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Summary: When liver slices of Csa and Csb mice were incubated in vitro, they -- 
had similar catalase activities and equal rates of ethanol metabolism. While incu- 

bated liver homogenates and microsomes from Csa mice oxidized ethanol and re- 

tained catalase activity, preparations from Csb mice did not oxidize ethanol and 

lost all catalase activity. Addition of beef liver catalase restored ethanol oxida- 
tion by Csb microsomes. The oxidations of aniline and aminopyrine proceeded at 

the same rate in Csa and Csb microsomes and were inhibited by ethanol. It is evi- 
dent that (a) the microsomal drug-metabolizing pathway is not involved in ethanol 

oxidation, and (b) the postulation of a unique microsomal ethanol-oxidizing 

system (“MEOS”) that is independent of microsomal catalase is unwarranted. 

The existence of a unique microsomal ethanol-oxidizing system that is 

independent of catalase activity has been the subject of lively debate. By using 

a combination of catalase inhibitors in vivo and in vitro, Lieber et al. reported -- -- -- 

a complete dissociation of microsomal ethanol oxidation by catalase and a HZOZ- 

generating system from a NADPH-linked microsomal ethanol-oxidizing system, 

which has been termed “MEOS” (1). The credibility of “MEOS” has been chal- 

lenged by several laboratories that have offered evidence that rates of micro- 

somal HZ02 generation from NADPH via NADPH oxidase and the amounts of 

microsomal catalase can satisfactorily account for the oxidation of ethanol by 

hepatic microsomes (2, 3, 4). 

Additionally, “MEOS” is believed to have features in common with the 

microsomal multifunction oxidase system that is responsible for drug oxidations. 

This conclusion was based on the findings that “MEOS” required oxygen and was 

partially inhibited by CO, properties commonly attributed to microsomal drug- 
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detoxifying enzymes, and that the microsomal oxidation of drugs was inhibited 

by ethanol (1, 5). 

Since the use of catalase inhibitors has hampered the resolution of the 

conflict of whether microsomal ethanol oxidafion is accomplished by “MEOS” 

and/or catalase, we have undertaken studies of ethanol metabolism in a strain 

of acatalasemic mice (Cs b ) whose hepatic microsomes can be rendered acata- 

latic without the addition of inhibitors. In these mutant mice, tissue catalases 

undergo rapid and irreversible inactivation in vitro at 37’C and pH 7.4 as -- 

opposed to those from the genetic control strain (Csa) which remain stable 

under these conditions (6, 7), In addition, we have examined ethanol oxida- 

tion in liver slices of acatalasemic mice, in which catalase activity was not 

altered by the normal incubation conditions. Drug oxidations and the inter- 

action of ethanol with the drug-metabolizing system have also been examined 

in ‘acatalatic’ and control microsomes. 

Experimental Procedure 

Pooled liver slices (400 mg) of adult male and female mice (10 months 

old) were incubated for 30 min at 37’ C in 4.0 ml of oxygenated Krebs-Ringer- 

phosphate buffer, pH 7.4, and 1 .O ml ethanol (final concentration 88 mM) in 

stoppered 25 ml Erlenmyer flasks. Flasks were chilled to 0°C and the super- 

natant fluid removed for ethanol assay by gas chromatography (8). 

Liver homogenates (1.7 ml of 33% homogenate in Krebs-Ringer- 

phosphate, pH 7.4) were incubated in stoppered 25 ml flasks for 1 hr at 37 ’ C 

with 0.5 ml ethanol (88 mM final concentration) and additional buffer in 2.5 ml 

final volume. After chilling, the contents were spun at 39,000 x g for 20 min, 

and ethanol determined in the supernatant fluid. Washed microsomes (equiv- 

alent to 560 mg liver) were incubated in Krebs-Ringer-phosphate, pH 7.4 with 

88 mM ethanol and 1.35 mM NADPH (final volume 2.5 ml) for 1 hr at 37O C in air 

and analyzed for ethanol. 
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Table 1. Hepatic Ethanol Oxidation in Control (Csa) and Acatalasemic (Csb) Mice 
-.-____-___ ___--- 

csa mice Csb mice 

Slices 

Ethanol oxidation* 

Catalase activity** 

131 155 

212 189 

Homogenates 

Ethanol oxidation 
Catalase activity 

26 0 

245*** o*** 

Microsomes t- 

Ethanol oxidation 

Ethanol oxidation 
with added catalase+ 

31 0 

40 36 

*umoles ethanol oxidized/gm liver/hr. 

**mmoles HZ02 decomposed/gm liver/hr . 

***Values for catalase activity before incubation were 245 and 218 mmoles H202 

decomposed/gm liver/hr for Csa and Csb mice, respectively. 
iThe activity of microsomal catalase before incubation was 25.6 and 17.7 mmoles 

H202 decomposed/gm liver/hr for Csa and Csb mice, respectively. Microsomes 

from Csa mice lost no catalase activity after 1 hr incubation at 37’C; those of Csb 
mice lost 87%, 96% and 100% of catalase activity after 5, 15 and 60 min incubation, 

respectively. 

41 mg crystalline beef liver catalase, 14,000 U/mg . 

Microsomes for drug metabolism studies were isolated by centrifugation 

at 105,000 x g and were washed once in KCl-Tris buffer (8 parts of 1.15% KC1 

and 2 parts of 0.25 M Tris-HCl, pH 7.5) according to a modified method of 

Deckert and Remmer (9). The final microsomal pellet was resuspended in 

KCl-Tris buffer, pH 7.5, and adjusted so that each ml contained 6-8 mg protein. 

