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Extract 

In pregnant albino rats fed a diet containing 40% galactose, sugar crossed the placenta and was 
found in the blood, urine, and amniotic fluid of the fetuses. Galactose-1-phosphate was also found in 
fetal brain tissue. 

The fetus of galactose-fed rats weighed 5 to 12 % less than the fetus of control rats fed a diet of similar 
composition, but containing no galactose. Growth retardation was reversible. Fetuses of rats fed the 
galactose diet during the first half of pregnancy were less retarded than were those of rats fed galactose 
throughout pregnancy or during the second half of pregnancy only. Body weight of animals at 10 
weeks of age did not differ significantly from that of control animals. In the galactosemic fetus, the 
reduction in brain weight was approximately equal to that in body weight. 

In galactosemic fetuses, the content of DNA in brain was less than that in control animals, indi- 
cating a reduction in cell number. In a group of preterm fetuses 18 days of gestation, total protein 
content in brain was also reduced when compared with that of controls, suggesting a reduction in cell 
size. Brains of galactosemic fetuses at  term, however, contained normal amounts of protein. Offsprings 
of galactose-fed rats examined at three and ten weeks of age had smaller brains than offsprings of 
control animals, but total DNA content was normal, indicating normal cell number. 

These findings indicate that galactose toxicity is exhibited in the fetal rat by retardation in body 
growth. Brain growth is also affected, apparently as a result of interference with cell replication and, 
perhaps to some extent, with cell growth. 

Speculation 

Although it is as yet unknown whether exposure of human fetuses to high concentrations of galactose 
affects growth of the brain, clinical observations suggest that it may do so. Mental performance of 
galactosemic children is at  times subnormal despite early treatment with a galactose-free diet. 
Evidence is accumulating which suggests that mothers known to be heterozygous for the galactosemia 
gene should be treated with a diet low in lactose during pregnancy. 



Introduction Materials and Methods 

Symptoms of congenital galactosemia usually become 
apparent a few days after milk feedings are begun. 
There is, however, variability in the clinical manifesta- 
tions of this disorder. The following observations sug- 
gest that, in some cases, the disease process begins be- 
fore birth. Elevated levels of galactose-1-phosphate 
have been demonstrated in erythrocytes of the cord 
blood at the time of birth [ l l] .  Cataracts and hepatic 
cirrhosis, when present at birth, may not regress after 
institution of a lactose-free diet [6]. The birth weight 
of galactosemic infants may average 0.3 kg less than 
that of their unaffected siblings [6]. Subsequent mental 
performance may be subnormal even in those patients 
for whom a treatment with a galactose-free diet is ini- 
tiated early in life [4, 61. Galactose of maternal origin 
may be transmitted to the fetus in quantity sufficiently 
high to have an adverse effect upon the fetus in utero. 
Women who are heterozygous for the galactosemia 
gene, although clinically asymptomatic, are known to 
have impaired galactose tolerance, and it has been 
recommended that they avoid milk products during 
pregnancy [15]. 

In rats fed high concentrations of galactose during 
pregnancy, placental transfer of sugar has been de- 
monstrated, and fetal growth retardation, cataracts, 
and lesions of fetal liver and kidney have been describ- 
ed [l,  12, 13, 141. The effect of galactose toxicity upon 
the developing brain in the rat fetus is as yet unreport- 
ed. 

The present study examines fetal growth retardation 
resulting from galactose toxicity in the rat with partic- 
ular reference to cell number and cell size in the fetal 
brain. 

Table I. Details of the 

Sperm-positive female Holtzman albino rats were used 
in all experiments. The time of mating was known to 
within eight hours:' For each experiment, rats were 
divided into two groups of approximately equal size. 

The galactose-fed group was fed a diet [17] of the 
following composition : casein 27 %, vegetable oil 10 %, 
USP salt mix XIV 4 %, starch 19 %, galactose 40 %, 
and vitamin supplements. In most of the experiments, 
the control group was fed an identical diet, with the 
exception that galactose was replaced by glucose. In  a 
few experiments, control rats received standard rat 
chow. Since the offspring of rats fed these two control 
diets (CD) were almost identical in size, results of the 
experiments were combined. All mother rats were 
weighed at the beginning of each experiment, and an 
attempt was made to equalize the weights in both the 
control and the galactose-fed groups. 

