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ABSTRACT. Longitudinal changes in selenium (Se) and 
protein concentrations and glutathione peroxidase (GSH- 
Px) activity of milk collected from healthy mothers of term 
(n = 12), preterm (n = lo), and very preterm (n = 12) 
infants were assessed. All infants were size appropriate for 
gestational age. Milk samples representative of colostrum 
(d 3), transitional (d\7), and mature milk (d 21 and 42) 
were assayed. The content of Se in the colostrum secreted 
by mothers of preterm infants was significantly greater 
than the Se content of milk secreted by the same mothers 
at d 21 and 42 of lactation. Mothers of term and very 
preterm infants, however, produced colostrum with signif- 
icantly higher levels of Se than milk produced at d 7 ( p  < 
0.05), d 21 ( p  < 0.01), or d 42 ( p  c 0.001). Significant 
differences between the protein concentrations measured 
in early lactation and in late lactation were evident in all 
maternal groups. Protein content did not differ significantly 
among groups at anytime during lactation. An age-related 
difference was detected in milk GSH-Px activities of ma- 
ture milk (d 21). Mature milk produced by mothers of very 
preterm infants on d 21 of lactation contained significantly 
greater enzyme activity ( p  < 0.05) than milk produced by 
mothers of term infants at the same stage of lactation. 
Activity of GSH-Px in milk from mothers of very preterm 
and preterm infants paralleled previously noted changes in 
long-chain polyunsaturated fatty acid content in human 
milk with the progression of lactation. Although the func- 
tion of GSH-Px in milk is unknown, results from this study 
suggest a possible role in the protection of milk lipids from 
oxidative damage. (Pediatr Res 27:32-35, 1990) 

The nutritional essentiality of Se was first recognized by 
Schwartz and Foltz (I). Further research identified se as an 
integral part of the enzyme, GSH-Px (2), which functions to 
protect cells from oxidative damage by hydrogen or lipid perox- 
ides. Although the role of Se has been studied in various human 
and animal populations (3-8), its importance in infant nutrition 
is largely unexplored. 

During the first months of life, the infant survives on milk as 
the principal source of nutrition. Nutrient requirements for term 
infants are often based on the composition of human milk and 
the average volume of milk consumed within a 24-h period (8). 
Recommendations for nutrient intakes of PT infants are estab- 
lished on the perspective of human milk as the ideal food source 
(9, 10). However, research of the nutritional requirements of 
preterm infants has indicated significant differences in the com- 
position of PT and T human milk over the course of lactation 
(9-14). 

Although the presence of both Se and GSH-Px in human milk 
from mothers of term infants has been identified and quantified 
at various stages of lactation (1 5-1 8), little is known regarding 
the presence of these species in milk from mothers of PT infants. 
Thus, the objective of this study was to determine profiles of the 
content of Se and activity of GSH-Px in milk of preterm infants 
and to compare values with those obtained from mothers deliv- 
ering T infants. In addition, we sought to determine whether 
compositional changes of Se or GSH-Px in milk from Illothers 
of PT infants were influenced by varying lengths of gestation and 
lactation. 

MATERIALS AND METHODS 

Abbreviations Milk samples were collected from 34 healthy mothers deliv- 
ering infants of size appropriate for gestational age. Subjects were 

Se, selenium divided into three experimental groups based on the duration of GSH-Px, glutathione peroxidase gestation. VPT (n = 12) were defined as gestational age of 26- 
T, term 30 wk, PT (n = 10) as 31-37 wk, and T (n = 12) as 38-40 wk. PT, preterm Gestational age of the infant was assessed based on maternal 
VPT, very preterm report and confirmation by prenatal and postnatal examination 
LCP, long-chain polyunsaturated fatty acids (19, 20). The use of human subjects in this study was reviewed 

and approved by the Institutional Review Boards of Georgetown 
University and the University of Illinois. 

All samples were collected in the Washington, DC area, stored 
Received April 11, 1989; accepted September 5 ,  1989. at -20"C, and shipped frozen on dry ice to the University of 
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Henderson Building South, University Park, PA 16802. pressed with an electric breast pump (Egnell Inc., Cary, IL) 
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milk). Colostrum samples are designated as d-3 samples in this 
report. 

Se concentration was measured by the method of McCarty et 
al. (21) using a gas chromatograph (Hewlett-Packard model 
57 10A, Avondale, PA) equipped with an electron capture detec- 
tor (model 5709A) and automatic sample injector (model 
767 IA). Bovine nonfat milk powder (National Bureau of Stand- 
ards reference material no. 1549, Gaithersburg, MD) served as 
the reference standard for assessing accuracy and reproducibility 
of the Se measurement. Mean Se concentration determined from 
analysis of this reference standard was 0.12 0.0 1 pg/g compared 
to the certified value of 0.1 1 a 0.0 1 pg/g. 

