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Abstract. Plasma lipidic components appear augmented in 19- and 21-day pregnant rats
compared with virgin controls, the greatest effect being in triglycerides, corresponding to the
augmented proportion of plasma very low density lipoproteins (VLDL). The plasma lipidic
components in fetuses of 19 and 21 days are lower than in their mothers, the greatest decrease
occurring in triglycerides. In the plasma of 19-day fetuses, there is only one lipoprotein
electrophoretic band which corresponds to the f-lipoproteins of adults (low density lipoproteins,
LDL) according to its mobility and floating characteristics, while in the fetus of 21 days there are
also pre-B-lipoproteins (VLDL). In the 1- and S-day-old newborns, the four main lipoprotein
fractions are already present as in the adults. The late appearance of VLDL and the lack of high
density lipoproteins in the rat fetus determine various specific metabolic characteristics.

Introduction

The presence of lipids in fetus blood during
late gestation in both humans (1, 20, 31) and
experimental animals (19, 32) requires an ap-
propriate transport system. The lipoprotein
(LP) pattern has been studied in human cord
blood but recent reported findings are con-
flicting. While some authors identified all of the
main plasma LP fractions in adults (3, 20),
others were not able to find very low density
lipoproteins (VLDL) (7, 30) which are the main
transport system for triglycerides of endo-

genous origin. In the present study we have
investigated the sequential appearance of dif-
ferent LP fractions in the rat fetus and new-
born, comparing these patterns with those of
their mothers and adult virgin controls.

Materials and Methods

Female virgin Wistar rats (160—180g) and age-
matched pregnant rats at the 19th and 21st day of
gestation (estimated by the appearance of sperma-
tozoids in vaginal smears) were sacrificed by decapi-
tation. Fetuses were rapidly extracted and also de-
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Table I. Plasma concentration of proteins and lipid components in rat pregnancy
Proteins Phospholipids  Triglyceride Total Free
mg/ml mg/dl glycerol cholesterol cholesterol
aM/dl mg/dl mg/dl
Virgin controls 6.12 + 0.30 72.22+6.67 157.03+13.95 76.31+4.66 1068275

Pregnant, 19 days 5.86+0.19 101.32+ 5.07 249.61 + 13.25 105.05 +3.80 23.11 £ 2.90
p NS <0.01 < 0.01 < 0.01 < 0.05

Pregnant, 21 days 599=+0.24 111.25+7.80 289.65+9.74 115.14 +2.58 22.72+2.58
p NS <0.01 < 0.001 < 0.001 < 0.05

Fetus, 19 days 1.15 + 0.09 75.27 = 1.87 76.29 + 6.58 68.15+5.71 12.23 + 1.45
p < 0.001 NS < 0.001 NS NS

Fetus, 21 days 1.82 £ 0.15 95.17 + 6.42 54.74 + 3.18 88.35+2.75 13.00 = 1.45
p < 0.001 < 0.05 < 0.001 NS NS

The values are means + SEM of 5 animals/group. p corresponds to the statistical comparison between each

group and the values in the adult virgin controls.

capitated. Newborns of 1 and 5 days of age were also
decapitated. Blood was collected from the neck into
heparinized receptacles and plasma aliquots (25 ul/
plate) were processed the same day of sacrifice for
electrophoresis on 1% agarose (Sigma, St. Louis) with
0.05 M barbital buffer, pH 8.6. After fixation with
ethanol/water/acetic acid (15:4:1, by vol), the slides
were stained with Sudan black B and the LP fractions
were estimated by densitometry. The LP bands were
quantified as a percentage of the total density in each
slide. The band at origin was not considered. for this
calculation. Other plasma aliquots were used for lipid
extraction (14) to quantify phospholipid phosphorus
(13) after acid hydrolysis and total and free cholesterol
(4). Another aliquot of the lipid extracts was blown to
dryness under N,, treated with activated silicic acid in
chloroform and saponified with 0.7 M ethanolic KOH.
After treatment with 0.18 M MgSO, and centrifugation,
the glycerol was estimated enzymatically (15), its value
being considered as triglyceride glycerol. Proteins were
evaluated in aliquots of plasma (26). In another series,
virgin adult rats, 19-day pregnant rats and their fetuses
were used to collect blood on powder EDTA and 1-ml
aliquots of fresh plasma (pools of all the plasma from
the fetuses in each litter were used) were sequentially
centrifuged under NaCl at densities of 1.006, 1.063,

