80:20, v/v) and 340 nm. All mo- 
bile phases were prepared freshly on the day of 
analysis and subjected to vacuum and supersonic 
degassing. Each isocratic mobile phase was 
pumped at 1 .O ml/min. The column temperature 
was maintained at 30°C in all analytical systems. 
A 20-pl urine sample was injected into the chro- 
matographic system with a Rheodyne injection 
valve. 

Standard solutions of p-chloronitrobenzene and its 
metabolites 

Each stock standard solution of p-CNB and its 
metabolites was prepared separately by dissolv- 
ing 100.0 mg of the compounds in methanol in 
lOO-ml volumetric flasks. These stock solutions, 
except p-chloroaniline and 2-amino-5-chlorophe- 
no1 solutions, could be stored under shielded 
light at 4°C for up to two weeks. The stock solu- 
tions of ~-chloroaniline and 2-amino-5-chloro- 
phenol were prepared freshly on each day of 
analysis. Equal volumes of the stock standard so- 
lutions of p-CNB and 2,4_dichloroaniline were 
combined, and working standard solutions of the 
two compounds were prepared by diluting the 
mixed solution, equivalent to 500.0 pgjml of each 
compound, with methanol to yield concentra- 
tions of 0.20, 0.50, 1.0, 2.0, 5.0, 10.0, 20.0, 50.0, 
100.0 and 200.0 pg/ml (standard solutions I). 
Working standard solutions of a mixture of p- 
chloroaniline, 2-chloro-5nitropheno1, 2-ami- 
no-5-chlorophenol, p-chloroacetanilide and 4- 
chloro-2-hydroxya~etanilide (standard solutions 
II) and of N-acetyl-S-(4-nitrophenyl)-r_-cysteine 
(standard solutions III) were prepared in the 
same manner. Each standard solution was pre- 
pared freshly on each day of analysis. 

Ani~~al~ and ~arnp~e ~oile~tion 
Male Sprague-Dawley rats were purchased 

from Japan SLC (Shizuoka, Japan). Urine sam- 
ples from rats treated and untreated with p-CNB 
were collected using Clea (Osaka, Japan) Model 
CL-0304 metabolic cages. Food (Laboratory 
Chow MF, Oriental Yeast, Japan) and water 
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were available to all animals ad libifum. Before 
the subsequent experiments, the urine samples 
obtained were centrifuged at 2000 g for 15 min. 

Sumple pwpuration 
Each urine sample was subjected to analysis 

before and after hydrolysis to determine both 
free and conjugate forms of the metabolites. 

Free p-CNB und its metaholites. A urine sam- 
ple (cu. pH 6-7) of 0.5 ml was decanted into a 
1.5~ml polypropylene snap-cap conical-bottomed 
centrifuge tube (Bio Plastics, Osaka, Japan) and 
diluted with 0.5 ml of methanol. The mixture was 
vortex-mixed for 30 s and then centrifuged for 15 
min at 3000 g, and the supernatant was passed 
through an Advantec PTFE-type disposable sy- 
ringe filter (DISMIC-13jp, 0.50 pm pore diame- 
ter) (Toyo Roshi Kaisha) to remove proteins and 
other particulate matter. 

Total cfiee plus corzjugated) p-CNB and its me- 
tubojites. A l-ml urine sample was hydrolysed 
with 0.1 ml of concentrated hydrochloric acid for 
1 h at 100°C in a screw-capped tube for mea- 
surement of total (free plus conjugated) amounts 
of urinary p-CNB and its metabolites, 2,4-dichlo- 
roaniline, p-chloroaniline, 2-chloro-5-nitrophe- 
no1 and 2-amino-5-chlorophenol, and cooled to 
room temperature. The hydrolysate was neutral- 
ized by adding 0.24 ml of 5 M sodium hydroxide 
solution and was centrifuged for 15 min at 3000 
g. A 0.5~ml volume of the supernatant was de- 
canted into the centrifuge tube and subsequent 
treatment was done in the same manner as above 
for free p-CNB and metabolites. 

