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The activity of lecithin cholesterol acyl transferase (LCAT), a 
key enzyme in lipoprotein metabolism, is low in newborn pre- 
term infants. It has been suggested that a normal gastrointestinal 
function might be necessary to induce a postnatal increase of 
LCAT activity because apoproteins A-I and A-IV (apoA-I and 

I 

apoA-IV) synthesized in considerable amounts in the intestine 
are known activators of LCAT. Dietary nucleotides have been 
reported to enhance intestinal growth and maturation; therefore, 
we hypothesized that nucleotide supplementation to formulas for 

1 preterm infants may influence LCAT activity. To investigate this 
hypothesis, two groups of preterm infants were fed either a 
nucleotide-free formula or a nucleotide-supplemented formula 
during the first month of life. The plasma LCAT activity, plasma 

, levels of apoA-I and apoA-IV, plasma cholesteryl esters, and 
plasma fatty acid composition of cholesteryl esters and phospho- 
lipids were then determined. Infants receiving nucleotides had 
higher LCAT activities and apoA-IV levels than those receiving 
the nucleotide-free formula for a few weeks. The changes in 

apoA-IV levels were highly correlated with those of the LCAT , 
activities. However, there were no significant correlations be- 
tween changes in LCAT activity and plasma cholesteryl esters or , 
phospholipids. These findings indicate that nucleotide supple- 

I 

mentation to fi~rmulas for preterm infants may improve dietary ' 

lipid tolerance by enhancing plasma LCAT activity, probably as ' 

a result of an Increase in apoA-IV plasma concentrations; they i 
also suggest that nucleotides may enhance apoA-IV synthesis in ' 
the intestine during the neonatal period. (Pediatr Res 37: 328- 
333, 1995) I 

Abbreviations 
LCAT, lecithir~ cholesterol acyl transferase 
apoA-I, apolipoprotein A-I 
apoA-IV, apolipoprotein A-IV 
apoB, apolipoprotein B 
NFF, nucleotide-free formula 
NSF, nucleotid1:-supplemented formula 

LCAT is a plasma enzyme of hepatic origin (1) that catal- 
yses the transfer of an acyl group from lecithin to the 3-hy- 
droxyl group of cholesterol, inducing the formation of cho- 
lesteryl ester (2). LCAT is a key enzyme in the metabolism of 
plasma lipoprotein phospholipids and cholesterol, and it may 
also indirectly influence the metabolism of triglycerides (3), 
because an increase in the free cholesterol content of LDL 
decreases the lipolysis of these particles (4). In addition, LCAT 
might play an important role in membrane integrity (2). 

The LCAT activity is very low in neonates compared with 
adults; however, a rapid increase takes place immediately after 
birth (5-7). LCAT activity has been reported to be lower in 
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preterm than in full-term infants (8-ll), and this might ac- 
count for the hyperphospholipidemia and hypercholesterol- 
emia observecl during infusion of lipid emulsions (12). The 
origin of the low LCAT activity is unknown. LCAT activity 
remains unchanged in preterm infants fed only parenterally (8), 
suggesting that normal gastrointestinal function might be nec- 
essary to induce a postnatal increase of LCAT activity. HDL, 
which represents LCAT substrate, is synthesized in the intes- 
tine in substantial amounts, and apoA-IV, whose cofactor 
activity is comparable to that of apoA-I in humans (13), is 
exclusively of intestinal origin (14, 15). 

Several lines of evidence suggest that nucleotides, given 
orally, promote intestinal maturation (16-IS), thereby increas- 
ing plasma lipoprotein concentration, mainly that of HDL (19, 
20). We recently reported that nucleotide supplementation of 
milk formulas increases plasma lipoproteins and esterified 
cholesterol in preterm infants, but it does not affect total 
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cholesterol concentration, and we proposed that nucleotides 
might influence LCAT activity (21). The present report inves- 
tigates the plasma LCAT activity and the concentrations of the 
major LCAT activators, i.e. apoproteins A-I and A-IV, together 
with the fatty acid composition of plasma cholesteryl esters and 
phospholipids, in preterm infants fed either nucleotide-free or 
nucleotide-supplemented formula. 