Incubation mixtures (1.1 ml total volume) contained 0.3 ml of microsomal sus- 

pension, 0.6 ml NADPH-generating system (10 mM MgC12, 2 mM NADPH and 

15 mM Na isocitrate) , 5 ul (200 mu) isocitrate dehydrogenase and 0.1 ml buffer 

or ethanol (8 mM or 100 mM final concentration for vessels containing aniline 

or aminopyrine, respectively) . After 5 min of preincubation at 37O C, the 

reaction was initiated by adding 0.1 ml of substrate (aniline was freshly dis- 

tilled) . After 10 min incubation, 1.0 ml 15% trichloracetic acid was added to 
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aniline vessels: 1.0 ml 7.5% trichloracetic acid was added to vessels contain- 

ing aminopyrine after 3 min of incubation. Aniline hydroxylation was deter- 

mined by a modification of the method of Deckert and Remmer (9) while amino- 

pyrine demethylation was measured as released formaldehyde (10) . 

Microsomal HZ02 production was measured as described by Thurman 

et al. (3). -- Alcohol dehydrogenase activity was measured in the 105,000 x g 

supernatant fraction according to the method of Bonnichsen and Brink (11). 

Catalase, microsomal NADPH oxidase, and NADPH-cytochrome c reductase 

activities were assayed by previously described methods (12, 13, 14). 

Results 

Liver slices of Csa and Csb mice metabolized ethanol at the same rate. 

Catalase activities of incubated liver slices were similar but somewhat lower 

than values obtained from liver samples that were analyzed without prior incu- 

bation. Disruption of hepatic cells of Csb mice and subsequent incubation at 

37’C resulted in the loss of catalase and ethanol-oxidizing activities. For the 

control Csa mice, neither catalase activity nor ethanol oxidation was destroyed 

by incubation of liver homogenates (Table 1). While whole liver homogenates 

and washed hepatic microsomes of Csa mice metabolized ethanol, those derived 

from Csb mice did not exhibit any ethanol oxidation. Addition of beef liver 

catalase restored ethanol oxidation of Csb microsomes to values observed with 

hepatic microsomes from control Csa mice. Substitution of NADPH by a H202- 

generating system (1.5 mM hypoxanthine and 20 mu/ml xanthine oxidase) 

without added catalase did not result in ethanol oxidation by microsomes of 

Csb livers. Aside from the loss of endogenous catalase from the livers of 

Csb mice, no other enzymic changes were observed. The activities of alcohol 

dehydrogenase, NADPH-cytochrome c reductase and NADPH oxidase were the 

same for &a and Csb livers and were not altered by one hour of preincubation 
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Table 2. Drug Metabolism in Hepatic Microsomes of Csa and Csb Mice 

Drug 
Concentration 

---.-_.---.- ..-. 

Csa microsomes Csb microsomes ----__ 
No With No With 

ethanol ethanol ethanol ethanol 
-.-- -- ..-- .----_-- --- 

umoles product formed/gm liver/hr 

0.01 mM aniline 1.2 0.6 1.4 0.6 

16 mM aniline 2.2 2.2 2.5 2.5 

0.1 mM aminopyrine 3.1 1.7 3.2 1.3 

16 mM aminopyrine 20.2 20.2 23.2 23.2 
___--- --___ --~ 

at 37’C; H202 production from added NADPH (35 umoles/gm liver/hr) was also 

similar for microsomal preparations from Csa and Csb livers. 

The results in Table 2 demonstrate that drug oxidation occurred with 

equal vigor in hepatic microsomes of both Csa and Csb mice despite the absence 

of ethanol oxidation by Cs b microsomes . Furthermore, the drug-metabolizing 

capacity of either Csa or Csb livers was not at all altered by preincubating 

microsomes for one hour at 37OC before drug addition. Ethanol inhibited the 

oxidation of 0.01 mM aniline and 0.1 mM aminopyrine to the same degree by 

microsomal preparations of either type of liver; no inhibition of drug oxidation 

by ethanol was observed at the higher drug concentration studied. The inhi- 

bition of drug oxidation by ethanol confirms previous findings (5. 15). 

Discussion 

The possibility that catalase may account for “MEOS” activity has been 

rejected by Lieber’s group (16). The recent report that “MEOS” activity can 

be separated from ADH and catalase (17) strengthens the argument for a 

distinct “MEOS” , but unfortunately others have not been able to demonstrate 

ethanol oxidation in microsomal preparations that are devoid of catalase activity 

(18). In addition, the ability of microsomes to catalyze the conversion of 
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ethanol to acetaldehyde was lost under conditions which led to the solubiliza- 

tion and reconstitution of enzyme systems which retained drug-hydroxylating 

activity (19) . 

In the present study, microsomal NAbPH-linked and H202-linked ethanol 

oxidation was observed in Cs b microsomes only when exogenous catalase was 

added. The conclusion is inescapable that microsomal catalase was responsible 

for “MEOS” activity. The finding that drug oxidation was impaired in the pres- 

ence of ethanol may very well represent a characteristic interaction between 

ethanol and the microsomal drug-metabolizing system: however, in view of the 

absence of ethanol metabolism in Csb microsomes, this interaction must be 

entirely unrelated to microsomal ethanol metabolism. Consistent with this 

formulation, Imai and Sato (20) consider the spectral changes of hepatic micro- 

somal proteins induced by ethanol to represent an action of ethanol on a lipo- 

philic phase of the microsomal membrane adjacent to the hemoprotein, rather 

than a substrate-like binding to the hemoprotein itself. 

It is evident from these studies with ‘acatalatic’ microsomes that the 

drug-metabolizing pathway is not involved in the oxidation of ethanol. The post- 

ulation of a unique “MEOS” system that is independent of microsomal catalase and 

NADPH oxidase activities and which interacts with microsomal drug-metabolizing 

systems “through competition for an at least partially common detoxifying system 

in the liver” (16) is unwarranted. 
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