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Abstract. Renal clearance of creatinine (C,), total protein
excretion, urinary protein composition and renal clearance of
albumin (C,p,) were measured and calculated in male prema-
ture and mature infants of gestational age 2941 weeks and in
mature infants 1 and 3 months of age. Total protein excretion
decreased slightly but not significantly during maturation. The
urinary protein composition changed significantly as the frac-
tion of low molecular weight proteins decreased from 48% at
a gestational age of 29-33 weeks to 24% in mature infants
aged 3 months, the albumin fraction increased from 39%-
46% and the proportion of higher molecular weight proteins
increased from 12%-29%, respectively. C,y, decreased from
2.73-0.80 ul/min/1.73 m? in the presence of a rise in C,, result-
ing in a significant fall of the ratio C,,/C,, from 0.0137 in the
youngest prematures to 0.00147 in 3-month-old mature in-
fants.
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Introduction

The occurrence of protein in the urine of neonates and infants
has been subject to numerous reports during at least 100
years. Early findings suggested a 41%-93% incidence of pro-
teinuria in the first weeks of life [8, 11, 33]. More recent
studies [9, 19, 20, 26] have found that protein excretion in in-
fants and children aged 15 days to 16 years is in a range com-
parable to proteinuria found in adults [1]. Large variations in
urinary protein excretion in infants seem to be common on
comparing results in the literature, where values vary by sev-
eral 100% [1, 6, 18, 19, 25].

The physiological mechanism of proteinuria seems to be
well known from micropuncture studies in the rat kidney [3,
12, 13] and from clinical observations [14]. Proteins of normal
mammalian urine are thought to be mainly plasma proteins
that have been filtered at the glomerulus and subsequently es-
caped tubular reabsorption [3, 12, 13, 25]. Protein filtration
depends on the glomerular filtration rate and protein reab-
sorption on tubular transport capacity, both parameters
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changing with altering glomerulo-tubular balance during the
very carly stages of life [2, 4, 15, 16, 27, 31, 32]. In this paper
we have compared renal handling of different urinary proteins
in seven groups of male immature and mature infants with dif-
ferent gestational and conceptional age. Results indicate that
the fractional composition of urinary proteins changes signifi-
cantly.

Materials and methods

Seventy-three physiologically stable male newborn infants
with gestational ages from 29-41 weeks, and birth weights
from 11004190 g were studied after 3 days of life. The esti-
mate of gestational age (GA) was made from menstrual histo-
ry and the Dubowitz score [10]. These male infants were di-
vided into five groups of premature and mature newborns ac-
cording to their GA and into two groups of infants 1 and 3
months of age corresponding to a mean conceptional age (sum
of gestational age + postnatal age) of 44 and 56 weeks. In ad-
dition, two groups of six female mature newborns and five 3-
month-old female infants were studied. Accurately timed
urine collections were obtained from each infant by means of
an external collecting device applied over the external
genitalia in a standard fashion. Collecting periods ranged from
6-24h. Urine specimens were frozen and volumes per time
were noted. Venous blood samples were drawn on the day of
urine collection and serum was split for determination of
creatinine and protein content. Urine samples were analysed
for creatinine, total protein and protein pattern by elec-
trophoresis procedure.

The endogenous creatinine clearance (C,,) was taken as an
estimate of glomerular filtration rate (GFR). “True” crea-
tinine concentrations in blood and urine were determined by
an automized micro-method [23] after eliminating non-
creatinine chromogens. Urine was diluted 4-20 times.

Total protein in urine and diluted plasma was measured
by a micromodification of the method of Lowry et al. [24],
which showed a linear relationship over a range of 0.5-50 mg/
100ml of total protein concentration [3]. Differentiation of
proteins and quantitative measurement of albumin were per-
formed in 1.0 pl samples of unconcentrated urine and diluted
plasma (51x) utilizing micro-polyacrylamide-gel electro-
phoresis with a continuous gradient from 4%-40% [30] con-
tained in 5 ul capillary tubes. Proteins were separated accord-
ing to their molecular size by passing through a mesh of poly-
acrylamide of continuously increasing density. After staining
with FD and C Fast Green (Eastman Products), gels were



scanned quantitatively by a Joyce-Loeb]l microdensitometer
with an integrator unit. Protein standards for the electro-
phoretic method were made from appropriate dilutions of
human serum. Total protein concentration of serum standards
was determined by the Kjeldahl method [18].

