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Isolated rat liver microsomes can oxidize a variety of alco-
hols to their corresponding aldehydes [1, 2]. Recent experi-
ments have suggested that microsomes have the potential
to oxidize alcohols by two pathways [3-5]. One pathway
involves an interaction of ethanol with cytochrome P-450
and appears to be independent of a significant role for
oxygen radicals such as the hydroxyl radical (OH)t {3, 5].
in the presence of iron, e.g. iron~-EDTA, microsomes
generate “OH [6], and alcohols can be oxidized via inter-
action with "OH generated during microsomal electron

transfer [3-71. Chronic consumntion of sthanol bv rats
transfer (>-=/1. Chrome consumption of ¢£thanot by rats

results in a 2- to 3-fold increase in the activity of the
microsomal alcohol-oxidizing system {8, 9]. The content of
cytochrome P-450 is increased, and a distinct cytochrome
P-450 isozyme is induced which proves to be more active
than control cytochrome P-450 in catalyzing the oxidation
of ethanol {10]. Similar results were reported recently for
the rabbit liver system [11, 12]. Liver microsomes from
ethanol-fed rats catalyze the oxidation of two typical ‘'OH
scavengers KTBA and DMSO, at rates which are 2- to 3«
fold greater than rates found with control microsomes
{13]. These results suggest that the production of "OH
by microsomes may be increased after chronic ethanol
consumption, and that this increase may contribute to the
increase in ethanol oxidation by microsomes.

The present studies were carried out to evaluate the
relative roles of the cytochrome P-450 pathway and the
OH'-dependent pathway in catalyzing the oxidation of
ethanol by microsomes isolated from rats chronically fed
alcohol, and from their pair-fed controls, and to investigate
which of the pathways appears to be responsibie for the
increase in ethanol oxidation by microsomes from ethanol-
fed rats.

Materials and methods

Male, Sprague-Dawley rats were fed for 4 weeks a
nutritionally adequate liquid diet in which ethanol provided
36% of the total calories. Pair-fed littermates consumed the
same diet except that carbohydrate isocalorically replaced
ethanol [14]. Prior to the day of sacrifice, the rats received
2 aliquots of diets, one in the morning and one in the

* This work was supported by USPHS Grants AA03312
and AAQ03508 (Alcohol Research Center) and Research
Career Development Award 2K02-AA-00003 (AIC.)
from the National Institute on Alcohol Abuse and
Alcoholism.

t Abbreviations: "OH, hydroxyl radical or a species with
the oxidizing power of the hydroxyl radical; DMSO,
dimethyi suifoxide; and KTBA, 2-keto-4-thiomethyibutyric
acid.

evening. Liver microsomes were prepared as previously
described, washed once, and suspended in 125 mM KCl
[7]. The oxidation of ethanol and DMSQO was assayed as
previously described [13]. The final concentration of etha-
nol was 50 mM while DMSO was present at either 33 or
100 mM. When indicated, 0.1 mM EDTA was added to
the reaction systcm The DMSO binding spectrum was
determined Uy the method of Peterson et al. [1)] usmg a
Perkin-Elmer model 554-dual beam spectrophotometer.
The concentration of DMSO was 140 mM, and microsomal
nmfem was annrox]mate}v 0 Amg The content of cyto-
chrome P-450 [16] and the activity of NADPH- cytochrome
¢ reductase [17] were determined by the indicated
references.

Allvalues refer to the mean * standard error of the mean
(S.E.M.). Statistical analyses were performed by either the
paired or unpaired Student’s t-test.

Results and discussion
Microsomal oxidation of ethanol. Microsomal oxidation
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{Table 1). Table 1 shows that, when EDTA was added, the
rate of ethanol oxidation was increased 2-fold with both
microsomal preparations. This increase probably reflects
the chelation of adventitious iron in the microsomes to
produce an iron~EDTA chelate, which catalyzes the pro-
duction of "OH [6]. However, the ethanol-oxidizing activity
by microsomes from the ethanol-fed rats was still 2-fold
greater than the rate for the pair-fed controls. Des-
ferrioxamine, which blocked nearly completely the pro-
duction of "OH by microsomes from control chow-fed rats
[3], produced 50% inhibition of the rate (in the presence
of EDTA) of ethanol oxidation by both microsomal prep-

arations (Table 1\ The rate of ethano! oxidation in the
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presence of EDTA plus desferrioxamine was the same as
the rate in the absence of any chelating agent (compare
lines 1 and 3 of Table 1), suggesting that desferrioxamine
blocks the increase of ethanol oxidation produced by
EDTA.

