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Abstract--Isopropanol, a branched chain alcohol, served as a substrate for the microsomal alcohol 
oxidizing system. Isopropanol oxidation required NADPH; H202 or an H20:-generating system did not 
effectively support isopropanol oxidation, indicating that isopropanol was not a substrate for the 
peroxidatic activity of catalase. The addition of azide by itself or H202 (in the presence of azide and 
NADPH) stimulated isopropanol oxidation, suggesting a pivotal, indirect role for H202 in the system. 
H202 may serve as a precursor of hydroxyl radicals. Accordingly, the oxidation of isopropanol was 
inhibited by hydroxyl radical scavenging agents, namely dimethylsulfoxide, mannitol, benzoate and 2- 
keto-4-thiomethylbutyric acid. Fe-EDTA, which is known to increase hydroxyl radical generation, 
stimulated the oxidation of isopropanol. The stimulation by Fe-EDTA was blocked by competing 
hydroxyl radical scavengers. Model hydroxyl radical generating systems such as the coupled oxidation 
of xanthine by xanthine oxidase, especially in the presence of Fe-EDTA, or the autoxidation of 
ascorbate in the presence of Fe-EDTA could also oxidize isopropanol. These results indicate that (a) 
rat liver microsomes are capable of oxidizing branched chain alcohols, and (b) hydroxyl radicals or a 
species with the oxidizing power of the hydroxyl radical, generated from microsomal electron transfer, 
may play a role in isopropanol oxidation. 

Isolated rat liver microsomes are capable of oxidizing 
a series of straight chain aliphatic alcohols, such as 
methanol, ethanol, propanol and butanol, to the 
corresponding aldehydes [1, 2]. In the presence of 
an H202-generating system, virtually no aldehydes 
were produced with propanol and butanol as sub- 
strates [1, 2]. These longer chain alcohols function 
poorly as substrates for the peroxidatic activity of 
catalase [3-5]. A role for a cytochrome P-450 depen- 
dent pathway in the oxidation of alcohols by micro- 
somes has been demonstrated [6--9]. Recent experi- 
ments from our laboratory indicated that the 
NADPH-dependent  oxidation of ethanol by rat liver 
microsomes was inhibited by a series of hydroxyl 
radical (.OH)§ scavengers in the presence of azide, 
an inhibitor of catalase [10-12]. These .OH scav- 
engers had no effect on microsomal electron transfer 
or drug metabolism [10-12]. Three chemical probes 
were used to detect .OH production by liver micro- 
somes; microsomes generated ethylene gas from 
methional and KTBA, and methane gas from Me2SO 
[12, 13]. These experiments suggested that the oxi- 
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dation of ethanol by microsomes reflects the inter- 
action of ethanol with .OH generated from micro- 
somal electron transfer [10-13]. Similar results were 
obtained in reconstitution experiments using cyto- 
chrome P-450 purified from either phenobarbital- or 
ethanol-treated rats [14, 15]. 

In this paper, the ability of microsomes to oxidize 
isopropanol was evaluated. As will be shown, iso- 
propanol does not serve as an effective substrate for 
the peroxidatic activity of catalase. Therefore, stud- 
ies with isopropanol may offer an advantage over 
studies with ethanol in trying to understand the bio- 
chemical pathway by which microsomes oxidize 
alcohols. In this regard, isopropanol is an effective 
• OH scavenging agent [16, 17]. In view of the use 
of isopropanol to assess the kinetics and control of 
alcohol oxidation in vivo, as well as the finding of 
isotope effects in the oxidation of isopropanol [18], 
the possibility that non-alcohol dehydrogenase- 
dependent pathways, e.g. microsomal pathways, 
contribute to these observations remains to be 
explored. The recent observation that acetone excre- 
tion is found after administering t-butanol to rats 
[19] offers the possibility that t-butanol may be 
metabolized to isopropanol, which is then oxidized 
to acetone. In view of the above considerations, and 
the absence of any reports that branched chain 
alcohols can serve as substrates for the microsomal 
alcohol oxidizing system, the studies described below 
were undertaken. 

