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Abstract—Pyrazole administered to rats 24 hr previously produced an increase in hepatic microsomal
aniline hydroxylation and a decrease in aminopyrine demethylation. This was a direct effect and not
a consequence of the inhibition of the metabolism of endogenously produced ethanol. Acetaldehyde
oxime had no effect upon aniline hydroxylation but produced a small decrease in aminopyrine demethy-
lation. Both inhibitors of alcohol dehydrogenase potentiated the increase in aniline hydroxylation pro-
duced by submaximal doses of methanol and ethanol, suggesting that this was a direct effect produced
by the alcohols themselves. The decrease in aminopyrine demethylation produced by methanol and
cthanol was partly reversed by inhibitors of alcohol dehydrogenase, suggesting that this effect resulted
from the metabolism of the alcohols. Formaldehyde and acetaldehyde administered to rats had no
effect upon aniline hydroxylation but both produced a decrease in aminopyrine demethylation and
in the type [ spectral change. The inhibitory effect of submaximal doses of the aldehydes upon amino-
pyrine demethylation was potentiated by disulphiram, an inhibitor of aldehyde dchydrogenase. Inhibi-
tors of alcohol dehydrogenase had no effect upon the increase in aniline hydroxylation produced
by propan-2-ol. nor was their effect upon aminopyrine demethylation modified in any consistent way

by propan-2-ol.

The administration to rats of a single oral dose of
ethanol, and to a greater extent methanol, has been
found in this laboratory to produce a selective induc-
tion of hepatic microsomal aniline hydroxylation, and
a decrease in aminopyrine demethylation. There is,
however, no change in any of the components of the
microsomal mixed function oxidase. Propan-2-ol
produces an increase in hepatic microsomal aniline
hydroxylation, NADPH-cytochrome ¢ reductase,
NADPH-cytochrome P-450 reductase, with no effect
or a small increase in the levels of aminopyrine
demethylation [1]. The major pathway for the meta-
bolism of ethanol and propan-2-ol in vivo in the rat,
is thought to be through alcohol dehydrogen-
ase [2, 3], whilst the metabolism of methanol may be
through the concerted action of catalase and alcohol
dehydrogenase [2]. Inhibitors of alcohol dehydrogen-
ase are known to produce a marked decrease in the
metabolism of all three alcohols in vive [2, 3, 4].

The present study is an investigation of the direct
effects of inhibitors of alcohol dehydrogenase upon
the hepatic microsomal mixed function oxidase, and
their action upon the effects of methanol, ethanol and
propan-2-ol on this system. It was hoped that this
might lead to an explanation of the differential effects
of the alcohols upon the metabolism of various sub-
strates, possibly in terms of different effects produced
by the parent alcohols and their metabolites.

MATERIALS AND METHODS

Administration of drugs and chemicals. Alcohols and
aldehydes were administered by stomach tube to un-

anaesthetised male Wistar albino rats weighing
200-250 g, as a 25%, (v/v) solution in water. Pyrazole
(200 mg/kg) and acetaldehyde oxime (200 mg/kg) dis-
solved in 0.9% NaCl, and 4-iodopyrazole (200 mg/kg)
and dilsulphiram (300 mg/kg) dissolved in corn oil
were administered by intraperitoneal injection 5 min
before the administration of the alcohols or 2hr
before the administration of the aldehydes. Control
animals were fed water or injected with saline or corn
oil as appropriate. In some studies rats were fed for
5 days with neomycin sulphate added to the drinking
water, giving a mean dose of 140 mg/day, and nystatin
mixed with the standard diet, giving a mean dose of
15 mg/day, as described by Krebs and Perkins [13].

Preparation of the microsomal fraction and assays.
The hepatic microsomal subcellular fraction was pre-
pared by the method of Ernster er al.[5] in 0.25M
sucrose containing 0.05M Tris-HCI buffer, pH 74
and adjusted to give a protein concentration of
10 mg/ml. Protein was determined by the method of
Lowry et al. [6] with crystalline bovine serum albu-
min in 0.25M sucrose containing 0.05M Tris-HCl
buffer, pH 74, as a standard. The metabolism of
foreign compounds by the microsomal fraction was
measured over 30 min at 37° with a reaction mixture
containing 4 mg of microsomal protein, Tris-HCI
buffer, pH 7.4 (112 umole), MgCl, (10 umole), nico-
tinamide (50 umole), glucose 6-phosphate (25 umole),
glucose 6-phosphate:NADP™ oxidoreductase (EC
1.1.1.49) (2 units), NADP* (1 umole) and either
aminopyrine (4-dimethylaminoantipyrine) (10 gmole)
or aniline (5 umole), all in a final incubation volume
of 2 ml. Formaldehyde formed from aminopyrine was
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trapped with semicarbazide hydrochloride (10 pmole)
and measured by the method of Nash [7]. The forma-
tion of p-aminophenol from aniline was measured by
the method of Schenkman et al [8]. The spectral
changes produced by the interaction of 5 mM amino-
pyrine (type 1 compound) or 5mM aniline (type II
compound) with the microsomal fraction were
measured by the method of Schenkman et al. [8].

