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TAVARES oo CARMO. t-.1. G .• C. M. OLLER DO NASCIMENTO. A. MARTiN-IIIDALGO AND E. HERRERA. F-f
fects of i:tha11ol i11t11ke 011 lipid 111.:wbolism in the lacwting rat. ALCOHOL 13(5) 443-448. 1996.-Femalc rals receiving alco
hol (20%) in drinking water during lactation (AL) were compared lo pair-fed ,inimals (l'F) and normal controls (C) fed ad 
lib. All animals were killed on the 12th day of lactation. When compared to C mis, food intake decreased in both AL and PF 
groups. and this effect was followed by a lower body weight nnd mammary gland (MG). liver. and parametrial adipose tissue 
weights. Mammary glands tri,1cylglyceride concentration (TG) was much lower in l'F lhan in AL. although in the latter. val
ues <.lid not reach lhose of C'. and had higher liver TG conccnlration than ;1ny of the other group.~. Both l'F and AL rats had 
lower plasma TG. glycerol, and free folly acid concentrations ur1<.I higher (3;-hydroxybutyrnte concenlrntion than C rats. When 
compared to C rals. the rnte of lipogencsis in MG was higher in bolh PF and AL mis. whereas in liver it was higher in PF and 
lower in AL rats, and in adipose tissue it wns higher in PF and unchanged in AL nils. The appearance of uc lipids 4 h after 
ornl (1 4 jlriolcin in both MG and liver was lower in AL and PF rnts and only lower in adipose tissue of AL rats as compared lo 
the C rnts. Lipopmtein lipase and hormone-sensitive lipase activities were lower in MG in holh PF and AL rats lhan in C. 
whereas in adipose tissue the activity of lipoprolein lipase did nol differ between AL and C rats and the activity of I ISL was 
lower in the former. These findings therefore show that in spite of re<.luce<.1 upt,1ke of ornlly administered lriglyceri<.les due lo 
decreased LPL aclivily, maternal alcohol feeding during lactation in the rat preserves the mammary !!land triglyceride con
tent thanks to enhanced lipogcnetic activity. On the olher hand. it causes liver triglycerides accumulation. probably as a result 
of the decreased rate of triglycerides released into circulation. and these changes are not caused hy the reduced food in lake of 
the animals. 

Alcohol an<.l lactalion Undernutrition Mammary gland 
Metabolism ,f oral (14]lriolein 

DURING lactation. lipid metabolism is regulated in such a 
way as lo direct circulating substrates (lriacyglycerols and 
noncslerified fally acids) to the mammary gland for milk fat 
synthesis (20.27). In addition to hypcrphagia and enhanced 
absorption of dietary lipids in lactation. which results in 
greater availability of chylomicrons for the gland. the lipid 
present in milk not being synthesized within the gland comes 
from two other sources: I) hepatic triacylglcerols secreted as 
very-low-density lipoproteins (VLDL) and 2) free folly acids 
(FFA) released from adipose tissue triacylglycerols stores 
( 15.29). The uptake of lriacylglyccrols (chylomicrons and 

Rat Lipoprolein lipase Hormone-sensitive lipase 

YLDL) by the mammary gland is <.lcpendcnl on their initial 
hydrolysis by the enzyml! lipoprntein lipase (LPL) (5). and 
this activity is increased in the mammary gland of lactaling 
rats compared io nonlactaling animals (10.29). In addition. 
during lactation in rat. maternal metabolic changes tend to 
favour the depletion of fat stores. as indicated hy the reduc
tion in adipose tissue LPL activity (14) and increase in adi
pose tissue lipolysis (J,28). 

Maternal ingestion of ethanol <.luring pregnancy nnd lncta
lion results in important metabolic and physiological modifi
cations in the lactating mother. incluuing a decrease in milk 
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production and a change in milk composition (25). We have 
recently reported that ethanol in lake during laclalion alters 
lipid mctabolism. as indicated by an increase in the rate of li
pogenesis in vivo in the mammary gland (measured with 
3H20) (23). 