MATERIALS AND METHODS 

Hepatic microsomes were prepared from male 
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Sprague-Dawley rats (200-300 g) as described pre- 
viously [20]. The microsomes were washed once and 
suspended in 125 mM KC1. The oxidation of isopro- 
panol was assayed at 37 ° in center-well flasks con- 
taining 0.6ml of 15 mM semicarbazide in 180raM 
potassium phosphate, pH 7.4, in the center well. 
The reaction mixture contained 100 mM potassium 
phosphate, pH 7.4, 10raM potassium pyrophos- 
phate, 10 mM MgC12, 10 mM glucose-6-phosphate, 
7 units of glucose-6-phosphate dehydrogenase, 
0.4raM NADP +, 0.1raM EDTA,  and about 5rag 
of microsomal protein in a final volume of 3.0 ml. 
The final concentration of isopropanol in most 
experiments was 44 raM. Azide, when added, was 
present at a final concentration of 1.0 raM. The 
reaction was initiated with glucose-6-phosphate plus 
glucose-6-phosphate dehydrogenase and was ter- 
minated by the addition of trichloroacetic acid (final 
concentration, 4.5%). After an overnight diffusion 
period, an aliquot from the center well was diluted 
with HzO to 3.0 ml, and the optical density of the 
acetone-semicarbazone complex was determined at 
224 nm. Standard curves containing known amounts 
of acetone were carried out in an identical manner. 
Maximum absorption of the acetone-semicarbazone 
complex was found at a wavelength of 224 nm, and 
an extinction coefficient of 9.41 mM -1 cm -~ was cal- 
culated for the complex. In later experiments, 
activity was calculated using this extinction coeffi- 
cient. Blanks included zero time controls, boiled 
microsomes, and flasks lacking either microsomes, 
isopropanol, or the NADPH-generating system. 

Two model systems were used to generate 
hydroxyl radicals in the absence of microsomes. 
Experiments were carried out in center-well flasks 
containing semicarbazide in the center well. One 
system consisted of autoxidizing ascorbic acid in the 
presence of iron. The reaction mixture contained 
100mM potassium phosphate, pH 7.4, either 
ethanol, butanol, isopropanol, or no alcohol, 
0.167 mM ferrous ammonium sulfate, and 0.33 mM 
EDTA in a final volume of 3.0 ml. The reaction was 
initiated by the addition of ascorbate (final concen- 
tration, 1.0mM) and was quenched after 5 min at 
37 ° by the addition of trichloroacetic acid. After an 
overnight incubation, aliquots of the center well were 
assayed as described above. The generation of .OH 
by this system has been described previously [12, 21, 
22]. The second system was the coupled oxidation 
of xanthine by xanthine oxidase. The reaction mix- 
ture consisted of 100 mM potassium phosphate, pH 
7.4, either ethanol, butanol, isopropanol, or no 
alcohol, 0.1 mM EDTA,  and 0.10 units of xanthine 
oxidase in a final volume of 3.0 ml. In a second set 
of experiments, F e - E D T A  (83 #M iron-167/tM 
EDTA) was included in the reaction mixture. The 
reaction was initiated by the addition of xanthine 
(final concentration, 1.0 mM) and after 30 rain was 
terminated and assayed as described above for the 
ascorbate system. The generation of .OH by this 
system has been described previously [23, 24]. 

All chemicals were of the highest grade from com- 
mercial sources. All buffers and solutions were pre- 
pared from water passed through a Millipore system 
and subsequently glass distilled. The buffers and 
solutions (except MgC12) were passed through a 
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Fig. 1. Time course of the oxidation of isopropanol by rat 
hepatic microsomes. The oxidation of isopropanol (final 
concentration, 44 mM) was assayed under three reaction 
conditions: (a) an NADPH-generating system in the 
absence of azide; (b) an NADPH-generating system in the 
presence of 1.0 mM azide; and (c) 1.0 mM xanthine plus 
0.02 units xanthine oxidase. Results (+- S.E.M.) are from 

four experiments. 