Statistical treatment of results. Groups of data were
subjected to a Student’s t-test [9] to determine if a
significant difference existed between the means of the
groups of data. at the 5% level.

RESULTS

Effect of maximal doses of alcohols and inhibitors
of alcohol dehydrogenase upon the hepatic microsomal
metabolism of aniline and aminopyrine. The doses of
alcohols which were found to be just sufficient to pro-
duce a maximal induction of aniline hydroxylation
were methanol 125 m-mole/kg, ethanol 150 m-mole/
kg and propan-2-ol 30 m-mole/kg. Doses of ethanol
up to 200 m-mole/kg failed to produce a larger in-
crease in aniline hydroxylation, despite the fact that
it represented about only half the increase produced
by smaller doses of methanol or propan-2-ol. Ethanol
was, however, the most active in producing a decrease
in aminopyrine demethylation, followed by methanol,
whilst propan-2-ol had no significant effect (Table 1).
Pyrazole, an inhibitor of alcohol dehydrogenase [10]
produced an increase in aniline hydroxylation. thus
confirming the observation of Lieber e al. [11], and
a decrease in aminopyrine demethylation (Table 1).
4-lodopyrazole (200 mg/kg). also an inhibitor of alco-
hol dehydrogenase [12], produced changes in meta-
bolising activity similar to those of pyrazole (results
not shown). Another reported inhibitor of alcohol de-
hydrogenase acetaldehyde oxime [4], had no effect on
aniline hydroxylation and produced only a small non-
significant decrease in aminopyrine demethylation.

The combination of an inhibitor of alcohol de-
hydrogenase and ethanol at a dose of 150 m-mole/kg,
invariably proved fatal. The rats were, however, able
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to tolerate an inhibitor of alcohol dehydrogenase and
methanol at a dose of 150 m-mole/kg and propan-2-ol
at a dose of 40 m-mole/kg. Inhibition of alcohol de-
hydrogenase did not significantly potentiate the in-
crease in aniline hydroxylation produced by either
methanol or propan-2-ol. The decrease in aminopyr-
ine demethylation produced by pyrazole was com-
pletely blocked when it was administered together
with methanol, and reduced when administered
together with propan-2-ol. Similar, although non-sig-
nificant changes were observed when acetaldehyde
oxime was administered together with either meth-
anol or propan-2-ol. The ability to produce supra-
maximal changes in hepatic microsomal metabolism
by the simultaneous administration of different agents
has been regarded as cvidence of different
mechanisms of action [13]. The present work suggests
that alcohols and inhibitors of alcohol dehydrogenase
produce an increase in aniline hydroxylation by a
similar mechanism, or it could be that some other
factor indirectly involved in the increase becomes rate
limiting. A combination of methanol and an inhibitor
of alcohol dehydrogenase acted to prevent the de-
crease in aminopyrine demethylation found with
either agent alone. It might be that methanol acts
to produce an increase in aminopyrine demethylation.
but that this is normally completely masked by some
inhibitory effect dependent upon the metabolism of
methanol.

Action of pyrazole in antibiotic pretreuted animals.
Because of the marked similarity between the effects
of ethanol and pyrazole on the hepatic microsomal
metabolising activity, it was considered a possibility
that pyrazole might be producing its effects by pre-
venting the metabolism of ethanol which is known
to be continuously produced in the rat by the fermen-
tation of the gastrointestinal contents [ 14]. Rats werc,
therefore, fed a combination of neomycin sulphate
and nystatin which effectively sterilized the gastroin-
testinal tract, and which suppresses endogenous cth-
anol production [14]. Whilst this treatment itself de-
creased the hepatic microsomal metabolising activity,
pyrazole still produced a significant increase in aniline
hydroxylation and a decrease in aminopyrine demecth-

Table 1. Effect of inhibitors of alcohol dehydrogenase upon the changes in the hepatic microsomal metabolism of
aniline and aminopyrine produced by supramaximal doses of alcohols

