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Macromolecular Absorption in Preterm and Term Infants
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Human o-lactalbumin (a-LA) has been used as a marker for measuring macromolecular
absorption. The serum cencentration of human a-LA after a human milk feed has been
studied in 32 healthy very low birthweight infants (VLBW), fed human milk (gestational age
26-32 weeks) and in 56 term, breast-fed infants, age 3-140 days. At 31 weeks of gestation the
serun concentration of human a-LA was more than 10 times higher (mean value 3000 and
median value 2 101 pg/l serumyl human mitk/kg body weight, n=11} than in the term infants
aged 3-30 days (mean value 257 and medjan value 132, n=29), The serum concentration of a-
LA decreased with increasing maturity in the VLBW-infants. At a postconceptional age of 37
weeks the values were similar {mean value 200 and median value 99, #=8) te those found for
term infants during the first menth. In the term infants a decreasing absorption of o-LA was
found with increasing postmatal age. Key words: macromolecular absorption, human -
lactalbumin, preterm infants, infancy.

The transmission of macromolécules across the gut epithelium in different mammals is a
well-known phenomenon (1). In experimental animals a period of macromolecular perme-
ability is seen during the neonatal period. This is followed by a considerably reduced
transmission (1, 2), which has been called “*gut closure’ and is considered to represent
intestinal maturation, affecting the mucosat barrier (1, 3}.

Clinical studies in man have shown that the intestine of newborn infants, especially of
preterm infants, may have a higher capacity for absorption of macromolecules compared
to the mature aduit intestine (4-6).

Several methods have been used to study macromolecular permeability in man. Marker
proteins such as bovine serum albumin, ovaibumin and cow’s milk proteins have been
used (4, 7, 8). When serum concentrations of heterologous proteins are measured, local
intestinal and systemic immune responses must be considered. Nonmetabolized com-
pounds, such as PEG (polyethylene glycol) molecules have also been used as markers, but
have been shown to be absorbed by the gut by different mechanisms when compared to
food proteins (9).

We have developed a competitive radioimmunoassay method for analysis of human' a-
lactalbumin {¢-1LA} in serum samples (10}, in relation to intake of a human milk test meal.
By using a human protein as a marker, local intestinal and systemic immune responses can
be avoided.

In the present study we report data on the absorption of human a-LA in VLBW-infants
during postnatal development and in term breast-fed infants at different ages. Moreover,
the transfer of the protein from mother to infant through the placental barrier has been
investigated.
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PATIENTS AND METHODS

Blood samples were collected from a catheter in the umbilical vein in 82 VEBW-infants (birthweight
<1500 g, gestational age 24-33 weeks} immediately after birth, before oral feeding with human milk
was started. All the infants were approprate for gestational age. As a routine all infants with a
birthweight <1500 g received an umbilical vein catheter. During the first days of life all infants
received intravenous glucose in addition to breast-milk. Of the 82 infants, 32 (gestational age 26-32
weeks) were recruited to z study when they were able to take an oral volume of 170 ml human milk
per kg per day, and when intravencus therapy was terminated. They had no physical abnormalities or j
obvious disease. L
Trom the 32 VL.BW-infants a total of 90 venous blood samples (0.5 ml} were collected (2.5 hours
after a human milk feed) bi-weekly until term age was reached. Four infants dropped out. because of
feeding problems, suspected necrotizing enterocolitis, hypercalcemia or pneumonia which required
respiratory assistance.
Umbilical cord samples were obtained from 9 term infants. Blood samples were further obtained at
different ages (3-30 days, 31-60 days, 61-140 days), from 56 term: breast-fed infants (1-2 hours after a
human milk feed). Serum samples were stored at —20°C until analyzed.
Ten ml samples of human milk were collected from the daily milk given to the VLBW-infuants.
Forty-four out of 93 milk samples were fortified with human mitk protein (113}, The milk samples were
stored at —20°C until analyzed.
Sixty-one 8-hour urine samples were collected into plastic bags on the same days as the serum
samples were taken. The urine samples were frozen at —20°C until analyzed.
A competilive radioimmunoassay was used for analysis of a-LA in the serum and urine samples (10).
The concentration of ¢-LA in human milk was determined by electroimmunoassay (12) in § % agarose
with 3% polyethylene ghycol (MW.6000). A barbital-sodium-barbital buffer pH 8.6 containing 0.002 M |
catcium lactate was used. The antibody concentraticn in the gel was 1-2.5%.
Statistics. The relationship between the degree of maturity and content of «-LA In serum was
tested by Spearman’s rank order correlation coefficient (rg).
The study was approved by the Ethics Committee, University of Lund, Sweden.

