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Abstract

Background: Parenteral amino acid (AA) nutrition administration after premature birth is
necessary to ensure adequate growth and neurodevelopment. However, optimizing safety and
efficacy remain major challenges. This study investigated effects of intravenous AA administration
on plasma AA profiles in premature baboons and infants.

Methods: Premature baboons were delivered by C-section at 125 days (67% gestation) and
chronically ventilated. At 24 hours of life, a parenteral AA protocol comparable to the early and
high AA regimens used in premature infants was initiated. Serial plasma AA concentrations were
obtained on days of life (DOL) 1, 3, and 7 and compared to concentrations at similar DOL from
preterm infants. Fetal baboon (165+2 days; 89% gestation) and term baboon plasma AA
concentrations were obtained for comparison.

Results: Premature baboons receiving early and high parenteral AA supplementation exhibited
significant differences in plasma AA concentrations compared to fetuses. In particular,
concentrations of leucing, isoleucine, valine, and ornithine were elevated (fold increase: 2.14, 2.03,
1.95, 16.5, respectively; p<0.001) on DOL 3 vs fetuses. These alterations mimicked those found in
preterm infants.

Conclusion: Early and high AA supplementation in extremely premature baboons significantly
disrupted plasma AA concentrations. Elevated concentrations of branched-chain AAs and
ornithine raise concerns for adverse neurodevelopmental outcomes. These results are consistent
with those found in premature human infants and emphasize the need to optimize parenteral AA
solutions for the unique metabolic requirements of premature infants. Improved technologies for
rapid monitoring of AA concentrations during treatment are essential.
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INTRODUCTION

Providing adequate nutrition for extremely low birth weight (ELBW, birth weight <1000g)
preterm infants remains extremely challenging. Over 50% of ELBW infants develop extra-
uterine growth restriction by dischargel-2, resulting in major detrimental impacts for
neurodevelopmental outcomes3#. Proteins and amino acids (AA) are essential components
of growth, development, and metabolic regulation. Two fundamental facts about AA and
protein nutrition in fetuses and neonates are generally well supported and accepted: fetal
accretion of protein is about 3-4 g-kg~1.day~1 5, and early postnatal loss of protein stores
can be prevented or ameliorated by administration of a relatively low dose of 1-1.5
g-kg~1-day~1 of parenteral AAS. The nutritional gap between this rate of AA administration
and the rate of fetal accretion of protein has increasingly been suspected to contribute to
postnatal growth failure in preterm infants®. Therefore, a growing trend towards more
accelerated nutritional support, seeking to mimic the intrauterine state by increasing AA
infusion rates to 3—4 g-kg~1-day~lwithin the first 24— 48 hours of life has emerged (reviewed
in’).

However, preterm infants must rely solely on immature metabolic pathways for energy
homeostasis, without the metabolic support of the placenta available for the fetus. Therefore,
seeking to mimic fetal states may not be achievable in preterm newborns with immature
liver, skeletal muscle, and kidney pathways. Initial studies tested early AA supplementation
up to 3 g-kg~L-day~1 in preterm infants, however, AA concentrations were measured after
short exposures (24 hours)®8. To date, there have not been convincing data to determine the
level of ex-utero AA replacement required to improve growth. Indeed, some evidence
suggests there may deleterious effects depending on the level of replacement. Clark et al®
randomized premature neonates to receive a lower (starting at 1.0 g-kg~1-day~! and
advancing to a maximum of 2.5 g-kg~1-day~1) or higher (starting at 1.5 g-kg~1-day~1 and
advancing to a maximum of 3.5 g-kg~1-day~1) dose of AA supplementation and found no
difference in growth in the higher dose group. However, they found elevated AA
concentrations in both groups at 7 days of life (DOL). The increase was more marked in the
higher dose group compared to term newborn reference values. In a previous study, we also
found high plasma AA concentrations when we randomly assigned ELBW infants to
standard (starting at 0.5 g-kg~1-day~! and advanced to a maximum of 3 g-kg~1-day™1) or
high dose (starting at 2.0 g-kg~1-day~! and advanced to a maximum of 4 g-kg~1-day1)
supplementation regimens and measured serial AA concentrations9. We also found that at
two year follow ups, ELBW infants that received early and high AA supplementation during
the first week of life exhibited poor overall growth?. In both studies, the patterns of AA
concentrations demonstrated high variability with both abnormally high and low values and
no evident patterns. Finally, a recent randomized trial in infants <1250g comparing lower vs
higher (1-2 vs 3—4 g-kg~1-day~1) AA supplementation found no differences in
neurodevelopmental outcomes at 18—-24 months, but infants in the high AA group had lower
weight, length, and head circumference percentiles and higher serum urea nitrogen (SUN) at
36 weeks corrected gestational age and at hospital discharge 1.