Calibration 
Each standard solution (0.20-200.0 pg/ml) of 

p-CNB and its metabolites (standard solutions I. 
II and III) was combined with an equal volume of 
water, and 20-pl aliquots of the mixed solutions 
were analysed by the present HPLC method to 
construct calibration graphs for the determina- 
tion of each metabolite in the urine samples. 

p-CNB and its metabolite concentrations in 
the urine samples were calculated by interpola- 
tion from the linear least-squares regression line 
of the multi-level calibration plot of peak areas of 

p-CNB and metabolites VL’Y~U.~ these concentra- 
tions in the calibration standard solutions. 

The recoveries of the free forms of p-CN B and 
its metabolites (p-chloroaniline, 2,4-dichloroani- 
line, 2-chloro-5nitrophenol and 2-amino-5-chlo- 
rophenol) from urine samples were calculated by 
heating known amounts (1.0, 5.0, 20.0 and 100.0 
pug/ml) of these compounds added to urine free of 
p-CNB and its metabolites (control urine) in or- 
der to examine the degradation or disappearance 
of each hydrolysed compound (free form) by 
heating. 

StahilitJ. of’p-CNB nnd its metuhoiitrs in necrt~ul 
und acidic urine samples 

Stabi1it.y in neutral urine sump/e. About 1 .O mg 
of each authentic standard ofp-CNB and the mc- 
tabolites was added separately to 50 ml of control 
urine (CU. pH 6-7). Each urine solution was 
transferred in 1 -ml portions into 25 brown screw- 
capped vials. The contents of each screw-capped 
vial were analysed immediately after the prepara- 
tion of each metabolite. The concentrations de- 
termined were considered to be those of p-CNB 
and its metabolites at time zero. The remaining 
vials were randomly separated into three groups 
of eight. Each vial was stored at - 20°C 4°C or 
room temperature until analysis, and its contents 
were analysed periodically. 

Stability in acidic urine sumpk. About 1 .O mg 
of each authentic standard was added separately 
to 50 ml of control urine, and each urine solution 
was made acidic with 5 ml of 1 A4 hydrochloric 
acid. The urine solutions were treated in the same 
manner as the above neutral urine samples. The 
contents of each vial were analysed periodically 
after neutralization with 1 M sodium hydroxide 
solution. 

Application 
Six rats were used when ten weeks old and 

weighing 337 f 30 g (mean & S.D., n = 6). 
After each rat had been placed in a metabolic 
cage for one week for acclimatization, a single 
dose of 100 mgjkg body mass of p-CNB diluted 



in olive oil was injected i~tra~eritoneally. The 
urine from the rats was collected after t&6, 6- 
27.5, 27.5-50, 50-71, 71-95 and 95-120 h, and 
p-CNB and its metabolites in the urine samples 
were determined by the proposed method. 

RESULTS AND DISCUSSION 

Typical chromatograms of a sample prepared 
from rat urine spiked with p-CNB and 2,4-di- 
chloroaniline and of a control urine sample under 
the system I conditions, are shown in Fig. 2A and 
B, respectively. The retention times of p-CNB 
and 2,4-dichloroaniline were 12.5 and 18.6 min, 
respectively. Similarly, chromatograms of p-chlo- 
roaniline, 2-chloro-5-nitrophenol, 2-amino-5 
chlorophenol, p-chloroacetanilide and 4-chlo- 
ro-2-hydroxyacetanilide under the system II con- 
ditions and of N-acetyl-S-(4-nitrophenyl)-L-cys- 
teine under the system 111 conditions are shown 
in Figs. 3 and 4, respectively. The retention times 
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Fig. 2. Typical chromatograms of (A) a sample prepared from 

rat urine spiked with (I) p-CNB and (2) 2,4-dichloroaniline (20 

htg/ml each) and (B) a control urine sample. HPLC conditions: 

mobile phase, water-methanol (60:40, v/v); analytical column, 

LiChrospher RP-Select B (12.5 mm x 4 mm I.D., 5 pm particle 

diameter) protected by an RP-Select B guard column (4 mm x 4 

mm I.D.); flow-rate, 1.0 ml/min; column oven temperature, 

30°C: injection volume, 20 ~1; detection wavelength, 250 nm; de- 

tector attenuation, 5 mV full-scale. 
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B 

