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LIEBER, C. S. Microsomal ethanol oxidizing system (MEOS): hlteraction with ethanol, drugs and carcinogens. PHAR- 
MACOL BIOCHEM BEHAV 18: Suppl. I, 181-187, 1983.--Several studies in our unit showed that in men, baboons, rats 
and deermice, blood ethanol clearance is significantly accelerated at ethanol concentrations higher than the levels needed 
to effectively saturate the low K m forms of ADH present in animals, thereby incriminating a high Km non-ADH system such 
as microsomal ethanol oxidizing system (MEOS). Furthermore, kinetics of blood ethanol clearance were consistent with 
the Km of MEOS. After chronic ethanol consumption, there was an increase in rates of ethanol elimination and in the 
activity of MEOS. There was an associated rise in microsomal cytochrome P-450, including a form (different from that 
induced by phenobarbital and methylcholanthrene) which had a high affinity for ethanol in a reconstituted system. The role 
of a non-ADH pathway of ethanol metabolism and its increase after chronic ethanol consumption was most conclusively 
shown in ADH-negative deermice. Microsomal induction was also associated with enhanced metabolism of other drugs, 
resulting in metabolic drug tolerance. In addition, there was increased activation of known hepatotoxic agents (such as CC14 
and acetaminophen) which may explain the enhanced susceptibility of alcoholics to the toxicity of solvents and commonly 
used drugs. There was enhanced activation of procarcinogens, sometimes at concentrations much lower than those 
required for other microsomal inducers. Moreover, catabolism of retinoic acid was accelerated possibly contributing to 
hepatic vitamin A depletion. In conclusion, after chronic ethanol consumption, enhanced MEOS activity and concomitant 
cytochrome P-450 changes may contribute to accelerated ethanol and drug metabolism and associated activation of 
hepatotoxic agents and carcinogens. 
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MICROSOMAL ETHANOL OXIDIZING SYSTEM (MEOS) 

Discovery of MEOS and Chemical Characterization of 
MEOS-Mediated Ethanol Oxidation 

The first indication of  an interaction of  e thanol  with the 
microsomal  fract ion of  the hepatocyte  was provided by the 
morphologic  observa t ion  that in rats, e thanol  feeding results 
in a proliferat ion of  the smooth  endoplasmic  ret iculum (SER) 
[24,25]. This observat ion  raised the possibili ty that,  in addi- 
tion to its oxidat ion by A D H  in the cytosol ,  e thanol  may also 
be metabol ized by the microsomes .  A microsomal  system 
capable of  methanol  oxidat ion had been descr ibed [57], but 
its capaci ty  for ethanol oxidat ion was ex t remely  low. Fur- 
thermore ,  this sys tem could not oxidize long-chain aliphatic 
a lcohols  such as butanol and was sensit ive to the catalase 
inhibitors azide and cyanide.  Therefore ,  Ziegler  concluded 
that this system is clearly different from the cy tochrome  
P-450 dependent  sys tem and involves  the H202-mediated 
ethanol  peroxidat ion by catalase [93]. H o w e v e r ,  a microso-  
real ethanol  oxidizing sys tem with a rate of  e thanol  oxidat ion 

ten t imes higher than reported by Orme-Johnson  and Ziegler 
[57] was descr ibed [40, 41,47].  The sys tem required N A D P H  
and 02 and was relatively insensit ive to catalase inhibition. 
Fur thermore ,  the M E O S  was differentiated from the system 
repor ted  by Orme-Johnson  and Ziegler [57] and from 
catalase by its ability to oxidize long-chain aliphatic alcohols 
[81], which are not  substrates for catalase.  The striking in- 
crease  in the non -ADH fraction of  ethanol  metabol ism with 
increasing ethanol  concent ra t ions  [19, 49, 84] is consis tent  
with the known K,, for MEOS.  The in vitro K,n of  M E O S  
agrees well with the corresponding value of  the pyrazole-  
insensi t ive pathway of 9 mM in vivo [43] and with a similar 
value in isolated hepatocytes  [48]. 

