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Abstract

The intestine serves numerous purposes. In addition to digestion and absorption, the intestine functions as an organ that

provides specific and nonspecific protection against pathological bacteria and noxious agents. At birth, and certainly when

birth occurs prematurely, these functions are not yet fully developed. This article addresses the specific needs of the

neonatal gut to perform these functions adequately and describes efforts to modulate intestinal barrier function by

preterm formula supplemented with insulin-like growth factor 1.

J. Nutr. 138: 1829S5-1833S, 2008.

Introduction

The human intestine serves several important functions. Not
only is it critical for the digestion of food and the assimilation of
nutrients, but it is continually exposed to dietary toxins and
pathogens and hence plays a crucial protective role. Furthermore,
by virtue of the fact that it is exposed directly to the diet, the
intestinal tract, especially the neural and neuroendocrine cells
within the small intestinal villous structures, probably plays a
critical role in coordinating the activity of its accessory organs and
associated ingestive behavior (1). It is important to recognize also
that the gut is a multicellular organ. The villus epithelium contains
at least 4 distinct cell types, and ~70% of the total immune cell
population resides either within the villus or in the Peyer’s patches.
Moreover, the gut contains an extensive and intrinsic neural
system that is to some extent functionally independent of the
central nervous system. Accordingly, the multicellular mucosa
plays a key role in immune surveillance, in host protection against
both toxins and pathogenic organisms, and in the transfer of in-
formation about the scale and composition of the diet to other
components of the body. Finally, the intestinal tissues and other
organs that collectively make up the portal-drained viscera (PDV)?
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have an unusually high rate of energy expenditure, proliferation,
protein synthesis, and secretion.

It is hardly surprising that this multiplicity of functions im-
poses a substantial nutritional cost on the organism. Much re-
search shows that amino acids play a critical and probably
specific role in the support of gut intermediary metabolism,
secretion, and absorptive and protective functions (2-9). Thus,
amino acid metabolism within the gastrointestinal (GI) tract and
its accessory organs makes a disproportionate contribution to
amino acid turnover and can have an important bearing on the
availability of amino acids for the support of other functions
such as growth and development.

Preterm birth and gut development
By 20 wk of gestation, the anatomic differentiation of the fetal
gut has progressed to the extent that it resembles that of a
newborn. Secretory and absorptive functions, however, develop
at different rates; the intestinal absorptive process is only
partially available before 26 wk of gestation, whereas gastric
and pancreatic secretion is only basal and can be stimulated only
partially even in the full-term newborn period (10).
Maturation of GI function in neonates is stimulated by enteral
nutrition, whereas parenteral nutrition induces GI atrophy and
malfunction (11-13). The effects of nutritional regimen on the
maturation of the gut epithelium in neonates depend on ges-
tational age at birth (14). Gut flora is influenced by gestational age
as well, among other factors such as mode of delivery, local
environment, type of feeding, and antibiotic treatment (15-17).
Intestinal bacterial colonization with beneficial bacteria is delayed
in preterm infants. The number of potentially pathogenic bacteria
is high (18). This puts the preterm infant at a particular high risk
because the gut is not yet fully developed and is permeable to the
different pathogenic bacteria leading to sepsis. A major factor in
the prevention of neonatal infections in the preterm neonate might
therefore be the induction of increased permeability of the gut.
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The effect of insulin-like growth factor 1 on neonatal
gut permeability