Published data provide no clear pathway to optimizing nutritional management of ELBW
infants. Therefore, we undertook a study in premature baboons to investigate their plasma
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AA concentrations while receiving the same intravenous (IV) AA utilized in human
premature infants’ clinical care. To provide context in which to interpret the data, we also
compared AA concentrations observed during infusions to values observed in undisturbed
control fetal and newborn baboons. Finally, to add new translational information, we
compared the patterns of plasma AA concentrations observed in baboons to those observed
in human infants. This will allow us to further elucidate which AA metabolic pathways are
not fully developed when infants are born preterm, with the ultimate goal of tailoring IV AA
solutions to meet the needs of premature infants.

METHODS

Animal Care

All animal experiments were approved by the Institutional Animal Care and Use Committee
at the Texas Biomedical Research Institute (TBRI; San Antonio, Texas, USA) and the
University of Texas Health Science Center (UTHSCSA; San Antonio, Texas, USA) and
were conducted in accordance with accepted standards of humane animal care. In total, 45
baboons were studied. Animals were obtained from the Southwest National Primate Center
at the TBRI, or from the University of Oklahoma Health Science Center Primate Center (El
Reno, Oklahoma, USA). Infants were delivered from healthy, non-diabetic mothers. Animals
included in this study served as shared controls for various on-going studies. All animals
born from 2005-2012 for which blood samples were available for analysis were included.
Animals were euthanized by exsanguination and pentobarbital.

Preterm Baboons—Fourteen preterm baboons were delivered at 125+2 days gestation
(67% gestation; human equivalent ~27 weeks) by Caesarean-section under general
anesthesia as previously described in detaill2. Mothers were given steroids initiated 48 hours
prior to delivery with betamethasone (6mg, intramuscular) every 24 hours (2 doses) for a
total of 12 mg. Routine care of preterm animals was performed per protocol as previously
described3. Briefly, animals were intubated immediately after birth, administered Surfactant
(Survanta®, Abbott Laboratories, Abbott Park, IL, USA), and chronically ventilated for a
planned survival of 14 days. Central IV lines were placed for fluid and nutrition
management. An IV solution of 5% dextrose was started after birth at a rate of 150 mL-kg
~Lday™L. The IV AA were started at 1.75 g-kg~1-day~1and increased to 3.5 g-kg~1-day ™! at
24 hours of life and continued for 14 days. The IV AA solution used was TrophAmine®
10% (B. Braun Laboratories, Bethlehem, PA), with 40 mg-kg~1-day ™1 of cysteine
hydrochloride. Dopamine or dobutamine were administered as needed to maintain mean
arterial pressure > 25 mmHg. Prophylactic antibiotics were administered for 48 hours to
mimic human care. Eight preterm animals had AA data available for DOLs 1, 3, and 7,
while the remaining six had samples for only DOLs 1 and 3.

Enteral feeds were initiated (via orogastric tube) on DOL 3 if bowel gas pattern was
considered normal on radiograph. Similac Special Care 20 infant formula (Abbott
Laboratories) was introduced as trophic feed and increased as tolerated to a maximum
volume of 40 mL-kg~1.day~1.
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Fetal Baboons—Twenty-two fetal baboons were delivered at 165+2 gestational days
(89% gestation; human equivalent ~36 weeks) via Caesarean-section and immediately
euthanized.

Term Baboons—Five baboons were delivered vaginally and breastfed by their mothers for
up to 3 days before transfer to UTHSCSA. Animals were then bottle-fed Similac Advance
infant formula (Abbott Laboratories) every 3—4 hours daily until euthanasia at DOL 2—-4.
Animals were housed in temperature controlled environments and monitored by veterinary
staff daily.

Plasma samples for measurements of AA concentrations were obtained on DOLs 1, 3, and 7
if preterm or prior to euthanasia if fetal or term. Concentrations were determined by reverse-
phase high-pressure liquid chromatography (HPLC) by use of the Waters PICO tag
method?0. All animal samples were run in 1 batch. Standards of known concentrations were
used daily for recalibration. Concentrations in plasma control samples from a single pool
were determined in triplicate after each recalibration. The average intra-assay coefficient
was 6%.

