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From parturition, lactating Wistar rats were given 
20% ethanol in drinking water and solid diet ad 
lihitum (ET group) or were pair-fed to the ET group 
(PF group) or were given water and solid diet ad 
lihitum (control group, C). Animals were studied on 
day 12 of lactation and/or treatment, when dams 
were separated from their litters and 2-4 hours latter 
they were i.p. injected with oxytocin for milk collec­
tion under anaesthesia. Maternal food intake, 
weight gain and pup's body weight were lower in 
ET than in C rats. When compared to C rats, milk of 
ET dams had a decreased proportion of C14:0 and 
C22:6 n-3 fatty acids while an increase in C18:0, C16:1 
and C18:1 n-9 was detected, whereas when compared 
to PF it had higher CS:0, Cl0:0, C18:0, C18:1 n-9, C18:2 
n-6 and lower C20:5 n-3 and C22:6 n-3. Body weight 
was lower in pups from ET than in those from C or 
PF, and whereas brain weight and brain lipid con­
tent was lower in ET and PF pups than in C, total 
phospholipid (PL) brain content was similar among 
the groups. The ratio of C20:3 n-9 to C20:4 n-6 in 
brain PL was higher in ET pups than in either C or 
PF, indicating an essential fatty acid deficiency in 
the formers. Ethanol treatment also decreased the 
proportional amount of C18:2 n-6, C18:3 n-3, C20:4 

n-6, C20:5 n-3 and C22:6 n-3 in brain PL as compared 
to C, whereas from these fatty acids only C18:3 n-3, 
C20:5 n-3 and C22:6 n-3 were decreased in PF. On the 
other hand, the proportion of C22:6 n-3 was signific­
antly lower in the pups of ET group than in PF 
animals. Present results show that maternal intake of 
ethanol during lactation in the rat modifies milk 
lipid composition and that these effects are not 
caused by the undemutrition condition of the 
animals. These effects alter fatty acid composition 
of brain PL in pups, and such effect may contribute 
to its abnormal development. 
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INTRODUCTION 

During suckling, milk lipids supply about 50% 
of the energy intake of various species, including 
humans and rodents (Neville and Picciano, 1997; 
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Girard et al., 1992). Medium-chain fatty acids 
(C8:0-12:0) are synthesized de novo in the mam­
mary gland and represent an easily absorbable 
energy source for breast-fed infants. They are 
also rapidly transported to tissues for oxidation 
or used by liver for ketogenesis (Girard et al., 
1992). Essential fatty acids (EPA) and their 
longer chain, more unsatured derivatives, pro­
vide the precursors for eicosanoids (arachidonic 
acid, 20:4 n-6, AA) and are important constitu­
ents of cell membranes, especially those in the 
brain tissue ( docosahexaenoic acid, 22:6 n-3) 
(Innis, 1986; Martinez, 1992; Dutta-Roy, 1994; 
Suarez et al., 1996). 

Ethanol consumption in adult rats has been 
shown to exert profound effects on cell mem­
branes, including modification of the PUPA com­
position (Goldstein and Chin, 1981; Reitz, 1993; 
Zheng et al., 1996), decreased levels of arachidonic 
acid and inhibition of both n-6 and n-5 desaturase 
enzymes (Wang and Reitz, 1983; Reitz, 1993). 

Several studies in the rat reported that mater­
nal alcohol consumption during pregnancy results 
in negative effects on offspring development 
which persist after birth (Lee and Leichter, 1980; 
Ludefta, et al., 1983; Vilaro et al., 1987). These 
effects are not a consequence of maternal under­
nutrition, since they are evident even in control 
animals that received the same daily caloric 
intake than the ethanol treated rats (Jones et al., 
1981; Testar et al., 1986; Lopez-Tejero et al., 1986). 

Previous studies from our laboratory have 
shown that ethanol intake during lactation in 
rat increases both the rate of in vivo lipogenesis 
in mammary gland (Tavares do Carmo, et al., 
1996) and milk triacylglyceride concentration 
(Vilaro et al., 1987), and impairs milk production 
and suckling pups' growth (Vilaro et al., 1987; 
Tavares do Carmo and Nascimento Curi, 1990; 
Tavares do Carmo et al., 1999). Present study 
was addressed to determine whether ethanol 
intake during lactation in the rat also affects milk 
fatty acid composition, and the work was 
extended to determine brain phospholipid fatty 
acids in offspring. 