A possible cause for the increased permeability of the preterm
intestine is that junctional proteins such as occludin and
claudins, which form the adhesion and sealing between the
epithelial cells, are not completely expressed as yet (19,20).
Another manifestation of immaturity is the decreased activity of
several digestive enzymes such as the pancreatic secretions (21).
Enteral feeding is thought to be a natural stimulus for intestinal
growth (22,23). But, in addition to the route of administration,
the modality of nutrition is also important. Infants fed human
milk have a lower incidence of Gl-related disease than their
formula-fed peers, indicating a protective effect of human milk
(24,25). In addition, human-milk-fed infants show better in-
testinal growth and maturation (23). Bioactive compounds in
breast milk are most likely responsible for these beneficial
effects. Several growth factors that could account for this effect
have been identified in the breast milk of mammals. For example
epidermal growth factor, insulin-like growth factor (IGF), and
peptides are found in human milk. Recently, much effort has
been made to determine the effects of IGF-1 on intestinal
function in newborn animals. IGF-1 is thought to be, in addition
to a growth factor, also an antiapoptotic factor (26). The in-
testinal growth-enhancing effect of parenteral or subcutaneous
administration of this single-chain polypeptide has been con-
firmed in numerous animal studies (27-29). Several other studies
conducted to investigate the effects of enterally administered
IGF-1 (30-35) show conflicting results. Increased intestinal growth
was found in newborn piglets (31), whereas no effect of enterally
administered IGF-1 was found in rats (32). We designed a ran-
domized controlled study to assess the effects of enteral IGF-1
administration in slightly higher amounts than found in human
colostrum to 60 premature human neonates (36). We hypoth-
esized that IGF-1 would enhance gut function and development.
To measure effects of IGF-1 on gut maturation and gut per-
meability, we performed weekly sugar absorption tests until the
supplementation was stopped at 28 d postnatal age. Figure
1 shows a gradual decline in the lactulose/mannitol ratio over
time, indicating an improvement in intestinal barrier function as
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FIGURE 1 Urinary lactulose:mannitol ratio of preterm infants
receiving either IGF-1 supplementation (gray bars) or placebo (white
bars) for up to 4 wk. Values are means + SD, n = 30. *Groups differ,
P = 0.022. Reproduced with permission from (36).

1830S  Supplement

the infant grows older and receives more enteral nutrition.
Lactase activity, expressed as lactulose:lactose ratio, increased in
time as expected (Fig. 2). The lower urinary lactose excretion
resulted in the increase in the ratio because both molecules have
the same molecular weight and size. Except for a small sig-
nificant difference in lactulose:mannitol ratio indicative of a
slightly lower permeability at postnatal d 14, no significant
differences were observed between the IGF-1-supplemented
group and the control group. We concluded that we could not
really detect a beneficial effect of adding IGF-1 in this dosage to
the formula of preterm infants during the first month of life.

Amino acid utilization

Another important issue, next to permeability in gut health, is
the scale of amino acid utilization by the gut. In Table 1 we
summarize the data on intestinal amino acid utilization in the
piglet and on first-pass splanchnic amino acid utilization in the
human neonate. These data show that at least 40% of the total
protein intake is used in the splanchnic bed, the large majority by
the gut (37). They also show marked variation in the degree to
which different amino acids are utilized, so that intestinal me-
tabolism substantially modifies the mixture of amino acids
available to the organism. Indeed, virtually all the dietary glu-
tamate and aspartate are metabolized in first pass, in addition to
the well-established utilization of arterial glutamine by the
intestinal mucosa (38-40).

The second striking finding is that in the fed state, there is
simultaneous utilization of both arterial and luminal essential
amino acids by the intestinal tissues (3,41). In quantitative
terms, arterial essential amino acids provide the majority of
amino acids for metabolism in the PDV. This observation alone
raises important issues with regard to the regulation of amino
acid transport from the mesenteric artery to the intestinal
mucosa, and it is regrettable that so little is known about the
nature of the amino acid transporters on the basolateral mem-
brane of the enterocytes.

The third important observation is the compartmentation of
mucosal amino acid metabolism. We have already alluded to the
fact that the majority of the essential amino acids utilized by the
PDV as a whole are supplied from the mesenteric artery.
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FIGURE 2 Urinary lactulose:lactose excretion in preterm infants
supplemented with either enteral IGF-1 (gray bars) or placebo (white
bars) for up to 4 wk. Values are means = SD, n= 30. Reproduced with
permission from (36).
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TABLE 1 Intestinal (splanchnic) utilization of dietary amino
acids in neonates'
Amino acid Neonatal pig Human neonate
% intake
Leucine 53 48
Lysine 4 18
Threonine 85 70
Glutamine 67 46
Glutamate 96 74

' Data from various references (3,9,41,44,49,57,58).