RESULTS

pis a The mean concentration of a-LA in serum from the umbilical vein, in the 82 VLBW-
rme- infants (32 pg/l. range 5-260) was simitar to that found in 9 cord blood samples from term
uced infants (mean value 35 pg/, range 22-72 pg/). 3
ssent The mean and median concentrations of a-LA in serum {expressed as ug/ serum/l f
human milk/kg body weight) was highest in the most immarure infants and decreased with I
by of increasing maturity (Fig. 1). The relationship between serum «-LA level and the postcon- !
yared ceptional age was statistically significant (r,=—0.69, p<<0.001). At 31 weeks of gestation }
|
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the serum concentration was more than 10 times higher (mean value 3000, median value
arker 2101) than in term infants aged 3-30 days (mean value 257, median value 152). When the
been serlm concentration of a-L.A was expressed in relation o the amount of e-LA given (ug/l
local serum/g a-LA/kg body weight) (Fig. 2), there was also a significant relationship beiween
COIm- maturity and concentration of a-L.A in the serum (r,=—0.64, p<<0.001). |‘
;, but Human a-LA could also be detected in the urine from the VLBW-infants and the highest I
ed to values were found in samples from the most immature infants (Fig. 3) {r,=—0.42, p<<0.01). /
Fig. 4 shows that absorption of a-LA aiso is found in term infants, and that the serum
an a- concentration decreases with increasing posinatal age.

neal.

s can |
DISCUSSION
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With the radioimmunoassay technique immunogenically active a-1A is measured. Thus it
might be possible that even small fractions of the molecule are analyzed. To make sure '}
been that serum content of the whole molecule a-LA (MW==14 000} is measured, a gel filtration |
was done (13) comparing purified a-LA with infant’s serum (known to contain a-LA). ‘
|
|
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Peak concentration of a-L.A occurred in the same fractions, i.e. at the same motecular
weight in both purified o-LA and in infant’s serum.

The results of this study demonstrate that VI.BW-infants given equal volumes of human
milk have considerably higher serum concentrations of e-LA at 30-31 weeks postconcep-
tional age than term infants during the first month of life. The serum concentrations of a-
LA in the VLBW-infants at 37 weeks are similar to those found in term breast-fed infants
aged 3-30 days. Thus, in both VLBW-infants and in term infants the sentm concentrations
of a-LLA decrease with increasing postnatal age.

The most immature ¥ LBW-infants have the highest values of a-LA in urine, indicating a
high clearance of the protein from the blood. With advancing maturity the urinary
concentrations became successively lower, i.e. the same pattern as was found in serum.

The small concentration of a-LA in the umbilical vein samples are most likely of
maternal origin. Serum from pregnant women has been found to contain high levels of a-
LA (10). These observations suggest that the protein can pass the placental barrier to some
extent.

Ve ' The amount of a-LA found in blood is the result of several factors, such as the
gastrointestinal motility, the proteolytic capacity of the gut, the transfer of the protein
—_ ‘ from the gut lumen to the blood, the excretion or the clearance rate via the kidneys and
: possibly also via the gut.
In the preterm infant the gastrointestinal motility has been found to be low (14}. The
5 : protein digestion in the gut lumen and in the epithelial brush border may be less efficient
: since peptic and duodenal entero-peptidase activities are low and increase with gestation ;
during the last trimester of pregnancy (15, 16}. The activity of trypsin seems to be rather i
tional age (weeks) i well developed even in preterm infants (17}, but low concentrations of cathodal elastase g
have been found in the duodenal juice in early infancy (18). In vitro studies have shown i
that the rate of hydrolysis of various bovine whey proteins by human cathodal elastase \
exceed that of human anodal or cathodal trypsin (19). The low concentration of cathodal |
i clastase in early infancy can be a factor that contributes to the high degree of macromo-
5 fecular absorption especially in the preterm infants, but may atso affect the term infants for !
some time after birth. ‘
The membranous epithelial M-cells seem to be specially adapted to antigen transport o
the underlying gut-associated lymphoid tissue {GALT). The lymphocytes in the GALT are ‘
(or may be} precursors of the IgA-producing plasma cells (20). The differentiation of the
cells in this system could be immature in preterm infants resulting in decreased synthesis |
of IgA on the cell surface. Patients with secretory IgA-deficiency have an increased !
incidence of circulating antibodies to food antigens, suggesting an increased permeability !
of the intestine (7).
These facts, together with the finding that the concentration of serum a-LA is retated to
a feeding episode (10), indicate that the high o-LA serum concentration in VLBW-infants
is a result of a high degree of macromolecular absorption from the immature gut.
Studies on gut permeability in various mammals have shown an increased absorption of
macromolecutes during the perinatal period (1). The absorption of bovine S-lactoglobulin !