Statistical Analysis

Statistical analyses were performed using SPSS (\Version 22.0, SSPS Inc., Chicago, Illinois).
Data are reported as mean + standard deviation of the mean, unless otherwise indicated.
One- way analysis of variance with Bonferroni post-hoc was performed to determine
significant differences between groups within baboon groups. Independent samples #Tests
were performed to determine significant differences between preterm humans and preterm
baboons. P-value <0.05 was considered statistically significant. A power calculation was
performed based on differences in branched-chained AA (BCAA,; Valine (Val), Leucine
(Leu), Isoleucine (lle)) concentrations of preterm baboons on DOL 3 compared with fetal
baboons, and a total of 5 animals per group was calculated. All available animal samples
were included to perform additional comparisons with ELBW human infants.

Reference Groups

To extrapolate the baboon results to human premature infants, we compared the plasma AA
concentrations with AA concentrations of preterm infants enrolled in a previous study at our
institution 10,

In this study, AA profiles of preterm humans were obtained from 61 ELBW infants admitted
to University Hospital Neonatal Intensive Care Unit, San Antonio, Texas, and recruited
prospectively between November 2002 and September 2005. Inclusion criteria were birth
weight (BW) <1000 g and age <12 hours of life. A third inclusion criterion of gestational
age = 24 weeks was added by the Data Safety Monitoring Board. Exclusion criteria were
major congenital anomalies and imminent death. Written informed consent was obtained
from infants” parents before enrollment. The UTHSCSA Institutional Review Board
approved the study. Infants with comparable inclusion criteria were not enrolled if their
parents refused or withdrew during the enrollment period.
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Infants were randomly assigned to receive either a standard AA protocol of 0.5 g-kg~1-day~?
of Aminosyn® PF 10% (Abbott Laboratories, Chicago, Illinois, USA) with 40 mg-kg~1-day
~1of cysteine hydrochloride after 24 hours of age and increased to a maximum of 3.0 g-kg
~L.day~1, or an early and high AA protocol starting at 2.0 g-kg™1-day~1 within 24 hours of
age, and increased to a maximum of 4.0 g-kg~1.day 1.

Plasma samples for AA measurements were obtained on DOLs 1, 3, and 7. AA
concentrations were determined using HPLC as previously described for the baboons.

RESULTS

Animal Characteristics

The demographic characteristics of the study animals are summarized in Table 1. There were
no sex differences between groups, with the exception of Threonine (Thr) in the term group
(P<0.05).

Preterm animals received minimal enteral feeding during the study period. Animals began
enteral feeds on approximately DOL 6 + 1. No animals received enteral feedings on DOLs 1
or 3. On DOL 7, the average volume of enteral feeds received was 12.4 + 8.1 mL-kg~1.day
=1, The maximum feed volume tolerated on DOL 7 was 30.9 mL-kg~1-day~1. Preterm
animals received a mean protein intake (g-kg~1-day™1) of 1.6 +0.3,3.4 0.3, and 3.2 + 0.6
on DOLs 1, 3, and 7, respectively, and a mean glucose infusion rate (mg-kg~t-min~1) of 3.5
+17,43+13,and 7.8 £ 2.50n DOLs 1, 3, and 7, respectively.

SUN

The average SUN of the preterm group on DOL 1 was 20.3 £ 6.7 mg/dL. This value peaked
at 45.0 £ 10.6 mg/dL on DOL 3, and then decreased to 31.3 = 10.4 on DOL 7. The peak
SUN values are consistent with those previously recorded for preterm human infants
receiving similar doses of AAs (39.9 + 22.2 mg/dL, P=0.26)1°.

Plasma AA Concentrations

The mean (£SD) and 95% CI for the 22 AAs evaluated at each serial time point are shown in
Table 2. The significance of the group effect (includes fetal, term, and preterm animals) and
the interaction between fetal baboon and preterm baboon, as well as preterm baboon and
preterm human are also shown. Significant differences from fetal animals occurred in nearly
every AA examined. Because the primary goal of AA therapies in preterm infants has been
to mimic the fetal state, we chose to focus our analysis on comparisons between preterm and
fetal animals. However, data on term animals are included in the table and graphs to provide
further reference points. AAs are classified as essential, conditionally essential for neonates,
or non-essential based on Rassin 199414,