METHODS 

Subjects and Protocol 

Two groups of preterm infants with gestational ages of 
29-35 wk and birth weights of 1800-2500 g were studied. 
Gestational age was determined by the last menstrual period 
and confirmed by the Dubowitz examination of the newborn 
(22). Group I consisted of eight preterm newborns fed a 
standard formula essentially free of nucleotides. The formula 
for low-birth-weight infants met the European Society for 
Pediatric Gastroenterology and Nutrition criteria (23). Group I1 
consisted of nine preterm newborns fed the same formula 
supplemented with nucleotides. A group of five full-term 
newborns fed human milk was also studied for comparison. 
The nucleotide content of the supplemented formula, expressed 
as milligrams per 100 kcal, was (after dilution) as follows: 
uridine monophosphate 0.66, GMP 0.28, AMP 0.25, cytosine 
monophosphate 0.21, and inosine monophosphate 0.09. Only 
traces of nucleotides were present in the nucleotide-free for- 
mula when analyzed by HPLC. The orotate content of the 
formulas was less than 1.5 mg/100 kcal. The experimental 
protocol was approved by the Committee for Research on 
Human Subjects of the Granada University Hospital, and 
informed consent was obtained from the parents. 

Blood samples were taken from the umbilical cord at birth 
and from the antecubital vein at wk 1 and 4. Plasma was 
obtained by centrifugation of the blood collected in EDTA (1 
mg/mL) and stored at -80°C until assayed. 

Measurements 

Nucleotide analysis. Nucleotides in the formulas were ana- 
lyzed by reverse-phase HPLC as described previously (24). 

Preparation and characterization of apoprotein-lipid com- 
plexes for LCAT assay. Complexes were prepared by follow- 
ing the cholate method of Matz and Jonas (25), with a few 
modifications. Synthetic dipalmitoylphosphatidylcholine and 
cholesterol were obtained from Sigma Chemical Co. (St. 
Louis, MO). ApoA-I was prepared from human plasma HDL 
by following standard procedures (26). Phospholipid1 
cholesterol/apoprotein at a weight ratio of 3:0.15:1 was incu- 
bated for 16 h at 43°C in the presence of cholate at a phos- 
pholipidlcholate weightlweight ratio of 1.7. The cholate was 
removed by incubation for 3 h with Bio beads SM2, followed 
by the recovery of the complexes after centrifugation. The 
complexes were isolated by gel chromatography on a Superose 
6HR column (Pharmacia, Inc., Piscataway, NJ) in a fast protein 
liquid chromatography system (Waters Instrument Co., Mil- 
ford, MA). 

The chemical composition of the complexes was determined 
as follows: phospholipids and cholesterol were measured by 
standard enzymatic colorimetric reactions (Biomerieux), and 
the apoprotein was measured by analyzing the phenylalanine 
content by HPLC (27). 

Determination of plasma LCAT activity. The enzymatic 
activity was determined using dipalmitoylphosphatidylcholine/ 
cholesterol1apoA-I complexes as substrate by quantitating the 
cholesterol palmitate by HPLC (28). The assay mixture con- 
sisted of the phospholipidlcholesterollapoprotein at a choles- 
terol concentration of 20 pM, 120 pM defatted BSA, 6 mM 
P-mercaptoethanol, and 10 mM Tris buffer (pH 8) containing 
0.15 M NaCI, 1 mM NaN,, and 0.01% EDTA in a reaction 
volume of 700 pL. After a preincubation period of 20 min at 
,37"C, the enzymatic reaction was initiated by adding 15 pL of 
plasma. The reaction was stopped after 1 h at 37OC by extrac- 
tion of 625 pL  of the incubation mixture with 5 mL of 
hexanelisopropanol (volume to volume ratio 3:2) containing 
cholesteryl heptadecanoate (Sigma Chemical Co.) as an inter- 
nal standard. The tubes were vortexed and centrifuged at 3000 
rpm for 10 min, and the supernatant was dried under vacuum, 
washed twice with chloroform, and dissolved in acetonitrilel 
isopropanol for HPLC analysis of the cholesteryl esters formed 
(28). For each sample, a blank was measured containing all 
reagents except for the substrate. 