The aim of the present investigation was to examine the ef
fects of chronic ethanol drinking on lipid metabolism during 
laclalion in the ml and lo differentiate its direct effects from 
those produced as a result of lht: reduced food intake that ii 
causes. 

METIIOD 

Female Wistar rats were mated with mature males of the 
same strain on reaching a weight of 1.50-180 g. and gestation 
was timed by lht: appearance of spermalozoids in vaginal 
smears. Pregnant rats were housed in individual cages in a 
light cycle- and lemperature-conlrolled condition (0S(Xl-2000 h 
light/dark cycle; 24 ± 1 °C), and fed Purina chow pellets and 
water aJ lib. The day of parturition was considered day O of 
laclalion and the tillers were restricted lo 8-10 pups per dam. 
On the first day postpartum lactating dams were divided into 
three groups: 1) alcohol-treated rats (AL), which received 
20% ethanol diluted in drinking water and food ad lib until 
sacrifice; 2) pair-fed group (PF), as a nutritional control, 
which received the same amount of solid diet per day and per 
100 g body weight as consumed by the alcohol-treated animals 
durin).!. the previous day, but divided into two equal portions 
and given al the onset of the dark and light period, and waler 
ad lib; and 3) control animals (C). which received both solid 
diet and lap water ad lib and were handled in the same way as 
the ethanol-treated rats. Daily food and liquid intake and 
body weight were measured throughout the treatment period. 
All animals were studied at day 12 of lactation. 

Circulati11g Mctoho/ites a11d Tiss11e Lipid and Lipase 
Activity Deter111i11atio11s 

Some rats from each group were killed by decapitation be
tween 1000 and 1100 h. Trunk blood was collected in heparin
ized tubes for immediate plasma separation by centrifugation 
at 4°C, and samples of liver, parametrial adipose tissue, and 
mammary glands were rapidly excised and placed in liquid ni
trogen and kept at -80°C until analyzed. Blood ethanol levels 
were determined spectrophotometrically using a commercial 
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FIG. I. Total caloric int.ikc in the lactating rnt,. 
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ethanol uiagnoslic Kit (Sigma, St. Louis. MO). l'lasma ali
quots were kept at -20°C until assayed for triglycerides (17) 
and free fatly acids (colorimetric Kil, Wako, NEFA C test 
Kit; Wako Chemicals, Germany). Other plasma aliquots were 
dcprotcinized by the Somogyi method (21) to determine glu
cose (6). glycerol (9). 13-hydrnxybutyratc {30), and acctoace
tatc (30) in the supernatants. Lipids were extracted and puri
ried (8) from nliquots of mammary gland anu liver for the 
analysis of triglycerides by enzymatic procedure after phos
pholipids separation (Sigma). The coefficient of variation for 
the above methods was always below 2%. Tissue LPL activity 
was measured after lipid removal with acetone/diethyl ether, 
as previously described (12). To measure the hormone-sensi
tive lipase (I ISL) nctivity, tissue hornogcirntes were made in 
0.2.5 M sucrose/I mM EDTA solution in I mM dithiolhreitol, 
pH 7.4. Homogenates were centrifuged at 40.000 rpm for 45 
min, at 4°C, and the clear infranatant solution was used to 
measure I-ISL as previously described (14). by using a [·1H)
monoaeylmonoalkyl glycerol substrate (24). CV for the en
zyme assays always ranged ht:lwccn 5% and 8%. Tissue pro
teins concentration was determined by the method of Lowry 
ct al. (13). 

Meas11re111e111 of Lipogencsis 

Al 1000 h. another set of rats from each group was IP in
jected with 3 mCi of 3H20 and l h later the animals were 
killed hy decapitation. Trunk blood was collected in heparin
ized tubes, liver and mammary glands were removed. and 1-g 
aliquots were saponified in 3 ml 30% KOH and lipids ex
tracted in petroleum ether (22). The lipogenic rate was esti
mated as described by Robinson et al. ( 18). 