Essential AAs

Elevated BCAAs: On DOL 1, Val concentrations were similar between fetal and preterm
animals (P=1.0, Figure 1A). By DOL 3, Val was higher in preterm animals (A<0.001) and
remained 1.3-fold higher in preterm animals on DOL 7 (however, A=0.127). Similarly, Leu
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concentrations were comparable to fetal concentrations on DOL 1 (P=1.0), but rose on DOL
3 to 2.1-fold higher in preterm animals (A<0.001, Figure 1B). Leu remained 1.5-fold higher
in preterm animals on DOL 7 (however, £=0.110). lle concentrations were also similar to
fetal concentrations on DOL 1 (P=0.691), and rose on DOL 3 to 2.0-fold higher than fetal
concentrations (P=0.015, Figure 1C). lle concentrations were similar between preterm and
fetal animals by DOL 7 (p=1.0).

Other Elevated Essential AAs: Thr was higher in preterm animals throughout the study:
2.1-fold higher at DOL 1 (/<0.001), and approximately 1.6-fold higher on DOL 3 (~=0.001)
and 7 (/<0.05, Figure 1D). Lysine (Lys) concentrations tended to be higher in preterm
animals on DOL 1 (P=0.058), but fell to fetal concentrations by DOL 3 (~=1.0), and
remained stable to DOL 7 (P=1.0, Figure 1E). Tryptophan (Trp) concentrations in preterm
animals were almost double those of fetal animals on DOLs 1 and 3 (£<0.001). However, by
DOL 7, Trp concentrations were similar between preterm and fetal animals (P=1.0, Figure
1F).

Unaltered Essential AAs: Concentrations of Methionine (Met) and Phenylalanine (Phe)
were similar (P=0.554, £=0.491, P=1.0 and £=0.856, P=0.425, P=0.086, respectively)
between preterm and fetal animals throughout the study (Figure 1, G and H, respectively).

Conditionally Essential AAs

Elevated Conditionally Essential AAs: Histidine (His) concentrations were 2.4-fold higher
in preterm animals on DOL 1 (P<0.001) and remained elevated on DOL 3 (£ <0.001) and 7
(~ 1.6-fold higher; £=0.01, Figure 2A). Tyrosine (Tyr) concentrations were 8.9-fold higher
in preterm animals at DOL 1 (£ <0.001) and remained higher from DOLs 3 (£<0.001) to 7
(P<0.01, Figure 2B). Contrary to what is found in preterm infants, Arginine (Arg) was
higher (P£<0.001) in preterm animals on DOLs 1, 3, and 7 and rose up to 3.4-fold higher
than fetal concentrations (Figure 2C).

Decreased Conditionally Essential AAs: Taurine (Tau) was lower in preterm animals
throughout the study. Concentrations were 12% (P <0.001), 7% (~<0.001), and 54% (P
<0.05) of fetal concentrations on DOLs 1, 3, and 7 (Figure 2D).

Unaltered Conditionally Essential AAs: Glycine (Gly) concentrations were similar to fetal
animals throughout the study period (P=0.076, £=0.776, £=0.176, DOLs 3-7; Figure 2E).

Non-essential AAs

Increased Non-essential AAs: Serine (Ser) concentrations were 1.5-fold higher in preterm
animals throughout the study (£ <0.001, £<0.01, £=0.01, DOLs 3-7, Figure 3A).
Additionally, Ornithine (Orn) concentrations were 4-fold higher in preterm animals on DOL
1, and 16-fold higher on DOL 3, and were 12- fold higher than fetal concentrations on DOL
7 (P<0.001, all days; Figure 3B).

Glutamic Acid (Glu) was higher in preterm animals on DOL 1 (P <0.05), whereas on DOLs
3 and 7 differences were no longer significant (P=0.258, £=0.458, respectively; Figure 3C).
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Concentrations of Aspartate (Asp) were similar on DOL1 (P=0.791), rose on DOL 3 (2.2-
fold higher in preterm animals, £<0.001), then dropped back to fetal levels on DOL 7 (P
=0.245, Figure 2D).

Decreased Non-essential AAs: Preterm concentrations of Alanine (Ala) and Asparagine
(Asn) were lower than fetal concentrations on DOLs 3 (P <0.05 and P<0.001, respectively)
and 7 (P<0.01 and £<0.001, respectively; Figure 3, E and F). Furthermore, Glutamine
(GIn) was lower in preterm animals throughout the study (#£<0.001) and fell to
approximately 50% of fetal levels by DOL 7 (Figure 3G).

