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Abstract—1. To study the effects of maternal alcohol ingestion on brain parameters in offspring, rats
were given ethanol for drinking (25% w/v) from the time of mating until sacrifice. Controls drank tap

water.

2. Alcohol ingestion reduced daily food and liquid consumption but total caloric intake was only

slightly diminished.

3. Maternal body weight increased and offspring body weight, size and brain weight were reduced in

the animals receiving alcohol.

4. Brain concentrations of tryptophan, tyrosine and GABA were augmented in ethanol treated

mothers at 1 day post-partum.

5. Comparison of brain parameters in offspring of alcoholic mothers with those of controls showed
that tryptophan and SHT concentrations were augmented in 4 day old neonates, NA was increased in 21
day fetuses and 1 day old neonates, and adenylate cyclase activity was also greater in the brains of 21
day fetuses and the cerebellums of 4 day old neonates.

6. Neither phosphodiesterase nor cycliccAMP concentrations differed in oﬂ'sprmg of alcoholic and

contro! mothers.

7. Data showed alterations in brain NA and SHT systems in the offspring of alcoholic mothers.

INTRODUCTION

Chronic ethanol ingestion during pregnancy in
humans produces a syndrome of retarded growth and
abnormalities in fetal morphology known as the “fetal
alcohol syndrome” (FAS) (Jones et al., 1973). Adverse
effects of ethanol on the developing central nervous
system have been reported (Rossett, 1979) as reduc-
tion of cerebellar tissue, delayed brain myelinization,
decreased rate of [**C]leucine incorporation into cer-
ebral ribosomes (Rawat, 1975a; Wunderlich et al.,
1979) and changes in the specific activity of several
catecholamine enzymes (Branchey & Friedhoff, 1973;
Detering et al., 1980). Ethanol is also known to affect
monoamine uptake into synaptosomes from fetal and
neonatal brains (Thadani et al, 1977) as well as
emotional and motor behavior in offspring (Vincent,
1958). Several aspects of the neurochemical mechan-
isms of FAS are not yet understood. Although etha-
nol seems to cross the placenta freely (Vorherr, 1974),
the rate of ethanol metabolism in the fetus is slower
than in the mother (Rossett, 1979) and most of the
negative effects of maternal alcohol ingestion in off-
spring are probably secondary to the metabolic dis-
turbances in the mother.

Several experimental models for FAS have been
used (Salaspuro & Lieber, 1980). In the present study,
the pregnant rat receiving alcohol in the drinking
water was used to determine cerebral neurotrans-

Abbreviations: NA = noradrenaline; DA = dopamine;
SHT = 5-hydroxytriptamine: S-HiAA = S5-hydroxyindole
acetic acid.

mitter parameters in the offspring. This model is simi-
lar to the human situation in that voluntary reduction
in food intake occurs which is partially compensated
by calories in the ingested alcohol.

MATERIALS AND METHODS

Animals

Female Sprague-Dawley rats from our own colony were
kept under automatically controlled temperature
(25 £ 1°C) and 12hr light-dark cycles (changing at
9.00 a.m. and 9.00 p.m.). Free access to purina chow diet
and drinking water was allowed. After being mated (as
shown by the presence of spermatozoids in vagina smears),
the rats were placed two in each cage. Those allowed to
deliver were housed just after partum in individual cages
with their respective pups. Control rats were given tap
drinking water ad libitum while ethanol treated animals
received 15% (w/v) ethanol as drinking solution during the
first three days of pregnancy and 25%, (w/v) ethanol from
the fourth day until sacrifice. Daily food and liquid intake
and body weight were measured throughout the experi-
ment between 10.00 and 12.00 a.m. All animals were killed
between 10.00 and 12.00a.m. by decapitation and the
fetuses of those sacrificed before parturition were rapidly
removed and decapitated. When used for monoamine and
amino acid determination, the brains were immediately
placed in dry ice and after weighing, they were kept at
—80°C until processing. When used for enzyme activity,
protein, RNA and DNA evaluations, brains were immedi-
ately dissected and kept at —80°C until processing. For
cyclic-:AMP and cyclic-GMP evaluations, offspring were
introduced in foto into liquid N, and the frozen completc
brains werc removed and weighed for processing. Blood
samples were collected from the wounded necks into
heparinized containers and after immediate centrifugation
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_at 1000 rpm in the cold, plasma was kept at —30°C until
processing.