Differentiation of  MEOS from ADH and Catalase 

Differentiat ion of  M E O S  in total microsomes  from alco- 
hol debydrogenase  was achieved by subcellular  localization,  
pH opt imum in vitro (7.4 versus 10), cofactor  requirements ,  
and effects of  inhibitors such as pyrazole  [44,46]. Studies 
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with inhibitors have also indicated that a major fraction of 
the ethanol oxidizing activity in microsomes is independent 
of  catalase [41, 44, 46]. A clear dissociation of the NADPH- 
dependent from an H202-mediated ethanol oxidation in mi- 
crosomes was observed using pyrazole,  which inactivates 
catalase in vivo [46], and azide, which inhibits catalase in 
vitro [41]. Thus, under experimental conditions with com- 
plete abolition of the peroxidatic activity of  catalase, the 
NADPH-dependent  ethanol oxidation still proceeded at a 
significant rate; this again dissociates the NADPH- 
dependent MEOS activity from a process involving 
catalase-H202. Subsequently,  MEOS was solubilized and 
separated from alcohol dehydrogenase and catalase activi- 
ties by diethylaminoethyl cellulose column chromatography 
[50, 79, 80]. Differentiation of MEOS from ADH in the col- 
umn fractions was shown by the failure of NAD to promote 
ethanol oxidation at pH 9.6, by cofactor requirements 
(NADPH and O2), by the apparent  K m for ethanol (7 to 9 
mM), and by the insensitivity of  MEOS to the ADH inhibitor 
pyrazole.  MEOS was also distinguished from a process in- 
volving catalase-H202 by the lack of catalatic activity, by the 
apparent  K m for oxygen (8.3/xM), by the insensitivity to the 
catalase inhibitors azide and cyanide, and by the inability of 
an H202 generating system (glucose-glucose oxidase) to sus- 
tain ethanol oxidation in the isolated column fraction [80]. 
Thus, using specific and sensitive methods, MEOS activity 
could be clearly differentiated from an enzymatic process 
involving peroxidatic activity of catalase. In addition, MEOS 
activity could be dissociated from microsomal NADPH 
oxidase activity [22], which generates H202 in microsomes 
[161. 

It has also been reported that microsomes from 
acatalasemic mice fail to oxidize ethanol [88], but this claim 
has been subsequently retracted [89]. Indeed, hepatic micro- 
somes of acatalasemic mice subjected to heat inactivation 
displayed decreased catalatic activity, but NADPH- 
dependent MEOS remained active and unaffected [45,82]. 
Even without heat inactivation, in the acatalasemic strain, 
the NADPH-dependent  metabolism was much more active 
than the H202-mediated one, whereas microsomes of control 
mice displayed equal rates of HzOe-and NADPH-dependent  
ethanol oxidation [89]. These results therefore support the 
conclusion that hepatic microsomes of normal and 
acatalasemic mice contain a NADPH-mediated ethanol 
oxidizing system that is catalase-independent.  

Nature o f  MEOS Activity 

The reconstitution of  the ethanol oxidizing activity with 
the three microsomal components cytochrome P-450, 
NADPH- cytochrome c reductase,  and lecithin was demon- 
strated [54]. Successful reconstitution of MEOS was con- 
firmed by Miwa and coworkers [52]. 

The activity of the reconstituted microsomal ethanol 
oxidizing system (reconstituted MEOS) showed a dependency 
upon cytochrome P-450 and the reductase and required syn- 
thetic phospholipids (such as lecithin) for its maximal activ- 
ity. The Km of the reconstituted MEOS for ethanol was 10 
raM, which is similar to the Km measured in crude micro- 
somes and the MEOS fraction isolated by column chroma- 
tography [40, 41, 80]. This reconstituted system required 
NADPH as a cofactor, did not react to an H202 generating 
system, and was insensitive to the catalase inhibitor azide. 
These characteristics were also similar to those observed in 
crude microsomes. The activity was dependent on the 

