
367Biochem. J. (1973) 134, 367-375
Printed in Great Britain

The Effect of Ethanol on Drug Oxidations In Vitro and the
Significance of Ethanol-Cytochrome P450 Interaction
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The effect of ethanol on N-demethylation of aminopyrine in rat liver slices andcin the
microsomal fraction and on microsomal hydroxylation of pentobarbital and aniline was
studied. With liver slices N-demethylation of aminopyrine was stimulated by 35-40% at
low ethanol concentrations (2mM), whereas no stimulation occurred at high concentra-
tions (100mM). With the liver microsomal fraction, an inhibitory effect was observed only
at high ethanol concentrations (100mM). This was also observed with the other drugs
studied. In agreement with these results, only at a high concentration did ethanol interfere
with the binding of drug substrates to cytochrome P-450. Further, as previously reported,
ethanol produced a reverse type I spectral change when added to the liver microsomal
fraction. Evidence that this spectral change is due to removal of substrate, endogenously
bound to cytochrome P-450, is reported. A dual effect of ethanol is assumed to explain the
present findings; in liver slices, at a low ethanol concentration, the enhanced rate of drug
oxidation is the result ofan increasedNADH concentration, whereas the inhibitory effect
observed with the microsomal fraction at high ethanol concentration is due to the inter-
ference by ethanol with the binding of drug substrates to cytochrome P450.

Orme-Johnson & Ziegler (1965) reported the
oxidation of both methanol and ethanol in vitro by
hepatic microsomal fraction in the presence of
NADPH and molecular 02. The oxidation ofethanol
to acetaldehyde by the microsomal fraction was
confirmed and extended by Lieber & DeCarli (1968)
who, in contrast to Orme-Johnson & Ziegler (1965),
observed inhibition (60-70%.) of microsomal ethanol
metabolism byCO. The requirement forNADPHand
02 and the sensitivity to CO are also characteristic of
the microsomal cytochrome P450-containing mono-
oxygenase system. Further, the experimental admini-
stration of ethanol to human volunteers, both alco-
holics and non-alcoholics, and to male rats resulted in
a proliferation of the smooth endoplasmic reticulum
of the hepatocytes (Iseri et al., 1966; Lane & Lieber,
1966), a finding similar to that produced by many
drugs (see Conney, 1967, for review). These observa-
tions led Lieber & DeCarli (1968) to postulate the
presence of an ethanol-oxidizing system in the
microsomal fraction which is distinct from hepatic
alcohol dehydrogenase, an enzyme present in the
soluble fraction (see Jacobsen, 1952, for review).
Rubin et al. (1970) reported that microsomal

ethanol-oxidizing-system activity is significantly
inhibited by drug substrates of the mono-oxygenase
system and in addition that ethanol inhibits the hyd-
roxylation of pentobarbital and aniline in vitro by the
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microsomal fraction; with aniline hydroxylation, the
inhibition was shown to be competitive (Rubin &
Lieber, 1968). These findings suggested that the
microsomal metabolism of various drugs and ethanol
involves common enzyme components. Further, the
addition of high concentrations of ethanol to a
microsomal suspension induced a reverse type I
(modified type II) spectral change (Schenkman et al.,
1967), suggesting an interaction between cytochrome
P450 and ethanol (Rubin et al., 1971).