Chelex-100 column (35 × 3 CM, Kontes). An i ron-  
EDTA solution was prepared by dissolving 5 mM 
ferrous ammonium sulfate in 10 mM EDTA. For- 
maldehyde production was assayed with the Nash 
reagent. 

All  values refer to means + S.E.M. Statistical 
analysis was performed by Student's t-test. 

RESULTS 

Oxidation of isopropanol by rat liver microsomes. 
The oxidation of isopropanol was assayed either in 
the presence of an NADPH-generating system or an 
H202-generating system (xanthine plus xanthine 
oxidase).* Time courses for the oxidation of isopro- 
panol by rat hepatic microsomes are shown in Fig. 
1. The rate of H202-mediated oxidation of isopro- 
panol was considerably lower than the NADPH- 
mediated rate, and was similar to the rate exhibited 
by xanthine plus xanthine oxidase alone in the 
absence of microsomes (see below). A low rate of 
isopropanol oxidation was also found in two experi- 
ments where the concentration of xanthine was var- 
ied from 0.1 to 1.0 mM, thereby ruling out the pos- 
sibility of substrate (xanthine) inhibition of xanthine 
oxidase. Methanol, ethanol, butanol, and isopro- 
panol were oxidized at rates of 9.52, 10.13, 0.56, and 
0.37 ( N =  2) nmoles .min- l . (mg microsomal pro- 
tein) -~, respectively, when xanthine oxidase served 

* The oxidation of xanthine by xanthine oxidase pro- 
duces 057 which undergoes dismutation spontaneously to 
form H202; -OH can be produced from this system as well 
(Materials and Methods, Refs. 23 and 24). The amount of 
.OH produced, however, is much lower than the amount 
of H202 produced. Therefore, xanthine oxidase can be 
used as an H2Oa-generating system and, to a lesser extent, 
as an .OH-generating system. 
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as the H202-generating system for microsomal cata- 
lase. Ethanol and methanol are effective substrates 
for the peroxidatic activity of catalase, whereas 
butanol is not [3-5]. These data suggest the follow- 
ing: (a) H202 does not serve directly to oxidize 
isopropanol to acetone; (b) isopropanol does not act 
as an effective substrate for the peroxidatic activity 
of catalase under these conditions; and (c) the ability 
of NADPH to support isopropanol oxidation appears 
to reflect a catalase-independent mechanism. 

To further rule out the possibility of a catalase- 
dependent oxidation of isopropanol, experiments 
with azide, an inhibitor of catalase, were carried out. 
At  a concentration of 1.0 mM, azide decreased 1-1202- 
mediated oxidation of ethanol or methanol by > 90 
per cent. However, the NADPH-dependent  oxida- 
tion of isopropanol was increased 3- to 4-fold in the 
presence of 1.0 mM azide (Fig. 1). Previous experi- 
ments indicated that azide doubled the rate of 
NADPH-dependent  oxidation of butanol by rat 
hepatic microsomes [10]. Consequently, the oxida- 
tion of two alcohols (isopropanol and butanol) that 
do not serve as effective substrates for microsomal 
catalase was increased when catalase was inhibited 
by azide. Cyanide, which was used as an alternative 
inhibitor of microsomal catalase, also stimulated the 
rate of isopropanol oxidation, although to a lesser 
extent than azide did. Rates of isopropanol oxidation 
[nmoles.min-a.(mg protein) -1] were 2.95-+0.31 
and 1.92 --- 0.22 in the presence of 1.0 mM azide or 
1.0 mM cyanide, respectively, while the control rate 
(absence of azide or cyanide) was 1.31 - 0.20 (N 
= 4). The stimulation by azide (P < 0.003) and 
cyanide (P < 0.05)was significant. All  further micro- 
somal experiments were carried out in the presence 
of 1.0 mM azide. 

