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Eighty years ago Babak (5) reported that very soon after delivery the 
respiratory quotient (RQ) of the neonate dropped from about 1.0 to below 
0.8. This was confirmed 15 years later by Talbot & Benedict (9) and by 
many others after them. Thus it has been known for some time that the 
newborn mammal utilizes fat for energy purposes apparently to a greater 
extent than the fetus and in many cases the adult. 

Since space is at a premium only the aspects listed in the table of contents 
will be covered. 

Fatty Acids 
In contrast to triglycerides (TG), phospholipids (PL), and cholesterol, there 
is no doubt that some fatty acids (FA) must be able to cross from mother 
to fetus in all species since otherwise the newborn would be devoid of 
essential fatty acids. A persuasive study demonstrated that in a rabbit doe 
fasted for 2 days between the 26th and 28th day of pregnancy maternal 
plasma levels of FA and glycerol doubled; the same was found for the fetus, 
which appeared to deposit the extra fat received from the mother (35, 36, 
37,38,41). Even more striking is the rapid transfer of FA in the guinea pig 
(12), in which C14 labelled palmitate injected into the maternal circulation 
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92 HAHN 

, appears within 3 min in the fetal blood. The calculated rate of transfer of 
free fatty acids (FFA) was about 2.2-3.2 ILmoles/min to the combined 
fetuses. FA transfer from mother to fetus could provide all of the triglycer­
ides in the liver (1 g TG for 4 g of liver). 

Shapiro et al (140, 141) showed that in post-term rabbits placental trans­
port is impaired; consequently, fetal liver lipid levels decreased and fetal 
plasma free fatty acid levels increased, suggesting mobilization of fetal fat 
stores. 

Using in vivo techniques, Hudson & Hull (84) showed that fetal rabbit 
brown fat takes up 8.5 ILmoles/glhr of labelled fatty acids. Rates were 
much slower in liver and placenta. FA were oxidized to CO2 in brown fat 
and incorporated into TG. In liver most of the FA were in TG. In placenta 
PL also contained the labelled acids. 

Hummel et al (86,87,88) and Zimmermann & Hummel (162, 163) have 
quantified the amounts of FF A crossing from mother to fetus in the rat and 
have estimated the rate of oxidation. They report that fetuses synthesize 
0.16 p,moles F A/min/litter and that hence about 50% of the FA are 
derived from the mother. FA oxidation proceeds at a rate of 0.12 ± 0.03 
ILmoles/min/litter. They conclude that about equal amounts of FA are 
synthesized, oxidized, and transferred from the mother. For a review of FA 
transport up to 1975 see Hull (85). 

The rabbit placenta also possesses a lipoproteinlipase that aids in the 
transfer of fatty acids derived from maternal TG (38). 

The situation is different in sheep. In this animal, transfer of FA is limited 
(40) as are transfers of ketones (7) and camitine (72). On the other hand, 
acetate appears to supply 10% of the energy to fetal lambs (21). However, 
Noble et al (110, 111) report that transfer of 3H-palmitic acid is fast, 
whereas that of 14C-linoleic acid is slow. The same 2 acids were used by 
Elphick et al (40), but their experiment was an acute one using anesthesia, 
while Noble et al used chronically implanted catheters in unanesthetized 
ewes. Thus the latter group's results are probably more reliable. 

In dogs, starvation of the pregnant animal just before delivery resulted 
in increased hepatic triglyceride content in the fetal and neonatal liver (103), 
suggesting increased release and transfer of FA and their esterification in 
the liver. 

Feeding pregnant rats a fat-free diet from the 16th to 22nd day of gesta­
tion resulted in a deficiency of linoleic acid in all tissues, again indirectly 
confirming transfer of FA from mother to fetus (155, 156). Arachidonic 
acid content in mother, placenta, and fetus was not altered. Arachidonic 
acid is transferred more rapidly than linoleic acid (118). However, appar­
ently less than 1 % of the fatty acids derived from the mother is transported 
paraplacentally-i.e. from uterine fluid to yolk sac to fetus (163). 
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DEVELOPMENT OF LIPID METABOLISM 93 

Trans- fatty acids (elaidic and linoelaidic) are transported from mother 
to fetus in the rat at a slow rate; 0.2-1 % was taken up by the placenta and 
about 0.1-0.4% by the fetus. Incorporation into fetal tissues was greater 
than for cis- acids. Both cis- and trans- acids were found mostly in TG in 
maternal plasma, in TG and PL in the placenta, and mostly in PL in the 
fetus. Both linoleic and elaidic acid, but not oleic or linoelaidic acids, are 
oxidized in the fetus (105). 

The amount of transport of FA from mother to fetus in the rat is small, 
as evidenced by the fact that a 15% corn oil diet, which suppresses maternal 
hepatic lipogenesis, had no effect on the high rate of FA synthesis in the 
fetus (104). Nevertheless, the linolenic acid content of both fetal and mater­
nal livers trebled. Fasting also raised the polyunsaturated content of fetal 
and maternal liver. However, maternal fasting does decrease fetal FA syn­
thesis (104). Essential fatty acid deficiency during pregnancy resulted in 
retarded brain development and a profound reduction in some myelin 
components (galactolipid, proteolipids) (100). The brain of the fetal rat 
appears capable of converting linolenic acid to docosahexaenoic acid (22:6 
(3), which may also explain why the fetal brain is not protected from the 
adverse effect of an imbalance in the linoleicllinolenic acid ratio in the 
maternal diet (33, 34). 

Infusion of glucose into rabbits on the 28th day of pregnancy increased 
insulin levels in both mother and fetuses and decreased maternal FF A 
plasma levels without having a strong effect on fetal levels; hence in the 
infused groups the FF A level in the umbilical vein was twice that in mater­
nal blood, suggesting another source of acids (perhaps the placenta) under 
these conditions (41). 

In humans less is known. Sabata et al (131) reported some dependence 
of fetal FA plasma levels on maternal levels. As a rule it appears that the 
rate at which FFA are transferred from mother to fetus is slow (52), 
although according to Hull (85) all the fat accumulated by the fetus towards 
the end of gestation may be derived from a transplacental supply of FF A. 
There is no doubt that some essential fatty acids must be transferred, since 
they cannot be made by the fetus (50, 51). 

That the blood levels of FF A and glycerol rise rapidly after birth, a fact 
first reported 20 years ago, is still attracting attention. Evidence shows that 
even in humans the concentration of FF A in the umbilical vein is positively 
correlated with that in the maternal blood (e.g. 39) and that adipose tissue 
development in the fetus is dependent on the maternal blood level of FF A 
(144). In all cases there is a postnatal rise, apparent immediately after 
delivery (22; but see 3) 

Many years ago, Hahn & Koldovsky (74) reported that hepatic levels of 
glycogen increased in newborn rats fed TG or FFA only. This finding was 
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ascribed to the glycerol in the TG, even though FA had the same effect. 
Ferre et al (45, 46, 47) have now confirmed this finding and, to a large 
extent, explained it. They showed that in newborn rats hepatic FA oxida­
tion increases gluconeogenic flux by providing acetyl CoA for pyruvate 
kinase and NADH to direct the glyceraldehyde-3-phosphate dehydroge­
nase reaction towards glucose formation. This, of course, brings us back to 
the importance of carnitine in the peri- and neonatal periods. Apparently 
the glycogen content of the liver is also important, since if it is high the FA 
oxidation rate is low (129, 161) and vice versa. 

In confirmation of the work of Ferre et al (45, 46), Sabel et al (132) 
showed that the hypoglycemia of small-for-date newborns could be raised 
by "fat injection." Feeding milk was only useful if ketones in the serum had 
attained a certain value. Hence gluconeogenesis could proceed only if fat 
was being oxidized. 

There is thus consensus that fetal levels of FF A are lower than maternal 
ones but that the actual rate of transfer depends on (a) chain length, (b) 
desaturation, and (c) the species and age of the fetus (73). Little has been 
reported between 1975-1980 that alters these conclusions arrived at in the 
mid-1970s. Similarly, few new reports have appeared concerning the post­
natal changes in blood levels of FFA [see (71, 72, 73, 85) for details]. 

Ketones 
It has long been known that pregnant mammals are more prone to ketosis 
than nonpregnant ones [for review see (136)] and that in human, rat, rabbit, 
and guinea pig they readily cross the placenta (72). The sheep is the excep­
tion. Transplacental passage of ,B-hydroxybutyrate or acetoacetate in this 
species is slow or nonexistent (7). The finding that ketogenesis is low in fetal 
rat liver (26) and that the brain of the newborn rat utilizes ketones in 
preference to glucose (27) has generated considerable interest. For review 
of earlier work see (73, 154). 

Of particular interest is the fate of ketones produced by the mother and 
transported to the fetus. Seccombe et al (136) investigated this in some 
detail and showed that (a) labelled DL-,B[3-14C] hydroxybutyrate is rapidly 
passed from mother rat to her fetuses, (b) it is used for lipid synthesis, and 
(c) different tissues incorporate it at different rates. Brown adipose tissue 
contained by far the highest radioactivity, mostly in the triglyceride (75%) 
fraction (202093 dpm/g against the second highest, lung: 38324 dpm/g). In 
all other tissues most of the activity was in the phospholipids (44-65%). 