Mcas11reme11t of Tissue 14C L1i1id Accu11111latio11 Ill Vivo After 
Oral f 14CJTriolci11 

Another set of dams from each group was given an oral 
l'~]lriolein emulsion. prepared as described below, by means 
of a plastic tube connected to a syringe and without anaesthe
sia, as previously described ( 1 ). This treatment was carried 
out between 0800 and 0900 h, after which animals had access 
to drinking nuid but not to food. The emulsion was prepared 
by sonication in an Ultrasonics Ltd. sonifier (set at 15 µm, 1 
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TAULEl 
EFFECT OF MATERNAL. C-1 IRONIC ETIIANOI. INTAKF ON SOME IIIOCI IEMICAl. l'AHAMETERS 

OFTIIE MM,IMARY GI.AND. LIVEH. ANI> rLASMA ONTIIE 12TII DAY OF 1.AC"l'ATION 

Conlrnl (<") 

Mammary gland 
Wcighl (!!) 10.4 :!: 0.) 
Triacylglyccrol (mg/I!) 146 :!: 5 

Liver 
Wcighl (g) 10.9 :!: 0.2 
Triacylglyccrol (mg/g) 3.3 :!: 0.1 

Parnmctrial adipose tissue 
Wcil!ht (g) 0.96 :!: 0.08 

Plasma 
Glucose (mg/di) 105 :!: 6 
Triacylglyccrols (mg/di) 92.7 :!: 14.1 
Glycerol (µM) 308 :!: 32 
Fatty acids (µM) 515 :!: 76 
13-0H-Butyratc (µM) 86 :!: 8 
Acctoacctatc (µM) 46.6 :!: 4.5 

Valuc5 arc lhc mc,111 z SEM for 6-12 rat5 per group. 

Pair-Fell (l'F) 

4.7 :!: 0.2• 
JO:!: 5• 

(d :!: O.J• 
1.8 :!: 0.2• 

0.05 :!: II.OZ* 

l07 :!: 6 
49.3 :!: 5.1• 
173 :!: 11• 
226 :!: 49• 
281 :!: 23• 

61.6 :!: 8.8 

Elhanol (AI.J 

6.8 :!: 0.7•t 
IZJ ! J l•t 

7.2 :!: 0.1 • 
5.0 :!: 0.3•t 

110 :!: 5 
SR.I :!:7.0-

11111 :!: 13• 
225 :!: so• 
2113 :!: 31* 

42.6 :!: 4.8 

•s1a1isti.:al comparison hclwccn control and ethanol groups:/' < 0.05. 
tSi!_!nificantly different from pair-fed :ti I' < 0.05. 

min X 5). and consisted of a mixture of 4 mg phosphatidylcho
line. 20 mg triolein. 100 µCi glycerol tri[l- 14]oleate (59 Ci/mo(; 
Radiochemical Center. Amcrsham, UK). and 5 ml saline 
(NaCl 0.9% w/v). of which each animal received l ml. Ani
mals were killed by dl·capitation 4 h after the treatment and 
:.amples (about 21Xl-'.'(Xl 111)!) of paraml'lrial adipose tissue. 
liver. and mammary glands were excised and used for lipid ex
traction (8). To allow intergroup comparisons and to unify the 
amount of radioactivity given to each animal. values of radio
activity were corrected by considering one million of DPM in 
the (14)triolcin emulsion administered to each ml and per 100 g 
body weight. 

Statistical A11alysis 

Results were expressed as the mean :!: SEM. and statistical 
comparison among groups was made by a two-way analysis of 
variance (ANOV A). Differences between means were tested 
for significance by Duncan's multiple range test. 