However, based on other investigations, not only
the role of the microsomal ethanol-oxidizing system
in vivo but also its actual existence have been ques-
tioned. For example, inhibitors and inducers of the
hepatic microsomal mono-oxygenase system did not
affect metabolism of ethanol in vivo (Klaassen, 1969;
Tephly etal., 1969; Khanna & Kalant, 1970; Khanna
et al., 1972). Moreover, Hassinen & Ylikahri (1972),
using isolated perfused livers from normal and pheno-
barbital-treated rats, reported that addition ofethanol
to the perfusion medium did not cause any redox
changes of cytochrome P450, concluding that the
role of the microsomal ethanol-oxidizing system in
ethanol oxidation in intact liver is insignificant.
Aminotriazole, an inhibitor of the biosynthesis of
catalase (Tschudy & Collins, 1959) was found to
decrease the microsomal production of acetaldehyde
from ethanol when added in vitro or when injected
in vivo (Roach et al., 1969; Isselbacher & Carter,
1970), implicating catalase in the oxidation of
ethanol. Thurman et al. (1972) presented strong
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evidence that the microsomal ethanol-oxidizing sys-
tem is due to contaminating catalase plus H202
generated by microsomal NADPH oxidase in the
presence of NADPH and 02 (Gillette et al., 1957). If
the microsomal ethanol-oxidizing system is indeed a
non-entity as suggested by the results of Thurman
et al. (1972), then what is the explanation for the
inhibition of microsomal drug metabolism by etha-
nol ? Secondly, what is the significance of the reverse
type I spectral change observed on addition of
ethanol to the liver microsomal fraction? Is this
spectral change due to a binding of ethanol to cyto-
chrome P-450? The aim of the present study is
directed toward answering these questions, in the
hope of elucidating the role of ethanol in drug
metabolism.

Materials and Methods

NADP+, NADPH, NADH, trisodium isocitrate
and isocitrate dehydrogenase were purchased from
Sigma Chemical Co. (St. Louis, Mo., U.S.A.);
aminopyrine was obtained from Matheson, Coleman
and Bell (Norwood, Ohio, U.S.A.); hexobarbital
(sodium salt) was obtained from Bayer A.G. (Lever-
kusen, Germany); acetaldehyde was purchased from
BDH Chemicals Ltd. (Poole, Dorset, U.K.); 4-
methylpyrazole was obtained as the hydrochloride
through the courtesy of Dr. B. Sj6berg, Astra AB
(Sodertaje, Sweden). Pentobarbital was generously
provided by May and Baker Ltd. (Dagenham,
Essex, U.K.), as was 5-allyl-5-isopropylbarbituric
acid (aprobarbital) by ACO Lakemedels AB (Solna,
Sweden). All other chemicals and reagents were
purchased from local commercial sources and were
used without further purification.

Untreated male Sprague-Dawley rats (250-300g)
were obtained commercially from Eklund's Animal
farm (Taby, Sweden), and fed on a standard labora-
tory diet. Livers were removed and treated as
described previously (Cinti & Schenkman, 1972).
The slices (approx. 0.5mm thick) were prepared by
using a Stadie-Riggs microtome. Livers were homo-
genized in Svol. of cold 0.25M-sucrose with a glass-
Teflon homogenizer and microsomal fractions were
prepared either by differential ultracentrifugation as
described by Ernster et al. (1962) or by the Ca2+
sedimentation procedure as described by Schenkman
& Cinti (1972). Identical results were obtained with
either method of preparation of the microsomal
fraction. Protein concentrations were determined by
the method of Lowry et al. (1951).
The rate of demethylation of aminopyrine in the

presence and absence of4-methylpyrazole and ethanol
was measured in a system containing 50mM-Tris-
HCI buffer, pH7.5, 5mM-MgCI2, 1mM-NADP+,
5mM-DL-isocitrate and 0.4 unit of pig heart isocitrate
dehydrogenase, in a final volume of 2ml. When pre-

sent, the final concentration of 4-methylpyrazole was
2mM. The concentrations ofaminopyrine and ethanol
used varied with each experiment and are indicated
in the figure legends or the tables. The reaction was
started by addition of either microsomal fraction
(1.Omg of protein/ml) or liver slices (200-250mg).
Incubations were performed in a Dubnoff shaker for
10min at 37°C in an atmosphere ofair. Formaldehyde
formed was measured by the procedure of Nash
(1953).
The hydroxylation of aniline was measured with

the same incubation medium used for aminopyrine
N-demethylation. The reaction was started with
1.5mg of microsomal protein/ml. The incubation
time in the Dubnoff shaker was 20min at 37°C in air.
Aniline hydroxylase activity was determined by
measuring the formation of p-aminophenol
(Schenkman et al., 1967).
For the determination of pentobarbital metabo-

