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Interaction of Ethanol and Thyroxine on Hepatic Oxygen Consumption' (40320)
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Chronic feeding of ethanol to rats has been
shown to stimulate respiration by liver slices
through an increase in conversion of ATP to
ADP by the (Na + K)-ATPase system (1, 2).
The calorigenic effect of thyroid hormones
also involves stimulation of (Na + K)-ATP-
ase (3). However, some studies have sug-
gested that the availability of mitochondrial
substrate and not ADP may determine the
rate of respiration and that thyroxine (T,)
enhances the availability of the substrate for
mitochondrial oxidation (4).

The present study was done to investigate
interrelationship between the effects of
chronic ethanol ingestion and T4 treatment
on O: consumption by rat liver slices and
isolated mitochondria. Further, the influence
of the available oxidizable substrate for the
ethanol and T, effects on respiration of rat
liver slices was studied.

Materials and  Methods.  Thirty-two
Sprague-Dawley male rats weighing 150 to
200 g were divided equally into four groups
at random. Group A received tap water and
group B received 20% (v/v) ethanol as the
only drinking solution ad libitum. Group C
was rendered thyrotoxic by daily ip injection
of 1-T4 (150 ug/100 g body wt) for 14 days.
Group D received 20% (v/v) ethanol as
drinking solution and T, treatment as out-
lined for group C. All animals were housed
in individual cages, fed regular Purina Chow
ad libitum, and weighed at regular intervals.
Animals in group D lost considerable weight
(see Table I) and appeared sick, although
none died. In eight relatively young rats,
average weight 100 g, a 25% mortality rate
was observed during 20% ethanol + T, treat-
ment and therefore present studies involved
relatively larger animals.

' This work was supported by the Medical Research
Service, Veterans Administrationand was presented, in
part, at the American Physiological Society 28th Annual
Fall Meeting, October 1977, Hollywood, Florida.

After 14 days the animals were fasted for
18 hr and then sacrificed by decapitation.
Blood was collected for the estimation of
serum T, levels (5). Livers were removed and
placed immediately in ice-cold oxygenated
medium containing 135 mM NaCl, 5 mM
KH:PO,, 0.5 mM MgCly, 5 mM Tris-HC],
and 10 mM glucose, pH 7.4. Liver slices 0.5
mm thick were prepared and their respiration
was determined in a Warburg apparatus (Pre-
cision Scientific). Each Warburg flask con-
tained approximately 60 mg of tissue in 3 ml
of the oxygenated medium mentioned above.
Respiration was measured for three consec-
utive 30-min periods. Thereafter 50 ul of 0.4
M succinate was added to the medium from
the side arm to give a final concentration of
7 mM and respiration of the liver slices was
estimated for three additional 10-min periods.

To determine oxygen consumption of iso-
lated mitochondria instead of liver slices, mi-
tochondria were isolated from the same livers
according to the technique of Johnson and
Lardy (6). An aliquot, 0.05 ml, of the mito-
chondrial suspension was placed in a War-
burg flask containing 3 ml of incubation me-
dium which contained 62.5 mM sucrose,
185.5 mM mannitol, 10 mM KCl, 10 mM
Tris-HCl, pH 74, 5 mM K,HPO,, 5 mM
MgCl, 0.2 mM EDTA, 7 mM succinate, and
83.3 uM ADP. Respiration was measured for
three consecutive 10-min periods.

Respiration estimations for liver slices and
mitochondria were done in triplicate for each
liver. The protein content of the liver slices
and of each mitochondrial suspension was
determined by the Lowry method (7). The
data were expressed as microliters of O, con-
sumed per minute per milligram of protein
and statistically analyzed by Student’s ¢ test.

Results. Table I shows mean + SEM values
of body weight and serum thyroxine levels in
rats receiving ethanol, thyroxine, or a com-
bination of these two substances (n = 8 for
each group of animals). Rats that received
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TABLE I. EFFeCT OF ETHANOL INGESTION ON BoDY WEIGHTS AND SERUM T, LEVELS OF NORMAL AND
THYROXINE-TREATED RATS.

