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Maternal Alcohol Consumption and Undernutrition in the 
Rat: Effects on Gangliosides and Their Catabolizing 
Enzymes in the CNS of the Newborn 

V. V.  T. S. Prasad 1,2 

(Accepted July 18, 1989) 

Consumption of fifteen percent alcohol, during gestation did not cause any decrease in the total 
calorie or fluid intake of the rats maintained on normal dietary regimen. However, the alcohol 
consumption by gestating mothers resulted in a decreased contents of both DNA and protein in 
the CNS of the in utero alcohol exposed pups at birth. DNA content was also found to be less in 
the undernourished pups compared to the normal pups. On the other hand an increase in the total 
gangliosides and a decrease in the ganglioside catabolizing enzymes was observed in the brain and 
spinal cord of alcoholic pups at birth. However undernutrition resulted in a decrease in the content 
of total gangliosides both in brain and spinal cord. Maternal alcohol consumption and undernutrition 
had also resulted in an altered proportions of the individual ganglioside fractions. 
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INTRODUCTION 

Gangliosides are a family of sialo glycosphingo- 
lipids, which are normal constituents of mammalian cell 
membranes (49). Gangliosides are particularly abundant 
in neuronal membranes (8, 29, 34, 49, 59) but are also 
present at much lower levels in myelin (40, 49, 51, 52). 
The functions of gangliosides are not yet clearly under- 
stood. However, by virtue of their asymmetric locali- 
zation on the outer surface of the lipid bilayer of 
membranes (24) and because of the striking changes in 
brain gangliosides concentration and composition during 
development (25, 55) gangliosides are believed to play 
an important role in several cellular events. These func- 
tions include differentiation of neuronal cells (18, 33, 
38), growth (20), regeneration, transformation (19), cell- 
cell interaction (62), receptor sites for peptide hormones 
(30), release and reabsorption of neurotransmitters (5, 
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18). Oangliosides have also been known to affect the 
kinetics of certain membrane bound enzymes (33) sug- 
gesting their importance in neural membrane function. 

Although, "Growth-Spurt" which consists of ax- 
onal and dendritic growth, synaptogenesis (7), glial mul- 
tiplication and myelination (11, 60) is a postnatal event 
in rat brain (16), development of nervous system begins 
around the end of first week of gestation (27). Neuronal 
multiplication takes place in the last week of gestation 
(17) and except for certain microneurons (3, 4) adult 
number of neurons is reached by the third postnatal day 
with the cessation of neuroblast multiplication (12). 

The presence of gangliosides in the nervous system 
has been reported in the fetal and newborn rats (25, 56, 
57) though their maximum deposition corresponds to the 
peak period of dendritic arborization and synaptogenesis 
(56). This indicates that the metabolic pathways of gan- 
gliosides in nervous tissue are operative even during ges- 
tation. 

Teratogenic effects of alcohol have been well doc- 
umented (32) and especially the developing CNS has 
been shown to be susceptible to the prenatal alcohol 
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exposure  (37). Fur thermore ,  maternal  undernutr i t ion has 

also been shown to decrease the cell  number  (63) and 

particularly multipolar neurons of  the rat CNS (46). Since 

chronic  a lcohol i sm often has been  associated wi th  un- 

dernutr i t ion,  it is o f  interest  to s tudy the specif ic  contri-  

but ions of  a lcohol ,  undernutr i t ion and the interact ion of  

these two in producing  abnormali t ies .  

Studies were  therefore,  p lanned to determine  the 

effects  of  maternal  a lcohol  consumpt ion  and undernutr i-  

tion on the offspr ing at different  deve lopmenta l  stages. 

E X P E R I M E N T A L  P R O C E D U R E  

Experimental Design and Animals. Virgin female rats of Charles- 
Foster strain weighing 180-200 g were divided into four groups. Con- 
trol group (Normal Protein:NP) was fed 20% casein diet and drinking 
water ad lib. Second group of rats (Normal Protein Alcohol:NPA). 
were fed 20% casein diet and 15% alcohol in drinking water. Third 
group (Low Protein:LP) of rats were fed 6.5% casein diet and drinking 
water ad lib. and low protein-alcohol(LPA) rats were fed 6.5% casein 
diet and 15% alcohol in drinking water ad lib. The four groups of rats 
were maintained on respective regimen for four weeks prior to breeding 
and during gestation. After recording the body weights, pups at birth, 
were sacrificed by decapitation. Intact whole brains and spinal cords 
were quickly dissected out and tissue weights were recorded. For gan- 
glioside analysis tissues were transferred to tubes containing cold chlo- 
roform:methanol mixture (1:Iv/v). 

