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Influence of Ethanol on the
Lactate/Pyruvate and g-Hydroxy-
butyrate/Acetoacetate Ratios in
Rat Liver Experiments
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MIKKO P. SALASPURO

Research Laboratories of the State Alcohol
Monopoly (Alko), Helsinki, Finland

uring ethanol oxidation the NADY/
NADH ratio of the liver shifts towards
a more reduced state.!"® At the same time
the lactate level of the blood rises ** and
the lactate/pyruvate ratio increases.®*® The
ratio of the redox pair f-hydroxybutyrate/
acetoacetate of the blood is also increased
during ethanol oxidation.**®
For investigation of a possible correlation
between the change of the lactate/pyruvate
and B-hydroxybutyrate/acetoacetate ra-
tios, liver perfusion experiments were per-
formed in which the concentrations of
these four metabolites in the perfused
medium were measured during ethanol
oxidation. Livers of male rats, four fed
and four starved for 48 h, were used for
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Fig. 1. The lactate/pyruvate ratios of the
medium obtained during perfusion of isolated
fed and starved rat livers plotted against
time. — O — experiments with fed, = = =O ==~
with starved livers. The bars represent the
standard errors of the means.
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the experiments. The perfusion was
performed at 37°, using Schimassek’s
procedure.” Ethanol was added to the
medium to a concentration of 35 mM
after a 60 min preceding perfusion per-
formed in order to equilibrate the perfusion
system. Lactate and pyruvate were deter-
mined enzymically with the aid of Bio-
chimica Boehringer’s (Mannheim, W. Ger-
many) test Kkits. Acetoacetate and
B-hydroxybutyrate were measured as
described earlier.®

At the end of the one-hour control
perfusion the redox levels of the two
substrate pairs showed the same values
as has been found for the blood of intact
rats. However, when ethanol was added
to the perfusion medium the lactate/py-
ruvate and  f-hydroxybutyrate/aceto-
acetate ratios started to rise (Figs. 1 and 2).
In the fed livers the lactate/pyruvate ratio
reached a new steady state about 60 min
after the addition of ethanol, but in the
starved livers the ratio rose steadily
throughout the perfusion. The g-hydroxy-
butyrate/acetoacetate ratios of the medium
rose in both the fed and the starved livers
during the perfusion and faster in the
starved than in the fed livers.

When the lactate/pyruvate ratios were
plotted against the B-hydroxybutyrate/
acetoacetate ratios (Fig. 3) it was found
that an increase in the lactate/pyruvate
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Fig. 2. The B-hydroxybutyrate/acetoacetate
ratios of the medium obtained during perfusion
of isolated fed and starved rat livers plotted
against time. — O — experiments with fed,
O - - - with starved livers. The bars
represent the standard errors of the means.
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Fig. 3. The lactate/pyruvate ratios of the
medium obtained during perfusion of isolated
fed and starved rat livers plotted against
the B-hydroxybutyrate/acetoacetate ratios.
O experiments with fed, x with fasted livers.

ratio was usually followed by an increase
in the p-hydroxybutyrate/acetoacetate
ratio. There was no significant correlation
between these two ratios, however.

The lactate/pyruvate substrate pair of
the perfusion medium is in equilibrium
with the NAD-dependent redox systems
of the extramitochondrial cytoplasmic
compartment of the liver cell,®! while the
B-hydroxybutyrate/acetoacetate substrate
pair is assumed to be in equilibrium with
the NAD-dependent redox systems of the
mitochondria.’* In the liver ethanol is
first oxidized to acetaldehyde and further
to acetate.! The alcohol dehydrogenase
is located mainly in the extramitochondrial
compartment of the liver cell * and at
least a part of the aldehyde dehydro-
genase 1* responsible for the second oxida-
tion stage !* is located in the same com-
partment. It is therefore to be assumed
that during ethanol oxidation the primary
change in the redox potential occurs in
the extramitochondrial compartment of
the liver cell, the mitochondrial change
being secondary. But it seems that a
change in the extramitochondrial redox
potential is not always followed by a
corresponding change in the mitochondrial
redox potential. The way in which
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hydrogen is transferred from the ethanol
to the mitochondria is not known, but
it might be expected that the a-glycero-
phosphate shuttle is the carrier. Krebs
et al.® and likewise Klingenberg and
v. Héfen ! have found that succinate also
produces an increase in the g-hydroxy-
butyrate/acetoacetate ratio. These in-
vestigators do not agree on the mechanism
by which the ratio is influenced. It has
been shown that succinate and «-glycero-
phosphate are oxidized in the mitochondria
by enzymes located in close structural
proximity at the respiratory chain.!®
It might therefore be expected that
succinate and «-glycerophosphate, and
hence indirectly ethanol, would influence
the pB-hydroxybutyrate/acetoacetate ratio
by the same mechanism.
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