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This study was designed to determine if the quantity of lipids in the diet fed to pregnant rats would 
affect the deposition of fat in the fetal lung. Wistar rats were fed with two different diets during 
pregnancy: Standard Diet (StD; 4.000 cal/g) and High Fat Carbohydrate Free Diet (HFCFD; 6.000 
cal/g). The rats consumed daily the same amount of calories from these different diets. The concen­
trations of triglycerides (TG), phospholipids (PL), total, esterified and free cholesterol (TC, EC and 
FC, respectively) were determined in serum and lung from pregnant rats as well as from their 19 
day old fetuses. In the serum of rats fed with HFCFD, the cholesterol concentration increased in 
relation to that of rats fed with StD. In pregnant rat lung, the PL concentrations decreased and the 
TC, EC and FC concentrations increased with HFCFD in relation to StD. The triglycerides were 
not modified in any case. The lipidie composition of the sera and fetal lung were not changed by 
the two diets consumed by pregnant rats. This may be a biological protective mechanism to assure 
an adequate synthesis; of alveolar surfactant. 

INTRODUCTION 

The lung maturation has considerable impor­
tance for the neonate health (20). However, 
there are several reports on the effects of the 
maternal diet composition fed during preg­
nancy on the lipidic composition of the ma­
ternal and fetal lungs. Thus, it has been ob­
served that the ingestion of fish oils during 
pregnancy improves fetal lung maturation (6). 
On the contrary, starvation (24), hypocaloric 
diets (4) and essential fatty acids (21) alter 
the lipidic composition of the lungs, but their 
functional capacity is unaffected. Otherwise, 
there is resistant lung fatty acid synthesis to 
inhibition by dietary fat in the meal (7). 

In the present study we searched for the 
changes in t r ig lycer ides , choles tero l , 
phospholipids and protein concentrations in 
maternal and fetal lungs when the pregnant 
rats consumed a high fat carbohydrate free 
diet (HFCFD) instead of a standard diet (StD), 
in order to determine if the quantity of fat in 
the diet could affect the lipidic composition 
of the maternal and fetal lungs. 

MATERIAL AND METHODS 

Chemicals. Standards for thin layer chroma­
tography and bovine serum albumin were ob­
tained from Sigma (St. Louis, Mo). All 
chemicals were of the highest grade of purity 
available. 
Diets: Two different diets were used: stand­
ard diet and high fat diet. Their compositions 
are shown in Table I. 
Animals and feeding procedures: Adult 
Wistar female rats weighing 200-220 g were 
used. They were housed in an animal room 
with 10:14 h dark: light periods and controlled 
temperature (22-24° C). Rats were mated 
overnight and the presence of sperm in vagi­
nal smears was designated as day 1 of preg­
nancy. The rats were separated into two lots 
and fed with the different diets. The rats were 
housed in individual cages from day 1 
throughout 19th day of pregnancy. The rats 
consumed approximately about 12 g of stan­
dard diet and 9 g of high fat diet daily. 
Tissue collection and analysis. Rats were 
killed under light anesthesia with diethyl ether 
between 9 and 11 hours of the 19th day of 

Correspondence: Dra. María S. Giménez. Cátedra de Química Biológica II. Facultad de Química, Bioquímica y Farmacia. 
Universidad Nacional de San Luis. Chacabuco y Pedemera. 5700 San Luis. Argentina. 



28 Biol Res 25: 27-30 (1992) 

TABLE I 

Diet composition consumed by rats 

Ingredients StD HFCFD 

Caseine 25.4 34.72 
Dextrine 47.2 -
Lard 19.0 49.4 
Corn Oil 1.9 8.12 
Methionine 0.63 0.75 
Mineral mix* 5.1 5.63 
Vitamin premix** 0.75 0.75 
Vitamins A, D, E (mg) 7.70 9.32 
Choline Chloride 0.13 0.15 
Calories/kg 4.840 6.670 

Values expressed as %, except when indicated. 
Both diets prepared in our laboratory. 
* Gimeneze /a / . (11). 
** Draper etal. (9). 

