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Abstract—To study the effect of chronic alcohol administration on the activities of liver plasma
membrane enzymes such as gamma-glutamyltransferase, alkaline phosphatase and 5'-nucleotidase,
female rats were pair-fed for 6 weeks nutritionally adequate liquid diets containing either ethanol or
isocaloric carbohydrates as controls. Compared to the control diet, chronic alcohol administration
resulted in a significant enhancement of serum activities of gamma-glutamyltransferase, alkaline phos-
phatase and 5'-nucleotidase by 91% (P < 0.005), 80% (P < 0.001) and 65% (P < 0.01), respectively.
Concomitantly, chronic alcohol intake led to a striking increase of gamma-glutamyltransferase activities
in liver homogenates by 68% (P < 0.001), in liver plasma membranes rich in bile canaliculi by 80%
(P < 0.025), and in liver plasma membranes free of bile canaliculi by 24% (P < 0.02). However, chronic
ethanol consumption had no effect on alkaline phosphatase activities in liver homogenates and liver
plasma membranes but significantly suppressed 5’-nucleotidase activities. These results therefore show
that chronic intake of ethanol increases serum activities of enzymes originating from liver plasma
membranes but has different effects on the enzyme activity in liver plasma membranes itself, suggesting
that the alcohol-mediated increase of serum activities of various enzymes originating from liver plasma
membranes might be due to different mechanisms.
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A variety of studies have shown that chronic alcohol
consumption may lead to structural alterations of
the liver cell including mitochondria [1,2], endo-
plasmic reticulum {1, 2], hepatic microtubules and
Golgi apparatus [3, 4]. The latter two organelles are
closely associated with plasma membranes [5, 6].
Indeed, some enzymes synthesized in the endo-
plasmic reticulum are translocated from the site of
synthesis to plasma membranes via hepatic micro-
tubules and Golgi apparatus [7]. However, little is
known about the effect of alcohol on hepatic plasma
membranes, except that chronic alcohol consump-
tion has been reported to result in an enhancement
of lipid peroxidation in liver plasma membrane frac-
tions [8], whereas Na—-K ATPase was found to be
virtually unchanged [9].

The present study was undertaken to investigate
the effect of chronic alcohol administration on the
activities of various liver plasma membrane enzymes
such as gamma-glutamyltransferase, alkaline phos-
phatase and 5'-nucleotidase. Moreover, the question
was studied to what extent changes of serum enzyme
activities may reflect the activity level of the corre-
sponding plasma membrane enzyme in the liver.

MATERIALS AND METHODS

Animals. Female Sprague-Dawley rats were pur-
chased from Zentralinstitut fiir Versuchstierzucht,
Hannover, with a body weight of 130-150 g and fed
Altrumin-R chow and tap water ad libitum until the
start of the experiment. When the animals reached

a body weight of 200-220g, they were housed in
individual wired bottom cages and fed for six weeks
with liquid diets in drinking tubes as the only source
of food and water.

Experimental procedures. The liquid diets were
prepared essentially as described by DeCarli and
Lieber [10]. The animals were divided into two
groups. Each group of animals was pair-fed one of
the nutritionally adequate liquid diets, namely either
the alcohol diet or the control diet in which ethanol
has been replaced isocalorically by carbohydrates for
six weeks. The groups of pair-fed animals were killed
by decapitation, and blood was collected from the
neck vessels of the animals for the determination of
serum enzyme activities.

Preparation of plasma membranes. Liver sections
were obtained for histological examination, and the
livers were subsequently perfused in situ through the
portal vein with ice-cold buffer (1 mM NaHCO;, pH
7.5) and surgically removed. The livers were
weighted, minced with scissors on an ice plate and
homogenized with a Teflon glass homogenizer. Liver
cell plasma membranes were isolated by discontin-
uous sucrose density gradient ultracentrifugation
according to a modification of the method of Song
et al. [11] and Yousef et al [12]. Liver cell plasma
membranes consist of a fraction rich in bile canali-
cular membranes (BCM) and of another one free
from bile canaliculi (PM).

