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A~t~et-Incubation of rat’liver microsomes with 1-propanol and 1-butanol in the presence of NADPH 
and of the spin trapping agent 4-py~dyl-l-oxide-f-butyl nitrone (4-POBN) allowed the detection of free 
radical intermediates tentatively identified as I-hydroxypropyl and I-hydroxybutyl radical, respectively. 
Microsomes isolated from rats treated chronically with ethanol (EtOH) or with the combination of 
starvation and acetone treatment (SA), exhibited a two-fold increase in the ESR signal intensity as 
compared to untreated controls, whereas no increase was observed in phenobarbital-induced (PB) 
microsomes. Consistently, in reconstituted membrane vesicles, ethanol-inducible cytochrome P450IIEl 
was twice as active as phenobarbital-inducible P45OIIBl in producing 1-butanol free radicals. In the 
microsomal preparations from EtOH and SA pretreated rats the addition of antibodies against 
cytochrome P450IIE1, but not of preimmune IgGs, lowered the ESR signal of l-butanol radicals by 
more than 50%. The same antibodies decreased the free radical production by untreated microsomes 
by 35-40%, but were ineffective on microsomes from PB-treated animals. This indicated that cytochrome 
I’450IIEl is the major enzyme responsible for the free radical activation of alcohols in control and 
ethanol-fed rats. The generation of l-hydroxybutyl radicals by EtOH microsomes was inhibited by 40, 
48 and 68%, respectively, by the addition of isoniazid, tryptamine and octyiamine, compounds known 
to specifically affect the NADPH oxidase activity of this isoenzyme. This effect was not due to the 
scavenging of the alcohol radical since none of these compounds affected the ESR signals originated 
from I-butanol in a xanthine-xanthine oxidase system. When added to reconstituted membrane vesicles 
isoniazid, tryptamine and octylamine also decreased 1-butanol radical formation by P450IIEl by 54, 
38 and 66%, respectively. Such an inhibition corresponded to the effect exerted by the same compounds 
on 0; release from P450IIEl containing vesicles. These results indicate that the capacity of cytochrome 
P450IIEl to reduce oxygen is related to its ability to generate alcohol free radicals and suggest that 
ferric cytochrome P450-oxygen complex might act as oxidizing species toward alcohols. 

The capacity of rat liver microsomes to oxidize 
ethanol and other aliphatic alcohols to the 
corresponding aldehydes was first documented by 
Orme-Johnsson and Ziegler [l]. This metabolic 
pathway required the presence of NADPH and 
oxygen and was found to be mediated upon the 
activity of cytochrome P450 dependent mono- 
oxygenase system [2]. Subsequent studies by the 
group of Cederbaum suggested the possibility that 
hydroxyl radicals (OH‘), generated as a result of 
iron-catalysed decomposition of hydrogen peroxide, 
were involved in the metabolism of alcohols by liver 
microsomes [3-4]. Carbon centered free radicals are 
expected to be formed from the reaction of alcohols 
and OH’ and indeed we have detected the 
formation of 1-hydroxyethyl, 2-hydroxypropyl and 2- 
hydroxybutyl radicals by rat liver microsomes 
incubated with, respectively, ethanol, 2-propanol 
and 2-butanol [7,8]. 

Recent results obtained in experiments using 
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deuterium substitution showed, however, the 
occurrence of both an OH--dependent and an OH’- 
independent mechanisms of ethanol oxidation [9]. 
Sinitlar conclusion were also reached by investigating 
the role played by OH’ in the formation of l- 
hydroxyethyl radical by liver microsomes [8]. 

A number of studies have shown that the ethanol- 
inducible form of cytochrome P450, known as 
cytochrome P450IIEl is specifically active in 
catalysing the oxidation of ethanol as well as of other 
aliphatic alcohois [l&13]. Moreover, ethanol 
treatment of rats despite increasing the rate of 
ethanol metabolism by liver microsomes, did not 
stimulate the formation of OH’ radical as estimated by 
the metabolism of dimethylsulfoxide to formaldehyde 
[13]. This finding along with the observation that 
microsomes from ethanol-pretreated rats were able 
to produce hydroxyethyl free radicals even in the 
absence of an appreciable generation of OH’ species 
[8], led to the suggestion that cytochrome P450 might 
be responsible for the formation of free radical 
intermediates during the metabolism of aliphatic 
alcohols. 