Biochemical Analysis 

(A) Estimation of Maternal Plasma Alcohol Levels. Tail blood 
samples were collected in the morning at the end of pregnancy. Al- 
cohol was assayed by the alcohol dehydrogenase method of Bernt and 
Gutman, 1974(6). 

(B) Ganglioside Analysis. Total gangliosides were isolated and 
purified by the method of Seyfried et al. 1978 (45) and ganglioside 
N-acetyl-neuraminicacid (NANA) was assayed by the method of War- 
ren, 1959 (59) as modified by Skoza and Mohes, 1976 (48). For the 
estimation, aliquots containing 3-40~g ganglioside- NANA in 0.9ml 
were digested at 80~ for 2 hours with 0.I ml of 1N sulphuric acid. 
The samples were kept at room temperature for 10-15 minutes and 0.25ml 
of 25 uM sodium periodate was added and vortexed. After 30 minutes 
0.25 ml of 2% sodium arsenite was added and vortexed. And after the 
disappearance of yellow colour 0.5ml of 6% thiobarbituric acid was added 
and the samples were kept in boiling water for 7.5 minutes. After cooling 
the samples to room temperature 2.5ml of Dimethyl sulfoxide was added 
and the colour was read at 532 and 549 nm against a blank which con- 
sisted of distilled water in place of sample or standard. Interference was 
corrected using the following equation (59) 

Optical Density at 549nm x 0.09 __Optical Density at 532nm x 0.03 
= Optical density due to NANA. 

For the separation of different fractions of gangliosides, 20 x 20cm 
glass plates coated with 0.25ram layer of silica gel-G were used. The 
plates were developed by one ascending run with chloro- 
form:methanol:water(58:38:9) that contained 0.02%, CaClz.Hz0 The 
bands, marked after exposure to iodine vapoures were scarped from 

the plates and ganglioside-NANA was estimated. Since the concentra- 
tion of monosialogangliosides like GM2 and GM3 are extremely low 
the bands corresponding to monosialogangliosides were pooled to- 
gether for the estimation and the fraction was designated as GM. The 
bands were confirmed as gangliosides by using resorcional-HC1 re- 
agent, on a duplicate set (53). The identity of individual ganglioside 
fractions was confirmed by simultaneously running commercially ob- 
tained reference bovine brain ganglioside mixture from Sigma chem- 
ical company, U.S.A. A typical thin layer chromatogram of the 
separation of gangliosides is shown in Figure 1. 

(C) Preparation of Tissue Homogenate for Enzyme Assays. A10% 
(w/v) homogenate was prepared by homogenizing tissue with ice cold 
glass distilled water for 3 minutes at 2,000-3,000 rpm upon ice using 
a Potter-Elvehjem homogenizer. The homogenate was used for enzyme 
assays. 

Enzyme assays 

[3-D-Galactosidase (EC 3.2.1.23) and 13-D-Glucosidase (EC 
3.2.1.21) were assayed according to the method of Gatt and Rapport, 
1966 (22). [3-D-Galactosidase assay system contained 3 micromoles 
ofp-Nitrophneol-13-D-galactopyronoside and 100 micromoles of either 
glycine-HC1, pH3.1 buffer or acetate, pH4.5 buffer. Final volume of 
lml was made up with glass distilled water. 13-D-Glucosidase assay 
system contained 5.6 micromoles of p-Nitrophenyl-13-D-glucopyrano- 
side and 100 micromoles of acetate buffer pH5.0 in a total volume of 
lml made up with distilled water. Total 13-D-Hexosaminidase (EC 
3.2.1.30) activity was assayed according to the method of Frohwein 
and Gatt, 1967 (21) by incubating with 50 micrumoles of glycine-HC1, 
pH3.5 and 4 micromoles of p-Nitrophenyl-N-Acetyl-13-D-glucosamin- 
ide in a total volume of 0.5 ml. Enzyme unit for the above mentioned 
enzymes is defined as nmol ofp-nitrophenol liberated per minute under 
the assay conditions. 