In a number of different experiments, variations 
were made in the time during which the galactose diet 
(GD) was fed and in the age of the offspring when ex- 
amined (table I). Fetuses of rats fed GD during the 
latter half of pregnancy were examined on the 18th 
gestational day (preterm fetuses). Fetuses of other rats 
fed GD a) throughout pregnancy, b) during the second 
half of pregnancy only, and c) during the first half of 
pregnancy only were examined on the 22nd gestational 
day (term fetuses). Offspring from other groups of rats 
were born normally, left with their mothers, and sub- 
sequently examined at three and ten weeks of age 
(follow-up groups). Dams of the latter group were fed 
GD during lactation. 

In each experiment, food and water intake and urine 
excretion of several rats were measured during three- 

experimental groups 

Group No. of mother rats No. of young 

Control Galactose Control Galactose Duration of galactose diet 
fed fed 

Preterm fetuses 
18 gestational days 8 7 54 45 Gestational days 11-18 

Term fetuses 
22 gestational days a. 4 4 40 36 Gestational days 2-22 
22 gestational days b. 5 5 24 24 Gestational days 11-22 
22 gestational days c. 6 6 57 50 Gestational days 2-1 1 

Three-week old 9 7 32 27 Gestational day 11-2 1st day postpartum 

10-week old 18 9 Male 11 10 Gestational day 11-2 1st day postpartum 
Female 12 10 
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day periods. Samplcs of urine were collected for deter- 
mination of sugar content. Fetuses were obtained by 
cesarean section, immediately weighed, and then de- 
capitated. Offsprings in the follow-up groups were 
killed by chloroform. Brains were removed immediate- 
ly, weighed, frozen rapidly, and stored at -20' until 
chemical analyses were performed. Blood, amniotic 
fluid, and bladder urine were obtained from some of 
the fetuses for sugar analyses. 

Galactose-1-phosphate was assayed by the semi- 
quantitative method of SCHWARZ [lo], and deoxy- 
ribonucleic acid (DNA) by the method of BURTON [2] 
following preliminary fat extraction [5]. Protein (total 
nitrogen x 6.25) was measured by the Kjeldahl meth- 
od, and water, by drying the tissues to a constant 
weight. Galactose concentrations in blood, amniotic 
fluid, and urine were determined from the difference 
between total sugar [8] and glucose content [9]. Ga- 
lactose-l-phosphate analyses of fetal organs were per- 
formed on tissues pooled for each litter. Determinations 
of DNA and protein content were performed on indi- 
vidual organs. 

Results 

Rats fed GD showed slightly greater increases in body 
weight (after removal of the fetuses and placentas) from 
the 2nd to 22nd day of gestation, consumed more food 
and water, and excreted more urine, when compared 
with rats fed CD (table 11). Urinary sugar in galactose- 
fed rats was identified as galactose. When the calcu- 
lated caloric value of the galactose lost in urine was 
subtracted from the gross caloric intake, the net intake 
of calories in both the control and galactose-fed rats 

was approximately equal. There were no differences 
between the two groups in litter size, in sex ratio, or in 
the incidence of gross malformations, abortions, or 
stillbirths. 

In fig. 1, body and brain weights of offspring of the 
galactose-fed rats are expressed as percentages of the 
weights of the corresponding control rats. Retardation 
offetal body weight was greatest in the preterm fetuses, 
less in the term fetuses of rats fed GD throughout 
pregnancy, and least in the term fetuses of rats fed GD 
during the second half of pregnancy. Weights of the 
term fetuses of rats fed GD during the first half of 
pregnancy did not differ significantly from weights of 
controls. In  the follow-up groups, significant reduction 
in body weight occurred only in the three-week-old 
group. Brain weights were decreased significantly in 
the offspring of all groups of galactose-fed rats and 
again, the most marked decrease was in the preterm 
fetuses. 

Samples of amniotic fluid, blood, and urine from 
preterm and term fetuses of rats that received galactose 
during the second half of pregnancy showed average 
galactose concentrations of 300, 180, and 500 mg/100 
ml, respectively. Concentrations of glucose in blood 
were in the normal range of 80 mg/100 ml. No galactose 
was detected in blood or urine of the three-week-old 
animals. 

Chemical Composition of the Brain (table 111) 
Galactose-1-phosphate: pooled brains were analyz- 

ed from each of five litters of control and galactosemic 
preterm fetuses and from five litters of term fetuses of 
rats fed galactose during the second half of pregnancy. 
In the galactose-fed groups, galactose-1-phosphate 
was detected, except in one litter of preterm fetuses. 

