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Abstract—d&-Aminolevulinate dehydratase (ALA-D:porphobilinogen synthase, S-aminolevulinate
hydro-lyase, EC 4.2.1.24) activity was depressed markedly in red cells of rats exposed to 0.21 g/m?
styrene, a chemical widely used in commercial products. The depression was not restored in vitro after
treatment with dithiothreitol and zinc. Consistent with this finding, radioimmunoassay of the enzyme
protein demonstrated reduction in the enzyme concentration by styrene exposure. There was a good
correlation between the decrease in enzyme activity and its concentration in the styrene-treated animals,
suggesting that the depression of the enzyme activity was essentially due to the reduction in the enzyme
content. Decrease in the enzyme content in bone marrow cells to almost the same extent as that in
erythrocytes seems to indicate the decreased synthesis of ALA-D in the bone marrow. In vitro studies
showed that styrene 7,8-oxide, the major intermediate of styrene metabolism, decreased the activity of
purified ALA-D but that styrene, the parent compound itself, had no inhibitory effect. The activity and
concentration of erythrocyte ALA-D in workers chronically exposed to styrene were also depressed
significantly. These findings indicate that the styrene exposure-mediated decrease of ALA-D activity in
erythrocytes was a reflection of reduction in the enzyme protein, which may have been the result of
styrene 7,8-oxide action, and they suggest that a similar process may also be involved in the reduction
of erythrocyte ALA-D in styrene-exposed workers.
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S-Aminolevulinate dehydratase (ALA-D:porpho-
bilinogen synthase, 5-aminolevulinate hydro-lyase,
EC 4.2.1.24) catalyzes the conversion of two mol-
ecules of d-aminolevulinic acid to porphobilinogen,
the immediate precursor to porphyrin synthesis [1].
It is well known that ALA-D activity is critically
dependent on essential SH groups of the enzyme [2],
and that the enzyme activity is decreased markedly
by agents which modify SH, such as lead [2]. Thus,
enzyme inhibition is widely accepted as one of the
most sensitive signs of lead exposure [3, 4].
Recently, we found that depression of ALA-D
activity occurs in rats treated with trichloroethylene
[5, 6] or bromobenzene [7]. The decreased enzyme
activity seemed to be the result of interaction
between the essential SH groups of the enzyme and
intermediate(s), which are formed by the mixed-
function oxidase system from the parent compound
[6,7]. Styrene, one of the most common materials
used in the production of polymers, copolymers,
and reinforced plastics, is known to be metabolized
mainly by the cytochrome P-450-dependent mono-
oxygenase system, forming styrene 7,8-oxide as a
major reactive intermediate 8, 9]. This fact suggests
the possibility that styrene exposure also decreases
ALA-D activity in a manner similar to trichloro-
ethylene exposure [6] and bromobenzene exposure
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[7], and that enzyme inhibition may be one of the
most sensitive indices of styrene exposure. ALA-D
is thought to be one of the rate-limiting steps
of heme biosynthesis under some circumstances
[6,10]; however, little attention has been paid to
the effects of the solvent on the heme biosynthetic
pathway [8, 9]. Production of styrene in the world
was as much as 7 million tons in 1977, and it is
estimated to reach 12.6 million tons by 1990 [9]. Due
to the increase in production, the risk of styrene
exposure has increased dramatically not only in
industries but also in the general population, through
motor vehicle exhaust, tobacco smoke, and ingestion
of food products packed in polystyrene containers
[9]. Studies on the effect of styrene on the activity
of ALA-D in human and animal subjects exposed to
the chemical thus appeared important to us.

The present study was undertaken to evaluate the
effect of styrene on ALA-D activity in animals and
in workers who have been exposed to this chemical.
We report in this paper that styrene exposure causes
a decrease in erythroid ALA-D activity both in
human and animals, and that the decreased enzyme
activity can be accounted for by a decrease in enzyme
concentration.

METHODS

Materials. ALA-D was purified from rat and
human erythrocytes and labeled with ['2I] (Amer-
sham International Ltd., Buckinghamshire, U.K.)
as described previously [11, 12]. The purified enzyme
preparations from both sources were homogeneous
in analytical polyacrylamide gel electrophoresis, in
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both the absence and the presence of sodium dodecyl
sulfate. The enzyme preparations were stored at 4°
after precipitation with ammonium sulfate (to 55%
saturation) in the presence of zinc and dithiothreitol
[2]. On the day of use, the activated enzyme was
prepared according to the previous report [2, 11].
The specific radioactivity of the ['*I)JALA-D from
the rat and human was 6.9 and 12.6 uCi/ug
respectively.