Numbers in tables are given as mean values and standard
error (=£); significance was calculated applying Student’s r-

test.
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Results

Renal clearances of creatinine and albumin according to ges-
tational or postnatal age are shown in Table 1. Table 2 sum-
marized the qualitative pattern of urinary protein excretion.

Creatinine clearance

In premature male infants of 29-33 weeks of GA the mean C,
was 22.5ml/min per 1.73m? BSA. Values rose gradually with

Table 1. Creatinine clearance (C,,) and renal albumin clearance (C,p) in seven groups of infants of different gestational age or postnatal age

Age Number Ce (ml/min per 1.73 m?) Cap (W/min per 1.73 m?) Cai/Cer (%)
and sex
29-33 weeks 6 male 22.5+£12.7 273 £0.19 A 0.0137 £0.0122
(gestational)
33-35 weeks 8 male 23.0% 9.3 1.77 £0.15 0.00911 + 0.00096
(gestational)
35-37 weeks 7 male 28.5+10.7 HHE 1.28 +0.15 * 0.00369 + 0.00576 -
(gestational)
37-39 weeks 12 male 35.1+16.4 1.17 £0.114 0.00256 +0.00027
(gestational)
39-41 weeks 17 male 34.1+13.2 = 0.907 +0.081 = 0.00265 + 0.00208 =,
(gestational) :, n.s. Jn.s.
6 female 353+ 7.3 118 £0.62 0.00327 £ 0.00179
1month 11 male 3784152 | ** 0.634:0.180 | n.s. 0.00202 0.00304 | n.s.
(postnatal)
3 months 5 male 61.4+18.4 - 0.80 x=0.171 - 0.00147 + 0.00044 ~
(postnatal) ] n.s
5 female 62.0+27.0 0.856 +0.192 0.00138 + 0.00053

Results are given in means £ SEM

* P <0.0005
#* P < 0.0025
#x P < 0.005
n.s. Not significant

Table 2. Urinary protein excretion in seven groups of male infants of different gestational or postnatal age

Age Total protein excretion LMW (%) A (%) LMW/A  HMW (%)
(mg/24 h per 1.73 m?)
29-33 weeks 164+ 91 48.5+ 4.2 — 39.0x 5.7 — 1.27+£0.29 12.5% 4.5 4
(gestational) (n= 6)
33-35weeks 149 + 108 455+ 6.5 40.5+11.0 1.20£0.38 135+ 9.2
(gestational) (n= 8)
35-37 weeks 131+ 88 | ns 450+ 6.3 * 41.0x 4.3 o 1.19+£0.14 14.0x 2.9 EHE
(gestational) n=17
37-39 weeks 135+ 105 450x 6.2 415+ 9.8 1.13+£0.19 125+ 8.6
(gestational) (n=12)
39-41 weeks 118 £101 = 350+ 4.0 5 48.0x 7.0 5 0.92£0.25 16.0% 417
(gestational) (n=17)
1 month 115+ 86 n.s 31.0+ 3.0 e 490+ 6.0 n.s. 0.76+0.10 20.0% 2.1 o
(postnatal) (n=11)
3 months 98+ 67 - 24.0£11.0 - 46.0x 6.0 0.62+0.16 29.0%+13.0 —
(postnatal) (n= 5)

Proportions of low molecular weight proteins (LMW), albumin (A) and high molecular weight (HMW) protein excretion are given in per-
cent of total protein excretion

* P < 0.0005
#* P < 0.001
s P < 0.005
*EEE P <0.05
n.s. Not significant
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Fig.1a,b. Gradient gel electrophoresis pattern of urine a and plasma
b of a male mature newborn. Plasma was diluted 100 X, but urine was
unconcentrated. Migration direction is from left to right

increasing GA to approach 34.1ml/min per 1.73 m® in male
mature newborns and reached 61.4 ml/min per 1.73 m? in male
infants aged 3 months. There was no significant difference in
C.; between male and female mature newborns and 3-month-
old infants of both sexes.