1.102 and 1.200 g/l, adjusted by using an Abbe refrac-
tometer. All centrifugations were performed at
40,000 rpm for 18 h with a Beckman rotor 40.3 in a
Beckman LS5-75 ultracentrifuge. After each run, the
floating fraction was collected by cutting the tube
lcm from the top and the bottom fraction was
adjusted to the new density with solid NaCl for the
next run. Aliquots of the floating fractions were used
for electrophoresis on 1% agarose and stained with
Sudan black B as described above. Statistical com-
parison of the data was made with Student’s t test.

Results

The plasma concentration of circulating
lipids and total proteins in 19- and 21-day
pregnant rats, their respective fetuses-and adult
virgin controls are shown in table 1. In the
pregnant rat, there were significantly aug-
mented concentrations of plasma phospholipids,
triglyceride glycerol, total cholesterol and free
cholesterol, and normal concentrations of plas-
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Fig. 1. Picture of representative stained electrophoretic slides of plasma samples from pregnant and newborn

rats run on 1% agarose.

ma proteins compared with values in virgin
controls. There was a significant difference
between pregnant rats at the 19th and 21st day
of gestation only in the triglyceride glycerol
parameter which was greater in the second
group (p <0.05). The plasma of 19- and 21-day
fetuses contained a much lower protein concen-
tration than their mothers while the phospho-
lipid level remained constant. The plasma con-
centration of triglyceride glycerol, total choles-
terol and free cholesterol were significantly
lower in fetuses than in their mothers, the
effect being especially notable in the tri-
glycerides with values three to six times lower
in fetuses than in their respective mothers.
Photographs of stained electrophoretic
slides of representative plasma samples from
each group are seen in figure 1. The plasma
from pregnant rats and their virgin adult con-
trols gave four main LP bands corresponding to
the origin (chylomicrons), § (low density lipo-
proteins, LDL), pre-8 (VLDL) and « (high

density lipoproteins, HDL). In the 19-day fe-
tuses only one band appeared. Its migration
corresponds to that of the 8 band in the adults,
while in the 21-day fetuses a new band ap-
peared corresponding to migration of the pre-8
band in adults. In the 1-day-old rat, the four
bands of the adults are already clearly defined,
the origin and § ones being the most pro-
nounced, while in 5-day-old rats the pre-§ and a
bands are better defined. By considering the
total area of the densitometric peaks corre-
sponding to the f, pre§ and a bands, the
comparative amount of each LP was calculated
in the different groups, and these values are
summarized in table II. Whereas the highest
proportion of o-LP appears in control animals,
the pre-0-LP is the most abundant fraction, in the
pregnant rats these values being significantly
greater than in the controls. In the 19-day
fetuses, 100% of the LP found corresponded to
the g fraction while in 2 1-day fetuses, 31% already
corresponded to pre-§-LP. In these animals as in
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Table {1, Percentage distribution of lipoprotein bands in rat pregnancy
g-LP Pre-g-LP a-LP
Virgin controls 16.2 + 2.1 39.7+29 46.1 + 4.1
Pregnant, 19 days 34.7 £ 4.5 50.9 £33 16.6 + 2.4
p <0.01 < 0.05 < 0.001
Pregnant, 21 days 19.8 + 3.7 65.2+35 14.7 + 1.8
p NS < 0.001 < 0.001
Fetus, 19 days 100 ND ND
p < 0.001
Fetus, 21 days 68.5+ 1.6 31.5+ 1.6 ND
p < 0.001 < 0.05
Newborn, 1 day 74.0 £ 1.7 139+ 1.1 121 +£1.2
p < 0.001 < 0.001 < 0.001
Newborn, § days 65.2+0.9 15.5+0.8 19.3 £ 0.7
p < 0.001 <0.001 < 0.001

The values are means + SEM of 5 animals/group. ND = Nondetectable. p corresponds to the statistical
comparison between each group and the values in the adult virgin controls.