Control experiments indicated that there was no 
production of acetone when any of the following 
were omitted from the reaction mixture: micro- 
somes, isopropanol, glucose-6-phosphate, or glu- 
cose-6-phosphate dehydrogenase. No activity was 
observed when the microsomes were boiled for 10 
rain. Isopropanol oxidation was increased in the 
presence of EDTA;  the rate in the absence of EDTA 
was 1.84 -+ 0.19 nmoles • min -1. (mg protein) -1, while 
the rate in the presence of 0.10 mM EDTA was 2.95 
--- 0.31 nmoles .min-L(mg protein) -1 (P < 0.02, N 
= 4). E D T A  was, therefore, included in all subse- 
quent experiments. 

In a separate set of experiments, the formation of 
acetone from i sopropanol was confirmed by a second 
assay method, gas chromatography. The reaction 
was carried out in a manner identical to that when 
center-well flasks were used except that the flasks 
were sealed with tight serum caps. The reactions 
were terminated by injection of acid through the 
caps. The flasks were incubated at 60 ° and samples 
(1.0 ml) from the head space were taken with a gas- 
tight syringe and injected directly into a Hewlet t -  
Packard model 5750 gas chromatograph for measure- 
ment of acetone. The gas chromatograph was 
equipped with a 6-ft column of Poropak N (50-80 
mesh) and a flame ionization detector. Operating 
conditions were similar to those described previously 
[12] except that inlet temperature was 1300 . Under 
these conditions the retention time for acetone was 
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Fig. 2. Effect of H2Oz on the oxidation of isopropanol by 
rat hepatic microsomes. The oxidation of isopropanol (final 
concentration, 44 mM) was assayed in the presence of 3 mM 
azide and the indicated concentrations of H202. Results 

(-+ S.E.M.) are from three experiments. 

11.5 min. Using this method of assay, microsomes 
oxidized isopropanol to acetone at a rate of 
3.35 nmoles, rain -1. (mg protein)-L No acetone was 
produced in the absence of microsomes, isopropanol 
or components of the NADPH generation system. 

Effect of hydrogen peroxide on microsomal oxi- 
dation of isopropanol. One consequence of the 
inhibition of catalase by azide is the accumulation 
of H202, and H202 may serve as a precursor of .OH 
(see Discussion). To evaluate a role (indirect) for 
H202 in isopropanol oxidation, the effect of exter- 
nally added H202 on isopropanol oxidation was 
determined. Azide (3 raM) was present to inhibit 
catalase and prevent the catalatic decomposition of 
H202. Microsomal oxidation of isopropanol was 
increased in the presence of H202 (0.10 to 1.0 mM) 
(Fig. 2). However, the addition of H202 in the 
absence of the NADPH-generating system (in the 
absence or presence of azide) resulted in very low 
levels of isopropanol oxidation [< 0.2 nmole. 
min- l . (mg protein)-1]. Therefore, the mere pres- 
ence of H202 is an insufficient condition for the 
oxidation of isopropanol: electron transfer from 
NADPH is required. The biphasic concentration 
effect of H202 at long time periods, i.e. the greater 
extent of stimulation by 0.10 and 0.33 mM H202 
than by 1.0 mM H202, may reflect damage to micro- 
somal membranes which masks the stimulation found 
at the earlier time periods. Similar results were noted 
previously in studies on the effect of H202 on micro- 
somal oxidation of ethanol and 1-butanol [10]. 

