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Moderate concentrations of ethanol reduce the velocity of uptake of three representative Na*-symport sys-
tems (D-glucose, L-alanine, L-ascorbate), whether electrogenic (the first two) or electroneutral (L-ascor-
bate). This ‘inhibition’ is observed only if these transport systems are tested in the presence of an initial
Na™ gradient (out > in); no inhibition is found in tracer-equilibrium exchange measurements. A representative
Na“*-independent system (D-fructose) is not inhibited by ethanol. ‘Passive diffusion’ (measured as uptake
of L-glucose) is increased somewhat by alcohol. All these observations can be rationalized [as suggested
by Tillotson et al. (1981) Arch. Biochem. Biophys. 207, 360-370] by an effect of ethanol on passive diffusion,
which leads to a faster collapse of the Na* gradient, with the resulting reduction of the uptake velocities
of Na*-dependent transport systems when tested with the added driving force of an Na* out — in gradient.
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1. INTRODUCTION

Ethanol, at the concentrations reached in the je-
junal lumen after moderate liquor intake, inhibits
the absorption of a number of solutes (for review,
see [1]). This inhibition can be reproduced in vitro
with 2—3% ethanol, using surviving intestine [2],
or brush border membrane vesicles [3,4]. It has
been suggested [3,4] that the inhibition of
Na™*-dependent D-glucose uptake is due to a faster
collapse of the Na* gradient (out — in) across the
membrane [3,4]. Additional, but unconvincing
mechanisms include a decrease of the vesicular
volume [4] (which, however, is unlikely since the
amount of D-glucose associated with the vesicles at
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equilibrium is not decreased by ethanol [3,4]) [The
small decrease by ethanol in the amount of
taurocholate associated with the vesicles at
equilibrium [4] cannot be taken as an indication of
a decrease in the intravesicular volume, since the
amount of taurocholate associated with the
vesicles far surpasses (by a factor of nearly 200) the
amount occurring in free solution in the in-
travesicular volume. Thus, most taurocholate must
be associated with the membrane, presumably in
the lipid bilayer. For this reason, also the observed
decrease, by ethanol, of the velocity of
taurocholate ‘uptake’ in the presence of an initial
Na* gradient, may refer more to the association of
taurocholate with the membrane than to its
transport across it.] and changes in the fluidity of
the lipid bilayer [4] (which, however, are not or
hardly detectable at ethanol concentrations already
affecting transport [3,4]). Higher alcohol concen-
trations do affect membrane fluidity (e.g. [6]).
The suggestion that the ‘inhibition’ of
Na*-dependent D-glucose transport by ethanol is
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due to a faster collapse of the initial Na* gradient
rests on the observation that alcohol (~3%) in-
hibits the Na*-dependent D-glucose uptake only
when tested in the presence of an initial Na* gra-
dient (out — in) [3,4], but has no effect on the
same transport system when tested in the absence
of an Na* gradient, i.e. in counterflow [4] or under
conditions in which Naj = Nagy; [3]. Unfortunate-
ly, direct measurements of the effect of ethanol on
the uptake of Na* by brush border membrane
vesicles (such as attempted in [4]) are inherently in-
adequate for solving this problem, because too
much of the Na* taken up by these vesicles is
bound to, rather than transported across, the
membrane [5].

The problem was thus tackled again indirectly,
but by investigating the response to ethanol of a
broader range of transport systems. Specifically,
the questions asked and the answers obtained
were: (i) does alcohol inhibit, in addition to
Na*-dependent D-glucose symport, other Na*-
symport systems of the same membrane, such as
that of L-alanine and that of L-ascorbate? We find
that it does, but again only if these transport
systems are tested in the presence of an initial Na*
gradient (out > in); (ii) is the ethanol inhibition due
to a faster collapse of Ay? We find that the
Na*-dependent  non-electrogenic  L-ascorbate
system [7] is likewise inhibited by ethanol, which
shows that a system need not be electrogenic to be
inhibited by ethanol; (iii) does ethanol inhibit non-
Na*-dependent, electroneutral transport systems?
If the inhibitions observed are due to a faster col-
lapse of the initial Na* gradient, it should not. We
chose to investigate D-fructose uptake, which is, in
terms of capacity, the major non-Na*-dependent,
non-electrogenic transport system in this mem-
brane, and find no effect of alcohol; (iv) does
ethanol increase ‘diffusion’ through this mem-
brane (as measured by the uptake of a neutral
marker, such as L-glucose)? We find that it does,
which indicates a possible moderate increase in
non-specific permeability.

2. MATERIALS AND METHODS

Chemicals: All reagents were of the highest puri-
ty available. L-[*H]Glucose, D-[*H]glucose, L-
[*H]alanine and L-[1-*C]ascorbic acid were pur-
chased from New England Nuclear, Boston, MA;
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D-[**C]fructose from the Radiochemical Centre,
Amersham (England). All chemicals used were
reagent grade and were obtained from Merck,
Darmstadt (FRG), Sigma, St. Louis, MO (USA) or
Fluka, Buchs (Switzerland).

