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Abstract : Effects of exposure of an alcoholic beverage (arrack and its
equivalent quantity of alcohol throughout pregnancy and lactation on
brain lipids were investigated. Female rats were exposed to arrack (12.00
ml/kg body weigh/day) and ethanol (4.00 g/kg body weight day) before
conception and throughout gestation and lactation. For 21 days pups were
nursed by their own mothers, afterwards they were fed normal laboratory
feed. We found that the level of cholesterol, phospholipids, triaceyl gycerols,
free fatty acids, cerebrosides, cerami de dihexosides, ceramide
polyhexosides, sulfatids., mono and diglycosyl diglycerides and gangliosides
were increased in the brain of 21't and 45th day pups. The alterations in
the glycolipid profile of the brain persisted even when pups were not
directly exposed to alcohol. These alterations in the glycolipid and
ganglioside metabolism may be associated with the developmental
abnormalities of the brain seen in FAS. The elevation produced in the
glycolipid profile of arrack administered pups were more than that caused
by its equivalent quantity of ethanol. This suggested an interaction of
congeners in the arrack with the alcohol.
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INTRODUCTION altered cytoarchitecture and metabolic
activity of the numerous brain regions (5).
It has been shown that in utero exposure of
alcohol adversely affects the normal brain
development in the offspring (6). Maternal
alcohol consumption increased total
gangliosides in the brain and spinal cord
and also resulted in a decrease in the
ganglioside catabolising enzymes in rats (7).

Maternal consumption of alcohol may
lead to fetal malformations, collectively
called Fetal alcohol syndrome (FAS) (1). It
is characterized by abnormalities of the
central nervous system. Animal research
has revealed that prenatal exposure at
critical periods of development leads to
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.Lalitha et al (8) reported that lipid
composition of the brain was altered in rat
pups exposed to alcohol during prenatal and
postnatal period. Studies in this laboratory
showed that maternal beverage/ethanol
exposure could induce hyperlipidemia
among the offspring of rats (9, 10, Ll).

However, studies on the effect of in utero
exposure of alcoholic beverages on brain
gangliosides of offspring have been scarce.
Most of the studies conducted have been
with pure ethanol. Alcoholic beverages
contain many substances other than
ethanol, which modify the effects of ethanol.
Various alcoholic beverages are consumed
by men according to their socio-economic
status. Arrack is a popular distilled alcoholic
beverage in India. It is mainly consumed
by the people belonging to low socio-
economic strata. Hence studies were carried
out to determine the effects of maternal
consumption of arrack and its equivalent
quantity of ethanol on the brain glycolipids
of pups at various stages of development.

METHODS

Female albino rats (Sprague Dawley
strain) of average weight of 125 g were
randomly selected and divided into three
groups of 12 rats each. They were
maintained in normal laboratory conditions
in light and dark cycle of 12 h duration
Rats were fed with pelleted diet supplied
by Lipton India Ltd. and tap water ad
libitum.

Group 1. Control + glucose solution

Group 2. Arrack (12.00 ml/kg body weight/day)

