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ABSTRACT. The occurrence of hyperlipidemia and fat 
accumulation in certain tissues of premature newborn in- 
fants is known. Lecithin-cholesterol acyltransferase 
(LCAT) catalyzes esterification of free cholesterol and is 
important in the transport and disposal of lipids. Cord 
plasma LCAT activity of full-term newborn infants is 
nearly one-half of that present in the adult plasma. The 
present study also has found a significant positive corre- 
lation between cord plasma LCAT activity and gestational 
age of the newborn. The rat0 of circulating cholesterol 
ester to free cholesterol was significantly lower only in 
newborn infants with gestational age less than 32 wk, in 
comparison to full-term newborn infants or adults. LCAT 
deficiency and decreased cholesterol ester formation may 
be responsible for the inadequate lipid clearance in pre- 
mature newborn infants. (Pediatr Res 19: 58-60, 1985) 

Abbreviations 

LCAT, lecithin-cholesterol acyltransferase 
TLC, thin-layer chromatography 
HDL, high-density lipoproteins 
VLDL, very low-density lipoproteins 

Recent studies have reported occurrence of hyperlipidemia 
and fat accumulation in certain tissues of premature newborn 
infants (1, 2). This incidence is greater in infants given lipid 
emulsions (3-6). Lipid emulsions are widely used in infants when 
adequate calorie intake cannot be achieved by oral feeding. The 
role of LCAT in the regulation of lipid metabolism has been 
extensively studied (7-9). LCAT esterifies free cholesterol to a 
cholesterol ester, utilizing the p-fatty acid of the lecithin mole- 
cule. Deficiency of LCAT both in humans and experimental 
animals has been shown to be associated with hyperlipidemia 
and fat accumulation in the tissues (10-15). The present study 
has found that premature newborn infants are deficient in LCAT. 
It is suggested that LCAT deficiency is a factor responsible for 
the hyperlipidemia and fat accumulation observed in these in- 
fants. 

Plasma LCAT activity was measured by quantitating the rate 
of esterification of [14C]cholesterol to [14C]cholesterol ester, and 
indirectly, by measuring the ratio of circulating esterified choles- 
terol to free cholesterol separated by TLC. 

MATERIALS AND METHODS 

Placental cord blood samples were utilized for the entire study, 
for which approval by the Medical Center Review Committee 
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on Human Experimentation was obtained. Blood was collected 
into heparinized tubes within 4 h of delivery. Blood was centri- 
fuged at 1000 x g a t  4" C for 10 min. Plasma was aspirated with 
a Pasteur pipette and frozen at below -10" C. All analyses were 
performed on frozen plasma samples. Gestational age of newborn 
infants was obtained from the log book of the delivery room 
after completion of all determinations. 

Plasma LCAT determinations. Substrate for LCAT was pre- 
pared by incubating 10 pCi of 4-[14C]cholesterol (specific activity 
59.4 mCi/mmol; New England Nuclear, Boston, MA) with 10 
ml of heat inactivated normal human plasma (55" C for 30 min) 
in a shaking water bath for 3 h. Heat inactivated plasma contain- 
ing [14C]cholesterol was then centrifuged for 10 min at 15,000 x 
g i n  a refrigerated centrifuge, and the clear supernatant was used 
as substrate for enzyme assay (1 6). To 10-ml capacity glass tubes 
200 p1 of substrate and 50 p1 of test plasma each were added. 
Control tubes contained only substrate. Tubes were incubated in 
a water bath at 37" C for 2 h. At the end of incubation, the 
reaction was stopped by adding 2 ml of methanol and mixing. 
Tubes were allowed to stand at room temperature for 15 min 
during which they were mixed at least three times. Then 2 ml of 
chloroform were added, and tubes were allowed to stand at room 
temperature for another 15 min with intermittant mixing. The 
tubes were then centrifuged at 1000 x g for 10 min. The 
supernatant was then decanted into another 10-ml glass tube and 
dried with a stream of nitrogen while keeping the tubes in a water 
bath at about 40" C. The dried lipid extract was dissolved in 100 
pl of chloroform. The free and esterified cholesterol in the lipid 
extract were separated by TLC on silica gel G plates (Brinkman 
Instruments, Inc., Westbury, NY) with a solvent system consist- 
ing of petroleum etherletherlacetic acid (90: 10: 1, vlv) as de- 
scribed previously (17). On some plates, standard cholesterol and 
cholesterol ester were also spotted as a marker. After developing 
the TLC plate, it was dried and then exposed to iodine vapors to 
visualize cholesterol and cholesterol ester spots. Lipid spots were 
encircled with a needle or lead pencil. The plate was allowed to 
stay at room temperature for about 4 h or preferably overnight 
to get rid of iodine, which otherwise may cause quenching of 
radioactive counts. The free cholesterol and cholesterol ester 
spots were scraped into counting vials and 5 ml of counting fluid 
was added (New England Nuclear). [14C]radioactivity was deter- 
mined with a Beckman LS-250 liquid scintillation system. 

Lipid extraction and quantitation. Plasma lipids were extracted 
by the method of Folch et al. (18), using the solvent system 
chloroform/methanol(2: 1, v/v). Cholesterol and cholesterol es- 
ters were separated as described above. Cholesterol was deter- 
mined by the method Zlatkis et al. (19). Statistical analyses were 
camed out as described by Colton (20). 