Enzyme assays. The activities of gamma-gluta-
myltransferase were measured in serum, liver hom-
ogenates, and plasma membranes by spectropho-
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tometric assay at 25° according to the method of
Szasz [13]. The activities of alkaline phosphatase
were assayed in serum, liver homogenates, and
plasma membranes at 25° according to the method
of Hausamen et al. [14]. The activities of 5’'-nucleo-
tidase and glucose-6-phosphatase were determined
at 37° according to the method of Solyom and Trams
[15], and the liberated phosphate was determined
according to Chen et al. [16]. Enzyme units were
expressed as pmoles substrate metabolized per min.
The activities of aspartate aminotransferase were
measured by the method of Bergmeyer and Bernt
[17]. The activities of alanine aminotransferase and
of glutamate dehydrogenase were determined
according to the method of Bergmeyer and Bernt
[18] and Schmidt [19], respectively.

Protein. The determination of protein was per-
formed according to the method of Lowry ez al. [20],
using crystalline bovine albumin as standard.

Statistical analysis. Each measurement was carried
out at least in duplicate. The results obtained are
expressed as means (£S.E.M.), and the significance
of the differences was assessed by the Student’s ¢
test.

RESULTS

Gamma-glutamyltransferase (GGT)

Compared to animals fed the control diet, chronic
alcohol consumption for 6 weeks led to a fatty liver
by histological assessment and to a significant
increase of serum gamma-glutamyltransferase
activity (Table 1) which was associated with a striking
enhancement of GGT activity in liver homogenates
when expressed per g of liver wet weight, per g of
liver protein or per 100 g ot body weight (Table 2).
Moreover, this regimen resulted in a significant
increase of GGT activity in plasma membranes of
the liver cell obtained by discontinuous sucrose den-
sity gradient ultracentrifugation (Table 3). In par-
ticular, the enhancement of GGT activity following
chronic alcohol consumption could be demonstrated
in both plasma membrane fractions, the bile cana-
liculi enriched and bile canaliculi free one. The spe-
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cific activity of GGT was considerably higher in bile
canaliculi enriched plasma membranes than in bile
canaliculi free fractions, both in the alcohol-fed
group and in their pair-fed controls (Table 3).
Finally, compared to liver homogenates, the specific
activity of GGT per g of liver protein was higher in
the two fractions of plasma membranes, indicating
successful enrichment of the enzyme during the
course of preparation.

Alkaline phosphatase (ALP)

Following prolonged alcohol intake, a striking
increase of activity of alkaline phosphatase was
observed in the serum (Table 1). Conversely, no
significant alterations could be demonstrated in liver
homogenates, irrespective of whether the activity
was expressed per g of liver wet weight, per g of liver
protein or per 100 g of body weight (Table 2). Sim-
ilarly, chronic alcohol consumption failed to signifi-
cantly alter ALP activity in bile canaliculi enriched
as well as free plasma membranes (Table 3). In the
alcohol and the control group, the specific activity
per g of protein was higher in the two fractions of
plasma membranes compared to the corresponding
liver homogenates. Moreover, compared to bile
canaliculi free plasma membranes, ALP activity was
strikingly higher in plasma membranes enriched in
bile canaliculi both in alcohol-fed animals and in
their pair-fed controls (Table 3).

5’-Nucleotidase

Serum 5'-nucleotidase activity was significantly
increased in the serum after chronic alcohol con-
sumption (Table 1). In liver homogenates, however,
no significant alterations of 5'-nucleotidase activity
could be demonstrated following prolonged ethanol
administration, whether the activity was expressed
per g of liver wet weight or per 100 g of body weight
(Table 2). There was a slight but significant decrease
of 5'-nucleotidase activity when calculated per g of
liver protein. Moreover, chronic alcohol consump-
tion resulted in a reduction of 5’-nucleotidase activi-
ties in bile canaliculi rich as well as free plasma
membranes compared to those of the control group

