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To determine whether the route of nutrient delivery 
affects whole-body protein kinetics and fuel utilization, 
eight premature newborns were studied during both a 4-h 
period of enteral intake and a 4-h period of parenteral 
nutrition. The kinetics of the essential amino acid leucine 
were measured using a constant tracer infusion of 1-"C- 
leucine, and fuel utilization and energy expenditure were 
assessed by respiratory calorimetry. All leucine kinetic 
parameters were similar during enteral or parenteral nutri- 
tion (in mean * SD pmol/kglh, flux = 233 ? 51 enteral 
versus 258 2 42 parenteral, leucine from protein break- 
down = 177 ? 50 enteral versus 200 2 41 parenteral, 
leucine oxidation = 57 ? 26 enteral versus 63 ? 20 paren- 
teral, and leucine used for protein synthesis = 176 5 63 
enteral versus 196 * 50 parenteral). In addition, overall 

Parenteral feeding is used extensively in the clinical 
care of premature newborns. It is often used before 
beginning enteral nutrition as well as during times when a 
change in clinical status necessitates interrupting enteral 
feedings. In addition, parenteral nutrition is used to sup- 
plement the early stages of enteral feeding, when total 
nutritional requirements are not met by enteral feedings 
alone. Parenteral feeding is thus widely regarded as an 
appropriate substitute for enteral intake in premature 
newborns, at least for brief periods of time. However, it 
is unclear whether the metabolic effects of short-term 
parenteral nutrition mirror those of enteral feeding in 
premature infants. For example, it is not certain whether 
carbohydrate and fat are similarly utilized for oxidative 
metabolism if given by the parenteral or enteral route. It 
is also unclear whether overall protein metabolism is 
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rates of energy expenditure (-52 kcal/kg/d) and pattern of 
fuel utilization (-70% carbohydrate, 13% fat, 17% protein) 
were unaltered by the route of feeding. Thus, as reflected 
by leucine kinetics, overall rates of protein turnover, syn- 
thesis, oxidation, and breakdown as well as energy expen- 
diture and fuel utilization are similar when nutrition is 
provided to premature newborns by either the enteral or 
parenteral route. These results suggest that short-term pro- 
vision of parenteral nutrition may be able to substitute 
appropriately for enteral intake, at least with regard to the 
utilization of one essential amino acid and the overall 
pattern of fuel utilization. (Pediatr Res 36: 429-435, 1994) 

Abbreviations 
KIC, a-ketoisocaproic acid 

differently affected by the parenteral administration of 
nutrients. Previous studies carried out in both premature 
infants and adults demonstrated significant reductions in 
protein turnover during parenteral compared with enteral 
feeding (1-3). However, in these studies, protein kinetic 
measurements were made during parenteral nutrition af- 
ter a prolonged period in which enteral feeding was 
withheld, thus raising the possibility that the observed 
differences in protein kinetics resulted from an adaptation 
to the unused gastrointestinal tract (1-3). Alternatively, 
lower rates of protein turnover may be a direct effect of 
parenteral substrate. Because of the widespread clinical 
use of parenteral nutrition to supplement or substitute for 
enteral feeding, it is of practical importance to  assess 
whether parenteral feeding directly alters protein kinet- 
ics, as well as  to determine whether this route of sub- 
strate administration alters macronutrient oxidation. 

To  address these issues, we studied premature infants 
during both a 4-h period of enteral intake and a 4-h period 
of parenteral nutrition. The kinetics of the essential 
amino acid leucine (as a reflection of overall protein 
kinetics) were measured using a constant tracer infusion 
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of 1-"c-leucine, and fuel utilization and energy expendi- 
ture were assessed by respiratory calorimetry. All infants 
were enterally fed before study, so prolonged disuse of 
the gastrointestinal tract was eliminated as a possible 
complicating factor. Thus, any alterations in protein ki- 
netics or substrate oxidation would be a direct conse- 
quence of the acute change in the route of nutrient ad- 
ministration. 