lism, incubations were performed as for aniline, but
with 0.1mm-sodium pentobarbital and 1.5mg of
microsomal protein per incubation mixture. At the
end of 20min, the reaction was stopped by freezing
the tubes in a solid C02-ethanol mixture; 0.5g of
NaCl and known concentrations of aprobarbital
were then added to each tube and the mixture was
extracted with 10ml of chloroform by shaking for
Smin. After centrifugation to separate the phases,
the chloroform phase was evaporated and the residue
dissolved in 0.5-1 ml ofchloroform, ofwhich portions
(0.5-1 Iu) were injected into a gas chromatograph.
G.l.c. was performed with a Varian 1440 gas
chromatograph equipped with a H2 flame ionization
detector. Flash heater and detector were kept at
240°C and column oven at 210°C. N2 at 30ml/minwas
used as the carrier gas. The silicone-treated coiled
glass columns (2m x 2mminternaldiam.)were packed
with 3% Hi-EFF-3A (neopentyl glycol adipate) on
Gas-chrom Q. The peak areas were measured by
cutting and weighing the chromatograms, and pento-
barbital concentrations were calculated by using
aprobarbital as an internal standard.
Cytochrome P-450 was measured with an Aminco-

Chance split-beam dual-wavelength recording spec-
trophotometer as described by Omura & Sato (1964)
by using the extinction coefficient of 91 mM- Icm1 .
Spectral changes produced by addition of substances
to suspensions ofliver microsomal fractions were also
recorded with the same spectrophotometer. Spectral
dissociation constants (K.) were obtained from
double-reciprocal plots (Schenkman, 1970).
Washing of the microsomal fraction was performed

as follows. Microsomal fractions were resuspended in
0.15M-KCI to a final concentration of 10-15mg of
protein/ml; a sample was removed for measurement
of cytochrome P-450 and for titration of the spectral
changes with hexobarbital and ethanol. To the re-
maining microsomal suspension was added 0.15M-
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KC1 containing 100mM-ethanol (final concn.). The
mixture was gently stirred for 2min at 4°C, followed
by centrifugation at 105000g for 45 min (Ca2+-
sedimented microsomal fractions were centrifuged
at 20000g for 10min); the pellets were then washed
three times with lOvol. of 0.15M-KCI to remove the
ethanol, resuspended in 0.15M-KCI to a final protein
concentration of 10-15 mg/ml and a sample was taken
for cytochrome P-450 measurement and titration of
hexobarbital- and ethanol-produced spectral
changes (washed fraction 1). The remaining micro-
somal suspension was washed again as described
above, yielding washed fraction 2. The control
microsomal fractions were also washed twice with
0.15M-KCI containing no ethanol.

Kinetic plots were determined by linear regression
analyses; all correlation coefficients were greater
than 0.9.

Results
Effect ofethanol on N-demethylation ofaminopyrine in
liver slices and microsomal fractions

In the light of the discrepancies mentioned in the
introduction we studied the effect of various concen-
trations of ethanol on the N-demethylation of amino-
pyrine in both liver slices and the microsomal fraction.

As shown in Table 1, 2mM- and 20mM-ethanol in-
creased the rate ofN-demethylation ofaminopyrine in
rat liver slices by about 35-40 %. However, at a much
higher ethanol concentration the stimulation was
completely abolished (503 compared with 493 nmol of
formaldehyde/lOmin per g of liver), suggesting a
dual or more complex effect of ethanol. To determine
whether the observed increase in oxidation of amino-
pyrine was due, at least in part, to an increased con-
centration ofNADH resulting from the metabolism
ofethanol, 2mM-4-methylpyrazole, a potent inhibitor
of alcohol dehydrogenase (Theorell et al., 1969), was
added to the incubation medium (Table 2). The pre-
sence of 4-methylpyrazole alone did not affect the
rate of N-demethylation of aminopyrine (493
compared with 498nmol of formaldehyde/lOmin
per g of liver). However, in the presence of 2mM-
ethanol the 35-40% increase in demethylation was
diminished by 50% (669 compared with 595 nmol of
formaldehyde/lOmin per g of liver), although the
rate was still significantly higher than that observed in
the controls. At higher concentrations of ethanol, the
observed increase was removed, and in fact a 15-20%
decrease in the rate of N-demethylation was often
observed. It thus appears that at least two ethanol
effects exist: (1) the oxidation of ethanol by alcohol
dehydrogenase resulting in an increased NADH/

Table 1. Rate ofaminopyrine N-demethylation in liver slices in thepresence ofvarious concentrations ofethanol

The concentration ofaminopyrine in the incubation medium was 8.0mM; the reaction was initiated by the addition
of the liver slices. Values for demethylation are means ± S.E.M. with number of observations in parentheses, and
P values are a comparison between the presence and absence of ethanol. N.S., not significant.