pregnancy. Lungs were excised, trimmed free 
of all connective and tracheal tissues, washed 
with Na CI 0.9%, dried with paper, weighed 
and placed into an ice-cold saline solution. 
Fetuses were quickly removed from uterus 
and weighed. Fetal lungs were separated, 
weighed and placed into an ice saline solu­
tion. The pregnant rat lungs were pooled and 
chopped; 250 mg samples were taken and 
lipids were extracted according to Folch et al. 
(10). The lungs from pairs of fetuses were 
pooled and processed in the same way. Dry 
lipidic extracts were resuspended in chloro­
form: methanol (2:1 v/v). One aliquot was 
used for total cholesterol and phospholipids 
determinations and another one was applied 
to silica gel G (Merck, Darmstadt, Germany) 
and developed in hexane: diethyl ether: acetic 
acid (80:20:1 v:v) as solvent for develop­
ment. Lipids were detected by exposing the 
plate to iodine vapors. They were scraped off 
and used directly for determinations of PL 
(3), EC (31), TC (1) and TG (27). The recov­
ery of TC and PL from thin layer chromatog­
raphy was above 95%. After lipid extraction 
from the tissue, pellets were redissolved in 
NaOH 3 N at 56° C overnight and proteins 
were determined by Biuret methods (19) using 
fraction V of bovine serum albumin as stan­
dard. Serum lipids were determined using the 
assay kit from Wiener Laboratory (Rosario, 
Argentina). 

Statistical methods. Results are presented as 
means ± SD. Significance of data was deter­
mined by using unpaired Student's "t" tests. 

RESULTS 

The results obtained showed that the HFCFD 
increased the cholesterol concentration in the 
serum of pregnant rats. No changes were ob­
served in the lipidic composition of fetal se­
rum (Table 2). 

The HFCFD consumed during pregnancy 
modified the lipidic composition of the ma­
ternal lungs (Table 3). 

The HFCFD increased the cholesterol and 
decreased the phospholipid concentrations in 
the pregnant rat lungs, without associated 
changes in triglycerides and protein contents. 
No changes in the lipidic concentration in the 
lungs of the fetuses were observed. 

DISCUSSION 

We observed that the lipidic content of the 
diet modified the amount of lipids in the 
pregnant lungs, but no effect was found on 
the lipidic concentrations in fetal lungs. 

Although the amount of diets with which 
the rats were fed were similar in energy 
quantity, the different diet compositions were 
reflected in the serum lipidic concentrations. 
The hypercholesterolemic serum observed in 

TABLE II 

Effects of different diets fed during preg­
nancy on the lipids in maternal and fetal sera. 

StD HFCFD 

Maternal serum: 
Triglycerides (10) 1.52 ± 0.5 1.52 ± 0 . 3 
Cholesterol (13) 1.00 ± 0.1 2.11 ± 0 . 5 * 
Fetal serum: 
Triglycerides (7) 0.71 ± 0.1 0.68 ± 0 . 1 
Cholesterol (6) 0.82 ± 0.1 0.80 ± 0 . 1 

Values expressed in mg/dl. 
Means ± SD. Numbers in parentheses, pregnant rats and pools 
of 5 fetuses in each diet group. 
* P < 0.001. 
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TABLE III 

Effect of the different diets fed during 
pregnancy on the lipidic composition of 

pregnant and fetal rat lungs 

StD HFCFD 

Maternal lung: 
Triglycerides 281 ± 80 276 + 14 
Phospholipids 13 ± 20 5 ± 20* 
Total Cholesterol 695 ± 86 1266 + 32* 
Esterified Cholesterol 62 ± 19 351 ± 48* 
Free Cholesterol 600 ± 82 851 ± 23* 
Proteins 94 ± 30 98 ± 30 

Fetal lung: 
Triglycerides 253 ± 52 214 ± 48 
Phospholipids 2 ± 0.1 2 ± 0.1 
Total Cholesterol 205 + 68 216 + 89 
Esterified Cholesterol 23 ± 6 22 ± 41 
Free Cholesterol 159 ± 40 170 ± 46 
Proteins 33 ± 9 24 ± 6 

Values expressed in |Jg/g tissue, except for phospholipids 
(pmol P/g tissue). 
Means ±SD. Number of pregnant rats = 14 for each diet. 
Number of fetuses = 14 pooled samples of two fetuses each, 
for each diet. 
* P < 0.001. 

rat fed with HFCFD could be a consequence 
of the greater amount of fat content in the 
diet. On the other hand, the HFCFD is 
hyperproteic in relation to the StD. It is known 
that the h igh casein diet has hyper-
cholesterolemic effects (18). It is also known 
that the fatty acid fat diets provoke changes 
in the lipidic composition of different tissues 
(16, 22). The high cholesterol present in the 
lungs of pregnant rats fed with the HFCFD 
could be consequence of two factors: i) most 
of the cholesterol is taken up from circulating 
low-density lipoproteins or high-density 
lipoproteins (14); ii) increased synthesis in 
lung from precursor substrates. The lung is 
capable of endogenous cholesterol synthesis 
and can use palmitate as substrate (23). Cho­
lesterol represents over 50% of the neutral 
lipids of both total surfactant and lamellar 
body fractions (13). Cholesterol and proteins 
may play an important role in the dispersion 
of the surfactant over the alveolar air-liquid 
interface and enhance the surfactant stability 
with time (28). 