METHODS 

Subjects. The patients eligible for this study were pre- 
mature infants between 30 and 35 wk gestational age who 
were at or approaching a full feeding schedule and were 
less than 14 d old. Excluded from the study were infants 
who had congenital anomalies, required supplemental 
oxygen, or had undergone surgery. The eight premature 
infants studied had a birth weight of 1.83 & 0.37 kg (mean 
+ SD), a gestational age of 32.1 a 1.7 wk, and a weight 
of 1.76 2 0.37 kg when studied at 7.0 + 3.1 d of age. All 
infants received both 4 h of enteral feeding and 4 h of 
parenteral feeding during the study. The order of feeding 
was randomized (enteral-parenteral, n = 4; parenteral- 
enteral, n = 4). 

Study protocol. Three h after the infants' regular feed- 
ing, either hourly enteral or continuous parenteral feed- 
ing was initiated. After an approximately 1.5-h equilibra- 
tion period, a baseline blood sample was obtained from a 
22-gauge catheter placed in a superficial arm vein. This 
catheter was used to draw all subsequent blood samples 
during the study, and patency was maintained by a nor- 
mal saline infusion (2 mL/h). A primed (5 pmolkg) con- 
stant infusion (6 pmolkgih) of 1-13c-leucine (99% atom % 
excess; Merck Sharpe & Dohme, Quebec, Canada) dis- 
solved in sterile saline was then begun through a second 
(24-gauge) catheter placed in the opposite extremity. The 
tracer infusion was delivered at a constant rate by a 
Harvard infusion pump (Harvard Apparatus, Inc., South 
Natick, MA). Blood samples were obtained at 210, 225, 
and 240 min. After drawing the 240-min sample, the mode 
of feeding was changed and continued for an additional 4 
h. Blood samples were again obtained at 450, 465, and 
480 min. The total amount of blood taken for the study 
was 6.0 2 0.8 mL. 

Resting oxygen consumption and carbon dioxide pro- 
duction were measured using open circuit respiratory 
calorimetry as previously described (4). The system was 
calibrated by combustion of absolute ethyl alcohol and 
the results were within 5% of expected values. Respira- 
tory calorimetry was performed for 220 min at hourly 
intervals throughout the entire study. Subjects were quiet 
or sleeping for all measurements. 

For the enteral feeding portion of the study, hourly 
feedings of Enfamil premature formula (Mead Johnson, 
Evansville, IN) calculated to provide 3.3 mL/kg/h were 
used. This rate of feeding corresponds to 2 g/kg/d of 
protein, 3.4 glkgtd of fat, and 7.3 &g/d of carbohydrate. 
The actual enteral intake was quantified by weighing the 

bottle before and after each hourly feeding. For the 
parenteral nutrition portion of the study, an i.v. solution 
containing amino acids (FreAmineIII, Kendall McGaw 
Laboratories, Inc., Irvine, CA), lipid (Intralipid, KabiV- 
itrum, Alameda, CA), and glucose (10%) was delivered at 
a rate of 3.3 mUg/h .  The solution was made to approx- 
imate the substrate intake of the enteral feeding. The 
caloric contribution of carbohydrate was 44%, fat 46%, 
and protein 12% in both the enteral and parenteral solu- 
tions. 

Actual protein, leucine, carbohydrate, fat, and total 
caloric intakes are shown in Table 1. Although the in- 
tended delivery of nutrients was 3.3 mL/kg/h, the actual 
delivery rate of parenteral nutrition was slightly higher 
and that of enteral feedings slightly lower (determined by 
bottle weight) than the target rate. Thus, the intake of 
protein, carbohydrate, and fat was slightly (-8%) but 
statistically higher (>0.05) during parenteral feeding. 
Leucine intake, however, was not different between the 
two groups @ = 0.31). 

The protocol was approved by the Indiana University 
Institutional Review Board and written informed consent 
was obtained from the infants' parents after the proce- 
dures were fully explained to them. 