RESULTS 

Food Intake, Body, and Organ Weights anti Triglyccritlc• 
Concentration and Circ11/c11i11g Mc:tabolircs 

As shown in fig. I. during the 12 days of the c"pcrimcnt. 
daily intake of fom.1-dcrived calorics intensely decreased in 
the AL rats compared to C ruts. In the AL group the ethanol
derived calories were 35.4% of the total dailv caloric intake. 
which is equivalent to about 11.06 ± 1.15 g of ·pure ethanol in
gested/kg body weight/day. The food-derived calorics in
gested by the AL and Pf animals were approximately 52% 
less than the ad lib controls. This was renccted in the signifi
cant reduction in body weight of AL and PF animals. whose 
value was. however. similar in these two groups (Fig. 2). The 
mean maternal blood alcohol levels in the AL rats on the 12th 
day of lactation was 90 :!: 3.8 mg/di. 

As shown in Table l, mammary gland weight and triglycer
ide concentration in AL rats were lower than in C animals but 
higher than in Pf rats. Liver weight was similar in AL and PF 

TAI3LE2 
EFFU"I' OF ETI tANOL INGESTION t20'Y.) IJURING LACTATION ON TISSUE Lll'OOENESIS 

C11111rol (C) Pair-Fed (l'F) Elh.11101 (ALI 

Mammary glands 51.2 :!: 4.8 115.U :!: I 1.7* 75.6 :!: <J.7•t 
( IJ) (6) (lJ) 

Liver Ill.II:!: 0.7 25.:l :!: 5.8• 7.1 "': (Ult 

( IJ) ((1) ( lJ) 

l'ar.11nclrial adipose tissue l).(1 :!: 0.05 4.4 :!: 1.:1• 0.7 :!: 11. I 2t 
( IJ) (h) ('I) 

Fur '-'xpcriml.·n1.1I J"·lails sec the text. The rcsulls arc lhc ntl·an :!: Sl.:ti.1. with lhl' numlx·r of rals shuwn in pa
rentheses. Values arc expressed a~ µmot '1-1,0ig fresh !issue/hour. 

•p < 11.115 versus conlrol group. 
t11 < II.II:\ versus pair-fed group. 
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TAULE3 
l·"FECr OF ETHANOL INGESTION (20%) DURING LACl"ATION ON TISSUE A(Tl!Ml!LATION or 

"C LIPIDS AFrER l"CI TRIOLEIN INTRAGASTIUC ADMINIS rnATION 

Conlrol (Cl l'air-Fcc.1 (l'F) l'.lhanol (AL) 

Mammary glands 327233 :!: 2%09 I 4(>881 :!: 22521 • (,)418 :!: 14679*t 
(6) (8) (6) 

Liv<:r 25901 :!: 3742 141>29 :!: 2904 • I PN8 :!: 1670-
(6) (8) (6) 

Parametrial adipose tissue 157 :!: 31 120 :!: 32 46 :!: 11 • 
(6) (8) (6) 

Fur cxpcrimcnwl c.1<:iails sec lhc lcxl. ·nu, rcsulls arc lhc means :!: SI :M. wilh lhc numhcr of rals shown in parenlhcscs. 
Values arc cxprcsscc.1 us c.lpm/tutal tissue anc.1 corrected as I x IIY'/c.1pm nc.lminis1crcc.l/llXI g holly weigh!. 

0 p < ().(JS versus conlml group. 
ti•< 11.115 versus pair-fee.I group. 

animals but lower lhan in C rals, whereas triglyceride concen
tration was higher in rals receiving the ethanol trealmcnt than 
in any of !he olhcr two groups and this parameter was lower 
in PF rals than in C animals. The weight of parametrial adi
pose tissue was lower in AL than in C. and values in the PF 
were practically negligihle, being much lower than in any of 
the other two groups (Table I). 

As also shown in Table I, plasma glucose and acetoacelate 
levels did not differ among the three groups. However, 
plasma triglycerides, glycerol, and free fatty acid concentra
tion were lower in both AL and l'F rats than in C animals, 
whereas plasma {3-hydroxybutyrate levels were higher in the 
former two groups with 1w Jiikrcnce between them in any of 
these parameters (Table I). 