The sialidase (E.C. 3.2.1.18) activity using endogenous substrate 
alone was assayed according to the method of Irwin et al. 1973 (26), 
by incubating with 50 micromoles of acetate buffer pH 4.5, for 2 hours 
at 37~ The reaction was terminated by adding 0.25ml of 25mM 
chilled sodium periodate solution and 0.75 ml of chilled glass distilled 
water. Tubes were centrifuged and free NANA in the supernatant was 
measured as mentioned earlier. Enzyme unit for sialidase is defined 
as nmol of NANA liberated per minute under assay conditions. 

All the enzyme assays were carried out at optimal conditions. 
Substrate and enzyme blanks were included in the assays. 

Protein and DNA were estimated by the method of Lowry et al., 
(35), and Schneider, 1957 (44), respectively. 

Statistical comparison between group means was performed by 
Student's t test (10). 

Materials: All reagents used were of analytical grade, p-Nitro- 
phenyl-13-D-galactopyranoside, p-Nitrophenyl-13-D-glucopyranoside, p- 
Nitrophenyl-N-Acetyl-13-D-glucosaminide, Alcohol dehydrogenase, 
sephadex G-50, DEAE-sephadex A-25 and Bovine brain ganglioside 
mixture were from Sigma Chemical company, U.S.A. Silica Gel-G 
was obtained from E. Merck, Germany. 

R E S U L T S  

In the pre l iminary  studies f i f teen percent  a lcohol  

was found to be isocalor ic  to the control  rats and it did 

not affect the water  intake. 
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Fig. 1. Thin layer chromatogram of brain gangliosides. TLC conditions were exactly as described in the Experimental Procedure section. Numbers 
1,2,4,5,6 are rat brain gangliosides and Number 3 is bovine brain gangliosides. 

(a) The results of maternal alcohol consumption and 
undernutrition on DNA and protein of the progeny are 
shown in Table I. The brain and spinal cord weights of 
NPA, LP and LPA pups were significantly less com- 
pared to the NP pups. Weight deficits were also observed 
in LPA pups compared to the LP pups. 

DNA and protein concentrations (mg/g tissue) and 
contents (rag/total tissue) were significantly decreased in 
both brain and spinal cord of the NPA pups compared 
to the NP pups resulting in to a significant increase in 
protein/DNA ratio. Similarly, a decrease in DNA con- 
centration and content was also observed in both brain 
and spinal cord of the LPA pups compared to the LP 
pups. However, there was no significant change in pro- 
tein concentration in spinal cord of the LPA pups com- 
pared to the LP pups (Table I). 

DNA content of both brain and spinal cord of LP 
pups showed a marked decrease when compared to the 
NP pups but the concentration remained unchanged. A 
decrease was also observed in both concentration and 
content of protein in brain and spinal cord of LP pups 
compared to the NP pups. Protein/DNA ratio showed a 
significant decrease in the brain of LP pups compared 
to the NP pups. 

(B) The effects of maternal alcohol consumption 
and undernutrition on total ganglioside concentration and 
pattern are presented in Table-II. Both brain and spinal 

cord of NPA and LPA pups showed a significant in- 
crease in the amounts of total gangliosides compared to 
the NP and LP pups, respectively. However, LP pups 
showed a significant decrease in the amount of total gan- 
gliosides compared to the NP pups. These results were 
reflected in both concentration (microgram NANA/g tis- 
sue) and content (microgram NANA/tissue) as shown in 
the Table II. 

Five major gangliosides, namely, GQ1, GT1, GDlb, 
GD1, and GM were estimated. In NP pups brain gan- 
gliosides were present in the order GT1 > GD~, > GM 
> GDlb > GQ~ and in the undernourished pups the order 
was GT 1 > GDI~ > GM > GQa > GDID. An increased 
proportion of GT1 and GQ1 and decreased proportion of 
GDla and GM was observed in the brains of NPA pups 
compared to the NP pups. On the other hand LP pups 
showed a higher proPortions of GQ1 and GM and lower 
proportions of GT~, GDab and GD~ in brain compared 
the NP pups. An increase in GDla proportion and a de- 
crease in GQ1 proportion in the brains of LPA pups 
compared to the LP pups was observed. 