Unaltered Non-essential AAs: Concentrations of Citrulline (Cit) (P=0.166, £=0.315, P
=1.0) and pB-Alanine (B-Ala) (P=1.0, P=1.0, P=0.247) were similar to fetal animals
throughout the study (Figure 3, H and I, respectively).

Baboon vs Human Concentrations—We next compared results obtained in preterm
baboons receiving AA supplementation to those from ELBW human infants at
approximately similar gestational ages and similar DOLSs enrolled in an early and high AA
supplementation regimen similar to the regimen the preterm baboons received. Comparisons
are shown in Table 2 and Figures 1-3. Most of the AA concentrations were similar between
preterm human infants and preterm baboons (Met, Phe, Ser, Thr), including those that were
significantly lower than fetal concentrations (GIn, Asp). Only four AAs were significantly
different between preterm baboons and preterm humans during the first week of life (Arg,
Lys, His and Tyr) (Table 2 and Figures 1E and 2, A-C).

DISCUSSION

To prevent failure of energy availability, premature infants require exogenous energy
substrates. It is widely accepted that administration of a minimum of 1 — 1.5 g-kg~1-.day 1 of
parenteral AAs improves nitrogen balance and increases protein synthesis®. However, the
effect of parenteral AA administration on serum AA concentrations and protein metabolism
remains unclear, and postnatal growth failure continues to be a major problem?13,
Therefore, many studies have attempted to mimic fetal accretion of protein in utero through
more accelerated (earlier initiation, higher dosing) AA administrationt:910.16-20 pyt AA
concentrations are not monitored routinely and long term follow up is lacking. The purpose
of this study was to investigate the effects of early and high AA supplementation on plasma
AA concentrations using a non-human primate model of prematurity. This approach has the
advantage of including a number of fetal and term controls well matched to the study
population, with a controlled diet and minimal confounders, to provide context in which to
interpret the data. Furthermore, baboons have 97% phylogenetic proximity to humans,
exhibit a similar clinical course to human preterm infants, and have been used to study
placental AA transport and neonatal parenteral nutrition21:22,

Our results demonstrate that AA concentrations in parenterally supplemented preterm
animals, analogous to ELBW infants in their gestational maturity, are significantly different
from fetal animals. Among the perturbations, we found relatively persistent elevations in
Orn and the BCAAs - Leu, lle, and Val. These results are consistent with those in human
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neonates reported by Clark et al® and our previous clinical study20. It was of particular
interest to note that concentrations of BCAAs were almost identical between ELBW infants
and preterm baboons. The 3 essential BCAAs- Leu, lle, and Val- are initially catabolized by
common pathways and later diverge into complex pathways. Collectively, branched-chain
organic acidurias result from an abnormality of specific enzymes causing specific diseases
such as maple syrup urine disease, isovaleric aciduria, propionic aciduria, methylmalonic
aciduria and other disorders involving elevations of Leu, Ile and Val23. Presentation of these
disorders includes acidosis, neurological involvement (coma, lethargy, hypotonia, and
muscle weakness), liver dysfunction, vomiting, and failure to thrive. BCAAs play an
important role in neurotransmitter development and urea formation, and prolonged BCAA
elevation leads to demyelination, especially of periventricular white matter23.24, We have
previously found that concentrations of BCAAs correlate inversely with neurodevelopmental
outcome when AA solutions (Aminosyn® -PF 10%) were administered up to 4 g-kg™-day™1
in ELBW infants during the first week of life #:24. Finally, in term infants, high protein
intake has been shown to increase plasma BCAAs, leading to dysregulation of fatty acid p-
oxidation and subsequent fat storage, and contributing to high early weight gain and body fat
accumulation?®. Collectively, these findings, and the findings of this study, highlight the
importance of maintaining normalcy of BCAAs, particularly during critical periods of
development. It remains to be determined if these transient abnormalities in preterm baboons
translate into long term neurological impairments.

We were surprised to find extremely elevated concentrations of Orn. The hyperornithinemia
found in this study is extremely concerning, considering the adverse effects of this
condition?®. In the neonatal period, the main role of ornithine aminotransferase (OAT) is to
maintain the urea cycle by converting GlIn to Arg; a deficiency causes late hyperornithinemia
leading to gyral degradation and retinal toxicity?3. On DOLs 3 and 7, respectively, preterm
baboon plasma concentrations of Orn were 16-fold and 12-fold higher than fetal baboons.
These levels are as high as those reported in neonates with OAT deficiency (5-fold to 20-fold
higher) and might have severe consequences, even if exposed for shorter periods of time
than neonates with inherited deficiencies?’. Unfortunately, we did not have Orn
concentrations in our preterm human infants for comparison. Therefore, further studies in
preterm infants need to be conducted as elevation early in life could be contributing to the
neurodevelopmental impairments commonly found in preterm infants. Collectively, these
results emphasize a need for caution when implementing early and high AA
supplementation strategies in ELBW premature infants when their brains are at a critical
stage of development.