Indirect evidence also suggests increased sterol synthesis from acetoace­
tate in the suckling rat's brain (120, 157, 160). The cytosolic 3-hydroxy-3-
methyl-glutaryl CoA synthase in the brain decreases during days 0-21 
(119). Ketone utilization by the infant rat brain in vivo has also been 
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DEVELOPMENT OF LIPID METABOLISM 95 

demonstrated (19, 24). Benavides et al (8) suggest that the inhibition of 
3-hydroxybutyrate dehydrogenase and 3-oxoacid CoA transferase activities 
by phenylalanine and its metabolites in the suckling rat brain may affect 
mental development in phenylketonuria. Utilization of ketone bodies for. 
cholesterol and FA synthesis in different parts of the brain is highest in very 
young rats and greater than that of glucose. The greatest rate of synthesis 
was found in the brain stem (16). 

As shown earlier (26), hepatic ketone production is high in the suckling 
period of the rat (10, 47) while incorporation of C14-palmitate into lipids 
is decreased. Blood levels of ketones can be further raised by feeding medi­
um-chain triglycerides (MCT), or long-chain TG (158). In adults rats, 
MCT feeding is more effective and leads to hypoglycemia. 

In sheep, ketones do not cross the placenta (7). However, the fetal liver 
produces acetoacetate at ever increasing rates as gestational age increases, 
and there is considerable postnatal rise. This is matched by blood ,B-hydrox­
ybutyrate levels, which rise from 0.037 pre- to 0.133 ILmol/l postnatally and 
continue rising to high levels (0.4 and higher). 

In contrast to adult liver, fetal rat liver (also the brain, placenta and fetal 
carcass) can oxidize ketones supplied from the mother when the latter is 
starving (159). Isolated fetal hepatocytes also oxidize ketones. The enzyme 
3-oxoacid CoA transferase is present in newborn liver but has little activity 
in the adult organ (44). Thus the fetal liver is geared to utilize ketones, the 
suckling liver to make them. The ability of the rat fetus to utilize ketones, 
depending on their concentration, spares glucose and lactate when these are 

in short supply---e.g. during maternal starvation (138). Similar conditions 
prevail in baboons (122). 

If pregnant rats are fed a 45% corn oil diet for the last 8 days of gestation, 
ketonemia develops in both mother and fetuses; this has profound effects 
on the metabolism of the neonatal brain (23). Fetal rat tissues can oxidize 
ketones in the order placenta, brain, liver, carcass. This is of particular 
importance during a maternal fast, when a 30-60-fold rise in fetal plasma 
,B-hydroxybutyrate levels can be observed (137, 138, 139). Ketones are also 
used in preference to glucose for lipid synthesis by the brain of newborn rats 
(150, 157). In neonatal hypothyroid rats the development of ketone meta­
bolizing enzymes is delayed; the rise and the subsequent decrease occur later 
(120, 121). In the liver of suckling rats the major site of regulation of 
ketogenesis involves the disposal of long-chain acylCoA between the es­
terification and oxidation pathways. The authors suggest that the high levels 
of cycle AMP in the liver inhibit esterification, thus making possible a 
maximum rate of ketogenesis (10). The rise in plasma ketone levels after 
birth starts 4 hr after birth, while plasma FF A and liver carnitine levels rise 
within 2 hr after birth as soon as the pups consume milk (129). 
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Twenty-four-hour starvation of the pregnant guinea pig, whose fetuses 
represent up to 50% of maternal body weight, causes a 5-fold rise in FF A 
and 8-fold rise in blood ketone levels (56). 

Incorporation of ketones into brain lipids (cholesterol, lecithin, ganglio­
sides) develops more slowly in hypothyroid rats than in normal pups and 
decreases later in life (30). The postnatal rise in blood ketone levels seen in 
the rat has also been described in man (123). Recently it has been suggested 
that in man this perinatal rise is due to starvation and can be eliminated 
by early feeding (3). 

Cholesterol 

Feeding of cholesterol or cholestyramine to pregnant rats has no effect on 
fetal cholesterol synthesis (104). It is well established that plasma levels of 
triglycerides, phospholipids and cholesterol rise rapidly after birth. Consid­
erable attention has been paid recently to the lipoproteins and their choles­
terol content (14, 15, 17,63). At birth, total cholesterol content of the blood 
is higher in premature than full-term neonates; the same is true for high­
density lipoprotein (HDL)- and very low density-low density lipoprotein 
(VLDL-LDL)-cholesterol content (58, 59, 60). The postnatal rise in total 
cholesterol content is the same in both groups. Values attained lO days after 
birth reach 3.1 mmolesll or 118 mgldl regardless of the food consumed, 
but after that time they increase to higher values in breast fed infants than 
in babies fed cow's milk or other formulas (86). The cholesterol content of 
breast milk was not affected by the amount of cholesterol consumed by the 
mother or the plasma level of this sterol. However, linoleate content of milk 
was directly proportional to plasma linoleate levels. The plasma cholesterol 
content of babies decreased as the linoleate content of the milk rose (124). 

Feeding a high-cholesterol diet raised maternal plasma cholesterol levels 
but had no effect on milk or infant serum values. In contrast, phytosterol 
content of the diet was reflected in both maternal serum and milk and 
newborn serum ( lO2). At birth, white girls had the highest cholesterol, 
Ih and a-lipoprotein levels; values were higher for white than for black 
neonates (18). Thus basic values are already established at birth (49). For 
discussion see (2, 14, 17). 

In small-for-gestational-age newborns, lower values for HDL- and higher 
ones for LDL-cholesterol were found than in full-term infants (4). Both 
LDL- and HDL-cholesterol values were higher in prematures. During early 
postnatal development of normal babies the HDL/VLDL-LDL-cholesterol 
ratio fell from 1.5 at birth to 0.6 at 3-6 months, with HDL-cholesterol rising 
by about 60% and VLDL + LDL-cholesterol rising 3.5 times (60). Cord 
blood has no VLDL (117; but see 17). 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

2.
2:

91
-1

11
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 R

E
N

SS
E

L
A

E
R

 P
O

L
Y

T
E

C
H

N
IC

 I
N

ST
IT

U
T

E
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



DEVELOPMENT OF LIPID METABOLISM 97 

Neonatal lipid concentrations have been described in detail for Swedish 
newborns (77, 78). Others have analyzed lipoprotein and lipid composition 
in different parts of Norway (64) and have described similar changes in 
normal newborns (49, 149). A significant correlation was found between the 
total cholesterol values at birth and values found 3-6 months later; an 
inverse correlation exists between the increase of the first 3-10 days and that 
in the next 3-6 months for total and VLDL-LDL-cholesterol (60). The 
conclusion is that in infancy both food and genetic factors control choles­
terol levels but that genetic factors predominate later. It was shown many 
years ago that the postnatal rise in total cholesterol occurs in two steps 
(114). The first seems to depend on food supply, since it does not occur in 
infants fed tea with sugar; the second (2-3 days later) occurs even if no food 
is given. 

In postmature rabbit fetuses, blood levels of cholesterol increase from 
about 90 to 140 mgldl while in the mother the rise is from about 12 to 40. 
In normal rabbits blood levels rise to 120 mgldl in the mother and 180 in 
the newborn after delivery, whereas TG serum levels are elevated in post­
mature fetuses only (79, 140). 

Serum bile acid levels (lithocholic acid and sulfo-lithocholylglycine) are 
highest in the newborn (6). They decrease upon the consumption of the first 
meal in prematures, but rise in full-terms. Adult levels (a 5-fold decrease) 
are attained only gradually by about one year. In rats there is minimal 
transfer of bile acids (81). 

Newborns of diabetic rats had lower serum cholesterol levels and a 
smaller cholic acid pool than control pups, whereas the opposite was true 
for their mothers during pregnancy (80). The strikingly lower serum choles­
terol levels in the neonates (13. 84 ± 3.3 against 68.38 ± 4.4) deserves special 
notice. 

The postnatal rise in total plasma cholesterol content has been found to 
occur in all mammalian species examined so far (20, 127) and has been 
related to the cholesterol content of the milk (125) and of the diet (106, 151). 
This is probably an oversimplification even though human breast milk 
contains 20--24 mgldl while milk formula only 2 mgldl (59). This is even 
more strikingly brought home in intravenously fed newborns (and adults) 
in whom blood total cholesterol content rises up to 500 mgldl if intralipid 
is included in the cocktail (63). This occurs within 1-3 days after the start 
of i.v. feeding. The rise in total cholesterol is directly proportional to the 
amount of intralipid supplied, whereas HDL-cholesterol levels are de­
creased and are inversely proportional to the amount of fat infused. The 
authors calculate that at least 50% of the plasma cholesterol is made by the 
body. These facts strikingly demonstrate that cholesterol itself, supplied 
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either orally or intravenously, is not the sole determinant of plasma choles­
terol levels. It has been suggested that the ratio of saturated to unsaturated 
fatty acid might play a role in the regulation of blood total cholesterol levels 
(63). However, other factors are undoubtedly involved. Thus in rats, total 
cholesterol levels in 19-day-old animals can be decreased within 24 hr to 
less than half the suckling value by feeding a high carbohydrate diet (112); 
these values are significantly lower than those found after 24 hr of starva­
tion. Similarly the quantity of milk consumed affects total cholesterol blood 
levels. They are elevated in rat pups if only 3 are in the litter compared to 
litters of 13-14 (69). It should be mentioned that rats over-fed in infancy 
eat more when adult (116). 

Interesting relationships exist in the suckling period between blood levels 
of total cholesterol and the rate-limiting enzyme of cholesterol synthesis, 
3-hydroxy-3-methyl-glutaryl CoA reductase (HMGR). In the rat fetus, 
hepatic HMGR shows high activity that is not inhibited by feeding choles­
terol to the mother (16). Activity decreases after birth (101, 69). It has been 
suggested that the decrease is due to a factor in milk (101). However, no 
such factor has been isolated and since it is known that there is an inverse 
relationship between blood levels of total cholesterol and hepatic HMGR, 
it seems more probable that cholesterol or one of its metabolites, including 
VLDL, is responsible. At weaning in the rat, when the high-fat diet of the 
suckling period is replaced by the high-carbohydrate rat chow, blood total 
cholesterol falls and hepatic HMGR activity rises (101). 