However, data from humans (42), piglets (43,44), and sheep (45)
reveal that there is channeling of newly transported arterial
amino acids to mucosal protein synthesis, although we found
recently that dietary threonine was the predominant source of
duodenal protein synthesis in piglets (3). In contrast, intestinal
intermediary metabolism, including energy generation (6) and
glutathione (46) and amino acid synthesis (47,48), preferentially
utilizes dietary amino acids as precursors. It follows from this
that interactions between nutrition and intestinal disease, on one
hand, and the impact of intestinal metabolism on host amino
acid dynamics, on the other, are likely to be complex. For ex-
ample, we have shown recently that restriction of dietary intake
has little effect on the absolute first-pass intestinal metabolism
of dietary lysine in human neonates (49) but suppresses the
utilization of arterial amino acids such as threonine in neonatal
pigs. Even so, the ingestion of low-protein diets is associated
with a very substantial fall in the portal availability of some
essential amino acids, notably lysine and threonine. In other
words, the failure of low-protein diets to support peripheral
tissue protein deposition is primarily a reflection of the nearly
complete utilization of the dietary amino acids by the gut itself
(3). It is not surprising then that a number of studies (50) show
preservation of gut growth under nutritional conditions that
markedly slow muscle growth.

Two critical questions are raised by these observations. What
are the processes that consume such high quantities of amino
acids, and what are the factors, if any, that regulate these
processes? Answering both questions is important not only from
the perspective of physiological understanding in the broadest
sense but also from the perspective of the influence of the gut on
the amino acid requirements of the organism as a whole.

A major issue regarding both questions is protein secretion in
the intestine. It is almost a truism that the intestinal tissues in
general, and small intestinal mucosa in particular, have a high
rate of protein synthesis. Perhaps of more functional importance
is the likelihood (at present not formally quantified) that a high
proportion of this protein synthetic activity is devoted to
secretory protein synthesis. Our data suggest that at least one-
third of total visceral protein synthesis is secreted (37). Because
total intestinal amino acid utilization can account for 50% of
whole-body amino acid utilization, secretory protein synthesis
both in the gut and in the pancreas is of substantial quantitative
impact on amino acid dynamics. Clearly, such a rate of loss
(which approaches the total amino acid intake in magnitude)
could not be sustained, so an important issue, in relation to
amino acid requirements, is the degree to which these secretions
are recycled to the body. Indeed, on the basis of the relatively
sparse information currently available, nonrecycled GI secre-
tions could account for 30% of total basal amino acid require-
ments, and for threonine, it has been calculated that 60% or
more of the maintenance requirement could be lost from the

ileum to the large bowel (51). Threonine requirement of new-
born piglets maintained by parenteral nutrition is less than half
that of enterally nourished animals (52). The critical point is that
most of the amino acids passing to secretory protein synthesis
are derived from the mesenteric artery. Thus, whether gut uti-
lization of arterial amino acids is, or is not, regulated, either by
systemic hormones or perhaps by regulatory peptides derived
from the gut itself, remains a critically important issue.

The second important function of amino acids in the gut is as
an energy source. Data extending back for at least 25 y strongly
suggest that glutamate and aspartate of dietary origin and
glutamine of systemic origin account for the majority of the
energy generated in the small intestine. In addition, we have
shown that under high-protein feeding conditions, the intestinal
tissues also oxidize essential amino acids, including lysine
(40,41). Remarkably, despite the fact that in the fed state the
intestine releases large quantities of alanine and lactate to the
portal circulation, dietary glucose plays virtually no role in
intestinal metabolism (40). Furthermore, even though the PDV
utilize considerable quantities of arterial glucose, perhaps as
much as 30% of whole-body glucose turnover, the majority of
this appears to be devoted to anabolic purposes, and less than a
third is oxidized (53).