Methanol Ethanol Propan-2-ol
Control Aniline hydroxylation {nmole/30 min per mg)
No drug 11.1 + 08 204 + 0.4t 157 £ 0.9t 19.6 + 1.8
Pyrazole 154 +0.7* 18.6 + 1.1F - 20.7 + 2.2%
Acetaldehyde oxime 11.4 + 0.5 185 + 1.0t — 206 + 1.9+
Aminopyrine demethylation (nmole;/30 min per mg)

No drug 111.8 + 11.7 752 + 11.3+ 54.7 + 9.3% 1189 + 5.1
Pyrazole 58.1 4+ 5.0* 1169 + 5.8*% 86.5 + 11.6%t
Acetaldehyde oxime 783 + 136 943 4+ 49 91.2 + 4.7*

Pyrazole (200 mg/kg) or acetaldehyde oxime (200 mg/kg) were administered to unanaesthetised male rats by ip. injec-
tion 5min before the oral administration of a dose of alcohol more than sufficient to produce a maximal increase
in aniline hydroxylation, viz methanol, 150 m-mole/kg; ethanol, 150 m-mole/kg: and propan-2-ol, 40 m-mole/kg). The
combination of ethanol at this dose and an inhibitor of alcohol dehydrogenase was, however, fatal. The hepatic micro-
somal fraction was prepared 24 hr later and metabolising activity determined as described in the text. Values represent
the mean + S.E.M. of six animals. *P < 0.05 compared with the value in the absence of an inhibitor of alcohol dehydro-
genase. TP < 0.05 compared with the control value in the absence of an alcohol.
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Table 2. Effect of antibiotic pretreatment upon the metabolism of aniline and aminopyrine by the
hepatic microsomal fraction of rats administered pyrazole

Aniline hydroxylation
(nmole/30 min per mg)

Aminopyrine demethylation
(nmole/30 min per mg)

Antibiotic fed
Antibiotic fed + pyrazole

49 + 0.6
10.0 4+ 0.6*

349 + 53
229 + 1.5*

Rats were fed with neomycin sulphate (140 mg/day) and nystatin {15 mg/day) in their food for five
days, as described in the text. Pyrazole (200 mg/kg) was administered by i.p. injection 24 hr before
the preparation of the hepatic microsomal fraction. Metabolism was determined as described in the
text. Values represent the mean + S.E.M. of eight animals *P < 0.01 compared with the values in

the absence of pyrazole.

ylation (Table 2), indicating that it was not acting
through endogenously produced ethanol.

Effect of inhibitors of alcohol dehydrogenase on the
changes in hepatic microsomal metabolism produced by
submaximal doses of alcohols. The submaximal doses
of the alcohols used in this part of the study produced
little or no change in microsomal aniline hydroxyl-
ation (Table 3). Both pyrazole and acetaldehyde
oxime potentiated the effects of ethanol on aniline
hydroxylation, transforming a small inhibition into
a marked stimulation, greater than had been observed
with even the highest doses of ethanol. Similar,
although less marked, effects were observed on the
changes produced by methanol with both pyrazole
and acetaldehyde oxime. The effects of these inhibi-
tors and propan-2-ol did not, however, appear to be
synergistic.

The effect of inhibitors of alcohol dehydrogenase
on the changes in aminopyrine demethylase activity
were more difficult to interpret. Only acetaldehyde
oxime and methanol interacted to produce a positive
synergistic effect, transforming a small inhibition into
a small but significant potentiation. Acetaldehyde
oxime, however, appeared to have no effect upon
aminopyrine demethylation in the presence of ethanol
or propan-2-ol. Pyrazole had no effect upon the
changes produced by either methanol or ethanol, but
produced a greater inhibition when administered
together with propan-2-ol.

Effect of aldehydes on hepatic microsomal metabo-
lism. Formaldehyde and acetaldehyde were adminis-
tered to rats 24 hr and 18 hr before the preparation
of the hepatic microsomal fraction, to simulate more
closely the continuous production of aldehyde from
a large dose of alcohol. Neither formaldehyde nor
acetaldehyde produced any significant change in the
levels of microsomal aniline hydroxylase but both led
to a significant decrease in aminopyrine demethyla-
tion (Table 4). A single dose of formaldehyde or ace-
taldehyde given 24 hr before death produced similar
but less marked changes (results not shown). Both
aldehydes produced a decrease in the type I spectral
change, which might explain the decrease in the type
1 spectral change previously noted after adminis-
tration of methanol or ethanol[1]. Formaldehyde
produced a small although non-significant, and ace-
taldehyde a significant, decrease in the type 1I spectral
change.