36 a8 40
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Fig. 1. Concentration of human a-lactalbumin in serum, related o the amount of human miik given
per meal, in 32 VLBW-infants in relation to postconceptional age. , mean; - - - -, median.
Fig. 2. Concentration of human a-lactalbumin in serum, related to the amount of a-lactalbumin given |

The material on this page was copied from the col

» per meal, in 30 VLBW-infants in relation to postconceptional age. , mean; - - - -, median. |
4 Fig. 3. Concentration of human a-lactalbumin in 61 urine samples (pg/), collected during 8 hours,

from 32 VLBW-infants in relation to postconceptional age. . mean; - - - -, median. ‘

17140 days Fig. 4. Concentration of human a-lactalbumin in serum {ug/l serum/l human milk/kg body weight) in ]
8 {14) $6 term breast-fed infants of different ages. , mean; - - - -, median. '
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is significantly higher in preterm infants when compared to that found in term infants (4).
These results are in agreement with the high serum concentration of human a-LA in the
youngest VLBW-infants in our study. Other studies on preterm infants give evidence of
increased gut permeability to bovine serum albumin (5) and to carbohydrates (21).

Our resuits indicate that significant absorption of a-LA occurs also in term infants. This
agrees with the findings by Eastham et al. (6) who observed high concentrations of serum
antibodies to food antigens during the first three months of life.

From a physiological point of view, it is tempting to speculate that the increased
absorption of macromolecules in the neonates is a physiclogical phenomenon. A recent
study by David et al. (22) done in preterm infants shows no relation between atopic
eczema and preterm birth. Studies on animals indicate that it is easier to induce immune
tolerance in younger animals given dietary antigen from birth, and in offspring to mothers
fed protein antigen before delivery and during the suckling period (23, 24). In contrast,
Strobel & Ferguson (25) postulate that after an antigen feed neonatally, immunological and
digestive immaturity prevents the induction of oral tolerance.

Nevertheless, it is important to study the undertying mechanisms responsible for the
induction of immunity, since disturbances in this system may be related to a variety of
pathological conditions such as hypersensitivity, food enteropathies and autoimmune
conditions.

In conclusion, this study gives evidence of a considerable absorption of macromolecules
in VLBW-infants. The consequences of this cannot be predicted, and further studies
related to this observation seem warranted considering the increasing use of artificial
formulas for feeding VLBW-infants.

ACKNOWLEDGEMENTS

The work was supported in part by grants from the Albert Pahison Foundation, The Medical Faculty,
University of Lund, The Medical Research Council of the Swedish Life Insurance Companies.

REFERENCES

1. Walker WA . Intestinal transport of macromolecules. In: johnson, ed. Physiclogy of the gastroin-
testinal tract. New York: Raven Press, 1981: 1271-89.

2. Westrom BR, Svendsen J, Ohlsson BG et al. Intestinal transmission of macromoiecules (BSA and
FITC labelled dextrans) in the neonatal pig. Influence of age of piglet and molecular weight of
markers. Biol Neonate 1984; 46: 20-26.

3. Stern M, Pang KY, Walker WA. Food proteias and gut mucosal barrier. II. Differential interac-
tion of cow's milk proteins with the mucous coat and the surface membrane of adult and
immature rat jejunum. Pediatr Res 1984; 18: 1252-57.

4. Roberton DM, Paganelti R, Dinwiddie R et al. Mitk antigen absorption in the preterm and term
neonate. Arch Dis Child 1982; 57: 369-72.

5. Rothberg RM. Immunoglobulin and specific antibody synthesis during the first weeks of life of
premature infants, J Pediatr 1969; 75: 391-99.

6. Eastham E, Lichanco T, Grady MI et al. Antigenicity of infant formulas: Role of immature
intestine on protein permeability. J Pediatr 1978; 93: 561-64.

7. Cuzningham-Rundles C, Brandeis WE, Good RA et al. Bovine antigens and the formation. of
circulating immunocomplexes in selective immunoglobulin A deficiency. J Clin Invest 1979; 64
272-79.

8. Dannaeus A. Inganis M, Johanson SGO et al. Intestinal uptake of ovalbumin in malabsorption
and food allergy in relation to serum IgG antibody and orally administered sodium cromoglycate.
Clin Ailergy 1979; 9: 263-70. .

9. Westrom B, Svendsen I, Tagesson C. Intestinal permeability to polyethylene glycol 600 in
relation to macromoiecular ““closure’™ in the neonatal pig. Gut 1984; 25: 520-25.

10. Jakobsson I, Lindberg T, Lothe L et al. Human a-lactalbumin as a marker of macromaolecular
absorption, Gut 1986; 27: 1029-34.