Effect of hydroxyl radical scavenging agents on 
isopropanol oxidation by rat liver microsomes. The 
experiments with azide and externally added H202 

B P  3 0 : 8  - B 
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Table 1. Effect of hydroxyl radical scavenging agents on microsomal oxidation of isopropanol ~ 

Concn Isopropanol oxidation Effect 
Addition ( raM)  [nmoles. min -1. (rag protein) -1] (%) P 

Control (11)? 2.25 _+ 0.21 
Me2SO (11) 23.5 1.28 -+ 0.17 -43 < 0.002 
Me2SO (11) 47 1.16 + 0.17 -48 < 0.001 

Control (8) 2.36 +- 0.27 
Mannitol (8) 33 1.75 -+ 0.18 -26 0.10 > P > 0.05 
Mannitol (8) 67 1.33 _+ 0.23 -44 < 0.02 

Control (6) 2.20 + 0.18 
KTBA (6) 10 1.54 -+ 0.24 -30 < 0.05 
KTBA (6) 33 1.35 -+ 0.19 -39 < 0.02 

* NADPH-dependent microsomal oxidation of isopropanol (final concentrations, 44 mM) was 
assayed in the presence of 1.0 mM azide. 

? Results are from six to eleven experiments. 

point to a pivotal, indirect role for H202 in isopro- 
panol oxidation. H202 serves as a precursor of .OH, 
and isopropanol is an effective .OH scavenging agent 
[16, 17]. The possibility that microsomal oxidation 
of isopropanol may reflect the ability of isopropanol 
to react with .OH generated from microsomal elec- 
tron transfer was evaluated by studying the effect of 
several -OH scavenging agents on isopropanol oxi- 
dation in the presence of 1.0 mM azide. Mannitol, 
Me2SO, and KTBA were employed in these experi- 
ments since these compounds were previously shown 
to be effective inhibitors of microsomal oxidation of 
ethanol in the presence of azide [10, 12]. All three 
scavengers inhibited microsomal oxidation of iso- 
propanol (Table 1). The scavengers had no effect on 
the NADPH-generating system (activity of glucose- 
6-phosphate dehydrogenase), nor did they interfere 
with recoveries of known amounts of acetone. 

The effects of variations in substrate concentration 
are shown in Table 2. The oxidation of isopropanol 
increased as the concentration of isopropanol was 
increased. The extent of inhibition of isopropanol 

oxidation by Me2SO, mannitol, or benzoate varied 
with the concentration of isopropanol; greater inhi- 
bition was found at the lower concentration of iso- 
propanol (Table 2), suggesting that the scavengers 
may compete with isopropanol for oxidation by the 
microsomal system. 

Effect of Fe-EDTA on microsomal oxidation of 
isopropanol. In model systems, e.g. the xanthine- 
xanthine oxidase reaction, Fe -EDTA was shown to 
increase. OH generation [25-27]. Many investigators 
have commented on the possibility that, in biological 
systems, iron may stimulate .OH generation by a 
modified Haber-Weiss reaction or the Fenton reac- 
tion [28, 29]. Since the above experiments appear to 
be consistent with a role for .OH in microsomal 
oxidation of isopropanol, the effect of Fe -EDTA on 
isopropanol oxidation was determined. The oxida- 
tion of isopropanol was increased 100, 221 and 394 
per cent in the presence of 8.3, 16.67 and 50 #M Fe-  
EDTA respectively (Table 3, top line). To confirm 
that this increase by Fe -EDTA involved, at least in 
part .OH, the effect of .OH scavenging agents was 

Table 2. Effect of isopropanol concentration on the inhibition of microsomal oxidation of isopropanol by hydroxyl radical 
scavenging agents* 

Concentration of isopropanol (raM) 

22 44 88 
Effect Effect Effect 

Isopropanol of Isopropanol of Isopropanol of 
Addition oxidation? scavengers oxidation? scavenger~ oxidation? scavengers 