Additions
Control
Ethanol (2mM)
Ethanol (20mM)
Ethanol (200mM)

Aminopyrine N-demethylation
(nmol of formaldehyde/lOmin per g of liver)

493 ± 29 (29)
669± 90 (10)
664±72 (10)
503 ± 66 (10)

Table 2. Rate ofaminopyrine N-demethylation in liver slices in thepresence of2.0mM-4-methylpyrazole and various
concentrations ofethanol

Methods are as described in Table 1. Values for demethylation are means± S.E.M. with number of observations in
parentheses, andP values are a comparison between the presence and absence of ethanol. N.S., not significant.

Additions
Control (+ 4-methylpyrazole)
Ethanol (2mM)
Ethanol (20mM)
Ethanol (200mM)
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Aminopyrine N-demethylation
(nmol of formaldehyde/lOmin per g of liver)

498± 39 (29)
595 ± 62 (10)
419± 50 (10)
422±53 (10)

Change (%) p

20 <0.05
16 N.S.
15 N.S.

Change (%)

36
35
2

p

<0.025
<0.025
N.S.
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NAD+ ratio, which could conceivably support drug
metabolism, and (2) an inhibitory effect by high etha-
nol concentrations on the microsomal mono-oxy-
genase system, directly or indirectly via a non-specific
effect on the membrane.

In contrast to the oxidation rate in liver slices,
microsomal N-demethylation of aminopyrine was
not affected by ethanol when the concentrations in
the incubation medium ranged between 1 and 50mM;
an inhibitory effect, possibly competitive, was
observed, however, with 100mm-ethanol (Fig. 1).
The lack of stimulation ofaminopyrine N-demethyla-
tion by the microsomal fraction in the presence oflow
concentrations of ethanol was not unexpected, how-
ever, since microsomal oxidation ofethanol, if indeed
any occurred, would not result in the generation of
NADH.
To be certain that our observations were real and

not artifacts attributed to interference by acetalde-
hyde, which is a product of ethanol oxidation, in-
creasing concentrations of acetaldehyde ranging

from 10P-M to 10mM were added to the incubation
medium during analysis of aminopyrine demethyla-
tion in both liver slices and microsomal fractions. The
amount of formaldehyde formed remained constant
in the presence of increasing concentrations of
acetaldehyde.

Effect of ethanol on pentobarbital metabolism by rat
liver microsomalfraction

Contrary to a previous report (Rubin & Lieber,
1968), pentobarbital hydroxylation by the micro-
somal fraction was not significantly affected by
ethanol concentrations in the range 2-50mM (Fig. 2);
at 100mM-ethanol, however, there was a decrease, an
effect similar to that observed with aminopyrine.

Effect of ethanol on aniline hydroxylation by rat liver
microsomalfraction
Rubin et al. (1970) reported that in the presence of

3mM- and 8 mM-ethanol, microsomal aniline hydroxy-
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Fig. 1. Kinetic plots ofthe effect ofethanol on the N-demethylation ofaminopyrine by rat liver microsomalfraction

The mixtures containing 1 mg of microsomal protein/ml were incubated for 10min at 37°C in air. A, No ethanol
added; *, 1.0mM-ethanol; o, 10mM-ethanol; o, 50mM-ethanol; A, 100mM-ethanol.
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lase activity was competitively inhibited. Using simi-
lar conditions, we observed no effect with 3mm-

ethanol, but with 8mm- and 100mm-ethanol a com-
plex mixed-type inhibition was seen, in that both the
Km and Vmax. were altered (Fig. 3).