Table II. Effects of galactose diet on nutrition1 

Type of diet 

Control Galactose 

Weight gain during pregnancy (g) 
(without fetuses and placentas) 
Water consumption (ml) 
Urine output (ml) 
Urinary sugar excretion (g) 
Food consumption (g) 
Gross calorie intake (kcal.) 
Urinary calorie loss (kcal.) 
Net calorie intake (kcal.) 

Values recorded are meanistandard error of the mean on a daily basis, except for weight gain. Figures in 
parentheses indicate number of observations. 



None was detected in the three-week-old animals or in 
the controls. 

Water: no difference was detected in the water 
content of brains of offspring of the galactose-fed rats 
when compared with that of the corresponding con- 
trols. 

DNA: brains of group (a) term galactosemic fetuses 
and of the three-week-old animals contained signifi- 
cantly more DNA (percent wet weight) and those of 
the group (c) term fetuses significantly less DNA, when 
compared with the content in brains of the respective 
controls. Total DNA content per brain was significant- 
ly less in the preterm and term galactosemic fetuses 
when compared with that in the respective controls. 
In the follow-up groups, DNA content per brain was 
not significantly different from that of controls. 

Protein: there were no significant differences in the 
percentages of protein content in the brains of control 
and galactose-fed groups. Total protein content per 
brain in the galactosemic preterm fetuses, however, 
was significantly less than that in controls, although 
only six brains were available for analysis. 
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Fig.1. Body and brain weights in galactosemic rats 
expressed as percent deviation from corresponding 
controls. An upright bar indicates that the measure- 
ment in the galactosemic animals was decreased com- 
pared with that in the control. The various groups of 
animals are defined in table I. Figures for male (M) 
and female (F) 10-week-old animals are shown sepa- 
rately. 'S' above the bars indicates that the mean mea- 
surement in the galactosemic animals differed signifi- 
cantly from that of the corresponding control (p 
i 0.05). 

Discussion 

In the present study, the high concentrations of galac- 
tose found in fetal blood, urine, and amniotic fluid and 
the accumulation of glactose-1-phosphate in the fetal 
brain confirm the observation that galactose crosses 
the placenta [12, 141. 

Offspring of rats fed GD showed growth retardation 
a t  birth, thus confirming the findings of SPATZ and 
SEGAL [13]. It should be noted that rats fed GD were 
not also malnourished, since growth retardation in the 
rat fetus can be produced readily by reduction of ma- 
ternal food intake, fetal weight at term showing a direct 
correlation with food intake of the mother [3, 7, 161. 
Although the galactose-fed dams had considerable 
galactosuria and polyuria, these animals remained in 
good health and appeared to compensate for the galac- 
tosuria by eating more. Weight quin was slightly 
greater during pregnancy, and net caloric intake was 
similar to that of control rats (table 11). Urinary galac- 
titol, however, was not measured, and a proportion of 
the ingested galactose that may have been excreted in 
this form was thus not considered. Probably, growth 
retardation was a direct result of the exposure of the fe- 
tuses to high concentrations of galactose during gesta- 
tion. Reduction in body weight, however, did not ap- 
pear to be permanent. 'Catch up' growth apparently 
occurred when the young were removed from the 
effects of galactose, since the 10-week-old animals were 
not significantly smaller than controls. 

DNA concentration in brain was difficult to eval- 
uate, since differences between that in brains of galac- 
tosemic and control fetuses were not consistent from 
one group to another. The significantly smaller amount 
of DNA per brain in the galactosemic fetuses indicated 
that these brains contained a smaller number of cells 
compared with the number of cells in the respective 
control brains. Brains of the galactosemic preterm fe- 
tuses also contained less total protein. This fact, to- 
gether with a slightly lower protein/DNA ratio, which 
(assuming all the protein is intracellular) gives a mea- 
sure of the amount of protein per cell, suggests that 
these brains may also have contained smaller cells com- 
pared with those in the brains of controls. Protein/ 
DNA ratios in the brains of term galactosemic fetuses, 
however, were similar to those in the brains of controls, 
suggesting normal cell size. Total DNA content in 
brains of the 3- and the 10-week-old follow-up groups 
did not differ significantly from that in brains of con- 
trols, indicating a normal cell number. These results 
suggest that galactose toxicity in the rat fetus inter- 
feres with cell replication and cell growth in the devel- 
oping brain. This effect, however, appears to be parti- 
ally reversible, since brains of the term fetuses showed 
less growth retardation than those of preterm fetuses. 