Initial body weight  Final body weight Serum thyroxine

Treatment (g) ( Difference (ng%)
A. Saline 166 + 8 238+ 8 72+6 46 +04
B. Ethanol 179+ 8 1949+ 9 15+ 4* 39+£03
C. T4 176 = 10 229+ 12 538 16.6 + 2.4*
D. Ethanol + T, 179+ 7 132+ 7 —47 + 4* 14.1 £2.9*

* p < 0.001 compared to controls. (saline).
elther ethanol or T, gained mgmﬁcantly less 03 SLUCOSE SUGGINATE
weight than controls (p < 0.05): Simultaneous p<000I
T

treatment with ethanol and thyroxine pro-
duced a marked loss in body weight as com-
pared to controls (176.2 £ 7vs 127 £ 7, p <
0.01). Serum T, levels were significantly
higher (p < 0.01) in T4-treated animals and
ethanol ingestion exerted no discernible effect
on serum T, values.

Effect of ethanol on O consumption by liver
slices of euthyroid and thyrotoxic rats. Figure
1 shows that chronic ethanol ingestion de-
creased the rate of oxygen utilization from a
control value of 0.098 + 0.004 to 0.082 +
0.004 ug of Oz/min/mg of protein in liver
slices of euthyroid rats. The results were sig-
nificant at the 2% level. Addition of succinate
to liver slices produced a marked increase in
O; consumption to 0.183 = 0.01 and 0.243
+ 0.01 pl of O2/min/mg of protein in controls
and ethanol-treated animals, respectively.
Furthermore, with succinate as oxidizable
substrate, ethanol pretreatment produced an
increase (p < 0.001) in the rate of respiration
instead of a depression of respiration ob-
served with glucose as the substrate.

Figure 2 shows that in thyrotoxic rat liver
slices the O2 consumption was 50% greater
than in euthyroid rat liver slices (p < 0.001).
Chronic ethanol ingestion decreased O, con-
sumption by nearly 50% from 0.147 £ 0.004
to 0.071 + 0.005 pl of Oz/min/mg of protein
(p < 0.001) with glucose as substrate. Addi-
tion of succinate increased respiration of T4-
treated rat liver slices and chronic ethanol
ingestion enhanced the rate of respiration
further from 0.282 + 0.015 to 0.367 + 0.028
ul of O2/min/mg of protein (p < 0.02).

Effect of ethanol and thyroxine on O: con-
sumption of isolated mitochondria of rat liver.
As shown in Fig. 3, mitochondria isolated
from euthyroid rat liver showed no significant
difference in respiration after chronic ethanol
treatment as compared to control values.
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Fic. 1. Mean + SEM (n = 8) oxygen consumption
rate by liver slices of rats fed 20% ethanol as drinking
solution or tap water (controls) for 14 days. The rate of
O, consumption was estimated with liver slices in media
containing glucose before and after the addition of suc-
cinate.
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F1G. 2. Mean + SEM (n = 8) oxygen consumption
by liver slices of T,-treated rats that received 20% ethanol
or tap water ad libitum for 14 days. Oxygen estimation
was done as described under Fig. 1 and T injections
were given as described in the text.

However, in mitochondria isolated from thy-
rotoxic rat livers it was observed that chronic
ethanol treatment enhanced O, consumption
significantly from 127 = 0.032 to 1.57 =
0.118 ul of Oz/min/mg of protein (p < 0.05).

Discussion. Previously it has been shown
that daily ingestion of ethanol (35% calorie-
wise) for 21 to 27 days enhanced oxygen
consumption by rat liver slices. The under-
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F1G. 3. Mean + SEM (n = 8) oxygen consumption
by mitochondria isolated from livers of euthyroid and
Ta-treated rats. Both groups of euthyroid or T,-treated
rats were given 20% ethanol or tap water ad libitum for
14 days. Injections of T, were given as described in the
text.

lying mechanism was reported to be an in-
creased activity of the (Na + K)ATPase ac-
tivity (1, 2). The present data derived from
rats consuming relatively less ethanol (i.e.,
20% (v/v) as drinking solution ad libitum for
14 days) show that the ethanol effect on
respiration of rat liver slices is dependent on
the available oxidizable substrate. The O.
consumption by liver slices was increased in
medium containing succinate as substrate but
decreased when glucose was used instead of
succinate.

