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Abstract. The effects of chronic ethanol administration on the hepatic surface membrane were
examined. The binding of the lectin, concanavalin A (Con A), to isolated hepatocytes was used
to ascertain changes in the hepatic plasma membrane, especially in regard to glycoprotein com-
position, due to chronic ethanol feeding. Hepatocytes, isolated from rats fed ethanol for 5 to 7
weeks, had a decreased ability to bind Con A when compared to hepatocytes from either the pair-
fed controls or ad libitum chow-fed rats. Since decreased Con A binding was more apparent at
high Con A concentrations, reduced lectin binding likely reflected changes in the composition of
surface membrane glycoproteins in the livers of the ethanol-fed rats. When ethanol (50 mM) was
added to the incubation medium containing hepatocytes from ethanol-fed rats, pair-fed controls,
or chow-fed rats, no effects on Con A binding were observed. These results indicate that chronic
ethanol administration induces changes in the oligosaccharide chains of plasma membrane gly-
coproteins in the liver. Such alterations may play a role in the pathogenesis of alcoholic liver

disease. © 1987 Society for Experimental Biology and Medicine.

The toxic effects of ethanol on the hepato-
cyte manifest themselves in many different
ways. It is known that ethanol deranges such
varied hepatocellular processes as amino acid
uptake (1), lipid (2), and drug metabolism (3,
4), and protein and glycoprotein synthesis and
secretion (5-8). With regard to the effects on
glycoprotein metabolism, alcohol appears not
only to alter glycoprotein synthesis, but also
to affect the transport of these glycoproteins
to their appropriate subcellular or extracellular
destinations (9-12). One would expect that this
disordering of glycoprotein trafficking would
effect an alteration in cellular membrane
composition, particularly in the various sur-
face receptors and cell markers which are
largely composed of glycoproteins. In this re-
gard, several groups have shown that chronic
ethanol administration results in altered re-
ceptor number or affinity for the estrogen (13),
glucagon (14), and insulin (15) receptors. In
this study, we examined the effects of ethanol
on cell surface glycoproteins using the car-
bohydrate probe concanavalin A (Con A). Con
A is a lectin with a molecular weight of
110,000 that has specific binding affinity for
a-mannosyl and a-glucosyl residues of gly-
coproteins (16). Since cell surface glycopro-
teins have substantial amounts of these resi-

dues, alterations in the assembly or the traf-
ficking of these glycosylated proteins should
result in altered surface binding of Con A.
Therefore, we investigated the effects of
chronic ethanol administration on the lectin
binding properties of the hepatic plasma
membrane.

Materials and Methods. Young male
Sprague-Dawley rats were obtained from
Small Animal Supply Co. (Omaha, NE) and
were fed Purina rat chow until they reached
140-150 g. The rats were then divided into
three groups. The first group was fed Purina
rat chow ad /ibitum until the time of the ex-
periment (5-7 weeks). The remaining rats were
housed in individual cages and fed the Lieber-
DeCarli liquid control diet (17) (Bio-Serve,
Inc., Frenchtown, NJ) for 5 days. These rats
were then weight matched and paired so that
one rat received the liquid diet containing
ethanol as 36% of total calories while the sec-
ond animal was pair-fed the isocaloric control
diet in which ethanol was replaced isocalori-
cally with carbohydrate. The rats were pair-
fed for 5-7 weeks. In the 48 hr prior to death,
the animals were fed the liquid diets in two
divided doses and in the last 24 hr prior to the
experiment the diet was divided into three
portions in order to minimize differences in
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feeding patterns prior to the preparation of
hepatocytes.

Hepatocytes were prepared according to the
method of Seglen (18) with the following
modifications. The livers were perfused in situ
with 0.05% collagenase Type IV (Sigma
Chemical Co., St. Louis, MO) for 10-15 min.
The liver capsule was then incised and sus-
pensions of the cells were agitated for 10 min
at 37°C. The resultant cell mixture was then
filtered through nylon mesh (Small Parts Inc.,
Miami, FL) and purified by repeated centrif-
ugation and washing. The cell pellets wre re-
suspended in Eagle’s medium and viability was
determined by the trypan blue dye exclusion
test. Cell viabilities averaged 80, 77, and 74%
for the chow-fed, pair-fed control and ethanol-
fed groups, respectively. Cells were then placed
on continuous Percoll (Pharmacia AB, Upp-
sala, Sweden) gradients which were prepared
at an initial density of 1.06 g/ml. Use of the
Percoll gradient resulted in a yield of cells
which were more than 85% viable in all cases.
The resultant cell suspension was then diluted
to 50 mg wet wt cells/ml and pipetted into
reaction flasks containing various concentra-
tions of [*H]concanavalin A (Amersham, Ar-
lington Heights, IL) in a total volume of 1 ml
Eagle’s/Hepes buffer.