Table 1. Effect of chronic ethanol consumption on serum enzyme activities

Assay Alcohol (A) diet Control (C) diet AIC P
wun (un

Gamma-glutamyl-

transferase 4.33 + 0.60 227 £0.14 1.91 <0.005
Alkaline phosphatase 279 £ 22 155 = 17 1.80 <0.001
5’-Nucleotidase 270 £ 27 164 + 19 1.65 <0.01
Glutamate

dehydrogenase 6.94 = 0.94 3.92 £ 0.57 1.77 <0.02
Aspartate

aminotransferase 106 + 6.3 100 £ 6.2 1.06 NS
Alanine

aminotransferase 60.6 + 3.4 249 + 2.1 2.43 <0.001

Female Sprague-Dawley rats were fed for 6 weeks nutritionally adequate liquid diets con-
taining either ethanol (36% of total calories) or isocaloric dextrin as controls. The enzyme
activities were determined in the serum and expressed as U/l. The values are means of 11

experimental animals. NS: not significant.



Effects of chronic alcohol consumption

Table 2. Effect of chronic ethanol consumption on liver enzyme activities

Assay Alcohol (A) diet Control (C) diet A/IC P
Gamma-glutamyltransferase
Ul/g of liver wet weight 0.15 £ 0.02 0.08 = 0.01 1.89 <0.001
Ul/g of liver protein 1.23 = 0.09 0.81 = 0.07 1.52 <0.005
U/100 g of body weight 0.74 + 0.08 0.36 = 0.03 2.06 <0.001

Alkaline phosphatase
Ul/g of liver wet weight 0.41 = 0. 0.39 = 0.04 1.05 NS
Ulg of liver protein 3.56 = 0.23 3.64 £ 0.35 0.98 NS
U/100 g of body weight 2130 1.86 = 0.18 1.15 NS
5'-Nucleotidase

Ulg of liver wet weight 438 = 0.20 5.55 = 0.53 0.79 NS

Ul/g of liver protein 38.67 = 2.17 54.00 = 3.33 0.72 <0.005

U/100 g of body weight 2245+ 1.5 23.15 + 1.88 0.97 NS
Glucose-6-phosphatase

Ulg of liver wet weight 10.97 = 0.33 8.35 £ 0.35 1.31 <0.001

Ulg of liver protein 96.5 = 5.33 82.33 + 2.67 1.17 <0.05

U/100 g of body weight 55.72 = 2.81 37.93 = 213 1.47 <0.001
Glutamate dehydrogenase

Ul/g of liver wet weight 170 = 81 128 = 8 1.33 <0.005

U/g of liver protein 1497 + 88 1229 + 111 1.22 NS

U/100 g of body weight 871 + 44 575 + 38 1.51 <0.001
Aspartate aminotransferase

U/g of liver wet weight 98.4 = 3.1 718 £ 2.4 1.37 <0.001

Ulg of liver protein 858 + 39 734 + 49 1.16 NS

U/100 g of body weight_ 508 % 15 378 = 12 1.34 <0.001
Alanine aminotransferase

U/g of liver wet weight 19.9 + 0.8 11.8 £ 0.8 1.69 <0.001

Ul/g of liver protein 174 £ 10 117 = 6 1.49 <0.001

U/100 g of body weight 102 = 4 533 1.92 <0.001

Female Sprague-Dawley rats were fed for 6 weeks nutritionally adequate liquid diets containing
either ethanol (36% of total calories) or isocaloric dextrin as controls. The enzyme activities were
determined in the 25% liver homogenates. The data in liver homogenates were expressed as
Ul/g of liver wet wt, U/g of liver protein and U/100 g of body wt. The values are derived from 11
experimental animals in each group and are given as means +S.E.M. NS: not significant.