Tissue Lipogenesis 

As shown in Table 2, the rate of lipogenesis in the mam
mary gland of AL rats app~~ared higher than in C mis but 
lower than in PF animals. In both liver and adipose tissue, the 
rate of lipogencsis did not differ between AL and C rats but 
was higher in Pr rats tlwn in any of the other two groups (Ta
ble 2). 

Tissue Appearance of 14C L111id Accu11111/ation in Tissues 

The appearance of 14C lipids 4 h after the oral administra
tion of [' 4C)trioleine is shown in Table 3. In mammary glands 
of AL rats the appearance of 14C lipids was lower than in any 
of the other two groups, and the value in PF animals was also 
significantly lower than in the C rats. The 14C lipids thal ap
peared in the liver were also lower in the AL and PF animals 
than in C, with no difference between the two former groups. 
The amount of 14C lipids in parametrial adipose tissue was 
much lower lhan the one found in 1hc other tissues studied. 
and ii was lower in the AL mis than in any of the other two 
groups, whose values were similm (Table 3). 

LPL and !ISL Activities 

As shown in Table 4, bolh mammary gland LPL and HSL 
activities were lower in AL and PF rats than in C animals, 
whereas no difference could be found between the values in 
the two former groups. In parametrial adipose tissue of PF 
rats there was no possibilily of determining the enzyme activi
ties due to the insufficient amounl of sample available. As 
shown in Table 4. LPL activity did not differ in adipose tissue 

TABLE4 
EFFEC!"S OF ETIIANOL INTAKE ON l.ll'Ol'ROTEIN 1.11'/\SE !l.l'l.) AND I IORMONE-SENSITIVE Lll'ASE 

(HSL) AC.TIVITY IN MAMMARY GLAND AND ADIPOSE TISSUE IN LACTATING RATS 

Control (C) Pair-r-cc.1 (PF) Ellrnnnl (AL) 

Mammary glands 
LPL 6191 :!: 229 1919 :!: 199• 2498 :!: 348* 

(6) (8) (6) 
I-ISL 1661 :!: 112 JO'i :!: 21 • 5!U :!: 77*t 

(6) (6) (6) 
Adipos~ <issue 

LPL 4.7 :!: 0.5 4.9 :': O.'i 
(7) (6) 

HSL 137 :!: 10 8(1 :!: 18• 
(7) (4) 

For experimental dc1,ails sec lhc tcxl. The rcsulls arc the nu .. ·an :!: SEM. wi1h th"-' nu111h(.'.r of r;l(s shown in par.:nlhcscs. 
Values ;uc cxpr..:~scJ as µmol or fouv acic.J rck•;,scd/lolc1,I tissue protein. 

•Values lhal art si~nificantly dificrcnl Crum those for control rats arc shown hy ,, < OJI~ versus conirol group. 



ETHANOL AND Lll'ID META130LISM IN THE LACTATING RAT 447 

hctwccn AL .ind C rats. Neverlhelcss. HSL ;ictivity appeared 
significantly lower in the former group. 