The aim of this work was to evaluate this 
hypothesis and to investigate the mechanisms by 
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Table 1. Hyperfine splitting constants of the 4-POBN free radical adducts produced during the 
incubation of 1-propanol or 1-butanol with rat liver microsomes, reconstituted membrane 

vesicles containing cytochrome P450 or the xanthine-xanthine oxidase system 

Liver Reconstituted Xanthine-xanthine 
microsomes vesicles oxidase system 

aN aH aN aH aN aH 

1-Propanol 13.65 3.27 - 13.67 3.29 
1-Butanol 15.01 3.45 15.02 3.48 14.95 3.41 

The spectral features are expressed in Gauss and were calculated on 5-7 different ESR 
spectra. 
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Fig. 1. Effect of chronic ethanol feeding (EtOH), 
starvation and acetone treatment (S/A) or phenobarbital 
administration (PB) on the spin trapping of alcohol-derived 
free radicals in rat liver microsomes. Microsomal fractions 
were incubated for 5 min at 37” with 20 mM of ethanol, l- 
propanol and 1-butanol, respectively, as reported in 
Materials and Methods. The results are means of 3-5 

different determinations 2 SD. 

which cytochrome P450, and in particular the 
ethanol-inducible form P450IIE1, was able to 
generate alcohol free radicals. 

MATERIALS AND METHODS 

NADPH, tryptamine. isoniazid, pargyline, xan- 
thine oxidase and xanthine were obtained from the 
Sigma Chemical Co. (St Louis. MO, U.S.A.). l- 
Butanol, 1-propanol, p-nitrophenol, and the spin 
trap 4-pyridyl-1-oxide-N-t-butyl nitrone (CPOBN) 
were purchased from _4ldrich Europe (Bersee, 
Belgium). Desferrioxamine methane-sulphonate 
(Desferal) was supplied by Ciba-Geigy (Basel. 
Switzerland). Anti-PUOIIEl immunoglobulins were 
prepared by ammonium sulphate precipitation from 
immunized rabbits as previously described [ 141. 

Male Sprague-Dawley rats (150-170 g) were 
used for all the experiments. Chronic ethanol 
administration was performed for 20 days using the 
liquid diet of DeCarli and Lieber [15] and control 
rats were pair fed. Other rats were starved for 72 hr 
and treated with acetone (5 mL/kg body wt) given 
intragastrically as a 33% (v/v) solution in saline 
for the last 2 days as previously described [14]. 
Phenobarbital treatment (80 mg/kg) was performed 
i.p. for 3 days. All rats except the pair fed and the 
starved animals received food and water ad lib. 

Liver microsomes were prepared by ultra- 
centrifugation of 20% (w/v) homogenate in 10 mM 
Na/K-phosphate buffer, pH 7.4, containing 1.14% 
KC1 and washed once before suspension in 50mM 
K-phosphate buffer, pH 7.4 [14]. For the spin 
trapping experiments microsomal fractions (5 mg 
protein) were added to 1 mL (final volume) of an 
incubation mixture containing two parts of 0.1 M 
Na-phosphate buffer pH 7.4, three parts of 0.15 M 
KCl, 1 mg NADPH, 20 mM of either ethanol, l- 
propanol or 1-butanol, 25 mM 4-POBN and 25 PM 
desferrioxamine and incubated for 5 min at 37” in 
5 mL stoppered test tubes. The incubations were 
terminated by transferring the samples to 1.5 mL 
Eppendorf tubes containing 0.5 mL of a chloroform- 
methanol (2: 1 v/v) mixture as previously reported 
[8]. The chloroform phase was separated by 
centrifugation and used for ESR analysis. 

ESR spectra were recorded at room temperature 
using a Bruker D 200SRC spectrometer with the 
following instrument setting: microwave power 
10 mW; modulation frequency 100 KHz; modulation 
amplitude 1 G; field scan 100 G. 