GSH-Px activity was measured using a modification of the 
coupled assay of Paglia and Valentine (22). Upon thawing at 
room temperature, samples were centrifuged (10 000 x g),  de- 
fatted via vacuum suction, and held on ice until assayed. The 
reaction mixture contained 50 mM potassium phosphate buffer, 
pH 7.0,l  mM EDTA, 1 mM NaN3,0.2 mM NADPH, 1 U/mL 
glutathione, 0.1 mM H202, and 0.1-0.2 mL unknown sample in 
a total volume of 1 mL. One unit of GSH-Px activity is defined 
as 1 pmol NADPH oxidized per min at 25°C. Blanks were 
prepared from heat denatured samples. Total protein concentra- 
tion was determined spectrophotometrically at 562 nm using the 
Pierce BCA colorimetric assay. Bovine serum albumin served as 
the reference standard for this assay. 

Repeated measures analysis of variance statistics, least signifi- 
cant difference test, and correlational statistics (23) were used in 
data evaluation. The level of probability defining statistical sig- 
nificance was 5%. 

RESULTS 

Mean values of milk Se are provided in Table 1. Although Se 
values of milk samples varied greatly between individual subjects, 
milk Se was greatest in colostrum of all groups. Levels of Se 
remained relatively stable in milk from the VPT and PT groups 
after d 3 of lactation. Results of correlational analyses showed 
that the rate of change in milk Se with time was greater for the 
T group ( r  = -0.61) than for the PT group ( r  = -0.38) or for 
the VPT group ( r  = -0.33). In both VPT and T groups, signifi- 
cant effects between day of lactation and milk Se content were 
noted. Milk from mothers of VPT infants contained significantly 
more Se in colostrum than in mature milk (d 21, p < 0.05). 
Additionally, the Se content of colostrum secreted by the mothers 
of T infants differed significantly from all other time points in 
lactation (d 7, p < 0.05; d 21, p < 0.01; d 42, p < 0.001). No 
differences were noted in Se values among groups on any collec- 
tion date. 

Changes in protein concentration of human milk samples are 
summarized in Table 2. Significant differences in protein con- 

Table 1. Se concentration in milk samplesfrom mothers of 
VPT, PT, and T infants at various stages of lactation 

fmean + SEM) 
Day of lactation 

Group*? 3 7 2 1 42 

f~mol /L)  
VPT 0.41 + 0.04 0.33 + 0.02 0.31 + 0.03 0.32 + 0.05" 
n = 1 I 12 10 9 
PT 0.40+0.07 0.34+0.03 0.32+0.02 0.29+0.04ab 
n = 5 10 9 8 
T 0.41 k0.04 0 .33 t0 .02  0.30+0.02 0 .27 t0 .02b  
n = 10 9 9 10 

* Within each group, significant effects of day of lactation were noted. 
VPT:d3>d7,21,42;p<O.O5-O.Ol .PT:d3>d21,42;p<0.05.T:  
d 3 > d 7, 2 1, 42; p < 0.05-0.00 1. 

At d 42 of lactation, means with unlike superscripts differ at p < 
0.05. 

Table 2. Total protein content in milk samplesfrom mothers of 
VPT, PT, and T infants at various stages of lactation 

(mean k SEM) 
Day of lactation 

(s/L) 
VPT 23.2 + 1.5ab 21.3 + 1.3 17.6 + 1.1 17.2 + 1.5 
n = 9 12 9 8 
PT 23.0 + 3.8" 22.5 + 3.5 17.7 + 0.8 16.6 + 1.6 
n = 7 10 9 9 
T 21.0 + 1.6b 19.5 + 1.5 17.6 + 1.6 16.5 + 1.0 
n = 9 10 9 11 

* Within each group, significant effects of day of lactation were noted. 
VPT:d3>21,42;p<O.Ol;d7>21,42;p<O.O5.PT:d3>21>42; 
p < 0.05; d 7 > 21; p < 0.05. T: d 3 > d 42; p < 0.05. 

Table 3. Glutathione peroxidase activity in milk samples from 
mothers of VPT, PT, and T infants at various stages of lactation 

fmean + SEMl 
Day of lactation 

Group* 3 7 2 1 42 

VPT 29.7 + 12 36.8 + 5.0 39.2 + 5.0" 35.4 + 3.0 
n = 5 10 10 7 
PT 39.7 + 16 28.8 f 8.4 30.1 + 5.2ab 33.2 + 8.7 
n = 4 6 8 6 
T 28.2 + 4.1 28.2 + 4.4 22.9 f 2.7b 29.5 & 5.5 
n = 9 6 9 10 

* At d 2 1 of lactation, means with unlike superscript differ at p < 0.0 1. 

centration with the progression of lactation were noted for all 
groups. 

