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Abstract-Ethanol metabolism in the rat as measured in uioo by “C02 production or in vitro by 
the removal of ethanol by liver slices was inhibited approximately 30 per cent by propranolol. There 
was no inhibitory effect of propranolol on rat liver alcohol dehydrogenase, catalase, NADPH-dependent 
microsomal ethanol oxidation or formate oxidation to “COz. Propranolol inhibited fatty acid oxi- 
dation to ‘%102 in aivo as well as by liver slices and isolated hepatic mitochondria. NADH oxidation 
bv hepatic mitochondr~a was also reduced by propranolol. 2.4-Dinitrophel~ol treatment or chronic 
ethanol feeding of rats stimulated alcohol rne~a~ol~rn as well as hepatic mitochondrial NADH oxi- 
dation. These increases were abolished by propranolol. The effect of propranolol in blocking the increase 
in ethanol oxidation after chronic alcohol feeding appears to be related to its action on the mitochon- 
drial re-oxidation of NADH to NAD. Propranolol inhibits mitochondri~~i NADH oxidation, while 
2.4-dinitrophenol or chronic ethanol feeding stimulates this process. The present studies support the 
concept that the rate of hepatic ethanol metabolism is limited, at least in part, by the mitochondrial 
oxidarion of NADH. 

Propranolol is used in a variety of clinical disorders 
[l] and it has been suggested that this drug may also 
be useful in the treatment of alcoholism because of 
its apparent ability to modify some of the psychological 
or behavioral effects of alcohol [2-41. We have exam- 
ined some of the effects of propranolol on ethanol 
metabolism in the rat and found this agent to inhibit 
ethanol oxidation. The present studies suggest that 
this effect may be mediated by the action of pro- 
pranolol on mitochondrial functions, especially by its 
inhibition of mitochondrial NADH oxidation. The 
fact that the action of 2,4_dinitrophenol. a drug 
known to stimulate mitochondrial NADH oxidation, 
is prevented by propranolol. lends further support to 
the concept that the effect of propranolol on ethanol 
metabolism is at the level of the mitochondria. The 
studies also support the hypothesis [5,6] that the 
stimulation of ethanol metabolism by chronic alcohol 
feeding may involve enhanced mitochondr~al oxi- 
dation of NADH. 

METHODS 

Propranolol (propranolol HCI. Jnderai) was a 
generous gift from Dr. Henry L. LeMein, Ayerst 
Laboratories. New York. 

The livers of female SpragueDawley rats (1755200 
g) were excised and homogenized in 9 vol. of 0.25 
M sucrose. The resulting homogenate was spun at 
700 SJ for 10 min. The supernatant was then separated 
and centrifuged at 8700 9 for 10 min. The resulting 
pellet was resuspended in 0.25 M sucrose and spun 
once more at 8700 y for 10 min, after which the pellet 
was resuspended in 0.25 M sucrose. The original 8700 

* This work was supported in part by a grant from The 
National Institute on Alcohol Abuse and Alcoholism (AA 
16892). 

y supernatant was centrifuged at 105.000 9 for 1 hr 
to obtain a soluble and a microsomal pellet fraction. 

The oxidation of ethanol in uico and by liver slices. 
as well as the determination of alcohol dehydrogenase 
(ADH), catalase and NADPH-dependent microsomal 
ethanol oxidation (MEOS) were performed as pre- 
viously described [7]. In the case of 14C-ethanol oxi- 
dation to i4C02. the initial 2-hr point was used to 
monitor ‘“CO, production from ethanol. since pre- 
vious studies indicated that under these conditions 
2,4-dinitrophenol (DNP) produced the maximum in- 
crease in total ethanol oxidation to 14C02 irt ~‘iw 