Antisera against rat and human erythrocyte ALA-
D were produced in rabbits [6] and goats [12] respect-
ively. An IgG fraction was purified from antisera
using a column of DEAE Affi-Gel blue (Bio-Rad
Laboratories, Richmond, CA), and used at dilutions
of 1:15,000 (anti-rat enzyme IgG) and 1:45,000 (anti-
human enzyme IgG). At these dilutions, both IgG
preparations resulted in about 50% of maximal bind-
ing of the respective labeled antigen. Ouchterlony
double diffusion analysis showed that the antibodies
formed a single precipitin line with purified and
partially purified ALA-D as reported previously [13].

A goat anti-rabbit IgG serum and a rabbit anti-
goat IgG serum were purchased from Medical and
Biochemical Laboratories (Nagoya, Japan), and
ALA hydrochloride was obtained from the Sigma
Chemical Co. (St. Louis, MO, U.S.A.). Other
chemicals used were of analytical grade. For the
determination of direct inhibitory effects of styrene
and styrene 7,8-oxide, these compounds were equi-
librated in water in order to prepare aqueous solu-
tions. The concentration of each compound in the
aqueous solution was determined by gas chroma-
tography. All glassware used was washed with
HNO3/HCI and rinsed thoroughly with metal-free
distilled water. Buffer solutions, chemicals, and
water were routinely checked with a flameless atomic
absorption spectrophotometer to establish metal-
free conditions.

ALA-D assay. ALA-D activity was determined
in both the absence and the presence of 10 mM
dithiothreitol and 0.1 mM zinc acetate [2, 14]. Unless
otherwise stated. the enzyme activity described in
this paper showed reactivated activity with dithio-
threitol and zinc acetate. One unit of enzyme activity
was defined as the activity that catalyzes the for-
mation of 1 ymole porphobilinogen at 37° per hr.

To examine the enzyme inhibition in vitro, the
activated enzyme was incubated with styrene or sty-
rene 7,8-oxide in 100mM Tris/acetate buffer,
pH 7.1, under N, at 37°. After incubation, the
enzyme activity was determined in the presence of
dithiothreitol (10 mM) and zinc acetate (0.1 mM).

The radioimmunoassay of erythroid ALA-D was
performed as described previously [11.12]. Since
no immunochemical and enzymological differences
including amino acid composition were found
between the purified liver and erythroid ALA-D of
the rat [13. 15, 16], the same radioimmunoassay was
used to determine the amount of hepatic ALA-D,
using rabbit anti-rat erythrocyte ALA-D IgG.

Determination of SH groups in ALA-D. To inves-
tigate the effect of styrene 7,8-oxide on the enzyme
SH groups, activated ALA-D was incubated with
3200 times molar excess styrene 7.8-oxide under N,
at 4° for overnight. After the incubation the enzyme
was reactivated with dithiothreitol and zinc at 37° for

30 min. The mixture was passed through a Sephadex
G-30 column (0.75 x 12.0 cm) under N, to remove
excess zinc and dithiothreitol, and the enzyme frac-
tion was collected to determine the SH groups [2]
and activity. The SH groups were classified into three
types according to the definition of Tsukamoto er al.
[2].

Animals exposed to styrene. Twenty male Wistar
rats, 18 weeks old and weighing 315 + 26 g (mean
= SD), were acclimated to 12hr light/12 hr dark
cycles for 1 week prior to the experiment. Food and
water were fed ad lib. For the exposure to styrene,
a servomechanism with four chambers [17] was
employed. Styrene concentrations in the chamber
air were monitored every 18.5 min by gas chroma-
tography and controlled automatically to maintain
the desired concentration of the vapor. The coef-
ficient of variation of the styrene concentration was
less than 6% throughout the experiment.