Fig. 3. Typical chronlatog~~ms of (A) a sample prepared from 

rat urine spiked with (I) 4-chloro-2.hydroxya~etanilid~, (2) 2- 

amino-%chiorophenol, (3) p-chloroaniline, (4) p-chloroacetani- 

lide and (5) 2-chloro-5nitrophenol (20 pg/ml each) and (B) a 

control urine sample. HPLC conditions: mobile phase, 0.005 M 

phosphate buffer (pH 3.6)-methanol (76:24, v/v) containing 1.2 

mM sodium I-octanesulphonatc; detection wavelength, 240 nm; 

other conditions as in Fig. 2. 

A 

;) _ 
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J- 
Fig. 4. Typical chromatograms of (A) a sample prepared from 

rat urine spiked with N-acetyl-S-(4.nitrophenyl).L-cysteine (20 

pg/ml) and (B) a control urine sample. HPLC conditions: mobile 

phase, 0.005 M phosphate buffer (pH 6.0)-methanol(80:20, v/v); 

detection wavelength, 340 nm; other conditions as in Fig. 2 
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of 4-chloro-2-hydroxyacetanilide, 2-amino-5 
chlorophenol, p-chloroaniline, p-chloroacetani- 
lide and 2-chloro-5-nitrophenol were 15.6, 17.4, 
19.9, 27.4 and 28.9 min, respectively, and that of 
N-acetyl-S-(4-nitrophenyl)-~-cysteine was 5.X 
min. The sections of the chromatograms where 
XI-CNB and its metabolites were eluted were free 
from interfering peaks under all analytical condi- 
tions (system I, II and III conditions). Therefore, 
the present chromatographic method appears to 
be satisfactory for the determination of p-CNB 
and its metabolites in rat urine. 

Statistical calculations at the 99% confidence 
interval showed that the slopes of the calibration 
graphs that were obtained after combining the 
standard solutions of p-CNB or each metabolite 
with an equal volume of control urine or water 
were identical for all the compounds. Therefore, 
mixed solutions of the standard solutions and 
water could be used as standard calibration solu- 
tions. For each calib~dtion standard, the correla- 
tion coefficient of the normal linear regression 
lines was better than 0.9998 (n = 10). 

Precision and accurac~~ 
The precision and accuracy of the method were 

demonstrated by repeated analysis of urine 
spiked with each authentic standard. Six, seven 
or eight aliquots of pooled control urine spiked 
with each standard substance at different concen- 
trations are shown in Figs. 5 and 6. Fig. 5 shows 
the assays performed on the same day and Fig. 6 
shows the reproducibility of the assays from day 
to day. The precision of this method is indicated 
by the coefficients of variation (C.V.) in the stud- 
ies with replicate assays (n = 6), and the accuracy 
of the method is indicated by the error of assayed 
samples relative to their spiked concelltrations. 
The C.V. values of many compounds tended to 
increase at low concentrations of the compounds. 
but were less than 1 O%, which indicates good re- 
producibility, for all concentrations of each com- 
pound in both intra-day and inter-day assays. 
The accuracy of the intra-day assay was good, all 
errors being less than f lo%, with many points 

being less than f 5% for most of the compounds. 
Similar results were obtained for the inter-day as- 
says. The accuracy and precision for the N-ace- 
tyl-S-(4-nitrophenyl)-L-cysteine analysis were 
particularly good in both intra- and inter-day as- 
says. These results showed that the present meth- 
od can offer excellent accuracy and precision. 
with satisfactorily reliable data. 