In the spinal cord of control pups the ganglioside 
pattern was GT~ > GD~a > GM > GDlb > GQ~ and in 
the undernourished pups the pattern remained same but 
showed a significant increase in GD1, and a decrease in 
GM proportions over the controls. An increase in the 
proportions of GQa and GT1 and a decrease in GM pro- 
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Table I.  Changes in DNA and Protein levels in CNS Tissues of Rat Pups Due to Maternal Alcohol 
Consumption and Protein Restriction 

i i i  i i i  

Tissue weight DNA Protein Protein / 
Group Tissue (g) mg/g tissue mg/tissue rag/g tissue rag/tissue DNA 

NP W B 0.248 3.47 0.86 63.3 15.7 18.3 
(n=6)  +--0.005 _+0.063 +-0.013 _+0.69 --0.35 ___0.41 
S C 0.039 3.03 0.117 51.6 1.99 17.0 
(n = 3) +- 0.0007 -+ 0.057 +- 0.04 --- 0.53 _ 0.035 _+ 0.25 

NPA W B 0.217 d 2.98 a 0.649 d 61.4 e 13.4 a 20.6 a 
(n=6)  _+0.002 _+0.1 _+0.024 --_1.29 ___0.38 ___0.27 
S C 0.028 a 2.26 a 0.064 e 48.7 c 1.37 e 21.4 a 
(n=3)  --_0.0004 +__0.09 +-0.0026 -+0.64 -+0.025 -+0.52 

LP W B 0.204 a 3.51 0.73 d 62.1 12.7 a 17.2 a 
(n=6)  +-0.004 -+0.066 __-0.021 _+0.6 _+0.027 _+0.13 
S C 0.0232 e 2.92 0.0677 d 50.8 1.17 d 17.6 
(n=6)  -+0.009 +-0.055 _+0.0015 _+0.73 _+0.027 _+0.3 

LPA W B 0.1910 3.1 a 0.595 a 59.2 c 11-3 a 18.9 '~ 
(n=6)  +-0.003 _+0.05 _+0.055 _+0.86 _+0.28 _+0.55 
S C 0.018 h 1.95 I' 0.0351' 47.1 0.847 h 24.2 h 
(n=3)  _+0.0002 _+0.0058 _+0.0 _+1.58 _+0.03 _+0.76 

i i i  

NP - Pups born of mothers fed 20% casein diet; NPA - Pups born of mothers fed 20% casein diet and 15% 
alcohol in drinking water. LP - Pups born of mothers fed 6.5% casein diet; LPA - Pups born of mothers fed 
6.5% casein diet and 15% alcohol in drinking water. 
n = number of observations. Values are mean _+ SD. 
Levels of significance was tested by student's ' t '  test. Values significantly different from NP group; ~ P < 
0.05; b p < 0.02; c p < 0.01; e p < 0.001. Values significantly different from LP group; e p < 0.05; I p  < 
0.02; g P < 0.01; i, p < 0.001. 

portions in the NPA pups compared to the NP pups was 
observed. In the LPA pups, GDlu proportion besides 
GM also showed a significant decrease when compared 
to the LP pups. 

The activities of 13-D-Galactosidase (pH 3.1 and 4.5), 
13-D-Glucosidase, [3-D-Hexosaminidase and Sialidase 
(units/g tissue) in brain and spinal cord of NP, NPA, LP 
and LPA pups are shown in Table-III. Both brain and 
spinal cord of NPA and LPA pups showed a highly sig- 
nificant decrease (P<0.001) in the [3-D-Galactosidase 
(pH 3.1 and 4.5) [3-D-Glucosidase, 13-D-Hexosaminidase 
and Sialidase activities compared to the NP and LP pups, 
respectively. The enzyme activities were also found to 
be significantly high in the brains of the LP pups when 
compared with the NP pups. Spinal cord of LP pups also 
showed similar increase in the activities of these en- 
zymes excepting 13-D-Galactosidase (pH 4.5) activity. 

DISCUSSION 

Though several researchers have studied teratogenic 
effects of alcohol administered to pregnant rats, in many 
of these studies alcohol dose was relatively high (43, 47, 
55) with alcohol contributing as high as 28-36% of total 
calorie intake. Administration of alcohol in high doses 

was shown to be associated with a decrease in the intakes 
of total calorie (13), food (13, 61) and fluid (2). There- 
fore 15% alcohol in drinking water which gave compa- 
rable blood ethanol concentration with out causing a 
decrease in total calorie, food or fluid intakes of the 
alcoholic rats, was chosen for this study. 