The lower phospholipid content in the 
lungs of pregnant rats fed with HFCFD can­
not be easily explained. It could be conse­
quence of the decreased availability of pre­
cursors for their synthesis. The HFCFD lacks 
carbohydrates and the fatty acids are the major 
energy source. This diet probably decreases 
the amount of glycerol-3-phosphate necessary 
for phospholipid synthesis (26), although there 
is avai labi l i ty of CDP-chol ine-cy t idy l -
transferase activated by fatty acids (2, 5). 
Otherwise, the lower phospholipid content in 
homogenate lungs from pregnant rats fed with 
HFCFD does not imply necessarily a decrease 
in the dipalmitoylphosphatidylcholine syn­
thesis in alveolar type II cells. 

The decrease of the phospholipids may af­
fect approximately 40 different types of cells 
of the lung (29). For this reason these results 
could not reflect what happens with the syn­
thesis of dipalmitoylphosphatidylcholine 
(DPPC), the major component of the synthe­
sized surfactant in alveolar type II cells. Be­
sides, only 30% of DPPC is synthesized in 
alveolar type II cells (30). The lipidic compo­
sition of the lungs and sera of fetuses was not 
modified by the different diets consumed by 
the pregnant rats. Similar results have been 
observed in the fetal liver after feeding preg­
nant rats with diets containing different 
amounts of fatty acids (12). However, a high 
polyunsaturated diet increases their HMGCoA 
reductase in maternal and fetal livers (8). It is 
known that maternal fatty acids can cross the 
placenta and may contribute up to 50% of 
fetal fatty acids during late gestation in the 
rat (17). 

The fetuses may take the necessary fatty 
acids needed and return all excesses to the ma­
ternal circulation (25). Otherwise, the con­
tinuous passage of glucose from mother to 
fetus makes unnecessary the gluconeogenesis 
in the fetal liver. In this organ, there is an 
extremely low activity of certain glucon­
eogenic enzymes and the metabolic control 
mechanism in the fetus may be different from 
that of the maternal tissues (15). 

ACKNOWLEDGMENTS 

This research was supported by CONICET -
PID 0724 and Project 8104 from National 
University of San Luis, Argentina. 



Biol Res 25: 27-30 (1992) 

REFERENCES 

ABELL L L, LEVY B B, BRODIE B B, KENDALL F 
E (1952) A simplified method for the estimation of 
total cholesterol in serum and demonstration of its 
specificity. J Biol Chem 195: 357-362 
AEBERHARD E E, BARRET C T, KAPLAN A S, 
SCOTT M L (1986) Stimulation of phosphatidylcholine 
synthesis by fatty acids in fetal rabbit type II 
pneumocytes. Biochim Biophys Acta 875: 6-11 
BARTLETT G R (1958) Phosphorus assay in column 
chromatography. J Biol Chem 234: 446-468 
BROWN L A S , BLIS A S, LONGMORE W J (1984) 
Effect of nutritional status on the lung-surfactant sys­
tem: food deprivation and caloric restriction. Exp Lung 
Res 6: 133-147 
BURKHARET R, VON WICHERT P, BATENBURG 
J J (1988) Fatty acids stimulate phosphatidylcholine 
synthes i s and CDP: cho l ine -phosphate 
cytidyltransferase in type II pneumocytes isolated from 
adult rat lung. BiochemJ'254: 495-500 
CLARKE S D, BENJAMIN L, BELL L, PHINNEY S 
D (1988) Fetal growth and fetal lung phospholipid 
content in rats fed safflower oil, menhaden oil, or 
hydrogenated coconut oil. Am J Clin Nutr 47: 828-
835 
CLARKE S D, WILSON M D, IBNOUGHAZALA T 
(1984) Resistance of lung fatty acid synthesis to inhi­
bition by dietary fat in the meal fed rat. J Nutr 114: 
598-605 
COLEMAN R A (1986) Placental metabolism and 
transport of lipid. Fed Proc 45: 2519-2523 
DRAPER H H, GOODYEAR S, BARBEE K D, 
JOHNSON B C (1958) A study of the nutritional role 
of antioxidants in the diet of the rat. Br J Nutr 12: 89-
97 

0 FOLCH J, LEES M, SLOANE STANLEY G H (1959) 
A simple method for the isolation and purification of 
total lipids from animal tissues. / Biol Chem 226: 497-
509. 