Con A binding studies were conducted ac-
cording to the method of Brewster et al. (19)
as adapted to determine binding to whole cells.
Total and nonspecific Con A binding were di-
rectly measured by preincubating the cells with
either the buffer or the inhibitory sugar, a-
methyl-mannoside (1.0 M), respectively, prior
to the addition of the cells to the reaction
flasks. Specific binding was calculated as the
difference between total and nonspecific bind-
ing. Binding was performed at 0-4°C for 120,
180, and 240 min at which time 0.2-ml ali-
quots were removed and added to 8 ml of Ea-
gle’s/Hepes bufler to quench the reaction. The
cells were then centrifuged for 10 min and
washed twice in 4 ml of buffer and the pellets
frozen overnight at —20°C. Pellets were then
solubilized in 0.5 ml of 1.0 N NaOH by heating
in a 60°C water bath for 30 min. Aliquots were
withdrawn for protein determination by the
method of Lowry (20) and for determination
of cell associated radioactivity by liquid scin-
tillation counting. Cell aliquots were also used
for measurement of DNA content by the

method of Burton (21) and for the determi-
nation of cell number by an automated Coul-
ter counter. Results of binding were expressed
as femtomoles of Con A bound per microgram
of protein, per microgram of DNA, and per
10° cells. Statistical analysis was carried out
using Student’s ¢ test.

Results. To characterize the Con A binding
properties of hepatocytes, we initially con-
ducted binding studies using cells from Purina
chow-fed animals. The effect of Con A con-
centration on the extent of binding is shown
in Fig. 1A. Total and specific binding increased
rapidly with increasing Con A concentrations
up to 100 ug/ml, at which point binding in-
creased much more gradually. Nonspecific
binding was less than 15% of total binding at
all concentrations tested. The effect of time of
incubation on Con A binding to hepatocytes
indicated that binding was essentially com-
pleted by 180 min of incubation (Fig. 1B).

The binding of Con A to hepatocytes pre-
pared from ethanol-fed rats, pair-fed controls,
and chow-fed rats was then determined. For
these experiments, we chose two concentra-
tions of Con A (1 and 100 ug/ml), and binding
was measured after 120, 180, and 240 min of
incubation. The binding data in these exper-
iments were expressed as femtomoles of Con
A bound per million cells or per microgram
of DNA since hepatic DNA content is prob-
ably unaffected by ethanol feeding whereas
both liver weight and liver protein content are
known to be increased (11). During the 240-
min incubation there was a slight decrease in
cell viability. Initially, cell viability was over
85% for cells from all three experimental
groups, but viability decreased to 69, 71, and
65% for the chow-fed rats, pair-fed controls,
and ethanol-fed groups, respectively, after 240
min of incubation. When hepatocytes were
incubated with the high concentration of Con
A (100 pg/ml), the total binding of Con A to
cells obtained from ethanol-fed rats was sig-
nificantly lower than the binding to cells from
either the pair-fed controls or the chow-fed
animals (Fig. 2A). On the other hand, no dif-
ferences in total binding among the three
groups were observed when cells were incu-
bated with the low Con A concentration (1
pg/ml; data not shown). Nonspecific binding
did not differ significantly among the three
groups tested at either concentration or at any



ETHANOL ALTERS

HEPATIC CON A BINDING

1004 50

- i A. B.

£

®

E 80 40W

a -

=

2 604 30

2

S

[ .

< 404 204

°

5 4

3

@© 204 104

<

c .

el

© g v v L ¥ i A v L L
[] 50 100 150 200 250 300 o 60 120 180 240

Con A Concentration (ug/ml)

Binding Time (min.)