The observed deficits in cell number and an in- 
crease in cell size as judged by the DNA content and 
protein to DNA ratio, respectively in the brains and spinal 
cords of alcohol exposed pups are in agreement with the 
earlier reports by others (9, 61, 63). Woodson and Ritchey, 
1979 (61) showed a significant decrease in DNA and 
somewhat larger cells in the fetal brain exposed to al- 
cohol, in utero. Bursey 1972 (9) reported a reduction in 
brain DNA concentration of the offspring (at 8 weeks of 
age) (when the rats were fed alcohol during perinatal 
period. The reductions observed in the DNA and protein 
contents and cell size due to undernutrition in the present 
study are also in line with the observations made by 
others (46, 61). 

Total gangliosides increased significantly both in 
the brain and spinal cord of the offspring due to maternal 
alcohol consumption (Table-II). It is of interest to note 
that the total ganglioside content (microgram NANA/ 
tissue) is significantly high in NPA and LPA pups com- 
pared to NP and LP pups, respectively, in both brain 
and spinal cord, in spite of a significant decrease in the 
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Table II. Effect of Maternal Alcohol Consumption and Undernutrition on Rat Brain and Spinal Cord Gangliosides at Birth 

Total gangliosides ganglioside species (% of total ganglioside NANA) 

~g txg 
wet weight NANA/g NANA/ 

Group Tissue (g) tissue tissue GQ~ GT~ GDx~ GD~o GM (~ 

NP 

W B 0.248 264 65.1 5.9 36.2 13.1 29.2 15.6 
(n=8)  -+0.005 -+8.0 -+2.6 -+0.095 -+0.88 -+0.31 -+ 1.48 -+ 1.23 
S C 0.040 166 6.6 7.8 36.1 12.6 25.3 18.2 
(n=6)  -+0.0064 -+ 13.9 -+0.52 -+0.3 -+0.606 -+0.6 -+0.83 -+0.59 

NPA 
W B 0.224 c 369 a 83 a 8.8 c 43.4 ~ 12.2 21.8 a 13.8 c 
(n =8) -+0.0046 -+27.6 -+2.3 -+ 1.8 -+ 1.73 -+ 1.73 -+ 1.5 -+0.9 
S C 0.028 d 286 d 8.0 ~ 12 25.8 d 17 a 32.5 c 12.6 d 

=8) -+0.0022 -+ 19.9 -+0.92 -+ 1.23 -+ 1.21 • 1.5 ~ 1.32 -+ 1.6 

LP 

W B 0.204 c 237 c 48.2 a 14.9 a 32.6 10.4 24.6 a 17.5" 
(n =8) • -+ 16 -+2.4 -+ 1.8 -+ 1.52 -+ 1.1 -+0.87 -+ 1.7 
S C • d 135 b 3.4 a 8.04 35.9 12.2 29.1 a 14.6 a 
(n =8) -+0.0083 -+3.5 -+0.23 -+0.65 -+0.58 -+ 1.0 -+ 1.87 -+ 1.1 

W B 0.190 278 g 52.7 i 4.3 g 41.9 h 10.5 30.8 I' 12.6/' 
(n=8)  ---0.01 -+25.5 -+3.8 -+1.2 -2_2.2 -+1.05 -+0.88 -+1.29 

LPA S C 0.0187 h 244 g 4.6 I' 14.6/' 25.0/' 8.6 h 41.6/' 10.2 
(n=8)  -+0.0015 -+24.6 -+0.275 -+1.23 -+0.84 -+0.34 -+1.59 -+1.2 

NP - Pups born of mothers fed 20% casein diet; NPA - Pups born of mothers fed 20% casein diet and 15% alcohol in drinking water; 
LP - Pups born of mothers fed 6.5% casein diet; LPA - Pups born of mothers fed 6.5% casein diet and 15% alcohol in drinking 
water. 
W.B - whole brain; S.C Spinal cord 
Values are mean -+ S.D; n = Number of observations. Each brain sample was obtained by pooling brains from 2-3 pups. Each 
spinal cord sample was obtained by pooling spinal cords from 12 - 16 pups. 
NANA was estimated in 5 major ganglioside species. GM (x) represents total monosialo gangliosides. Levels of significance was 
tested by student's ' t '  test. Values significantly different from NP group " P < 0.05; b p < 0.02; c p < 0.01; e p < 0.001. Values 
significantly different from LP group : + P < 0.05 s p  < 0.02; g P < 0.01; i, p < 0.001. 