L>ISCUSSION 

The present findings show that ethanol ingestion during 
lactation in the rat reduces food intake and greatly affects 
lipid metabolism when compared lo animnls fed ad lib. Al
though some of the effects of ethanol intake may he a conse
quence of its intrinsic metabolism (i.e., increased intracellular 
rcdox potential nnd its .,1etabolic consequences within the 
liver and enhanced utilization of acetaldehyde and acetate by 
the liver or extrahepatic tissues), other effects may be a conse
quence of reduced food intake- and even impaired intestinal 
nbsorption of nutrients (I I). Therefore, in this study rats re
ceiving ethanol were also compared to pair-fed rats, whose 
body weight declined al the same rate as the ethanol-treated 
rats. Actually. some of the metabolic differences between the 
groups disappared when ethanol-treated groups were com
pared to these pair-fed controls. as was the case for the re
duced liver and mammary gland weights, increased plasma 
J3-hydroxybutyrale levels. and decreased free Cally acids 
found in the ethanol-treated rats. These findings are in c1grec
ment with previous ones (2.5,26) when using lactating rats re
ceiving ethanol for more time than the 12 days used here. In 
these studies quoted, no pair-fed animals were followed, but 
the fact that these metabolic changes were also found here in 
pair-fed rats in<licates that they arc a consequence of the re
duced fooJ intake seen in the ethanol-treated rats. However, 
in contrast to the intense decline in the triglyceride concentra
tion in both mammary glands and liver found in the pair-fed 
rats. our results show that ethanol intake causes an accumula
tion of lriglyc.:rides in the liver and avoids the decline of tri
glycerides seen in the mammary gland in the pair-fed rats. 
The findings in liver triglycerides arc consistent with the 
known tendencies to develop a fatty liver after prolonged 
treatment with alcohol (26). Because present results show that 
our elhnnol-trcatcd rats do not have an enhanced liver lipo
gencsis or uptake of orally administered triglycerides when 
compared to the pair-fed rats, such accumulation of triglycer
ides in liver could be a consequence of a reduced secretion of 
hepatic lipoproteins (2). ·me nrnint,mance of manrnrnry glan<l 
triglyceride concentration in the ethanol rnts at a level close to 
the one found in control rats fed ad lib seems, however. to be 
the result of the higher lipogenic activity seen in the former. 
This effect could compensate for the lower uptake of circulat
ing trigl)'Cerides present in the ethanol rats. These findings in 
the ethanol rats contrast with the highly decreased triglycer
ide content in both liver and mammary glands seen in the 
pair-fed rats. in spite of their enhanced lipogenic activity. 
which seems lo be unable to compensate for their decreased 
uptake of orally .i<lministen:<l triglyceric.lcs and low LPL act iv-

ity. The enhanced lipogcnelic activity seen in the pair-fed rats 
is probably caused by an overshoot effect such as that seen 
under conditions of starvation or restricted reeding and re
feeding (4.7,llJ). 

The uctivity of I ISL w.is also lower in ethanol-treated rah 
than in control rats fed ad lib, and this effect may well he a 
consequence of the reduced food intake caused by the ethanol 
intake. because it was also seen in the pair-fed animals. This is 
the first time that the presence of HSL is described in the 
mammary gland, and no indication therefore exists of its func
tional role. We may, however, speculate that the role of this 
enzyme in the mammary gland differs from that present in ad
ipose tissue, where it is known to control the breakdown of in
tracellular triglycerides and the subsequent release of free 
fatly acids into circulation. Due lo the specific HSL action on 
triglyceride molecules, which depends on their esterified fatty 
acid structure (16). this enzyme in the mammary gland may 
control the intracellular restructuration of available triglycer
ides and therefore affect milk composition. Further studies 
would be necessary to demonstrate this hypothesis. In any 
event, we know that milk production is greatly reduced in eth
anol-treated lactating rats compared lo control rats fed ad lib 
(25). nnd the decreases in both LPL and HSL activities found 
here in the mammary gland of the ethanol-treated rats could 
contribute to such limited milk production. 

The reduced uptake of orally given labelled triglycerides 
found here in the adipose tissue of the et~anol-trcated rats 
contrasts with their unchanged LPL activity in this tissue. but 
the slower blood flow in this tissue and the rapid use of circu
lating triglycerides by other tissues, including the mammary 
gland and liver. make the possibilities of these tracers reach
ing the capilhirics of this tissue very limited. This hypothesis is 
supported by the low amount of radioactivity found in this tis
sue after the oral administration of labelled triglycerides. as 
compared to those found in the mammary gland and liver. 
The activity of HSL also appears lower in the ethanol-treated 
rats than in the control rats fed ad lib. and this change is in ac
cordance with the decre11sed circulating levels of both FFA 
and glycerol seen in these animals, which would indicate a de
creased lipolytic activity in adipose tissue. This effect would 
also contribute to the reduced level of plasma triglycerides 
seen in the ethanol-treated rat.~. decreasing the availability of cir
culating lriglyeerides for their uptake by the mammary gland. 