+ +

0 2 20
[Ethanol] (mM)

100 200

Effect ofethanol on the binding ofhexobarbital to rat
liver microsomalfraction

It is well known that the addition of hexobarbital
to a microsomal suspension results in a type I spectral
change, the magnitude of which is proportional to
the amount ofhaemoprotein available for interaction
with the substrate (Schenkman et al., 1967). As
shown in Fig. 4, the presence of ethanol in both
cuvettes caused a decrease in the magnitude of the
hexobarbital-induced type I spectral change. The
spectral dissociation constant (Ks) tended to increase
(from 0.11 to 0.15mM), suggesting a competitive type
of inhibition, but only in the presence of high concen-
trations of ethanol.

In the presence of hexobarbital in the sample
cuvette containing a microsomal suspension, addition
of 100mM-ethanol to the reference cuvette resulted in
a greater hexobarbital-induced type I spectral change
(Fig. 5, curvesA and B). When ethanol was present in

Fig. 2. Effect ofethanol on the microsomal hydroxyla-
tion ofpentobarbital

The microsomal protein concentration in the incuba-
tion mixture was 0.75mg/ml. Incubations were for
20min at 37°C in air; rate ofpentobarbital disappear-
ance was determined by g.l.c. Bars indicate means
and variations of three experiments.
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Fig. 3. Lineweaver-Burk plots ofthe effects ofethanol

on microsomal hydroxylation of aniline
The incubation mixture contained 1.5mg of micro-

somal protein/ml and the reaction was run for 15min
at 37°C in air. A, No ethanol added; 0, 3 mM-ethanol;
0, 8mM-ethanol; A, 100mM-ethanol.
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Fig. 4. Lineweaver-Burk plots ofhexobarbital binding
to rat liver microsomal fraction in the presence of

ethanol

A microsomal suspension (6ml) containing 0.05M-
Tris-HCl buffer, pH7.5, and 2mg of protein/ml was
divided equally between two cuvettes. Increasing con-
centrations of hexobarbital were added to the sample
cuvette and corresponding amounts of buffer to the
reference. *, No ethanol added; *, 100mM- and A,

200mM-ethanol present in both cuvettes.
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both cuvettes, the type I spectral changewas decreased
(Fig. 4, and Fig. 5, curve C). Addition of ethanol to a
microsomal suspension resulted in a reverse type I
spectral change (Fig. 5, curve D) as reported by Rubin
et al. (1971). Further, adding hexobarbital to both
cuvettes increased the magnitude of the ethanol-
induced reverse type I spectral change (Fig. 5, curve
E). These effects can be explained in two ways. (1)
Ethanol physically binds to the apoprotein of cyto-
chrome P-450 and in doing so produces the reverse
type I spectral change. This would explain the increase
in the magnitude of the hexobarbital-induced type I
spectral change on addition of ethanol to the refer-
ence cuvette, which would be due to an algebraic
summation of the type I spectral change in the sample
cuvette and the reverse type I spectral change in the
reference cuvette (curve B). The decrease in the hexo-
barbital-produced type I spectral change when
ethanol was present in both cuvettes (curve C) and the
increase in the ethanol-induced reverse type I spectral
change when hexobarbital was present in both
cuvettes (curve E) could in turn be due to a type I
component ofethanol binding (cf. Schenkman, 1970).
(2) Ethanol does not bind to cytochrome P-450 but
induces a reverse type I spectral change by its ability
to remove endogenously bound substrate from cyto-
chrome P450; this would adequately explain curves
B, C, D and E in Fig. 5.

Effect ofethanol washing ofthe microsomalfraction on
the hexobarbital- and ethanol-induced spectral changes