The values for GSH-Px in the milk produced by the three 
groups of women are shown in Table 3. Activity of GSH-Px 
remained relatively stable throughout lactation in milk secreted 
by mothers of T infants, whereas enzyme activities measured in 
the VPT and PT samples appeared to stabilize after d 3 of 
lactation. Despite the apparent differences between GSH-Px 
activity measured in the colostrum and in the transitional milk 
produced by mothers of VPT and PT infants, no effect of the 
day of lactation was significant in VPT, PT, or T groups. Age- 
related effects, however, were noted in mature milk (d 21). 
Mature milk produced on d 21 by mothers of VPT infants 
possessed significantly more activity of GSH-Px ( p  < 0.05) than 
the milk produced by mothers of T infants. 

DISCUSSION 

The results of this study show parallel compositional changes 
in the Se content of milk from mothers of VPT, PT, and T 
infants throughout the first 6 wk of lactation. The requirement 
of Se by the VPT and PT population is unknown and the clinical 
implications of Se supplementation in the VPT and PT infant 
remain to be demonstrated. Yet, despite decreased nutrient stores 
and increased nutrient requirements imposed by catch-up growth 
and/or existing illness commonly associated with premature 
birth, premature infants often receive total parenteral nutrition 
devoid of Se or formula containing only 25% of the Se (17) 
provided by the same volume of milk from mothers of VPT and 
PT infants reported in this study. 

The activity of GSH-Px throughout lactation in milk from 
mothers of VPT and PT infants has not been previously reported. 
Changes in GSH-Px activity from colostrum to transitional milk 
of mothers of VPT and PT infants were different than the pattern 
of stable activity of milk GSH-Px apparent in milk of mothers 
of T infants. Differences in enzyme activities among VPT, PT, 
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and T groups at d 2 1 of lactation may perhaps be physiologically 
explained by maturation of the mammary gland. Although the 
activity of GSH-Px in milk produced by mothers of VPT infants 
at d 7 appears elevated as compared with the enzyme activity 
found in milk of the PT and T groups by d 21, these apparent 
differences persist and become statistically significant. 

The presence of GSH-Px in milk of many species [i.e. human, 
cow, goat (24), and rat (25)J suggests a functional significance of 
the enzyme to events occurring in the mammary gland, and/or 
to the postpartum development of the neonate. In other tissues 
GSH-Px functions to protect lipids from oxidative damage (26). 
High levels of LCP are associated with the membrane of the 
human milk fat globule. Comparison of these data with profiles 
of lipid expressed in human milk suggests a possible association 
between the activity of GSH-Px and the long-chain polyunsatu- 
rated lipid content of human milk. A positive correlation between 
the concentration of milk LCP and the degree of prematurity of 
the infant has been reported (14). A similar trend was noted in 
the GSH-Px activity profiles of VPT, PT, and T groups reported 
in this study. The activity of GSH-Px at all stages of lactation 
was greatest in milk from mothers of PT and VPT infants and 
lowest in milk from mothers of T infants. Although lipid com- 
position data are not available for the milk samples of this study, 
the lipid profiles reported by Bitman et al. (14) are derived from 
a similar population in the Washington, DC area using identical 
sample collection methods and processing techniques. 

The elevation in milk GSH-Px activity at a similar time in 
which the concentration of LCP is highest in VPT and PT milk 
suggests that the enzyme may have an associated or complemen- 
tary role with fatty acids in milk secretion and/or the nutrition 
of the infant. Thus, the pattern of milk GSH-Px activity may be 
a direct result of the quantity or type of lipid present in human 
milk at specific points of lactation. In further support of this 
association, vegetarian women who delivered term infants se- 
creted milk with a greater content of linoleic acid and activity of 
GSH-Px than did nonvegetarian women (27). A major compo- 
nent of the bovine milk fat globule membrane is the enzyme, 
xanthine oxidase, which is believed to function in milk fat 
secretion by peroxidizing membrane-associated lipids, thus af- 
fecting the fluidity of the milk fat globule (28). The human milk 
fat globule membrane has a very low level of xanthine oxidase 
but is very fluid due to the characteristically high LCP content. 
It is possible that GSH-Px may play an antioxidant role in 
protection of the structure of the human milk fat globule mem- 
brane. 

The implications of this study are 2-fold. First, although levels 
of Se are very similar between milk secreted by mothers of VPT, 
PT, and T infants throughout lactation, the discrepancy between 
the levels of Se provided by current nutrition approaches and 
that provided by human milk is substantial. VPT and PT infants 
fed parenterally receive no Se supplementation, whereas pediatric 
enteral formulas contain only one-fourth of the Se per unit 
volume as compared to human milk. 

