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Abstract—Thiocetamide and one of its metabolites, thioacetamide-S-oxide, were shown to inhibit
S-aminolevulinic acid (ALA) synthetase when administered in vivo to adult male mice. Thioacetamide
and thioacetamide-S-oxide also inhibited the 3,5-dicarboethoxy-1,4-dihydrocollidine (DDC)-mediated
induction of ALA synthetase when given either 1 hr prior to or 3 hr after the administration of DDC.
The results of these studies also indicate that thioacetamide-S-oxide is generally a more potent inhi-

bitor of ALA synthetase than thioacetamide.

The hepatotoxin and hepatocarcinogen thioacet-
amide has been shown to decrease the transfer of
messenger RNA from the nucleus [1] and cause the
enlargement of nucleoli associated with an increased
synthesis of RNA in the nucleus [2, 3]. In addition,
the in vivo administration of thioacetamide has been
shown to inhibit hepatic mixed-function oxidase
enzyme activity and decrease the concentration of
hepatic cytochrome P450 [4].

It has been postulated that the toxic effect of
certain hepatotoxins and carcinogens may be due
to the formation of chemically reactive metabolic
products. With regard to thioacetamide, the metabol-
ite thioacetamide-S-oxide [5, 6] appears to be an
intermediate in the pathway to the formation of the
ultimate toxic metabolite, Thus, Hunter et al.[7]
have recently shown that thioacetamide-S-oxide is
more effective than thioacetamide in causing
inhibition of hepatic mixed-function oxidase enzyme
activity and hepatic necrosis. However, these studies
also suggested that thioacetamide-S-oxide is further
metabolized to the ultimate toxic metabolite [7].

The mechanism of inhibition of hepatic mixed-
function oxidase activity by thioacetamide has not
yet been determined. The hemoprotein cytochrome
P450 plays a key role in the activity of these hepatic
mixed-function oxidase enzyme systems. In turn, the
key enzyme in the heme biosynthetic pathway is
8-aminolevulinic acid (ALA) synthetase. A relation-
ship between ALA synthetase and the activity of the
cytochrome P450 containing mixed-function oxidase
enzymes has been suggested by several investigators
[8-10].

In this study we have examined the effects of
thioacetamide and its metabolite, thioacetamide-S-
oxide, on ALA synthetase. We have found that both
compounds inhibit this enzyme, with thioacetamide-
S-oxide being generally more effective than thioacet-
amide. These results suggest that the decrease in
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hepatic mixed-function oxidase activity seen on in
vivo administration of thioacetamide is, perhaps, the
result of inhibition of ALA synthetase.

MATERIALS AND METHODS

Thioacetamide was obtained from the Fisher
Scientific Co., Atlanta, Ga. Thioacetamide-S-oxide
was synthesized by the method of Walter [11] and
purified by recrystallization from hot methanol. 3,5-
Dicarboethoxy-1,4-dihydrocollidine (DDC) was pur-
chased from ICN Pharmaceuticals. Hydrocortisone
was from the Sigma Chemical Co.

Male ICR Swiss mice, weighing 22-28 g, were
used in these experiments. They were fed a com-
mercial diet ad lib. However, they were fasted 20 hr
prior to administration of thioacetamide or theoacet-
amide-S-oxide. The mice were injected interaperiton-
eally with different dose levels of thicacetamide and
of thioacetamide-S-oxide dissolved in 0.99;, NaCland
sacrificed at the times indicated in the text. In some
experiments, mice were i.p. injected with DDC (300
mg/kg), a well known inducer of ALA synthetase,
prior to or subsequent to the administration of thio-
acetamide or thioacetamide-S-oxide. Control mice
were injected with the vehicle only. The livers were
perfused with cold 0.99, NaCl solution in situ.
After their removal the livers were homogenized in 3
vol. of 10 mM Tris-HCI buffer (pH 7.4) containing
0.99%, NaCt and 0.5 mM EDTA using a Potter—
Elvehjem homogenizer with a Teflon pestle. ALA
synthetase activity was assayed by the method of
Marver et al. [12] using a total liver homogenate as
the enzyme source. The reaction mixture contained
200 pmoles pyridoxal phosphate, 150 gmoles Tris—
HCl (pH 7.2), and 0.5 ml homogenate in a final
volume of 2 ml. The reaction was carried out for
60 min at 37° and stopped by the addition of 0.5 ml
of 259, trichloroacetic acid solution. The ALA
produced was estimated colorimetrically after con-
densation with acetylacetone and isolation of the
pyrrole compound formed on a Dowex-1-acetate
column [13). Hepatic tyrosine amino transferase
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Table 1. Effect of thioacetamide and thioacetamide-S-
oxide on hepatic ALA synthetase activity in fasted mice*

ALA synthetase activity

Treatment (nmoles/g liver/hr)
2-Hr post- 4-Hr post-
administration administration
Control 51.0 £ 4.5 48.8 + 2.8
Thioacetamide
25mg/kg 222+ 1.7
S0mg/kg 24.0 + 0.5 16,1 + 4.4
Thioacetamide-S-oxide
12.5mg/kg 278+ 23
25 mg/kg 242 + 0.4 221 + 1.1

* Mice were injected intraperitoneally with thio-
acetamide and thioacetamide-S-oxide and sacrificed at
the times indicated. Values are the mean + S.E. of
three to five mice.

activity was determined by the method of Rosen ez a!.
[14]. Protein concentration was estimated by the
biuret method using bovine serum albumin as the
standard.