Control (7)§ 1.84 -+ 0.34 2.35 +- 0.30 2.70 -+ 0.47 
Me2SO, 23.5 mM (7) 0.87 + 0.24 -53 1.40 +- 0.16 -40 1.67 --- 0.22 -39 
MezSO, 47 mM (7) 0.69 -+ 0.18 -63 1.22 _+ 0.15 -48 1.63 + 0.24 -40 
Control (6) 2.01 + 0.31 2.46 -+ 0.31 2.71 -+ 0.44 
Mannitol, 33 mM (6) 1.15 +- 0.19 -43 1.87 -+ 0.26 -24 2.18 -+ 0.44 -20 
Mannitol, 67 mM (6) 0.93 +- 0.19 -54 1.55 + 0.18 -37 1.86 -+ 0.31 -31 
Control (3) 2.49 +- 0.39 2.97 -+ 0.46 3.15 + 0.50 
Benzoate, 33 mM (3) 1.53 -+ 0.26 -39 2.49 +- 0.16 -16 2.95 +- 0.50 -6  
Benzoate, 67 mM (3) 1.52 + 0.18 -39 2.17 -+ 0.14 -27 2.71 + 0.16 -14 

* NADPH-dependent microsomal oxidation of isopropanol was assayed in the presence of 1.0mM azide and the 
indicated concentrations of isopropanol and hydroxyl radical scavenging agent. 

? Specific activity refers to nmoles isopropanol oxidized per min per mg of microsomal protein. 
Percent effect on appropriate control. 

§ Number of experiments. 
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evaluated. The control rate of isopropanol oxidation, 
as well as the increased rate of isopropanol oxidation 
found in the presence of Fe-EDTA,  was inhibited 
by Me2SO, KTBA and mannitol (Table 3). Most of 
the increase produced by Fe -EDTA was eliminated 
in the presence of the competing .OH scavengers, 
e.g. 50/~M Fe -EDTA increased isopropanol oxi- 
dation from 2.07 to 10.22 nmoles-min-l.mg -1 (+ 
8.15), whereas in the presence of 47 mM Me2SO or 
33 mM KTBA the increase in isopropanol oxidation 
was only 2.3 or 2.15 nmoles- min -1. mg -1 respectively 
(3.48 to 1.18 for Me2SO; 3.44 to 1.29 for KTBA) 
(Table 3). 

Isopropanol oxidation by model .OH generating 
systems. There is a considerable difference between 
the specific activities of ethanol, butanol, and iso- 
propanol oxidation by rat hepatic microsomes. In 
general, values for the NADPH-dependent oxida- 
tion of ethanol, butanol, and isopropanol by rat 
hepatic microsomes in the presence of azide are 
about 7-10, 5-7, and 2-3nmoles.min-l . (mg pro- 
tein) -1 respectively--i.e, ethanol > butanol > iso- 
propanol. To determine if these differences are spe- 
cific to the microsomal system, the oxidation of the 
alcohols in two model .OH generating systems, in 
the absence of microsomes, was studied. The systems 
consisted of autoxidizing ascorbate in the presence 
of Fe-EDTA,  and of xanthine plus xanthine oxidase 
in the absence or presence of Fe -EDTA (see 
Materials and Methods). Ethanol, butanol, and iso- 
propanol were oxidized to acetaldehyde, butyral- 
dehyde, and acetone by both model systems (Table 
4). The order of oxidation of the alcohols was 
ethanol > butanol > isopropanol, the same as found 
for the microsomal system. Whether the greater rate 
of oxidation of ethanol reflects a chain mechanism 
or different steric effects by the alcohols is not clear. 
In the microsomal system, possible differences in 
binding of the alcohols may also contribute to the 
different rates of oxidation. It should be noted that 
the low rate of isopropanol oxidation by the model 
xanthine oxidase system (Table 4) was similar to the 
low rate found when this system served to produce 
H20: for microsomal catalase (Fig. 1). Conse- 
quently, the activity found with microsomes and 
xanthine oxidase (Fig. 1) probably reflects this low 
rate of .OH formation produced during the coupled 
oxidation of xanthine by xanthine oxidase. 

