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Material and Methods

Cord blood specimens were obtained from 20 term and 12 preterm infants who
were born in the Department of Obstetrics at Erciyes University Faculty of
Medicine from May to August. Since Specker et al'3 reported seasonal
differences in infants who were less than six months of age, we decided to
conduct our study in the summer.

Gestational ages were determined using the scoring system devised by Dubowitz
et al'4, which ranged from 26 to 35 weeks (mean * SD; 33.5 + 1.5) The mean
birth weight of the preterm group was 2221.7 + 125.2 g (range 750 to 2500 g).

Cord serum Ca and P concentrations were determined using the Encore standard
Autoanalyzer (Baker, GB), and Mg and Cu levels were measured by atomic
absorption spectrophotometry (Hitachi Z-8000)15. Vitamin D-binding protein
values were assessed by the single radial immunodiffusion technique according
to the method of Bouillon et all6,

DPB antiserum and standard were provided by Prof. Bouillon of Leuven, Belgium.
Cp levels were measured by the p-phenylenedlamme oxudase method17,

All data were expressed as a mean * SD. For statistical analyses ‘the Student's t
test and regression analysis were used.

Results

The cord serum DBP, Ca, P, Mg, Cu, Cp values of the preterm and term groups
are listed in Table I.

The serum DBP, Cp and Cu levels of the preterm group were found to be
significantly decreased, but the Ca, P, and Mg values did not differ between the
groups.

Table |: Cord Serum DBP, Ca, P, Mg, Cu and Clp lLeveIs; in
Preterm and Term Infants

Preterm Term
n 12 20
M/F 8/4 10/10 P
x + SD x + SD

DBP (mg/l) 268+ 30 ~ 30145 p<0.02
Ca (mg/dl) 10.0x06 103x0.7 p>0.05
P (mg/dl) 4613 48+ 0.7 p>0.05
Mg (mg/dl) 23+ 0.6 22+04 p>0.05
Cu (ug/dl) 375+109 498143 p<0.02
Cp (mg/dl) 14558 206+x64 p<0.01
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In the preterm infant samples, the correlation found between the serum Cu and
Cp values was n =12, r=0.674, p < 0 05, while the correlation in term mfants
was r—078 p<0001 - '

Dlscussmn

Vitamin D-binding protein is actively synthesized in fetal liver after the 10th
gestational week, and its prenatal serum level Is half that of the maternal level18, |t
has been reported that DBP concentrations are at normal adult values in cord
blood of term infants, but that preterm infants have low serum DBP
concentrations'9, a finding which has been confirmed by other investigators20,

Lichtenstein et al2! have demonstrated that starting from birth to 18 months of
age, DBP concentrations increased with age. Workers have found that formula-
fed infants have higher serum concentrations of all measured vitamin D
metabolites and DBP than breast-fed infants21, ’

Hillman et al?2 have reported that DBP values increased linearly from 29.7 + 2.5
to 40 weeks of gestational age. Auconi et al23 have reported that the mean value
of DBP serum levels steadily increases from the 32nd to the 35t week of
gestation. This pattern of increase is similar to the patterns of serum concentra-

tions of a number of proteins produced in the Iiver such as Cp, and therefore

Our data demonstrated that DBP levels of preterm babies are lower than those
observed in term babies. These results are similar to reports in the literature22.23,

In our study, we found no difference in the cord serum Ca, P and Mg levels
between the preterm and term infants, although the Cu and Cp levels were found
to be decreased in the preterm group of infants. Studies have demonstated the
same results in cord blood24, However, when compared with cord blood levels,
serum calcium concentrations were found to decrease significantly during the
first 24 hours after birth and remained low until the forth day. In addition, serum
25-OH D levels are found to decrease in preterm infants. Hillman24 has shown
that in 57 very early preterm infants studied, serum Cu concentrations remained
low for the first 9-12 weeks of postnatal life. He suggested that the ability to
increase serum Cu and Cp concentrations is a maturatnonal process, with less

mature infants having longer delays.

We examined the Cu-Cp correlation both in preterm and term infants, and found
our results to be similar to Hillman's findings24,

The concentration of copper Is significantly higher in term infants than in aduits,
and it Is believed that low copper and ceruloplasmin values in newborn infants
reflect an immaturity of the ceruloplasmin synthetic mechanism rather than

copper deficiency26,
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Both term and preterm infants begin life with low serum Cu and Cp values. Term
infants increase their copper concentration to adult levels by increasing Cp
production in mobilizing liver stores by one month of age24. Copper concentration
in the liver of preterm infants does not decrease, but total stores are limited by a
smaller liver size® 27 |f sufficient quantities of Cu are not provided in a bioavailable
form in postnatal life, a deficient state may develop in preterm infants8.

Infants of very low birth weight are at risk of developing many serious nutritional
deficiencies including Cu deficiency. Copper deficiency of premature infants
results in bone changes, neutropenia, anemia and poor weight gain. We
recommend that facilities for measurement of plasma Cu and Cp be made
available to all neonatal units, and that it should be considered as part of routine
investigations in the class of infants mentioned above. It is important that early
diagnosis is arrived at, and that treatment is administered before major clinical
features appear.

In addition to Cu, vitamin D supplementation is important for the preterm infant.
Acknowledgments o ' B
We wish to thank Prof. R. Bouillon of the Laboratorium Voor Experimentele
Geneskunda en Endocrinologie, Leuven, Belgium, for his help in prowdlng DBP
antiserum and DBP standard serum.