[7]. Fatty acid oxidation in ciao was measured 
according to Reboucas and Isselbacher [S]. while iso- 
lated mitochondrial fatty acid oxidation was mea- 
sured by the method of Gordon [9]. Mitochondrial 
NADH oxidation was determined as described by 
Mackler [lo] with the cofactor content determined 
fluorometrically [ 113. In preliminary experiments it 
was shown that the disappearance of NADH and the 
appearance of NAD were linear over a 4%min period. 
In the absence of nlitochondria, NADH was not 
spontaneously converted to NAD. NADH-dependent 
ethanol oxidation in the presence of mitochondria 
was assayed by a modification of the system of Rawat 
and Kuriyama [6] with the ethanol content deter- 
mined by gas-liquid chromatography [l2]. In pre- 
liminary experiments it was found that ethanol remo- 
val from the incubation medium was linear over a 
90-min period. Mitochondrial NADH oxidation and 
NADH-dependent ethanol oxidation were carried out 
within 2 hr after sacrifice of the animal. For both 
the NADH oxidation and the NADH-dependent eth- 
anol removal assays. the mitochondrial preparations 
were gassed with 95% O,--5:;, CO? for 30 set (10 
liters/min) before use. Protein was determined accord- 
ing to Lowry et al. [ 13). 
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Treatment 

Control 
Propranolol. 15 mgjkg 
Propranolol. 3 mg/kg 
Propranolol. 50 m&/kg 
2.4-Dinitrophenol 
2.4-Dinitrophenol plus 

prapranolol. SO mg:kg 
_ 

Ethanol oxidation* 
(m-moles “CO? produccd.!kg 

body wt::! hr) 
-.._ 

x.7 & 04 
8, I i_ 0.4 
6.7 + 0.2 
5.4 * I.2 

14.2 + I.1 
5.7 f 30 

I’,, Change 
from control 

0 
-7 
- 23: 
+ %I- 
+ bit 
~ 34’. 

* Animals wcrc injected intraperitoneall~ with l-‘4C-ethanol I 1 f~ci~rn-nl~~l~). I gikg. 
I?‘,, w ‘v. in 0 153 M NaCI. Respiratory 14C0, was collected as described previously 
[7]. Animals were injected intraperitoneally with cithcr 100 mM sodium phosphdtc 
buffer. pH 7.4 (control). sodium 2.4-dinitrophcnolate (34 mg/kg. 3.2 mgiml in 154 
mM NaCI given 30 min before alcohol) or propranolol at the various doses listed 
(given as a solution of 25 mg/ml in 100 mM sodium phosphate. pH 7.4 just before 
the ethanol administration). There were three or four animals in each group. 

t Statistically significant compared to the control. P <: 001. 

Chronic ethanol administration was achieved by 

f&ding rats for 10 days a liquid diet according to 
Liehcr ct aI. [ 143, which was modified by using casein 
hydrolysate to replace part of the amino acid mixture 
with 36 per cent of the calories present as ethanol. 
Controls received the same diet with ethanol replaced 
by glucose. Chronic ethanol-fed animals and controls 
were fasted overnight before use while normal ani- 
mals were not. Propranolol was dissolved in 100 mM 
sodium phosphate buffer. pH 7.4. and was injected 
intraperitoneally, at the various doses indicated, just 
prior to alcohol administration. DNP was in.jected 
intraperitoneally (34 mg/kg. 3.2 mg,iml in saline) 30 
min prior to alcohol administration. Controls were 
injcctcd with phosphate buffer or saline respectively. 

lntr~~peritoneal injection of propranolol at a dose 
of 2.5 mg;kg produced no effect on ethanol oxidation 
to “C0, irz r+o (Tabic I). However. when this dose 
was increased to 25 mg/kg. there was a 23 per cent 
inhibition and at 50 mg/kg a 38 per cent inhibition 
of ethanol oxidation. In contrast to the actions of 
propranolol. DNP (34 mg/kg) stimulated alcohol oxi- 
dation in ciao (Table 1). in confirmation of the pre- 
vious observations by Israel pt a/.[l5]. When pro- 
pranolol and DNP were used together, there was a 
reduction in alcohol oxidation (34 per cent) which 
was comparable to that observed with propranolol 
alone. Since DNP stimulates ethanol oxidation by un- 
coupling oxidative phosph~~rylation and speeding re- 
oxidation of NADH to NAD [15] and since pro- 
pranolol blocked this effect, the data suggested that 
propra~lolol might be intcrfcring with m~tochondrial 
NADH oxidation, thcrcby inhibiting ethanol oxi- 
dation. It should bc noted that Sakurada et al. [16] 
previously reported that oxidativo phosphorylation 
and oxidation of NAD-linked substrates by heart 
mitochondria were depressed by propranolol (144 
mM). 