Table Iil. Electrophoretic mobility of plasma lipoproteins in rat pregnancy

g-LP

Pre-g-LP

a-LP

Virgin controls

Pregnant, 19 days
P

Pregnant, 21 days

Fetus, 19 days
p

Fetus, 21 days
p

Newborn, 1 day
p

Newborn, § days
p

0.866 x 10"* + 0.005

0.949 X 10* £ 0.012
<0.01

0.951 X 107* £ 0.045
NS '

0.833 X 107* + 0.098
NS

0.896 x 107% + 0.011
<0.05

0.905 x 107% + 0.014
<0.05

0.969 x 10°* + 0.017
<0.05

1.156 x 107* + 0.035

1.256 x 107* + 0.024
NS

1.280 x 107 + 0.046
NS

1.200 x 107 = 0.005
< 0.001

1.222 x 107* + 0.068
NS

1.226 x 107° + 0.016
NS

1.446 x 107 + 0.039

1.542 X 107* + 0.018
NS

1.600 x 107* + 0.057
NS

1.598 x 107% + 0.020
NS

1.532 x 107* + 0.007
< 0.05

Mobility has been calculated from the formula: Mobility = migration (cm) X (voltage/cm)™' X time (min).
The values are means + SEM of S animals/group. p corresponds to the statistical comparison between each
group and the values in the adult virgin controls.
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Table 1V. Maternal and fetal plasma ultracentrifugation analysis

Floating fractions

d 1.006 d=1.006-1.062 d=1.062-1.102 d=1.102-1.200
Fetus, 19 days - ' + -
Pregnant, 19 days + + + +
Virgin controls + + +

Chylomicrons

and VLDL LDL «~ HDL -

+ = Positive appearance of bands when the floating fraction was submitted to electrophoresis in agarose gels.

newboms, the most abundant fraction was the
B-LP although in the latter group the a-LP are
also apparent.

As it has been proposed that the electro-
phoretic mobility of some LP fractions in the
human cord blood may be different from that
in the adults (30), we have determined the mo-
bility of each of the samples, and their values are
summarized in table III. Both pre-f- and «-LP
showed similar mobility in all groups where
they appear, while the mobility of the §-LP was
significantly greater in the 19-day pregnant rats,
21-day fetuses, and the newborns of 1 and 5
days than in adult virgin controls.

To determine, by a criterium other than
electrophoresis, whether the unique LP band
observed in the 19-day fetuses corresponded to
LDL, plasma samples from 19-day pregnant
rats, their fetuses and adult controls were pro-
cessed by ult_rai:entrifugation under different
densities. As shown in table IV, in the plasma
from 19-day fetuses, only one LP fraction
appeared that floated at a density of 1.006—
1.062 which by definition corresponds to
LDL. By the same criterium, in both the plasma
of 19-day pregnant rats and adult controls all
the main LP fractions are present with floating

characteristics that correspond to their electro-
phoretic mobility: chylomicrons, VLDL, LDL
and HDL.

Discussion

In the present investigation it has been
shown, in confirmation of previous studies (2,
18, 24, 28, 32) that in late gestation in the rat,
the mother’s blood is inundated with lipids
composed mainly of triglycerides. This finding
is consistent with the augmented proportional
plasma concentration of VLDL in the mother
which must be the result of both an augmented
synthesis of glycerides (9, 12, 21, 32) and the
reduced uptake of triglycerides by extrahepatic
tissues due to. the well-known decrease of LP
lipase activity (1‘8, 24, 27, 29). The role of
maternal hyperlipemia for the fetus metabolic
economy is not well understood because the
lipids cross the placenta with difficulty (8, 23,
25). It may represent a ‘fluid’ energetic store
that may be rapidly used in conditions of food
restriction, in which case they are converted to
other products — mainly ketone bodies (22, 32)
— that may easily cross the placenta and be
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used by the fetus (33, 34). Plasma in the fetus
_maintains low amounts of triglycerides until the
moment of birth. Our results in the rat show
that the 19-day fetus does not contain VLDL
or chylomicrons in its plasma, the main trans-
port system for triglycerides. Whether the lack
of these LPs in plasma determines the mainte-
nance of the low triglyceride levels or vice versa
remains to be established.