MATERIALS AND METHODS 

Animals and Procedures 

Adult virgin female Wistar rats were housed 
in groups of 4-5 animals per cage and main­
tained under controlled conditions of light/ 
dark (12/12h) and temperature (24 ± 1 °C). 
After mating, pregnant rats were housed in 
individual cages and fed laboratory chow pel­
lets (Purina, Labina, Ltda, Brasil) with free 
access to water. On the day of parturition, 
considered day O of lactation, litters were 
weighed and adjusted to 8 pups per dam. 
No gender differentiation was done. On the 
first day postpartum, lactating dams were div­
ided into three groups: 1) Ethanol-treated rats 
which received 20% ethanol diluted in drink­
ing water and food ad libitum until sacrifice. 
2) Pair-fed rats, used as a nutritional control, that 
received the same solid diet per day and per 
100 g of body weight as that being fed to the 
ethanol-treated rats and tap water ad libitum. To 
avoid immediate consumption of the diet, the 
daily dose was divided in two equal portions 
for the dark and light periods. 3) Control 
animals that received a solid diet and tap water 
ad libitum, and were handled in the same way as 
the ethanol rats. All animals were fed laboratory 
chow (Purina, Labina, Ltda, Brasil) containing 
20% protein; 68% carbohydrate, 4% cellulose; 
1 % salt mix (AIN-93); 2% vitamin mix (AIN-93) 
and 5% (w /w) total fat (containing an oil mix, 
including fish oil, according to the supplier). The 
fatty acids of laboratory chow were analyzed 
by gas chromatography on a Perkin Elmer as 
described below, having 19.7% saturated fatty 
acids, 16.8% monounsaturated fatty acids, 
51.1 % linoleic acid (18:2 n-6), 5.7% linolenic 
(18:3 n-3), 0.9% arachidonic acid (20:4 n-6), 1.0% 
docosahexaenoic acid (22:6 n-3) and 2% eicosa­
pentaenoic acid (20:5 n-3). Daily food and liquid 
intake and body weight were measured 
throughout the treatment period (days 1-12 of 
lactation). 
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Collection of Milk, Blood and Brain 

Milk samples were collected from dams on day 
12 of lactation in the morning. After being separ­
ated from their litters for 2-4 hours, they were 
intramuscularly injected with Ketalar Parke­
Davis (0.5 ml/kg body weight) and 5 units 
oxytocin (Sandoz Products Ltda.). Fifteen min­
utes later, milk was obtained by gentle hand 
stripping of the teat. After milking, dams were 
decapitated and blood collected in heparinized 
tubes. Plasma was obtained by centrifugation 
and aliquots were used to measure maternal 
alcohol levels. Pups were decapitated, their 
brains were removed and weighed, pooled for 
each litter, and then frozen in liquid nitrogen 
and kept at -80 °C until analysis. Since deter­
minations were conducted on the pooled brains 
from a litter, the litter represents the unit of 
analysis. 

Assays of Maternal Plasma Ethanol Levels 

Blood ethanol concentrations were assayed by an 
alcohol dehydrogenase method using a commer­
cial ethanol diagnostic Kit (Sigma, St. Louis, MO). 

Lipid Extraction and Analysis 

The brains were homogenized in saline and 
homogenized aliquots were used for lipid 
extraction with chloroform/methanol (2:1, v /v) 
containing 0.02% BHT (w /v) as described by 
Kates (1972). Lipids were then fractionated by 
thin-layer chromatography (TLC) on g-silica 
gel plates using chloroform/methanol/HCl 
(100:200: 0.75 v /v /v). Phospholipid fatty acids 
were analyzed after derivation with boron tri­
fluoride-methanol as described by Morrison and 
Smith (1964). Dietary and milk fatty acid methyl 
esters (FAME) were directly prepared by the 
transesterification method of Lepage and Roy 
(1986), using a mixture of benzene:methanol 
(1:4) and acetylchloride (Sigma, St.Louis, Mo., 
USA). Fatty acid methyl esters were measured 

in a Perkin Elmer cromatograph autosystem pro­
vided with a hydrogen flame ionization detector 
and a capillary column (60m x 0.30mm i.d.) 
packed with 10% SP 2330 (Supelco Inc, Belle­
fonte, PA) as stationary phase. Nitrogen was 
used as carrier gas. Injector and detector tem­
peratures were set at 250 °C , whereas oven tem­
perature was programmed to 5 °C/min from 40 
to 225 °C. Esters were identified comparing 
retention times with known standards (Sigma), 
and quantification was done calculating peak 
areas with an integrator. Results were expressed 
as a weight percentage (g/100 g total fatty acids). 

Statistical Analysis 

Results were expressed as mean± SEM and sta­
tistical comparisons were performed using ana­
lysis of variance. When the ANOV A showed 
that a statistically significant difference existed, 
Duncan's test was used to determine statistical 
significance (p < 0.05). 