Free radicals were also produced from alcohols 
by incubating for 30 min at 37” 1-propanol or l- 
butanol (20 mM) with 1 mM xanthine, 0.05 units 
xanthine oxidase, 50 mM 4-POBN in 1 mL 50 mM 
Na-phosphate buffer, pH 7.4, containing 0.1 mM 
EDTA and 50pM FeC13. The spin adducts were 
then extracted with 0.5 mL chloroform-methanol 
mixture as described above. 

Cytochromes P450IIEl and P450IIBl were 
prepared from liver microsomal fractions obtained 
from starved/acetone treated (S/A) and pheno- 
barbital treated (PB) rats, respectively, according to 
Johansson and co-workers [14]. NADPH cytochrome 
P450 reductase was purified from liver microsomal 
fractions of starved/acetone treated rats [14]. 
Microsomal phospholipids were extracted from liver 
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Fig. 2. Concentration-dependent increase in the formation of free radical species from 1-propanol and 
l-butanol by liver microsomes from untreated (a), ethanol-fed (H) or starved and acetone pretreated 

(A) rats. The results are means of three different experiments 2 SD. 
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Fig. 3. Effect of increasing concentration of p-nitrophenol 
on the production of 1-hydroxybutyl free radicals by 
ethanol- (m) or phenobarbital-treated (A) rat liver micro- 
somes. The results are expressed as per cent of the ESR 
signal height in the corresponding controls without 

p-nitrophenol. 

microsomal fractions of untreated rats and the 
unilamellar phospholipid vesicles were prepared by 
cholate gel filtration technique [16] in 15 mM K- 
phosphate buffer, pH 7.4, plus 50mM KCl. The 
vesicles consisted of microsomal phospholipids, 
NADPH cytochrome P450 reductase and cytochrome 
P450 in a molar ratio of 1200: 0.4 : 1. After 
preparation, 0.2 mL of the vesicle suspension, 
containing about 0.3-0.4 nmoles of cytochrome 
P450, was immediately incubated for 20 min at 37” 
with 2-20 mM 1-butanol, 20mM 4-POBN, 1 mg 

NADPH in 1 mL (final volume) 50 mM K-phosphate 
buffer containing 0.1 mM desferrioxamine. The 
reaction was terminated by the addition of 0.5 mL 
of the chloroform-methanol mixture and the samples 
were then processed as described for microsomal 
preparations. 

RESULTS 

Evidence for the involvement of cytochrome P450 in 
the formation of free radical species from aliphatic 
alcohols 

Incubation of rat liver microsomes with either l- 
propanol or 1-butanol in a medium containing 
NADPH, the spin trapping agent 4-pyridyl-l-oxide- 
t-butyl nitrone (CPOBN) and 25 ,uM desferrioxamine 
resulted in the formation of characteristic ESR 
spectra due to the trapping of carbon centered free 
radicals (Table 1). The hyperfine splitting constants 
of these spectra were essentially identical to those 
of the free radical adducts produced by the reaction 
of 20 mM 1-propanol or 1-butanol with hydroxyl 
radicals generated by the xanthine-xanthine oxidase 
system (Table 1). These similarities allowed a 
tentative identification of the spin adducts as due to 
the trapping of 1-hydroxypropyl and 1-hydroxybutyl 
free radicals, respectively. The formation of these 
radical species was strictly dependent upon the 
presence of NADPH and oxygen and was not 
influenced by the addition of 25 mM mannitol, a 
well known scavenger of OH ’ radicals (not shown). 

Following the induction of cytochrome P450IIE1, 
by the combination of fasting and acetone 
administration or by chronic alcohol feeding, the 
production of alcohol-derived radicals by liver 
microsomes was stimulated about two-fold, as 
compared to untreated controls (Fig. 1). By contrast, 
microsomes from phenobarbital-pretreated rats 
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Fig. 4. Inhibition of 1-hydroxybutyl free radical generation 
in liver microsomes from control, ethanol-fed (EtOH), 
starvation/acetone (S/A) or phenobarbital (PB) pretreated 
rats by antibodies raised against cytochrome P450IIEl. 
Microsomal fractions were preincubated 15 min at 37” with 
2 mg/mg protein of either rabbit IgG against cytochrome 
P450IIEl or preimmune gammaglobulins. After reaction, 
the microsomes were separated by centrifugation from the 
unreacted IgG in order to avoid aspecific reactions with 
the radicals and subsequently incubated 5 min at 37” in the 
presence of NADPH, 1-butanol and 4-POBN as reported 
in the method section. The results are expressed as per 
cent of the ESR signal intensities in the respective controls 
incubated without antibodies and are mean of three 

different experiments + SD. 