Analytical procedures. The I3c enrichment of plasma 
leucine was determined by chemical ionization on a Hew- 
lett-Packard 5988 gas chromatograph mass spectrometer 
(Hewlett-Packard Co., Palo Alto, CA) after derivitization 
to the N-acetyl n-propyl ester as previously described (5). 
The plasma enrichment of KIC was determined by elec- 
tron impact ionization on a Hewlett-Packard 5970 gas 
chromatograph mass spectrometer after derivitization to 
the o-trimethylsiloquinoxalinol (6). 

The I3c enrichment of carbon dioxide in blood bicar- 
bonate was measured after separation of the carbon di- 
oxide by cryogenic distillation in vacuum as previously 
described (6). Combustion analysis was performed to 
assess whether the natural abundance of I3c differed 
between the enteral and parenteral nutrient mixtures. 
Aliquots of both the parenteral mixture (triple mix) and 
the formula used in four of the studies were combusted 
using a modified version of the method used by Craig (7). 
Specifically, 2-mL samples of parenteral solution or for- 
mula were placed in 12-inch previously annealed Pyrex 
tubes containing 500 mg of CuO and a 2.5-cm length of Ag 
wire. Tubes were frozen in liquid nitrogen, vacuated, 
sealed, and heated at 500°C for 4 h. The carbon dioxide 
was subsequently cryogenically purified and analyzed by 
mass spectrometry (model 252, Finnigan MAT, San Jose, 

Table 1. Substrate intake during enteml and parentemf feed& 

Enteral Parenteral 

Total intake (mUkg/h) 3.18 + 0.27 3.36 + 0.08 
Carbohydrate (m@g/h) 283 + 24 307 + 8 
Fat (mgfltg/h) 131 + 11 143 + 4 
Protein (mg/kg/h) 76 + 6 84 + 2 
Leucine (kmol/kg/h) 56 + 5 58 + 2 
Calories (kcal/kglh) 2.58 + 0.22 2.81 2 0.07 
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CA). Each sample of parenteral solution or formula was 
analyzed in triplicate. There was no difference between 
the background 13c abundance in parenteral versus en- 
teral nutrient solutions (parenteral -21.97 * 1.34 6 ver- 
sus enteral -21.39 -+ 0.26 8 ,p  = 0.5). 

Amino acid concentrations were measured on a Beck- 
man 6300 amino acid analyzer (Beckman Instruments, 
Inc., Palo Alto, CA). Plasma glucose concentrations 
were measured by the glucose oxidase method using a 
Yellow Springs glucose analyzer (Yellow Springs Instru- 
ment Co., Yellow Springs, OH). Plasma insulin concen- 
trations were measured by double antibody RIA. 

Calculations. Whole-body leucine kinetics were calcu- 
lated from the plasma enrichment of leucine and the 
13c02 excretion rate as previously described (8, 9). The 
recovery of 13c0, was assumed to be 80% (10, 11). In 
addition, an alternative estimation of leucine kinetics was 
calculated in the same way using steady state plasma 
enrichment of KIC. Whole-body rates of protein metab- 
olism were calculated from leucine kinetics (plasma en- 
richment of leucine) by assuming the leucine content of 
590 kmoVg of protein (12). 

As in analogous studies in human adults (13), we as- 
sumed that all of the enteral leucine provided was com- 
pletely absorbed. The net protein digestibility in prema- 
ture newborns has been determined at approximately 
90% (14); however, measurements using balance tech- 
nique include protein losses that are not necessarily from 
unabsorbed dietary protein (i.e. protein from loss of 
intestinal mucosa and secretions is included). On the 
other hand, when dietary absorption is assessed using 
labeled leucine or protein hydrolyzates, absorption is 
98-99% (15). Thus, the true rate of leucine absorption 
from protein is likely to lie between 90 and 98%. 