Rats were divided into four groups (five animals
per group) as follows: (1) sham-exposed (control);
(2) those exposed to styrene vapor at 0.21 §/m3; (3)
those exposed to styrene vapor at 0.43 g/m”*; and (4)
those exposed to styrene vapor at 0.85 g/m>. After
168 hr of exposure, body weight was recorded, and
blood was collected from the abdominal aorta to
determine hematocrit. lead concentration, ALA-D
activity and its concentration. The liver was perfused
with isotonic KCl via the abdominal aorta, and wet
weight was determined. Bone marrow cells were
collected from tibia and femora. Protein con-
centration and the activity and the concentration of
ALA-D were determined in liver and bone marrow
cells. The lowest exposure concentration of styrene
(0.21 g/m3) was set according to the current occu-
pational limit of the chemical in Japan (<0.21g/
m?*), and duration of the exposure was fixed to 7
days since the maturation of erythrocytes in the bone
marrow from proerythroblasts usually takes 4-7 days
in mammals [18, 19].

ALA-D in styrene-exposed workers. Heparinized
blood samples were obtained from twenty-four
healthy male subjects (as controls), and nine male
workers who had been exposed to styrene at a fiber-
reinforced-plastic boat plant. In this type of opera-
tion, the exposure level of styrene is known to be
sometimes higher than 0.85g/m® [20]. The work
history of the subjects studied at the plant ranged
from less than 0.5 to 22.5 years (10.3 = 7.2 years;
mean = SD). Answers to a questionnaire showed
that their work-hours under styrene vapor were
36.4 = 10.4 hr/week (mean = SD), and that no wor-
ker had a history of trichloroethylene exposure.
Since the answers also showed that every worker
handled all processes of styrene operations (they
help each other whenever necessary), these workers
were divided into two groups according to work-
hours and experience with styrene as follows: those
in group A worked 48 hr/week under styrene vapor
with more than 8 years history of styrene exposure
(N = 4): those in group B were others (N =5). No
significant abnormalities were observed in con-
ventional indices of their health examination. Blood
samples were assayed for hematocrit. lead con-
centration, and ALA-D activity and its concen-
tration.
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Table 1. Effects of styrene exposure on d-aminolevulinate dehydratase activity

S-Aminolevulinate dehydratase activity

Erythrocyte
(X107 units/mi packed cell)

Liver
(%1072 units/mg protein)

Bone marrow
{x107? units/mg protein)

Styrene vapor  Treatment with

concentration dithiothreitol

(g/m*) and zinc + - + - + -~
0 226 * 19 155 £ 22 165+19 103+18 7.1 x£0.5 7.6 1.7
0.21 104 + 12* 76 = 14* 1.7 = 0.7 6.2 = 1.9* 7.4 0.7 8208
0.43 101 = 16* 63 £ 28% 11.1 = 0.4 7.0x05% 67=x14 6.2+18
0.85 88 + 16* 60 = 11* 103 = 1.4* 6.8+23Fr 78=x15 7.8+13

Wistar rats were exposed to styrene for 168 hr. After the exposure was terminated, d-aminolevulinate dehydratase
activities in erythrocytes, bone marrow cells, and the liver of the animals were estimated in the presence or absence of

dithiothreitol and zinc. Values are mean = SD (N =3).

*, t Significantly different from control at * P < 0.01 or ¥+ P < 0.05.

RESULTS

Depression of erythroid ALA-D activity in styrene-
exposed rats. No significant changes in body weight
were observed even at the highest dose, i.e. 0.85g/
m?, but liver weight decreased to 85 + 7% of the
control in this group (P < 0.05). Styrene exposure
of rats resulted in depression of AL A-D in bone
marrow and in erythrocytes, whereas there was no
apparent change in hepatic enzyme activity (Table
1). The erythroid enzyme activity was depressed
even at the lowest dose, i.e. 0.21 g/m® (to about 50
and 60% of the control, in erythrocytes and in bone
marrow cells, respectively); however, the depression
was not significantly greater when the exposure level
increased to 0.85 g/m® (Table 1). Results in Table 1
also show that the decreased enzyme activity with
styrene exposure essentially could not be reactivated
by the addition of zinc and dithiothreitol to the
enzyme assay mixture in vitro. No abnormal lead
concentration was observed in any blood specimen.
This fact excludes the possibility that the enzyme
activity decrease was attributable to lead.

Decrease in the ALA-D contenit by styrene
exposure. To clarify whether the depression of ALA-
D activity was due to enzyme inhibition or to enzyme
protein decrease, radioimmunoassay was carried out
to determine the enzyme concentration.