produced the same free radical species at rates not 
higher than control microsomes, despite the increase 
in the content of cytochrome P450 (Fig. 1). From 
the same experiments it was clear that the 
susceptibility of ethanol, 1-propanol and 1-butanol 
to undergo free radical activation increased with the 
change in the carbon chain length. This was 
particularly evident in both ethanol- and acetone- 
induced microsomes (Fig. 1). These changes are in 
agreement with the difference in the octanol-water 
partition coefficients among the three alcohols, 
probably reflecting a more efficient binding to 
the hydrophobic region of cytochrome P450. 
Consistently, titration experiments showed that the 
growth in the intensity of the ESR signals produced 
by 1-butanol was apparently saturated at 20mM 
concentration, both in control and acetone or ethanol 
microsomes (Fig. 2). However, no sign of saturation 
was evident in the case of 1-propanol radical 
formation (Fig. 2). From these data it emerges that 
cytochrome P450IIEl is particularly active in 
catalysing the activation of aliphatic alcohols to free 
radical intermediates and that 1-butanol is a good 
substrate to investigate such a process. 

Characterization of the role of cytochrome P450IIEl 
in the free radical metabolism of I-butanol 

The ability of cytochrome P450IIEl to generate 
1-hydroxybutyl radicals was first investigated using 
p-nitrophenol, a specific substrate for this isoenzyme. 

As shown in Fig. 3 the addition of p-nitrophenol in 
concentrations ranging from 2 up to 50 pM decreased 
progressively the intensities of the ESR signals 
produced by ethanol-induced microsomes incubated 
with 20 mM 1-butanol. By contrast, p-nitrophenol 
was without effect in microsomal preparations from 
phenobarbital-pretreated rats. 

This finding was further supported by experiments 
performed using antibodies raised against cyto- 
chrome P450IIEl. Previous studies have, in fact, 
demonstrated that these antibodies selectively inhibit 
the oxidation of ethanol to acetaldehyde by either 
liver microsomes or reconstituted membrane systems 
containing this isoenzyme [12, 141. To investigate 
the effect of rabbit anti P450IIEl IgG on the 
formation of butanol free radicals. microsomal 
fractions from either untreated, ethanol-, acetone- 
or phenobarbital-treated rats were preincubated for 
15 min with the antibodies or preimmune IgGs 
(2 mg/mg microsomal protein). After reaction, the 
microsomes were separated by centrifugation from 
unbound IgGs in order to avoid aspecific reactions 
with the radicals and subsequently incubated in the 
presence of NADPH. l-butanol and 4-POBN. Figure 
4 demonstrates that the preincubation with anti- 
cytochrome P450IIEl IgGs decreased the spin 
trapping of butanol radicals formed by either ethanol- 
or acetone-induced microsomes by 50%. Under 
similar conditions, the free radical production by 
microsomes from untreated animals was diminished 
by about 3540%. whereas no effect was seen using 
microsomes from phenobarbital-treated rats (Fig. 
4). In addition no changes in the ESR signals were 
observed with preimmdne IgGs in the different 
microsomal preparations (Fig. 4). This suggested 
that the inhibitory effect was due to a specific 
interaction of IgG with cytochrome P450IIEl. 

Role of NADPH oxidase activity of cytochrome 
P450IIEl on the formation of 1-butanol free radicals 

Cytochrome P450IIEl is known to exhibit a high 
rate of NADPH oxidation and this is reflected in the 
high amounts of superoxide anion and hydrogen 
peroxide produced by microsomes prepared from 
rats exposed to ethanol or acetone [13, 17,181. 
EkstrGm and Ingelman-Sundberg [19] have recently 
reported that the generation of reactive oxygen 
species can be inhibited by 50% using antibodies 
directed against cytochrome P450IIEl. This effect 
corresponds to the decrease here observed in the 
formation of butanol free radicals using the same 
antibodies and suggests the possibility that the two 
processes might be related. In a subsequent series 
of experiments we investigated whether the radical 
activation of 1-butanol might be influenced by several 
compounds that have been shown to interfere with 
the NADPH oxidase activity of cytochrome P450IIEl 
WI. 

