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Metabolism of inhaled ethylbenzene in rats

by Kerstin M Engstrém, PhL!

ENGSTROM KM. Metabolism of inhaled ethylbenzene in rats. Scand J Work Environ Health 10 (1984)
83—87. Male Wistar rats were exposed to ethylbenzene (0, 300, or 600 ppm for 6 h), and the metabolic
fate of the compound was elucidated on the basis of the biotransformation products found in the urine.
Fourteen different compounds thought to originate from ethylbenzene were identified. The main metabo-
lites were 1-phenylethanol, mandelic acid, and benzoic acid. The metabolic conversion proceeded mainly
through oxidation of the side chain, whereas ring oxidation seemed to be of minor importance. At the
exposure level of 600 ppm, only 6 % of the amount absorbed was eliminated in the urine during exposure.
During the period of 48 h from the onset of exposure, the total urinary elimination was 59 %. The
corresponding values at 300 ppm were 13 and 83 %.
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The basic application of ethylbenzene is for the pro-
duction of styrene. However, a large amount is also
consumed in connection with the use of xylene, as
approximately 15 % of technical xylene is ethylben-
zene (12). Occupational exposure to ethylbenzene dur-
ing the production of styrene is unlikely, whereas the
use of xylene can cause workers’ exposure to ethyl-
benzene. The metabolism of xylene has been studied
extensively (4), but no complete overview of the
biotransformation of ethylbenzene is available. The
first study on this topic, published in 1923, reported
that mandelic acid is formed from ethylbenzene in
vivo (15). This conversion has later been demonstrat-
ed to occur in rats via l-phenylethanol and aceto-
phenone (6, 14). 1-Phenylethanol, mandelic acid, and
phenylglyoxylic acid have been found in the urine of
humans exposed to ethylbenzene (2).

The present study was done to obtain pertinent in-
formation on the metabolic fate of ethylbenzene in
rats. Urine was chosen as the object of investigation
mainly because the low concentrations of metabolites
in the blood make their identification and measure-
ment too difficult. The aim of the study was to identify
the chemical structure of the metabolites excreted in
the urine and to obtain quantitative data on the total
mass balance; this objective can be achieved with
thorough assays of the metabolite profile. Thus also
intermediates and minor metabolites were sought.
Their measurement may also be of interest from a
toxicologic point of view.
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Material and methods

Experimental design
Eighteen male Wistar rats (310—395 g) in groups of
six animals each were exposed in identical dynamic
exposure chambers (1 m®) to 0, 300, or 600 ppm of
ethylbenzene (99 % pure, Fluka Ag, Switzerland) for
6 h. The concentration was reached in the chamber air
by the automatic feeding of air saturated with ethyl-
benzene into a stream of fresh air, which was then
pumped into the chamber. A feedback control system
maintained the desired concentrations. The concentra-
tion in each chamber was continuously recorded with
an infrared Miran 1 A spectrophotometer (Wilks
Scientific Corp, South Norwalk, the United States).
The chamber air was exchanged at the rate of S m*/h.
Because rats are nocturnal animals, they were
adapted to an inverted 12-h daylight rhythm so that
their exposure took place during the workday. Food
but not drinking water was withheld during exposure.
As the six rats of each group were housed together in
two metabolic cages, the pooled urine gave the result
for the respective group. The urine was collected
0—6, 7—24, 25—30, and 31—48 h after the exposure
began. All samples were immediately frozen and kept
at —18°C until analysis.

Analytical methods

Mandelic and benzoic acids (obtained by the alkaline
hydrolysis of hippuric acid) were extracted from the
urine by diethylether, silylated, and analyzed by gas
chromatography (8, 9). Modifications of the methods
were applied for the determination of phenylglyoxylic
and phenylacetic acids (obtained by the alkaline hy-
drolysis of phenaceturic acid). These modifications
are described in detail in another paper (7), which
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also reports the methods used to analyze the other
compounds monitored in the urine. The principle of
the latter-mentioned methods is as follows: the mon-
itored compounds are liberated by enzymatic hydrol-
ysis, extracted from the urine by diethylether or di-
chloromethane, and analyzed by capillary chroma-
tography. The identity of the compounds was always
verified by combined gas chromatography-mass spec-
trometry (LKB-9000); thus the mass spectral data of
unknown peaks were compared with those of reference
compounds. The specificity of the chromatographic
peaks was checked simultaneously. For those com-
pounds which are also normal urinary constituents,
the values obtained for the exposed groups were cor-
rected for the base excretion rates of the control
group.
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Figure 1. Cumulative excretion of ethylbenzene metabolites
in the urine. The percentage of the dose was calculated on a
molar basis.

Urinary thioethers were assayed according to the
method of van Doorn et al (5) as described by Heino-
nen et al (10). The molar amounts of -SH- groups
liberated by alkaline hydrolysis were detected with
the Ellman reaction, ie, the dithiobisnitrobenzoic
acid reaction. Known amounts of N-acetyl-S-benzyl
cysteine, used as the standard, were added to water
and processed in a manner identical to the procedure
used for urine samples.