The LCAT activity was calculated by subtracting the con- 
centration of cholesteryl palmitate present in the sample blank 
from that of the sample. The optimal volume of plasma for the 
assay was determined by using amounts between 15 and 50 pL 
of plasma. 

Determination of plasma free and esteriJied cholesterol. 
Plasma total and free cholesterol were measured by a combi- 
nation of an enzymatic method and HPLC (29). Aliquots of 5 
pL  of plasma were diluted 20-fold in a 0.05 M Tris buffer (pH 
7.4) containing 0.05 M MgCI,, 1 mM D m ,  and 0.1% Triton 
X-100. One aliquot was used for total cholesterol determina- 
tion and the other for free cholesterol assay. Esterified choles- 
terol was calculated as the difference between total and free 
cholesterol. 

Determination of plasma apoproteins. ApoA-I and apoB 
were measured by a turbidimetric assay using polyclonal 
monospecific antibodies. Three pL  of plasma were incubated 
for 5 min with 375 pL  of diluted antisera in 50 mM Tris buffer 
(pH 7.3) containing 0.05% EDTA, 0.9% NaCI, 2% Tween-20, 
0.05% Kathon C6, and 5% polyethylene glycol 8000. Turbidity 
was measured at 340 nm in a Technicon RA-1000 autoana- 
lyzer. ApoA-IV was measured by a sandwich-type ELISA 
(30). The microtiter plate was coated with affinity-purified 
polyclonal antibodies, then incubated with the sample; the 
immobilized apoA-IV was detected with a conjugate, prepared 
with the same polyclonal affinity-purified antibodies, coupled 
to peroxidase. Calibration curves with purified apoproteins 
were used for the determination of the plasma concentrations. 

PIasma cholesteryl esters and phospholipid fatty acid com- 
position. Plasma lipids were extracted according to the proce- 
dure of Haan et al. (31). Cholesteryl esters and phospholipids 
were separated by thin-layer chromatography on G-60 silica 
gel plates using a mixture of hexane, ether, and acetic acid 
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(80:20:1) according to the procedure of Skipski and Barclay 
(32). The fractions were extracted with a mixture of chloro- 
form and methanol (2:l) containing 25 mg/L of tert- 
butylhydroxytoluene and were dried under nitrogen. Methyl 
esters were obtained by the method of Morrison and Smith (33) 
and analyzed in a Hewlett Packard 5890A gas chromatograph 
(Palo Alto, CA) using a 30-m X 0.7-mm wide-bore capillary 
SP-2330 column (Supelco, Inc., Bellefonte, PA). 

Data Analysis 

Unbalanced repeated-measures analysis of variance was per- 
formed to assess the effects of diet and age, and their interac- 
tion on LCAT activity, apoprotein levels, cholesterol levels, 
and fatty-acid composition in cholesteryl esters and phospho- 
lipids. No a priori definition of sample size was made. Wald's 
2 statistics were used to analyze the primary effects, and 
multiple Bonferroni post hoc comparisons were used to eval- 
uate significant effects. A stepwise multiple-regression proce- 
dure was used to determine the factors affecting LCAT activity. 
All tests were performed using the PC-90 version of BMDP 
program (BMDP Statistical Software, Inc.). 