Following the addition of tryptamine. isoniazid 
and octylamine to ethanol microsomes we observed 
a dose-dependent decrease in the formation of l- 
butanol radicals (Fig. 5). Octylamine was the most 
active inhibitor and at the concentration of 0.2 mM 
lowered by about 75% the intensity of the ESR 
signals. Higher concentrations (2 mM) of tryptamine 
and isoniazid were instead needed to decrease the 
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Fig. 5. Effect of cytochrome P450 NADPH oxidase 
inhibitors on the formation of 1-hydroxybutyl free radical 
by ethanol-induced rat liver microsomes (filled symbols) 
or the xanthine-xanthine oxidase system (open symbols). 
Liver microsomes and the xanthine-xanthine oxidase were 
incubated as reported in Materials and Methods in the 
presence of increasing concentration of isoniazid (A A), 
tryptamine (00) and octylamine (I 0). The inhibitors 
were tested in xanthine-xanthine oxidase system to evaluate 
the possible radical scavenging effect of these compounds. 
Pargyline 10pM was added to microsomal incubation 
containing octylamine in order to inhibit monoamino 
oxidase activity. The results are expressed as per cent of 
the ESR signal intensities in the respective controls 
incubated without inhibitors and are mean of two different 

experiments in duplicate. 

signal eights by 50% (Fig. 5). All these compounds 
were, however, equally unable to affect the formation 
1-hydroxybutyl free radicals generated by the 
xanthine-xanthine oxidase system (Fig. 5). This 
indicates that their effect was not due to an aspecific 
scavenging of the alcohol radicals or of any reactive 
oxygen species. 

Free radical activation of butanol as investigated in 
reconstituted cytochrome P450 system 

Reconstituted membranes containing NADPH 
cytochrome P450 reductase and cytochrome P450 
have been extensively used for investigating 
the metabolism of alcohols by the microsomal 
monoxygenase enzymes. Thus, we employed recon- 
stituted membrane vesicles containing either 
P450IIEl or the phenobarbital-inducible form 
(P450IIBl) to further characterize the mechanism 
of radical activation of alcohols. When incubated 
with 1-butanol in the presence of NADPH and 4- 
POBN, reconstituted systems were found to generate 
ESR signals identical to those ascribed to the 
hydroxybutyl free radical (Table 1). The free radical 
formation was strictly dependent upon the presence 
of cytochrome P450 and no detectable ESR spectra 
were observed when vesicles containing NADPH 
cytochrome P450 reductase alone were incubated 
with NADPH, 1-butanol and 4-POBN (not shown). 

As observed in liver microsomes, the intensity of 
the ESR signals produced by reconstituted systems 
increased with the concentration of 1-butanol added 
and cytochrome P450IIEl was about twice as active 

A P-450llEl 

~ 150- 
l P-45OllBl 

.= 
5 

$ 

.i loo- 
. / 

. 

Y- / 
C . 

: 
/ 

l y 
_j 

_-• 

5 50- 

S 

. /’ 

, 
._ VI 

! 0-1 
iI , 

02 5 10 20 

1-Butanol (mM) 

Fig. 6. Free radical activation of 1-butanol in reconstituted 
membrane vesicles containing cytochrome P450 reductase 
and, respectively, cytochrome P450IIBl (+) or BE1 (A). 
Membrane vesicles containing 0.3-0.4 nmol cytochrome 
P450 were incubated 20min at 37” with increasing 
concentration of 1-butanol and 1 mg NADPH, 20 mM 4- 

POBN in 50 mM K-phosphate buffer pH 7.4. 

as P450IIBl in catalysing the free radical activation 
process (Fig. 6). 

The possible involvement of the oxidase activity 
of cytochrome P450 in the generation of alcohol 
radicals was investigated in the reconstituted 
membrane systems containing both P450IIEl and 
P450IIBl and using octylamine (0.1 mM), isoniazid 
(1 mM) or tryptamine (1 mM) as inhibitors. From 
Fig. 7 it appears that, in the presence of isoenzyme 
IIEl, these compounds were able to decrease the 
formation of butanol radicals by 50-&O%, whereas 
only octylamine was capable to exert an appreciable 
effect in the vesicles containing cytochrome P450IIBl 
(Fig. 7). Moreover, the decrease in the ESR signal 
intensities produced by isoniazid, tryptamine or 
octylamine corresponded to the inhibition of 
cytochrome P450IIEl-dependent oxidase activity 
previously observed by Persson and co-workers [20]. 