Group 3. Ethanol (4.00 g/kg body weight/day)
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Arrack was purchased from Govt .
Licensed shop and its alcohol content was
estimated (40-42%) as described in AOAC
(12). The ethanol group was fed with pure
ethanol, which was equivalent to the alcohol
content of that of arrack. Control rats were
fed with an equicaloric amount of glucose
solution. Rats were treated as shown above
for 15 days. Arrack/ethanol was
administered by gastric intubation after
diluting in the ratio 1:1.25 and 1:7
.respectively. After 15 days they were allowed
to mate with normal male rats. Pregnancy
was detected by microscopical examination
of vaginal smear, and the day of detection
of spermatozoa was considered as the first
day gestation. Throughout gestation and
lactation, rats were administered arrack/
ethanol. Weights of rats were recorded
periodically. Pups were nursed by their own
mothers for 21 days. On 21st day (21 P),
half of the pups were deprived of food
overnight and sacrificed by cervical
dislocation. The whole brain was dissected
immediately washed with physiological
saline and stored in pre-cooled containers
for various biochemical estimations. Rests
of the offspring were fed normal pelleted
laboratory diet and they were allowed to
grow up to 45 days. On the 45th day (45 P),
they were also sacrificed after 12 hrs fasting
and the brain was removed as above.
Cholesterol, phospholipids, triacylglycerols
and free fatty acids were estimated as
reported earlier (13) For estimating
glycolipid level, lipid extraction was done
by the method of Folch et al (14). The lipid
extract was shaken with 0.1 mollL KCl.
Upper and lower layers were washed three
times and combined upper phases were
dialyzed against distilled water and
lyophilized. The lyophilized material was
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extracted with chloroform: methanol: water
(10:5:1). Sialic acid content was estimated
to determine the gangliosides content (15).
Glycolipid fractions namely cerebrosides,
ceramide dihexosida--ceramide polyhexoside,
monoglycosyl diglyceride and diglycosyl
diglyceride and sulfatides were separated
by diethyl amino ethyl (DEAE) cellulose ion-
exchange column chromatography (16). Total
hexose (17) and sulfate (18) levels were
determined quantitatively to estimate the
levels of various glycolipid fractions.
Statistical analysis was carried out by one
way ANOVA. Differences between treatment
means were determined by the method of
Snedecor and Cochran (19).

RESULT

The lipid profile of brain showed and
increased concentration of cholesterol,
phospholipids, triacylglycerol and free
fatty acids in the arrack/ethanol treated
groups. This increase was more prominent
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Fig. 1: 14 C acetate incorporation to lipids in the brain
of pups.
Values are Mean ± SD from six rats
*-Indicates that the corresponding resultsis

significant in comparison with dontrol
a- Indicates that the effects of arrack and

ethanol are significantly different
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TABLE II: Activities of HMG Co-A reductase, glucose 6- phosphate dehydrogenease and malic enzyme
in the liver of 45th day pups prenatally and postnatally exposed to Arrack/ethanol.

HMG CoA reductase Glucose -6- phosphate Malic enzyme**
Group (HMG Co-A / Meoalonate) dehydogenase *

Control 0.20±0.15 44.95±1.60 87.82±5.10

Arrack 2.12±0.12·b 83.46±1.47nh 146.59±4.80nb

Ethanol 3.22±0.15· 62.28±0.94" 130.31±2.79'

Values are Mean ± SD from six rats (a, b P<0.05)
a- Indicates that the corresponding results is significant in comparison with control
b- Indicates that the effect of arrack and ethanol are significant different
*- The amount of enzyme which causes an increase in OD of O.Ollmin/g protein
**-The amount of enzyme which causes an increase in OD of 1.0/min/g protein

in the arrack treated group. The 45th
day pups showed significant increase
in these lipids compared to that of 21st day
pups- HC acetate incorporation to lipids also
showed that there was a marked and
significant increase in the concentration of
various fractions of lipids in the brain of
offspring exposed to beverages compared to
the control and ethanol exposed groups (Fig.
1). Here also we observed a marked
difference between 21"t and 45th day pups.

The activity of HMG Co-A reductase,
malic enzyme and glucose -6- phosphate
dehydrogenase showed a significant increase
in the arrack/ ethanol exposed pups (Table
2). The bile acid content (Fig. 2) of the liver
of pups exposed to arrack/ethanol on both
the days showed a significant reduction
compared to control.

60
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.CONTROl
DARRACK
IlETtIAHOl

21 DAY PUPS 45 DAY PUPS

·P<O.05 between control nd other groups
ap<O.05 between arrack and ethanol groups

Fig. 2: Bile acid content of the liver of pups.

The concentration cerebrosides, ceramide
dihexoside, ceramide polyhexoside,
monoglycosyl diglyceride and diglycosyl
diglyceride, sulfatides and gangliosides
showed a significant increase in the
brain of pups of arrack/ethanol treated
groups on both the days studied (Table 3),
the' increase in glycolipids of arrack group
was significantly greater than the ethanol
group.
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DISCUSSION