The present results show that ethanol intake during lacta
tion in rats causes major alterations in lipid metabolism in the 
rat, some of which are an indirect consequence of the reduced 
food intake of the anim.als. 

ACKNOWLEL>G EM ENTS 

The authors !hank Linda Hamalainen for her editorial help. Sup
ported hy CAPES and FUJB. 

REFERENCES 

I. Argilcs. J.; Herrera. E. Appearance of circulalinr, and I issue "C
lipids .1f1er oral "C-1ripal111ilale administralion in 1he late preg
nant ral. Metabolism 38(2):I04-I08; 1989. 

2. Baraona. E.: Lieher. C. S. Effects of ethanol on lipi<l metaholisrn. 
J. Lipid Res. 20:289-315; 1979. 

3. Bauman. D. E. lnlermediary metabolism of adipose !issue. f-cd. 
l'rnc. 35:2308-23 D: I 976. 

4. Clcarr. M. P. Consequences of restricted fce<ling/rcfceding cycles 
in lean ;m<l ohcsc female Zucker rnls. J. Nutr. 116:290-30:I: 11)8(1. 

5. Cryer. A. Tissue lipoprolcin lipase ac1ivi1y and ils :ic1ion in lipo
protein me1aholism. Int. J. lliochcm. 13:525-541; 1981. 

6. Dubnwisky. K. N. An o-tnluidine method for hody-nuid glucose 
<leterminalion. ('lin. Chem. K:215-235: 1%2. 

7. Ficl<l. J.; O'Dea, K. The mechanism of adaptive hyperlipogenmc
sis: Insulin receptor binding an<l gluc<1kin;m: activity in rat liver 
during fasting and rcfee<ling. Mc1allolism 29:296-301: 1980. 

8. Folch. J.; Lees. M.; Sloan-Stanlc1·. G. H. A simple method for iso
hrtion ;111d purification of tolal ·lipid from animal tissue. J. Biol. 
Chem. 22(,:497-509; 1957. 

9. Garland. P. B.: Randle. I'. I. A rapid enzymatic assay for glycerol. 
Nature 1%:987-988; 1%2. 

Ill. Hamosh. M.: Clary, T. R.: Chernick. S.S.: Scow. R. 0. Lipopro-



448 

lein lipase aclivily of adipose and mamm,1ry tissue and plasma 
triglyceride in pregnant and lactanting nils. Uiochim. Uiophys. 
Acta 210:473-482; 1970. 

11. Herrera. E.: Llobcra, M. Ethanol toxicity: Lipid and carhohy· 
drate metabolism; ethanol in pregnancy and the fetal alcohol syn· 
drome. In: Brown. S. S.: Davies. D. S .• eds. Organ-dircclcd 
toxicity. Chemical indices and mechanisms. Oxford: Pergamon 
Press; 1981:11-2:\. 

12. Llnher:i, M.: Monies, A.; Herrera, E. Lipoprulcin-lipase aclivily 
in liver of the ml fetus. Uiochem. Uiophys. Res. Commun. 
91 :272-277; 1979. 

13. Lowry, 0. H.; Rosebrough. N. J.; Farr. A. L.: Randall. R. Protein 
measurement with the Folin phenol reagent. J. Biol. Chem. 
I 93:265-275; 195 I. 

14. Martin-Hidalgo. A.; Holm. C.; 13elfrnge. P.; Scholz. N.; Herrera. 
E. Lipoprotein lipase and hormone-sensitive lipase activity and 
mRNA in rat adipose tissue during pregnancy. Am. J. Physiol. 
266: E930-E935: 1994. 