DISCUSSION 

In recent years, the combined use of ESR 
spectroscopy and spin trapping technique has 
demonstrated the production of free radical 
intermediates during the microsomal oxidation of 
aliphatic alcohols [7,8]. It has been possible to 
distinguish two pathways leading to the formation 
of hydroxyethyl radical from ethanol [8,21]. One 
pathway requires the presence of traces of non 
haeme iron and is consistent with a hydroxyl radical- 
mediated oxidation of alcohols as previously 
described [3-8,17,21], whereas the other is 
apparently independent from the presence of 
hydroxyl radicals [8,22]. The decrease of the 
hydroxyethyl radical formation by cytochrome P450 
blockers has suggested the involvement of this 
haemoprotein in the OH’-independent activation 
process [8]. This is supported by the present findings 
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Fig. 7. Inhibition of 1-butanol free radical activation in 
reconstituted membrane vesicles containing cytochrome 
P450 reductase and, respectively. cytochrome P450IIBl or 
P450IIEl by inhibitors of cytochrome P450 NADPH 
oxidase activity. Reconstituted vesicles were incubated 
20 min at 37” with 10 mM 1-butanol, 1 mg NADPH, 20 mM 
4-POBN and, respectively, 1 mM isoniarid and tryptamine 
or 0.1 mM octylamine in 50 mM K-phosphate buffer pH 7.4 
containing 0.1 mM desferrioxamine. The results are 
expressed as per cent of the ESR signal intensities in the 
respective controls not receiving the inhibitors and are 

mean of two experiments in duplicate. 

that reconstituted membrane vesicles only containing 
cytochrome P450 reductase were unabfe to produce 
l-hydroxybutyl radicals when incubated with 
NADPH in the presence of 1-butanol and 4-POBN. 
Moreover, the capability of different alcohols to 
form free radical increases with the length of the 
carbon chain, suggesting that the free radical 
formation is taking place in an hydrophobic 
environment, most likely in the neighbourhood 
of the cytochrome P450 active side. Such an 
interpretation is consistent with previous results by 
Morgan and colleagues [lo] showing that the rates 
ofalcoholoxidation byethanol-induciblecytochrome 
P450 correlate with the water-octanol partition 
coefficients of the various alcohols. However, a 
direct comparison between these variables might be 
difficult to obtain, since the availability of the spin 
trap to the active site of cytochrome P450 must be 
different from that of alcohols. 

The preferential role of the ethanol-inducible 
cytochrome P450IIE1, to mediate the oxidation of 
ethanol as well as of other aliphatic alcohols has 
been documented in a number of studies. For 
instance, oxidations of ethanol, l-propanol and l- 
butanol in reconstituted systems were 3-4 times 
higher with cytochrome P45OIIEl in comparison to 
other isoenzymes [lo]. Immunochemical studies 

have revealed that the major part of the ethanol 
metabolism by liver microsomes from either ethanol- 
treated rabbits or human alcoholic patients is due to 
the action of this form of cytochrome P450 
[lo. 12,171. Consistent with these observations, we 
have found that the formation of free radical 
intermediates from alcohols is stimulated by the 
induction of cytochrome P450IIEl following either 
chronic ethanol feeding of the rats or by the 
combination of fasting and acetone pretreatment 
(Fig. 2). Furthermore, a selective inhibition of l- 
butanol radicals generation is produced by p- 
nitrophenol, a substrate of this isoenzyme, as well 
as by antibodies directed against P450IIEl. In most 
of the cases the ESR signals were not decreased by 
more than 50%, suggesting that some other forms 
of cytochrome P450 might be responsible for the 
remaining fraction of the free radical generation. 
However, it is evident that the capacity of these 
antibodies to inhibit microsomal ethanol oxidation 
(141 is similar as here seen for the effect on radical 
generation. By contrast, the effectiveness of the 
same antibodies in inhibiting other cytochrome 
P45OIIEl reactions is somewhat greater with 
substrates like benzene and carbon tetrachloride 
P41. 