RESULTS 

Food Intake, Alcohol Consumption and Body 
Weight Changes 

Maternal body weight, food, fluid and caloric 
intake at day 12 of lactation are summarized in 
Table I. When compared to control rats, ethanol 
treatment greatly decreased body weight and 
solid food intake of dams during lactation with­
out modifying fluid intake. Ethanol treatment 
also decreased daily energetic intake, and this 
is so even when considering the calories from 
food plus those from ethanol. Although total 
daily energetic intake (from food plus ethanol) 
was higher in ethanol treated rats than in pair 
fed ones body weight did not differ between 
these two groups (Table I). 

Blood ethanol concentration was found to be 
113.5±6.Smg/dL (mean±SEM) in the ethanol 
treated rats. 
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TABLE I Effect of feeding 20% ethanol in the drinking 
water on food, fluid and total Kjoules intake in rats on day 
12 of lactation 

Control Ethanol Pair-Fed 

Body weight, g 230±3 190±2* 185± 2* 
Food, g/lOOg BW/day 22.9± 1.6 8.82±0.97* 9.05±0.22* 
Fluid, ml/lOOg BW/day1 28.0±0.9 29.6±0.9 31.3± 0.7 
KJoules/100 g BW I day 

As food 376±10 160± 15* 168± 4* 
As ethanol 72.0±2.4 

Each value represents the mean± SEM of 6-8 samples. 1 20% 
ethanol. Values that are significantly different from those of 
control rats are shown by * ( p < 0.05). No significant differ­
ences were found between pair-fed and ethanol groups for 
any variable in this Table ( p > 0.05). 

Fatty Acid Profile in Dams' Milk 

As shown in Table II, by day 12 of lactation, the 
proportion of C14:0 fatty acid in milk was lower 
in ethanol group than in controls, whereas the 
proportion of Cl8:0, 16:1 n-7 and 18:1 n-9 fatty 
acids was higher in the formers. Despite these 
differences, the proportion of other fatty acids, 
including linoleic acid (18:2 n-6) and a-linolenic 
acid (18:3 n-3) were similar in both groups. 
Furthermore, a low proportion of DHA (C22:6 
n-3) was observed in milk from ethanol treated 

TABLE II Effect of ethanol intake during lactation on 
relative fatty acid composition (% total fatty acids) of rat milk 

Fatty acids (wt%) Controls Ethanol Pair-fed 

C8:0 3.41±0.70 4.10±0.15 1.78± 0.39*1 

ClO:O 12.12±0.78 11.31±0.65 6.86± 0.76*1 

C12:0 10.51 ± 0.34 8.17±0.51 9.97± 1.80 
C14:0 10.56± 0.43 7.35±0.72* 8.10±0.24* 
Cl6:0 21.50± 1.15 22.25± 1.31 22.74±2.75 
ClS:O 2.01 ± 0.23 4.00± 0.17* 2.72±0.51 
Cl6:1 n-7 1.09± 0.06 2.07±0.07* 1.34± 0.02 
C18:l n-9 13.06± 0.71 18.03± 0.64* 8.34± 0.52*1 

C18:2 n-6 14.72±0.44 16.97±0.89 9.51 ± 1.45*1 

C18:3 n-3 0.84± 0.02 0.86± 0.05 1.27± 0.30 
C18:4 n-3 0.31±0.03 0.30± 0.02 0.44± 0.03*1 

C20:4 11-6 (AA) 0.43±0.04 0.40±0.02 0.84± 0.14 
C20:5 n-3 (EPA) 1.27±0.14 1.45±0.09 2.24± 0.39*1 

C22:6 n-3 (DHA) 0.55± 0.11 0.20±0.03* 0.46± 0.011 

The results are means± SEM of 6-8 samples. EPA- Eicosa-
pentaenoic acid; DHA-Docosahexaenoic acid;AA-Arachido-
nic. Values that are significantly different from those for 
control rats are shown by * ( p < 0.05) those between pair-
fed and ethanol groups by 1 ( p < 0.05). 

dams as compared to controls. Milk of pair fed 
rats had lower proportion of C8:0, 10:0, 18:1 n-9 
and 18:2 n-6 fatty acids than both control and 
ethanol treated rats, whereas C18:4 n-3 and 
C20:5 n-3 (EPA) were higher. The proportion of 
C14:0 fatty acid was lower and of C18:0 was 
higher in milk of pair-fed rats than of controls 
whereas C22:6 was higher in pair-fed than in 
ethanol treated rats (Table II). 