Since HMGR is present in most tissues, enabling them to make choles­
terol (and other compounds) necessary for growth and differentiation, the 
development of its activity in extrahepatic tissues is of interest. Little work 
has been done in this area. Attention has been paid to the brain, where 
enzyme activity in the rat reaches a maximum on day 3 after birth when 
the rate of myelination is at its highest (108, 143) while in the lung activity 
is highest prenatally (108). 

Even though it has been suggested repeatedly that the gut is a large source 
of cholesterol, developmental changes of intestinal HMGR have not been 
reported. Results show a steep decline in activity after birth and a rise 
after weaning in the rat, and similar changes occur in brown adipose tis­
sue. (75). 

Recently it has been suggested, that white adipose tissue plays a special 
role in the maintenance of total plasma cholesterol (67), since HMGR 
activity in this tissue of obese mice was found to be high, even though the 
hepatic enzyme showed low activity. Preliminary results indicated that 
HMGR activity in white adipose tissue of suckling rats in a 3-pup litter was 
higher than in adipose tissue of suckling rats in a 14-pup litter. Since the 
enzyme is inactivated by a protein kinase (probably cyclic AMP sensitive), 
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it is of interest that the low activity in the intestine of suckling rats can be 
raised by dephosphorylation (75), suggesting that perhaps the postnatal 
depression in HMGR activity in liver, brown fat, gut, and lung is related 
to the well-known increase in blood glucagon levels, which, together with 
the low blood insulin levels (61), results in elevated activity of adenylcy­
clase, at least in liver and brown fat (113, 142). This is supported by the 
changes that occur at weaning to different diets. In rats weaned to a high­
carbohydrate diet, blood levels of glucagon and cholesterol decrease to­
gether with the hepatic content of cyclic AMP and GMP, while insulin 
levels rise. Maintenance of the picture seen in suckling rats is found on 
weaning to a high-fat diet (66). 

The regulation of hepatic and perhaps extrahepatic HMGR, however, is 
not the whole picture. Equally important is the rate at which cholesterol 
is eliminated into the bile. In the newborn guinea pig (98) the pool size of 
cholic acid is small and so is its rate of synthesis. The enzyme that commits 
cholesterol to bile acid synthesis is 7 a-cholesterol hydroxylase. Little is 
known of its postnatal development in any species. In rats, activity in the 
liver is about the same in the newborn and the 21-day-old animal (107). 
Unfortunately this tells us nothing about the suckling period. Judging from 
the activity of HMGR, which according to these authors is twice as high 
on day 21 as in the newborn, one must assume that the 21-day-old rats were 
consuming considerable amounts of lab diet. Other data from this paper 
suggest that 7a-hydroxylase is high in the suckling period, since in older 
animals it is usually elevated whenever HMGR is depressed. 

It has also been suggested that the blood level of HDL-cholesterol is 
inversely proportional to the incidence of atherosclerosis; the higher level 
of total cholesterol, the more likely is the occurrence of arterial disease. 

In 117 neonates HDL-cholesterol was 25.5 ± 0.9, LDL-cholesterol 30.2 
± 1.0, and total cholesterol 72 ± 1.4 mgldl. HDL-cholesterol rises by 
40-50% in older children, but LDL-cholesterol increases 4-fold to adult 
levels (62). Obviously in the unfed neonate, chylomicrons are not present 
(74). Because of the conjectured relationship between HDL-cholesterol 
levels and atherosclerosis, the effect of age and diet have been examined in 
experimental animals. 

In suckling rabbits, Robert et al (127, 128) found an increase in VLDL 
and intermediate-density proteins; this contrasts with the hypercholes­
terolemia found when young weaned rabbits are fed a casein-cholesterol­
free diet. Most of the cholesterol in these animals was in the 
intermediate-density lipoproteins. In sheep (95) a different picture is appar­
ent. At all ages, the main lipoprotein is HDL (76% in the adult),while about 
20% is LDL. In the suckling animal both fractions increase, together with 
the cholesterol and cholesterol ester contents. In the suckling lamb, the 
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transient presence of another lipoprotein in the HDL fraction was reported. 
In rats (134, 135) HDL-cholesterol levels rise postnatally and rapidly de­
crease on fat feeding or starvation of prematurely weaned animals. In the 
suckling rabbit, HDL-cholesterol levels rise from 20 mgldl two days after 
birth to 42 mg/dl in the 4th week and fall to 7 mg/dl after weaning. The 
high VLDL- and LDL-cholesterol levels decreased to-fold after weaning 
but rose considerably if casein was added to the diet (127, 128). 

In rats, on the other hand, fetal plasma LDL levels were 5-fold higher 
than in adult animals (135, 136) while VLDL levels were 10-fold lower. 
HDL levels were 60% those in the adult. About 80% of serum TG are in 
fetal LDL and 14% in fetal VLDL. Exactly the opposite is true for adult 
serum. 

The intestine of the newborn unsuckled rat contains VLDL in its duode­
nal villus tip cells. Chylomicrons appear only after suckling in duodenal 
epithelial cells (11). In the mother rat chylomicron cholesterol does not 
enter the milk (94). 

An important enzyme in cholesterol metabolism and its transport is 
lecithin-cholesterol acyltransferase (LCAT). The enzyme catalyzes the for­
mation of cholesterol esters from cholesterol and lecithin. It is found to be 
low in the newborn guinea pig (28) and human (28) and to rise quickly after 
birth if the newborn are fed milk. Thus in the newborn lamb, 6.7% of 
labelled cholesterol was esterifed; this rose to 9.7% on day 3 but remained 
unchanged if a nonmilk diet was fed. Similarly, cholesterol esterification in 
the plasma was 22 ILmoles/hr!1 in the newborn and 82 three days later if 
milk was fed, but only 51 on a milk free diet. A large postnatal increase in 
LCAT in lamb was also reported by Noble et al (111). Frohlich et al (54) 
found little change in LCAT activity in rats and humans during postnatal 
development but suggest an inverse relationship between LCAT activity 
and serum cholesterol. 

Adipose Tissue and Obesity 
Originally it was proposed that one of the factors causing obesity was the 
number of cells present in adipose tissue soon after birth (91). This now 
appears doubtful. Apparently much depends on the origin of the adipose 
tissue (epidydimal, subcutaneous, abdominal, etc). In rats, evidence sug­
gests that adipocytes (probably preadipocytes) can commence multiplying 
right into adulthood (55,90). Thus the idea that the young animal or child 
soon after birth has a fixed number of fat cells in its adipose tissue is 
probably no longer tenable (65). 

However, feeding in the neonatal period can have immediate effects. 
Formula-fed infants started on solid food before the age of 2 months had 
more fat at 3 months than those fed formula or breast milk only (48). Two 
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months later this difference had disappeared. In infants of diabetic mothers 
there was a direct correlation between blood levels of insulin and body fat 
mass and fat cell weight but not fat cell number (42). These data make it 
difficult to decide whether the greater fat content of newborns from obese 
mothers is genetically or environmentally conditioned. A high-carbohy­
drate diet in pregnant women resulted in 20% obesity in their infants (133); 
40% of large-for-gestational-age newborns born to diabetic mothers were 
obese by 7 years (148) and overweight when adolescents; adequate-for­
gestational-age newborns from diabetic mothers did not show this tendency. 
Kramer (92) showed that breast feeding protects against later obesity. 

Some light is shed on the differences between species in a report of G. 
Alexander (1) on adipose tissue development in the fetal sheep. Fat started 
to be laid down in the fetus before the 50th day of gestation, and brown fat 
appeared on day 70. White fat could be found 2 weeks later. Surprisingly, 
fat regressed considerably after the 115th day of pregnancy. The author 
suggests that the normal fetal lamb is undernourished for the last 5 weeks 
of gestation. Supporting this view is the fact that in nutritionally restricted 
ewes fetal fat content was even lower. Perhaps fetal sheep are able to live 
off their fat to some extent during the last 5 weeks of gestation. 

Human adipose tissue had a fat cell weight of 0.05 p.g in the newborn, 
which increased to 0.25 p.g by 9 months (115). For the same cell size, basal 
lipolysis was greater in infants younger than one year than in older ones. 
Fat cell size and not fat cell number in newborns is significantly correlated 
to body fat mass and neonatal plasma insulin levels. These authors conclude 
that during intrauterine development fat mass expansion occurs almost 
exclusively by fat cell hypertrophy (43). 

A controver�y exists over whether early weaning of babies leads to obesity 
(25, 82, 145). Several factors have been shown responsible for early exces­
sive weight gain, an important one being overconcentrated feeds leading to 
water deficiency, hyperosmolality, thirst, over-feeding, and overweight. All 
this can be prevented (at least in Sheffield) by adequate feeding either by 
breast or with formula. Others have suggested (13) that obesity occurs in 
children only after they have been overfed for a considerable length of time. 
Thus one-year-old fat babies remain overweight only if they are further 
permitted to remain fat and to increase their cell number. 