Determinations

Ethanol was tested in plasma by using the method of
Bernt & Gutmann (1974).

Monoamines and amino acids. For these determinations,
6 brains from 21 day old fetuses, 5 from | day old neonates
and 4 from 4 day old neonates were pooled, while the
mothers’ brains were analyzed individually. For the extrac-
tion of monoamines and 5-HiAA, samples were homogen-
ized in 10 ml of ice-cold 0.4 N perchloric acid containing
0.2 ml of 10% EDTA and 0.1 ml of 5% Na,$,0;. After
centrifugation, supernatants were passed through a
strongly acidic cation exchange column (Dowex 50 W-X4)
according to Atack & Magnusson (1970). Fluorimetric
analyses were made for NA (Bertler er al., 1958); DA
(Atack, 1973); and SHT and 5-HiAA (Atack & Lindquist,
1973). The recovery of the columns was always between 70
and 100%; and uncorrected values were used. Another ali-
quot of the cerebral supernatnant homogenate was lyophi-
lized and resuspended in a 0.15 M lithium citrate buffer pH
2.22 for the analysis of trytophane, tyrosine and y-amino-
butyric acid with a Beckman 121 MB amino acid autoana-

lyzer (Martin del Rio & Latorre Caballero, 1980).

Enzyme activities. Adenylate cyclase activity was
measured in tissue homogenates made in 40 mM Tris-HCI
containing 5 mM MgCl,, pH 7.6, with a final protein con-
centration of 2 mg/ml. A slightly modified version of the
method of Farber & Lolley (1976) was used. Briefly,
50-100 ug of sample protein was incubated for 10 min at
30°C in the presence of 40 mM Tris-HCl buffer (pH 7.6),
5 mM MgCl,, 15 mM phosphocreatine, 7 units of creatine
kinase, 1 mM cyclic AMP containing 10,000 cpm of (8->H)-
cyclic AMP, 0.08 mM isobutylmethylxanthine and 1 mM
ATP containing 1 x 10° cpm of (x-3?P)-ATP, in a final
volume of 200 ul. The reaction was stopped by adding 50 ul
of 200 mM EDTA-disodium salt. The cyclic-*?P-AMP
formed in the reaction was isolated in neutral alumina
columns, eluated with 3.5ml of 40 mM Tris-HCI buffer
(pH 7.6) and its radioactivity was counted. Cyclic AMP
phosphodiesterase activity was assayed (Lolley & Farber,
1975) as a coupled reaction with 5'-nucleosidase (0.6 units)
by using substrate concentrations 500 or 5 UM when assay-
ing the high or low k, enzyme respectively. The product
was isolated by using AG 1 x 2 slurry resin and the super-
natant was counted for radioactivity.

Cyclic nucleotides. Samples were extracted with 0.1 N
HCI (Farber & Lolley, 1981) using high specific activity
3H-cyclic AMP as internal marker. Cyclic AMP was
measured by the binding protein method of Gilman (1970).

Other determinations. RNA was measured according to
the method of Schmidt & Thannhauser (1945) as modi-
fied by Munro & Fleck (1967). DNA was extracted in alka-
line digests with hot acid and assayed by the method of
Wedd & Levy (1955). Proteins were measured (Lowry et
al., 1951) by using bovine serum albumin standard.
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Statistical evaluation of the data was done by the Stu-
dent’s r-test.

RESULTS
Fluid and food consumption

As seen in Table 1, the mean daily consumption of
food and drinking fluid through the pregnancy period
was significantly lower in rats treated with ethanol
than in their controls. In the ethanol group, 29%, of
the daily total caloric intake corresponded to ethanol
but due to reduced food consumption, the total
caloric intake was slightly but significantly lower than
in control rats (Table 1).

Body weight and size and brain components

Body weight increase throughout pregnancy in the
ethanol treated mothers was smaller than in their
controls (Fig. 1). This difference became statistically
significant from the fourth day of treatment. Maternal
brain wet weight did not differ between alcoholics and
controls (data not shown) but body weight and size
and brain wet weight were significantly reduced in the
offspring of alcoholic mothers (Table 2). The reduced
brain weight in offspring of alcoholic mothers moti-
vated determination of some index of cellularity. As
shown in Table 2, the concentration of protein, DNA
and RNA in brain increased progressively from the 21
day fetus to the 4 day old neonate. Neither of these
parameters differed in the brains of offspring of alco-
holic mothers and controls at any of the ages studied.