Substrates can provide electrons to the res-
piratory chain at the beginning (the level of
NADH dehydrogenase), at the middle (ubi-
quinone level), and at the terminus (cyto-
chrome ¢ level). Succinate which is flavin-
linked provides electrons at the cytochrome
b-ubiquinone segment and therefore by-
passes energy coupling site I at the level of
NADH dehydrogenase. The utilization of
electrons from glucose is partly NAD-linked
and thus involves energy coupling site I. The
present results might be explained by an in-
hibitory effect of ethanol on coupling site I
or on some steps prior to it. In fact, Ceder-
baum et al. (8) have shown that chronic
ethanol ingestion (36% caloriewise) depresses
mitochondrial respiration by damaging cou-
pling site L.

Whereas ethanol enhanced O; consump-
tion in rat liver slices incubated with succi-
nate, it did not exhibit a similar effect when
isolated mitochondria from the same livers
were studied. Other studies have reported a
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depression of mitochondrial respiration by
chronic ethanol ingestion and ascribed the
effect to a damage to the respiratory chain.
Furthermore, structural changes in mitochon-
dria including swelling, disfiguration, diso-
rientation of cristae, and intramitochondrial
crystalline inclusion are observed after
chronic ethanol treatment (9). Concomitant
fat infiltration of hepatocytes has also been
shown (10). In the present study rats ingested
less ethanol, and any morphological changes
in mitochondria, although not documented,
were perhaps insufficient to depress respira-
tion. In fact, the O, consumption of mito-
chondria isolated from thyrotoxic rat liver
was enhanced by chronic ethanol ingestion.
Therefore, it is unlikely that the respiratory
chain was damaged by ethanol as fed to the
rats in this study.

The calorigenic effect of thyroid hormones
on liver is ascribed to an increase in ADP
production due to stimulation of (Na + K)-
ATPase activity (3). However, Primack and
Buchanan (4) showed O, consumption of rat
liver slices was greater with succinate than
with glucose and suggested that the availa-
bility of oxidizable substrate rather than ADP
controls the rate of O; consumption. The
present data show that chronic ethanol treat-
ment decreased Oz consumption of thyrotoxic
rat liver slices when glucose was available as
substrate but a converse effect occurred when
succinate was added. It seems that ethanol
inhibition of energy coupling site I, as dis-
cussed above, was sufficient to block T, effect
on liver slices respiration in a glucose-con-
taining medium. On the other hand, the in-
crease in succinate-supported respiration of
the same liver slices might be related to in-
creased (Na + K)-ATPase activity (1, 2).

It needs to be emphasized that rats in group
D receiving ethanol + T, lost considerable
weight and appeared sick. A decrease in food
intake might have resulted in a limited supply
of substrate for O, utilization. Thus, such a
conceivable effect of malnutrition in addition
to that of ethanol should be considered in
interpretation of data derived from group D
rats. Nonetheless, individual rat liver served
its own control in terms of comparison of the
rates of O, utilization during two different
substrates, i.e., glucose and succinate.

Summary. Interrelationship between the
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effects of chronic ethanol ingestion and T,
treatment on O consumption by rat liver
slices and isolated mitochondria was investi-
gated. The data showed that ethanol influ-
ence on O, consumption by liver slices was
dependent on the available oxidizable sub-
strate as it was decreased when estimated in
media containing glucose but increased in
media containing succinate as oxidizable sub-
strate. The respiration of thyrotoxic rat liver
slices was altered by ethanol in a manner
similar to that observed with euthyroid rat
liver slices. Whereas ethanol ingestion en-
hanced succinate-supported respiration of eu-
thyroid and thyrotoxic rat liver slices, it pro-
duced a similar effect in isolated mitochon-
dria of thyrotoxic rat livers but not of euthy-
roid rat livers.

The authors wish to thank Mrs. Ruth M. Bonovich
for typing this manuscript.
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