Yet how far early feeding is involved in later obesity is still not clear (25, 
30, 48). In contrast to the case with mice (31, 32, 146), genetic factors have 
not been clearly defined for humans. Undoubtedly the density of the milk 
plays a role. Thus in the musk shrew, fat content of the milk is 17.5% and 
the young triple their weight by day 5 after birth (29). It seems that exces­
sive carbohydrate intake in pregnancy can also lead to neonatal obesity 
(134). Similarly, maternal obesity is reflected in the newborn (152, 153). 
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Female rats allowed to become obese on a highly palatable high-energy 
diet did not eat more when lactating (as is usually the case), and 44% of 
their litters died by the 6th postnatal day. The surviving pups grew more 
slowly than pups from control mothers (79; see also 130). Overeating in 
infancy (4 rat or mouse pups against 10 or 16 per litter) also has long-lasting 
effects. In the overfed group, activities of enzymes of FA synthesis were 
elevated at 20 weeks-i.e. long after weaning (32). Similarly, blood choles­
terol levels were higher in the overfed than the normally fed groups 6 
months after birth (P. Hahn, unpublished). 

Early Conditioning for Adult Atherosclerosis 
In 1951 Gillman & Gillman (57) suggested that the causes of adult athero­
sclerosis might be found in early childhood. In recent years increased 
attention has been paid to this idea. It was demonstrated (74) and confirmed 
later (76) that premature weaning of female rats made them more suscepti­
ble to the effects of an atherogenic diet when aged 8 months. Reiser & 
Sidelman (125) suggested an inverse relationship between the cholesterol 
content of rat milk and the plasma cholesterol level in adult male rats that 
had consumed such milk as pups. Unfortunately milk cholesterol content 
was examined in 2 mother animals only. Weaning rats prematurely (day 18) 
to a high-fat diet (HF) fed between days 18 and 30 only made them more 
resistant to the hypercholesterolemic effect of an atherogenic diet when 
aged 7 months; wherel}s feeding a high-carbohydrate diet (HC) for these 12 
days had the same effects as premature weaning to the laboratory chow in 
previous experiments (76). Plasma levels of total cholesterol in the animals 
weaned to the HF diet remained high until day 30, when Purina Chow was 
offered, but such levels dropped rapidly in 19-day-old rats weaned to the 
HC diet on day 18. 

' 

Thus again there was an inverse relationship between plasma levels of 
cholesterol in young animals and those in adult rats challenged with an 
atherogenic diet. Further studies showed that early weaning (day 18) to the 
HC diet in the rat results in a rapid decrease in plasma glucagon levels and 
a slower rise in plasma insulin levels (70). This was reflected 8 months later 
when rats were fed the atherogenic diet by the fact that plasma glucagon 
levels were increased more in rats weaned to the HF diet than in those 
weaned to the HC diet. The effects of feeding a HF or HC diet for 12 days 
between days 18 and 30 can be revealed much sooner with the right tech­
nique. These experiments promoted pediatricians to seek a similar phenom­
enon in humans. Except in one study (147), no effect of early feeding on 
subsequent plasma cholesterol levels was found (53, 73, 83,96, 100). These 
studies all suffer from the same defects: (a) Children were examined be­
tween the ages of 1 and 10 years-i.e. they were comparable to very young 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

2.
2:

91
-1

11
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 R

E
N

SS
E

L
A

E
R

 P
O

L
Y

T
E

C
H

N
IC

 I
N

ST
IT

U
T

E
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



DEVELOPMENT OF LIPID METABOLISM 103 

rats; and (b) they were not challenged with a specific high-fat or high­
cholesterol diet. Hence, whether early feeding experience (breast feeding 
against early weaning) has a late effect in humans has not been effectively 
examined. [See also (16a) for an evaluation.] Nestel et al (109) also suggest 
that "the magnitude of the response to dietary cholesterol and fat becomes 
established early in life." 

More recently, Naseem et al (107) showed that even the diet fed to 
pregnant rats may affect cholesterol metabolism immediately in the fetus 
and later in the pup. They found that infant rats from mothers fed a high-fat 
high-cholesterol diet throughout pregnancy and after birth up to day 21 had 
lower HMGR activity and plasma cholesterol levels than pups from control 
mothers fed the diet only from day 1 after birth. In other words, prenatal 
supply of a HF-HC diet had a cholesterol-lowering effect on day 21 postna­
tally. On the other hand, feeding the control diet from birth to day 21 
resulted in higher plasma cholesterol levels and hepatic 7a-hydroxylase 
activity on that day if the experimental diet had been fed during gestation. 
Note that day 21 is 9 days prior to natural weaning. 

The effect of different levels of cholesterol (0-1 %) and lard (5-15%) in 
the diet on maternal plasma and milk cholesterol in rabbit does was exam­
ined by Whatley et al (151). In blood, cholesterol levels rose lOO-fold (15% 
lard + 1 % cholesterol); in milk they doubled on this diet only. Blood and 
liver cholesterol levels in suckling pups were elevated but fell to normal after 
weaning to a low-fat low-cholesterol diet. 

The conclusion of a paper by Kris-Elberton et al (93) is definite: "Our 
work unequivocally refutes the hypothesis that early exposure to exogenous 
cholesterol protects against subsequent dietary induced hypercholes­
terolemia in the rats." This is probably a valid conclusion, even though it 
takes a stand against a premise few investigators have put forward. What 
has been suggested is that plasma cholesterol levels in infancy are in some 
way related to these levels in the adult and that early changes in nutrient 
supply have more permanent effects than was previously thought. This 
suggestion is borne out in the complex experiments reported by this group. 
Rat dam� were fed 3 diets from the 14th day of gestation: (a) fat free (FF), 
(b) high-fat high cholesterol with 2% Na cholate (HFHC), and (c) the 
standard rat diet (S). Milk cholesterol content was more than doubled in 
the HFHC group but was the same in the other 2 groups (plasma cholesterol 
in the dams: HFHC, 1120; S, 62; FF, 69 mg/dl). Body weights of the 
offspring increased more (after weaning) in pups with the HFHC milk than 
in the other two groups. Feeding a 10% lard diet from days 30-60 resulted 
in lower plasma cholesterol levels in the group fed the HF diet up to day 
30. For reasons that are not clear, a stock diet with 0.5% cholesterol was 
fed from day 60. On the whole, no differences in plasma cholesterol levels 
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were observed up to day 150, when a diet of 10% lard with 0.5% cholesterol 
was fed up to day 210. On day 180, but not 210, cholesterol levels were 
highest in the HF group. Similar results were obtained with a slight varia­
tion in the feeding of the infant rats. As a rule, high-cholesterol diets in the 
suckling periods resulted in lower plasma cholesterol levels in later life (up 
to day 120); but at day 210, levels were higher in the oneS given extra 
cholesterol when suckling. Finally, some infant rats were artificially reared 
with or without cholesterol. This resulted in slower growth and (regardless 
of the cholesterol content of the artificial milk)in higher plasma cholesterol 
levels than in suckled pups, on days 81 and 111. This experiment supports 
the unequivocal conclusion of these authors. However, since neonatal un­
dernutrition (artificial feeding in this case) leads to decreased plasma choles­
terol levels in infancy (69) it seems possible that perinatal plasma 
cholesterol levels or some factors other than exogenously supplied choles­
terol may be correlated with levels in the adult. This is essentially the 
conclusion of the authors, who suggest that "the development of a 'nonnal' 
metabolic response to exogenous cholesterol in the adult is affected in early 
lifi" e. 

It is of interest to note that cholesterol passes from mother rat to fetus 
only slowly and is without effect on the high rate of its synthesis in fetal 
liver (16). 

It was also shown (107) that hepatic HMGR and 7a-hydroxylase activi­
ties may be more sensitive indicators of early nutritional effects than serum 
cholesterol levels. Thus 52-day-old rats whose dams had been fed a nonnal 
diet during gestation and lactation (up to postnatal day 21) were compared 
with rats from dams fed a HFHC diet du�g lactation. On day 21 all rats 
were given this HF diet up to day 52. HMGCoAR was decreased and 
7a-hydroxylase activity increased (p < 0.01) in the group fed the HF diet 
during lactation, and again the HF diet from day 21 to 52 resulted in higher 
serum cholesterol and 7 a-hydroxylase levels and decreased HMGCoAR 
activity than when the HF diet was fed during gestation. Thus there remains 
little doubt that early changes in feeding pattern, even mediated via the 
mother, can produce long-lasting effects. The question of mechanism re­
mains. Li, Bale & Kottke (97, 99) throw some light on this question using 
guinea pigs. These are born very mature. They start to eat solid food 
immediately after birth and hence are not suitable for experiments involving 
premature weaning. No effect of "early" weaning was noted except a slight 
(p < 0.05) decrease in hepatic HMGCoAR in response to a high-choles­
terol diet. On the other hand, feeding cholestyramine (1.1 % of diet) for 6 
weeks after birth made adult animals (aged 105-259 days) more resistant 
to the hypercholesterolemic effects of a high-cholesterol diet. Such animals, 
when adult, excreted more bile acids than controls and had higher activities 

of both hepatic HMGCoAR and 7 a-hydroxylase. They also had a larger 
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bile acid pool. Differences between the 2 groups (with or without choles­
tyramine for 6 weeks) were more pronounced when a 0.25% cholesterol diet 
was fed. Feeding cholesterol from the 1st to the 13th postnatal week had 
little effect on blood cholesterol up to week 25 but did cause a greater 
excretion of bile acids. Thus it appears that, in guinea pigs at least, choles­
terol catabolism is enhanced by treatments in infancy that make the individ­
ual more resistant to excessive cholesterol feeding when adult. 

Hepatic HMGR activity in adult rats depends on their previous nutri­
tional history (126). Animals fed a semipurified diet up to day 60 (but not 
35) maintained low HMGR activity even when they ate a commercial diet 
for 20 days. 