RESULTS

The effect of thioacetamide and thioacetamide-S-
oxide on the basal activity of ALA synthetase is
shown in Table 1. As can be seen, both thioacetamide
and thioacetamide-S-oxide decreased hepatic ALA
synthetase activity when measured at 2 and 4 hr
after their administration. The effects of both
compounds on the induction of ALA synthetase by
DDC were also examined. Tables 2 and 3 show the
effects of thioacetamide and thioacetamide-S-oxide
on the DDC-mediated induction of ALA synthetase.
As shown in Tables 2 and 3, the pretreatment of mice
with thioacetamide and thioacetamide-S-oxide
strongly inhibited the induction of ALA synthetase
after DDC administration. The inhibition of ALA
synthetase induction by thioacetamide and by
thioacetamide-S-oxide appeared to be dose depend-
ent. Almost complete inhibition of the DDC-
mediated induction of ALA synthetase was
observed by doses of 50 mg/kg of thioacetamide and
25 mg/kg of thioacetamide-S-oxide respectively.

Thioacetamide and thioacetamide-S-oxide are also

Table 2. Effect of pretreatment of mice with thioacet-
amide on the induction of ALA synthetase by DDC*
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Table 3. Effect of pretreatment of mice with thoacet-
amide-S-oxide on the induction of ALA synthetase by
DDC*

ALA synthetase activity

Treatment (nmoles/g liver/hr)
None 577+ 24
DDC 264.9 + 264
DDC + thioacetamide-S-oxide 155.0 + 12.1
(6.25 mg/kg)

DDC + thioacetamide-S-oxide 116.7 £ 19.8
(12.5 mg/kg)

DDC + thioacetamide-S-oxide 7124+ 2.5

(25.0 mg/kg)

* Mice were given thioacetamide-S-oxide 1 hr prior to
administration of DDC and sacrificed 3 hr after DDC
administration. Each value is the mean + S.E. of
three to five mice.

able to inhibit DDC-mediated induction of ALA
synthetase when given 3 hr after the administration
of DDC (Table 4). The inhibition of ALA synthetase
induction by DDC was about 38 per cent at 25 mg/
kg and 76 per cent at 50 mg/kg of thioacetamide and
65 per cent at 25 mg/kg of thioacetamide-S-oxide.
Thus, thioacetamide-S-oxide appeared to be more
effective in inhibiting ALA synthetase induction
than did an equivalent dose of thioacetamide.

In contrast to the almost complete inhibition of
DDC-mediated induction of ALA synthetase
produced by prior administration of thioacetamide
and thioacetamide-S-oxide (Tables 2 and 3), the
effects of these compounds on tyrosine amino
transferase (TAT) induction by hydrocortisone were
less dramatic. As shown in Table 5, pretreatment of
mice with thioacetamide or thioacetamide-S-oxide
resulted in a 4446 per cent inhibition of the hydro-
cortisone-mediated induction of TAT. Neither
thioacetamide nor thioacetamide-S-oxide caused any
significant decrease in the basal activity of TAT when
measured 4 hr after their administration.

DISCUSSION

The ability of thioacetamide and thioacetamide-
S-oxide, administered in vivo, to inhibit ALA

Table 4. Effect of thioacetamide and thioacetamide-S-
oxide, administered in vivo on the levels of ALA synthe-
tase induced by DDC*

ALA synthetase activity

ALA synthetase activity

Treatment (nmoles/g liver/hr) Treatment (nmoles/g liver/hr)
None 50.5+ 1.0 None 55.3 £ 6.1
DDC 209.4 + 29.1 DDC,3 hr 278.5 + 20.7
DDC + thioacetamide 112.5 £ 133 DDC, 6 hr 726.7 + 4.2

(12.5 mg/kg) DDC + thioacetamide (25 mg/kg) 470.2 + 32.9
DDC + thioacetamide 60.4 + 12.1 DDC + thioacetamide (50 mg/kg)  218.5 + 60.9

(25.0 mg/kg) DDC + thioacetamide-S-oxide 290.1 + 30.6
DDC + thioacetamide 377+ 6.5 (25 mg/kg)

(50.0 mg/kg)

* Mice were given thioacetamide 1 hr prior to adminis-
tration of DDC and sacrificed 3 hr after DDC adminis-
tration. Each value is the mean + S. E. of three to five
mice.

* Mice were injected with DDC (300 mg/kg, i.p.} at
time 0. Three hr later mice were injected with thicacet-
amide and thioacetamide-S-oxide and sacrificed at 3 hr
after treatment with these compounds. Each value is the
mean + S. E. of three to five mice.