amount of cytochrome P-450 present. The involvement 
of  reduced cytochrome P-450 in MEOS was further shown 
by action spectra [13]. How MEOS mediates ethanol oxi- 
dation is still the subject of debate. Part of the mechanism 
could involve generation of  hydroxyl radicals, which in turn 
might be "scavenged"  by ethanol, since other compounds 
that interact with hydroxyl radicals inhibit MEOS activity 
[5,56]. In addition to cytochrome P-450, ethanol can also be 
oxidized by NADPH-cytochrome P-450 reductase. It has 
been shown by Ohnishi and Lieber [54] that the reductase 
mediated ethanol oxidation is much less than the one 
catalyzed by the ethanol induced form (used in saturating 
amounts), but is equal to the oxidation catalyzed by non 
induced P-450. It has also been shown that superoxide dis- 
mutase inhibits the reductase mediated reaction (Winston et 
al. unpublished observation). Indeed, there is now evidence 
that the reductase operates via the hydroxyl radical mech- 
anism [91] and therefore can be expected to be dismutase 
sensitive whereas the P-450 mechanism (that is inducible by 
ethanol) can be expected to be dismutase insensitive. Thus, 
when one uses non-induced cytochrome P-450 [23], the re- 
ductase mediated inhibition by dismutase may be more ap- 
parent then when the more active ethanol induced cyto- 
chrome P-450 [56] is used. 

RELATIVE IMPORTANCE OF ADH AND NON-ADH PATHWAYS 

There are now several lines of  evidence indicating that a 
non-ADH pathway significantly contributes to ethanol oxi- 
dation in the liver. This includes the incomplete inhibition of 
ethanol metabolism using ADH inhibitors and the pattern of 
labeling of acetaldehyde derived from stereospecific labeled 
ethanol [65] and the increased rate of ethanol metabolism at 
high ethanol concentrations well above those needed to satu- 
rate alcohol dehydrogenase.  

Actually, estimates of the magnitude of the non-ADH 
pathway obtained by measurements of residual ethanol me- 
tabolism after inhibition with the ADH inhibitor pyrazole or 
4-methyl-pyrazole are underestimations, in view of the fact 
that these inhibitors also reduce the activity of the microso- 
mal alcohol oxidizing system [83]. This is also illustrated by 
the fact that Rognstad [64], using isotopic probes to as- 
sess rates of ethanol metabolism, found the contribution of 
the non-ADH pathway to be 35 per cent under conditions 
that yielded somewhat lower results in the presence of 
pyrazole.  In comparing the rate of  utilization of deuterated 
and non-deuterated ethanol by liver cells, Rognstad con- 
cluded not only that a significant non-ADH pathway exists, 
but also that it is unlikely that catalase contributes to its op- 
eration. 

Increasing ethanol metabolism with rising ethanol con- 
centrations was found not only in the presence of an ADH 
inhibitor but also in its absence, in isolated hepatocytes 
[19,49], in isolated perfused livers [17], and in vivo in man 
[14, 37, 69, 70], in rats [14], and in baboons [58, 69, 70]. 

The fact that ethanol metabolism increases with rising 
ethanol concentrations well above the level needed to fully 
saturate ADH suggests the involvement of a non-ADH 
pathway at least in those species (rat, baboon) devoid of the 
anodic high-Km ADH. Moreover,  the acceleration of ethanol 
metabolism at higher ethanol concentrations explains 
sporadic observations, which now have been confirmed [14, 
37, 69, 70], that ethanol disappearance from the blood is not 
linear at high ethanol concentrations that fully saturate the 
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ADH pathway. Finally, the persistence of a substantial rate 
of ethanol metabolism in deermice congenitally devoid of 
ADH, in association with a high MEOS activity [3,78], illus- 
trates most elegantly the in vivo importance of non-ADH 
ethanol metabolism. 