To determine if propranolol injection could affect 
mitochondrial function, we measured the effect of this 
drug on futty acid oxidation. Propranolol was found 

to inhibit markedly the oxidation of I-“C-paImitate 

to “CO, irl t$w~ (Fig. 1). At a dose of 50 mg/kg, 
there was a 70 per cent reduction at 2 hr. However, 
under the same conditions. there was no effect of pro- 
pranolol on 14C-formatc oxidation to j4C02 (Fig. 1). 
This suggested that the inhibiti of “CO2 produc- 
tion from I-“C-ethanol and l-14C-~lmitat~ pro- 
duced by propranolol injection was not due to an 
inadeyuatc distribution of “C0, into the body pools 
of CO2 and HCO;. However, to clarify this aspect. 

Fig. I. E&t of propranolol on i-‘4C-palmitate and l- 
“%?-formate oxidation to “Y’02 by rats in viw. Normal 
rats were injected intrapcritoneally with l-‘4C-palmitate 
complexed to albumin (0.4 btmole!kg, 25 $3/m-mole). 
sodium I-“C-formate (I g/kg. 147 &i/m-mole; 12?;,. w/v. 
in saline). propranolol (50 mg,‘kg. 25 mg/ml in sodium 
phosphate buffer. pH 7.4) or sodium phosphate buffer 
alone. Respiratory “C02 was collected as described pre- 

viously 177. 
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Table 2. Effect of propranolol on the activity of certain hepatic enzymes and on the oxidation of ethanol and I-‘YY- 
palmitate by liver slices 

Lwer slice oxidation* En~ymr activit)+ 

Ethanol I-“C-palmltate Alcohol dchydqenasc CatakGe MFOS 
Rate “, Control Rate “,, Control Rate 0: Control R>llC ‘1,, Control Rilk -,, Control 

0 0 145 100 38.481 100 135 100 298 100 51 I(K) 
0 + 526 71 II 12.373 32 I, 13-2 98 266 x9 13 128 
+ 0 694 93 35.766 93 171 127 295 99 63 III 
+ + 518 70 II 12.720 33 /I 144 107 317 IO6 5.9 IO4 

* Assay mixture of 3 ml consisted of 100 mM sodium phosphate, pH 7.4, 50 mM ethanol or 1 pM 1-r4C-palmitate 
(25 &i/m-mole), 500 mg of liver slices and 24 mM sodium bicarbonate when fatty acid oxidation was measured. Rates 
of ethanol oxidation were expressed as pg ethanol removed/100 mg of liver slices/3 hr, while the rates of fatty acid 
oxidation were expressed as dis./min+ r4C0,/100mg of liver slices/3 hr. The results are the means of three animals 
in each control and experimental group: duplicate samples of liver slices were taken from each rat. Ethanol content 
was determined by gas-liquid chromatography [12]. 

t Assay conditions were as follows: for alcohol dehydrogenase, the assay mixture of 3.3 ml consisted of 100 mM 
sodium phosphate, pH 7.4, I.5 mM NAD, 50mM ethanol and 0.1 ml of 105,OOOy liver supernatant (1 mg protein). 
Rates were expressed as nmoles NADH formed/mg protein/min. For catalase, the assay mixture of IOml consisted 
of 1.5% sodium perborate, 150 mM sodium phosphate, pH 6.8, and 1.5 ml of whole liver homogenate (0.01 mg protein). 
Rates were expressed as pmoles perborate oxidized/mg proteimmin. For microsomal ethanol oxidation (MEOS), the 
assay mixture of 3,Oml consisted of 100mM sodium phosphate, pH 7.4, I.5 mM NADPH. 50mM ethanol and washed 
microsomes (3.0 mg protein). Rates were expressed as nmoles acetaldehyde formed/mg protein/min. 

$ Propranolol was injected intraperitoneally (50 mg/kg, 25 mg/ml in sodium phosphate, pH 7.4) 3 hr prior to sacrifice. 
Controls were injected with phosphate buffer. 