Table 2 demonstrates the changes in erythroid
ALA-D concentration in rats treated with styrene.
The enzyme concentration in erythrocytes and bone
marrow cells decreased to about 50 and 60% of
the control, respectively, in the 0.21 g/m? styrene-
exposed rats, while the enzyme concentration in the
liver did not show any decline. Both the activity
and the concentration of ALA-D in erythrocytes
decreased proportionally with a correlation coef-
ficient 0f 0.93 (N = 20, P < 0.01). A good correlation
was also observed between erythrocyte and bone
marrow cell ALA-D concentrations (r =0.91, N=
20, P < 0.01).

Decreases in erythrocyte ALA-D activity and its
protein in workers chronically exposed to styrene.
The activity and the amount of erythrocyte ALA-D
were also determined in nine subjects who had been
working at a fiber-reinforced-plastic boat plant as
well as in eighteen healthy normal subjects (Table
3). As fluctuations in styrene concentration in the
workroom are reported to be very common in this
type of plant [9] and answers to a questionnaire
showed that workers had few special processes in
styrene operation, they were divided into groups A
and B according to their work experience and work-
hours with styrene. Workers in groups A and B
worked 48 hr/week and 31.6 = 13.0 hr/week (mean

Table 2. Effects of styrene exposure on d-aminolevulinate dehydratase concentration

&-Aminolevulinate dehydratase concentration

Styrene vapor

concentration Erythrocytes Bone marrow Liver
{g/m%) (ug/ml packed cell) {(ug/mg protein) {ug/mg protein)
0 88+ 1.0 0.92 +0.14 0.60 = 0.10
0.21 4.4 + 1.4* 0.56 + 0.10* 0.70 = 0.11
0.43 42+ 1.2* 0.65 = 0.04+ 0.62 = 0.17
0.85 4.1 = 0.7* 0.61 = 0.04+ 0.78 £ 0.23

Wistar rats were exposed for 168 hr, and d-aminolevulinate dehydratase concentrations in
erythrocytes, the bone marrow, and the liver were estimated by radioimmunoassay. Each value

is the mean *= SD (N = 5).

*, t Significantly different from control at * P < 0.01 or ¥ P < 0.05.
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Table 3. Activity and concentration of é-aminolevulinate dehydratase in styrene-exposed workers

é-aminolevulinate
dehydratase activity

Activity/concentration

S-Aminolevulinate ratio of
dehydratase é-aminolevulinate
concentration dehydratase

Workers (units/ml packed cells) (ug/ml packed cells) (units/ug enzyme)
Control 2.00 = 0.30 165 = 56.8 15.8 £ 6.73
Styrene-exposed

Group A 1.33 = 0.45* 83.7 = 16.4+ 17.1 = 5.41
Group B 1.87 = 0.28 119 =+ 499 17.9 = 6.96

Erythrocyte é-aminolevulinate dehydratase concentration and reactivated enzyme activity were
determined in blood specimens from styrene-exposed workers (N = 9) and healthy controls (N =
18). Workers were divided into two groups according to work-hours and work experience under
styrene vapor as follows: (group A) those who worked 48 hr/week under styrene vapor with more
than 8 years history of styrene exposure; (group B) others, i.e. those who worked less than 48 hr/
week under styrene vapor or who had less than 8 years history of styrene exposure. Each value is

the mean = SD.

*. 1 Significantly different from control at * P < 0.02 or + P < 0.01.

+ SD), respectively, under styrene vapor, and had
13.4 £ 5.8 years and 6.3 = 5.1 years (mean * SD),
respectively, of work experience with styrene.
Significant decreases were found both in the enzyme
activity (to 66 = 22% of the control, P < 0.02) and
in the enzyme concentration (to 51 £ 10% of the
control, P < 0.01) in group A, and both values in
group B were between those in the control group
and group A (Table 3). This observation suggests an
effect of prolonged styrene exposure on erythroid
cells. The activity/enzyme protein ratios were similar
among these three groups (Table 3). suggesting that
the decrease in the enzyme activity in the styrene-
exposed subjects was due to a reduction in the
enzyme concentration. Blood lead concentrations
of the control group, group A, and group B were
62+22, 5530 and 6.5*2.7ug/100ml
respectively.