RESULTS 

Figure 1 shows the plasma LCAT activity of adults and full- 
term newborn infants. Plasma LCAT activity in the newborn 
infants is nearly one-half of that present in the adults. Similar 
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low levels of LCAT in the cord serum in comparison to adult 
serum has been reported by other investigators (2 1-23). 

Figure 2 illustrates cord plasma LCAT activity of newborn 
infants at varying gestational ages. There is a decrease in LCAT 
activity in the premature infants. Both linear (r = 0.95) and 
parabolic (r = 0.99) regression analyses show that LCAT activity 
has a significant positive correlation with the gestational age of 
the newborn. From linear regression analysis, it seems that LCAT 
activity starts appearing in the blood at gestational age of 26 wk. 

LCAT activity also was assessed indirectly by quantitating the 
ratio of esterified cholesterol to free cholesterol in the circulating 
plasma. Table 1 shows that this ratio is significantly lower in the 
plasma of infants born at gestational ages less than 32 wk, in 
comparison to full-term newborn infants or adults (2.1 + 0.12). 

DISCUSSION 

ADULT NEWBORN 
n:9 n:14 ferent gestational ages. r = correlation coefficient. Note the significant 

positive correlation between plasma LCAT activity and gestational age 
Fig. I .  Plasma LCAT activity in adult and full-term newborn infant of the newborn infants, 
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The mechanism of LCAT action has been reviewed (7-9). 
LCAT catalyzes the formation of cholesterol esters in the HDL 
fraction. The cholesterol esters formed are then transferred from 
HDL to the VLDL fraction in exchange for triglycerides. Thus, 
LCAT is important in decreasing the unesterified cholesterol and 
triglycerides of VLDL and low-density lipoproteins in the 
plasma. 

The present survey has shown that premature newborn infants 
are deficient in LCAT. The LCAT activity has a positive signif- 
icant correlation with the gestational age of the newborn. How- 
ever, the ratio of esterified cholesterol to free cholesterol was 
significantly lower only in infants with a gestational age of less 
than 32 wk. This latter finding is consistent with our previous 
study (16) on the plasma lipids of an hereditary LCAT-deficient 
family, containing both homozygous with zero LCAT activity 
and heterozygous members with half-normal LCAT activity, in 
which we observed a near absence of cholesterol ester in the 
homozygous individuals but nearly normal cholesterol esterlfree 
cholesterol in the heterozygous individuals. The studies of hered- 
itary LCAT deficiency and of newborn infants both suggest that 
a decrease in more than one-half of the normal adult levels of 
LCAT is required to disrupt the normal vrovortion of esterified 
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Fig. 2. Cord plasma LCAT activity of newborn infants born at dif- 

Differences between values * and t are statistically significant (p < 
0.0 I). 

$ Total number of blood samples in that group. 

emulsions. Various investigators have shown that premature 
infants less than 32-33 wk gestational age have poor clearance 
of lipid emulsions in comparison to less premature or term 
infants (3-6, 24-26). In addition, other studies have shown that 
some premature infants accumulate lipid in the tissues even if 
they are not given lipid emulsions (1, 2). The present findings 
suggest that deficiency of LCAT and reduced cholesterol ester 
formation in HDL may impair transport and disposal of choles- 
terol, triglycerides, and phospholipid, resulting in the hyperlipi- 
demia and fat accumulation in the tissues of premature infants. 

Premature infants have reduced ability to oxidize fatty acids 
(27), presumably due to low levels of carnitine (28). The role of 
low levels of postheparin lipoprotein lipase in the hyperlipidemia 
of premature infants given lipid emulsion also has been suggested 
(25, 29). Thus, inadequate lipid clearance in premature infants 
also could be due to the deficiency of any one of these lipid 
metabolizing enzymes. Exchange of triglycerides with cholesterol 
ester is essential for triglyceride release from the chylomicrons 
and subsequent hydrolysis to free fatty acids by lipoprotein lipase. 
Thus, plasma deficient in LCAT and cholesterol ester may not 
be optimal for the hydrolysis of triglycerides. Recently, Levene 
(30) has reported no relation between intrapulmonary fat accu- 
mulation and lipoprotein lipase activity in one of two premature 
infants who died after administration of fat emulsion. These 
indirect evidences suggest that LCAT deficiency might be crucial 
in the inadequate lipid metabolizing ability of newborn prema- 
ture infants. 

cholesterol and free cholesierol in the 
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The Action of Dopamine upon Brown Adipose 
Tissue 
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ABSTRAm. We increased the mass of interscapular 
brown adipose tissue in rats by dietary manipulation ("caf- 
eteria" feeding), cold exposure, or by both. The animals 
were then used to determine the temperature response of 
the interscapular brown adipose tissue to dopamine or 
norepinephrine. These results, and the increase in blood 
glycerol values, were very similar for either catecholamine. 
These findings suggest that dopamine may have a role in 
releasing energy from brown adipose tissue similar to that 
of norepinephrine in the newborn infant. (Pediatr Res 19: 
60-63,1985) 

Abbreviation 

BAT, brown adipose tissue 
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Some years ago we documented a high concentration of do- 
pamine in the urine of human neonates (8). We postulated then 
that dopamine might have a homeostatic role like that of nor- 
epinephrine, which can release energy from brown adipose tissue 
(6). Herein we report our findings concerning the effects of 
dopamine upon BAT stores in the laboratory rat. 
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