$ 1.7 mM propranolol in the incubation medium. 
II Statisticallv significant compared to the control injected with phosphate buffer and assayed in the absence of pro- 

pranolol in I&I (i? -c 0.01). . 

we measured the effect of propranolol on ethanol 
and palmitate oxidation by liver slices. 

We observed that when 1.7 mM propranolol was 
added to normal liver slices, ethanol removal was in- 
hibited by 29 per cent and oxidation of 1-i4C-palmi- 
tate to i4C0, was inhibited by 68 per cent (Table 
2). However, as seen in Table 2, propranolol in vitro 
had no effect on ADH activity in the hepatic 105,000 
g supernatant fraction, on catalase activity of crude 
homogenates, or on MEOS activity in washed micro- 
somes. Our results with rat liver ADH differ from 
those of Duncan [17], who found that propranolol 
inhibited purified horse liver and yeast ADH in vitro, 
a finding we confirmed using our assay conditions 
at pH 7.4. In all likelihood, the failure of propranolol 
to inhibit rat liver 105,000 g supernatant ADH was 
related to the large amount of nonspecific protein in 
this fraction. leading to binding of the drug and thus 
reducing the free propranolol concentration. 

Duncan [ 173 found that propranolol inhibited alde- 
hyde dehydrogenase to a greater degree than purified 
horse liver or yeast ADH. Although we did not examine 
the effect of propranolol on the various aldehyde 
dehydrogenases of the rat liver [18], we did attempt 
to determine if propranolol pretreatment altered the 
activity of the enzymes believed responsible for the 
primary oxidation of ethanol, namely ADH, catalase 
and MEOS. It should be noted that when proprano- 
lol(50 mg/kg) was injected 3 hr prior to sacrifice there 
was no significant effect on either ethanol removal 
or palmitate oxidation (Table 2). Under the same con- 
ditions, 3-amino-1,2,4-triazole injected 3 hr prior to 
sacrifice inhibited catalase and MEOS activity [7]. 
This lack of effect of propranolol may have been due 
to a low effective drug concentration in the tissues 
at 3 hr or possibly to rapid conversion of propranolol 
to metabolites which were not inhibitory [19]. Pro- 
pranolol(50 mgkg) injected @5 or 1 hr prior to sacri- 
fice also had no effect on ethanol removal or palmi- 

tate oxidation in liver slices (unpublished observa- 
tions). However, as expected, when propranolol was 
added in vitro to liver slices from animals pretreated 
3 hr earlier with the same drug, ethanol and pahnitate 
oxidation were inhibited 29 and 69 per cent respect- 
ively. In contrast, ADH, catalase and MEOS activities 
were unaffected by propranolol either in vitro or in 
viva (Table 2). 

In view of these observations, it seemed possible that 
propranolol might be interfering with mitochondrial 
function. We therefore examined the effect of pro- 
pranolol on isolated mitochondria and found that 
mitochondrial NADH oxidation was inhibited by 
about 30 per cent (Table 3). On the other hand, pre- 
treatment of animals with DNP (34 mg/kg) stimulated 
mitochondrial NADH oxidation, and this effect was 
blocked by propranolol addition. The addition of 
DNP in vitro (0.1 mM) also enhanced mitochondrial 
NADH oxidation and the addition of propranolol 
also reduced this increase. When DNP was given in 
uiuo as well as being added in vitro, mitochondrial 
NADH oxidation increased to a greater extent than 
could be demonstrated with either treatment alone. 
Again, the addition of propranolol to mitochondria 
inhibited this stimulation. Thus, propranolol inhibited 
mitochondrial NADH oxidation and blocked the sti- 
mulatory effect of DNP on this reaction. 