ALTERATION IN THE METABOLISM OF ETHANOL AFTER 
CHRONIC ETHANOL CONSUMPTION 

Regular drinkers tolerate large amounts of alcoholic bev- 
erages, mainly because of central nervous system adapta- 
tion. In addition, alcoholics develop increased rates of blood 
ethanol clearance, that is, metabolic tolerance [32,86]. Ex- 
perimental ethanol administration also results in an in- 
creased rate of ethanol metabolism [14, 41, 51, 58, 85]. The 
progressive acceleration of ethanol metabolism after chronic 
ethanol consumption is not to be confounded with the rise 
that occurs after an acute dose of ethanol (the so-called 
"swift increase" in alcohol metabolism), which appears to 
result from a stress-associated adrenalin discharge [92]. The 
mechanism of the chronic acceleration is still the subject of 
discussion. The contribution of ADH-related acceleration of 
ethanol metabolism is discussed in detail by others in these 
proceedings. Therefore I shall focus here on the non-ADH 
related acceleration of ethanol metabolism. 

Following chronic ethanol consumption, MEOS signifi- 
cantly increases in activity [40,41]. This is associated with an 
increase in various constituents of the smooth fraction of the 
membranes involved in drug metabolism, such as phos- 
pholipids, cytochrome P-450 reductase, and cytochrome 
P-450 [26, 28, 71]. The increase of cytochrome P-450 was 
associated with the appearance of a distinct form of cyto- 
chrome P-450. A cytochrome P-450 species showing high 
affinity for cyanide has been reported to be preferentially 
induced by ethanol [9, 22, 27]. Evidence in favor of an in- 
crease of a special species of cytochrome P-450 after ethanol 
treatment was also derived from inhibitor studies [87]. More 
direct proof was obtained from studies of microsomal 
proteins [55]. The rise in cytochrome P-450 involves a 
hemoprotein different from those induced by phenobarbital 
or 3-methylcholanthrene treatment both in rats [55] and in 
rabbits [33]. The partially purified cytochrome P-450 from 
ethanol-fed rats was more active for alcohol oxidation than 
the control preparation in the presence of an excess of 
NADPH-cytochrome c reductase and L-c~-dioleoyl lecithin 
[55[. There was no significant difference in the capacity of 
partially purified NADPH-cytochrome c reductase from 
either ethanol-fed rats or controls to promote ethanol oxida- 
tion in the presence of cytochrome P-450 and L-c~-dioleoyl 
lecithin [55]. 

Studies by Joly and coworkers [29,30], also showed that 
chronic ethanol administration to rats is associated with the 
appearance of a form of cytochrome P-450 with spectral and 
catalytic properties different from those of the cytochrome 
P-450 of control, phenobarbital-treated, and methylcholan- 
threne-treated rats. 

That chronic ethanol feeding results in an increased ac- 
tivity in liver tissue of a non-ADH and non-catalase pathway 
was also shown in liver slices and in isolated hepatocytes. 
Ethanol oxidation was enhanced in isolated liver tissue by 
increasing the ethanol concentration employed in vitro from 
10 to 30 mM. Of particular interest was the observation that 
this phenomenon was more pronounced in ethanol-fed rats 
than in their pair-fed controls [83]. To test whether or not 
MEOS is involved in this adaptive increase, ADH and 
catalase activities were inhibited by pyrazole and sodium 

azide respectively. The activity of the non-ADH and non- 
catalase pathway, which is most likely due to MEOS, was 
significantly higher in ethanol-fed rats than in controls. In 
addition, the difference between the two groups was more 
striking at 30 mM than at 10 raM. Similarly, when a relatively 
constant blood ethanol level is maintained through continu- 
ous infusion in the baboon, the acceleration of ethanol me- 
tabolism with higher blood levels is more pronounced in 
alcohol-fed than in control animals [58]. All these data indi- 
cate that a non-ADH pathway, most likely MEOS, repre- 
sents a major mechanism for the acceleration of ethanol me- 
tabolism at high ethanol concentrations. A similar change 
was shown in man: in volunteers, alcohol consumption re- 
sulted in a progressive acceleration of blood ethanol clear- 
ance, particularly at high ethanol concentrations [70]. 