Abnormally low AA concentrations are also a concern. GIn continues to be shown to be low
in preterm animals/humans compared to their fetal levels. GIn plays a role in immune
function and participates in metabolic pathways including methylation,28 and although no
specific benefit of GIn supplementation has been found?®, mimicking fetal levels may
provide unknown immediate or later-life benefits. Similarly, Ala, Asn, and Tau are extremely
low in premature infants with current AA solutions. Ala and Asn participate in protein
biosynthesis and therefore a low level might be expected to impair growth. Furthermore, Tau
plays an important role in mitochondrial oxidative phosphorylation and Tau deficiencies
may contribute to mitochondrial dysfunction and associated pathologies3C.
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We also found that, for many AAs, the greatest aberrations in plasma AA concentrations
tended to occur on DOL 3. We speculate this is likely due to the maturation of metabolic
pathways postnatally, and the postnatal increase in physiologic processes, such as
glomerular filtration rates. We have previously demonstrated such patterns of postnatal
development in the insulin signaling pathways of premature baboons from birth to 14 days
old13. A limitation of this study is that preterm infants/baboons received a small amount of
enteral feeds, which is different from the current approach of early enteral feeding initiation.
However, it is unlikely that sick preterm infants will be receiving a large enough amount of
enteral feeds (>60 ml-kg~1-day~1) by DOL 3 and therefore will likely be receiving 3-4 g-kg
~Lday~1 of IV AAs in their parenteral nutrition; this common approach will likely place
them at risk of having high BCAA concentrations during DOL 3, but perhaps not on DOL?7.
Further studies evaluating AA metabolism during the first week of life with higher enteral
feeding approaches need to be performed.

The varied compositions of currently available products for parenteral AA supplementation
further complicate the issue of optimizing nutritional regimens for preterm infants. Both of
the products approved for use in the US (TrophAmine® and Aminosyn® -PF 10%) were
formulated according to the needs of term breastfed infants and lead to increased serum
BCAA:s if administered to neonates born preterm. In a study by Vlaardingerbroek et al,
provision of AAs up to 3.6 g-kg1-day1 in very-low-birth-weight infants produced lower
BCAA levels than in the current study3L. This protocol utilized a different AA solution
(Primene® 10%, Baxter Healthcare Ltd, Thetford, UK) that is not available in the United
States and is significantly different from the AA solutions utilized in this baboon study and
our prior human study. Further research into parenteral AA supplements, comparing
Primene® 10% to United States- approved AA solutions in premature infants is certainly
warranted.

In conclusion, our results demonstrate disruption of plasma AA concentrations in premature
baboons treated with early and high AA supplementation compared to fetal controls. When
considered in context with currently available clinical studies, these results suggest we may
be exposing developing organs at key stages of maturation and differentiation to abnormal
AA concentrations by broadly adopting early and high AA supplementation. Furthermore,
AA solutions currently available in the United States may not be suitable for the most
immature infants, in particular during the first week of life, when metabolic pathways are
not fully developed. Large, multicenter studies with extended follow-up periods are needed
to better determine safety, dose, and efficacy of AA solutions specifically tailored for
premature infants. Finally, newer technology to rapidly measure AA concentrations for
clinical practice is needed to monitor patients as AA doses are increased, as infants may
have different protein requirements/tolerance depending on gestational age, postnatal age,
and severity of illness.
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CLINCAL RELEVANCY STATEMENT

Understanding effects of intravenous AA solutions on protein metabolism in premature
infants is critical to developing appropriate nutritional regimens for this vulnerable
population of neonates. Here, we demonstrate dysregulation of plasma AA
concentrations in premature baboons receiving early and high AA supplementation
analogous to that received by human infants. These findings suggest current AA solutions
and regimens are not well suited to the metabolic demands of extremely premature
infants. Further studies are necessary.
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Table 1:
Characteristics of Study Baboons.
Fetal (n=22) | Preterm (n=14) | Term (n=5)
Birth weight (g) 806 + 110 369 + 47 900 + 114
Gender (M:F) 10:12 5:9 1:4
Gestation (% of full term) 89 67 92-100
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