We also assumed that dietary leucine would no longer 
be contributing to leucine kinetics by the fourth hour of 
parenteral infusion. To the extent this assumption was 
not true, there should have been a difference between the 
group of infants who were fed enterally first and those 
who were fed parenterally first; there was no such differ- 
ence between these two groups. 

Oxygen consumption, carbon dioxide production, and 
energy expenditure were calculated as previously de- 
scribed (16). Substrate oxidation was calculated from RQ 
measurements and protein oxidation (derived from leu- 
cine oxidation) (4, 17, 18). 

Sratistics. All values are expressed as mean 2 SD. A 
one-way analysis of variance was used to test for an 
effect of feeding order for each of the measured parame- 
ters. Finding no order effect, comparisons of enteral and 
parenteral feeding were made using a paired t test. 

RESULTS 

Substwe and hormone concentm!ions. Plasma glucose 
concentrations achieved steady state during both feeding 
periods (coefficient of variation at plateau = 6%). Glu- 
cose concentrations were unaltered by the route of feed- 

ing (4.2 -+ 0.4 krnoVL enteral, 4.3 + 0.6 kmol/L parent- 
eral). Insulin concentrations were also similar during 
enteral and parenteral feeding (23 10 pmol/L enteral 
versus 24 + 21 pmol/L parenteral). In contrast, the con- 
centrations of many individual amino acids (including 
most of the essential amino acids) were significantly 
greater during parenteral feeding (Table 2). 

Leucine and protein kinetics. Steady state enrichments 
of leucine, KIC, and 13C02 were achieved during both 
the enteral and parenteral periods, as demonstrated in 
Figure 1. The coefficients of variation at plateau were 5% 
for leucine enrichment, 10% for KIC enrichment, and 
11% for 13c02 enrichment. The ratio of KIC to leucine 
was unaffected by the mode of feeding (0.75 +. 0.19 
enteral versus 0.73 2 0.13 parenteral) and is similar to the 
ratio of KIC to leucine reported in adults (19). Table 3 
shows leucine kinetics calculated on the basis of both 
leucine enrichment and KIC enrichment during enteral 
and parenteral feeding. There were no differences be- 
tween the two feeding modes in leucine flux, oxidation, 
nonoxidative disposal (a reflection of protein synthesis), 
or leucine from protein breakdown, no matter which 
precursor was used in the calculation. The leucine kinetic 
values measured in the present study during enteral feed- 
ing are similar to those obtained in previous studies of 
premature infants during enteral feeding by ourselves and 
others (9, 20). Leucine balance (leucine intake - leucine 
oxidation) was not different between enteral and parent- 
eral feeding using either leucine or KIC enrichment as the 
precursor. Leucine balance was near zero when based on 
the leucine enrichment (enteral, -1 + 29 pmol/kg/h; 
parenteral, -4 + 19 pmolkgh) and was negative when 
based on the KIC enrichment (enteral, -22 + 37 pmol/ 
kg/h; parenteral, -31 + 33 pmol/kg/h). Whole-body rates 
of protein turnover, breakdown, oxidation, and synthesis 
calculated from leucine kinetic values (leucine enrich- 
ment) are shown in Figure 2. 

Table 2. Plasma amino acid concentrations during enteml 
and parenteral feeding* 

Enteral Parenteral 
OLmoI) (pmolfL) P 

Threonine 396 + 192 431 2 194 <0.05 
Serine 241 + 59 294 5 48 <0.001 
Glutamine 1183 + 404 1222 2 334 NS 
Proline 180 + 102 1141 + 777 NS 
Glycine 412 + 51 647 + 101 <0.001 
Alanine 209 + 63 343 + 43 ~ 0 . 0 5  
Valine 174 + 22 222 + 35 <0.01 
Cysteine 11 + 5  11 + 4  N S  
Methionine 65 + 14 114 2 21 <0.001 
Isoleucine 46 + 7 82 + 21 <0.01 
Leucine 109 + 13 143 + 25 <0.01 
Tyrosine 204 + 118 177 2 105 NS 
Phenylalanine 73 = 15 99 ? 24 ~ 0 . 0 1  
Tryptophan 112 2 18 114 + 9 N S  
Lysine 172 + 39 208 + 49 ~ 0 . 0 1  
Arginine 104 + 47 156 2 57 <0.01 

Values are mean + SD. 
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Figurn 1. Isotopic enrichments of leucine (LEU). KIC, and carbon 
dioxide during enteral and parenteral feeding. The top two panels are 
the enrichments measured in the four premature infants who received 
enteral feeding first; the bottom fwopneLF are enrichments measured 
in the four premature infants who received parenteral feeding first. 