Table 3. Effect of chronic ethanol consumption on plasma membrane enzyme activities and micro-
somal enzyme activity in liver homogenates and liver plasma membranes

Assay Alcohol (A) diet Control (C) diet A/IC P
(U/g of protein) (U/g of protein)
Gamma-glutamyitransferase
homogenate 1.29 + 0.10 0.77 = 0.07 1.68 <0.005
plasma membranes
—bile canaliculi enriched 187 = 5.1 6.7+ 1.5 2.80 <0.025
—bile canaliculi free 3.47 = 0.64 1.55 £ 0.29 2.24 <0.02
Alkaline phosphatase
homogenate 3.63 + 0.28 3.65 £ 0.42 0.99 NS
plasma membranes
—bile canaliculi enriched 48.3 = 6.3 476 = 9.1 1.02 NS
—bile canaliculi free 10.38 = 1.31 8.33 + 1.55 1.25 NS
5’-Nucleotidase
homogenate 39.83 + 2.66 54.17 = 4.00 0.74 <0.005
plasma membranes
—bile canaliculi enriched 280.83 = 26.5 396.83 = 35.17 0.71 <0.02
—bile canaliculi free 37.8 £ 6.83 75.5 = 17.33 0.50 <0.05
Glucose-6-phosphatase
homogenate 94.5 + 6.0 81.67 + 3.17 1.16 <0.001
plasma membranes
—bile canaliculi enriched 42.52 + 6.67 53.00 = 8.83 0.80 NS
—bile canaliculi free 17.83 + 1.83 16.83 = 2.17 1.06 NS

Female Sprague-Dawley rats were fed for 6 weeks nutritionally adequate liquid diets containing
either ethanol (36% of total calories) or isocaloric dextrin as controls. The enzyme activities were
determined in the 25% liver homogenate and in liver plasma membranes. The data in liver
homogenates were expressed as U/g of liver protein and those in plasma membranes as U/g of
plasma membrane protein. The values are means of 9 experimental animals each group. NS: not
significant.
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(Table 3). Upon isolation of plasma membranes, a
striking increase of 5'-nucleotidase activity could be
demonstrated only in bile canaliculi enriched plasma
membranes compared to the corresponding values
in liver homogenates, both in the alcohol and the
control groups (Table 3).

Glucose-6-phosphatase

Following chronic alcoho! consumption, there
were no significant alterations of glucose-6-phos-
phatase activities, a marker enzyme of the micro-
somal fraction of the hepatocyte, in either plasma
membrane fraction {Table 3). The specific activity
of glucose-6-phosphatase was relatively low in the
two plasma membrane fractions compared to the
activity in the liver homogenate (Table 3). On the
other hand, the enzyme activity in liver homogenates
was significantly increased following chronic alcohol
consumption (Table 2).

Glutamate dehydrogenase (GDH)

Glutamate dehydrogenase activity increased in the
serum after chronic alcohol consumption (Table 1).
Some enhancement of GDH activity was also
observed in liver homogenates. This increase, how-
ever, was only significant when the activity was
expressed per g of liver wet weight or per 100 g of
body weight but not per g of liver protein (Table 2).

Aspartate aminotransferase (AST)

The activity of aspartate aminotransferase
remained unchanged following prolonged alcohol
intake both in the serum (Table 1) and liver when
the latter activity was expressed per g of liver protein
(Table 2). There was some increase of activity, how-
ever, when the data are given per g of liver wet
weight or per 100 g of body weight (Table 2).

Alanine aminotransferase (ALT)

Alanine aminotransferase showed a striking
increase of the serum activity due to chronic alcohol
pretreatment (Table 1). Similarly, a striking rise
could be demonstrated for the hepatic activity, irres-
pective of whether the results are given per g of liver
wet weight, per g of liver protein or per 100 g of
body weight (Table 2).

DISCUSSION

The present study shows that chronic alcohol con-
sumption enhances the activities of serum enzymes
such as gamma-glutamyltransferase, alkaline phos-
phatase or 5'-nucleotidase (Table 1). All these
enzymes are also liver plasma membrane enzymes,
but alcohol has a different effect on the activity level
in these membranes. Indeed, chronic alcohol intake
strikingly enhances gamma-glutamyltransferase
activities, has no effect on alkaline phosphatase
activities and leads to a suppression of 5'-nucleoti-
dase activities in liver plasma membranes, both in
bile canaliculi-rich and bile canaliculi-free fractions
(Table 3). Similar results are obtained when the
activities of these enzymes were determined in the
liver homogenates (Table 2).