11 GIMENEZ S M, JOHNSON B C (1981) Pair-feeding 
in the dietary control of g l u c o s e - 6 - p h o s p h a t e 
dehydrogenase. J Nutr 111: 260-265 

12 HAAVE N C, NICOLL L J, INNIS S M (1990) Effect 
of dietary fat content and composition during pregnancy 
on fetal hepatic HMG-CIA reductase activities and 
lipids in rats. J Nutr 120: 539-543 

13 HASS M A, LONGMORE W J (1979) Surfactant cho­
lesterol metabolism of the isolated perfused rat lung. 
Biochim Biophys Acta 573: 166-174 

14 HASS M A, LONGMORE W J (1980) Regulation of 
lung surfactant cholesterol metabolism by serum 
lipoproteins. Lipids 15: 401-406 

15 JONES C T, ROLPH T P (1985) Metabolism during 
fetal life: a functional assessment of metabolic devel­
opment. Physiol Rev 65: 357-402 

16 JONES P J H, RODGEN J E, BENSON A P (1990) 
Influence of dietary fal:ty acid composition on choles­
terol synthesis and esterification in hamster. Lipids 25: 
815-820 

17 KAYDEN H J, DANCIS J, MARREY W L (1969) 
Transfer of lipids across guinea-pig placenta. Am J 
Obstetr Gynecol 194: 564-572 

18 KUROWSKA M E, CARROLL K K (1990) Essential 
amino acids in relation to hypercholesterolemia induced 
in rabbits by dietary casein. J Nutr 120: 831-836 

19 LAYNE E (1957). Spectrometric and turbidimetric 
methods for measuring proteins: Biuret method. Meth­
ods Enzymol 3: 450-451 

20 MORKEY C J (1991) Surfactant treatment for prema­
ture babies: a review of clinical trials. Arch Dis Childh 
56: 445-450 

21 NAKAMURA H, KAWAMOTO T, AKINO T (1980) 
Dietary regulation of dipalmitoyl phosphatidylcholine 
in the lung. Effects of essential fatty acid deficiency. 
Biochim Biophys Acta 620: 24-36 

22 PLATKA-BIRD L, BENNINK M R (1978) Relation­
ship of level and type of dietary fat to fetal and maternal 
rat lipogenesis and lipid disposition, J Nutr 108: 1422-
1430 

23 POST M, V A N GOLDE LMG (1988) Metabolic and 
developmental aspects of the pulmonary surfactant 
system. Biochim Biophys Ada 947: 249-286 

24 ROADES A H, RYDER D A (1984) Fetal lung me­
tabolism. Response to maternal fasting. Biochim 
Biophys Acta 663 : 621 -629. 

25 ROUX J F, YOSHIAKA T (1970) Lipid metabolism in 
the fetus during development. Clin Obstetr Gynecol 13: 
595-603 

26 VAN GOLDE LMG, BATENBURG J J, ROBERTON 
B (1988) The pulmonai-y surfactant system: biochemi­
cal aspects and functional significance. Physiol Rev 68: 
374-438 

27 V A N H A N D E L E, Z I L V E R S M I T D B ( 1 9 5 7 ) 
Micromethods for the direct determination of serum 
triglycerides. J Lab Clin Med 50: 152-157 

28 WEAVER T E, WHITSETT J A (1988) Structure and 
fuction of pulmonary surfactant proteins. Semin 
PerinatolNY 12: 213-220 

29 YOUNG S L, FRAM E K, SPAIN C L, LARSON E W 
(1991) Development of type II pneumocytes in rat lung. 
Am J Physiol 260: 113-122 

30 YOUNG S L, KREMERS S A, APPLE J S, CRAPO J 
D, BRUMLEY G W J (1981) Rat lung surfactant ki­
netics: biochemical and morphometric correlation. J 
Appl Physiol51: 248-253 

31 ZAK B, MOSS N, BOYLE A J, ZLATTS A (1954) 
Reactions of certain insatured steroid with acid iron 
reagent. Anal Chem 26: 776-781 