The method used in the present study to
estimate the LP fractions is based on the
staining of their lipid components, the concen-
tration and composition of which differs among
the different LP classes. Thus this procedure is
adequate for identification but does not allow
quantitative comparisons. In the sequential
appearance of LP fractions in the rat fetus at
late gestation found here, the appearance of
LDL prior to VLDL was remarkable, as demon-
strated by both electrophoretic and ultracen-
trifuge analysis. A lack of VLDL in the pre-
sence of LDL has also been reported in human
cord blood (7, 30), although this point is
controversial (3, 20). However, the possibility
that lipoprotein particles in the fetus have
different physicochemical characteristics than
those in adults, which would produce changes
in their separation properties, as has been pro-
posed for human cord blood (30, 36), can-
not be excluded. In any case, the early and
marked appearance of LDL in the fetus blood
contrasts with the well-established metabolism
of VLDL in adults which are secreted by the
liver and converted to LDL by partial loss of
their triglycerides and transfer of apoprotein-B
(10, 16). Thus the site of origin of LDL in the
fetus remains to be ascertained.

The absence of HDL in fetal plasima of the
rat may contribute to its limited ability to
deposit triglycerides in adipose tissue before
birth (5, 17). These lipoproteins are known to
contain cofactors such as C-II apoproteins

which are powerful activators of extrahepatic
LP lipase (11), and this enzyme is responsible
for the removal of the VLDL triglycerides that
are taken up by adipose tissue after their
hydrolysis. In spite of this process, VLDL
triglycerides are not augmented in late fetal
blood as a consequence of their limited syn-
thesis and/or availability from the mother and
also because of the specific presence of hepatic
LP lipase (27) which must contribute to their
catabolism for deposit of triglycerides in the
liver itself.

The onset of suckling in the newborn forces
the immediate synthesis of chylomicrons in the
intestinal mucose and these LP fractions appear
in the plasma. This activity coincides with the
appearance of HDL in the circulation, as shown
here, and with the loss of LP lipase activity in
liver, as previously reported (27). In this condi-
tion there is a progressive increase in LP lipase
activity in extrahepatic tissues (5, 6, 19) per-
mitting the deposit of triglycerides mainly in
adipose tissue. ‘
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Abstract. Maternal ‘efficiencies’ in production of fetal tissue, especially brain tissue, were
studied in controls and in chronically (9 generations) undernourished rats. These ‘efficiencies’ were
formulated as the ratio of a neonatal parameter (body weight, brain weight, DNA, or protein) to
the food consumed during pregnancy. Mean or total values (for the entire litter) of the above
parameters were used in computation of the above ratios. It was found that all these ratios were
highly significantly lower for control animals than for undernourished. The gain in maternal body
weight (postpartum versus day O of pregnancy), i.e., nutrient storage, was found to be significantly
lower or even negative in the undernourished group, but increased through generations. We
interpret these results as follows. Undernourished animals mobilize their nutrient reserves, avoid
deamination of essential amino acids, and improve their intestinal absorption of nutrients; thus,
they are more efficient than normal animals, even though the latter may produce more fetal tissue.
These improvements suggest inducible enzymes. Individual mothers in each group vary consider-
ably in their efficiency; the most efficient undernourished mothers may produce offspring that
escape undernutrition, or, in the control group, offspring with outstanding values of brain and
body parameters.

Introduction weight, brain DNA and brain protein. Many of

these newborns come from ‘outstanding litters’

In the previous work (16) we have studied
the occurrence of rats with outstanding high
values (more than 2 SD above the mean) of
their neonatal parameters: body weight, brain

1

A short abstract of this work has appeared (12).

(parameter values more than 2 SE above the
mean). Some of the causes of such occurrences
may reside in these individual fetuses them-
selves (their better genetic potential, better
placental transfer, etc),.), but some must reside
in their mothers (especially in cases of out-
standing litters).