Of course, important differences exist among rats, guinea pigs, and hu­
mans. Rats are born very premature and are breast fed for at least the first 
14 days of postnatal life, whereas guinea pigs eat solid food nearly immedi­
ately after birth. Humans lie between these extremes. They are closer to 
guinea pigs as far as maturity goes, but closer to the rat as far as dependence 
on the mother is concerned. In addition guinea pigs hardly ever consume 
cholesterol after weaning; rats and humans do. It is hence difficult to draw 
any but the most general conclusions from animal experiments. 

J. J. Nora (112) suggests that it is possible to identify during childhood 
the person who will suffer from coronary disease as an adult. Nora stresses 
the genetic components of the disease but, of course, underlines the possible 
role of the environment. By identifying those at risk early in life, such an 
approach would obviate the reduction of butter, milk, and egg intake for 
the whole population. This "individualization" of treatment (nutritional 
and otherwise) will undoubtedly replace current all-embracing condemna­
tions of certain foods. 

Literature Cited 

1. Alexander, G. 1978. Quantitative devel­
opment of adipose tissue in foetal sheep. 
Aust. J. Biol ScL 31:489-503 

2. Current infant feeding practices. Dairy 
Counc. Dig. 1980. 51:1-6 

3. Anday, E. K., Stanley, C. A., Baker, L., 
Delivoria-Papadopoulos, M. 1981. 
Plasma ketones in newborn infants: Ab­
sence of suckling ketosis. J. Pediatr. 88: 
628-30 

4. Andersen, G. E., Lifschitz, C., Friis­
Hansen, B. 1979. Dietary habits and 
serum lipids during first 4 years of life-A 
study of 95 Danish children. Acta Pe­
diatr. Scand. 68:165-70 

5. Babak, E. 1903, 1905. See Ref. 74 
6. Barbara, L., Lazzari, R., Roda, A., Al­

dini, R., Festi, D., Sama, C., Morselli, 
A. M., Collina, A., Bazzoli, F., Maz-

zella, G., Roda, E. 1980. Serum bile 
acids in newborns and children. Pediatr. 
Res. 14:1222-25 

7. Batta�lia, F. C., Meschia, G. 1978. 
PrinCipal substrates of fetal metabolism. 
Physiol Rev. 58:499-527 

8. Benavides, J., Gimenez, C., Valdivieso, 
F., Mayor, F. 1976. Effect ofphenylala­
nine metabolites on the actiVities of en­
zymes of ketone-body utilization in 
brain of suckling rats. Biochem. J. 160: 
217-22 

9. Benedict, F. G., Talbot, F. B. 1945. See 
Ref. 74 

10. Benito, M., Whitelaw, E., Williamson, 
D. H. 1979. Re�tion of ketogenesis 
during the suckling-weanling transition 
in the rat-studies with isolated hepato­
cytes. Biochem J. 180:137-44 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

2.
2:

91
-1

11
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 R

E
N

SS
E

L
A

E
R

 P
O

L
Y

T
E

C
H

N
IC

 I
N

ST
IT

U
T

E
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



106 HAHN 

11. Berendsen, P. B. 1979. Sites of lipo­
protein production in the small intestine 
of the unsuckled and suckled newborn 
rat. Anat. Rec. 195:15-30 

12. Bohmer, T., Havel, R. J. 1975. Genesis 
of fatty liver and hyperlipemia in the 
fetal guinea pig. J. Lipid Res. 16:454-60 

13. Bonnet, F. P., Daune, M. R. 1976. Fac­
tors affecting the number of subcutane­
ous adipose cells of the obese child. Pe­
diatr. Adolesc. Endocrinol 1:112-18 

14. Boulton, T. J. C., Craig, I. H., Hill, G. 
1979. Screening of cord blood low-den­
sity-lipoprotein cholesterol in the diag­
nosis of familial hypercholesterolemia: 
A study of 2000 infants. Acta Pediatr. 
Scand. 68:363-70 

15. Breslow, 1. L. 1978. Pediatric aspects of 
hyperlipidemia. Pediatrics 62:510-20 

16. Calandra, S., Quartaroli, G. C., Mon­
taguti, M. 1975. Effect of cholesterol 
feeding on cholesterol biosynthesis in 
maternal and foetal rat liver. Eur. J. 
elin. Invest. 5:27-31 

16a. Canadian Pediatric Society. 1978. 
Breast-feeding: what is left besides the 
poetry. A statement by the nutrition 
committee. 1978 Can. J. Publ Health 
69:13-20 

17. Carlson, L. A., Hardell, L. 1. 1978. Very 
low density lipoproteins in cord blood. 
Clin. Chim. Acta 90:295-96 

18. Carlson, L. A., Hardell, L. I. 1977. Sex 
differences in serum lipids and lipo­
proteins at birth Eur. J. Clin. Invest. 
7:133-35 

19. Carney, S., Morgan, B. 1981. Brain p­
hydroxybutyrate utilization in neonatal 
hypothyroidism. Fed. Proc. 40: Abstr. 
88 

20. Carroll, K. K., Huff, M. W. 1977. Inllu­
ence of dietary fat and protein on 
plasma cholesterol levels in the early 
postnatal period. Atherosclerosis, ed. G. 
W. Manning, M. G. Haust, pp. 638-43. 
NY: Plenum . 

21. Char, V. C., Creasy, R. K. 1976. Ace­
tate as a metabolic substrate in the fetal 
lamb. Am J. Physiol 230:357-61 

22. Christensen, N. C. 1977. Concentra­
tions of triglycerides, free fatty acids 
and glycerol in cord blood of newborn 
infants with a birth weight of <2700 
grams. Acta Pediatr. Scand. 66:43-48 

23. Cornblath, M., Tildon, J. T., Ozand, P. 
T., Plaut, S. M. 1976. Effect of a high fat 
diet during pregnancy on neonatal brain 
metabolism in rats. Pediatr. Adolesc. 
Endocrinol 1:31-35 

24. Dahlquist, G., Persson, B. 1976. The 
rate of cerebral utilization of glucose, 
ketone bodies, and oxygen: A compara-

tive in vivo study of infant and adult 
rats. Pediatr. Res. 10:910-17 

25. Dine, M. S., Gartside, P. S., Glueck, C. 
J., Rheines, L., Greene, G., Khoury, P. 
1979. Where do the heaviest children 
come from? A prospective study of 
white children from birth to 5 years of 
age. Pediatrics 63:1-7 

26. Drahota, Z., Hahn, P., Kleinzeller, A., 
Kostolanska, A. 1964. Acetoacetate 
formation by liver slices from adult and 
infant rats. Biochem. J. 93:61-65 

27. Drahota, Z., Hahn, P., Mourek, J., 
Trojanova, M. 1965. The effect of acet­
oacetate on oxygen consumption of 
brain slices from infant and adult rats. 
Physiol Bohemoslov. 14:134-38 

28. Drevon, C. A., Norum, K. R. 1975. 
Cholesterol esterification and lipids in 
plasma and liver from newborn and 
young guinea pigs raised on milk and 
non-milk diet. Nutr. Metabol 18: 
137-51 

29. Dryden, G. L., Anderson, R. R. 1978. 
Milk composition and its relation to 
growth rate in the musk shrew, Suncus 
murinus. Comp. Biochem Physiol A 
60:213-16 

30. Dubois, S., Hill, D. E., Beaton, G. H. 
1979. An examination of factors be­
lieved to be associated with infantile 
obesity. Am. J. Clin.· Nutr. 32:1997-
2004 

31. Dubuc, P. U., Willis, P. L. 1979. Post­
weaning development of diabetes in 
ob/ob mice. Metabolism 28:633-40 

32. Duff, D. A., Shell, K. 1976. Induction 
of hepatic enzyme abnormalities asso­
ciated with obesity by neonatal over­
nourishment. Metabolism 25:1567-74 

33. Dwyer, B., Bernsohn, J. 1979. The in­
corporation of (J-l4C) linolenate into 
lipids of developing rat brain during es­
sential fatty acid deprivation. J. Neuro­
chem 32:833-38 

34. Dwyer, B. E., Bemsohn, J. 1979. The 
effect of essential fatty acid deprivation 
on the metabolic transformation of (1-
14C) linolenate in developing rat brain. 
Biochim Biophys. Acta 575:309-17 

35. Edson, J. L., Hudson, D. G., Hull, D. 
1975. Evidence for increased fatty acid 
transfer across the placenta during a 
maternal fast in rabbits. Biol Neonate 
27:50-55 

36. Elphick, M. C., Hudson, D. G., Hull, 
D. 1975. The transfer of free fatty acids 
across the rabbit placenta. J. Physiol. 
252:29-42 

37. Elphick, M. C., Hull, D. 1977. The 
transfer of free fatty acids across the 
rabbit placenta. J. PhysioL 264:751-66 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

2.
2:

91
-1

11
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 R

E
N

SS
E

L
A

E
R

 P
O

L
Y

T
E

C
H

N
IC

 I
N

ST
IT

U
T

E
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



DEVELOPMENT OF LIPID METABOLISM 107 

38. Elphick, M. C., Hull, D. 1977. Rabbit 
placenta clearing-factor lipase and 
transfer to the foetus of fatty acids 
derived from triglycerides injected into 
the mother. J. PhysioL 273:475-87 

39. Elphick, M. C., Hull, D., Sanders, R. R. 
1976. Concentrations of free fatty acids 
in maternal and umbilical cord blood 
during elective caesarean section. Br. J. 
Obstet. Gynecol. 83:539-44 

40. Elphick, M. C., Hull, D., Pipkin, F. B. 
1979. The transfer of fatty acids across 
the sheep placenta. J. DeveL Physiol. 
1 :3 1-45 