Blood ethanol concentration

Great individual variation was found in the plasma
levels of ethanol in both mothers (mean values in all
the alcohol treated mothers were 9.42 + 2.46 mM)
and their offspring (0.37 + 0.20 mM) and these values

- were always higher in the mothers than in their re-

spective offspring (P < 0.05).

Brain amino acids

As shown in Table 3, when compared with the con-
trols, brain concentration of tryptophan, tyrosine and
GABA were significantly augmented in the alcoholic
mothers at day 1 post-partum with no differences at
day 21 of gestation or day 4 post-partum. In 21 day
fetuses and neonates of 1 and 4 days of age, both
tyrosine and tryptophan concentrations in brain were
significantly greater than in their respective mothers
while GABA concentrations were lower Maternal
alcohol ingestion produced an increase in brain tryp-
tophan concentration in the 4 day old neonate and no

Table 1. Effect of chronic ethanol treatment (25% w/v) on fluid and food
consumption in pregnant rats

Food intake Fluid intake Total Kcal/
Group g/24 hr mi/24 hr 24 hr
Control 23.01 + 0.60 30.47 + 0.54 67.69 + 1.77
l'ithNanzol18 14.68 + 0.46 13.67 + 0.40 6192 + 094
P N= 18 <0.001 <0.001 <0.01

Results are means + SEM. They correspond to the mean values of all

treatment periods for each animal.
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Fig. 1. Body weight increase throughout pregnancy in rats receiving 25% (w/v) ethanol as drinking

water as compared with controls receiving tapwater. Values are expressed as percentage of body weight

at day O of pregnancy. Absolute values at that day were; 211 + 7 g for controls (n = 18) and 203 + 8 ¢

for ethanol treated rats (n = 18). P values of the statistical comparison between both groups were
<0.001 from the fourth day of treatment.

change in that of the 21 day fetus or 1 day old neo-
nate. Neither tyrosine nor GABA levels in any groups
of offspring of alcoholic mothers studied differed from
those of control mothers (Table 3).

Brain monoamines and 5HiAA

In mother brains, no significant differences were
observed in NA, DA, SHT or SHiAA concentrations
between ethanol treated rats and their controls (Table
4). From the 21 day fetuses to the 4 day neonates
there was a progressive increase in the brain concen-
trations of NA and DA (Table 5). Both SHT and
SHIiAA brain concentrations rose from the 21 day
fetuses to the 1 day neonates but did not increase
further in the 4 day neonates. In all the offspring
group studied, the brain concentrations of mono-
amines and SHiAA were lower than in the respective
mothers (Table 5 vs Table 4). Alcohol ingestion in the
mothers produced increased NA brain concentration
in the 21 day fetuses and 1 day old neonates, while
this difference disappeared in 4 day old neonates of
alcoholic mothers as compared with controls (Table
S). In these neonates however, the SHT concentration
was enhanced (Table 5), an effect possibly related to
the augmented tryptophan concentration also ob-
served in their brains (Table 3).

Brain cyclic nucleotide metabolism in offspring

In Table 6 the results are summarized of cyclic nu-
cleotide metabolism parameters in the offspring of
alcoholic and control mothers. Adenylate cyclase ac-
tivity in the brains of 21 day fetuses was enhanced, in
comparison with controls, when mothers were treated
with ethanol. This enzyme activity increased rapidly
in both groups after birth but there were no differ-
ences in the brains of 1 day old or in the forebrains of

4 day old newborns of alcoholic or control mothers.
In the 4 day old newborns, adenylate cyclase activity
was also measured in the cerebellum (Table 6) and it
was significantly higher in the ethanol treated animals
than in their controls. Cyclic AMP phosphodiesterase
activity of both high and low K,, changed during the
perinatal life as already reported (Salinas et al.,, 1981)
but the values found in the brain of offspring of alco-
holic mothers did not differ from those of controls.
Changes in cyclic AMP concentrations in brain dur-
ing perinatal life (Table 6) were similar to those pre-
viously reported. As shown in Table 6, alcohol inges-
tion in mothers did not significantly affect these
parameters in the brain of offspring. Adenylate cyclase
activity was also measured in the brains of alcoholic
and control mothers, but no differences were noted
between the values of the two groups at 21 days of
gestation or 1 or 4 days post-partum (data not
shown).