Energy expendiave and utilization. Oxygen con- 
sumption, carbon dioxide production, RQ, and energy 
expenditure are shown in Figure 3. No difference be- 
tween any of these parameters was detected between the 
two feeding modes. These values were similar to those 
found in previous studies of premature infants receiving 
both enteral and parenteral nutrition (21-23). 

The nonprotein RQ was unchanged by the mode of 
feeding (0.956 + 0.066 enteral versus 0.949 + 0.074 
parenteral). Absolute carbohydrate oxidation rates cal- 
culated from the nonprotein quotient were also similar 
between the two feeding modes (7.1 & 2.4 mgkglmin 
enteral versus 6.2 +. 1.6 mgkglmin parenteral). These 
carbohydrate oxidation rates were within the range of 
those previously reported in premature newborns (23). 

Tabk 3. Leucine kinetics during enteral and pamnteml feeding* 
Leucine enrichment KIC enrichment 

Enteral Parentera1 Enteral Parented 

Flw 233 2 51 258 2 42 320 2 71 367 + 87 
Oxidation 57 + 26 63 + 20 78 + 34 89 2 34 
Intake 5 6 2 5  5 8 2 2  5 6 2 5  5 8 2 2  
Nonoxidative disposal 176 + 63 1% + 50 241 2 85 278 2 82 
From protein breakdown 177 2 50 200 + 41 264 + 69 309 2 87 

All values are in pmovkglh. 

- ,  
WRHOMR BREAKDOWN OXlDAKnr SYNTHESIS 

Figure 2. Whole-body protein kinetics in premature infants during en- 
teral and parenteral feeding. 

The pattern of fuel utilization calculated from the RQ 
and leucine oxidation is shown in Figure 4. As expected, 
carbohydrate contributed the greatest proportion to oxi- 
dative metabolism during both enteral and parenteral 
feeding. The overall contribution of carbohydrate, fat, or 
protein to oxidative metabolism was unaffected by mode 
of feeding in these premature infants. 

DISCUSSION 

The present study demonstrates that providing nutri- 
tion enterally or parenterally to premature infants does 
not result in differences in the kinetics of the essential 
amino acid leucine. As reflected by leucine kinetics, rates 
of whole-body protein turnover, synthesis, breakdown, 
and oxidation are independent of the route of feeding. 
Furthermore, measurements of energy expenditure and 
fuel utilization are similar during parenteral and enteral 
nutrition. 

As in all studies of protein kinetics, the design and 
overall model must be carefully considered. We per- 
formed a paired study to maximize the likelihood of 
finding differences between feeding modes and to control 
for the effect of gestational and postnatal age. In addition, 
we used a crossover design to control for any order 
effect. This design minimizes the potential confounding 
effect of isotope recycling, for example. It is important to 
point out that in the present study no order effect was 
detected for any of the measured parameters. Finally, we 
determined leucine kinetics based on the enrichments of 
both leucine and KIC. The enrichment of KIC may better 
represent intracellular leucine enrichment (24) and thus 
more accurately reflect whole-body fluxes. The fact that 
leucine kinetics are similar during enteral and parenteral 
feeding regardless of the precursor used for calculation 
adds credibility to the findings. 