In vitro effects of stvrene and styrene 7,8-oxide on
ALA-D activity. The major route of styrene metab-
olism is via styrene 7,8-oxide [8, 9]. In vitro addition
of styrene (0.58 to 2.61 mM), i.e. up to 195,000 times
molar excess of the concentration of ALA-D, had
no effect on the enzyme activity (data not shown).
In contrast, enzyme activity decreased dose depen-
dently in vitro with the addition of styrene 7,8-oxide.
The activity of ALA-D (0.0613 uM) decreased to 66
and 38% of control after incubation with 0.9 and
1.8 mM styrene 7.8-oxide, respectively, and was
almost nil with 7 mM styrene 7,8-oxide, i.e. 110,000
times the enzyme concentration. Incubation with
3.7mM styrene 7.8-oxide decreased the activity of
ALA-D (0.0613 uM) in a time-course dependent
manner, and only 10% of the activity was detectable
after 90 min of incubation. In vitro inhibition of
ALA-D by styrene 7,8-oxide was not reactivated by
the addition of dithiothreitol and zinc.

An SH titration experiment showed that only type
I SH groups. which were assumed to be the essential
SH groups [2], decreased significantly (from 2.2
moles/subunit to 1.4 moles/subunit) when ALA-D
was incubated with 3200 times molar excess styrene
7.8-oxide. The enzyme activity also decreased to
67% of the control.

DISCUSSION

The present study demonstrates depression of
erythroid ALA-D activity which could not be reac-
tivated by dithiothreitol and zinc treatment, in ani-
mals (Table 1) and, for the first time, in humans
(Table 3) exposed to styrene. Our data in rats
exposed to styrene vapor show that the depression
of enzyme activity was proportional to the reduction
in the concentration of the enzyme protein (Fig. 1)
even at the 0.21 g/m3 styrene exposure (Tables 1 and
2). Previous studies show that toxicities of styrene,
such as minor changes in axonal proteins [21],
enhanced activities of both the drug-hydroxylating
(ethoxycoumarin O-deethylase, cytochrome P-450)
and -conjugating (epoxide hydrolase, UDP glu-
curonyltransferase) enzymes in the liver and kidneys
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Fig. 1. Correlation between the activity and the enzyme

concentration of ALA-D. Determinations were carried out

on blood specimens from control (O) (N = 5) and styrene-

exposed (@) (N = 15) rats. A regression for least-squares

best-fit analysis was Y =28X — 19 (N =20, »=0.93),

where X is the enzyme concentration and Y is the enzyme
activity.
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[22], liver hydropic degeneration and steatosis of
parenchymal cells and congestion, and significant
reduction in GSH concentration [23], are demon-
strable in rats when the exposure level of styrene
exceeds 1.26 g/m? [9]. ALA-D decrease in rat eryth-
roid tissues seems to be one of the most sensitive
signs of styrene exposure. Similar depressions of
enzyme activity and in enzyme concentration were
also found in erythrocytes of human subjects occu-
pationally exposed to styrene for extended periods
of time (Table 3). The enzyme decrease in human
erythrocytes seems to correlate with work-hours and
work experience under styrene vapor (Table 3). A
similar phenomenon was observed between work-
hours of lead-exposure workers and urinary
excretion of d-aminolevulinic acid [24], one of the
signs of lead exposure. Present observation seems to
suggest a dose—response effect of styrene on human
erythrocyte ALA-D. In contrast to the marked
decrease in the erythroid enzyme, hepatic ALA-D
was not affected (Tables 1 and 2).

Decreases in erythrocyte ALA-D activity have
been shown to occur in lead poisoning [25-27], in
trichloroethylene exposure [5, 6], in patients with
hereditary tyrosinemia [28, 29], and in a rare form
of homozygous deficiency of this enzyme [30]. Lead
is known to inhibit the enzyme activity by interacting
with the essential SH groups in the enzyme protein
[2], whereas trichloroethylene seems to inhibit the
enzyme activity via formation of a reactive inhibitory
intermediate(s) for ALA-D [6]. Patients with her-
editary tyrosinemia are known to produce suc-
cinylacetone, a potent competitive inhibitor of ALA-
D, and the enzyme activity is inhibited in the liver
and in erythroid tissues by succinylacetone without
abnormality in the enzyme synthesis [31, 32]. The
decrease in enzyme activity in the homozygous ALA-
D deficiency was associated with disproportionally
elevated levels of the immunoreactive enzyme pro-
tein for the decreased enzyme activity, suggesting
that these patients have a cross-reactive material
positive mutation [30]. In contrast to these disorders,
rats and human subjects exposed to styrene were
found to have proportional decreases of enzyme
activity and its concentration (Fig. 1 and Table 3).
In other words, the depression of enzyme activity due
to styrene exposure was not the result of inhibition of
the catalytic activity but of a reduction in the enzyme
protein.