INTERACTION OF ETHANOL WITH CYTOCHROME 
P- 450-DEPENDENT MICROSOMAL DRUG METABOLISM 

The microsomal ethanol oxidizing system (MEOS) shares 
with other microsomal drug metabolizing systems many 
properties, including utilization of cytochrome P-450, 
NADPH, and 02. This sharing explains many alcohol-drug 
interactions. Furthermore, the induction of MEOS by 
chronic alcohol consumption is associated with correspond- 
ing increases in activity of other microsomal drug- 
metabolizing systems, with important clinical sequelae. 

Acute Interactions 

The main effect of the acute presence of ethanol is inhibi- 
tion of drug metabolism. The main mechanism involved ap- 
pears to be competition for a partially common detoxifica- 
tion process including competition for binding with cytoc- 
hrome P-450 [68]. Other mechanisms could include the re- 
lease of steroid hormones that may inhibit some microsomal 
drug metabolizing enzymes [6]. In some instances, the 
NADH generated by the oxidation of ethanol might also in- 
hibit citric acid cycle activity [38] and possibly deplete in- 
termediates that might be necessary for the generation of 
cytosolic NADPH [62]. 

The complexity of ethanol-drug interactions at the micro- 
somal level is exemplified by the fact that for some drug 
metabolizing systems (such as aniline hydroxylase), inhibi- 
tion occurs at low ethanol concentrations, whereas for 
others (such as aminopyrine demethylase) high ethanol con- 
centrations are required [67]. Furthermore, in the latter case, 
low ethanol concentrations were even stimulatory [7], 
possibly because of enhanced NADH and the likelihood that 
NADH may serve as an electron donor for microsomal 
drug-detoxifying systems [8]. 

Chronic Interaction: Enhanced Drug Metabolism 
(Metabolic Drug Tolerance) 

Repeated ethanol administration results in increased ac- 
tivities of a variety of microsomal drug-detoxifying enzymes 
[1, 4, 28, 51, 66]. On some occasions, some effects are al- 
ready observed after a single ethanol dose [59]. The increase 
in the activity of hepatic microsomal drug-detoxifying 
enzymes and in the content of cytochrome P-450 induced by 
ethanol ingestion offers a likely explanation for the observa- 
tion that ethanol consumption enhances the rate of drug 
clearance in vivo. Indeed, it has been shown that the rate of 
drug clearance from the blood is enhanced in alcoholics [31]. 
Of course, this could be caused by a variety of factors other 
than ethanol, such as the congeners and the use of other drugs 
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so commonly associated with alcoholism. Controlled studies 
showed, however,  that administration of pure ethanol with 
non-deficient diets either to rats or man (under metabolic 
ward conditions) resulted in a striking increase in the rate of 
blood clearance of  meprobamate and pentobarbital [51]. 
Similarly, increases in the metabolism of aminopyrine [90], 
propranolol [60] and rifamycin [18] were found. Further- 
more, the capacity of liver slices from animals fed ethanol to 
metabolize meprobamate was also increased [51], which 
clearly showed that ethanol consumption affects drug me- 
tabolism in the liver itself, independent of  drug excretion or 
distribution or hepatic blood flow. 

Thus, a recovering alcoholic 's  previous history of alcohol 
abuse can be a key factor in prescribing decisions, because 
even after withdrawal alcoholics need doses different from 
those required by non-drinkers to achieve therapeutic levels 
of certain drugs, such as warfarin, diphenylhydantoin, tol- 
butamide, and isoniazid as well as a number of sedatives and 
tranquilizers. 