ALA synthetase inhibition

Table 5. Effect of thioacetamide and thioacetamide-S-
oxide on the induction of tyrosine amino transferase by
hydrocortisone*

Tyrosine amino
transferase activity

Treatment (#moles/mg protein/hr)
None 1.12 + 0.03
Hydrocortisone 4.21 + 0.47
Thioacetamide + hydrocortisone 2.78 + 0.18
Thioacetamide-S-oxide + 2.85 + 0.05

hydrocortisone

* Mice were injected with thioacetamide (50 mg/kg,
i.p.) and thioacetamide-S-oxide (25 mg/kg, i.p.) 1 hr prior
to hydrocortisone (100 mg/kg, i.p.), and sacrificed 3 hr
after hydrocortisone administration. Values are the mean
+ S. E. of three to five mice.

synthetase and to block induction of this enzyme by
DDC is of interest in relation to the ability of these
compounds to bring about a decrease in both hepatic
mixed-function oxidase enzyme activities and
cytochrome P450 levels. ALA synthetase is a
regulatory enzyme in the heme biosynthetic pathway.
Thus, the inhibition of this enzyme by thioacetamide
and thioacetamide-S-oxide could result in a de-
creased availability of heme for the synthesis of
cytochrome P450. Cytochrome P450 levels are not
significantly decreased until 24 hr after administra-
tion of thioacetamide or thioacetamide-S-oxide [7].
Aminopyrine demethylase and aniline hydroxylase
follow a similar pattern of decrease in activity after
administration of thioacetamide. Considering the
half lives of the various species of cytochrome P450
(7-8 hr or longer) [15], it is reasonable that inhibition
of ALA synthetase by thioacetamide and thioacet-
amide-S-oxide could account for the decrease seen
in both the levels of cytochrome P450 and the
activity of the hepatic mixed-function oxidase
enzyme systems. A decrease in cytochrome P450 and
the activity of hepatic mixed-function oxidase
enzyme systems as a result of interference with heme
synthesis or stimulation of heme breakdown has also
been noted with 3-amino-1,2,4-triazole [16], hemin
[17} and cobaltous chloride [18]. Tt is possible that
thioacetamide and thioacetamide-S-oxide may be
inhibiting the synthesis of apo-cytochrome P450 as
well as heme. However, previous work has shown
that apo-cytochrome P450 can still be induced under
conditions where the synthesis of heme is inhibited
by cobaltous chloride [19]. Thus, inhibition of heme
synthesis alone could account for the effect of
thioacetamide and thioacetamide-S-oxide on hepatic
cytochrome P450 levels and mixed-function oxidase
activity.

Thioacetamide-S-oxide appears to be a more
effective inhibitor of ALA synthetase than thio-
acetamide. Thioacetamide-S-oxide is also a more
potent necrogenic agent in rat liver than thioacet-
amide [7]. An equivalent decrease in hepatic mixed-
function oxidase activity is also obtained at lower
doses of thioacetamide-S-oxide as compared to
thioacetamide [7]. However, thioacetamide-S-oxide
does not appear to be the metabolite directly
responsible for liver necrosis, since the extent of
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necrosis produced by both thioacetamide and thio-
acetamide-S-oxide is enhanced by pretreatment of
rats with phenobarbital, an inducer of the hepatic
mixed-function oxidase enzyme systems, and reduced
by pretreatment with cobaltous chloride, pyrazole
and SKF-525-A (Smith, Kline & French), compounds
which decrease the activity of hepatic mixed-function
oxidase enzyme systems [7]. It is proposed that the
ultimate toxic metabolite of thioacetamide is, perhaps,
thioacetamide-S-dioxide(CH,—CSO,-NH,)produced
from thioacetamide-S-oxide in a mixed-function oxi-
dase catalyzed reaction [7]. The present experiments
were not specifically designed to show evidence for
the involvement of thioacetamide-S-dioxide in the
inhibition of ALA synthetase. However, since
thioacetamide-S-oxide appears to be more effective
than thioacetamide in inhibiting ALA synthetase in
vivo, it appears possible that thioacetamide-S-oxide
may be acting as an inhibitor by way of its metabolism
to a more reactive intermediate such as thioacet-
amide-S-oxide.

The mechanism by which thioacetamide and thio-
acetamide-S-oxide inhibit ALA synthetase is unclear.
Thioacetamide causes changes in nuclear function
and morphology [1-3]. It also has been reported to
inhibit protein synthesis in rat liver [20]. It is possible
that thioacetamide and thioacetamide-S-oxide may
block the DDC-mediated induction of ALA synthetase
by inhibition of protein synthesis. This hypothesis is
supported by the finding that the effects of thioacet-
amide and thioacetamide-S-oxide on DDC-media-
ted ALA synthetase induction are similar to those
seen on administration of hemin or cycloheximide
(data not shown). However, the difference in the
degree of inhibition by thioacetamide and thioacet-
amide-S-oxide or the induction of ALA synthetase
and TAT suggests that a mechanism more specific
than a generalized inhibition of protein synthesis
may be responsible for the inhibition of ALA
synthetase activity by these compounds.
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