To gain some insight on the mechanism of the inhi- 
bition of NADH oxidation, isolated mitochondria 
were examined in a fluorometer having an excitation 
wavelength of 340 nm and an emission wavelength 
of 450 nm. As seen in Fig. 2, when mitochondria were 
added to the cuvette containing only buffer, there was 
a decrease in fluorescence, suggesting oxidation of 
NADH. The addition of propranolol to the assay 
medium slowed this decrease but did not cause an 
increase in fluorescence. By contrast, the addition of 
succinate, which is a substrate for mitochondrial 
enzymes and leads to the production of NADH, 
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Addition or treatment 

Propranolol 
(1.7mM) 

l.l-Dlnitrophenol-I- 

Ifr r.it,o 111 f.ilYI 

0 0 0 
+ 0 0 
0 0 + 
+ 0 + 
0 + 0 
+ + 0 
0 + + 
+ + + 

(nmoles ori- 
dircd:mE protein 

mln) 

IO.6 * o-s 
7.4 * 0.4 

14.1 * I.0 
9.4 + 0.6 

12.9 f I.1 
7.5 & 0.7 

I5 1 * 0.X 
9.7 + 0.3 

“(, Change 
from control 

0 

- 30 
+3? 
-II 
+?I 
-29 
f42 
-X 

* Assay mixture of 3 ml consisted of 100 mM sucrose. 100 mM sodium phosphate. 
pH 7.4. X0 mM potassium chloride. 5 mM M.gC12. 3 mM sodium bicarhonatc. I.5 
mM NADH and washed mitochondria (10 mg protein). The results arc the mean 
of three experiments (+- SD.). 

t Sodium 2.4-dinitrophenol was injected intrapcritoncally (34 mgikg. 3.2 mg;ml in 
154 mM NaCI) 0.5 hr before sacrifice or was added at a final concentration of 0.1 
mM. Controls I-cceivcd an equal volume of 154 mM NaCI. There were three animals 

F/uorescence 0 
Decrease 

I 

10 % 

I 

b 

C 

I I 

5 min. 

Fig. 2. Effect of propranolol and succinatc of tluoresccnce 
by isolated mitochondria. The assay conditions were as 
described in Table 3. except that NADH was omitted. The 
mitochondria were examined in the Ruorometcr set at 340 
nm excitation and 450 nm emission. Curve a represents 
the addition of succinate (10 mM); curve h results with 
the addition of propranolol (1.7 mM); and curve c is the 
control. The tracings arc read from right to left. The IO”,, 

refers to change from the baseline tluoresccncc. 

resulted in ;ui incrensc it1 il~oresccncc, Thus, it 
appeared that propranolol did not inhibit mitochon- 
drial NADH oxidation by acting as a substrate like 
succinatc. 

WC also examined the effect of propranolol and 
DNP on ethanol oxidation in a system containing 
mitochondria. NADH and horse liver ADH. As seen 
in Table 4. in the absence of tither mitochondria or 
horse liver ADH. no significant ethanol oxidation was 
detected; however. a small amount of ethanol was 
oxidized in the absence of NADH. In the complete 
system. the addition of propranolol inhibited ethanol 
oxidation. while the addition of DNP stimulated this 
process. The addition of propranolol completely 
blocked the stimulatory effect of DNP. 

In other rxperiments (not shown). mitochondria 
prcparcd from animals pretreated with DNP led to 
cnhanccd ethanol oxidation in the presence of NADH 

Table 4. ElTect of propranolol and 2.4-dinitrophcnol on ethanol oxidation by washed 
mitochondria 

lncubatlon system* 

Ethanol oxidation 
(11g ethanol removed:mg 
mitochondrial protcm 

I hr) 
“,, Change 

from control 

Complete system 
- Mitochondria 
- Horse liver ADH 
- NADH 
+ Propranololt 
+ 2.4-Dinitrophcnolt 
+ 2.4.Dinitrophcnol plus 

propranolol 
- NADH + NADI- 
- NADH + NAD plus 

2.4.dinitrophenol 

IX.5 * 3.6 

0.7 ) 0.1 
0.x i_ 0.1 
3.7 & 0.4 
5.7 * I.3 

33.3 * 2.1 
8.X + I.5 

3X.8 * I.7 
39.0 * 1.9 

0 
- 90 
-95 
- X0 
-71 
+X0 
-52 

+ I09 
+ I IO 

*Assay conditions as in Table 3. except that horse liver ADH (0.5 mg protein) 
and 6 mM ethanol wcrc included. The complete system included NADH. I.5 mM. 

