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Repatic micreaomes catalyz& the oxidation af metban& ethanol, propan and 
butanol to tbeix respective aldohydes. The reaction requires molecular oxygen 
and NADPII and is inhibited by CO, sharing thereby properties with other micro- 
somal drug oxidationa, ‘Ihis microsomal alcohol oxidizing system increases in 
activity after chronic ethanol co~sump~~ and operates inde~udently from catalase 
as we11 as alcohol ~h~roge~ass. It appears responsible, at least iu part, for 
the alcohol metabolism by the alcohol dehydrogenase independent pathway of tbe 
liver. 

It is we11 recognized that hepstic microsomes are cspable of oxidizing ethanol 

to a~t~dehy~ in a reaetiou requirbg NADPH and molecnIar oxygen (I-3)* The 

oxidation of ethanol is relatively insensitive to catalase inhibitors (2) suggesting 

that the bulk of the ethanol oxidizing activity in whols microsomes is catalase in- 

de~ndent, More recently, this rn~cros~~ ethauol oxIdizlng system (~~~$) 

was solubilized and separated from both alcohol dehydrogen~e and catalase 

activities by BEAE-eeliulose column cbromat~aphy (4-6). Other groups* bow- 

ever, have attributed the ethanol otidixing activity in microsomes exclusively 

to a reaction involving peroxidatic activity of catalase (7,8). 

33.1 view of the finding that propsnol and butanol function poorly or not at aI as 

substrates for catalase-IQ% (9, lO), we assessed whether substrate specificity 

could serve to differentiate the miorasomal system from a process invoIving 

peroxidatic activity of catalase* 
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Materials and Methods 

Male Sprague-Dawley rats (280-380 g BW) were purchased from Charles 

River Breeding Laboratories* North Werner, MA, and fed Purina Labor- 

atory chow and tap water ad lib. When indicated, female rats (starting BW of 

140-160 g) were used which were pair-fed nutritionally adequate liquid diets 

(11) containing either ethanol (36 per cent of total calories) or isocaloric 

carbohydrate (dextrin) as controls for 6-8 weeks prior to sacrifice. The livers 

were homogenized in 0. 15 M KCl, and washed mierosomes were prepared as 

described (12). 

The activity of the microsomal alcohol oxidizing system (MAO8) was de- 

termined in hepatic miorosomes {6 mg pr~~/ffask) in the presence of methanol 

(100 mMI), ethanol (50 mM), propauol (50 mMI) or butanol (50 mM) as described 

(6). The incubation media (final volume 3.0 ml) contained 1.0 mM Na2-EDTA and 

5.0 mM MgC12 in 0.1 M phosphate buffer (pH 7.4), and the reaction was started 

by adding a NADPH generating system (0.4 mM NADF, 8 mM sodinm isocitrate 

and 2 mg per ml of isocitrate dehydrogenase). No aldehydes were produced when 

the alcohol, the NADPH generating system or microsomes were omitted from the 

medium, or when boiled microsomes were used. In some instances, a H202 

generating system was employed consisting of 10 mM glucose and 0.7 /.6g per ml 

of glucose oxidase (Type I, Boehringer Mannheim GmbH, Germany). With each of 

the latter incubation sets, experiments were run in which the microsomes were re- 

placed by 0.1 M phosphate buffer (pH 7.4), and the observed blank values thus 

obtained were subtracted from the corresponding experimental result. All reactions 

were carried out for 0,5 and IO mm and termmated by adding 0.5 ml of 70 per 

cent of trichloroacetic acid (w/v). Formaldehyde produced upon oxidation of 

methanol was determined according to Nash (13). The incubations with ethanol, 
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propanol and butanol were carried out in the main chamber of closed 50 ml 

Erlenmeyer flasks with center weUs containing 0.6 ml of 15 mM semicarbazide 

hydrochloride in 0.1 M phosphate buffer (pH 7’. 4) (2)* After an overnight dif- 

fusion period the aldehydes bound to the semicarbazide were measured at 224 nm 

(14). Qualitative identification and quantitative assessment of the produce&al- 

dehydes trapped by the semicarbazide were performed by gas liquid chxomato- 

graphy in a number of experiments. Losses during the microsomal preparation 

were corrected for according to Greim et al. (15). The statistical significance 

of the results was assessed by the Student’s t-test for pairs, 

Results 

In the presence of a NADPH generating system hepatic microsomes actively 

oxidize all four alcohols, methanol, ethanol, propanol and butanol to their 

respective aldehydes (Table 1). 3y contrast, virtually no aldehydes were pro- 

duced with propsnol and butanol as substrates in the presence of a H202 gen- 

erating system whereas methanol and etlmnol were oxidized (Table 1). Thus, 

microsomes contain a NADPH dependent alcohol oxidizing system which operates 

Table 1 

SUBSTRATE SPECIFICFrY OF THE MKROSOMAL ALCOHOL OXIDIZING SYSTEM 

The incubations were carried out with systems generating either NADPH 
(0.4 mM NADP’, 8 mM sodium isocitrate and 2 mg per ml of isocitrate de- 
hydrogenase) or H202 (10 mM glucose and 0.7 pg per ml of glucose oxidase), 
The values represent the average results of three experiments. 