DISCUSSION

Although daily total caloric intake is only slightly
decreased by ethanol ingestion in the pregnant rat, it
causes a great reduction in maternal body weight gain
and a clear retardation in growth indices and brain
weight in the offspring. These findings are in agree-
ment with those reported by investigators using differ-
ent experimental models for maternal alcohol con-
sumption during pregnancy in the rat (Abel &
Greizerstein, 1979, Detering et al., 1979, 1980; Rawat,
1975a). Despite a tendency to reduce their whole
brain content of protein, DNA and RNA, offspring of
alcoholic mothers had parameters not significantly



Table 2. Effect of chronic maternal ethanol treatment (25

s W/v) in the rat on growth parameters and brain components in offspring

Body weight Body size Brain weight Protein DNA RNA
(®) (cm) (mg) mg/3 mg/g mg/g
2] day fetus
Control 4.19 £ 0.12(50) 4.49 + 0.04 (50) 206 + 3(52) 61.0 +22(8) 3.88 + 0.31(5) 344 + 0.1(5)
;E)thanol 3.405006(1).;) (66) 3.903006((;? (69) 179<:(f);(;10(146) 624 §S21 8) 5.26 + 0.41(5) 374 £ 0.13(5)
|1 day neonate . ' NS NS
Control 6.90 + 0.11(51) 5.30 £ 0.05(52) 287 + 5(42) 74.7 + 3.6(8) — 298 + 0.1(5)
E’Ihanol 5.51 i00.13 (41) 491 + 0.05(39) 268 + 4(40) 63.0 + 5.1(8) 3.17 £ 0.13(5) 2.96 + 0.04 (5)
<0.001 <0.001 <001 NS — R
4 day neonate : NS
Control 9.92 + 0.13(64) 6.04 + 0.04 (64) 424 + 2(40) 63.6 & 2.8(8) 2.63 + 0.18(5) 293 + 0.04(5)
ilhanol 740 1006(1)7 45s) 5.65 + 0.04 (51) 406 1 6(40) 61.8 + 2.8(8) 2.68 + 0.16(5) 293 + 0.09(5)
<0.001 <0.001 <0.001 NS NS NS
Results are means + SEM (Number of animals in parenthesis).
Table 3. Effect of chronic maternal ethanol treatment (25" w/v) in the rat on brain amino acid concentration in both mothers and offspring
Mothers Offspring
Tyrosine Tryptophan GABA Tyrosine Tryptophan GABA
21 day pregnancy
Control 8.06 £ 0.93 392 + 057 1434 + 13 27.15 £ 24%*+ 13.31 + 1.65*** 772 + 2.7***
Ethanol 9.11 £ 0.3t 4.65 £ 0.32 1440 + 7.9 30.79 £ 2.35%* 13.59 £ 0.77*** 80.5 + 1.4***
P NS NS NS NS NS NS
| day post-partum
Control 6.80 + 1.11 328 +£0.22 117.1 £ 9.6 16.51 1 1.44%** 10.24 + 1.87** 78.5 + 2.9**
Ethanol 13.37 + 2.06 495 1 0.55 1639 + 7.5 12.80 + 1.92 11.76 + 2.08* 745 + 4.5%**
P <0.05 <0.05 <0.01 NS NS NS
4 day post-partum
Control 11.25 + 0.19 3.70 £ 0.11 136.5 + 4.2 26.99 + 3.12** 3.81 + 0.50 91.0 £ 2.6***
Ethanol 10.87 + 0.40 396 +0.13 1483 + 6.7 25.13 4 2.63*** 793 + 1.36* 98.8 + S5.2%**
P NS NS NS NS <0.05 NS

Values are expressed as ug/g of wet weight. Results are means + SEM of 6-7 determinations per group. Statistical comparison between control and ethanol groups is shown by the

P values and that between offspring and their respective mothers by asterisks: * = P < 0.05; ** = P < 0.01; *** = P < 0.001.
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Table 4. Eflect of chronic ethanol treatment on brain levels of monoamines and SHIAA in
pregnant and lactating rats

NA(ng ¢) DA g SHT(ng g) SHIAA(mg g)

1 day pregnancy

Control 486 1 23 508 + 76 242 4 4 2700+ S8

Ethanol S04 413 5§25 475 236 + 45 289 ¢+ 32
b day post-partum

Control SIS + 24 019 + 54 277 + 27 235+ M

I-thanol 559 413 770 + 84 281 + 28 276 + 49
4 day post-partum

Control 361 + 31 695 + 40 393 + 10 256 1 41

Ethanol 341 + 18 803 + 39 383+ 19 295+ 29

Values are expressed on ng/g of wet weight. Results are means + SEM of 6 determinations.
Statistical comparison between control and ethanol groups gave P values >0.05 (not signifi-
cant).