Tatal protein excretion

Mean protein excretion decreased with maturation from 164
in the youngest group to 98 mg/24 h per 1.73 m? in 3-month-old
infants, but there was no significant difference between any of
the groups due to large variations (Table 2).

Urine protein composition

The composition of urinary proteins in male infants is pre-
sented in Table 2. Proteins are divided into three main groups:
albumin (A) as a reference protein, proteins with molecular
weight higher than A (HMW) and proteins with molecular
weights lower than A (LMW). In all groups of premature but
not in mature infants, LMW proteins constitute the major
fraction of urinary proteins. Differences in LMW protein
excretion are significant between the youngest premature and
mature infants and between mature newborns and infants
aged 3 months. The urinary A fraction increased from values
between 39% and 41% in premature infants to 48% in mature

newborns. Correspondingly, the mean ratio LMW/A in urine
fell from 1.27-0.92 (Table 2). Concomittantly the fraction of
HMW proteins rose from 12.5%-16% in mature infants and
to 29% in 3-month-old infants. The electrophoretic pattern of
proteins excreted in the urine of a mature infant is shown in
Fig.1a. The relative preponderance of LMW proteins in urine
is evident and is in contrast to the pattern in plasma, where
only two pre-albumin bands can be detected (Fig. 1b).

Clearance and reabsorption of A (Table 1)

There was a significant decrease of A clearance from the
youngest premature infants to mature newborns. However,
no further decrease occurred in mature infants after birth.
There were no significant sex differences in mature newborns
and older infants. The ratio Cy/C., decreased rapidly with
growing gestational age, but only slightly in mature infants
after birth. For a logarithmic scale a significant relationship
was found between C,, and C, (r=0.76 for y=0.00693—
0.001611n x).

Discussion

It is generally accepted that glomerular permeability to macro-
molecules decreases with maturation [17, 20, 22, 28, 34],
whereas tubular reabsorption capacity increases. This is re-
flected by the decreasing clearance of A with maturation. The
exponentially decreasing clearance ratio C,,/C,; (Table 1)
may indicate both increasing glomerular filtration rate during
maturation [16, 32] and decreasing excretion of A due to ris-
ing tubular protein reabsorption {29].

Clearance ratios C,/C,; found 1n this study are comparable
to experimental data in young rats, where 0.004% [13] and
0.0015% [12] were found for Cg/Ciypn- They are also com-
parable to data from Barratt et al. [5, 6], who found C/C,; of
0.0011% in neonates with a further decrease to 0.00033% in
adults.

During maturation there is a relative decrease in the LMW
protein fraction in final urine, while the HMW proteins and A
show a relative increase. This implies that either relatively
more globulins are filtered and/or less reabsorbed, or that rel-
atively less LMW proteins are filtered and/or more reab-
sorbed. Since the reabsorption mechanism seems to be the
same for all proteins [7, 12, 13], increasing plasma levels of
globulins and relatively decreasing plasma levels of LMW pro-
teins can explain only partially the change in urinary protein
spectrum [6].

The decreasing ratio of LMW/A in urine with age is in
agreement with the findings of Miltenyi in older children [26]
and those of Karlsson and Hellsing, who found a relatively
high excretion of B, microglobulin in neonates [19]. Similarly,
Barrett and Crawford found a 2.6 times higher renal clearance
of lysozyme (MW 15000) in newborns than in adults [6].

It is possible, that the variations in the pattern of protein
excretion during maturation observed by us are related to
changes of the sieving coefficients for different proteins. Siev-
ing coefficients (y) are known to change with chemical and
ultrastructural composition [17, 22, 34] and with electrical
charge of the glomerular basement membrane, endothelial
pore size and epithelial slit areas [21]. They can only be mea-
sured experimentally by micropuncture of Bowman’s capsular
space and determination of protein concentration in ultrafil-



trate. Therefore, for differentiation between increasing tubu-
lar reabsorption capacity and glomerular filtration rate during
maturation, experimental studies in immature animals suit-
able for micropuncture might be worthwhile.

References

1.

10.

11.

12.

13.

14.

15.

16.