To separate these two apparently valid explana-
tions of the ethanol effect, microsomal fractions were
washed with 100mM-ethanol, based on the belief
that if indeed ethanol was removing endogenously
bound substrate, washing with ethanol would release
substrate from cytochrome P450, making more
haemoprotein available for interaction with hexo-
barbital; in addition the magnitude of the ethanol-
induced reverse type I spectral change would be
decreased. If, however, ethanol did bind to cyto-
chrome P-450, then washing of microsomal fraction
would not affect either the type I or reverse type I
spectral change. As shown in Fig. 6(a) microsomal
fraction washed twice with 100mM-ethanol (see the
Materials and Methods section) produced a greater
type I spectral change on addition of increasing con-
centrations of hexobarbital; further, the reverse type
I spectral change induced by ethanol was diminished
(Fig. 6b). To substantiate the ethanol effect, micro-
somal fractions were washed twice with 0.15M-KCI
only; these washed microsomal fractions produced
hexobarbital- and ethanol-induced spectral changes
identical with those observed with control micro-
somal fraction. Moreover, to ensure that washed
microsomal fractions did not contain residual

385 E
I~~~~

400 410 420 430 440 450 460 470

Wavelength (nm)

Fig. 5. Optical difference spectra ofsubstrate binding to rat liver microsomalfraction

A microsomal suspension containing 1.6mg of protein/ml in 0.05 M-Tris-HCl buffer, pH7.5, was divided equally
between two cuvettes. Curve A, 0.33mM-hexobarbital (final concn.) was added to sample cuvette and a corre-
sponding volume of buffer was added to the reference cuvette; curve B, 100mM-ethanol was added to the reference
cuvette (18,ul of ethanol); curve C, new microsomal suspension also containing 1.6mg of protein/ml and
240mm-ethanol was divided between two cuvettes and 0.33mM-hexobarbital was added to the sample cuvette;
curve D, addition of 250mM-ethanol to the sample cuvette containing 2.0mg of microsomal protein/ml, followed
by addition of 0.5 mm-hexobarbital to both cuvettes (curve E). For further details see the text.
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Fig. 6. Effect of washing of the microsomal fraction
with 100 mM-ethanol on the spectral changes produced

by hexobarbital and ethanol

(a) Hexobarbital-induced spectral change: A, con-
trol; o, first wash; A, second wash. (b) Ethanol-
induced spectral change: A, control; o, first wash;
o, second wash. See the Materials and Methods sec-
tion for details.

amounts of ethanol, the pellets were rinsed three
times with 0.15M-KCI. In addition, had ethanol re-
mained bound to the microsomal fraction after
washing, then the magnitude of the hexobarbital type
I spectral change would have been even lower than
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that obtained with the control microsomal fraction
(see Fig. 5, curve C).

Discussion

Whereas the role of the microsomal cytochrome-
P-450-containing mono-oxygenase system in liver
has recently been questioned with regard to its in-
volvement in the oxidation of ethanol both in vivo
and in vitro, there is general agreement that various
drug oxidations are affected by high concentrations
ofethanol. Based on our observations with liver slices
and microsomal fractions, we propose at least two
diametrically opposed effects of ethanol; at low con-
centrations of ethanol, drug oxidation is stimulated,
possibly by an increase in the cytoplasmic NADH/
NAD+ ratio resulting from alcohol dehydrogenase-
dependent oxidation of ethanol; Rawat (1972) has
shown that rat liver slices utilize more than 40,umol
ofethanol/h per g wet wt. of liver, which results in the
production of a stoicheiometrically equivalent
amount ofNADH. Since Cohen & Estabrook (1971),
Hildebrandt & Estabrook (1971) and Cinti et al.
(1972) have shown that drug oxidations are enhanced
in the presence of both NADPH and NADH, the in-
creased NADH/NAD+ ratio would explain such a
stimulatory effect of ethanol in liver slices, where the
concentration of reduced nicotinamide nucleotides
may be more critical for optimum drug oxidation
rates than in vivo. That the stimulatory effect of etha-
nol was in fact due to NADH production is strongly
suggested by our experiments with 4-methylpyrazole.
Moreover, this effect was not obtained with micro-
somal fractions, which was expected since alcohol
dehydrogenase is present only in the soluble fractions.
At high ethanol concentrations (100mM or greater),