RESULTS 

LCA T activity and apoprotein changes during the neonatal 
period. The LCAT activities measured in the two groups of 
preterm infants during the first month of life are presented in 
Table 1. The enzymatic activity was comparable in the two 
groups at birth and increased afterward. There was no signif- 
icant correlation between gestational age and birth weight, and 
LCAT activity at birth ( 3  = 0.23; p = 0.198). The NSF group 
increased more rapidly than did the NFF group, the difference 
being significant at 1 wk of life. Compared with the full-term 
breast-fed infants, preterm infants had significantly lower 
LCAT activities at birth. After 1 wk, the NSF group showed a 
value close to that of the full-term infants, whereas the NFF 
group showed significantly lower activity. At 1 mo, all groups 
showed similar LCAT activities. 

The changes in apoprotein concentrations during the first 
month of life are presented in Table 2. In addition to apoA-I 
and A-IV, the major activators of human LCAT, we also 
measured apoB concentration by immunoturbidimetry. All ap- 
oprotein concentrations were comparable at birth in the two 
groups of preterm infants, but the postnatal changes were 
different. ApoA-I increased from birth to 1 wk and remained 
constant at 4 wk. No significant differences were observed 

Table 1. Plasma LCAT activity in newborn infants 

Full-term Preterm NFF Preterm NSF 

Age (n  = 5) (n = 8) (n  = 9) 

Cord plasma 76.6 2 9.4 41.0 ? 4.9* 43.7 ? 6.9* 
1 wk 138.8 + 9.2t 92.8 + 8.2*t 179.3 + 7.l*t$ 
4 wk 147.3 + 9. l t  131.8 + 8.8t5 161.5 + 16.2t 

Plasma LCAT activity given in nmol/h/mL. Data are expressed as mean + 
SEM. Significant differences are indicated by footnote symbols. 

* p < 0.05 vs full-term infants. 
t p < 0.05 vs cord plasma. 
$ p < 0.01 vs NFF. 
§ p  < 0.05 vs 1 wk. 

Table 2. Plasma 8zpolipoprotein concentrations in newborn infants 

Full term Preterm NFF Preterm NSF 
Apoprotein Age (n  = 5) (n  = 8) (n  = 9) 

ApoA-I Cord plasma 0.79 + 0.10 0.48 + 0.05. 0.56 + 0.04. 
1 wk 0.97 + 0.11 0.98 + 0.02t 1.18 + 0.08t 
4 wk 1.30 + 0.11t 1.09 + 0.10$ 1.08 + 0.068 

ApoA-IV Cord pklsma 0.05 + 0.02 0.07 + 0.01 0.05 ? 0.01 
1 wk 0.15 + 0.05t 0.11 + 0.028 0.25 + 0.01)1**tt 
4 wk 0.18 + 0.098 0.19 + 0.01$11 0.20 + 0.10$11 

ApoB Cord plasma 0.27 + 0.03 0.23 + 0.02 0.27 + 0.03 
1 wk 0.62 + 0.081) 0.44 + 0.02t 0.58 + 0.0611$$ 
4 wk 0.50 + 0.091( 0.33 + 0.02 0.42 5 0.04 

Plasma apolipoprotein concentrations given in @I,. Data expressed as mean 
+ SEM. Significant differences are indicated by footnote symbols. 

* p < 0.05 vs full-term infants. 
t p < 0.05 vs cord plasma. 
$ p < 0.01 vs 1 wl;. 
8 p < 0.05 vs 1 wk. 
lip < 0.01 vs cord plasma. 
** p < 0.01 vs full-term infants. 
t t p  < 0.01 vs NFF. 
$$ p < 0.05 vs NFF. 

between the groups. ApoA-IV also increased in both groups 
but become signijicantly higher at 1 wk in the NSF compared 
with the NFF group. The evolution of the apoB concentration 
was similar to that of apoA-IV. Compared with full-term 
infants, preterm infants at birth had lower apoA-I levels but 
reached similar values at 1 wk of life. 