Free radical intermediates are known to be 
produced during cytochrome P450-catalysed acti- 
vation of several classes of xenobiotic, but none of 
the mechanisms postulated for such reactions seem 
to apply to the formation of alcohol-derived free 
radicals. It has been proposed that hypervalent ferry1 
cytochrome P450 complex (P450-[FeO]3+) catalyses 
most monoxygenase reactions by sequential one- 
electron steps with the formation of free radical 
intermediates [24]. The evidence so far available, 
however. do not support the possibility that these 
intermediates are released by the cytochrome and 
conversely suggest that the radical species further 
reacts at the site of formation to give a non-radical 
product [24]. 

Using both liver microsomes or reconstituted 
membrane systems containing P450IIEl we have 
observed that the addition of tryptamine, isoniazid 
and octylamine, effectively inhibits the production 
of I-butanol radical. Interestingly, the above 
compounds are the only active among 30 different 
chemicals previously tested for their ability to inhibit 
cytochrome P450IIEl dependent oxidase activity 
measured as H102 formation and NADPH oxidation 
[20]. The isoenzyme selectivity of the above 
compounds was complete since none of them affected 
cytochrome P450IIB4 oxidase activity 1201. 

During the oxidase activity of the microsomal 
monoxygenase system hydrogen peroxide originates 
from the dismutation of superoxide anion formed 
by the auto-oxidation of the oxycytochrome complex 
[25.26]. In the presence of iron these oxygen 
metabolites can undergo the so called iron-catalysed 
Haber-Weiss reaction leading to the formation of 
highly reactive hydroxyl radical (OH’) which can 
contribute to the microsomal oxidation of several 
compounds including ethanol /3--S, 171, benzene [27] 
and aniline [28]. 

In the conditions of the experiments here described 
the participation of iron to the formation of OH’ 
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should be minimal because of the presence of the 
iron chelating agent desferrioxamine [LX]. Moreover, 
the increase in the amounts of alcohol radicals spin 
trapped with the change in the carbon chain length 
is incompatible with a process mediated by free 
hydroxyl radicals because the reaction rates of OH’ 
with different alcohols are quite similar [29]. 
Therefore, the formation of alcohol free radicals 
should be due to an oxidizing species possibly bound 
to the cytochrome P450 and sufficiently reactive to 
abstract a proton from the alcohol alpha-carbon. 
Tryptamine, isoniazid and octylamine, which interact 
with the cytochrome and induce a shift of haeme 
iron from high to low spin, thereby making 
the formation of oxycytochrome P450 complex 
impossible, inhibit to the same extent the formation 
of both the 1-hydroxybutyl radical and superoxide 
anion by cytochrome P450IIEl. This indicates that 
the generation of alcohol radicals should occur 
during the process of univalent oxygen reduction. 
Thus, we suggest the possibility that the ferric 
cytochrome P45O-oxygen complex (cyt-P450-Fe3+ 
0,) formed during the reduction of haeme-xygen 
might react with the alcohol molecule and 
subsequently release a carbon centered radical and 
H202. The reactivity of cyt-P45CLFe3+0, should 
then be comparable to that of the protonated form 
of superoxide, perhydroxyl radical (HOJ, rather 
than that of superoxide itself. This hypothesis is also 
compatible with the observation that cytochrome 
P450IIEl which exhibits a high rate of oxidase 
activity [18], is more active than the isoenzyme IIBl 
in forming alcohol free radicals. 

In conclusion, the results presented demonstrate 
that cytochrome P450IIEl is specially active in 
forming alcohol free radical intermediates and 
suggest the possibility that such activation pathway 
might be related to the capacity of this isoenzyme 
to reduce dioxygen. If this is the case the production 
of free radical species might occur as a side reaction 
in the process of alcohol oxidation to aldehydes 
by the microsome mono-oxygenase system. The 
production of hydroxyethyl radicals from ethanol 
could have a particular pathophysiological relevance 
in explaining the oxidative lesions often observed 
following alcohol intoxication [30], specially in light 
of the recent observation that these radical species 
can be spin trapped in vivo in the bile of ethanol 
treated deer-mice [22]. 
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