Vesicle preparation: The vesicles of small in-
testinal brush border membrane of guinea pig were
prepared from fresh intestine by the Ca®*
precipitation method ([9], as modified in [5,7]).

Transport measurements were carried out at
20°C with vesicles at 7—10 mg protein-ml~". (i) In
the presence of an initial inwardly directed Na*
gradient: unless stated otherwise, the outer
medium had the following composition at zero
time: 100 mM NaCl, 0.150 mM dithiothreitol,
300 mM D-mannitol, 10 mM Hepes-Tris (pH 7.5)
and 0.3 mM labeled substrate; the medium inside
the vesicles (i.e. the solution in which the last
washing of the vesicles was carried out) was
300 mM D-mannitol, 10 mM Hepes-Tris (pH 7.5).
(i) Under conditions of tracer equilibrium ex-
change: the vesicle suspension was preincubated on
ice for 90 min in 100 mM NaCl, 0.150 mM
dithiothreitol, 300 mM D-mannitol, 10 mM
Hepes-Tris (pH 7.5) and 0.3 mM cold substrate;
an additional 15-25 min preincubation period at
20°C followed in the absence or presence of
ethanol (1-3%). Incubation proper (at 20°C) was
started by mixing 10 1 of the preincubated vesicle
suspension with 10 1 of a solution of the same
composition plus the tracer.

The incubations were stopped at selected times
by addition of ice-cold 250 mM NaCl in 1 mM
Tris-HCI (pH 7.5), the suspension filtered through
a Sartorius filter (0.65 #m pore size) under suction,
and washed twice with the same ice-cold stop solu-
tion. Radioactivity was measured in a scintillation
counter; protein was determined according to
Lowry et al. [10].

All experiments were repeated at least 3 times,
with consistent results. Only individual ex-
periments are shown; each point is the mean of
3—4 determinations; the bars indicate the SD,
whenever it was larger than the symbol used.

3. RESULTS

Since, of the commonly used experimental
animals, only guinea pigs are known to possess in
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the small-intestinal brush border membrane the 3.1. Inhibition of Na*-dependent transport
non-¢lectrogenic Na*-dependent transport system systems tested in the presence of an initial
for L-ascorbate (e.g. [7] and earlier references AjiNa*
quoted therein), guinea pigs were used throughout. Ethyl alcohol (2—3%) inhibits the velocity of up-
Ethyl alcohol, even at the highest concentration take of all Na*-dependent transport systems tested
tested (3%), does not fragment the brush border (i.e. in addition to that of D-glucose, those of L-
membrane, as shown by the essentially unchanged alanine, L-ascorbate (figs 1 and 4). At lower con-
amount of substrate associated with the vesicles at centrations (i.e. 1%) ethanol has little or no effect
equilibrium (see most figures). (e.g. fig.1A). We thus observe inhibition at the
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Fig.1. Time course of uptake into brush border membrane vesicles from guinea pig small intestine, of various solutes,
in the presence of an initial Na* gradient (out — in) and in the presence or absence of ethanol. The concentration of
substrate was in all cases 0.3 mM (in the outer medium only). (A) Uptake of D-glucose in the presence of an initial
NaCl gradient, at 20°C. (B) Uptake of L-alanine and of D-fructose, in the presence of an initial NaCl gradient, at 20°C.
At the beginning of the incubation proper (time zero) the outer medium had the following composition: 0.3 mM
substrate, 100 mM NaCl, 10 mM Hepes-Tris (pH 7.5), 0.150 mM dithiothreitol, 300 mM D-mannitol. The medium
inside the vesicles was composed of buffer and D-mannitol, at the same concentrations as in the outer medium. The
vesicles were preincubated for 20 min and incubated either in the absence of ethanol (0), or in the presence of ethanol,
at the concentrations given. For further details, see section 2. The bars indicate the SD; if not given, the SD was smaller
than the symbol used. (The uptake of D-fructose had not reached equilibrium after 60 min.)
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Fig.2. Time course of uptake of D-glucose (A) and of L-alanine (B) under equilibrium tracer-exchange conditions. The

vesicles were first preincubated on ice for 90 min in 0.3 mM cold substrate, 100 mM NaCl, 10 mM Hepes-Tris (pH 7.5),

0.150 mM dithiothreitol, 300 mM D-mannitol; they were then equilibrated for an additional 20 min at 20°C without

(O) or with 3% ethanol. Incubation proper, again at 20°C and in the absence or presence of ethanol, was started with
labelled substrate, as described in section 2.

same concentrations which produced inhibition of
D-glucose uptake in rat brush border vesicles in
another study {3} and of amino acids in rat surviv-
ing intestine (everted sacs) [2].