Considering postnatal age and apoA-I and apoA-IV concen- 
trations as independent variables, significant correlations were 
observed with LCAT activity (F ,,,,, ,,,, ,,, = 34.01; p < 0.01; 
FA, = 18.7, p 0.01; FA-,, = 80.10, p < 0.0001). Nevertheless, 
when a multiple correlation was performed, apoA-IV ac- 
counted for most of the LCAT variability ( 3  = 0.7184; p < 
0.0001). 

Plasma Lipids 

Plasma concentrations of free and esterified cholesterol were 
similar in the two groups of preterm infants at birth, and few 
changes were observed during the first month of life (Table 3). 
The concentration of free cholesterol was significantly higher 

Table 3. Plasma free and ester@ed cholesterol in newborn infants 

Full term Preterm NFF Preterm NSF 
Age (n = 5) (n  = 8) ( n  = 9) 

Free (mmol/L) Cord plasma 0.54 + 0.07 0.89 + 0.09* 0.88 + 0.06* 
1 wk 1.20 + 0.09t 0.93 2 0.06 1.17 2 0.11 
4 wk 1.29 + 0.09t 1.32 + 0.02t$ 1.07 + 0.12 

Esterified (g/L) Cord plasma 0.33 + 0.04 0.51 + 0.07 0.67 + 0.16 
1 wk 0.67 + 0.05t 0.57 + 0.12 0.76 + 0.12 
4 wk 0.88 + 0.04t5 0.71 + 0.04 0.64 2 0.07* 

Esterified (%) Cord olasma 61 + 1 60 + 1 65 + 4 
1 wk 59 + 1 61 + 4  63 + 2 
4 wk 64 + 1 5 8 2  1 61 + 2 

.- 

Data are expressed as mean + SEM. Significant differences are indicated by 
footnote symbols. 

* p < 0.05 vs full-term infants. 
t p  < 0.01 vs cord plasma. 
$ p  < 0.01 vs 1 wk. 
§ p  < 0.05 vs 1 wk. 
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at 4 wk than at birth in the NFF group, whereas no changes 
were observed in the NSF group. Esterified cholesterol levels 
in the NSF group at 4 wk were significantly lower than those 
of full-term infants. Compared with full-term infants, preterm 
infants had levels of free cholesterol that were higher than 
those of term infants at birth. The LCAT activity was not 
correlated with either free or esterified cholesterol concentra- 
tions. Changes in free and esterified cholesterol were correlated 
with postnatal age (2 = 0.5266; p < 0.01). 

The fatty acid composition of the cholesteryl esters in the 
three groups of infants is presented in Table 4. The changes 
were essentially similar in all groups, with only minor differ- 
ences. Cholesteryl arachidonate decreased from birth to 4 wk, 
and palmitate decreased from birth to 1 wk and remained 
constant until 4 wk of life. Cholesteryl linoleate increased after 
birth in all groups without significant differences. 

The fatty acid composition of plasma phospholipids in the 
three groups of infants is presented in Table 5. There were no 
significant differences between the groups. The arachidonate 
and palmitate content decreased whereas the linoleate and 
oleate content increased with age. 

DISCUSSION 

In this study, we found that dietary nucleotides enhance the 
plasma LCAT activity in preterm infants and that this is 
correlated with a parallel increase of the levels of plasma 
apoA-IV. Several studies have reported that LCAT is devel- 
opmentally regulated and, thereafter, is lower in preterm than 
in full-term infants at birth (9-1 1). This observation is relevant 
clinically because it usually results in hyperphospholipidemia 
in low-birth-weight infants fed parenterally with lipid emul- 
sions to fulfil their energy requirements (12). The LCAT 
activity increases rapidly after birth in full-term infants (5-7). 
In addition, our data show that this increase is slower in 
preterm infants but that the LCAT activity is similar to that of 
full-term infants at the end of the first month. In a study of 
preterm infants receiving exclusively parenteral nutrition, 
Spear et al. (8) reported that the LCAT activity did not change 
after birth. These data suggest that the increased LCAT activity 