With both microsomal preparations a significant rate of
ethanol oxidation persisted in the presence of a con-
centration of desferrioxamine which nearly completely
blocks the production of "OH ({3]; see below). This des-
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of ethanol oxidation was nearly 2-fold greater by micro-
somes from ethanol-fed rats (Table 1}. By subtracting the
rate of ethanol oxidation in the presence of desferrioxamine
(or in the absence of any chelating agent) from the total
rate of ethanol oxidation in the presence of EDTA, the
‘"OH-dependent rate of ethanol oxidation could be calcu-
lated. This "'OH-dependent rate of ethanol oxidation, which
appears to account for about one-half of the total rate
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of ethanol oxidation by both microsomal preparations,
increased 65% after chronic ethanol consumption (Table
1). Thus, the "OH-independent and OH'-dependent rates
of ethanol oxidation appeared to be increased after chronic
ethanol consumption.

Microsomal oxidation of DMSO. Microsomes from
chronic ethanol-fed rats catalyzed the oxidation of 33 mM
DMSO to a greater extent than did microsomes from the
pair-fed controls (Table 2). The rate of formaldehyde pro-
duction from DMSO was increased slightly (16% for pair-
fed controls; 33% for ethanol-treated) when the DMSO
concentration was elevated from 33 to 100 mM. The oxi-
dation of 100mM DMSO by microsomes was nearly
doubled after chronic ethanol consumption (Table 2). The
increase in oxidation of DMSO was identical to the increase
in the oxidation of ethanol by the "OH-dependent pathway
(about 65%).

Table 2 shows that the rate of DMSO oxidation by both
microsomal preparations and at both concentrations of
DMSO was decreased by 90% when either EDTA was
omitted from the reaction system or when desferrioxamine
was added. These results suggest that the increased oxi-
dation of DMSO after chronic alcohol consumption was
indeed due to the interaction of this substrate with "OH
and provide some support for the assumption discussed
above that the production of "OH by both microsomal
preparations could be blocked by the addition of des-
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ferrioxamine or can be stimulated by the addition of
EDTA.

Effect of various additions on ethanol oxidation. Scav-
engers of "OH such as DMSO or benzoate resulted in
an inhibition of ethanol oxidation by both microsomal
preparations (Table 3A). EDTA was present at a con-
centration of 0.1 mM to promote the ‘OH-dependent path-
way. The extent of inhibition was about the same for both
sets of microsomes, which is consistent with the observation
that the ‘OH-dependent pathway of ethanol oxidation,
although of greater activity in the microsomes from the
ethanol-fed rats, accounts for about the same percentage
of the total ethanol-oxidizing activity of both microsomal
preparations. Aniline has been shown to be a particularly
good substrate for the ethanol-induced cytochrome P-450
isozyme [12, 18]. Aniline inhibited ethanol oxidation with
both microsomal preparations, although it appeared to be
somewhat more inhibitory with microsomes from ethanol-
fed rats. Recent studies have shown that 2-butanol can be
oxidized by "'OH-dependent and -independent pathways in
microsomes, but it appears to be an especially effective
substrate for the cytochrome P-450-dependent pathway
[19]. Similar to results with aniline, 2-butanol inhibited the
oxidation of ethanol by both microsomal preparations but
appeared to be especially effective with the microsomes
from the ethanol-fed rats (Table 3A).

The above experiments were repeated in the presence of

Table 1. NADPH-dependent oxidation of ethanol by microsomes from chronic
ethanol-fed rats and pair-fed controls*

Rate of acetaldehyde production

Increase in

Reaction (nmoles/min/mg microsomal protein) acetaldehyde
condition Pair-fed control Chronic ethanol production
Control 7.6 2.1 15.0+2.1 7.4+1.9%
+EDTA 16.7+2.4 28.5x3.7 11.8 £2.2%
+EDTA+ 83+0.7 14.7+2.0 6.4+ 1.5%
desferrioxamine
"OH-dependent$ 84x21 13.8+1.9 54 1.17%

* The production of acetaldehyde from 50 mM ethanol was assayed as described
in Materials and Methods. When present, the final concentrations of desferrioxamine
and EDTA were 0.25 and 0.1 mM respectively. Results are from six experiments.

+ P <0.01.
P < 0.002.

§ The 'OH-dependent rate was calculated by subtracting the rate in the presence
of desferrioxamine from the rate found in the presence of EDTA.