Finally, it is now clear that amino acids, notably glutamine,
aspartate, glycine, and glutamate, are involved in a variety of
biosynthetic functions in the intestine. These include the syn-
thesis of nucleotides destined for RNA and DNA synthesis (54),
the synthesis of citrulline, arginine, and proline (55), and of
glutathione (46) and other regulatory compounds such as the
polyamines. The extent to which these metabolic activities, all of
which are vitally involved in other aspects of metabolic and
protective function, can become compromised under conditions
of inadequate amino acid nutrition presents an important but
largely unanswered question. However, their potential impor-
tance is well illustrated by the derangements of both amino acid
metabolism (56) and gut-protective mechanisms that accom-
pany parenteral nutrition.

It is clear, therefore, that the intestine as a whole and the
complex multicellular mucosal system, in particular, are not
merely idle bystanders in metabolic and physiological function.
The gut appears to actively regulate the flow of amino acids from
the diet to the body, apparently removing those amino acids that
are necessary for the maintenance of its own integrity and
physiological function.

Other articles in this supplement include references (59-68).

Literature Cited

1. Furness JB, Kunze WA, Clerc N. Nutrient tasting and signaling mech-
anisms in the gut. II. The intestine as a sensory organ: neural, endocrine,
and immune responses. Am J Physiol. 1999;277:G922-8.

2. Reeds PJ, Burrin DG, Stoll B, Jahoor F. Intestinal glutamate metabolism.
J Nutr. 2000;130:9785-82S.

3. Schaart MW, Schierbeek H, van der Schoor SR, Stoll B, Burrin DG,
Reeds PJ, van Goudoever JB. Threonine utilization is high in the
intestine of piglets. ] Nutr. 2005;135:765-70.

4. Riedijk MA, Stoll B, Chacko S, Schierbeek H, Sunehag AL, van
Goudoever JB, Burrin DG. Methionine transmethylation and transsul-
furation in the piglet gastrointestinal tract. Proc Natl Acad Sci USA.
2007;104:3408-13.

5. Schaart MW, Schierbeek H, de Bruijn AC, Tibboel D, van Goudoever
JB, Renes IB. A novel method to determine small intestinal barrier
function in human neonates in vivo. Gut. 2006;55:1366-7.

6. Stoll B, Burrin DG, Henry ], Yu H, Jahoor F, Reeds PJ. Substrate
oxidation by the portal drained viscera of fed piglets. Am | Physiol.
1999;277:E168-75.

Intestinal metabolism  1831S

8002 ‘62 1snbny uo erebiap 10 ewoy Ip eusiaAiun re Bio uonunu-ul WwoJj papeojumod


http://jn.nutrition.org

JN THE JOURNAL OF NUTRITION

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Faure M, Moennoz D, Montigon F, Mettraux C, Breuille D, Ballevre O.
Dietary threonine restriction specifically reduces intestinal mucin
synthesis in rats. J Nutr. 2005;135:486-91.

Law GK, Bertolo RF, Adjiri-Awere A, Pencharz PB, Ball RO. Adequate
oral threonine is critical for mucin production and gut function in
neonatal piglets. Am J Physiol. 2007;292:G1293-1301.

Darmaun D, Roig JC, Auestad N, Sager BK, Neu J. Glutamine me-
tabolism in very low birth weight infants. Pediatr Res. 1997;41:391-6.
Lebenthal A, Lebenthal E. The ontogeny of the small intestinal
epithelium. JPEN ] Parenter Enteral Nutr. 1999;23:53-6.

Schwarz SM, Heird WC. Effects of feeding on the small intestinal mucosa
of beagle pups during the first 5 d of life. Am J Clin Nutr. 1994;60:879-86.

Jensen AR, Elnif J, Burrin DG, Sangild PT. Development of intestinal
immunoglobulin absorption and enzyme activities in neonatal pigs is
diet dependent. J Nutr. 2001;131:3259-65.

Burrin DG, Stoll B, Jiang R, Chang X, Hartmann B, Holst JJ, Greeley
GH Jr, Reeds PJ. Minimal enteral nutrient requirements for intestinal
growth in neonatal piglets: how much is enough? Am ] Clin Nutr.
2000;71:1603-10.