Table III. Fetal body and brain weight and chemical composition of brains of control and galactosemic animals1 

Group Diet2 Body weight Brain weight Water % DNA Protein Protein/ 

(g) (mg) % wet weight mg/brain % wet weight mglbrain DNA 

Preterm fetuses C 1.48f0.024 
(54) 

G 1.25***&0.024 
(45) 

Term fetuses a) C 6.88h0.064 
(40) 

G 6.16***f0.051 
(36) 

b) C 6.5050.077 
(24) 

G 6.10***&0.072 
(24) 

C) c 6.56 f0.060 
(57) 

G 6.45 30.070 
(50) 

Three-week old C 47.24* 1.245 
(32) 

G 40.13***f 1.309 
(27) 

Ten-week old C I 265.9 37.94 
(11) 

I 188.5k4.44 
(10) 

243.6k12.17 
(10) 

184.1 56.91 
(10) 

1 Values expressed as meankstandard error of the mean. Figures in parentheses indicate the number of observations. Asterisks indicate that the mean value 
in the galactosemic animals differed significantly from the mean value in the corresponding control animals : * p < 0.05 ; * * p c 0.0 1 ; * * * p < 0.00 1. 
C = control, G = galactosemia, M = Male, F = Female. FP 

4 
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Suggestive evidence of the reduced cell size in brains of 
the pre term fetuses was not seen in brains of fetuses 
examined at term. Furthermore, in the brains of follow
up groups, cell number was normal, although brains 
remained smaller in size. Unfortunately, not enough 
of these brains were available for protein determina
tion, and information concerning cell size is lacking. 
Further studies will be required to determine what 
types of cells are involved in these biochemical ab
normalities. We have no information indicating to 
what degree these abnormalities affect the function of 
the brain or what relation the findings in galactose 
toxicity in the rat fetus can have to the brain damage 
associated with congenital galactosemia in the human 
infant. 

I t is unlikely that the three-week-old animals of rats 
fed galactose during lactation had galactose toxicity. 
Although these offspring were significantly smaller 
than the controls, there was no galactosemia, nor was 
galactose-I-phosphate found in brains. SPATZ and SE
GAL [13] also reported that suckling animals of dams 
fed a 40 % galactose diet were unusually small and 
postulated that the dams probably excreted galactose 
in the milk. We examined several samples of milk from 
rats fed GD and in one sample, found only 0.15 % of 
free galactose. In other samples, none was found. By 
three weeks of age, however, these offspring might have 
been partly weaned and eating the dams' diet. It is 
possible that the galactose-fed lactating rats might 
have produced less milk than the controls, perhaps be
cause of the osmotic diuresis induced by galactose. The 
young, therefore, might have been smaller because of 
inadequate food intake. An attempt to measure the 
volume of milk ingested by the suckling rats was un
successful. In a small number of three-week-old fetuses 
of rats that were fed GD during the second half of 
pregnancy and CD at the time of parturition, body 
weights did not differ significantly from those of con
trols, although brains were smaller. 

Although these experiments on the effect of galactose 
toxicity in the rat fetus cannot be directly compared 
with the experience of a human galactosemic fetus ex
posed to galactose derived from its mother, our findings 
would support the observations of others that the 
disease process in congenital galactosemia may begin 
prenatally and that, when recognized, women who are 
carriers of the galactosemia gene should be advised to 
avoid milk products during pregnancy. 

Summary 

When pregnant rats were fed a diet containing 40 % 
galactose, the sugar crossed the placenta and was found 
in fetal blood, amniotic fluid, and urine. Galactose-1-

phosphate was found in high concentrations in the fetal 
brain. 

Fetuses of galactose-fed pregnant rats showed growth 
retard a tion, which had disappeared by 10 weeks of age. 
Brains, however, remained permanently small. Esti
mations of DNA and protein content in brains of ga
lactosemic fetuses indicated that the brains contained 
decreased numbers of cells. This finding suggests that 
galactose toxicity in the rat fetus interferes with cell 
replication and, perhaps to some extent, with cell 
growth in the developing brain. This effect may be 
partially recoverable since brains of term fetuses were 
less affected than those of pre term fetuses, and in ani
mals examined at three and ten weeks of age, the total 
DNA content in the brain had returned to normal. 
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