DISCUSSION 

The microsomal alcohol oxidizing system, which 
is known to oxidize a series of straight chain aliphatic 
alcohols, has now been found to be capable of 
oxidizing isopropanol, a secondary alcohol. A mech- 
anism that appears to involve .OH at least in part, 
plays a role in isopropanol oxidation. Isopropanol 
oxidation is inhibited by four effective scavengers of 
• OH, namely Me2SO, mannitol, benzoate, and 
KTBA (Tables 1 and 2). These compounds were 
previously shown to have no effect on (a) NADH- 
or NADPH-cytochrome c reductase activity, (b) 
NADH- or NADPH-dependent oxygen consump- 
tion, (c) the metabolism of aniline or aminopyrine 
by liver microsomes, and (d) the metabolism of 
benzphetamine and aminopyrine by a reconstituted 
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Table 4. Oxidation of alcohols in model systems* 

System 

Activity 
(nmoles/min) 

Substrate Product Expt. 1 Expt. 2 

Xanthine + xanthine oxidase 

Xanthine + xanthine oxidase + Fe-EDTA 

Ascorbate + Fe-EDTA 

Ethanol Acetaldehyde 3.28 3.24 
Butanol Butyraldehyde 1.35 1.89 
Isopropanol Acetone 0.44 0.50 
Ethanol Acetaldehyde 38.42 42.93 
Butanol Butyraldehyde 9.43 10.33 
Isopropanol Acetone 4.81 7.10 
Ethanol Acetaldehyde 171 141 
Butanol Butyraldehyde 85.4 128 
Isopropanol Acetone 34.8 70 

* Oxidation of ethanol (51 mM), butanol (45 mM), and isopropanol (44 raM) by three model systems [ascorbate plus 
Fe-EDTA (167/~M), xanthine plus xanthine oxidase, or xanthine plus xanthine oxidase in the presence of Fe-EDTA 
(83/~M)] was carried out as described in Materials and Methods. Results are from two experiments carried out in 
triplicate. 

system containing cytochrome P-450 purified from 
phenobarbital-treated rats [10-14]. Hence, the effect 
of the .OH scavengers with regard to inhibiting iso- 
propanol oxidation is somewhat specific. F e - E D T A ,  
which is known to stimulate .OH generation by the 
coupled xanthine-xanthine oxidase reactions [25-27] 
and by microsomes [30, 31], stimulated the oxidation 
of isopropanol (Table 3). Moreover, the increase 
produced by F e - E D T A  was sensitive to .OH scav- 
enging agents. Isopropanol is also oxidized by two 
model systems known to generate .OH: the coupled 
oxidation of xanthine by xanthine oxidase and the 
autoxidation of ascorbate in the presence of F e -  
EDTA (Table 4). The rank order of effectiveness 
of alcohols in the model systems (ethanol > butanol 
> isopropanol) is the same as that found with 
microsomes. 

The extent of inhibition of isopropanol oxidation 
by competing .OH scavengers is similar to the extent 
of inhibition of ethanol oxidation, but it is greater 
than that found with n-butanol oxidation, e.g. 
23.5 mM Me2SO inhibited the oxidation of ethanol, 
isopropanol, and n-butanol by 46, 40-43, and 26 per 
cent respectively [10] (Tables 1 and 2); 33 and 67 mM 
mannitol inhibited the oxidation of ethanol 31 and 
45 per cent respectively [10], whereas the oxidation 
of isopropanol was inhibited 26 and 44 per cent 
(Table 1) respectively. Consequently, the extent of 
inhibition of microsomal oxidation of alcohols by 
competing .OH scavengers correlates with the rate 
constant for the interaction of the alcohols with.  OH, 
i.e. ethanol and isopropanol, which have similar rate 
constants [17], are equally sensitive to MezSO and 
mannitol, whereas n-butanol, which has a rate con- 
stant about twice that of ethanol and isopropanol 
[17], is less sensitive. 