Hyperlipidemia was observed in the
brain of pups even on the 45th day, ie when
they were no longer exposed to arrack/
ethanol. It may be due to the higher level
of alcohol exposed prenatally and
postnatally. In the present investigation. It
was observed that ingestion of arrack/
ethanol altered the concentration of lipids
in various tissues of the pups on 21"t day of
lactation. These observations are In
agreement with those of Lalitha et al. 8)
and Druse (20). Alcohol freely passes
through the placental barriers to the
amniotic fluid and then to the fetus (21).
Milk from alcoholic rats contains alcohol and
its derivative (22). Our earlier studies have
shown that administration of ethanol and
arrack during pregnancy and lactation cause
hyperlipidemia in the mammary glands (23).
Hence the milk produced will be of higher
fat content. This will indirectly affect the
growth of the progeny. Vilaro et al. (24).
also observed that alcohol exposed rats
produced milk with high lipid concentration.
The increased concentration of various
lipids may be due to the increased
biosynthesis and decreased catabolism of
lipids. The peak period of lipid accumulation
in rat brain occurs in the first four
weeks of postnatal life (25). This
study reveals that exposure to alcohol
during gestation and lactation causes
hyperlipidemia in brain, and abstaining
from alcohol cannot reverse it. The altered
lipid pattern may affect the fluidity of
membranes, and neurotransmission and it
may lead to various abnormalities associated
with FAS. We have observed a persistent
lag in the growth of pups exposed to arrack/
ethanol.
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Glycolipids are involved in a number of
processes such as cell membrane functions,
immunological reactions and virus cell
interactions (26), and sulfatids are involved
in the binding of thrombospondin (27) and
laminin (28). The increase in the glycolipids
of brain of pups exposed to arrack/ethanol
may make the membranes. more rigid and
this may be the underlying factor for alcohol
induced changes membrane's physical
properties. Reduced membrane fluidity has
been reported by some investigators (7). The
ganglioside concentration of offspring of
alcoholic rats is in harmony with the
findings of Lalitha et al. (8). These findings
are of great concern with regard to
membrane function. It may be an adaptive
change leading to the de~elopment of
tolerance. Alteration in the ganglioside
metabolism is associated with metal
retardation. Hence alterations in ·brain
glycolipids observed may be factors for
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the mental retardation seen in FAS. In
this study it has been found that alterations
in the lipid and glycolipid profile of
brain persist even when pups are
not directly exposed to alcohol. Hence it
can be concluded that membrane's
dynamic state may not be normal in these
animals.

This study also revealed that non-
ethanolic components present in alcoholic
beverages modify the toxic effects of alcohol.
In this case even though the absolute
alcohol consumed by alcohol group and
arrack were same, alterations in glycolipid
and lipid levels were more affected on
exposure to arrack. We have observed in our
earlier studies, that congeners in arrack
potentiate the toxicity induced by ethanol
(10,23). Only further studies will reveal the
adaptive changes occurring in the
developing brain.

REFERENCES

1. Streissguth AP, Landesman-Dvyer S, Martin J,
Smith DW. Teratogenic effects of alcohol in hum
an and laboratory animals. Science 1980; 209:
353-361.

2. Jones KL, DW Smith. The fetal alcohol syndrome.
Teratology 1995; 12:1-10.

3. Clarren SK, Alvord EC, Sumi SM, Streissguth AP,
Smith DW Brain Malformations related to exposure
to ethanol. J Pediatr 1978; 92: 62-67.

4. Sulik KK, Johnston MC, Schambra U, Piffer RL,
Zaytoun HS, Hehart CB. Brain and eye
malformations following acute maternal ethanol
exposure of gastrulation stage mouse embryos.
Teratology 1983;7:78-79.

5. Sun GY, Sun AY. Ethanol and membrane lipids.
Alcohol Clin. Exp Res 1982; 9: 164-180 ..

6. Norton S, Terranova P, Na JY Sancho-Tello M.
Early motor development and cerebral cortical
morphology in rats exposed perinatally to alcohol.
Alcohol Clin. Exp Res 1988; 12 (1) 130-136,.

7. Prasad VV. Maternal alcohol consumption
and undernutrition in the rat Effects of
gangliosides and their catabolising enzymes in the
CNS of the new born .. Neurochem Res 1989; 14:
1081-1088.

8. Lalitha T, Krishanakumar Ramakrishnanan CV,
Telang SD. Effect of maternal alcohol consumption
of the lipid cotnposition of CNS in offspring.
J Neurochem, 1988; 50(5) 1346-1351..