AGGRAVATION OF HEPATOTOXICITY THROUGH MICROSOMAL 
"'INDUCTION" 

Accelerated microsomal ethanol metabolism results in 
enhanced production of acetaldehyde and exacerbation of its 
various toxic manifestations discussed in detail elsewhere 
[39]. The damage may possibly be compounded by the in- 
creased generation of active radicals by the " induced"  mi- 
crosomes following chronic ethanol consumption. It is well 
known that the microsomal pathway, which requires 02 and 
NADPH,  is capable of  generating lipid peroxides. Enhanced 
lipid peroxidation, possibly mediated by acetaldehyde [12], 
has been proposed as a mechanism for ethanol-induced fatty 
liver [11], but its role has been controversial [2, 10, 20, 74]. 
Theoretically, increased activity of microsomal NADPH 
oxidase following ethanol consumption [42,63] could result 
in enhanced H202 production, thereby also favoring lipid 
peroxidation. 

Increased microsomal activity may also enhance the oxy- 
gen requirements, thereby aggravating whatever hypoxia 
may be present. Furthermore,  some compounds acquire 
hepatotoxicity only after metabolism or " 'activation," by the 
enzymes of the endoplasmic reticulum. One such compound 
is carbon tetrachloride, the hepatotoxicity of which is greatly 
increased after chronic alcohol consumption, at least partly 
because of enhanced activation by microsomes [21]. 

It is likely that a larger number of other toxic agents will 
be found to display a selective injurious action in the alco- 
holic. This pertains not only to industrial solvents, but also 
to a variety of prescribed drugs. For instance, the observed 
increased hepatotoxicity of isoniazid in alcoholics [53] may 
well be a result of increased production by the microsomes 
of  an active metabolite of the acetyl derivative of the drug. 

The same mechanism of hepatotoxicity also pertains to 
some "'over the counter"  medications. Acetaminophen 
(paracetamol,  N-acetyl-p-aminophenol),  widely used as an 
analgesic and an antipyretic,  is generally safe when taken in 
recommended doses. However,  acetaminophen in large 
doses (that is, in cases of suicide attempts) has been shown 
to produce fulminant hepatic failure. Scott and Stewart [75] 
noted that " the  majority of  cases of paracetamol overdose 
are accompanied by some alcohol ."  Experimentally,  after 
chronic ethanol feeding, enhanced covalent binding of re- 
active metabolite(s) of  acetaminophen to microsomes from 
ethanol-fed rats Was observed.  These alterations were asso- 
ciated with the enhanced hepatotoxicity in ethanol-fed rats 

as evidenced by light and electronmicroscopy as well as in- 
creased serum glutamic oxaloacetic transaminase levels and 
glutamic dehydrogenase levels in the blood. However,  to 
what extent ethanol, when still present, competes with mi- 
crosomal metabolism of acetaminophen remains to be eval- 
uated clinically. Experimentally, unlike pretreatment with 
alcohol, which accentuates toxicity, the presence of ethanol 
in fact prevented the acute acetaminophen-induced 
hepatotoxicity,  most likely because of the inhibition of the 
biotransformation of acetaminophen to reactive metabolites 
[73]. In any event, it is also likely that various other com- 
pounds, which are relatively innocuous in the normal indi- 
vidual, may exhibit enhanced toxicity in the alcoholic. This 
may include some potential carcinogens. It has been shown 
that, at least in female rats, chronic ethanol consumption 
results in increased hepatic microsome-mediated 
mutagenicity ofbenzo(a)  pyrene [76]. It was also shown that 
chronic alcohol consumption increases intestinal activation 
of a variety of procarcinogens and mutagens [77]. Chronic 
ethanol consumption also enhances the hepatic metabolism 
and activation of diemethylnitrosamine [15]. The potential 
relationship of the effect of chronic ethanol consumption on 
microsomal enzymes, chemical mutagenesis and car- 
cinogenesis and the observed enhanced incidences of cancer 
in the alcoholic have been recently reviewed [47]. 