It should be noted that ALA-D activities in eryth-
rocytes and bone marrow cells were decreased to a
similar level independently of styrene vapor con-
centration in the air (Tables 1 and 2). One possible
reason for this finding is that a metabolite(s) of
styrene, rather than the parent compound, decreased
the enzyme and that the amount of the metabolite(s)
formed was determined by a rate-limiting step in
the styrene metabolic pathway. The fact that the
enhanced activities of drug-hydroxylating enzymes
in the liver were observed when rats were exposed
to 1.26 g/m® styrene may support this hypothesis,
since the present exposure level was below 0.85g/
m?3.

Styrene is known to be metabolized mainly to
styrene 7,8-oxide [8, 9]. Styrene 7,8-oxide is highly
reactive and can bind covalently to nucleic acids and
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proteins [33, 34]. It is possible, therefore, that this
intermediate may also react with ALA-D, an SH-
dependent enzyme. Evidence to support this hypoth-
esis is the finding that the addition of styrene 7,8-
oxide depressed the enzyme activity in a dose- and
time-dependent manner, though the addition of sty-
rene itself failed to inhibit the enzyme activity. Pro-
portional decreases in the enzyme activity (to 67%
of the control) and in the type I SH groups (to 63%
of the control) suggest that the enzyme inhibition
was caused by the binding between styrene 7,8-oxide
and the essential SH groups, since the type I SH
groups were assumed to be the essential SH groups
by Tsukamoto et al. [2]. Decreases in the enzyme
activity and titratable SH groups by styrene 7,8-
oxide in vitro could not be prevented or restored by
dithiothreitol and zinc. This finding is in contrast to
those observed with trichloroethylene, as the tri-
chloroethylene-mediated inhibition is prevented by
dithiothreitol [6]. Alternatively, upon reaction with
styrene 7,8-oxide, a structurally altered enzyme pro-
tein may be formed, which has not only a decreased
activity but also an altered reaction with specific
antibody against the normal enzyme. In fact, over-
night incubation of 0.9 uM ALA-D with 17 mM sty-
rene 7,8-oxide decreased the enzyme protein which
could be detected by radioimmunoassay [16]. Such
an altered enzyme protein may also degrade faster
in vivo than unmodified enzyme, resulting in a pro-
portional decrease in the enzyme activity and in
the enzyme protein. Lastly, styrene 7,8-oxide may
interfere with the synthesis of ALA-D in erythroid
precursors in the bone marrow. Our data also show
that both the activity and the concentration of ALA-
D in bone marrow cells decreased in rats exposed to
styrene. Moreover, there was a good correlation
between the bone marrow and erythrocyte ALA-
D concentrations, suggesting a decrease in ALA-D
synthesis in the bone marrow. Unlike trichloro-
ethylene exposure, however, decreases in ALA-D
by styrene were observed only in erythrocytes and
bone marrow cells and not in the liver (Tables 1 and
2). This finding suggests that liver detoxifies the
reactive intermediate(s) of styrene more rapidly than
the erythroid tissues do, since no evidence suggests
that the enzymes in the liver and erythroid tissues
are isozymes [13, 16, 35]. Inhibition of ALA-D in
erythroid tissues of animals exposed to lead is greater
than that in the liver [15, 36], and this phenomenon
is at least partially attributable to a higher GSH
level in the liver than in the bone marrow [15]. A
depression in hepatic ALA-D activity in rats treated
with bromobenzene is preceded by a decrease in
liver GSH concentration [7]. A portion of styrene
7,8-oxide is conjugated with GSH in the liver [37-
39], and significant reduction of the liver GSH has
been observed in rats exposed to styrene not at
0.42 g/m? [22] but at 1.26 g/m? [23]. It is suggested,
therefore, that rat liver GSH in the present study
was not reduced significantly, and that the liver GSH
may detoxify the reactive intermediate(s) of styrene.
Thus, although both trichloroethylene and styrene
produce reactive intermediates via the cytochrome
P-450-dependent mixed-function oxidase system, the
mechanisms leading to the depression of ALA-D
activity by these toxic chemicals are quite different.
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