Table 2. NADPH-dependent oxidation of DMSO by microsomes from chronic
ethanol-fed rats and pair-fed controls*

Conc Rate of formaldehyde production
of DMSO Reaction (nmoles/min/mg microsomal protein)
(mM) condition Pair-fed control Chronic ethanol
33 Control 0.1+0 0.3+0.1
+ EDTA 3.1+0.8 5110
+EDTA+ 02=0.1 03=x0.1
desferrioxamine
100 Control 0.3+0.1 0.5=0.1
+EDTA 3.6x1.1 6.8+0.3
+EDTA+ 0.4%0.1 0.6 0.1
desferrioxamine

* The production of formaldehyde from either 33 or 100 mM DMSO was
assayed as described in Materials and Methods. When present, the final con-
centrations of desferrioxamine and EDTA were 0.25 and 0.10 mM respectively.
Results are from six experiments at the 33 mM DMSO concentration and from
three experiments at the 100 mM DMSO concentration.
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Table 3. Effect of various additions on the oxidation of ethanol*

Ratet of acetaldehyde production and effect of addition

Addition

Pair-fed control

Chronic ethanol

Rate Effect (%) Rate Effect (%)

(A) Control (6) 17328 28.5+3.7

DMSO, 33mM 10.7x1.1 —-38 160+ 2.0 —44

Aniline, 5mM 13420 ~23 185+27 =35

Control (3) 20537 351237

DMSO, 100 mM 8.7x0.4 ~58 14209 —60

Benzoate, 33 mM 129=1.0 -37 249+1.9 —29

2-Butanol, 33 mM 14.8 £ 0.1 —~28 17.6 2.2 -350
(B) Control (6) 8.6+0.7 14.7+2.0

DMSO, 33 mM 7.6 0.5 -12 123+1.5 -16

Aniline, 5mM 62+03 ~28 8206 —44

Control (3) 5.4=09 17.5+3.1

DMSO, 100 mM 7.3x40.5 -22 11.6 0.9 ~34

Benzoate, 33 mM 8.3+03 —12 175+ 1.6 0

2-Butanol, 33 mM 7-1 0.0 —24 7.9+0.8 ~55
(C) Control (6) 88 +2.1 13.8=1.9

DMSO, 33 mM 31206 —65 3.7+09 -73

Aniline, 5mM 7218 ~18 10.3+£2.3 —25

Control (3) 11.1x29 176 1.1

DMSO, 100 mM 1.4=04 —87 2.6 +0.4 -85

Benzoate, 33 mM 46=1.4 -59 7.4+ 0.6 —58

2-Butanol, 33 mM 7.2+0.1 -~35 100+ 1.2 —43

* The production of acetaldehyde from 50 mM ethanol was assayed as described in
Materials and Methods in'the absence and presence of the various additions. Results
are from either six or three experiments. Experiment A; total rate of ethanol oxidation
in the presence of 0.1 mM EDTA. Experiment B: 0.25 mM desferrioxamine was added
to yield the cytochrome P-450-dependent rate of ethanol oxidation. Experiment C: the
"OH-dependent rate of ethanol oxidation was obtained by subtracting the rate in the
presence of 0.25 mM desferrioxamine (Experiment B) from the total rate (Experiment

A) for each experiment.

+ Rate refers to nmoles acetaldehyde produced per min per mg microsomal protein.

desferrioxamine to wipe out the "OH-dependent pathway.
The desferrioxamine-resistant rate of ethanol oxidation by
both microsomal preparations was not affected by either
33 mM DMSO or benzoate, confirming a lack of a role for
'OH in ethanol oxidation in the presence of des-
ferrioxamine (Table 3B). Some inhibition, which was more
noticeable with the ethanol-treated microsomes, was found
at 100 mM DMSO. Aniline and 2-butanol inhibited the
desferrioxamine-resistant rate of ethano!l oxidation, with a
greater extent of inhibition being observed with micro-
somes from the ethanol-fed rats {Table 3B). The greater
extent of inhibition of the cytochrome P-450-mediated oxi-
dation of ethanol which occurs in the presence of des-
ferrioxamine by aniline and 2-butanol with microsomes
from the ethanol-fed rats may be due to these agents serving
as particularly good substrates for the ethanol-inducible
cytochrome P-450.

Table 3C shows the effects of the various additions on
the "OH-dependent rate of ethanol oxidation. These data
were obtained by subtracting the results for each exper-
iment shown in Table 3B from results in Table 3A. It is
clear that the 'OH scavengers are very effective in inhibiting
the "OH-dependent oxidation of ethanol by both micro-
somal preparations.