Evidence of Se deficiency in the preterm population has re- 
cently been reported (29). Baseline levels of plasma Se and GSH- 
Px activity were significantly lower in low birth wt infants than 
in full-term infants. Furthermore, marked declines in the levels 
of plasma Se accompanied by a reduction in plasma GSH-Px 
activity were observed in low birth wt infants maintained on 
parenteral formula. Changes in plasma Se levels of healthy, full- 
term infants fed either human milk or commercial formula have 
been examined (17, 30). Plasma Se values in infants fed human 
milk are significantly higher than those fed commercial formula 
and in some formula-fed infants low plasma Se values are 
associated with reduced plasma activity of GSH-Px. Although 
the clinical significance of these findings is unknown, it is appar- 
ent that gestational length and method of feeding directly impact 
on infant Se status. 

An association between low levels of blood Se and exacerba- 

tions of bronchopulmonary dysplasia has been proposed in an 
infant supported on prolonged parenteral nutrition (3 1). The late 
gestational maturation of the antioxidant enzyme system is a 
normal aspect of fetal lung development in experimental animals 
(32-35). Animal data show that increases in antioxidant enzyme 
response of the neonate parallel increases in levels of environ- 
mental oxygen (33). GSH-Px is an integral component of the 
antioxidant defense of lung tissue. Although measurable amounts 
of the non-Se-dependent forms of the peroxidase enzyme exist 
in other tissues, lung tissue contains principally the Se-dependent 
form of GSH-Px (36). Failure to provide adequate levels of Se 
during early life may stunt the maturation of the antioxidant 
enzyme system and may ultimately contribute to prolonged 
complications associated with bronchopulmonary dysplasia. 

GSH-Px activity is present in the milk of mothers of VPT and 
PT infants. Comparison of enzyme profiles reported in this study 
with data on LCP in human milk reported elsewhere point to a 
possible physiologic role of the enzyme in human milk. Further 
studies are needed to examine this association. 
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Announcements 
Call for Abstracts 

The Society for Behavioral Pediatrics will conduct its 8th Annual Scientific Meeting on September 16-17, 
1990 at the Westin Hotel in Denver, CO. We invite you to submit abstracts of research papers for consideration 
for presentation at the scientific sessions. ABSTRACTS MUST BE RECEIVED BY MARCH 1, 1990. For 
further information and abstract forms, please contact: Ms. Noreen Spota, SBP Business Administrator, 24 1 East 
Gravers Lane, Philadelphia, PA 19 1 18, (2 15) 248-9 168. 

Special Program in Nutrition for a Healthy Heart 
Developed for Grade School Children and Their Parents 

The J. David Gladstone Foundation of the University of California, San Francisco, has developed a heart 
healthy nutrition education curriculum for third grade students and their parents. This curriculum, called the 
Special Program in Nutrition (SPIN), consists of two manuals and a cookbook collection of low fat, low 
cholesterol recipes. The manuals contain an in-service program for teachers, 27 lessons for third grade students, 
seven lessons for fourth grade students, and a parent's program with ten planned meetings. 

The cost of the complete set is $35.00; the two-volume curriculum and the cookbook may be purchased 
separately for $30.00 and $10.00, respectively. Add 6.5% California sales tax where applicable. For further 
information contact: The Gladstone Foundation Laboratories, 2550 23rd Street, P.O. Box 40608, San Francisco, 
CA 94140, (41 5) 826-7500. 

Third Congress on Trace Elements in Medicine and Biology 
The French Society for Study and Research on Essential Trace Elements will hold its Third Congress on Trace 

Elements in Medicine and Biology at Les Deux Alpes, France, January 15-1 8, 199 1. For additional information 
contract: Arlette Alcaraz, Laboratoire de Biochimie C-CHRU de Grenoble, BP 2 17 X, 38043 Grenoble CEDEX. 
Telephone: 76.42.8 1.2 1, extension 4465. 

1990 ANNUAL MEETINGS 
The American Pediatric Society, The Society for Pediatric Research and The Ambulatory Pediatric Association 

will meet May 7-1 1, 1990; Anaheim Hilton & Towers and Convention Center, Anaheim, CA. 
Contact: APS or SPR: Association Headquarters, 2650 Yale Blvd., S.E., Suite 104, Albuquerque, NM 87106, 

(505) 764-9099 or 0068. APA: Ambulatory Pediatric Association, 6728 Old McLean Village, McLean, VA 2210 1, 
(703) 556-9222. 

FASEB Summer Conference on Physiology and Pathophysiology of the Splanchnic 
Circulation 

The FASEB Summer Research Conference, "Physiology andd Pathophysiology of the Splanchnic Circulation," 
will be held at Copper Mountain, CO on July 22-27, 1990. For further information contact The Federation of 
American Societies for Experimental Biology, Splanchnic Circulation Conference, 9650 Rockville Pike, Bethesda, 
MD 208 14. 
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