Sangild PT, Petersen YM, Schmidt M, Elnif J, Petersen TK, Buddington
RK, Greisen G, Michaelsen KF, Burrin DG. Preterm birth affects the
intestinal response to parenteral and enteral nutrition in newborn pigs.
J Nutr. 2002;132:2673-81.

Hall MA, Cole CB, Smith SL, Fuller R, Rolles CJ. Factors influencing
the presence of faecal lactobacilli in early infancy. Arch Dis Child.
1990;65:185-8.

Gronlund MM, Lehtonen OP, Eerola E, Kero P. Fecal microflora in
healthy infants born by different methods of delivery: permanent
changes in intestinal flora after cesarean delivery. J Pediatr Gastro-
enterol Nutr. 1999;28:19-25.

Bennet R, Eriksson M, Nord CE, Zetterstrom R. Fecal bacterial micro-
flora of newborn infants during intensive care management and treat-
ment with five antibiotic regimens. Pediatr Infect Dis. 1986;5:533-9.
Westerbeek EA, van den Berg A, Lafeber HN, Knol J, Fetter WP, van
Elburg RM. The intestinal bacterial colonisation in preterm infants: a
review of the literature. Clin Nutr. 2006;25:361-8.

Kelly D, Coutts AG. Early nutrition and the development of immune
function in the neonate. Proc Nutr Soc. 2000;59:177-85.

Teitelbaum JE, Allan Walker W. The development of mucosal immunity.
Eur J Gastroenterol Hepatol. 2005;17:1273-8.

Lebenthal E, Lee PC. Development of functional responses in human
exocrine pancreas. Pediatrics. 1980;66:556-60.

Xu R]J. Development of the newborn GI tract and its relation to
colostrum/milk intake: a review. Reprod Fertil Dev. 1996;8:35-48.
Berseth CL. Effect of early feeding on maturation of the preterm infant’s
small intestine. J Pediatr. 1992;120:947-53.

Lucas A, Cole TJ. Breast milk and neonatal necrotising enterocolitis.
Lancet. 1990;336:1519-23.

Donovan SM, Odle J. Growth factors in milk as mediators of infant
development. Annu Rev Nutr. 1994;14:147-67.

Ozen S, Akisu M, Baka M, Yalaz M, Sozmen EY, Berdeli A, Kultursay
N. Insulin-like growth factor attenuates apoptosis and mucosal damage
in hypoxia/reoxygenation-induced intestinal injury. Biol Neonate. 2005;
87:91-6.

Zhang W, Frankel WL, Adamson WT, Roth JA, Mantell MP, Bain A,
Ziegler TR, Smith RJ, Rombeau JL. Insulin-like growth factor-I
improves mucosal structure and function in transplanted rat small
intestine. Transplantation. 1995;59:755-61.

Steeb CB, Trahair JF, Tomas FM, Read LC. Prolonged administration of
IGF peptides enhances growth of gastrointestinal tissues in normal rats.
Am ] Physiol. 1994;266:G1090-8.

Yang H, Grahn M, Schalch DS, Ney DM. Anabolic effect of IGF-I
coinfused with total parenteral nutrition in dexamethasone-treated rats.
Am ] Physiol. 1994;266:E690-8.

Baumrucker CR, Hadsell DL, Blum JW. Effects of dietary insulin-like
growth factor I on growth and insulin-like growth factor receptors in
neonatal calf intestine. ] Anim Sci. 1994;72:428-33.

Burrin DG, Wester TJ, Davis TA, Amick S, Heath JP. Orally admin-
istered IGF-I increases intestinal mucosal growth in formula-fed
neonatal pigs. Am J Physiol. 1996;270:R1085-91.

Fholenhag K, Arrhenius-Nyberg V, Sjogren I, Malmlof K. Effects of
insulin-like growth factor I (IGF-I) on the small intestine: a comparison

1832S  Supplement

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

between oral and subcutaneous administration in the weaned rat.
Growth Factors. 1997;14:81-8.

