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Chronic and Acute Ethanol Impair the in vivo
Glucose Uptake by Lactating Rat Mammary
Gland
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Chronic and acute ethanol treat nents increased the 3-hydroxybutyrate uptake by
lactating rat mammary gland as o consequence of its high afferent concentration,
without changing its relative extraction. The uptake of glucose was inhibited in the
cthanol treated animals due to int insic alterations in the mammary gland metabolism
as indicated by the decreased relative extraction and unchanged afferent
concentration. These results would suggest that the elevated uptake of ketone bodies in
ethanol-treated rats can be respcnsible, at least in part, for the decrease in glucose
uptake by lactating rat mammary gland, although other direct effects of ethanol may
be implied.

INTRODUCTION

We have recently reported that chronic ethanol ingestion in lactating rats produces
important metabolic disturbances (1) in addition to a reduction in milk production
and changes in milk composition (2) and an altered amino acid uptake by mammary
gland (3). Glucose is a major substrate for energy production, lipogenesis and lactose
synthesis in the lactating rat mammary gland (4). Therefore, it is possible that
abnormal milk composition in ethanol-treated rats is related to changes in glucose
metabolism in the gland. It has been reported that glucose transport is a rate-limiting

Departament de Bioquimica i Fisiologia, Facultat de Biologia, Universitat de Barcelona, 08071 Barcelona,
and 'Servicio de Bioguimica, Departamento de Investigacion, Centro Ramoén y Cajal, 28034 Madrid,
Spain.

2 To whom correspondence should be addressed.

7717
0144-8463/87/1000-0777805.60/0  © 1987 Plenum Publishing Corporation

SRS



778 Vilard, Vinas, Herrera and Remesar

factor in carbohydrate utilization by the mammary gland (5) and that this transport is
also regulated by circulating ketone bodies in different physiological states (4,6). For
these reasons we have studied the effects of both chronic and acute ethanol treatment
on glucose and ketone body uptake by the lactating rat mammary gland by measuring
their arteriovenous differences across this tissue.

MATERIALS AND METHODS

Female Wistar rats from our colony fed ad libitum purina chow diet (A04, Panlab,
Barcelona, Spain) were used. Chronic ethanol was administered as previously described
(1) diluted in the drinking water in increasing doses from four wecks before
impregnation and attaining the highest doses (25 9, volume:volume) at the beginning
of pregnancy that were maintained until the day of experiment (day 15 of lactation).
Control animals were kept under the same conditions but drank tap water. At
parturition all the litters were exchanged for litters of the same age from untreated
mothers and adjusted to a number of 8 pups per litter. Acute ethanol was administered
by oral intubation (409, weight:volume) without anesthesia, at a dose of 3 g/kg body
weight to a group of 15-day lactating rats that had not been previously treated. Control
rats were administered a saline solution (NaCl 0.9%). The arteriovenous differences
were determined 2.5 hours after saline or ethanol administration.

Arterinvenous Determinations

Rats were anesthesized by 'ntraperitoneal injection of sodium pentobarbital
(50 mg/kg). Arteriovenous differences were determined as described by Vifa er al. (7).
Blood was collected into heparinized syringes from the pudic epigastric vein and then
from the aorta of the same rat. After blood deproteinization (8) glucose (9),
acetoacetate and 3-hydroxybutyrate (10) were measured in the supernatants. Other
blood aliquots were collected with thiourea (40mM) and used for ethanol
determination by a gas chromatographic method (11) (Perkin Elmer, UK). Relative
extraction was calculated as follows:

substrate in arteria | — [substrate in vein
ER - [Substrate in ] = [substrate in vein] o
. [substrate in arteria]

Results are expressed as means + SEM, and comparisons between groups were
performed using Student’s ¢ test.