Table 5. Effect of chronic maternal ethanol treatment on monoamine and SHiAA levels in fetal and
neonatal rat brain

NA(ng/g) DA(ng/g) SHT(ng/g) SHiAA(ng/g)
21 day fetus
Control 664 + TH** 105.1 + 15.9%** 116.6 + 3.7*° 86.5 + 0.4**
Ethanol 85.5 + 2.6%** 104.4 + 28.4%** 113.1 + 4.6* 109.8 + 8.4***
P <0.001 NS NS NS
1 day neonates
Control 98.2 4 3.2%** [21.7 4 13.9%%* 165.8 £ 11.5%* 1789 + 10.6
Ethanol 110.3 £ 2.3%** 129.9 + 15.4%** 160.4 + 9.8** 182.1 £+ 255
P <0.05 NS NS NS
4 day neonates
Control 126.2 4 4.9%** 295.8 + 24.6%** 134.3 £ 5.0%** 122.2 + 14**
Ethanol 128.0 + 2.8%** 260.3 + 31.9*** 169.5 + 13.0%** 164.7 + 16**
P NS NS <0.05 NS

Values are expressed as ng/g of wet weight. Results are means 3 SEM of 6 determinations per
group. Statistical comparison between control and ethanol groups is shown by the P values and that
between offspring and their respective mothers (data shown in Table 4) by asterisks: * = P < 0.05;
** = P <001;*** = P < 000l

Table 6. Effect of chronic maternal ethanol treatment on brain cyclic-:AMP related parameters in the

offspring
Cyclic-AMP phosphodiesterase Cyclic AMP
Adenylate Cyclase nmol/min/mg prot pmol/mg
pmol/min/mg prot High K,, Low K,, tissue
21 day fetus
Control 169 + 6 7.43 + 0.38 042 + 002 0.77 + 0.06
Ethanol 209 + 11 6.75 + 034 042 + 004 0.79 + 0.10
P <0.01 NS NS NS
| day neonate
Control 265 + 15 8.05 + 0.40 0.50 + 0.03 0.82 + 0.06
Ethanol 315 + 36 771 £ 0.15 0.47 + 005 0.96 + 0.09
P NS NS NS NS
4 day nconate
Forebrain
Control 355+ 19 126 + 09 0.48 + 0.03 1.05 + 0.13
Ethanol 397 + 20 114 £ 05 0.50 £ 0.03 0.82 + 0.04
P NS NS NS NS
Cerebellum
Control 342 + 24 432 + 0.39 1.22 + 0.12
Ethanol 430 + 24 5.24 + 047 1.40 + 0.20
P <0.05 NS NS

Results are means + SEM of 6- 12 determinations.

G113 g
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different from control values, suggesting that brain
cellularity development is not greatly impaired in
these animals. A certain degree of dehydration may be
mainly responsible for the brain weight reduction of
offspring of alcoholic mothers, as already demon-
strated in adults (Morgan et al., 1957).

Several aspects of the basal comparative changes in
neurotransmitter parameters of mothers and their off-
spring should be considered. Tyrosine and tryptophan
brain concentrations in fetuses as compared with their
respective mothers at late gestation were augmented
as previously reported (Fando er «al,, 1981) and co-
inctde with the known increase in most amino acids
in the fetal as compared with maternal blood (Girard
& Marliss, 1975; Palou er al., 1977), probably due to
their active transfer through the placenta. Increases in
these amino acids were also found in the brains of
neonates as compared with their mothers, although
circulating amino acids are known to be reduced in
newborns (Girard & Marliss, 1975; Girard et al.,
1976). There is evidently a specific brain uptake of
selected amino acids during the perinatal phase as
already described (Braun et al, 1980; Oldendorf,
1971). In spite of this increased brain concentration of
neurotransmitter precursor amino acids, the actual
amount of neurotransmitters was diminished in off-
spring during the perinatal phase as compared with
their mothers, an affect possibly caused by limited
perinatal enzymatic synthesizing activity. At birth, the
brain activity of neurotransmitter metabolism
enzymes is low and increases progressively with age
(Branchey & Friedhoff, 1973; Detering et al., 1980).