41.  Elphick, M. C., Edson, J. L., Hull, D. 
1978. Effect of maternal glucose infu­
sions on fatty acid transport across the 
placenta in rabbits. Bioi. Neonate 
34:231-37 

42. Enzi, G., Inelmen, E. M., Caretta, F., 
Villani, F., Zanardo, V., DeBiasi, F. 
1980. Development of adipose tissue in 
newborns of gestational-diabetic and in­
sulin-dependent diabetic mothers. Dia­
betes 29:100-4 

43. Enzi, G., Inelmen, E. M., Caretta, F., 
Rubaltelli, F., Grella, P., Baritussio, A., 
Adipose tissue development "in Utero". 
Diabetologia 18 :135-40 

44. Fenselau, A., Wallis, K., Morris, H. P. 
1975. Acetoacetyl coenzymeA trans­
ferase activity in rat hepatomas. Cancer 
Res. 35:231 5-20 

45. Ferre, P., Pegorier, J. P., Marliss, E. B., 
Girard, J. R. 1978. Inlluence of exoge­
nous fat and gluconeogenic substrates 
on glucose homeostasis in the newborn 
rat. Am J. PhysioL 234:EI29-36 

46. Ferre, P., Pegorier, J. P., Williamson, 
D. H., Girard, J. 1979. Interactions in 
vivo between oxidation of non-esterified 
fatty acids and gluconeogenesis in the 
newborn rat. Biochem. J. 182:593-98 

47. Ferre, P., Pegorier, J. P., Williamson, 
D. H., Girard, J. R. 1978. The develop­
ment of ketogenesis at birth in the rat. 
Biochem. J. 176:759-65 

48. Ferris, A. G., Beal, V. A., Laus, M. J., 
Hosmer, D. W. 1979. The effect offeed­
ing on fat deposition in early infancy. 
Pediatr. Res. 64:397-401 

49. Frerichs, R. R., Srinivasan, S. R., Web­
ber, L. S., Rieth, M. C., Berenson, G. S., 
1978. Serum lipids and lipoproteins at 
birth in a biracial population: The 
Bogalusa heart study. Pediatr. Res. 
12:858-63 

50. Friedman, Z., Danon, A., Stahlman, T., 
Oates, J. A. 1976. Rapid onset of essen­
tial fatty acid deficiency in the newborn. 
Pediatrics 58:640-49 

5 1 .  Friedman, Z., Shochat, S. J., Maisels, 
M. J., Marks, K. H., Lamberth, E. L. Jr. 
1976. Correction of essential fatty acid 
deficiency in newborn infants by cutane­
ous application of sunflower-seed oil. 
Pediatrics 58:65G-54 

52. Friedman, Z., Danon, A., Lamberth, E. 
L. Jr., Mann, W. J. 1978. Cord blood 
fatty acid composition in infants and in 
their mothers during the third trimes­
ter. J. Pediatr. 92:461-66 

53. Friedman, G., Goldberg, S. J. 1975. 
Concurrent and subsequent serum cho­
lesterol of breast- and formula-fed in­
fants. Am J. Clin. Nutr. 28:42-45 

54. Frohlich, J., Bernstein, V., Bernstein, 
M. 1975. Lecithin: cholesterol acyl­
transferase. Initial fractional rates of es­
terification in human and rat serum 
during development. Clin. Chim. Acta 
65:79-82 

55. Gaben-Cogneville, A. M., Swierczew­
ski, E. 1979. Studies on cell prolifera­
tion in inguinal adipose tissue during 
early development in the rat. Lipids 
14:669-75 

56. Gilbert, M., Sparks, J., Girard, J., Bat­
taglia, F. 1981. Changes in glucose me­
tabolism during pregnancy induced by 
fasting in chronically catheterized guin­
ea-pigs. Fed. Proc. 40: 1360 (Abstr.) 

57. Gillman, J., Gillman, T. 195 1 .  Perspec­
tives in Human Malnutrition. NY: 
Greene & Stratton 

58. Ginsburg, B. E., Zetterstrom, R. 1977. 
High density lipoprotein concentrations 
in newborn infants. Acta Pediatr. 
Scand. 66:39-41 

59. Ginsburg, B. E., Zetterstrom, R. 1980. 
Serum cholesterol concentrations in 
newborn infants with gestational ages of 
28-42 weeks. Acta Pediatr. Scand. 69: 
587-92 

60. Ginsburg, B. E., Zetterstrom, R. 1980. 
Serum cholesterol concentrations in 
early infancy. Acta Pediat. Scand. 69: 
581-85 

61. Girard, J. R., Marliss, E. B. 1975. Cir­
culating fuels in late fetal and early 
neonatal life in the rat. In Diabetes in 
Early Life, ed. R. A. Camerini­
Davalos, H. S. Cole, pp. 185-194. NY: 
Academic. 615 pp. 

62. Glueck, C. J., Mellies, M. J., Tsang, R. 
C., Steiner, P. M. 1977. Low and high 
density lipoprotein cholesterol interre­
lationships in neonates with low density 
lipoprotein cholesterol < the 10th per­
centile and in neonates with high den­
sity lipoprotein cholesterol > the 90th 
percentile. Pediatr. Res. 1 1 :957-59 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

2.
2:

91
-1

11
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 R

E
N

SS
E

L
A

E
R

 P
O

L
Y

T
E

C
H

N
IC

 I
N

ST
IT

U
T

E
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



108 HAHN 

63. Griffin, E., Breckenridge, W. C., Kuk­
sis, A., Bryan, M. H., Angel, A. 1979. 
Appearance and characterization of 
lipoprotein X during continuous in· 
tralipid infusions in the neonate. J. Clin. 
Invest. 64:1703-12 

64. Grundt, I., Forsdahl, F., Forsdahl, A. 
1976. Cord blood cholesterol, triglycer­
ide, and lipoprotein pattern from two 
districts in Norway. Scand. J. elin. 
Lab. Invest. 36:261� 

65. Hager, A., Sjostrom, L., Arvidsson, B., 
Bjorntorp, P., Smith, U. 1977. Body fat 
and adipose tissue cellularity in infants: 
a longitudinal study. Metabolism 26: 
607-14 

66. Hahn, P., Skala, J. P., Hassanali, S. 
1980. The response of cyclic nucleotide 
content in liver and brown fat of rats 
weaned to different diets. J. Nutr. 1 10:· 
330-34 

67. Hahn, P. 1980. Cholesterol metabolism 
in obese mice. Can. J. Biochem. 58: 
1258-60 

68. Hahn, P., Kirby, L. 1973. I=ediate 
and late effects of premature weaning 
and of feeding a high fat or high car­
bohydrate diet to weaning rats. J. Nutr. 
103:690-96 

69. Hahn, P., Walker, B. I. 1979. Hepatic 
3-hydroxy-3-methyl-glutarylCoA re­
ductase response to litter size in suck­
ling rats. Can. J. Biochem. 57:1216-19 

70. Hahn, P., Girard, J. R., Assan, J., Kerv­
ran, A., Koldovsky, O. 1978. Late 
effects of premature weaning to differ­
ent diets in the rat. J. Nutr. 108: 
1783-86 

71 .  Hahn, P. 1978. Nutrition of the new­
born. In Perinatal Physiology, ed. U. 
Stave, pp. 357-63. NY: Plenum. 851 pp. 

72. Hahn, P. 1978. Lipids. See Ref. 71, pp. 
397-423. 

73. Hahn, P. 1979. Nutrition and metabolic 
development. In Human Nutrition, ed. 
M. Winick, 1 : 1-40. NY: Plenum 

74. Hahn, P., Koldovsky, O. 1966. Utiliza­
tion of Nutrients During Postnatal De­
velopment. Int. Ser. Zool. Div., Vol. 33. 
NY: Pergamon. 177 pp. 

75. Hahn, P., Smale, F.-A. 1982. 3-
HMGCoA-reductase in gut and adipose 
tissue of developing rats. Can. J. Bio­
chem. In press 

76. Hahn, P., Koldovsky, O. 1976. Late 
effect of premature weaning on blood 
cholesterol levels in adult rats. Nutr. 
Rep. Int. 13:87-91 

77. Hardell, L. I. 1981. Serum lipids and 
lipoproteins at birth and in early child­
hood. Acta Pediatr. Scand. Suppl. 285, 
pp. 1-29 

78. Hardell, L. I. 1978. Serum lipids and 
lipoproteins at birth and in early child­
hood. Doctoral thesis. Uppsala Univ. 