9. Sreeranjitkumar CV, Lal JJ, Indira M, Vijaymmal
PL. Postanatal metabolic changes in pups of rats
exposed to Toddy (palm wine) during pregnancy
and lactation. Food Chern 1998; 62 (2): 149-155.



Indian J Physiol Pharmacol 2001; 45(4)

10. Lal, JJ, Sreeranjitkumar CV, Indira M, Vijaymmal
PL. Effect of in utero exposure of Toddy (coconut
palm wine) on liver function and lipid metabolism
in rat fetuses. Plant Foods for Hum Nutr 1998; 52:
209-219.

11. John. J. Lal, Sreeranjit Kumar CV, Suresh MV,
Indira M, Vijayammal PL. Prental exposure of an
alcoholic beverage (arrack) on fetal lipid
metabolism in rats. Indian J Physiol Pharmacol
2000; 44(3): 273-280.

12. Hoetwitz W. Beverages: Distilled liquors in AOAC
(Association of Official Analytical Chemist)
Hortwitz W (ed) Washington 1970; 144-147.

13. Menon PVG Kurup PA. Dietary fibre and
cholesterol metabolism-effect of fibre rich
polysaccharide from black gram (Phaseolus
mungo) on cholesterol metabolism in rats fed
normal and atherogenic diet. Biomedicine 1976; 24:
248-253.

14. Folch J, Lees M, Slone-stanley GA. A simple
method of total lipid extraction and purification.
J BioI chem 1957; 226: 497-509.

15. Warren L. The thiobarbituric acid assay of sialic
acids. J su: Chem 1959; 234: 1971-1975.

16. Kumar JSS, Menon VP. Effect of diabetes on levels
of lipid peroxides and glycolipids in rat brain.
Metabolism 1993; 42 (11): 1435-1439.

17. Ashwell G. New colorimetric method of suger
analysis. Methods Enzymol 1966; 8: 85-94,

18. Terho TT, Hartiala K. Method for determination
of the sulphate content of glycosaminoglycans. Anal
Biochem 1971; 41: 471-476.

19. Snedecor GW Cochran GW. Statistical methods.
6th Edn. Oxford and IBH Publishing Co. 1967;
258-275.

Effects of EthanoVArrach on Brain Lipids of Rats 427

20. Druse M. J. In Development of Central nervous
system. Miller M. W (ed.) N. Y. Willey Liss 1992;
pp-139.

21. Sreenathan RN, Padmanabhan R, Singh S. Indian
J Expl Biol 1983 21: 108 -110.

22. Vilaro, Vinas 0, Herrera E, Remesar X. Chronic
and acute ethanol impair the in vivo glucose uptake
by lactaing rat mammary gland. Biosci Reports
1987; 7 (10): 777-780.

23. Sreerajitkuniar CV, Lal JJ, Suresh MV, Indira M,
Vijayammal PL. Effect of- ethanol/arrack on the
lipid metabolism of mammary gland during
pregnancy and lactation in rats. J Physiol
Pharmacol 1999; 43 (3): 332-336.

24. Vilaro S, Vinas 0, Remesar X, Herrera E.
Effects of chronic ethanol consumption on
lactational performance in rats: Mammary gland
and milk composition and pups growth and
metabolism. Pharmacol Biochem Behav 1987: 27:
333-339.

25. Wella H.E, Dittmer JC. A comprehensive study of
the postnatal changes in the concentration of the
lipids of developing rat brain. Biochem 1967; 6:
3169-3175.

26. Vernadakis A Syn ap to gen s is : Morphological,
biochemical and electrophysiological correiates, in
Meisami E and Timiras P S (Eds): Handbook of
Human Biological Development. CRC Press, FL,
1988; pp 75-93.

27. Roberts DD, Haverstick DM., Dixit VM. The plate
let glycoprotein thrombospondin binds specifically
to sulfated glycolipids .. J Biol Chem 1985a;
9405-9411.

28. Robertes D D., Rao C N., Magnani J L. (1885b).
Laminin binds specifically to sulfated glycolipids.
Proc Natl Acad Sci USA 1985b; 82: 1306-1310.