tissue weights. The increase in total gangliosides is in 
line with the reported increase in hepatic lipid content 
in fetal and neonatal rats born of mothers fed ethanol 
during gestation (43) and also with the observed increase 
in the concentration of cerebral lipids including ganglio- 
sides due to alcohol treatment (42). As the gangliosides 
are majorily located in plasma membranes (31) the in- 
crease in total gangliosides, in in utero alcohol exposed 
pups may be accounted by the increase in the cell size 
observed in the present study. In contrast, maternal un- 
dernutrition caused a decrease in CNS total gangliosides 
which may be attributed to the observed decrease in cell 
number and cell size in the undernourished pups (Table- 
I). Deficits in total brain gangliosides have been reported 
in malnourished children (15). However, it has been shown 
that feeding mothers with a low protein diet during ges- 
tation caused no changes in total brain ganglioside levels 
of the offspring (28). These differences may be due to 
the variations in the amount of protein in the diets and 
the duration of exposure. 

In the present study, the ganglioside composition 
was also found to be affected due to maternal alcohol 
consumption and undernutrition, and the effects of the 

two were found to be different. An increase in GT1, and 
GQ1 and a decrease in GDla and GM was observed in 
the brains of NPA pups compared to the NP pups, whereas 
in the brains of undernourished pups the GT1 and GDaa 
were found to be decreased and GQ1 and GM increased 
compared to the control pups. The alterations due to 
alcohol were found to be more profound in GT1 and GQ1 
which increase during the latter part of prenatal devel- 
opment (25). In this connection, Vrbaski et al. 1984 (58) 
also reported an increase in GT~ and a decrease in the 
GDaa proportions in adult rat brain subjected to chronic 
alcohol consumption and the changes were attributed to 
the presence of ethanol itself. In the malnourished chil- 
dren, GDI~ fraction of ganglioside was found to be de- 
creased in the forebrain compared to the normal children 
(14, 36). The observed decrease in the proportion of GM 
in the brain and spinal cord of alcoholic pups is in line 
with the reported decrease in GM 1 proportion in the mye- 
lin of in utero alcohol exposed pups (23). 

The interactive effects of alcohol and undernutrition 
were again different on the ganglioside composition when 
comapred to the effects of either alcohol or undernutri- 
tion, alone. For e.g. in brain proportions of GQ1 was 
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Table III. Effect of Maternal Alcohol Consumption and Undernutrition on Enzymes of Ganglioside 
Catabolism in Rat Brain and Spinal Cord at Birth 

13-D-Galactosidase 

Activity Activity 
Group Tissue at pH 3.1 at pH 4.5 13-D-Glucosidase [3-D-Hexosaminidase Sialidase 

NP 

(Enzyme units / g tissue weight) 
W. B 134 85 185 1519 2.25 
(n= 15) +_4.7 • • _+168 _+0.028 
S. C 261 139 196 1161 1.22 
(n= 10) -+8.0 • _+18.2 • _+0.23 

NPA 
W. B 1106 69 a 151 d 1067 a 1.16 ~ 
(n = 15) • _+7.3 _+ 13.6 _+96.9 • 
S. C 204 ~ 1226 165 d 1320 d 0.079 ~ 
(n = 15) _+3.6 _+ 1.7 • _+ 191 _+0.28 

LP 
W. B 128 c 88 c 225 d 2725 d 3.3 ~ 
(n=8) _+4.1 _+0.98 • _+ 185 _+0.03 
S . C 221 ~ 143 216 d 3280 ~ 246 ~ 
(n =6) _+2.9 _+ 15.6 _+2.4 _+55 _+0.16 
W . B 110 I' 69 h 21(Y' 2390 g 2.65 h 

LPA (n=6) _+5.4 _+4.0 _+3.9 _+176 -+0.09 
S. C 204 g 124 g 18(Y' 3157 g 1.9:' 
(n = 6) -+ 2.9 _+ 1.0 _+ 6.0 _+ 66 • 0.07 

