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Effect of chronic ethanol intake on lactase activity
and active galactose absorption in rat small intestine
R MAZZANTI, E S DEBNAM, AND W J JENKINS
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London

SUMMARY The effects of feeding a nutritionally adequate liquid diet containing 5% ethanol to
rats over a four week period on intestinal lactase activity and the kinetics of jejunal galactose
absorption in vivo have been determined. Both lactase activity and the maximum capacity for
active, saturable galactose absorption (Jmax) were increased significantly after chronic ethanol
ingestion. In contrast, uptake of the sugar via the phlorhizin-insensitive (passive) route was

unaffected by ethanol. Our results imply the presence of an increased maturity of the enterocyte
population on the villus surface in response to ethanol. The relevance of this work to uptake
studies in alcoholics is briefly discussed.

The acute exposure of the intestinal mucosa to
ethanol results in structural damage' and an im-
paired absorption of both nutrients2-4 and
vitamins.5 6 The malabsorption associated with
chronic alcohol intake in man, however, does not
appear to be related primarily to epithelial damage
but rather is a consequence of an inadequate dietary
intake.4 7
A recent study has shown a reduction in entero-

cyte turnover in rats after chronic ethanol
ingestion.8 This may result in enterocytes residing
longer on the villus surface producing an epithelium
containing a greater proportion of mature cells. In
order to examine this possibility, we have compared
intestinal lactase activity in rats fed either a liquid
diet containing ethanol or an isocaloric diet in which
lipid was substituted for ethanol. Lactase activity
can be considered a marker for enterocyte
maturity.9 1( Further information on the functional
maturity of the intestinal mucosa after prolonged
ethanol ingestion was obtained by measuring galac-
tose uptake across the jejunum in vivo. As sugar
uptake in vivo consists of both active and passive
mechanisms'1 12 galactose absorption was measured
using a technique which allowed the kinetic para-
meters of apparent K, and maximum absorptive
capacity (Jmax) of the active process to be obtained. "
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A preliminary report of part of this work has been
published. 13

Methods

ANIMALS AND DIETS

Adult male Spraque-Dawley rats were individually
caged at 21 ± 1°C and pair fed for four to five weeks
with a liquid diet containing Complan, casein,
glucose, corn oil and Orovite 7, but in different
proportions to provide 36%, 34%, and 18%
of the total calories as fat, glucose and protein
respectively. 14 The ethanol fed rats received a
similar diet but ethanol 50 g/l was substituted for fat
to provide 36% of the total calories. The ethanol
diet was replaced by the control diet 12 h before
experimentation. Blood samples for the measure-
ment of ethanol concentration15 were obtained from
the tail vein immediately before absorption experi-
ments.

LACTASE ACTIVITY
Mucosal scrapings were prepared from tissue
samples trom both upper and lower regions of small
intestine. Lactase activity (U/mg protein) was mea-
sured by the method of Dahlqvist.16 Protein concen-
trations were determined using bovine serum albu-
min as a standard.'7

GALACTOSE ABSORPTION IN VIVO

Rats were anaesthetised with pentobarbitone
sodium (90 mg/kg ip; Sagatal, May & Baker Ltd).
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A section of the jejunum approximately 25 cm long
beginning 2 cm from the ligament of Treitz was
washed through with warm NaCl (154 mmol/l) and
cannulated at either end. The cannulae were con-
nected to a fluid circuit through which bicarbonate
saline'8 warmed to 37°C and gassed with 95% 02:

5% CO2 (v/v) was pumped at a flow rate of 2 ml/min
using a peristaltic pump (Watson-Marlow England).
The solution was recirculated for 20 minutes. Rectal
temperature was maintained at 37°C throughout the
experiment using a heated blanket with feedback
control (BioScience Ltd, England). The kinetics of
galactose uptake were determined by circulating
increasing concentrations of the sugar (up to 64
mmol/l) dissolved in bicarbonate saline through the
intestinal segment. All solutions were made to the
same tonicity as described previously.'t After the
circulation period, the sugar solution in the intestine
and circulation system was washed out, diluted to a
known volume and deproteined using 0-3N barium
hydroxide/5% zinc sulphate. Galactose concentra-
tion was determined by a colormetric method. '9 The
segment of the intestine was removed and the length
measured. Absorption of galactose at each concen-
tration was calculated as luminal loss and expressed
as [tmol/10 cm/20 min. The percentage absorption
ranged from 19.8% to 27-5% of the amount
circulated.