+ Where indicated. 2.4-dinitrophcnol was present at a concentration of 0.1 mM. 
propranolol. 1.7 mM. and NAD, I.5 mM. 
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Table 5. Effect of chronic ethanol feeding and propranolol on ethanol oxidation in uioo and in cifro and on various 
hepatic mitochondrial functions 

Activity 

Assay 

Propranolol 
(addition or 
treatment) 

Control 

(n=6) 

Chronic alcohol- 
fed group* 

(n=6) P 

1 1-“VZ-ethanol oxidation in hot 

2 Ethanol oxidation in vitro: 

3 Mitochondrial NADH oxidations 

4 NADH-dependent mitochondrial 
ethanol oxidation 11 

5 Mitochondrial fatty acid 
oxidationT 

0 6.0 * 0.7 8.9 Ifr 1.0 < 0.01 
+ 54 2 0.9 5.4 f 0.8 NS 
0 600+30 760 &- 40 < 0.01 
+ 460 + 40 475 * 45 NS 
0 13.0 f 0.7 17.X * 0.7 < 001 
+ 12.9 k 0.2 12.6 k 0.3 NS 
0 6.9 k 0.7 x.4 * 0.X < 001 

+ 3.0 + I.0 3.1 * 1.1 NS 
0 523 + 14 370 f 25 < 0.05 

+ 0 0 NS 

* Animals were fed for 10 days a liquid diet containing 369/, of the calories as ethanol. The control was fed the 
same diet with ethanol replaced by glucose. 

t Assay conditions, see Table 1. Rates were expressed as m-moles 14C02 produced/kg body wt/2 hr. (mean + SD.). 
Propranolol was injected just prior to ethanol at a dose of 50 mg/kg. 

1 Assay mixture of 3.0 ml consisted of 100 mM sodium phosphate, pH 7.4. 50 mM ethanol and 500 mg of liver 
slices. Rates were expressed as pg ethanol removed/l00 mg wet wt liver slice/3 hr (mean k SD.). In this and in exper- 
iments 3-5. propranolol. when added, was present at I.7 mM. 

4 For assay conditions. see Table 3. Rates were expressed as nmoles NADH oxidized,‘mg protein;min (mean + SD.). 
11 For assay conditions. see Table 4. Rates were expressed as nmoles ethanol removed/mg proteinjmin (mean k SD ), 
cAssay conditions as in Table 3. except that the substrate was 1 PM l-14C-palmitate (25 /Ki/m-mole). Rates wei-e 

expressed as dis./min - 14C0,/mg protein/l hr (mean + S.D.). Flasks with no mitochondria yielded. on the average. 
170 dis./min. 

and horse liver ADH; this effect could also be 
blocked by the addition of propranolol. As indicated 
in Table 4, when ADH was present in the medium 
and NAD was substituted for NADH, there was a 
significantly enhanced rate of alcohol oxidation which 
was not affected by DNP. 

We also studied the effect of chronic ethanol feed- 
ing and propranolol on ethanol oxidation and on a 
number of mitochondrial functions (Table 5). Chronic 
ethanol feeding. as observed previously [20]. in- 
creased ethanol oxidation in tli~o and in vitro, and 
this increase was abolished by propranolol. Chronic 
ethanol feeding also stimulated mitochondrial NADH 
oxidation. and alcohol oxidation by mitochondria in 
the presence of NADH and ADH; these increases 
were also blocked by propranolol. In confirmation 
of the findings of Gordon [9]. fatty acid oxidation 
by isolated mitochondria was decreased by chronic 
ethanol feeding. The addition of propranolol to mito- 
chondria completely blocked all fatty acid oxidation. 

DISCL’SSION 

Recent studies indicate that factors other than the 
amount or activity of hepatic ADH are responsible 
for the regulation of alcohol metabolism [20]. Of the 
other possible mechanisms, it would appear that the 
mitochondrial re-oxidation of NADH, formed during 
the ADH reaction. may be a rate-limiting factor 
[5,21-241. Consistent with this concept have been the 
observations from several laboratories (15.2526) 
showing that 2.4-dinitrophenol (DNP), which uncou- 

ples mitochondrial oxidative phosphorylation and 
thereby accelerates NADH re-oxidation. increases 
ethanol metabolism in aivo and in citro. 