Maternal alcohol ingestion affect offspring neuro-
transmitter metabolism, as shown by the observed
changes in their brain concentration. It was pre-
viously found that chronic alcohol ingestion in adult
rats produced changes in brain monoamine content
only in very specific regions (Mena & Herrera, 1980).
Thus the appearance of differences in certain biogenic
amines and adenylate cyclase activity in whole brain
suggest the presence of great alterations in specific
brain regions. An increase in brain NA content in the
21 day fetus and 1 day neonate of alcoholic mothers,
in the presence of unaltered tyrosine and DA concen-
trations, would indicate a decreased release of NA
more than an enhanced synthesis. We have shown
that chronic alcohol ingestion in adult rats does not
affect brain catecholamine synthesis whereas NA de-
pletion is retarded after tyrosine-hydroxylase inhi-
bition (Mena & Herrera, 1980). The difference in
brain NA concentration between offspring of alcoho-
lic mothers and those of controls disappeared in the 4
day old neonates, but the development of brain struc-
tures may not permit detection of the alcohol effects
in certain regions. Decreased levels of brain NA and
DA have been reported in pups of mothers treated
with alcohol (Detering e al., 1980) but differences in
the time and size of the administered dose may be
responsible for this contradiction with our results.
The observed changes in offspring brain NA concen-
trations produced by cthanol parallel very closely
those of adenylate cyclase activity in the presence of
unchanged cyclic-AMP phosphodiesterase and ceyclic-
AMP concentrations. These changes are similar to
those reported in adult alcoholic rats in which brain
adenylate cvelase activity was augmented (Isracel ef ol

M. A. MENA et al.

1972 Kuriyama & Israel, 1973), while cyclic-cAMP
concentration was unchanged (Redos er al., 1976). It is
known, however, that NA activating cffects on ad-
enylate cyclase activity are very slight in the immature
brain (Schmidt et al., 1970) while it has also been
reported that chronic ethanol consumption alters ad-
enylate cyclase hormonal sensitivity (French er al.,
1975 Israel et al., 1972). Further studies are required
to determine whether maternal alcohol consumption
modifies hormonal adenylate cyclase sensitivity in off-
spring brains.

The increased 5 HT content in the brains of 4 day
old rats of alcoholic mothers corresponds to a similar
rise in brain tryptophan concentration. We have pre-
viously reported indices of increased tryptophan hy-
droxylase activity in the brains of chronic alcohol-
treated adult rats (Mena & Herrera, 1980), and a
similar change may occur in the offspring of alcoholic
mothers.

The effects of ethanol administration on GABA-
ergic activity are still unclear and the literature con-
tains many contradictions (Hunt & Majchrowicz,
1979; Liljequist & Engel, 1979; Volicer & Klosowicz,
1979). Ethanol drinking throughout pregnancy did
not alter brain GABA concentration in offspring and
was higher in the maternal brains only at day 1 post-
partum. Augmented GABA concentration in the fetal
brain has been reported for mothers under alcohol
treatment with a liquid diet as compared with su-
crose-control rats (Rawat, 1975b). This type of control
for neurotransmitter studies has recently been criti-
cized (Badawy et al., 1979) but differences in results
may be caused by the different ethanol doses adminis-
tered.

Changes in brain amino acid levels in alcoholic
mothers also deserve some comment. Significantly
higher concentrations of the three amino acids stud-
led (tyrosine, tryptopan, and GABA) were only
present on the first day post-partum in alcoholic
mothers. This effect corresponds more to the reduc-
tion in control values, as compared with those before
parturition and 4 days post-partum, than to an en-
hancement in the alcoholics. The reduction in con-
trols could be due to the specific metabolic state of
mothers at parturition, involving diminished food
intake and increased mammary gland synthesizing ac-
tivity which produce important decreases in circulat-
ing amino acid levels (Bonsnes, 1947). This action
may limit the availability of amino acids in the brain
until circulating steady state levels are recovered by
normal food intake. If this explanation is correct, the
decrease in maternal brain amino acids may be
caused by ethanol which reduces the activity of amino
acid metabolizing enzymes, as reported in other
studies (for a review see Shaw & Lieber, 1970), thus
protecting the parturating mothers’ brains from that
temporal  reduction in amino  acid  availabitity.
Further studies are required to confirm this hypoth-
CNIS,

Observed changes in ncurotransmitter metabolism
in the offspring of alcoholic rat mothers do not estab-
lish their specific refation with the neurological ab-
normalities deseribed in the FAS (Abcel, 1974) but they
definitely show the adverse consequences of maternal
alcohol consumption on CNS development in oll-
spring.