however, an inhibitory effect on drug oxidation was
observed. This inhibition has been attributed to a
direct effect by ethanol on the mono-oxygenase
system by interacting with the terminal oxidase,
cytochrome P450 (Imai & Sato, 1967; Rubin et al.,
1971). Evidence for this assertion has been based on
(a) inhibition ofmicrosomal ethanol-oxidizing system
activity by CO, (b) the reverse type I spectral change
obtained when ethanol is added to a liver micro-
somal suspension, (c) inhibition of microsomal
ethanol-oxidizing system activity by drugs, and (d)
inhibition in vitro of pentobarbital and aniline hyd-
roxylase activities by ethanol. Our studies also showed
inhibition in vitro of microsomal aminopyrine N-
demethylation, but only when high ethanol concen-
trations were used (see Fig. 1). Similarly, pentobarbi-
tal metabolism was inhibited only in the presence of
high concentrations of ethanol. Moreover, contrary
to the report of Rubin et al. (1970), who found a com-
petitive inhibition of aniline hydroxylase activity in
the presence of 3 mM-ethanol, we observed no change
in either the Km or Vmax. for aniline hydroxylation
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with the same concentration of ethanol (see Fig. 3).
Although higher concentrations ofethanol did inhibit
hydroxylation of aniline, the inhibition was complex,
in that both Vmax. and Km were changed.

Since various drug oxidations were affected only in
the presence of high concentrations of ethanol and
since the inhibition observed was not usually com-
petitive, it seems unreasonable to assert that ethanol
is acting as an alternative substrate of the mono-
oxygenase system. Therefore, another explanation
for the inhibition of drug oxidations by high ethanol
concentrations is required. We propose that the
ethanol-induced inhibition is due to interference by
ethanol with the binding of substrate by cytochrome
P-450. This is based on the decrease in the magnitude
of the hexobarbital-induced type I spectral change in
the presence of high concentrations of ethanol, and
the increased magnitude of the hexobarbital-induced
spectral change, coupled with the decreased magni-
tude of the ethanol-induced reverse type I spectral
change, after ethanol washing of the microsomal
fraction. This would in turn imply that the reverse
type I spectral change is caused by removal of added
or endogenously bound substrate from cytochrome
P450. Evidence for the presence of endogenously
bound substrate of the mono-oxygenase system, even
after washing of the microsomal fraction, has been
reported by Diehl et al. (1970) and Orrenius et al.
(1973).

Hence, ethanol does not appear to bind to cyto-
chrome P-450, as has been previously suggested by
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Fig. 7. Lineweaver-Burk plots of ethanol interaction
with rat liver microsomalfraction

Nine different microsomal fractions were prepared
as described in the Materials and Methods section.
The microsomal suspensions contained 0.05M-Tris-
HCl buffer, pH7.5, and 1.9-2.6mg of protein/ml.
Curve A, non-linear curve, obtained with five prepara-
tions. Curve B, linear curve obtained with four
preparations.

Rubin etal. (1971), who based their conclusion in part
on the linearity of the double-reciprocal plots of
spectral change versus ethanol concentration. As
shown in Fig. 7, we also obtained linearity, but only
in four of nine different microsomal preparations
(curve B); the other five preparations produced a non-
linear curve, which was concave upward (curve A).
This difference could be attributed to differences in
amounts of endogenous substrate bound to cyto-
chrome P-450 at the time of preparation of the
microsomal fraction. Therefore, the shape ofthe curve
as well as the magnitude of the reverse type I spectral
change would be dependent on the amount of sub-
strate-bound cytochrome P-450 present. This inter-
pretation would also be compatible with the observa-
tions of an increased magnitude of the ethanol-
produced reverse type I spectral change in micro-
somal fractions from ethanol-treated rats (Rubin et
al., 1971), since chronic ethanol administration is
known to increase the content of liver cytochrome
P-450 (Rubin et al., 1968) and thus probably also of
endogenously substrate-bound cytochrome P-450.

This work was supported by grants from the Swedish
Medical Research Council (project no. 03X-2471), the
Swedish Cancer Society (project no. 36-B72-07X) and by
United States Public Health Grant no. G.M. 17021. The
g.l.c. column used was originally designed by Dr. B.
Schubert of the National Laboratory of Forensic Chem-
istry, Stockholm, to whom the authors are indebted.