Kim WK, Ryu YH, Seo DS, Lee CY, Ko Y. Effects of oral administration
of insulin-like growth factor-I on circulating concentration of insulin-
like growth factor-I and growth of internal organs in weanling mice.
Biol Neonate. 2006;89:199-204.

Xu RJ, Mellor DJ, Birtles M], Breier BH, Gluckman PD. Effects of oral
IGF-I or IGF-II on digestive organ growth in newborn piglets. Biol
Neonate. 1994;66:280-7.

Alexander AN, Carey HV. Oral IGF-I enhances nutrient and electrolyte
absorption in neonatal piglet intestine. Am J Physiol. 1999;277:G619-
25.

Corpeleijn WE, van Vliet I, de Gast-Bakker DA, van der Schoor SR,
Alles MS, Hoijer M, Tibboel D, van Goudoever JB. Effect of enteral
IGF-1 supplementation on feeding tolerance, growth, and gut perme-
ability in enterally fed premature neonates. ] Pediatr Gastroenterol
Nutr. 2008;46:184-90.

Van der Schoor SR, Reeds PJ, Stoll B, Henry JE, Rosenberger JR, Burrin
DG, Van Goudoever JB. The high metabolic cost of a functional gut.
Gastroenterology. 2002;123:1931-40.

Windmueller HG, Spaeth AE. Respiratory fuels and nitrogen metab-
olism in vivo in small intestine of fed rats. Quantitative importance
of glutamine, glutamate, and aspartate. ] Biol Chem. 1980;255:
107-12.

Riedijk MA, de Gast-Bakker DA, Wattimena JL, van Goudoever JB.
Splanchnic oxidation is the major metabolic fate of dietary glutamate in
enterally fed preterm infants. Pediatr Res. 2007;62:468-73.

van der Schoor SR, van Goudoever JB, Stoll B, Henry JF, Rosenberger
JR, Burrin DG, Reeds PJ. The pattern of intestinal substrate oxidation
is altered by protein restriction in pigs. Gastroenterology. 2001;121:
1167-75.

van Goudoever JB, Stoll B, Henry JF, Burrin DG, Reeds PJ. Adaptive
regulation of intestinal lysine metabolism. Proc Natl Acad Sci USA.
2000;97:11620-5.

Bouteloup-Demange C, Boirie Y, Dechelotte P, Gachon P, Beaufrere B.
Gut mucosal protein synthesis in fed and fasted humans. Am J Physiol.
1998;274:E541-6.

Stoll B, Burrin DG, Henry ], Jahoor E Reeds PJ. Phenylalanine
utilization by the gut and liver measured with intravenous and
intragastric tracers in pigs. Am ] Physiol. 1997;273:G1208-17.

Stoll B, Henry J, Reeds PJ, Yu H, Jahoor F, Burrin DG. Catabolism
dominates the first-pass intestinal metabolism of dietary essential amino
acids in milk protein-fed piglets. J Nutr. 1998;128:606-14.

MacRae JC, Bruce LA, Brown DS, Calder AG. Amino acid use by the
gastrointestinal tract of sheep given lucerne forage. Am ] Physiol.
1997;273:G1200-7.

Reeds PJ, Burrin DG, Stoll B, Jahoor F, Wykes L, Henry ], Frazer ME.
Enteral glutamate is the preferential source for mucosal glutathione
synthesis in fed piglets. Am J Physiol. 1997;273:E408-15.

Murphy JM, Murch SJ, Ball RO. Proline is synthesized from glutamate
during intragastric infusion but not during intravenous infusion in
neonatal piglets. ] Nutr. 1996;126:878-86.

Brunton JA, Bertolo RF, Pencharz PB, Ball RO. Proline ameliorates
arginine deficiency during enteral but not parenteral feeding in neonatal
piglets. Am J Physiol. 1999;277:E223-31.

van der Schoor SR, Reeds PJ, Stellaard F, Wattimena JD, Sauer PJ, Buller
HA, van Goudoever JB. Lysine kinetics in preterm infants: the
importance of enteral feeding. Gut. 2004;53:38-43.