Effect of an inhibitor of aldehyde dehydrogenase on
the changes in hepatic microsomal metabolism produced
by submaximal doses of aldehydes. Disulphiram, an in-
hibitor of aldehyde dehydrogenase[15], itself pro-
duced an inhibition of aniline hydroxylation and
aminopyrine demethylation (Table 5). Honjo and
Netter [10] have previously reported that disulphiram
administered to rats will inhibit hepatic microsomal
aminopyrine demethylation, although only after a lag
period of about 15 hr. Whilst formaldehyde and ace-

Table 3. Effect of inhibitors of alcohol dehydrogenase on the changes in the metabolism of aniline and aminopyrine
produced by submaximal doses of methanol, ethanol, and propan-2-ol

Methanol Ethanol Propan-2-ol
Control Aniline hydroxylation (n-mole/30 min per mg)
No drug 11.1 + 04 1.7+ 10 94 + 0.4* 13.1 + 0.7
Pyrazole 16.7 + 0.8* 18.4 + 0.9* 20.3 + 1.4%¢% 16.1 + 1.1*
Acetaldehyde oxime 123+ 1.0 16.8 + 0.8*+ 219 + 1.3*%% 142 +1.0
Aminopyrine demethylation (n-mole/30 min per mg)

No drug 110.8 + 5.1 90.8 + 6.5t 829 + 5.3% 104.6 + 4.3
Pyrazole 78.5 + 7.5* 86.3 + 7.8 850 + 6.5 60.9 + 3.7*
Acetaldehyde oxime 89.6 + 8.7 1259 + 3.1*% 86.1 + 438 1025 + 4.8

Pyrazole (200 mg/kg) or acetaldehyde oxime (200 mg/kg) were administered to unanaesthetised male rats by i.p. injec-
tion S min before the oral administration of a submaximal dose of methanol or ethanol (85 m-mole/kg) or propan-2-ol
(20 m-mole/kg). The hepatic microsomal fraction was prepared 24 hr later and metabolising activity determined as
described in the text. Values represent the mean + S.E.M. of six animals. *P < 0.05 compared with the value in the
absence of an inhibitor of alcohol dehydrogenase. TP < 0.05 compared with the control value in the absence of an
alcohol.



G. Powis and L. GRANT

Table 4. Effect of formaldehyde and acetaldehyde on the hepatic microsomal metabolism of aniline and aminopyrine

Spectral Changes

Aniline hydroxylation Aminopyrine demethylation Type 1 Type II

(n-mole/30 min per mg) (n-mole/30 min per mg) (E385 417/g) (E429-395/¢)
Control 11.2 £ 06 1053 + 5.8 7.3+ 09 18.5 + 2.0
Formaldehyde 1404+ 1.2 61.6 + 5.1% 21 4 0.5* 150 + 1.1
Acetaldehyde 10.6 + 0.7 755 4+ 5.3* 33 4+ 0.6* 11.4 + 0.9*

Formaldehyde {13 m-mole/kg) and acetaldehyde (22 m-mole/kg) were fed by stomach tube to unanaesthetised male
rats 24 hr and 18 hr before death and preparation of the hepatic microsomal fraction. Metabolising activity was deter-
mined as described in the text. The spectral changes represent the peak-to-trough changes caused by the addition
of 5mM aminopyrine (type I) and 5 mM aniline (type II) to a cuvette containing the microsomal fraction (2 mg pro-
tein/ml) and for convenience these results are expressed per g of microsomal protein. Values represent the mean + S.EM.

of six animals. *P < 0.01 compared with the control value.

taldehyde at these lower doses produced only a small
decrease in aminopyrine demethylation, in the pres-
ence of disulphiram there was a marked increase in
the fractional inhibition of aminopyrine demethyla-
tion produced by both aldehydes.

DISCUSSION

Ethanol and methanol administered to rats as a
single dose have the unusual effect of producing a
selective induction of aniline hydroxylation, a de-
crease in aminopyrine demethylation, and no change
in the components of the mixed function oxidase,
apart from a decreased spectral change produced by
the interaction of substrates with cytochrome
P-450[1]. Propan-2-ol on the other hand, produces
an induction of aniline hydroxylation but has no
effect upon aminopyrine demethylation, despite an in-
crease in NADPH-cytochrome P-450 reductase,
which it has been suggested is rate limiting in the
microsomal metabolism of foreign compounds [17].
The present study reveals nothing of the molecular
mechanisms underlying these changes, but it does
show the relative contribution of the alcohols and
their metabolites to the differential effects observed
on the metabolism of aniline and aminopyrine.