In separate experiments, the rate of galactose
uptake at each initial concentration was corrected
for passive, non-saturable transport using phlorhizin
(2.10-3M). This concentration is the minimum
necessary to abolish the galactose induced trans-
mural potential difference measured in vivo. Sub-
traction of the amount of sugar absorbed in the
presence of phlorhizin from that absorbed in its
absence allowed an estimate of uptake via the
active, saturable pathway. 1 The kinetic parameters
of apparent Kt (an index of the affinity of the
transport process for galactose) and Jmax (maximum
absorptive capacity) were determined by Line-
weaver-Burk analysis of the corrected absorption
data.

INTESTINAL HISTOLOGY AND MORPHOLOGY
A 5 cm section of jejunum was removed from an

unperfused region and cut longitudinally to form a

flat sheet. The mucosal layer was removed by
scraping with the edge of a glass microscope slide
and weighed before and after drying to a constant
weight at 70°C. For measurements of villus height
and enterocyte column size (the number of cells
along one side of the villus), sections of jejunum 1
cm in length were removed and fixed in 10% formol
saline. The tissue was blocked in paraffin wax,
sectioned longitudinally (5 [tm) and stained with

haemotoxylin and eosin. Villus height was measured
using a microscope with an eyepiece graticule.

STATISTICAL ANALYSIS
All values are given as mean±SE. Differences
between means were evaluated by Student's t test
for unpaired samples and considered not significant
at p>0-05.

CHEMICALS
D-galactose (glucose-free) and phlorhizin were
obtained from Sigma UK Limited. All other chemi-
cals were of Analar Grade from BDH Limited.

Results

Despite a daily ethanol intake of 14-2±0-3 g/kg body
weight the final body weights of rats on the ethanol
diet (284*8±32*4 g) were very similar to those
animals fed the control diet (274.2±27.4 g).

INTESTINAL MORPHOLOGY AND HISTOLOGY
The influence of ethanol ingestion on villus height,
enterocyte column size and mucosal weights are
shown in Table 1. No significant changes in any of
the parameters measured were observed.

LACTASE ACTIVITY
Mucosal lactase activity in the jejunal and ileal
regions increased significantly by 142-4% (p<005)
and 101-5% (p<0-05), respectively, after ethanol
feeding (Fig. 1).

EFFECTS OF ETHANOL INGESTION ON THE KINETICS

OF ACTIVE AND PASSIVE GALACTOSE ABSORPTION

In this study, the ethanol diet was withdrawn 12
hours before the absorption experiment in order to
obtain comparable blood ethanol levels in all the
alcohol fed rats (1.91±0.47 mg/100 ml (12)).

Prior exposure to ethanol enhanced active galac-
tose absorption at sugar concentrations of 4, 8, 16,

Table 1 Mucosal wet and dry weights, villus height
and enterocyte column size in jejunum from rats fed either
a control diet or a 5% ethanol diet. Results are given as
mean ±SE with numbers of observations in brackets.
NS not significant

Control diet Ethanol diet

Mucosal wet
weight (mg/5 cm) 292-9+19-2 (9) 289-7±30-4 (9) NS

Mucosal dry
weight (mg/5 cm) 89-5±5-5 (9) 87-6±8-7 (9) NS

Villus height (>Lm) 512-5±13-1 (10) 485-3±28-1 (10) NS
Enterocyte column size 103-3±2-8 (18) 101-2±1-8 (18) NS
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Fig. I Effect ofethanolfeeding on lactase activity
measured in mucosal scrapings obtainedfrom either the
upper small intestine (USI) or lower small intestine (LSI).
Clear bars represent the control diet and shaded bars relate
to the ethanolfed rats. Data are given as mean±SE with
number ofanimals used in parentheses. *p<0 05.

and 64 mmol/I (Fig. 2). At 32 mmol/l the difference
was not significant (p>0.05<0-1) despite a 27-1%
increase in galactose uptake. Kinetic analysis of the
corrected absorption data revealed an unchanged
apparent K, but an increase of some 25.1% in Jmax,,
after the ethanol diet (Table 2).