DMSO binding spectrum. In agreement with the results

of others [12, 20}, DMSO produced a reversed type I
binding spectrum with microsomes from the ethanol-fed
rats {data not shown). No binding spectrum with micro-
somes from the pair-fed controls could be discerned. The
ability of several other "OH scavengers to produce binding
spectra with microsomes was also studied. Neither benzoate
(150 mM), mannitol (150mM) nor rbutyl alcohol
(180 mM) produced binding spectra with microsomes from
ethanol-fed or pair-fed control rats {data not shown). Thus,
the alcohol-inducible cytochrome P-450 of rat liver appears
to display an interaction with DMSO which is not shared
with other "OH scavenging agents.

Content of cytochrome P-450 and activity of NADPH-
cytochrome ¢ reductase. To determine if the increase in
ethanol oxidation correlates with changes in the microsomal
electron transfer system, the content of cytochrome P-450
and the activity of NADPH-cytochrome ¢ reductase were
measured. The content of cytochrome P-450 (nmoles/mg
protein) was 0.754 + 0.037 for microsomes from pair-fed
controls and 1.180 = 0.096 for microsomes from the etha-
nol-fed rats (+57%, N = 10). The activity of NADPH-~
cytochrome ¢ reductase (nmoles cytochrome ¢ reduced/
min/mg microsomal protein) was 152 = 29 for pair-fed con-
trols and 182 + 13 for microsomes from ethanol-fed rats
(+20%, N =5).
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In summary, based upon experiments with EDTA and
desferrioxamine, and the effects of competitive "OH scav-
engers, aniline and 2-butanol, it appears that both the "OH-
dependent and cytochrome P-450-dependent pathways
were increased in microsomes from ethanol-fed rats and
that each pathway seemed to account for about one-half of
the total oxidizing activity of the microsomes. The increase
in the "OH-dependent pathway of ethanol oxidation was
about the same as the increase in the oxidation of DMSO.
When the cytochrome P-450-dependent rate of ethanol
oxidation is expressed as a turnover number (nmoles
acetaldehyde/min/nmole cytochrome P-450), rates are 10
for the pair-fed control, and 12.7 for chronic ethanol. Thus,
the increase in content, as well as the enhanced activity,
contributed to the increase in the rate of ethanol oxidation,
although the former appears to have made the larger con-
tribution. This probably reflects the possibility that even in
the induced microsomes, the ethanol-preferring cyto-
chrome P-450 isozyme(s) accounted for only a small pro-
portion of the total P-450 population. The reductase is an
important loci for the production of "OH [4, 5]; however,
the 20% increase in reductase activity does not appear to
account fully for the 65% increase in the "“OH-dependent
pathway of ethanol oxidation. The increase in content of
P-450 is identical to the increase in production of "OH.
Since H,O, is the precursor of ‘OH, the increased content
of P-450 (and, perhaps, to a lesser extent, of reductase)
could result in an increased production of H,0, and, sub-
sequently, of "OH. Indeed, the rate of microsomal pro-
duction of H,0, is increased after chronic ethanol con-
sumption [21, 22]. The oxidation of ethanol by "OH
requires the presence of iron or, actually, an appropriate
iron—chelate, e.g. iron-EDTA. It is of interest that there
are reports that the iron content of the liver cell is increased
after chronic ethanol consumption [23,24]. Perhaps
changes in the production of H,O, or the content of iron
may contribute to the increase in the "OH-dependent path-
way of ethanol oxidation.

The ability of DMSO to produce a reversed type I spec-
tral change with microsomes from ethanol-treated rats [12,
20] was confirmed. However, no spectral change was noted
with other classical "OH scavengers, and no significant
oxidation of DMSO by a cytochrome P-450, "‘OH-inde-
pendent, pathway was found. These results suggest that,
although DMSO does interact with rat liver ethanol-
induced microsomes to yield a spectrum, it is not metab-
olized significantly, at least to formaldehyde*. Perhaps
the interaction may be due to solvent-like, hydrophobic
interactions between this particular cytochrome P-450 iso-
zyme and DMSO.

* We also did not observe any production of either
methane or ethane from DMSO in the presence of
desferrioxamine.

+ This work is in partial fulfillment of the requirements
of the degree of Doctor of Philosophy from the City Uni-
versity of New York.

1 Send correspondence to: Dr. A. I. Cederbaum,
Department of Biochemistry, Mount Sinai School of Medi-
cine, One Gustave L. Levy Place, New York, NY 10029.
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