Results

In the estimation of the absorbed dose, the uptake of
ethylbenzene was assumed to occur at a constant and
continuous rate over the entire 6-h exposure period.
It was also assumed that the absorbed proportion of
the inhaled ethylbenzene at both exposure levels was
60 %, a figure derived from studies on humans (2; Rii-
himéki et al, unpublished results). This fraction,
combined with the average minute volume of 0.127 |
(tidal volume of 1.5 ml times a respiration rate of 85
breaths/min) and the concentration of ethylbenzene
in the inspired air, ie, 300 ppm (12.3 pmol/1) or 600
ppm (24.6 umol/l), resulted in a total absorbed dose
of about 900 yumol/kg or 1,800 umol/kg, respectively.
When the exposure level was 300 ppm, the metabolites
of ethylbenzene excreted in the urine within 48 h after
the onset of exposure amounted to 83 %, with 13 %
eliminated already during the 6-h exposure period.
The main part, 60 %, was found in the first post-
exposure sample (7—24 h) (figure 1). The higher ex-
posure level (600 ppm) did not, however, result in a
corresponding increased excretion of metabolites.
Only 6 % of the absorbed dose was excreted in the
urine during exposure. During the entire 48-h period
that urine was collected, the urinary excretion was
59 % (figure 1). For these mass balance estimations,
the values of the exposed groups were corrected for
the control group’s base excretion of benzoic and
phenylacetic acids.

Table 1. Elimination rates of the main metabolites of ethylbenzene in the urine during and after exposure.

Excretion rate (umol - h—' - kg—")

) Exposure
Metabolite Pt 0—6 h 0—18h 19—42 h
during exposure after exposure after exposure
1-Phenylethanol 300 10.7 6.3 0.3
600 113 9.4 0.9
Mandelic acid 300 0.9 7.1 1.7
600 0.8 9.8 5.4
Phenylglyoxylic acid 300 0.22 31 0.7
600 0.45 3.8 21
Phenylacetic acid Control 2.6 26 2.2
300 76 4.0 21
600 78 4.2 2.8
Benzoic acid Control 21 12 14
300 21 23 14
600 20 24 14
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At both exposure levels the maximum rates of ex-
cretion were reached during the second collection
period (7—24 h), when they were 30.8 pymol - h™"
- kg—! for exposure to 300 ppm and 38.5 gmol - h~!

kg~! for exposure to 600 ppm. During the first
collection period the elimination rates for the two
exposure levels were almost identical (19.5 wmol
- h—!' - kg for exposure to 600 ppm and 19.2 pmol

h—! - kg—! for exposure to 300 ppm) even though
the lower exposure level was half the higher one. But
the excretion rate the next day, 25 to 48 h after the
exposure began, increased threefold, whereas the dif-
ference in the concentration in the inspired air was
only twofold. According to table 1, where the excre-
tion rates of the five main metabolites are presented,
only 1-phenylethanol and phenylacetic acid have
their peak excretions during exposure. The other
acids (mandelic, phenylglyoxylic, and benzoic acids)
were excreted at their maximum rates during the first
18 h after exposure.

None of the metabolites found was especially dom-
inant (table 2). It can further be noted that the urinary
metabolic pattern was very similar irrespective of the
exposure level. Besides the compounds presented in
table 2, traces of 2-ethylphenol, 2-phenylethanol, and
m-hydroxyacetophenone were detected, but the
amounts were too small for quantification. The for-
mation of 4-ethylphenol from ethylbenzene could not
be assessed with certainty, as the amounts excreted
(10.5 pmol - 48 h—! - kg at 300 ppm and 9.6 ymol
- 48 h~! - kg~ at 600 ppm) did not differ enough
from the base excretion (9.2 uymol - 48 h~! - kg~ )
of the control group. Neither 3-ethylphenol nor o-
hydroxyacetophenone was found at all.

The excretion of alkali hydrolyzable thiol com-
pounds (ie, mercapturic acids and related com-
pounds) in the urine was increased in the exposed
groups when they were compared with the control
group. The magnitude of the increase was about
threefold, but it remained at the same level in both
exposed groups. The fraction excreted as thioethers
accounted for about 2 % of the total amount of
metabolites excreted.

Discussion

Although the findings of the present study are based
on only one pooled urine sample for each period of
time and each level of exposure, satisfactory reliability
can be expected. This assumption is based on the
variability obtained in another study on the excretion
of six individual rats after exposure to ethylbenzene
(Engstrém et al, unpublished results). The standard
deviations of the total amount of metabolites excreted
were 10 % after exposure to 300 ppm and 16 % after
exposure to 600 ppm. The standard deviation of the
percentage composition varied from 5 to 18 % for the
various metabolites. In the present study the con-
clusion about the origin of the compounds was based

Table 2. Percentage composition of the urinary metabolite
pattern of ethylbenzene at two exposure levels.