Despite the design strengths of the current study, we 
must also acknowledge its limitations. The modest ca- 
loric and protein intakes used in the present study ap- 
proximated maintenance requirements but were inade- 
quate for growth. We chose these intakes because they 
are typical among 7-d-old premature infants fed by either 
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Figure 3. Oxygen consumption, carbon dioxide production, RQ, and overall energy expenditure in premature infants during enteral and parenteral 
feeding. 

the enteral or the parenteral route. It is conceivable that 
different results would be obtained using higher caloric 
and protein intakes or with alternative (i.e. specialized 
neonatal) amino acid solutions. 

We also must point out that, although leucine intakes 
during enteral and parenteral nutrition were virtually 
identical, caloric intake during parenteral nutrition was 
approximately 0.2 kcalkgih higher than during enteral 
intake. It seems unlikely that this marginal difference in 
caloric intake would substantially influence the results, 
especially with regard to leucine from protein breakdown 
(25). However, this possible influence cannot be com- 
pletely excluded. 

Probably the most important consideration regarding 
the leucine model used in the present study is assessing 
the effect of splanchnic extraction of enteral leucine. It is 

CARBOHYDRATE FAT PROTEIN 

Figure 4. Pattern of fuel utilization in premature infants during enteral 
and parenteral feeding. 

clear that some percentage of the leucine provided by 
enteral feedings is taken up by splanchnic tissues and 
does not appear in the systemic circulation (26). Splanch- 
nic extraction thus results in an underestimation of total 
leucine flux, oxidation, leucine used for protein synthe- 
sis, and leucine released from endogenous protein. In 
studies carried out in adults, approximately 25% of en- 
teral leucine was extracted by the splanchnic organs (19, 
26). However, in a recent study performed in premature 
infants, splanchnic extraction of leucine was found to be 
considerably higher (48%) (27). It is possible to estimate 
the effect of splanchnic extraction in the present study by 
assuming that 1) 48% of enteral leucine intake does not 
appear in the systemic circulation and 2) 14% of enteral 
leucine intake is oxidized on the first pass [as determined 
in adults in the fed state by Beaufrere et al. (28) and 
calculated by Matthews et al. (29)l. Applying these cor- 
rections to the present data set results in leucine kinetic 
measurements that are virtually identical during enteral 
and parenteral feeding (in pmol/kg/h, enteral versus 
parenteral: leucine flux, 263 2 52 versus 258 2 42; oxi- 
dation, 65 2 25 versus 63 2 20; leucine for protein 
synthesis, 198 2 64 versus 196 2 50; and leucine from 
protein breakdown, 204 + 51 versus 200 + 41). Although 
these estimates of splanchnic extraction may not be 
quantitatively precise, it is clear that accounting for 
splanchnic extraction will minimize rather than exagger- 
ate any of the (nonsignificant) differences between en- 
teral and parenteral feeding. 

Previous studies in animals and humans have mea- 
sured differences in whole-body protein kinetics depend- 
ing on the route of nutrient administration. Duffy and 
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Pencharz (I), using the "N-glycine method in postsurgi- 
cal neonates, showed protein turnover, synthesis, and 
breakdown to be 40% lower during parenteral compared 
with enteral feeding. Jeevanandam (2) demonstrated sim- 
ilar reductions in protein kinetics in normal adults using 
the same technique. In a study examining protein- 
depleted rats, Maiz et al. (30) measured decreased rates 
of protein breakdown using a constant infusion of 1-14c- 
leucine during parenteral compared with enteral feeding. 
In each of these studies, the protein kinetic determina- 
tions during enteral feeding were made in subjects who 
received normal enteral feedings before study, whereas 
the protein kinetic measurements during parenteral nu- 
trition were made after a prolonged period of no enteral 
intake. Thus, it was unclear whether the observed reduc- 
tions in proteolysis were a direct effect of parenteral 
nutrition or a result of atrophic changes in the unused 
gastrointestinal tract (3,31,32). It is the latter hypothesis 
that is supported by the present study; all infants were 
enterally fed up until the time of the study, and no 
differences in proteolysis were observed between the two 
feedings modes. Yu et al. (33) reported similar results in 
dogs. Enteral intake of a balanced amino acid mixture 
was compared with acute parenteral administration of the 
same amino acid solution; whole-body leucine kinetics 
were similar regardless of the route of administration. It 
is therefore likely that the reductions in proteolysis ob- 
served in previous investigations of parenteral feeding 
were significantly influenced by prolonged disuse of the 
gastrointestinal tract and the probable reduction in 
splanchnic protein turnover. 