Micronutrients such as vitamins may also serve as sub- 
strates for the microsomes and the " induct ion"  of the micro- 
somes may therefore alter vitamin requirements and even 
affect the integrity of the liver. Indeed it has been found 
recently that alcoholics commonly have very low vitamin A 
levels in their livers [34]. In experimental animals, ethanol 
administration was shown to depress hepatic vitamin A 
levels, even when administered with adequate diets [72]. 
When dietary vitamin A was virtually eliminated, the rate of 
depletion of vitamin A from endogenous hepatic storage was 
two to three times faster in ethanol-fed rats than in controls, 
possibly because of  accelerated degradation of retinoic acid 
by the induced microsomes [73]. In rats, severe vitamin A 
depletion was associated with the appearance of multivesicu- 
lar lysosomes [35]. Such lesions were commonly seen in 
alcoholic patients with low hepatic vitamin A levels. Thus, 
vitamin A depletion may contribute to the liver lesions of the 
alcoholic. Vitamin A supplementation is sometimes used to 
correct  the problems of night blindness and sexual dysfunc- 
tions of the alcoholic. Such therapy might also be useful with 
regard to the liver pathology. The therapeutic usage of vita- 
min A, however,  is complicated by the fact that excessive 
amounts of vitamin A are known to be hepatotoxic and that 
the alcoholic has an enhanced susceptibility to this effect 
[36]. In control rats, amounts of vitamin A equivalent to those 
commonly used for the treatment of the alcoholic were found 
to be without significant effects on the liver, but in animals 
chronically fed alcohol, signs of toxicity developed, such as 
striking morphologic and functional alterations of the 
mitochondria [36]. Enhanced toxicity was not associated 
with an increased vitamin A level in the liver. In fact, be- 
cause alcohol administration tends to decrease vitamin A 
levels in the liver, even after vitamin A supplementation, 
alcohol-fed animals had vitamin A levels in the liver that 
were not higher than normal values. Nevertheless,  toxicity 
developed. One possible explanation, still to be proven, is 
that vitamin A toxicity may be mediated at least in part by 
the enhanced production of  a toxic metabolite, as in the case 
of xenobiotic agents. 
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CONCLUSIONS 

Ethanol  oxidat ion,  once  thought  to be a s imple,  one  
e n z y m e  media ted  react ion,  has now been  shown  to be a 
complex  p rocess  af fec ted  by various e n z y m e  sys tems .  E v e n  
after  A D H  inhibition or  in animals  genet ical ly  deficient  in 
A D H ,  substant ial  e thanol  oxidat ion pers is ts ,  apparent ly  re- 
flecting primarily the act ivi ty of  a microsomal  e thanol  oxidiz- 
ing sys t em (MEOS),  The latter has now been shown  to be 
dis t inct  f rom ADH and catalase,  and it has  been  reconst i -  
tu ted with purified c y t o c h r o m e  P-450, N A D P H - c y t o c h r o m e  
P-450 reduc tase  and synthet ic  phosphol ip ids .  The activity 
requires  O=, and N A D P H  dependen t ,  and is inhibited by CO, 

a light revers ible  effect .  Af ter  chronic  e thanol  consumpt ion ,  
the act ivi ty of  M E O S  rises,  with increase  of  a species  of  
c y t o c h r o m e  P-450 dist inct  f rom that  induced  by o ther  drugs.  
This is assoc ia ted  with acce le ra ted  e thanol  metabol i sm,  par- 
ticularly at high e thanol  concen t ra t ions ,  cons i s ten t  with the 
high K m for M E O S  (8-10 mM). In addit ion to this role in the 
deve lopmen t  of  metabol ic  to lerance  to e thanol ,  recogni t ion 
of  the microsomai  effects  o f  e thanol  have cont r ibu ted  to our  
unders tand ing  of  the acute  and chronic  in teract ions  be tween  
ethanol  and the metabol ism of  o ther  microsomal  subs t ra tes  
such as drugs,  s teroid ho rmones ,  hepa to toxic  agents ,  car- 
c inogens  and even  some nutr ients  such as vitamin A. 
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