Recovery and detrction limit 
The urine samples were hydrolysed for the de- 

termination of conjugated p-CNB and the metab- 
olites (2,4-dichloroaniline, ~-chloroaniline, 2- 
chloro-5-nitrophenol and 2-amino-5-chlorophc- 
nol). These conjugated metabolites were consid- 
ered to be hydrolysed completely by heating the 
urine samples for 1 h at 100°C with one tenth the 
volume of concentrated hydrochloric acid be- 
cause the amounts of these compounds (free 
forms) in urine, containing high concentrations 
of them, from rat dosed with I?-CNB did not in- 
crease under more severe conditions for hydro- 
lysis of the conjugates. In order to measure the 
amounts of these compounds (free forms) that 
disappeared from the urine and of the com- 
pounds degraded by heating, the variabilities in 
the recoveries of these compounds from urine 
were investigated by spiking control urine sam- 
ples with known amounts of the compounds fol- 
lowed by heating the samples for 1 h at iOO”C in 
an oil-bath. As shown in Fig. 7, each experiment, 
with six replicates, gave recoveries between 94 
and 106%, indicating adequate recoveries, and 
the standard deviations were less than 9% for all 
concentrations studied for all metabolites. There- 
fore, the metabolites (free forms) were considered 
to be stable on heating under the hydrolysis con- 
ditions. 

The recoveries ofp-CNB and its seven metabo- 
lites from non-hydrolysed urine samples were ap- 
proximately complete according to the above 
precision and accuracy experiments. 

The detection limits of p-CNB and its mctabo- 
lites in non-hydrolysed urine using this method at 
a signal-to-noise ratio of 21 were 0.05 pg/ml for 
2,4-dichloroaniline, p-chloroacetanilide and N- 
acetyl-S-(4-nitrophenyl)-L-cysteine, 0.1 Lcglml for 
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A.PRECISION 

p-CNB 2,4-DCA p-CA Z-C-5-NI 

6. ACCURACY 

.A-5CP’ p-CAA 

p-CNB M~TABOLITE 

C-2-HAA ANPC 

p-CNB 2,4-DCA P-CA 2-C-5-NP 2-A-5CP p-MA 46-2-HAA ANPC 

p-CNB METABOLITE 

SPIKED CONCENTRATION @g/ml) 

Fig. 5. In&a-day (A) precision and (B) accuracy of the method (n = 6). p-CNB = y-chloronitrobenzene; 2,4-DCA = 2,4-dichloroani- 

line; p-CA = p-chloroaniline; 2-C-5-NP = 2-chloro-5-nitrophenol; 2-A-5-CP = 2-amino-5-chlorophenol; p-CAA = /I-chloroacetani- 

lide; 4-C-2-HAA = 4-chloro-2-hydroxyacetanilide; ANPC = N-acelyl-S-(4-nitrophenyl)-L-cysteine. 
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A.PRECISION 
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B. ACCURACY 
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Fig. 6. Inter-day (A) precision and (B) accuracy of the method (II = 6). p-CNB = p-chloronitrobenzellc~ i. 3 4.DCA = 2.4.dichloroani- 

hne; p-CA = p-chloroaniline; 2-C-5-NP = 2-chloro-Snitrophenol; 2-A-5-CP = 2-amino-5-chlorophenol; p-CAA = p-chloroacetani- 

lide; 4-C-2.HAA = 4-chloro-2.hydroxyacetanilide: ANPC = N-acetyl-S-(4.nitrophenyl)-L-cysteine. 