Pyrazole, a widely used inhibitor of alcohol de-
hydrogenase [4, 10, 11], itself produced changes in the

hepatic microsomal mixed function oxidase very simi-
lar to those produced by ethanol, so much so that
it had to be considered that pyrazole might be pro-
ducing its effects by allowing an accumulation of alco-
hol which is normally formed in, and absorbed from.,
the intestinal tract of the rat[14]. This possibility
was, however, eliminated by the finding that pyrazole
still exerted its effects in rats fed with antibiotics,
which markedly reduce the amount of aicohol pro-
duced in the gastrointestinal tract [14]. Acetaldehyde
oxime, an inhibitor of alcohol dehydrogenase equipo-
tent with pyrazole [4] failed to give rise to an increase
in aniline hydroxylation and produced only a small
and nonsignificant decrease in aminopyrine demethy-
lation. The finding that the effects of the inhibitors
of alcohol dehydrogenase and methanol® and pro-
pan-2-ol at supramaximal doses, were not additive,
might suggest a similar mechanism of action,
although it is also a possibility that some other factor
only involved indirectly in the changes in metabolism
might become rate limiting.

Inhibitors of alcohol dehydrogenase are known to
produce a marked decrease in the metabolism of
methanol, ethanol and propan-2-ol in vivo, the meta-
bolism of ethanol showing the greatest inhibition [4].
Both pyrazole and acetaldehyde oxime potentiated
the increase in aniline hydroxylation produced by a
submaximal dose of ethanol. and to a lesser extent

Table 5. Effect of an inhibitor of aldehyde dehydrogenase upon the changes in the hepatic
microsomal metabolism of aniline and aminopyrine produced by submaximal doses of aldehydes

Control

Formaldehyde Acetaldehyde

Aniline hydroxylation (n-mole;30 min per mg)

No drug 1.1 £ 03 1.1 +09 122 + 0.7

Disulphiram 4.9 4+ 04* 4.1 + 0.4* 2.6 + 0.2%t
Aminopyrine demethylation (n-mole;/30 min per mg}

No drug 161.9 + 5.7 136.8 + 4.6% 157.0 + 128

Disulphiram 70.9 + 3.6* 37.2 + 1L.7%t 379 & S.1%F

Disulphiram (300 mg/kg) was administered to unanaesthetised male rats by i.p. injection 2 hr
before the oral administration of formaldehyde (5 m-mole/kg) or acetaldehyde (11 m-mole/kg).
A second oral dose of formaldehyde or acetaldehyde was given 6 hr later. The animals were
killed and the hepatic microsomal fraction prepared 24 hr after the first dose of aldehyde. Meta-
bolising activity was determined as described in the text. Values represent the +S.E.M. of
six animals. *P < 0.05 compared with the value in the absence of disulphiram. +P < 0.05 com-
pared with the control value in the absence of an aldehyde.
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methanol, and appeared to reverse, at least in part,
the decrease in aminopyrine demethylation produced
by both alcohols. These results suggest that the in-
crease in aniline hydroxylation is a direct conse-
quence of the action of methanol and ethanol them-
selves, whilst the decrease in aminopyrine demethyla-
tion may be a consequence of the metabolism of the
alcohols by alcohol dehydrogenase. There is also
some evidence which suggests that methanol, at least,
might be producing an increase in aminopyrine
demethylation but that this is normally masked by
an inhibition which is dependent on the metabolism
of methanol. The administration of formaldehyde and
acetaldehyde, had no effect upon aniline hydroxyl-
ation but both aldehydes produced a decrease in
aminopyrine demethylation. This is likely to be a di-
rect effect of the aldehydes themselves since disul-
phiram, an inhibitor of aldehyde dehydrogenase,
potentiated the inhibition produced by submaximal
doses of both aldehydes.

Pyrazole and acetaldehyde oxime had no signifi-
cant effect upon the increase in aniline hydroxylation
produced by propan-2-ol, nor was their inhibitory
effect upon aminopyrine demethylation modified in
any consistent way by the presence of propan-2-ol.
Propan-2-ol is metabolised in the rat to ace-
tone [ 3, 18] which may account for some of the effects
of propan-2-ol. such as the potentiation of the hepato-
toxic effects of carbon tetrachloride and chlorinated
hydrocarbons [19. 20]. Acetone has been found to in-
duce microsomal aniline hydroxylation but to have
no effect upon aminopyrine demethylation [21, 22].
Assuming that, as has been reported, inhibitors of
alcohol dehydrogenase effectively inhibit the metabo-
lism of propan-2-ol [3], the present results may be
interpreted to suggest that at low doses of pro-
pan-2-ol, acetone may account for a large part of the
increase in aniline hydroxylation, whilst at higher
dose propan-2-ol itself might exhibit some inducing
activity.
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