3.2. Lack of inhibition of Na"-dependent
transport systems when tested in the absence
of an initial AjfiNe*, under tracer-equilibrium
exchange conditions

If the same Na*-dependent systems are tested in

the absence of an initial Na* out — in gradient (i.e.
in vesicles which had been pre-equilibrated in
Na*-containing buffers with no substrates, as in
[3], or in buffers containing both Na* and
substrates, such as in the tracer-equilibrium ex-
change experiments of fig.2A,B), alcohol no
fonger inhibits the uptake. This shows that these
cotransporters per se are not sensitive to ethanol at
the concentrations tested.
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3.3. Lack of inhibition of the electroneutral
Na*-independent uptakes of D-fructose

D-Fructose is transported across the brush
border membrane by a non-accumulating
Na“*-independent carrier ([8] and previous papers
quoted therein). If the effect of ethanol on the
Na™*-dependent systems investigated above is solely
due to an accelerated collapse of the initial 47 or
Ax of Na* across the membrane, D-fructose up-
take should not be affected by alcohol. Indeed, it
is not, whether tested in the presence of an initial
NaCl out ~ in gradient (fig.1B), or in its absence
{not shown).

3.4. Effect of ethanol on diffusion

Is passive diffusion (defined operationally as the
uptake of a neutral compound not interacting with
carriers) increased by ethanol, or is the effect of
ethanol confined to increasing the permeability of
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Fig.3. Time course of uptake of 0.3 mM L-[*H]glucose

in the presence of an initial NaCl out — in gradient.

Same conditions as in fig.1A. Note that the uptake of L-

glucose is accelerated by 3% ethanol (), as compared
to vesicles in the absence of alcohol (C).

Na*? L-Glucose, which interacts little [11], if at
all, with the Na*, D-glucose cotransporter, is often
used as a marker for passive diffusion (e.g. [12]).
Its uptake is accelerated by 3% ethanol (1 or 2%
concentrations have no effect, not shown) (fig.3),
which shows that the effect of the alcohol is not
confined to Na* permeability.

The lack of increase of D-fructose uptake by
ethanol probably indicates that the contribution of
diffusion to the uptake of this sugar is only
marginal, which is consistent with the notion that
D-fructose uptake is carrier-mediated [8].
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Fig.4. Time course of uptake of 0.3mM L-

[“*CJascorbate in the presence of an initial NaCl out —

in gradient, in the absence of ethanol (O) or in 2% (A)

or 3% (e) ethanol. (The uptake values in the presence

of 0.5 or 1% ethanol were not different from the

control, and are thus not given.) Same conditions as in
fig.1A.

4. DISCUSSION

Summing up the results in section 3, ethanol at
concentrations 3> 2% inhibits all the Na*-depen-
dent transport systems in the small-intestinal brush
border which have been tested — D-glucose (fig.1A
and [3,4]), L-alanine (fig.1B), L-ascorbate (fig.4),
taurocholate (see [4]) — be they electrogenic (D-
glucose, L-alanine) or not (L-ascorbate). This in-
hibition by ethanol is observed only when these
transport systems are driven by an initial Na* gra-
dient (out > in), no inhibition being detected when
they are tested in the presence of Na™, but in the
absence of a gradient of Na* (fig.2A,B). No effect
of ethanol is observed on the transport of D-
fructose (fig.1B) which is carrier-mediated but not
Na*-dependent (e.g. [8]). These effects of alcohol
on some systems but not on others, and on some
systems only under certain conditions, are fully
rationalized by ethanol producing a faster collapse
of AuNa™* (or of AjNa%) across the brush border
membrane. This mechanism had already been sug-
gested by others [3] for the ethanol inhibition of
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Na*-dependent D-glucose transport and is rein-
forced by our investigation which includes more
systems having different properties.

The (main) effect of ethanol is on Na'
permeability, rather than on Cl~ permeability,
since the uptake of D-glucose is also affected when
tested in the presence of an initial NaSCN gradient
(out — in, see [3]). The Pscn- of this membrane
is more than 10-times larger than its electrogenic
Pna+ [13]. (We mostly used NaCl, rather than
NaSCN in the experiments reported here, because
thiocyanate inhibits the Na*,D-glucose cotrans-
porter and thus cannot be used in tests involving
preincubations; M. Kessler, 1982, unpublished)

Direct inhibition of the cotransporters by
alcohol (including conceivable ‘uncoupling’ of the
site binding the organic solute with that binding
Na™), or changes in the fluidity of the lipid bilayer
are thus very unlikely as additional mechanisms in
the inhibition of transport systems by the concen-
trations of ethanol used in the present study.

The effect of alcohol on intestinal Na*-depen-
dent transport systems may well have ‘physiologi-
cal’ significance, since the ethanol concentrations
producing the in vitro effects studied by us and by
others [2—4] are likely to be attained at least in the
upper jejunum during ingestion of hard liquor. It
remains to be seen whether this effect of alcohol is
one of the reason(s) for the poor vitamin C status
of humans drinking more than 70 g ethanol daily
[14,15].

Although coincidental, it is also interesting to
note that among the substrates the uptake of which
is not influenced by ethanol is D-fructose, a sugar
known to mitigate the effects of acute alcohol in-
toxication [16—18].
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