FIG. 1. Characterization of Con A binding to hepatocytes isolated from chow-fed rats. Binding to hepatocytes
was determined (A) with varying concentrations of Con A at 0-4°C after 180 min of incubation, and (B)
with a Con A concentration of 100 ug/ml at 0-4°C for varying time periods of incubation. Total binding
(®) and nonspecific binding (A) were determined in the absence and presence of a-methyl-mannoside,
respectively, as described under Materials and Methods. Specific binding (O) was derived by subtracting the
value of nonspecific binding from that of total binding.

time period (data not shown). The differences
found in specific binding were very similar to
those found in total binding in that specific
binding at the high concentration of Con A
was significantly lower in hepatocytes from the
ethanol-fed rats than in the two control groups
(Fig. 2B), whereas at the lower concentration
of Con A there were no differences among the
three groups (data not shown). Furthermore,

there was no difference in total, nonspecific,
or specific binding between the chow-fed and
pair-fed control groups at either concentration
or any binding time (Fig. 2). Identical effects
of chronic ethanol on hepatic Con A binding
were also evident when the binding data was
expressed as femtomoles bound per micro-
gram of DNA (data not shown).

To examine the acute effects of ethanol on
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F1G. 2. Effect of chronic ethanol administration on total (A) and specific (B) Con A binding by the liver.
Hepatocytes were isolated from ethanol-fed rats (A), pair-fed controls (O), and chow-fed rats (@) and were
incubated in the presence of Con A at a concentration of 100 ug/ml at 0-4°C. Con A binding (fmole/million
cells) was expressed as mean = SEM for seven to nine determinatons. Values significantly different from
pair-fed controls are indicated: *P < 0.05; **P < 0.01; +P < 0.001.
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Con A binding to hepatocytes, we added
ethanol to a final concentration of 50 mM to
the reaction flasks and measured binding after
180 and 240 min of incubation. No changes
in total, nonspecific, or specific binding among
hepatocytes from the three groups were ob-
served as a result of the presence of 50 mM
ethanol (data not shown).

Discussion. The initial studies of Con A
binding to hepatocytes isolated from chow-fed
controls showed results similar to those pre-
viously reported by others using isolated he-
patic plasma membranes (22, 23). The results
indicate that saturation of the binding process
was not observed even at high concentrations
of Con A and that binding was essentially
completed after 180 min of binding (Fig. 1).
From consideration of these initial binding
experiments, the effects of chronic ethanol ad-
ministration on Con A binding to isolated he-
patocytes were studied, using both a high con-
centration (100 pg/ml) and a low concentra-
tion (1 ug/ml) of Con A in the incubation
medium.

The results of this study demonstrate that
hepatocytes isolated from chronically ethanol-
fed rats have a decreased ability to bind the
lectin, Con A, when compared to hepatocytes
isolated from either pair-fed controls or chow-
fed rats. Since Scatchard analysis of Con A
binding is not appropriate as shown by others
(22, 23), we were not able to directly distin-
guish whether altered binding reflected
changes in affinity or binding site number.
However, the observation that altered binding
was noted at the high Con A concentration
but not at the low concentration would suggest
that the decreased number of binding sites is
the most likely explanation for the reduced
Con A binding by hepatocytes from ethanol-
fed animals. This conclusion is supported by
the studies of Henriquez et al. (22) who found
that the decreased binding of Con A to hepatic
plasma membrane isolated from rats fed a high
fat diet correlatd with decreases in chemically
determined plasma membrane-bound carbo-
hydrates. Therefore, in our studies decreased
Con A binding likely reflects a change in the
composition of surface membrane glycopro-
teins in the livers of the ethanol-fed animals.
Our previous studies (12, 24), indicating im-
paired plasma membrane assembly by the liver
of ethanol-treated rats, are consistent with this

conclusion. Decreased assembly or incorpo-
ration of glycoproteins into the plasma mem-
brane, as reported in our previous studies (12,
24), should result in less glycoproteins in the
plasma membrane, and thus, fewer carbohy-
drate residues would be available on the ex-
terior surface for lectin binding.

The failure to observe effects on Con A
binding in the presence of ethanol (50 mAf)
in the incubation medium of hepatocytes iso-
lated from either ethanol-fed rats, pair-fed
controls, or chow-fed animals would indicate
that ethanol per se does not directly alter Con
A binding. Instead, it appears that long-term
exposure of ethanol (chronic ethanol feeding)
is required to impair hepatic Con A binding.
This finding is not surprising since one would
expect that a decrease in cell surface glycopro-
teins would be a time-requiring process.

The possible implications of these studies
are important and potentially relevant in re-
spect to ethanol-induced changes in hepatic
structure and function. Changes in hepatic
surface membrane characteristics induced by -
chronic ethanol feeding, as manifested by de-
creased binding of Con A in these studies,
could be damaging to the liver. Changes in the
glycoprotein composition of the surface
membrane could result in alterations in cell-
to-cell associations, cellular integrity, and re-
ceptor-mediated events.
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