In accordance with previous reports [21, 22], the
data obtained in this study confirm that gamma-
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glutamyltransferase, alkaline phosphatase and 5’-
nucleotidase are all localized in the plasma mem-
branes of the hepatocytes (Table 3). A variety of
studies have indicated that gamma-glutamyltrans-
ferase activities of plasma membranes are increased
by the administration of drugs such as phenobarbital
[23], findings similar to the data obtained in the
present study for ethanol (Table 3). On the other
hand, phenobarbital depresses 5’-nucleotidase
activity [23], and a similar effect has been demon-
strated also for ethanol (Table 3).

Recent studies suggested that enzymes of liver
plasma membranes such as 5'-nucleotidase and
alkaline phosphatase are synthesized in the endo-
plasmic reticulum of the hepatocyte and subse-
quently translocated from their site of synthesis via
Golgi apparatus to the plasma membranes [24, 25].
A similar mechanism may apply for gamma-gluta-
myltransferase [26]. Previous experiments from our
laboratory have shown that gamma-glutamyltrans-
ferase activity was induced in the microsomal fraction
of the hepatocyte after chronic alcohol administra-
tion [27], although microsomal fractions may be con-
taminated to some extent by plasma membranes
during subcellular fractionation. It is conceivable
that the hepatic induction of gamma-glutamyltrans-
ferase activity after ethanol administration occurs
primarily at the site of the endoplasmic reticulum.
The enzyme could then be translocated from the
endoplasmic reticulum to plasma membranes, pos-
sibly by means of the Golgi apparatus. Of particular
interest was the observation of the present study that
chronic alcohol consumption increased the serum
activities of gamma-glutamyltransferase, alkaline
phosphatase and 5'-nucleotidase under these experi-
mental conditions (Table 1). These data implicate
that alcohol may exert effects on synthesis in the
endoplasmic reticulum, intracellular transiocation
and/or possibly solubilization at the site of the plasma
membranes which are quite different between each
of the plasma membrane enzymes studied in the
present experiments. Theoretically, extrahepatic
origin of enzymes could also contribute to increased
serum activities. Further studies are therefore
necessary to study the underlying mechanism.

In a single experimental study with rats, a reduc-
tion of hepatic activity of gamma-glutamyltransfer-
ase has been reported following chronic alcohol con-
sumption [28], findings not substantiated in other
studies [27, 29-31]. Furthermore, the enhancement
of hepatic gamma-glutamyltransferase activity fol-
lowing chronic intake of alcohol has been attributed
to dietary imbalance by some [32], an interpretation
strongly opposed by others [27, 29, 30, 33].

Gamma-glutamyltransferase is a component of the
gamma-glutamyl cycle in liver cells and may play a
significant role for the transport of extracellular
amino acids through plasma cell membranes [34].
Previous studies in rats have shown that chronic
ethanol intake leads to an increase of the hepatic
content of reduced glutathione which is also a com-
ponent of the gamma-glutamy! cycle in the liver cell
[35, 36]. Therefore, the increase of plasma mem-
brane gamma-glutamyltransferase activity found
after chronic ethanol consumption (Table 3) may
explain, at least in part, alterations of hepatic amino
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acid and protein metabolism commonly observed
under these experimental conditions [3, 37]. The
physiological role of 5'-nucleotidase and alkaline
phosphatase in plasma membranes is not yet fully
understood. It has been speculated that alkaline
phosphatase may play some role in the transport of
substances into the liver cell [38], and 5'-nucleotidase
might be involved in the metabolism of ATP [22].

In conclusion, chronic alcohol administration
increased serum enzyme activities of gamma-gluta-
myltransferse, alkaline phosphatase and 5'-nucleo-
tidase. Concomitantly, gamma-glutamyl transferase
activities were strikingly enhanced in liver hom-
ogenates and liver plasma membranes, but no effect
on alkaline phosphatase activity and a suppression
of 5'-nucleotidase in liver homogenates and liver
plasma membranes was observed. These results sug-
gest that ethanol has different effects on the activities
of liver plasma membrane enzymes.
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