RESULTS AND DISCUSSION

Present findings show that ethanol treatment impaired glucose uptake by the
lactating rat mammary gland. Th:s effect was not caused by changes in the afferent
blood concentration of glucose, but instead seemed to be related to intrinsic changes in
the mammary gland metabolism as indicated by the reduced relative glucose
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Table 1.  Effects of chronic and acute cthanol treatment on arterial blood, arteriovenous (A-V) differences
and relative extraction of glucose and ketone bodies by 15-day lactating rat mammary gland

Acctoacctate 3-OH-butyrate Glucose
nmols/ml nmols/ml pmols/ml
CHRONIC
Arterial blood
Control 35409 132+ 33 59+04
Ethanol 42409 841 - 4. 7%+ 57+0.2
A-V differences
Control 29409 79 + 16 3.3+03
Ethanol 20408 S17 4 22%%% 2440.1*
% Relative extraction
Control 83+28 60+ 13 55456
Ethanol 63 4+ 20 6243 42 4+ 2*
ACUTE
Arterial blood
Control 43404 62+ 17 74403
Ethanol 2.1 +0.4** 173 4 25%* 70407
A-V differences
Control 2.5+03 49 4+ 19 43403
Ethanol 1.4 +0.3* 1164 21* 1.9 4 0.2%**
% Relative extraction
Control 58+8 78 4+ 30 58+4
Ethanol 68 + 12 67+ 12 28 4 3¥**

Significance versus controls: * = P < 0,05, ** = P < 0.0f, *** = P < 0.001). Results arc the means + SEM of
6-8 animals.

extraction (Table 1). Chronically treated rats also showed a marked increcase in both
arterial concentrations and arteriovenous differences across the mammary gland of 3-
hydroxybutyrate, although its relative extraction value was not affected. This fact
indicated that 3-hydroxybutyrate was taken up morc extensively in cthanol trcated
rats becausc of the increased afferent concentration, which agrees with the effects of
ethanol in the increase of ketone body concentrations in blood (12,13). It is likely that
these two changes, the inhibition of glucosc uptake and the increase in ketone body
uptake, are interrelated, since ketone bodies are knowr: to decrcase mammary gland
glucose uptake (6); thus, in starvation, when ketone bodics in the blood arc increased,
it has been shown that glucose uptake by the gland is decreased (4). 1t is proposed that
the observed changes are specifically produced by the cthanol treatment rather than as
a conscquence of the reduced food intake (in spite of a s:milar energetic intake: 520 +
22 kecal/kg body weight in treated rats, and 540 + 37 kcal/kg body weight in controls)
which occurs in rats under chronic ethanol treatment (1) since it has been shown that
other kinds of underfeeding fail to increase the circulating ketonc body levels (14). This
hypothesis is also supported by the present findings under acute ethanol treatment. In
this condition, blood cthanol concentration reached similar, but lower, levels to those
in chronically treated rats (2042 mM in acute vs 37 42 mM in chronically treated
rats) and produced essentially the same cffects, that is reducing glucose and enhancing
kctone body uptake by the lactating rat mammary gland. Nevertheless, the fact that
the uptake of glucose was greated inhibited (54 %) in the presence of [ower increases of
the 3-hydroxybutyrate levels (2.4 times) as when compared to chronic treated rats
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(289 and 6.5 times respectively) (Table 1) suggests that, in addition to the inhibitory
cffect of ketone bodics on glucose uptake, other causcs may be involved.

A possiblc explanation would be that the ethanol has affected the insulin levels,
since this hormone is known (o play a regulatory role in mammary gland glucose
uptake and lipogenesis (4,15), but we have previously reported that rats under the same
cthanol treatments showed unmodified circulating insulin levels (1,16). Other
possibilitics would involve a direct cthanol cffect on membrane fluidity. Direct
inhibitory cffects of cthanol on basal and stimulated glucose uptake in adipocytes have
been described previously (17) and disturbances at receptor and post-receptor insulin
levels in hepatocytes have also been reported (18). If similar direct effects of cthanol arc
involved in the impairment of glucose uptake by mammary gland of treated rats, it
remains to be established.

It is proposcd that the impairment of mammary gland glucose uptake caused by
ethanol intake could contribute to the alterations in milk composition previously
found (2) in rats chronically trcated with ethanol.
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