might be related to an increase of the activators lipoproteins 
and apoproteins, which are synthesized in the enterocytes 
during oral feeding. We and others have described how dietary 
nucleotides increase intestinal maturation under different cir- 
cumstances (16-18), possibly because of the limited capacity 
of the intestine for purine synthesis (34). We previously re- 
ported that dietary nucleotides increase HDL, the substrate for 
LCAT (19-21). In this study, we observed that a variation of 
the apoA-IV levels might account for the increase in LCAT 
activity. ApoA-IV is an apoprotein of intestinal origin that 
increases rapidly together with apoA-I during the neonatal 
period (14, 35), although apo A-I increases only to a minor 
extent. ApoA-I, the major activator of LCAT, does not seem to 
be correlated with LCAT activity at birth (11); finally, both 
apoA-I and apoA-IV levels seem to be affected by diet, al- 
though apoA-IV is more sensitive to oral feeding than apoA-I 
(13, 35). 

The effect of nucleotides was significant at 1 wk of life but 
not at 4 wk. This transient effect agrees with previous studies 
that have shown that nucleotides are more effective in condi- 
tions such as the early neonatal period characterized by a rapid 
growth (16, 18). It is well known that the major changes in the 
plasma lipoproteins occur during the first 2 wk of life, reaching 
a plateau that remains or even decreases at 1 mo (6) and slowly 
increases afterward. These changes are mediated in part by 
intestinal maturation as described above, and nucleotides are 
reported to influence intestinal maturation (16-18), probably 
by supplying preformed precursors for nucleic acid synthesis 
and benefitting the cell by saving the high energetic costs of 
their synthesis. Another possible explanation for the lack of 
significance at 4 wk is the small sample size, which points to 
the need for further studies. In any case, the transient increase 
in LCAT mediated by dietary nucleotides may be of interest 
because it contributes to a better tolerance of dietary lipids 
early after birth. No correlation was observed between the 
changes in LCAT activity and the amount of plasma esterified 
cholesterol. However, higher levels of esterified cholesterol 
were present at 1 wk, and lower levels of free cholesterol were 
measured at 4 wk in the newborns receiving the nucleotide- 

Table 4. Selected fatty acid composition (%) of plasma cholesteryl esters in newborn infants 

Full-term infants (n = 5) Preterm infants NFF (n = 8) Preterm infants NSF (n = 9) 

Cord Cord Cord 
Fatty acid plasma 1 wk 4 wk plasma 1 wk 4 wk plasma 1 wk 4 wk 

16:O 24.6 ? 1.2 16.5 + 1.5 18.5 2 1.1 21.9 + 0.3 15.6 + 0.6* 16.1 + 0.5t 21.9 ? 0.4 16.5 + 0.7* 16.7 + 0.9* 
18:ln-9 29.1 + 1.0 31.7 + 3.2 30.0 5 1.0 36.0 + 0.5 38.0 + 1.6 37.8 + 1.4 34.5 + 0.3 34.4 + 1.1 29.8 + 1.4 
18:2n-6 17.9 + 0.9 33.3 + 0.8$ 35.5 + 2.0' 15.0 ? 0.4 30.9 + 2.3* 34.1 + 0.9' 13.6 + 0.1 32.9 + 1.5* 38.6 + l . l$$  
20:4n-6 13.1 + 0.9 8.2 5 3.3 6.8 + 1.5' 11.0 + 0.3 4.5 2 0.5* 4.2 + 0.5' 9.4 + 0.3 5.0 + 0.4* 4.7 + 0.5' 
22:6n-3 1.4 + 0.1 0.7 + 0.4 ND 1 .2+ 0.1 0.6 2 0.2 0.6 + 0.1 1.5 + 0.2 0.7 + 0.2 0.4 + 0.2 
SFA 29.2 + 1.5 19.8 + 1.6 23.1 + 1.2 27.3 + 1.3 18.7 + 0.8. 19.8 + 0.7' 27.1 + 1.4 19.9 + 0.7* 20.2 + l . l *  
MUFA 36.7 + 1.6 36.0 + 3.6 33.6 2 1.5 44.5 ? 1.4 43.6 2 2.3 39.2 + 1.4 45.8 2 2.1 39.1 + 1.3$ 33.9 2 1.3 
LCPUFA n-6 14.9 + 1.1 9.5 + 3.3 7.6 + 1.6* 13.9 + 1.0 5.8 + 0.5* 5.7 + 0.5' 11.3 + 1.0 6.5 + 0.5* 5.9 + 0.5' 
LCPUFA n-3 1.4 + 0.1 0.7 + 0.4 ND 1.2 t 0.1 0.6 2 0.2 0.6 + 0.1 1.5 + 0.2 0.7 t 0.2 0.4 + 0.2 