Ebner S, Schoknecht P, Reeds P, Burrin D. Growth and metabolism of
gastrointestinal and skeletal muscle tissues in protein-malnourished
neonatal pigs. Am J Physiol. 1994;266:R1736-43.

Fuller MF, Milne A, Harris CI, Reid TM, Keenan R. Amino acid losses
in ileostomy fluid on a protein-free diet. Am J Clin Nutr. 1994;59:70-3.
Bertolo RE, Chen CZ, Law G, Pencharz PB, Ball RO. Threonine
requirement of neonatal piglets receiving total parenteral nutrition is
considerably lower than that of piglets receiving an identical diet
intragastrically. ] Nutr. 1998;128:1752-9.

van der Schoor SR, Stoll B, Wattimena DL, Biiller HA, Tibboel D,
Burrin DG, van Goudoever JB. Splanchnic bed metabolism of glucose in
preterm neonates. Am J Clin Nutr. 2004;79:831-7.

Perez JF, Reeds PJ. A new stable isotope method enables the simulta-
neous measurement of nucleic acid and protein synthesis in vivo in mice.

J Nutr. 1998;128:1562-9.

8002 ‘62 1snbny uo erebiap 10 ewoy Ip eusiaAiun re Bio uonunu-ul WwoJj papeojumod


http://jn.nutrition.org

JN THE JOURNAL OF NUTRITION

55.
S6.

57.

58.

59.

60.
61.

Wu G. Intestinal mucosal amino acid catabolism. ] Nutr. 1998;128:1249-52.
Heird WC, Nicholson JE Driscoll JM, Jr., Schullinger JN, Winters RW.
Hyperammonemia resulting from intravenous alimentation using a
mixture of synthetic l-amino acids: a preliminary report. ] Pediatr.
1972;81:162-5.

van der Schoor SR, Wattimena DL, Huijmans ], Vermes A, van
Goudoever JB. The gut takes nearly all: threonine kinetics in infants.
Am ] Clin Nutr. 2007;86:1132-8.

Neu ], Roig JC, Meetze WH, Veerman M, Carter C, Millsaps M,
Bowling D, Dallas M], Sleasman J, et al. Enteral glutamine supplemen-
tation for very low birth weight infants decreases morbidity. J Pediatr.
1997;131:691-9.

Visser HKA. Dietary influences on infection and allergy in infants:
Introduction. J Nutr. 2008;138:17685-9S.

Wahn HU. Strategies for atopy prevention. ] Nutr. 2008;138:1770S-2S.

Szépfalusi Z. The maturation of the fetal and neonatal immune system.
J Nutr. 2008;138:17735-81S.

62.

63.

64.

65.

66.

67.

68.

M’Rabet L, Vos AP, Boehm G, Garssen J. Breast-feeding and its role in
early development of the immune system in infants: consequences for
health later in life. ] Nutr. 2008;138:17825-90S.

Morelli L. Postnatal development of interstinal microflora as influenced
by infant nutrition. J Nutr. 2008;138:1791S-5S.

Biasucci G, Benenati B, Morelli L, Bessi E, Boechm G. Cesarean delivery
may affect the early biodiversity of intestinal bacteria. ] Nutr. 2008;
138:17965-800S.

Chirico G, Marzollo R, Cortinovis S, Fonte C, Gasparoni A. Anti-
infective properties of human milk. J Nutr. 2008;138:1801S-6S.
Gottrand F Long-chain polyunsaturated fatty acids influence the
immune system of infants. ] Nutr. 2008;138:18075-12S.

Lafeber HN, Westerbeek EAM, van den Berg A, Fetter WPE, van Elburg
RM. Nutritional factors influencing infections in preterm infants.
J Nutr. 2008;138:1813S-7S.

Boehm G, Moro, G. Structural and functional aspects of prebiotics used
in infant nutrition. ]| Nutr. 2008;138:18185-28S.

Intestinal metabolism  1833S

8002 ‘62 1snbny uo erebiap 10 ewoy Ip eusiaAiun re Bio uonunu-ul WwoJj papeojumod


http://jn.nutrition.org