79. Harlow, A. C., Roux, 1. F., Shapiro, M. 
I. 1980. Plasma glucose, cholesterol, tri­
glyceride, and glycerol concentrations 
in the postmature rabbit. Am. J. Obstet. 
Gynecol. 136:500-4 

80. Hassan, A. S., Subbiah, M. T. R. 1980. 
Effect of diabetes during pregnancy on 
maternal and neonatal bile acid metabo­
lism in the rat. Proc. Soc. Exp. BioI. 
Med. 165:490-95 

81 .  Hassan, A. S., Subbiah, M. T. R. 1980. 
Bile acids in the fetal rat: effect of ma­
temal bile duct ligation. Steriods 36: 
709-1 5  

82. Himes, J .  H .  1979. Infant feeding prac­
tices and obesity. J. Am. Diet. Assoc. 
75:122-25 

83. Hodgson, P. A., Ellefson, R. D., El­
veback, L. R., Harris, L. E., Nelson, R. 
A., Weidman, W. H. 1976. Comparison 
of serum cholesterol in children fed 
high, moderate, or low cholesterol milk 
diets during neonatal period. Metabo­
lism 25:739-46 

84. Hudson, D. G., Hull, D. 1977. Uptake 
and metabolism of 14C-palmitate by 
fetal rabbit tissues. Bioi. Neonate 3 1 :  
3 1 6-23 

85. Hull, D. 1975. Storage and supply of 
fatty acids before and after birth. Br. 
Med. Bull. 3 1:32-36 

86. Hu=el, L., Schwartze, A., Schirrme­
ister, W., Wagner, H. 1976. Maternal 
plasma triglycerides as a source of fetal 
fatty acids. Acta BioI. Med. Germ. 35: 
1635-41 

87. Hu=el, L., Schirrmeister, W., Zim· 
mermann, T. 1975. Transfer of mater­
nal plasma free fatty acids into the rat 
fetus. Acta BioI. Med. Germ. 34:603-5 

88. Hu=el, L., Zi=ermann, T., Wag­
ner, H. 1978. Quantitative evaluation of 
the fetal fatty acid synthesis in the rat. 
Acta BioI. Med. Germ. 37:229-32 

89. Deleted in proof 
90. Kazdova, L., Fabry, P. 1975. Cell Im­

pairment-Aging Development Adv. 
Exp. Med. BioI. 53:247-56 

9 1 .  Knittle, J. L., Hirsch, J. 1968. Effect of 
early nutrition on the development of 
rat epididymal fat pads. J. Clin. Invest. 
47:2091-98 

92. Kramer, M. S. 1980. Do breast feeding 
and delayed solids protect against later 
obesity? Pediatr. Res. 14: Abstr. 463 

93. Kris-Etherton, P. M., Layman, D. K., 
Van Zyl York, P., Frantz, I. D. 1979. 
The infiuence of early nutrition on the 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

2.
2:

91
-1

11
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 R

E
N

SS
E

L
A

E
R

 P
O

L
Y

T
E

C
H

N
IC

 I
N

ST
IT

U
T

E
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



DEVELOPMENT OF LIPID METABOLISM 1 09 

serum cholesterol of the adult rat. J. 
Nutr. 109:1244-57 

94. Kris-Etherton, P. M., Frantz, I. D., Jr. 
1980. The contribution of chylomicron 
cholesterol to milk cholesterol in the 
rat. Proc. Soc. Exp. Biol Med. 165: 
502-7 

95. Leat, W. M. F., Kubasek, F. O. T., But­
tress, N. 1976. Plasma lipoproteins of 
lambs and sheep. Q. J. Exp. Physiol 
61:193-202 

96. Laskarzewski, P., Morrison, J. A., De­
Groot, I., Kelly, K. A., Kellies, M. J., 
Khoury, P., Glueck, C. J. 1979. Lipid 
and lipoprotein tracking in 108 children 
over a four-year period. Pediatrics 
64:584-91 

97. Li, J. R., Bale, L. K., Kottke, B. A. 
1 980. Effect of neonatal modulation of 
cholesterol homeostasis on subsequent 
response to cholesterol challenge in 
adult guinea pig. J. Clin. Invest 65: 
1060-68 

98. Li, J. R., Subbiah, M. T. R., Kottke, B. 
A. 1979. Hepatic 3-hydroxy-3-methyl­
glutaryl coenzyme A reductase activity 
and cholesterol 7 a-hydroxylase activity 
in neonatal guinea pig. Steroids 34: 
47-55 

99. Li, J. R., Bale, L. K., Subbiah, M. T. R. 
1979. Effect of enhancement of choles­
terol degradation during neonatal life of 
guinea pig on its subsequent response to 
dietary cholesterol. Atherosclerosis 32: 
93-98 

100. McKenna, M. C., Campagnoni, H. R. 
1979. Effect of pre- and postnatal essen­
tial fatty acid deficiency on main devel­
opment. J. Nutr. 7:1 195-204 

101. McNamara, D. J., Quackenbush, F. W., 
Rodwell, V. W. 1972. Regulation of 
hepatic 3-hydroxy-3-methylglutaryl co­
enzyme A reductase: developmental 
pattern. J. Biol Chem. 247:5805-10 

102. Mellies, M. J., Ishikawa, T. T., Gart­
side, P., Burton, K., MacGee, J., Allen, 
K., Steiner, P. M., Brady, D., Glueck, 
C. J. 1978. Effects of varying maternal 
dietary cholesterol and phytosterol in 
lactating women and thetr infants. Am. 
J. Clin. NUll'. 31:1347-54 

103. Miettinen, E.-L. 1981. Effect of mater­
nal canine starvation on fetal and 
neonatal liver metabolism. Am. J. 
Physiol. 240:E88-94 

104. Miguel, S. G., Abraham, S. 1976. Effect 
of maternal diet on fetal hepatic lipo­
genesis. Biochim. Biophys. Acta 424: 
213-34 

. 105. Moore, C. E., Dhopeshwarkar, G. A. 
1980. Pla&ental transport of trans fatty 
acids in the rat. Lipids 1 5:1023-28 

106. Mott, G. E., McMahan, C. A., McGill, 
H. C. Jr. 1978. Diet and sire effects on 
serum cholesterol and cholesterol ab­
sorption in infant baboons (Papio cyno­
cephalus). Circ. Res. 43:364-371 

107. Naseem, S. M., Khan, M. A., Jacobson, 
M. S., Nair, P. P., Heald, F. P. 1980. 
The influence of dietary cholesterol and 
fat on the homeostasis of cholesterol 
metabolism in early life in the rat. Pe­
diatr. Res. 14:1061-66 

108. Ness, G. C., Miller, J. P., Moffier, M. 
H., Woods, L. S., Harris, H. B. 1979. 
Perinatal development of 3-hydroxy-3-
methylglutaryl coenzymeA reductase 
activity in rat lung, liver and brain. Lip­
ids 14:447-50 

109. Nestel, P. J., Poyser, A., Boulton, T. J. 
C. 1979. Changes in cholesterol metab­
olism in infants in response to dietary 
cholesterol and fat. Am. J. Clin. Nutr. 
32:2177-82 

1 1 0. Noble, R. C., Shand, J. H., Bell, A. W. 
1979. Fetal to maternal transfer of pal­
mitic and linoleic acids across the sheep 
placenta. Biol Neonate 36:1 13-18 

1 1 1 . Noble, R. C., Crouchman, M. L., 
Moore, J. H. 1975. Plasma cholesterol 
ester formation in the neonatal lamb 
Biol Neonate 26: 1 17-21 

1 12. Nora, J. J. 1980. Identifying the child at 
risk for coronary disease as an adult: A 
strategy for prevention. J. Pediatr. 
97:706-14 

1 13. Novak, M., Wieser, P. B., Buch, M., 
Skala, J. 1 979. Cyclic adenosine mono­
phosphate dependent protein kinase in 
adipose tissue of newborn infants. Pe­
diatr. Res. 13:626-3 1 

1 14. Novak, M., Kohn, R., Vinsova, N. 
1959. See Ref. 74, 

1 15. Nyberg, G., Mellgren, G., Smith, U. 
1 976. Human adipose tissue in culture. 
IV. Effect of age on cell size and lipol­
ysis. Acta Pediatr. Scant!. 65:313-18 

1 1 6. Oscai, L. B., McGarr, 1. A. 1978. Evi­
dence that the amount of food con­
sumed in early life fixes appetite in the 
rat. Am. J. Physiol 235:RI41-44 

1 17. Parwaresch, M. R., Radzun, H.-J. 
1978. Lack of very low density lipo­
proteins in cord blood. Clin. Chim. Acta 
83:295-96 

1 18. Pascaud, M., Rougier, A., Delhaye, N. 
1977. Assimilation of 14C-linoleic acid 
by the rat fetus. Nutr. Metab. 2 1 :  
3 1 0-16 

1 19. Patel, T. B., Clark, 1. B. 1978. Acet­. oacetate metabolism in rat brain. Devel­
opment of acetoacetyl-coenzyme A de­
acylase and 3-hydroxy-3-methylgluta-

A
nn

u.
 R

ev
. N

ut
r.

 1
98

2.
2:

91
-1

11
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 R

E
N

SS
E

L
A

E
R

 P
O

L
Y

T
E

C
H

N
IC

 I
N

ST
IT

U
T

E
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



1 10 HAHN 

ryl-coenzymeA synthase. Biochem. I. 
176:951-58 

120. Patel, M. S., Owen, O. E. 1977. Devel­
opment and regulation of lipid synthesis 
from ketone bodies by rat brain. I. 
Neurochem 28: 109-14 

121.  Patel, M. S. 1979. Influence of neonatal 
hypothyroidism on the development of 
ketone-body-metabolizing enzymes in 
rat brain. Biochem. I. 1 84: 169-72 

122. Paton, J. B., Levitsky, L. L., Fisher, D.  
E., DeLannoy, C.  W. 1979. Fetal­
maternal gradient for ketone bodies in 
the baboon: dissociation of fetal ketone 
body and oxygen uptake. Pediatr. Res. 
13:Abstr. 927 

121 Persson, B., Gentz, J. 1976. The pattern 
of blood lipids and ketone bodies during 
the neonatal period, infancy and child­
hood. Acta Pediatr. Scand. 55:353-60 

124. Potter, J. M., Nestel, P. J. 1976. The 
effects of dietary fatty acids and choles­
terol on the milk lipids of lactating 
women and the plasma cholesterol of 
breast-fed infants. Am J. Clin. Nutr. 
29:54-60 

125. Reiser, R., Sidelman, Z. 1972. Control 
of serum cholesterol homeostasis by 
cholesterol in the milk of the suckling 
rat. I. Nutr. 102:1009-16 