In contrast with the effect of chronic ethanol on
the active, saturable component of absorption, the
rate of galactose uptake in the presence of phlorhi-
zin was unaffected by alcohol. As an example,
absorption from an initial sugar concentration of
64 mmol/l was found to be 34-33±3-52 (5) and
34-87±3-36 (S) ,umolU10 cm/20 min respectively
after control and ethanol diets (p>0-9).
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Fig. 2 Kinetics ofgalactose absorption measured in vivo
after either a control diet (0) or a diet containing ethanol
(0). Values have been corrected for the passive component
of uptake (see text). Data are given as mean (SE indicated
by vertical lines) with number ofanimals used in
parentheses. *p<0.025 **p<0 005.

Table 2 Effect of ethanol feeding on the kinetics of active
galactose absorption across the rat jejunum. Results
are given as mean±SE with numbers of observations
in brackets

K, (mmol/l) Jm,,,, (ymollIO cmI2O min)

Control diet 38-7±3-6 (9) 105-9±8 9 (9)
Ethanol diet 39-4+2-5 (9) 132-5±6-4 (9)

Discussion

This study was designed to investigate the structural
and functional response to chronic ethanol inges-
tion. Although there have been previous reports on
the effect of ethanol feeding on intestinal function,
the present study is the first to measure mucosal
lactase activity and to quantify the active, Na+-
dependent component of sugar absorption in vivo
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after an ethanol diet. Unlike previous studies, our
control diet utilised supplementary fat as a substi-
tute for ethanol because there is evidence that
additional dietary carbohydrate enhances sugar
absorption.2'0 In addition, it must be emphasised
that in this present study, rats were not fasted before
experimentation because profound changes in
mucosal enzyme activity21 and the electrophysiology
of the brush border membrane22 occur after starva-
tion for even short periods.
We have previously shown that ethanol ingestion

by rats is associated with a reduced enterocyte
turnover in rat intestine.8 Our present results show
an increased activity of mucosal lactase in chronic
ethanol fed animals. Villus height and enterocyte
column size, however, were unaffected by the
ethanol diet (Table 1). Kinetic analysis of the
galactose absorption data revealed a higher maxi-
mum transport capacity (Jmax) and this was unlikely
to be a consequence of an alteration in epithelial
metabolism of the transported sugar as galactose is
known to be only poorly metabolised by the
intestinal mucosa.23 Taken together, these results
imply the presence of an increased maturity of the
enterocyte population on the villus surface in
response to ethanol. It is known that enterocytes
differentiate functionally during transit becoming
mature cells only in the upper portion of the
VillUS.24 25 It is therefore possible that ethanol
feeding is associated with an increased residence
time on the crypt-villus axis resulting in a greater
proportion of mature cells on the villus surface.
The similarity of values for apparent Kt in the

intestine of control and ethanol fed rats implies an
unchanged binding affinity of each hexose carrier on
the brush border membrane.
The phlorhizin insensitive (diffusive) component

of galactose absorption was found to be unaffected
by ethanol feeding. This result conflicts with the
study by Thomson26 who found that the passive
permeability for glucose of rabbit jejunum was
markedly increased after an ethanol diet. A much
lower level of alcohol in the drinking solution was
used in this present study, however.
The mechanisms by which ethanol may modify

enterocyte turnover, lactase activity and galactose
absorption are unknown. Changes in lactase activity
as well as enterocyte turnover8 occur in both upper
and lower regions of rat small intestine. Because of
the avid absorption of ethanol in the upper gastroin-
testinal tract, its luminal concentration would be
expected to be much higher in the jejunum com-
pared to the ileum. Our results, therefore, imply a
systemic rather than a direct luminal response to
alcohol. Previous studies have implicated a hor-
monal regulation of both intestinal lactase activity28

and nutrient absorption29 and the response to
chronic ethanol feeding may well be mediated by a
systemic route.

In conclusion, we have shown clear increases in
both active hexose transport and lactase activity
following chronic ethanol ingestion. This may be a
mechanism by which the small intestine not only
adapts to the toxic effects of alcohol but overcor-
rects for the malabsorption induced by acute
ethanol. Whether alcoholics display this response is
unknown, although there is some dvidence that
chronic administration of ethanol does increase
glucose absorption in well nourished individuals.30
Our study using pair fed rats suggests that sugar
uptake should not be impaired in alcoholics fed a
nutritionally adequate diet.
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