Body and Brain Weights and Brain Lipids in 
Pups 

As shown in Table III, maternal consumption of 
ethanol is associated with a significant reduction 
in body and brain weight of the pups. Body 
weight in suckling pups from ethanol treated 
mothers was even lower than in pair-fed rats, 
whereas brain weight did not differ between 
these two groups. Regarding brain lipids neither 
total lipid or phospholipid concentrations dif­
fered among the three groups, although total 
lipid content per brain was lower in pups 
suckled from either ethanol or pair-fed mothers 
than from control dams. However, as shown in 
Table IV, brain fatty acid phospholipid composi­
tion of pups substantially differed among the 
three groups: the proportion of C20:4 n-6 (AA) 
was significantly lower and that of 20:3 n-9 
(mead acid) was higher in pups from ethanol 

TABLE III Effect of maternal feeding 20% ethanol in the 
drinking water on final body weights, brain weights, brain 
total lipids and brain total phospholipid (PL) of pups on day 
12 of lactation 

Control Ethanol Pair-fed 

Body weight, g 22.9±0.6 14.2 ± 1.4* 18.o± 1.0•1 

Brain weight, g 1.05±0.02 0.65± 0.05* 0.62±0.06* 
Brain Lipid 

rng/g 30.5±1.4 32.4± 2.7 32.8±2.3 
mg/brain 32.0± 1.4 21 ±3* 20.3± 2.3* 

Brain PL 
rng/g 6.80±0.44 7.48±0.80 7.15± 1.05 
mg/brain 7.14±0.47 4.86±0.82 4.43± 1.05 

Each value represents the mean± SEM of 6-8 samples. 
Statistical comparisons versus controls are shown by 
* ( p < 0.05) whereas those between pair-fed and ethanol 
groups by 1 ( p < 0.05). 
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TABLE IV Effect of ethanol ingestion during lactation on 
suckling pup brain phospholipid fatty acid composition 

Fatty acids(%) Controls Ethanol Pair-fed 

C16:0 34.40±0.79 36.83± 1.40 41.31 ± 1.16*1 

C18:0 17.96± 0.66 20.83±0.89* 15.91 ± 0.631 
C18:1 n-9 10.83±0.39 11.11±0.28 11.73±0.36 
Cl8:2 n-6 1.01±0.06 0.75±0.06* 0.87±0.05 
C18:3 n-3 0.28±0.02 0.20±0.05* 0.15±0.01*1 

C20:3 n-9 (Mead) 2.36± 0.02 3.06±0.17* 2.42±0.091 

C20:4 n-6 (AA) 8.54± 0.32 5.99±0.85 7.23± 0.53 
C20:5 n-3 (EPA) 2.17±0.20 1.35±0.14* 1.66±0.02* 
C22:6 n-3 (DHA) 7.20±0.73 3.16± 0.39* 4.86 ± 0.42*1 

The results are means± SEM of 6-8 samples.Statistical corn-
parisons versus controls are shown by * ( p < 0.05), whereas 
those between pair-fed and ethanol groups 1 ( p < 0.05). 

mothers as compared to pups from either con­
trol or pair-fed dams. The proportion of Cl8:3 
n-3 and C22:6 n-3 fatty acids was lower in brain 
phospholipids of pups from ethanol and pair­
fed rats compared to controls, whereas C22:6 in 
ethanol pups had lower values than pair-fed 
ones. Besides, the proportion of C16:0 was high­
er in pups from pair-fed rats than in either etha­
nol or controls, while C18:0 was higher in 
ethanol than in controls and pair-feds. Pups 
from ethanol and pair-fed mothers showed also 
lower proportion of C20:5 n-3 compared to con­
trols, whereas only pups from ethanol mothers 
presented lower proportion of C18:2 n-6 than 
controls (Table IV). 

DISCUSSION 

To our knowledge this is the first report of fatty 
acid profile in milk from rats receiving ethanol 
(20%) in drinking water during lactation. Present 
findings show that milk produced by ethanol 
treated dams have a different fatty acid pattern 
than either control rats or pair-fed rats, indicating 
that differences are not caused by the decreased 
food intake of ethanol treated rats but are a direct 
consequence of ethanol action. Average amount 
of food intake, ethanol consumption, blood eth­
anol concentrations and weight gain of lactating 
rats given ethanol found in the present study 