126. Reiser, R., Henderson, G. R., O'Brien, 
B. 1977. Persistence of dietary suppres­
sion of ,B-hydroxy-,B-methylglutaryl co­
enzyme A reductase during develop­
ment of rats. I. Nutr. 107: 1 13 1-38 

127. Roberts, D. C. K., Huff, M. W., Car­
roll, K. K. 1979. Inftuence of diet on 
plasma cholesterol concentrations in 
suckling and weanling rabbits. Nutr. 
Metab. 23:476-86 

128. Roberts, D. C. K., Huff, M. W., Car­
roll, K. K. 1979. Plasma lipoprotein 
changes in suckling and weanling rab­
bits fed semi-purified diets. Lipids 14: 
566-71 

129. Robles-Valdes, C., McGarry, J. D., 
Foster, D. W. 1976. Maternal-fetal car­
nitine relationships and neonatal ketosis 
in the rat. I. Bioi. Chem 251:6007-12 

130. Rolls, B. J., Rowe, E. A., Fahrback, S. 
E., Agius, L., Williamson, D. H. 1980. 
Obesity and high energy diets reduce 
survival and growth rates of rat pups. 
Proc. Nutr. Soc. 39:51A 

1 3 1 .  Sabata, V., Lausmann, S., Wolf, H. 
1970. Materno-fetale Stoffwechsel­
beziehungen. In Stoffwechsel der 
Neugeborene, pp. 9-27 Stuttgart: Hip­
pokrates 

132. Sabel, K. G., Olegard, R., HiIlingsson, 
K., Mellander, M., Karlberg, P. 1979. 
Impaired fatty acid oxidation and in-

creased gluconeogenic plasma sub­
strates in SGA newborns with hypo­
glycemia. Improvement after injection 
of lipids. Pediatr. Res. 13:72 

133. Schampheleire, I. De, Parent, M. A., 
Chatteur, C. 1980. Excessive carbohy­
drate intake in pregnancy and neonatal 
obesity: study · in Cap Bon, Tunisia. 
Arch. Dis. Childh. 55:521-26 

134. Schlag, B., Winkler, L. 1978. Konzen­
tration und Zusammensetzung der 
Serumlipoproteinklassen der fetalen 
Ratte. Acta Bioi. Med. Germ. 
37:233-37 

135. Schlag, B., Winkler, L. 1978. Untersu­
chungen zur Entwicklung der Serum­
lipoproteinverhaltnisse vom Fetal­
stadium bis zum ErwachsenenaIter der 
Ratte. Acta Biol Med. Germ 37: 
239-44 

136. Seccombe, D. W., Harding, P. G. R., 
Possmayer, F. 1977. Fetal utilization of 
maternally derived ketone bodies for 
lipogenesis in the rat. Biochim Biophys. 
Acta 488:402-16 

137. Shambaugh, G. E. III., Mrozak, S. C., 
Freinkel, N. 1977. Fetal fuels. I. Utiliza­
tion of ketones by isolated tissues at var­
ious stages of maturation and maternal 
nutrition during late gestation. Metabo­
lism 26:623-35 

138. Shambaugh, G. E. III, Koehler, R. R., 
Yokoo, H. 1978. Fetal fuels. III: ketone 
utilization by fetal hepatocyte. Am. I. 
Physiol 235:E330-37 

139. Shambaugh, G. E. III, Koehler, R. R., 
Freinkel, N. 1977. Fetal fuels. II. Con­
tributions of selected carbon fuels to ox­
idative metabolism in rat conceptus. 
Am J. Physiol 233:E457-61 

140. Shapiro, M. I., Roux, J. F., Harlow, A., 
Masse, D. 1979. Placental uptake and 
transfer of lipid in the postterm rabbit. 
Am. I. Obstet. Gynecol 133:713-17 

141.  Shapiro, M. I., Roux, J. F. 1977. Lipid 
transport and metabolism in the post­
term rabbit. Am. I. Obstet. Gynecol 
129:171-77 

142. Skala, J., Novak, E., Hahn, P., Drum­
mond, G. 1972. Adenyl cyclase, cyclic 
AMP, proteinkinase, phosphorylase, 
phosphorylase kinase and glycogen. Int. 
I. Biochem. 3:229-38 

143. Sudjic, M. M., Booth, R. 1976. Activity 
3-hydroxy-3-methylglutaryl-coenzyme 
A reductase in brains of adult and 7-
day-old rats. Biochem. J. 154:559-60 

144. Szabo, A. J. 1976. Fetal adipose tissue 
development: relationship to maternal 
free fatty acid level. See Ref. 61, pp. 
167-76 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

2.
2:

91
-1

11
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 R

E
N

SS
E

L
A

E
R

 P
O

L
Y

T
E

C
H

N
IC

 I
N

ST
IT

U
T

E
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



DEVELOPMENT OF LIPID METABOLISM 111 

145. Taitz, L. S. 1976. Relationship of infant 
feeding patterns to weight gain in the 
first weeks of life. Adipose Child. Pe­
diatr. Adolesc. Endocrinol. 60-65 

146. Thurlby, P. L., Trayhum, P. 1978. The 
development of obesity in preweanling 
ob/ob mice. Br. J. Nutr. 39:397-402 

147. Valadian, I., Reed, R. B., Taylor-Hal­
vorsen, K. 1979. Breast feeding during 
infancy and serum cholesterol levels in 
the young adult. In Diet and atheros­
clerosis in pediatrics. Proceedings of an 
international Symposium, ed. C. C. 
Roy, pp. 254-68 . Montreal: Univ. 
Montreal 

148. Vohr, B. R., Lipsitt, L. P., Oh, W. 1979 
Obesity in children of diabetic mothers 
with reference to birth size. Pediatr. 
Res. 13: Abstr. 22 

149. Walker, A. R. P., Walker, B. F. 1978. 
High high-density-lipoprotein choles­
terol in African children and adults in a 
population free of coronary heart dis­
ease. Br. Med. J. 2:1336-38 

1 50. Webber, R. J., Edmond, J. 1979. The in 
vivo utilization of acetoacetate, 0-(-)-3-
hydroxybutyrate, and glucose for lipid 
synthesis in brain in the 18-day-old rat. 
J. BioL Chem. 254:3912-20 

151 .  Whatley, B. J., Green, J. B., Green, M. 
H. 1981 Effect of dietary fat and choles­
terol on milk composition, milk intake 
and cholesterol metabolism in the rab­
bit. J. Nutr. I I I  :432-41 

152. Whitelaw, A. 1977. Infant feeding and 
subcutaneous fat at birth and at one 
year. Lancet 2:1098-99 

153. Whitelaw, A. G. L. 1976. Influence of 
maternal obesity on subcutaneous fat in 
the newborn Br. Med. J. 1 :985-86 

154. Williamson, D. H. 1975. Regulation of 
the utilization of glucose and ketone 
bodies by brain in the perinatal period. 
See Ref. 61, pp. 195-202 

155. Winkler, L., Schellhorn, P., Zimmer­
mann, T., Goetze, E. 1977. Der Einfiuss 
fettfreier Diat auf den Gehalt und die 
Synthese von Arachidonsiiure in der 
feto-plazentaren Einheit der Ratte. Acta 
BioI. Med. Germ. 36:221-30 

156. Winkler, L., Schlag, B., Franke, S., 
Kessner, Ch., Maess, J., Pautzke, M., 
Goetze, E. 1979. Der Einftuss fettfreier 
Diat wiihrend der letzten Schwanger­
schaftswoche auf den Linol- und Ara­
chidonsliuregehalt der Organlipide des 
Feten und der Plazentalipide der Ratte. 
Acta BioL Med. Germ. 38:61 1-17 

157. Yeh, Y.-Y., Streuli, V. L., Zee, P. 1977. 
Ketone bodies serve as important pre­
cursors of brain lipids in the developing 
rat Lipids 12:957-64 

1 58. Yeh, Y.-Y., Klein. L. B., Zee, P. 1978. 
Long and medium chain triglycerides 
increase plasma concentrations of ke­
tone bodies in suckling rats. Lipids 13: 
566-71 

159. Yeh, Y.-Y., Streuli, V. L., Zee. P. 1977. 
Relative utilization of fatty acids for 
synthesis of ketone bodies and complex 
lipids in the liver of developing rats. 
Lipids 12:367-74 

160. Yeh, Y.-Y., 1980. Partition of ketone 
bodies into cholesterol and fatty acids in 
vivo in different brain regions of devel­
oping rats. Lipids 15:904-7 

161.  Yeh, Y.-Y.. Zee, P. 1979. Fatty acid 
oxidation in isolated rat liver mito­
chondria. Arch. Biochem. Biophys. 199: 
56CHi9 

162. Zimmermann, T., Hummel, L. 1978. 
Studies on the fatty acid synthesis in 
maternal and fetal rats. Acta BioL Med. 
Germ. 37:223-27 

163. Zimmermann, T., Hummel, L., Pielka, 
E .• Zimmermann. A., Wagner, H. 1978. 
Studies on the paraplacental free fatty 
acid transport in rats. Acta Bioi. Med. 
Germ. 37:245-48 

A
nn

u.
 R

ev
. N

ut
r.

 1
98

2.
2:

91
-1

11
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 R

E
N

SS
E

L
A

E
R

 P
O

L
Y

T
E

C
H

N
IC

 I
N

ST
IT

U
T

E
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.


	Annual Reviews Online
	Search Annual Reviews
	Annual Review of Nutrition Online
	Most Downloaded Nutrition Reviews
	Most Cited Nutrition Reviews
	Annual Review of Nutrition Errata
	View Current Editorial Committee


	ar: 
	logo: 