REFERENCES

1. Tsang RC, Light IJ, Sutherland JM, Kleinman LI. Possible pathogenetic factors in neonatal
hypocalcemia of prematurity. The role of gestation, hyperphosphatemia, hypomagnesemia,
urinary calcium loss, and parathormone responsiveness. J Pediatr 82; 423, 1973.

2. Salle BL, Glorieux FH, Delvin EE, et al. Vitamin D metabolism In preterm infants: serial serum
calcitriol values during the first four days of life. Acta Paediatr Scand 72: 203, 1983.

3. Haddad JG, Aden DP, Kowalski MA. Characterization of the human plasma binding protein for
vitamin D and its metabolites synthesized by the human hepatoma-derived cell line, Hep 3B. J Biol
Chem 258: 6850, 1983.

4. Hillman LS, Hoff N, Martin LA, Haddad JG. Serum 25-hydroxyvitamin D (26-OH D) deficiency In
premature infants. Pediatr Res 13: 475, 1979.

5. Widdowson EM. Trace elements in foetal and early postnatal development. Proc Nutr Soc 33:
275, 1974.

6. Ashkenazi A, Levin S, Djaldetti M, et al. The syndrome of neonatal copper deficlency. Pediatrics
52: 525, 1973. .

7. Sutton AM, Harvie A, Cockburn F, et al. Copper deficiency In the preterm Infant of very low birth
welght: four cases and a reference range for plasma copper. Arch Dis Child 60: 644, 1981.

8. Tyrala EE. Zinc and copper balances in preterm infants. Pediatrics 77: 513, 1986.

9. Prasad AS. Trace Elements In Human Health and Disease, Vol. 1. New York: Academic Press,
1976, pp. 37-39.



10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

229

DI Toro R, Moro C, Perrone L, et al. Postnatal dependence of plasma copper and zinc levels on
gestational age and maturity observed in infants fed a high zinc content formula. J Pediatr
Gastroenterol Nutr 4: 756, 1985.

Friel JK, Gibson RS, Peliowski A. Watts J. Serum zinc, copper, and selenium concentrations in
preterm infants receiving enteral nutrition or parenteral nutrition supplemented with zinc and
copper. J Pediatr 104: 763, 1984.

Pelegano JF, Rowe JC, Carey DE, et al. Simultaneous infusion of calcium and phosphorus in
parenteral nutrition for premature infants: use of physiologic calcium/phosphorus ratio. J Pediatr
114: 115, 1989. )

Specker BL, Tsang RC, Ho M, Buckley D. Seasonal differences in serum vitamin D binding protein
in exclusively breast-fed infants: negative relationship to sunshine exposure and 25-
hydroxyvitamin D. J Pediatr Gastroenterol Nutr 5: 290, 1986.

Dubowitz LM, Dubowitz V, Goldberg C. Clinical assessment of gestational age in the newborn
infant. J Pediatr 77: 1, 1970.
Jacob RA. Trace elements. In Tiets NW (ed). Textbook of Clinical Chemistry. Philadelphia: WB
Saunders. 1986, pp. 981-985.

Bouillon R, van Baelen H, de Moor P. The measurement of the vitamin D-binding protein in human
serum. J Clin Endocrinol Metab 45: 225, 1977.

Sunderman FW Jr, Nomoto S. Measurement of human serum ceruloplasmin by its p-
phenylenediamine oxidase activity. Clin Chem 16. 903, 1970.

Bouillon R, van Baelen H, de Moor P. 25-hydroxyvitamin D and its binding protein in maternal and
cord serum. J Clin Endocrinol Metab 45: 679, 1977.

Haddad JG, Hillman L, Rojanasathit S. Human serum binding capacity and affinity’ for 25
hydroxyergocalciferol and 25-hydroxycholecalciferol. J Clin Endocrinol Metab 43: 86, 1976.
Brown |, Sood A, Carter ND. Vitamin D binding globulin levels and affinity in various clinical
conditions. J Clin Pathol 33: 966, 1980.

Lichtenstein P, Specker BL, Tsany RC, et al. Calcium-regulating hormones and minerals from birth
to 18 months of age: a cross-sectional study. I. Effects of sex, race, age, season and diet on
vitamin D status. Pediatrics 77: 883, 1986.

Hiliman LS, Haddad JG. Serial analyses of serum vitamin D-binding protein in preterm infants from
birth to postconceptual maturity. J Clin Endocrinol Metab 56: 189, 1983.

Auconi P, Biagini R, Colarizi P, et al. Vitamin D-binding protein in the perinatal period. Eur J Pediatr
144: 228, 1985.

Hiliman LS. Serial serum copper concentrations in premature and SGA Infants during the first 3
months of life. J Pediatr 98: 305, 1981.

Hillman LS, Martin L, Fiore B. Effect of oral copper supplementation on serum copper and
ceruloplasmin concentrations in premature infants. J Pediatr 98: 311, 1981.

Lockitch G, Godolphin W, Pendray MR, et al. Serum zinc, copper, retinol-binding protein,
prealbumin, and ceruloplasmin concentrations in infants receiving intravenous zinc and copper
supplementation. J Pediatr 102: 304, 1983.

Widdowson EM, Chan H, Harrison GE, Milnar RD. Accumulation of Cu, Zn, Mn, Cr, and Co in the
human liver before birth. Biol Neonate 20: 360, 1972.