IS. Oller do Nascimento. C. M.; Williamson. D. H. Tissue-specific 
effects of starvatim, and refeeding on the disposal of oral ( 1-"C) 
triolein in the rat during lactation and on removal of liller. Bio
chem. J. 254:539-5-16; 1988. 

16. Raclol. T.; Groscolas, R. Differential mobilization of white adi
pose tissue fatly acids according to chain length. unsaturation. 
and positional isomerism. J. Lipid Res.34:1515-1526: 1993. 

17. Ramirez. I.: LLobera, M.: Herrera. E. Method for triglyceride 
measurement in small amounts of plasma. Rev. Esp. risiol. 
39:327-332; 1983. 

18. Robinson. A. M.: Girard. J. R.: Williamson. D. H. Evidence on a 
role of insulin in the regulation of lipogcnesis in lactating ml 
mammary gland. Measurements of lipogenesis in vivo and plasma 
hormone concentrations in response to starvation and rdecding. 
Biochem. J. I 76:343-346; I 978. 

19. Rule, D. C. S1arva1ion-realinu:111a1ion overshoot in glycerophos• 

TA VARES oo CARMO ET AL. 

phale acyllransfcrnsc in adipose lissue and liver of mis is inOu
enced hy lypc of dietary fat. J. Nutr. 13iochem. 5: 161-166: 1994 

20. Ros. M.; Lohalo. M. F.; Garda-Ruf1., J.: Moreno. F. J. lnlegrnlion 
of lipid melaholism in the mammary gland and adipose tissue hy 
prolaclin during l.iclation. Mol. Cell. Biochem. 93: I 85-194; I 990. 

21. Somogyi. M. Determination of blood sugar. J. Biol. Chem. 
160:69-73: 1945. 

22. Slanshie. D.: Browsey. R. W.: Crclla1., M.: Oe111ton. R. M. Acute 
elf eels in vivo of anti-insulin scrum on mies of fally ;1cids synthe
sis and activities of :1cetyl-cocnzy111e A carhoxilasc and pyruvatc 
dehydrogcnase in liver and epididymal adipose tissue of feel rats. 
13iochem. J. 160:413-416: 1976. 

23. Tavares do Carn10. M. G.; Nascimento-Curi, C. M. CJ. Effect of 
ethanol intake during lactation on the metabolism of dams and 
on pup development. Orm:. J. Med. Biol. Res. 23:1161-1163; 1990. 

24. Torn4visl, 11.; Djtirgcll, P.; Krahisch, L.; Belfrage. I'. Monoacyl
monoalkylglycerol as a substrate for diacylglycerol hydrolase 
activity in adipose tissue. J. Lipid. Res. 19:654--056: 1978. 

25. Vilaro. S.: Viiias, O.: Rcmesar. X.: Herrera. E. Effects of chronic 
ethanol consumption on lactational performance in rat: Mam
mary gland and milk composition and pups' growth and metabo
lism. Pharnrncol. Biochem. Behav. 27(2):333-339: 1987. 

26. Vi1ias, O.; Vilar<>, S.; Remesar, X.: Herrera, E. Effects of chronic 
ethanol ingestion on circulating metabolites and liver composi
tion in the lactating rat. Gen. Pharmacol. 17:197-202: 1986. 

27. Williamson. D. 11. Tissue-specific direction of blood metabolites. 
Soc. Exp. Biol. Symp. 27:283-298; 1973. 

28. Williamson. D. H. Regulation of metabolism during lactation in 
the rat. Reprod. Nutr. Dev. 26(2B):597--003: 1986. 

29. Williamson. D. l·I. Integration of metabolism in tissues of the lac• 
taling rat. fEUS Lett. I 17S:K93-KIOS; 1980. 

30. Willi,1111s011. D. H.; Mcllanby. T.: Krebs. H. A. Enzynrntic deter• 
mination of D( - H3-hydroxybutiric acid and acetonic acid in 
blood. Uiochcm. J. 82:90-96: 1962. 