were similar to our previous findings (Tavares 
do Carmo, et al., 1996; Tavares do Carmo et al., 
1999). From previous studies we know that 
although milk production is greatly impaired in 
ethanol treated lactating rats, it has an enhanced 
triglyceride content (Vilaro et al., 1987), and this 
change may be the result of both an enhanced 
mammary gland uptake of circulating fatty acid 
triglycerides caused by an augmented lipo­
protein lipase activity (Vilaro et al., 1987) and 
enhanced mammary gland lipogenesis (Tavares 
do Carmo, et al., 1996). The fatty acid profile 
in milk of ethanol-treated rats in this study 
may well be also a consequence of both effects. 
The proportion of medium-chain fatty acids 
appeared either higher (C8:0 and ClO:0) or sim­
ilar (Cl2:0 and C14:0) in ethanol-treated rats as 
compared to pair-fed rats, which together with 
the enhanced triglyceride concentration present 
in milk of ethanol treated rats (Vilaro et al., 1987) 
would indicate a specific abundance of these 
lipogenic products in the mammary gland of 
ethanol treated rats. Since it is known that trigly­
cerides containing medium-chain fatty acids are 
more easily hydrolyzed and absorbed during 
suckling than long-chain fatty acids (Neville 
and Picciano, 1997; Genzel-Boroviczeny et al., 
1997), preservation of those fatty acids in milk 
of ethanol-treated lactating mothers may well be 
a metabolic adaptation addressed to guarantee 
offspring survival, despite their decreased avail­
ability of sufficient amount of milk. 

Both saturated and unsatured long-chain fatty 
acids (> 16 C) enter the mammary alveolar cell 
from the plasma, being supplied from circulat­
ing lipids, arising from either dietary sources or 
from lipid stores (Williamson and DaCosta, 
1993). Furthermore, in rats and presumably 
humans, desaturation and elongation of oleic 
and other monounsaturated fatty acids takes 
place in the liver (Neville and Picciano, 1997), 
and desaturation and elongation of the essential 
fatty acids, linoleic and linolenic acids, produce 
the long-chain polyunsatured fatty acids (LC­
PUFA) present in milk (Bandyopadhyay et al., 
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1995). Thus, proportional increments in C18:l, 
C16:1 and C18:0, and the decrease in C22:6 n-3 
in milk found here in the ethanol treated rats are 
probably the result of ethanol action on the meta­
bolism of fatty acids. 

Fatty acid composition of milk lipids seems to 
depend on the maternal energy and lipid com­
position of the diet (Del Prado et al., 1999). In the 
present study the proportion of n-3 fatty acids in 
milk was found much lower than n-6 fatty acids, 
which may be a consequence of the abundance 
of n-6 fatty acids in maternal diet, which is 
known to suppress the metabolism and incor­
poration of n-3 fatty acids into milk fat (Huang 
et al., 1992). Besides, ethanol is known to inhibit 
both 6.6-desaturase and 6.5-desaturase activities 
(Nervi et al., 1980), which are responsible for the 
conversion of dietary linoleic acid (18:2 n-6) and 
alpha-linolenic (18:3 n-3) to their respective 
metabolites, arachidonic acid (20:4 n-6) and doco­
sahexaenoic acid (22:6 n-3). Thus, these effects 
may be responsible for the decrease in the C22:6 
n-3 fatty acid found here in milk of the ethanol 
treated lactating rats. 

Analysis of fatty acid composition in brain 
phospholipids of pups showed that the ethanol 
treated lactating rats had a consistent decrease in 
the proportion of polyunsaturated fatty acids. 
Essential fatty acid (EFA) deficiency is charac­
terized by a decrease in (n-6) and (n-3) fatty 
acids and by an accumulation of (n-9) fatty acids 
(Lefkowith, et al., 1985). In particular, EFA defici­
ency leads to an accumulation of mead acid 
(20:3, n-9), a fatty acid which is normally not 
present in tissues (Leichsenring et al., 1992). The 
ratio of 20:3 n-9 to C20:4 n-6 is used to define the 
deficiency state: a ratio over 0.4 is the biochem­
ical criterion of EFA deficiency (Lefkowith et al., 
1985). In the present study the ratio in ethanol 
treated pup's brain averaged 0.51 whereas it was 
lower than 0.4 in those from control or pair-fed 
dams, thus demonstrating EFA deficiency in the 
formers. 

In summary, this investigation presents evid­
ence of the deleterious effects of dietary ethanol 

intake during lactation, modifying milk fatty 
acid composition and pups brain fatty acid com­
position, with an EFA deficiency, as well as 
greatly impairing their growth rate, and that 
such effects are not caused by the undernutrition 
produced by the ethanol. Those effects on brain 
fatty acid composition occur during a sensitive 
brain developmental period, and may contribute 
to the permanent effects known to occur in off­
springs of high ethanol intake mothers. 
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