NP - Pups born of mothers fed 20% casein diet; NPA - pups born of mothers fed 20% casein diet and 15% 
alcohol in drinking water; LP - Pups born of mothers fed 6.5% casein diet; LPA - Pups born of mothers fed 
6.5% casein diet and 15% alcohol in drinking water. 
n = Number of observations; Values are mean _+ SD. Each spinal cord sample was obtained by pooling 
spinal cords from 3-6 pups. 
Enzyme unit is defined as n moles of product liberated per minute under assay conditions. Levels of signif- 
icance was tested by student's 't '  test. 
Values significantly different from NP group " P < 0.05; b p < 0.02; c p < 0.01; e p < 0.001. 
Values significantly differnt from LP group, e p < 0.05; c p < 0.02; gP < 0.01; h p < 0.001. 

increased in the NPA pups and decreased in the LPA 
pups compared to the NP and LP pups, respectively, 

whereas the maternal undernutrition caused a marked 
increase in the proportions of GQ1 in the brains of LP 
pups compared to the NP pups (Table-II). Some of the 
changes observed in the ganglioside composition appear 
to be tissue specific, too. For example, the spinal cord 
of the NPA pups showed an increase in GD1, proportion 
and a decrease in GT1 proportion compared to the NP 
pups. In brain, however, GD1, was decreased and an 
increase in the GT1 proportion was observed in the NPA 

pups compared to the NP pups: 
Ganglioside catabolism proceeds in a step wise 

manner and the enzymes known to be involved in the 
catabolism are Sialidase, [3-D-Galactosidase, 13-D-Hex- 
osaminidase and [3-I>Glucosidase. Sialidase activity was 
assayed against endogenous substratate as the use of en- 
dogenous substrate may reflect the enzyme-substrate in- 
teractions as it actually occurs in the cells (26). In the 
present study activity of [3-D-Galactosidase was assayed 
both at pH 3.1 and 4.5 as our preliminary studies have 
suggested a possible excistence of 13-D-galactosidase iso- 

zymes in rat brain (41). In contrast to the changes in the 
total gangliosides, these enzyme activities in the CNS 
showed an increase following in  u t e r o  exposure to al- 
cohol and a decrease due to maternal undernutrition. 

Apparently, undernutrition may not be the primary 

cause of the abnormalities observed in the pups exposed 
to alcohol, for the following reasons. First, the pregnant 
rats (NPA group) were receiving the recommended 
amounts of protein, total calories and water (39). Sec- 
ondly, the differences observed in the NPA and LP pups 
were quite different. Thus the abnormalities observed in 

the NPA pups may not be due to undernutrition but may 

be a direct consequence of alcohol treatment. 
In conclusion, the results suggest that the increase 

in total gangliosides due to prenatal alcohol exposure 
may be at least, in part, due to the decreased activities 
of the enzymes related to ganglioside catabolism. This 
probably would reflect an overall decrease in the cata- 
bolic activity of ganglioside metabolism in the CNS of 
the pups born of mothers consuming alcohol a month 
prior to conception and during gestation. Similarly the 
decrease in the levels of total gangliosides in the under- 
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nourished pups ma y  be correlated, at least in part, to the 
increased catabolic activity due to undernutr i t ion.  How- 

ever, in the absence of  data on enzymes  involved in 
ganglioside synthesis,  it is not possible to arrive at any 
conclusive explanat ion to the alterations observed in the 
ganglioside composi t ion  in the experimental  rats. 

The changes observed in the rat brain,  at birth due 
to maternal alcohol consumption and undernutrition, may 
reflect most ly  those occurr ing in neuronal  cell populat ion 

as the neuronal  mult ipl icat ion is most ly  a prenatal event 
(3, 4, 17), prior to glial formation which is a postnatal 

event (16). However ,  the funct ional  significance of these 
abnormali t ies  are yet to be elucidated.  

The above ment ioned  f indings indicate that the ma- 

ternal alcohol consumpt ion  during gestation even in rel- 
atively moderate doses could be deleterious to the offspring 
with alcohol causing deficits in the CNS cell number  
and effecting abnormali t ies  in the total gangliosides level 
and their composi t ion,  in the CNS of the alcoholic pups.  
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