Metabolite Exposure level

300 ppm 600 ppm

1-Phenylethanol 24.6 23.0
Mandelic acid 23.2 27.7
Phenyiglyoxylic acid 9.9 10.9
Phenylacetic acid 7.3 6.6
Benzoic acid 27.0 23.9
w-Hydroxyacetophenone 4.7 4.6
1-Phenyl-1,2-ethanediol 1.1 0.9
Acetophenone 0.2 0.1
p-Hydroxyacetophenone 05 0.7
Phenylglyoxal 1.4 1.2

on careful comparison between the urine of the con-
trol and the exposed groups. On the basis of the mass
balance estimations, it seems justified to assume that
all the metabolic products formed from ethylbenzene
were identified even though no labeled precursors
were available. The urinary elimination for the lower
exposure level agrees, furthermore, with the observa-
tions of Chin et al (3) in a similar study with C-
labeled ethylbenzene. He reported that the total uri-
nary excretion of inhaled ethylbenzene (230 ppm, 6 h)
within 48 h was 82.6 %. The much lower recovery
noted for the higher exposure level in the present
study implies that saturation may have occurred.
Kinetic studies on rats after the inhalation of styrene
have demonstrated that metabolic clearance is satu-
rated between 200 and 600 ppm (13). If this model
applies to ethylbenzene as well, then the metabolic
clearance would be rate limiting in this study also.

The metabolism of ethylbenzene in rats was re-
constructed on the basis of the compounds found in
the urine (figure 2). The initial conversion of the chief
metabolic pathway appears to be oxidation of the o-
carbon atom of the side chain, as has been suggested
for rabbits (6). In that same study an alternative
pathway (the oxidation of the w-methyl group of the
side chain resulting in phenaceturic acid) was also
detected. These results could be repeated in the present
study. The latter pathway, moreover, was proved by
the identification of an intermediate, 2-phenylethanol,
in the urine. Bakke & Scheline (1) reported that 0.2
to 0.4 % of orally administered ethylbenzene was ex-
creted in the form of 4-ethylphenol, the detection of
which implies the occurrence of direct ring oxidation.
However, due to interference from the base excre-
tion, the extent of this third pathway could not be
elucidated from the present data. According to Bakke
& Scheline the amount of 4-ethylphenol formed un-
der conditions of the present study would be about 3
pmol - 48 h—' - kg~!, which, in view of both physi-
ological and analytical variation, is too little for
accurate measurement.

The first step of the chief metabolic pathway leads
to 1-phenylethanol, which is both conjugated to glu-
curonide and excreted per se and converted, a process
that results in many intermediates and end products.
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Figure 2. Metabolism of ethylbenzene as reconstructed from urinary metabolites found in the urine. The thickness of the
arrows directly represents the extent of the respective route; the broken arrows mean that only trace amounts were found.

Unclear pathways are depicted by open arrows.

The dehydrogenation of 1-phenylethanol gives ace-
tophenone, which, to a small extent, is excreted in the
urine. Most of the acetophenone is oxidized further
in the ring or chain, and thereby m-, p-, and w-
hydroxyacetophenone is produced. The side chain of
w-hydroxyacetophenone may be oxidized as well as
reduced, with the result of either a diol
(1-phenyl-1,2-ethanediol) or an a-oxoaldehyde (phenyl-
glyoxal). The role of these last-mentioned com-
pounds as intermediates in the formation of mandelic
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and phenylglyoxylic acids is unclear. Sullivan et al
(14) has shown that the administration of both phenyl-
glyoxal and 1-phenyl-1,2-ethanediol results in the
formation of about the same relative amount of man-
delic and phenylglyoxylic acids as when ethylbenzene
is the precursor. The ratio of 1-phenyl-1,2-ethanediol
to phenylglyoxal measured in the present study does
not reveal how w-hydroxyacetophenone is converted
to mandelic and phenylglyoxylic acids. Nor is the
process for the formation of benzoic acid known. It



may be formed via mandelic acid or 1-phenyl-1,2-
ethanediol, as has been suggested for styrene (11, 16).
The delayed excretion of mandelic and phenylglyoxylic
acids seen at the higher exposure level but not at the
lower one was, however, not found for benzoic acid
(table 1). This phenomenon suggests that the carbon
moiety may be split at an earlier stage, and thus
neither mandelic acid nor phenylglyoxylic acid is an
intermediate of benzoic acid. The form in which the
alcoholic and phenolic metabolites are excreted is yet
unknown, but both glucuronide conjugation and sul-
fate conjugation are thought to occur. The insignifi-
cant increase in the excretion of thioether among the
exposed groups in the present study implies that
gluthathione conjugation plays a minor role.

It is unclear how applicable the metabolic model
presented in this paper is to man. Such informa-
tion is, however, a prerequisite if metabolites are to
be measured in exposure tests. Studies on human
volunteers are therefore continuing, and the results
of that research will be presented in the near future.
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