References

Cinti, D. L. & Schenkman, J. B. (1972) Mol. Pharmacol.
8, 327-338

Cinti, D. L., Moldeus, P. & Schenkman, J. B. (1972)
Biochem. Biophys. Res. Commun. 47,1028-1035

Cohen, B. & Estabrook, R. W. (1971) Arch. Biochem. Bio-
phys. 143, 46-53

Conney, A. H. (1967) Pharmacol. Rev. 19, 317-366
Diehl, H., Schadelin, J. & Ullrich, V. (1970) Hoppe-

Seyler'sZ. Physiol. Chem. 351, 1359-1371
Ernster, L., Siekevitz, P. & Palade, G. E. (1962) J. Cell

Biol. 15, 541-562
Gillette, J. R., Brodie, B. B. & LaDu, B. N. (1957) J.
Pharmacol. Exp. Ther. 119, 532-540

Hassinen, I. E. & Ylikahri, R. H. (1972) Science 176,
1435-1437

Hildebrandt, A. & Estabrook, R. W. (1971) Arch. Biochem.
Biophys. 143, 66-79

Imai, Y. & Sato, R. (1967)J. Biochem. (Tokyo) 62,239-249
Iseri, 0. A., Lieber, C. S. & Gottlieb, L. S. (1966) Amer.

J. Pathol. 48, 535-555
Isselbacher, K. J. & Carter, E. A. (1970) Biochem. Biophys.

Res. Commun. 39, 530-537
Jacobsen, E. (1952) Pharmacol. Rev. 4, 107-135
Khanna, J. M. & Kalant, H. (1970) Biochem. Pharmacol.

19,2033-2041
Khanna, J. M., Kalant, H. & Lin, G. (1972) Biochem.
Pharmacol. 21, 2215-2226

Klaassen, C. D. (1969) Proc. Soc. Exp. Biol. Med. 132,
1099-1102

1973



EFFECT OF ETHANOL ON DRUG OXIDATIONS 375

Lane, B. P. & Lieber, C. S. (1966) Amer. J. Pathol. 49,
593-603

Lieber, C. S. & DeCarli, L. M. (1968) Science 162,917-
918

Lowry, 0. H., Rosebrough, N. J., Farr, A. L. & Randall,
R. J. (1951) J. Biol. Chem. 193, 265-275

Nash, T. (1953) Biochem. J. 55,416-421
Omura, T. & Sato, R. (1964) J. Biol. Chem. 239,2370-2378
Orme-Johnson, W. H. & Ziegler, D. M. (1965) Biochem.

Biophys. Res. Commun. 21, 78-82
Orrenius, S., Jakobsson, S., Ellin, A., Thor, H., Cinti,
D. L., Schenkman, J. B. & Estabrook, R. W. (1973)
J. Drug. Metab. Dispos. in the press

Rawat, A. K. (1972) Arch. Biochem. Biophys. 151,93-101
Roach, M. K., Reese, W. N. & Creaven, P. J. (1969) Bio-

chem. Biophys. Res. Commun. 36, 596-602
Rubin, E. & Lieber, C. S. (1968) Science 162, 690-691

Rubin, E., Hutterer, F. & Lieber, C. S. (1968) Science 159,
1469-1470

Rubin, E., Bacchin, P., Gang, H. & Lieber, C. S. (1970)
Lab. Invest. 22, 569-580

Rubin, E., Lieber, C. S., Alvares, A. P., Levin, W. &
Kuntzman, R. (1971) Biochem. Pharmacol. 20,229-231

Schenkman, J. B. (1970) Biochemistry 9, 2081-2091
Schenkman, J. B. & Cinti, D. L. (1972) Life Sci. 11, 247-

257
Schenkman, J. B., Remmer, H. & Estabrook, R. W. (1967)

Mol. Pharmacol. 3, 113-123
Tephly, T. R., Tinelli, F. & Watkins, W. D. (1969) Science

166, 627-628
Theorell, H., Yonetani, T. & Sjoberg, B. (1969) Acta Chem.

Scand. 23, 255-260
Thurman, R. G., Ley, H. G. & Scholz, R. (1972) Eur. J.

Biochem. 25, 420-430
Tschudy, D. P. & Collins, A. (1959) Science 126, 168

Vol. 134