Maternal cthanol ingestton and neurotransmitters

REFERENCES

Aurr boLL (1974 Aleohol ingestion in lactating rats: effects
on mothers and oflspring. Arch. Int. Pharmae. 210,
121 127

Aprt Lo & Grerzerstimn Ho B (1979) Ethanol-induced
prenatal growth deficiency: changes in fetal body com-
postion. J. Pharmac. exp. Ther. 211, 668,

Arack Co Vo (1973) The determination of dopamine by a
modification of the dihydroxyindole fluorimetric assay.
Bro 0. Pharmac. 48, 669 714.

ATack Co Vo & Linpguist M. (1973) Conjoint native and
orthophthaldialdehyde-condensate assay for the fluori-
metric determination of 5-hydroxyindoles in the brain.
Naunyn-Schmiedebergs Archs Pharmac. 279, 267 284.

ATACK C. V. & MAGNUsSON T. (1970) Individual elution of
noradrenaline (together with adrenaline), dopamine,
5-hydroxytryptamine and histamine from a single, strong
cation exchange column by means of mineral acid-orga-
nic solvent mixtures. J. Pharm. Pharmac. 22, 625-627.

Bapawy A. A. B., Punjant N. F. & Evans M. (1979) En-
hancement of rat brain tryptophan metabolism by chro-
nic ethanol administration and possible involvement of
decreased liver tryptophan pyrrolase activity. Biochem. J.
178, 575--580.

BERNT E. & GUTMANN I. (1974) Methods of Enzymatic
Analysis. Vol. 3, pp. 1499-1502. Verlag Chemie Aca-
demic Press, Weinheim/Bergstr.

BERTLER B., CARLSSON A. & ROSENGREN E. (1958) A
method for the fluorimetric determination of adrenaline
and noradrenaline in tissues. Acta physiol. scand. 44,
273-293.

BonsNEs R. W. (1947) The plasma amino acid and amino
nitrogen concentration during normal pregnancy, labor
and early puerperium. J. biol. Chem. 168, 345-350.

BrANCHEY L. & FrIEDHOFF A. J. (1973) The influence of
ethanol administered to pregnant rats on tyrosine hy-
droxylase activity of their offspring. Psychopharmacolo-
gia (Berl) 32, 151-156.

BrAUN L. D., CorNFORD E. M. & OLDENDORF W. H. (1980)
Newborn rabbit blood-brain-barrier is selectively per-
meable and differs substantially from the adult. J. Neur-
ochem. 34, 141-152.

DETERING N, REED W. D, OzaND P. T. & KARAHASAN A.
(1979) The effects of maternal ethanol consumption in
the rat on development of their offspring. J. Nutr. 109,
999-1009.

DETERING N., EDWARDs E., OZAND P. & KARAHASAN A.
(1980) Comparative effects of ethanol and malnutrition
on the development of catecholamine neurons: changes
in specific activities of enzymes. J. Neurochem. 34,
297-304.

Fanpo J. L., DomMINGUEZ F. & HERRERA E. (1981) Amino
acid levels in fetus and mother brains following trypto-
phan overload in the pregnant rat and lack of effect on
“in vitro” protein synthesis. J. Neurochem. 37, 824-829.

FarBer D. B. & LoLLey R. N. (1976) Enzymic basis for
cyclic GMP accumulation in degenerative photoreceptor
cells of mouse retina. J. cyclic Nucleotide Res. 2,
139-148.

Farser D. B. & LoLLey R. N. (1981) Measurements of
cyclic nuclcotides in retina. Methods in Enzymology (in
press).

Frenen S. W Parmer D. S, Narobd M. E. Rem P E. &
Ramey C. W_ (1975) Noradrenergic sensitivity of the cer-
cbral cortex after chronic ethanol ingestion and with-
drawal. J. Pharmac. exp. Ther. 194, 319-326.

GILMAN A. G. (1970) A protein binding assay for adenosine
3':5" cyclic monophosphate. Proc. natn Acad. Sci. U.S.A.
67, 305 312

GirarD J. R, & Maruiss E. B. (1975) Early Diabetes in
Early Life pp. 185-193, Academic Press. New York.