It must be noted that, although the metabolic fate of 
leucine at the whole-body level is similar during enteral 
and parenteral nutrition, specific organs may be affected 
differently depending on the route of feeding. Indeed, 
animal studies demonstrated a higher rate of leucine 
release from proteolysis in the gut as well as diminished 
net leucine balance in the gut and total splanchnic region 
during parenteral feeding (33). Although such measure- 
ments were not obtained in the present study, it is rea- 
sonable to suspect that parenteral nutrition may result in 
similar alterations in gut and splanchnic leucine metabo- 
lism in premature infants. 

In the present study, concentrations of leucine (and 
other amino acids) were significantly higher during paren- 
teral nutrition than during enteral feeding. This may re- 
flect the effect of splanchnic extraction; alternatively, the 
differences in concentration may be a result of a brief 
alteration in leucine rate of appearance or rate of disap- 
pearance before a new steady state was established. In 
any case, despite these differences in leucine concentra- 
tions, no difference in leucine kinetics was measured. In 
particular, leucine oxidation was the same at two differ- 
ent leucine concentrations. Although some previous 
studies have found a positive relationship between leu- 
cine concentration and oxidation (34,35), others have not 
(13, 36). Most pertinently, we have previously measured 
similar leucine oxidation rates in full-term newborns dur- 

ing feeding and fasting, despite different leucine concen- 
trations in these two states (8, 16). It may be that in 
premature and term infants, leucine oxidation is much 
less sensitive to changes in leucine concentration. 

These findings lead one to at least question the exten- 
sive use of plasma amino acid concentrations to reflect 
neonatal protein metabolism (37) and to design parenteral 
amino acid solutions (38, 39). Although maintaining 
plasma amino acid concentrations within some range is 
undoubtedly important, it seems apparent from the pre- 
sent study that amino acid concentrations do not neces- 
sarily reflect amino acid utilization. Thus, amino acid 
concentrations without kinetic data may be of limited 
significance in assessing overall neonatal protein metab- 
olism. 

In addition to leucine kinetics, we also assessed 
whether the route of nutrient administration affects en- 
ergy expenditure and fuel utilization. Although the spe- 
cific composition of carbohydrate, fat, and protein is 
substantially different in enteral formulas compared with 
parenteral solutions, it has been generally assumed that 
the route of administration does not alter the oxidative 
fates of these macronutrients. Nevertheless, this issue 
has not been specifically examined in premature new- 
borns. As calculated from the RQ and leucine oxidation, 
the present study demonstrates that, despite differences 
in composition, the contribution of carbohydrate, fat, and 
protein to oxidative metabolism does not differ during 
parenteral and enteral nutrition. Overall energy expendi- 
ture is also similar during each of the two feeding modes. 

In summary, the present study demonstrates that, 
compared with enteral feeding, the acute administration 
of parenteral nutrition to premature infants does not alter 
whole-body parameters of leucine metabolism (and by 
extrapolation, protein metabolism) or macronutrient ox- 
idation. Because premature infants often receive parent- 
era1 nutrition for relatively brief periods of time, this 
finding may have clinical relevance. Short-term provision 
of parenteral nutrition appears to appropriately substitute 
for enteral intake, at least with regard to the whole-body 
utilization of one essential amino acid and the overall 
pattern of fuel utilization. However, additional studies 
will need to be performed in premature infants to assess 
the effect of parenteral nutrition on the utilization of other 
essential amino acids, as well as to determine how this 
route of nutrient administration affects protein metabo- 
lism in specific organs. 
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