Substrate NADPH Ha02 
nmoles aldehyde/min/mg protein 

Methanol 7, 7 7. 8 

Ethanol 9. 5 9.2 

Propanol 4.6 0‘ 2 

Butanol 3.9 0 
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independently from a process invoIving catalase-Ii202 , Theoretically, contaminating 

catalase combined with NADPH oxidase, a microsomal enzyme capable of gen- 

erating H202 (16),could enhance the NADPH dependent alcohol oxidizing activity 

for methanol as well as ethanol in vitro. To test this, microsomes were incu- 

bated with sodium azide (I. 0 mM), a strong catalase inhibitor (2): under these 

experimental conditions, the NADPH dependent alcohol oxidizing activity was de- 

creased by ZO-30% with respect to methsnol and ethanol, but there was no inhibi- 

tory effect on the oxidation of pxopanol and butanol. 

The effect of chronic ethanol a~inis~ation on the activity of the microsomal 

alcohol oxidizing system was studied in rats pair-fed the liquid diets containing 

either ethanol or dextrin as controls for 6-8 weeks? Chronic ethanol consumption 

resulted in a striking enhancement of MAOS activity whether expressed per mg 

of microsomal protein or per 100 g BW (Table 2). Of particular interest was 

the finding that this increase in specific activity was observed with all four alco- 

Table 2 

EFFECT OF CHBONIC ETHANOL CO~~~~ON (6-8 WEEKS) ON THE 
ACTIVITY OF MAOS 

Female rats were pair-fed nutritio~Hy adequate liquid diets containing either 
ethanol or dextrin as controls. The values represent means (+SEM) of six pairs. 

mg micl 

Methanol ‘7.3&O. 6 

Ethanol 9. 9*0,4 

Propanol 5. 8+0. 6 

Butanol 4.4+0* 3 

s. protein 

X2* 7il. 0 

14. 9&O. 8 

11. l*O. 9 

?.4*0. 7 

100 g BW 

854 



Voi. 60, No. 2,1974 6lO~~iCAL AND BIOPHYSICAL RESEARCH CO~UNICATIONS 

ho18 as substrates (Table 2). These experiments therefore show that the adap- 

tive response observed after chronic ethanol consumption can be ascribed pre- 

dominantly to a catalase-H202 independent mechsnism since it was also demon- 

strated with propanol and butanol as substrates (Table 2) which virtually fail to 

react peroxidatically with catalase-H202 (Table 1). 

With all four alcohols, MAOS was fotmd to be most active with NADPH (1.0 mM) 

or a NADPH generating system. With NADH as cofactor, the activity was less 

than 25% of that obtained with NADPH. Optimum pH for MAOS activity was de- 

termined to be in the physiological range (pH 6.9 - 7.5). The lSm for MAOS 

activity (l&reweaver-Burk plot) varied, depending on the substrate used: methanol 

(22 mM), ethanol {9 m&I), propanol (6 mM), and butano1 (5 mM)+ Compared to 

control incubations, the alcohol oxidation was significantly (p<O. 02) inhibited under 

au atmosphere containing CO (CO:02 = 1O:l): methanol (41%), ethanol (41’%), 

propanol (52’$,), and butanol (47%). Replacement of air by nitrogen abolished MAOS 

activity almost completely. PyrazoIe (0.1 mM), a potent inhibitor for aIcoho1 

deh~roge~se {17),, had no effect on MAOS activity, 

Discussion 

The results of the present study show that hepatic microsomes catalyze the 

NADPH dependent oxidation of methanols ethanol, propanol and butanol to their 

respective aldehydes (Table 1 and 2). This microsomal alcohol oxidizing system 

(MAOS) requires molecular oxygen and NADPH and is inhibited by CO, sharing 

thereby properties with other microsomal drug metabolizing enzymes (18). 

Previously, only the oxidation of methanol and ethanol has been reported in 

hepatic microsomes (2,lS) but not that of alcohols with higher aliphatic chaina 

(19). This was considered by some as evidence for an obligatory role of cata- 

lose in microsomal alcohol oxidation (8), since higher aliphatic alcohols in- 

cluding propanol and butmol have been reported to be extremely poor sub- 
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&rates for catalase (9,lO). Whereas the present study confixms the extremely 

low affinity of propanol and butanol for catalase-H202 (Table 11, it demoustiates 

that hepatic mlcrosomes are capable of oxidizing propanol and butsnol at signi- 

ficant rates in the presence of NADPH (Table 1 and Z}, indicating that micro- 

somes contain an alcohol oxidizing system which ia independent from catalase. 

The finding that hepatic microsomes actively .metabolize methanol, ethano1, 

propanol and butanol suggests that this microsomal alcohol oxidizing system 

could account, at least in part, for the alcohol dehydrogenase independent path- 

way of alcohol metabolism in vivo (12,ZO) as well as in vitro in liver slices (2), 

perfused liver (21) and isolated parenchymal liver cells (22,23). Finally, since 

chronic ethanol consumption strikingly enhances the NADPH dependent MAGS 

activity (Table 2) in a manner similar to that of other microsomal drug metaboIiziug 

enzymes (24,25} it is conceivable that this microsomal system is involved, at 

least in part, in the enhanced ethanol clearance observed in vivo following 

chronic ethanol consumption (11). 
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