Girarb J. R, GUILLET L, MARTY J. ASsAN R. & MARLISS

247

B B (1976) Effects of exogenous hormones and glucose
on plasma levels and hepatic metabolism of amino acids
in the fetus and in the newborn rat. Diaherologia 12,
327 337,

Hunt WO A& Mascurowicz W (1979) Biochemistey and
Pharmacology of Ethanol. Vol 11 pp. 167 185, Plenum
Press, New York.

Iskatt. MUA L Kiura Ho & Kuerivama Ko (1972) Changes
m oactivity and hormonal sensitivity of brain adenyl cye-
lase following chronic cthanol administration. Exper-
fenta 28, 1322 1323

Jones K. L., SMITH D. W, ULLELaND C. & STREISSGUTH
A. P. (1973) Pattern of malformation in offspring of
chronic alcoholic women. Lancer 1, 1267-1271.

Kurtyama K. & IsRaEL M. A. (1973) Effect of ethanol
administration on cyclic 3':5'-adenosine monophosphate
metabolism in brain. Biochem. Pharmac. 22, 2919-2922.

LiLseQuisTt S. & ENGEL J. (1979) The effect of chronic etha-
nol administration on central neurotransmitter mechan-
isms. Med. Biol. 57, 199-210.

LoLLEy R. N. & FaArBer D. B. (1975) Cyclic nucleotide
phosphodiesterase in dystrophic rat retinas: Guanosine
3':5'-cyclic monophosphate anomalies during photo-
receptor cell regeneration. Exp. Eye Res. 20, 585-597.

Lowry O. H,, ROseBROUGH N. J., FARR A. L. & RANDALL
R. J. (1951) Protein measurement with the Folin phenol
reagent. J. Biol. Chem. 193, 265-275.

MARTIN DEL R10 & LATORRE CABELLERO A. (1980) Pres-
ence of y-aminobutyric acid in rat ovary. J. Neurochem.
34, 1584-1587.

MENA M. A. & HERRERA E. (1980) Monoamine metabolism
in rat brain regions following long term alcohol treat-
ment. J. Neural Transm. 47, 227-236.

MORGAN A. F., BRINNER L., PLaa C. B. & StoNE M. M.
(1957) Utilization of calories from alcohol and wines and
their effect on cholesterol metabolism. Am. J. Physiol.
189, 290-296.

Munro H. N. & FLECK A. (1967) Methods of Biochemical
Analysis Vol. 14, pp. 113-172. Interscience, New York.
OLDENDORF W. H. (1971) Brain uptake of radio-labelled
amino acids, amines and hexoses after arterial injection.

Am. J. Physiol. 221, 1629-1639.

PaLou A, AROLA L. & ALEMANY M. (1977) Plasma amino
acid concentrations in pregnant rats and in 21 day
fetuses. Biochem. J. 166, 49-55.

RAWAT A. K. (1975a) Ribosomal protein synthesis in the
fetal and neonatal rat brain as influenced by maternal
ethanol consumption. Res. commun. Chem. Path. Phar-
mac. 12, 723-732.

RawaT A. K. (1975b) The Role of Acetaldehyde in the
Actions of Ethanol, Vol. 23, pp. 159-176. The Finnish
Foundation for Alcohol Studies, Helsinki.

Repos J. D.,, HUNT W. A. & CaLATRAVAS G. N. (1976)
Lack of alteration in regional brain adenosine 3’:5'-cyc-
lic monophosphate levels after acute and chronic treat-
ment with ethanol. Life Sci. 18, 989-992.

RosseT H. L. (1979) Biochemistry and Pharmacology of Eth-
anol, Vol. 11, pp. 485-509. Plenum Press, New York.
SALASPURO M. P. & LieBer C. S. (1980) Animal Models in
Alcohol Research. pp. 359-376. Academic Press, New

York.

SALINAS M., GALAN A. & HEerrera E. (1982) Fetal and
carly postnatal development of adenylate cyclase and
cyclic AMP phosphodicsterase activities in rat brain.
Biol. Neonate 41, 94-100.

SCHMIDT G. & THANNHAUSER S. J. (1945) A method for the
determination of deoxyribonucleic acid, ribonucleic acid
and phosphoproteins in animals tissues. J. bhiol. Chem.
161, 83 -89.

ScHMIDT M. I, PaLMer E. C., DETTBARN W. D. & RoOsIN-
SON G. A. (1970) Cyclic AMP and adenylate cyclase in
the developing rat brain Dec. Psychobiol. 3, 53-67.

Suaw S. & Liser C. S. (1979) Biochemistry and Pharma-