p-CNB, p-chloroaniline. 2-chloro-Snitrophenol Storage stability> 
and 4-chloro-2-hydroxyacetanilide and 0.2 &ml The stabilities of p-CNB and its metabolites at 

for 2-amino-Schlorophenol. - 2O”C, 4°C and room temperature were evaluat- 
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pCNB 2,4-DCA PCA 2-C-S-NP 

p-CNB METABOLITE 
2-A-5-CP 

SPIKED CONCENTRATION (~~~~~ 

I31 q 5 gJ20 Ml00 

Fig. 7. Recoveries ofp-CNB and its mctabolites from urine heat- 

ed for hydrolysis. Values are means + S.D. (n = 6). p-CNB = 

~-chlor~)nitrobenzene~ 2,4-DCA = 2,4-dichloroaniiille~ p-CA = 

p-chloroaniline; 2-C-5-NP = 2-chloro-5nitrophcnol; 2-A-5-CP 

= 2-amino-Schlorophenol. 

ed for both neutral and acidic urine samples from 
rats, and the results are shown in Fig. 8. Most of 
the metabolites were demonstrated to be more 
stable at low temperature. p-CNB, 2,4-dichloro- 
aniline and ~-~hloroaniline were most stable in 
frozen (- 20°C) acidic urine samples, but the 
losses of p-CNB from the urine were ca. 10 and 
45% over one week and one month, respectively, 
under these storage conditions. 2-Amino-5-chlo- 
rophenol decreased rapidly with time at all stor- 
age temperatures in neutral urine samples, and 
disappeared completely in two weeks at room 
temperature. On the other hand, in acidic urine, 
it was relatively stable. 2-Chloro-5-nitrophenol 
was fairly stable under all storage conditions for 
one month. Both p-chloroacetanilide and 4-chlo- 
ro-2-hydroxyacetanilide were more stable in neu- 
tral than acidic urine samples. No significant deg- 
radation in frozen neutral urine samples were ob- 
served during one month. In frozen acidic urine, 
p-chloroacetanilide and 4-chloro-2-hydroxyacet- 
anihde were relatively stable for one week, but 20 
and 30%, respectively, were lost in one month. 
These results show that urine samples can be 
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stored in an acidic state by freezing at -20°C 
until analysis. However, the analysis should be 
done as soon as possible after sampling. 

B.2,4-DICHLOROANILINE 
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D. 2-CHLORO-5- 
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- Acidic RT ; - Acidic 4°C ; - Acidic -20°C ; 

Fig. 8. Stabilities of p-CNB and its metabolites at - 2o”C, 4°C 

and room temperature (RT) in acidic and neutral urine samples. 

The concentration of each compound just before storage (time 

zero) was set at 100% (each compound, UI. 20 pg,‘ml). 
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TABLE I 

TOXIC’OKINETIC PARAMETER ESTIMATES FOR RATS TREATEDS INTRAPERITONEALLY WITH p-CNB (100 n&kg) 
- 

Metabolite X’ Percentage of dose’ MRT 

(h%)” (h)’ 

IYot~-h~~t/rol~~.sed urk (fj_w) 

4-Chloro-2-hydroxyacetanilide 604 I 2 I 7 2.23 * 0.76 41.4 i 3.85 

N-Acetyl-S-(4-nitrophenyl)-L-cysteine I5 246-22 025 29.55 + 2.42 23.1 + 2.73 

H~~rlrol~~,vrti uritw ~frw + mjuptrd) 

2.4-~ichl~r~~niline 337-691 1.40 f 0.29 25.4 & 3.12 

~-Chlor[?~tlilille 1632-2095 6.68 f 0.71 34.5 * 3.60 

2-Chloro-5-nitropheiiol 2762-5502 9.77 + 1.80 27.5 i 2.80 

2.Amino-S-clllorophenol 3928 -4554 14.12 ;t 1.13 28.0 + 2.73 
_ _...~. 

‘+ Cumulative urinary excretion amount at infinite time of each metabolite. Values are maxima and minima for six rats. 

h Each compound was converted into p-CNB equivalents to calculate the percentage ol’ dose excreted. Mean i S.D. (II = 6). 

’ Mean residence time of each metabolite in the body. Mean f S.D. (II = 6). 
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