Data are expressed as mean + SEM. SFA, total saturated fatty acids; MUFA, total monounsaturated fatty acids; LCPUFA, total long-chain polyunsaturated 
fatty acids; ND, not detectable. Significant differences are indicated by footnote symbols. 

* p < 0.01 vs cord plasma. 
t p  < 0.01 vs 1 wk. 
$ p < 0.05 vs cord plasma. 
5 p < 0.05 vs 1 wk. 
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Table 5. Selectedfiitty acid composition (%) ofplasma phospholipids of newborn infants 

Full-term infants (n  = 5) Preterm infants NFF (n = E)  Preterm infants NSF (n = 9) 
-- - -  

Cord Cord Cord 
Fatty acid plasma 1 wk 4 wk plasma 1 wk 4 wk plasma 1 wk 4 wk 

16:0 
18: 1 n-9 

18:2n-6 

20:4n-6 
22511-3 

SFA 
MUFA 

LCPUFA n-6 

LCPUFA n-3 

Data are expressed as  mean 2 SEM. Significant differences are indicated by footnote symbols. 

* p < 0.01 vs cord plasma. 

t p < 0.05 vs cord plasma. 

supplemented formula than in those receiving the nucleotide- 
free formula. The percentage of esterified cholesterol was 
consistently higher in the NSF group compared with the NFF 
group. These results are consistent with the observed differ- 
ences in LCAT activity. 

Neither the plasma cholesteryl esters distribution nor the 
fatty acid composition of plasma phospholipids was affected by 
the changes in LCAT activity. The changes observed in the 
fatty acid composition of the two classes of lipids reflected 
basically the fatty-acid composition of the formulas and agree 
with previous works (36). Thus, the increase in linoleate and 
oleate could be expected from the percentages of these two 
fatty acids in the formulas (15 and 38%). The palmitate 
decrease might occur because of the lower activity of this fatty 
acid as a substrate of LCAT. The decrease in arachidonate 
might result from a different mechanism: the low content in the 
formulas (0.01%), a higher requirement of this fatty acid by 
tissues, or simply the relative increase of other fatty acids. 

Our data suggest that nucleotide-supplemented formulas 
may enhance the synthesis of intestinal apoproteins such as 
apoA-IV and, concomitantly, the activity of LCAT during the 
neonatal period. It has been reported that orotate feeding in rats 
inhibits liver very LDL secretion, probably by interfering with 
apoB synthesis (37). The mechanism of the inhibition by 
orotate is linked to a depression of adenine nucleotides and, 
thus, is rapidly reversed by addition of adenine to the diet (38). 
In our conditions, the nature of the nucleotide mixture given 
and the low levels of orotate in the formulas compared with 
those reported to have a slight effect in humans (39) suggest 
that no inhibitory effect occurred. Finally, in agreement with 
our hypothesis, it has been reported that a mixture of dietary 
nucleotides enhance the expression of intestinal proteins (40). 

In conclusion, nucleotide supplementation to preterm-infant 
formulas may be beneficial to facilitate their lipoprotein me- 
tabolism early after birth. Studies should be done comparing 
breast-fed preterm infants and formula-fed preterm infants to 
investigate further the potential benefits of nucleotide supple- 
mentation in formulas. 
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