The present studies with propranolol as well as 
DNP emphasize the important role of mitochondrial 
re-oxidation of NADH in ethanol metabolism. Thus, 
we observed that propranolol inhibited ethanol meta- 
bolism and interfered with mitochondrial function, 
especially fatty acid oxidation to CO,. Propranolol 
did not inhibit ADH. catalase. NADPH-dependent 
microsomal ethanol oxidation (MEOS) or formate 
oxidation to COz. Propranolol also blocked the sti- 
mulatory effects of DNP on mitochondrial NADH 
oxidation and ethanol metabolism. The mechanism 
for the effect of propranolol in inhibiting mitochon- 
drial NADH oxidation is not clear. While this action 
could be due to j-adrenergic receptor blockade, the 
high concentrations needed for the NADH oxidation 
effect suggest that the action may have been due to 
nonspecific stabilization of the mitochondrial mem- 
branes. 

It has also been shown by many observers that 
chronic alcohol administration results in increased 
ethanol metabolism [20]. but the mechanism for this 
effect remains debatable. There are conflicting data 
on the possible roles of ADH, catalase and MEOS 
as explanations for this phenomenon [20]. One 
theory is that chronic ethanol administration leads 
to altered mitochondrial function and increasing 
mitochondrial NADH oxidation [S, 61. In the present 
report. mitochondrial NADH oxidation was in- 
creased in chronic ethanol-fed tXtS and was blocked 
by propranolol. However, Cederbaum et al. [27] 
observed that in their experiments NAD-dependent 
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oxidation of ethanol in the presence of mitochondr~~ 
was not stinlLllated with chronic ethanol feeding. 

The discrepancy between the data of Cederbaum 
c’t d. 1271 and those of the present report and the 
results of Rawat and Kuriyama [6] may be explained 
in part by the methods used to measure mitochon- 
drial ethanol oxidation. Thus Cederbaum et LIP. [27] 
added NAD plus ADH to mitochondria, while 
NADH was added in the present study and in that 
of Rawat and Kuriyama [6]. 

In the present experiments, when NADH and eth- 
anol were added to mitochondria, in all likelihood 
the NADH was first oxidized to NAD. which then 
fLlnctioned together with ADH to convert ethanol to 
~~cet~~ldehyde. The latter was then oxidized to acetate 
by means of the mitochondri~l acetaldehyde dehydro- 
genase [ 1 X]. Under these conditions, the rate limiting 
step appeared to be the conversion of NADH to 
NAD. Support for this concept was the fact that when 
NADH re-oxidation to NAD by mitochondria was 
stimulated by DNP irl cict:, or in vitro. ethanol oxi- 
dation also increased (Tables 3 and 4). Furthermore, 
as shown in Table 4. ethanol oxidation also was 
greater when NAD rather than NADH was added 
to mitochondria and, under these conditions. the 
addition of DNP provided no further increase in eth- 
anol m~t~~bolism (in contrast to its action when 
NADH was the added cofactor). Therefore, it would 
appear that when NAD is added to the system, as 
in the studies of Cederbaum t’t ai. [27]. NADH re- 
oxidation is no longer rate limiting. but the more 
likely limiting step is the oxidation of acetaidehyde 
to acetate. In all probability. the failure of Cederbaum 
clt al. 1271 to have observed changes in ethanol meta- 
bolism with mitochondria from chronic ethanol-fed 
rats may have been due to the facnct that these investi- 
gators added ADH plus NAD rather than NADH 
to isolated mitochondria. 

WC conclude that the effects of propranolol and 
DNP on ethanol metabolism indicate that mitochon- 
drial NADH oxidation must play an important roie 
in the overall metabolism of ethanol. The present 
studies also s~~pport the concept of Videla and Israel 
[S] and of Rawat and Kuriyama [6] that the in- 
creased ethanol metabolism associated with chronic 
ethanol feeding may be due, at least in part, to in- 
creased mitochondrial NADH oxidation. 
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