Isopropanol does not serve as an effective sub- 
strate for the peroxidatic activity of catalase since 
direct addition of H202 or generation of H202 via 
xanthine oxidase activity results in only low levels 
of isopropanol oxidation (Fig. 1). In this-regard, the 
oxidation of isopropanol represents a less compli- 
cated system than the oxidation of ethanol a n d m a y  
be useful in helping to understand the biochemical 

pathway for microsomal oxidation of alcohols in the 
absence of a contribution by catalase. HaO2 appears 
to play an indirect, although a major pivotal rote in 
isopropanol oxidation, however, since (a) the addi- 
tion of azide, which inhibits catalase and permits 
H202 to accumulate, stimulated isopropanol oxida- 
tion (Fig. 1), and (b) the addition of HzO: augmented 
the NADPH-dependent  oxidation of isopropanol 
(Fig. 2). H:O:  may serve as a precursor of .OH 
either via a Fenton reaction mechanism or a modi- 
fied, i.e. iron-catalyzed, Haber-Weiss  reaction 
mechanism [32, 33]. Isopropanol oxidation was not 
inhibited by the addition of superoxide dismutase; 
actually a slight stimulation was observed (+ 15 per 
cent at 60/~g/ml, 180 units, of superoxide dismutase). 
As discussed elsewhere [10, 31], however, the effects 
of superoxide dismutase in complex systems such as 
microsomes are difficult to evaluate, most notably 
with regard to the ability of superoxide dismutase 
to penetrate to the active site of radical generation. 
It is possible that another species with oxidizing 
properties similar to those of the hydroxyl radical, 

NADPH - DEPENDENT MICROSOMAL 
ELECTRON TRANSFER 

1 [ 
H 2 0 2  Coto lase H20+--2 "02 

Fenton .7 
Modified Haber - Weiss .7 

" O H  
• OH S c o v e n g e r s /  NNN~soproponol 

Products Acetone 

Fig. 3. Scheme for the oxidation of isopropanol by rat liver 
mierosomes. NADPH-dependent microsomal electron 
transfer generates H202. Azide, by inhibiting catalase, per- 
mits 1-1202 to accumulate and thereby serve as a source of 
• OH. Externally added H20 z also serves as a source of 
• OH. Increased generation of -OH results in increased 
oxidation of isopropanol. The .OH is assumed to be bound 

and not "free" in solution. 
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and derived from peroxide (e.g. a ferryl radical), 
may serve as the actual oxidizing agent. 

Figure 3 presents a working scheme that may be 
useful in explaining aspects of the data. NADPH- 
dependent microsomal electron transfer is known to 
generate H202 [34-36]. Azide, by inhibiting catalase, 
permits H202 to accumulate. H202 then serves to 
generate .OH. External addition of H202 also serves 
to generate .OH (see below). In view of the stereo- 
specificity shown by the microsomal ethanol oxidiz- 
ing system [37, 38], the .OH is assumed to be bound, 
and not free in solut ionor released into the medium. 
The increased generation of .OH in the presence of 
azide or azide plus H202 results in increased oxi- 
dation of isopropanol. Inhibition of isopropanol 
oxidation b y . O H  scavengers such as MeESO , KTBA, 
mannitol, or benzoate reflects competition between 
these scavengers and isopropanol for .OH. Stimu- 
lation of isopropanol oxidation by E D T A  may reflect 
removal of contaminating metals, protection of 
microsomes from peroxidative damage, or perhaps 
interaction with endogenous microsomal iron to pro- 
duce a microsomal F e - E D T A  complex. Augmen- 
tation of isopropanol oxidation by F e - E D T A  (Table 
3) reflects iron-catalyzed stimulation of .OH gen- 
eration [25-27]. It should be emphasized that this  
system does not merely represent the interaction of 
H202 with iron present as a contaminant, since added 
H202 alone (in the absence of NADPH)  does not 
result in isopropanol oxidation, and the buffers and 
solutions were treated with Chelex-100 resin. In this 
regard, the role of microsomal iron, expecially iron 
chelates such as cytochrome P-450, in binding .OH 
or H202, or in formation of the actual oxidizing 
species, remains to be evaluated. 
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