Acta Paediatr Scan

1.

ht law

Hylmo P, P¢
Its use in fe
banking. Ne

Y

S. Copyri

12. Laurell CB., .
3. Andersson € 5

22, David TI, Ex
3. Pathirana C,

. Werner B, F

. Jakobsson I,

. Walker AW,
. Beach R, M

. Telemo E, %

. Strobel S, Fe

the proteinf >

. McLain CR, 5

Am J Obstet

1948 33, Suyj

protecte

. Antonowicz g

ridase activil £
)

. Zoppi G, An @

term neonatt

. Borulf S, Li §

disorders. Pe

rypsins and

neonate. Arg

exposure to
the offspring

pTiming is re

Submitted May )

(I. A.) Departme
University of Lu
Malmé General
$-214 01 Malmé

Sweden

The material on this page was copied from the coliection of the National Library of Medicine by a third party a




Acta Paediatr Scand 78

arm infants (4).
an a-LA in the
ve evidence of
tes {21).

m infants. This
itions of serum

the increased
:non. A recent
yetween atopic
nduce immune
1ing to mothers
b. In contrast,
wnological and

onsible for the
to a variety of
d autoimmune

1acromolecules
further studies
ise of artificial

Madical Faculty,
Zompanies.

¢ of the gastroin-

ecules (BSA and
ecular weight of

Terential interac-
ne of adult and

reterm and term
weeks of life of
ole of immature

the formation of
Invest 1979; 64:

in malabsorption
m cromoglycate.

e glycol 600 in

macromolecular

Acta Paediatr Scand 78

11.

15.

16.

17.

22.
23,

24,

25.

Macromolecular absorption

537

Hylmé P, Polberger S, Axelsson I et at, Preparation of fat and protein from banked human milk:
Its use in feeding very-low-birth-weight irfants. In: Williams AF, Baum JD, eds. Human milk
banking. Nestlé Nutrition Workshops Series. New York: Raven Press 1984, 5: 55-61.

. Laurell CB. Electroimmunoassay. Scand J Clin Lab Invest 1972; 29, Suppl 124: 21-37.
. Andersson C, Jakobsson I Human a-lactalbumin in infant serum has the same molecular size as

the protein purified from human milk. Acta Paediatr Scand 1989; 78: 629-30.

. McLain CR, Captain JR. Amniograhy studies of the gastrointestinal motility of the human fetus,

Am J Obstet Gynecot 1963; 86: 1079-87,

Werner B. Peptic and tryptic capacity of the digestive glands in newborns. Acta Paediatr Scand
1948; 35, Suappl 6: 1-80.

Antonowicz I, Lebenthal E. Developmental pattern of small intestinal enterokinase and disaccha-
rdase activities in the human fetus. Gastroenterotogy 1977; 72: 1299-3063.

Zoppi G, Andreotti G, Panjo-Ferrara F et al. Exocrine pancreas function in premature and full
term neonates. Pediatr Res 1972; 6: 880-86.

. Borulf S, Lindberg T. Cathodal elastase in duodenal juice from chiidren with gastrointestinal

disorders. Pediatr Res 1981; £5: 1051-534.

. Jakobsson [, Borulf S, Lindberg T et al. Partial hydrolysis of cow’s milk proteins by human

trypsins and elastase. J Pediatr Gastroenterol Nutr 1983; 2: 613-16.

. Walker AW, Isselbacher KJ. Intestinal antibodies. N Engl J Med 1977; 297: 767-73.
. Beach R, Menzies IS, Calyden GS et al. Gastrointestinal permeability changes in the preterm

neonate. Arch Dis Child 1982; 57: 14145,

David TJ, Ewing CI. Atopic eczema and preterm birth. Arch Dis Child 1988; 63: 435-36.
Pathirana C, Goulding NJ, Gibney MIJ et al. Immune 1olerance produced by pre- and postnatal
exposure to dietary antigens. Int Arch Allergy Appl Immunol 1981; 66: 114--18.

Telemo E, Jakobsson [, Westrom BR et al. Maternal dietary antigens and the immune response of
the offspring in the guinea pig. Immunology 1987; 62: 35-38.

Strobel S, Ferguson A. Immune responses to fed protein antigen in mice. 3. Systemic tolerance or
priming is related to age at which antigen is first encountered. Pediatr Res [984; 18: 588-94.

Submitted May 19, 1988. Accepted Dec. 22, 1988

(1. A.) Department of Pediatrics
University of Lund

Malmé General Hospital

5-214 (1 Malmo

Sweden

H
1

The materiat on this page was copied from the collection of the Naticnal Library of Medicine by a third party and may be protected by U.S. Copyright law.