Alt IM, Janig H, Schurek HJ, Stolte H (1979) Study of renal pro-
tein excretion in chronic pyelonephritis. Contrib Nephrol 16:37-
43 )

. Arant BS (1978) Developmental patterns of renal functional mat-

uration compared in the human neonate. J Pediatr 92:705-712

. Baldamus CA, Galaske RG, Eisenbach GM, Stolte H (1975)

Glomerular protein filtration in normal and nephritic rats: a
micropuncture study. Contrib Nephrol 1:37-49

. Barnett HL (1950) Kidney function in young infants. Pediatrics 5:

171-179

. Barratt TM, McLaine PN, Soothill JF (1970) Albumin excretion

as a measure of glomerular dysfunction in children. Arch Dis
Child 45:496-501

. Barratt TM, Crawford R (1970) Lysozyme excretion as a measure

of renal tubular dysfunction in children. Clin Sci 39:457-465

. Carone FA, Peterson DR, Oparil S, Pullman TN (1979) Renal

tubular transport and catabolism of proteins and peptides. Kidney
Int 16:271-278

. Cruse P (1877) Uber das Verhalten des Harns bei Sauglingen. Jb

Kinderheilk 11:393-432

. Davies AG, Postlethwaite RJ, Price DA, Burn JL., Houlton CA,

Fielding BA (1984) Urinary albumin excretion in school children.
Arch Dis Child 59:625-630

Dubowitz LM, Dubowitz V, Goldberg C (1970) Clinical assess-
ment of gestational age in newborn infants. J Pediatr 77:1-10
Franz T, v Reuss A (1914) Beitrage zur Kenntnis des Harns der
ersten Lebenstage. Z Kinderheilkd 11:193-229

Galaske RG, Baldamus CA, Stolte H (1978) Plasma protein
handling in the rat kidney: micropuncture experiments in the
acute heterologous phase of anti-GBM-nephritis. Pfliigers Arch
375:269-277

Galaske RG, VanLiew JB, Feld LG (1979) Filtration and reab-
sorption of endogenous low-molecular-weight protein in the rat
kidney. Kidney Int 16:394-403

Hardwicke J, Cameron JS, Harrison JF, Soothill BJF (1970) Pro-
teinuria, studied by clearances of individual macromolecules. In:
Manuel Y, Revillard JP, Betuel H (eds) Proteins in normal and
pathological urine. Karger, Basel, pp 111-152

Horster M, Kemmler BJ, Valtin H (1971) Intracortical distribu-
tion of number and volume of glomeruli during postnatal matura-
tion in the dog. J Clin Invest 50:796-800

Horster M, Valtin H (1971) Postnatal development of renal func-
tion: micropuncture and clearance studies in the dog. J Clin Invest
50:779-795

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

371

Hoyer JR, Spiro RG (1978) Studies on the rat glomerular base-
ment membrane: age-related changes in composition. Arch Bio-
chem Biophys 185:496-503

Hubbard RS, Garbitt HR (1935) The determination of protein in
cerebrospinal fluid. Am J Clin Pathol 5:433-442

Karlsson FA, Hellsing K (1976) Urinary protein excretion in early
infancy. J Pediatr 89 :89-90

Karlsson FA, Hardell LI, Hellsing K (1979) A prospective study
of urinary proteins in early infancy. Acta Paediatr Scand 68:663—
667

Kuehn KW, Ryan GB, Hein STJ, Galaske RG, Karnowsky MJ
(1977) An ultrastructural study of the mechanism of proteinuria in
rat nephrotoxic nephritis. Lab Invest 36:375-387

Larsson L, Maunsbach AB (1980) The ultrastructural develop-
ment of the glomerular filtration barrier in the rat kidney: a mor-
phometric analysis. J Ultrastruct Res 72:392-406

Liappis N (1979) Bestimmung der Kreatininkonzentration im
Serum und Harn mit dem Beckmann-Kreatinin-Analysator. Z
Kiin Padiatr 191:66-71

Lowry OH, Rosebrough NJ, Farr AC (1951) Protein measure-
ment with the Folin phenol reagent. J Biol Chem 193:265-275
Maack Th (1975) Renal handling of low molecular weight pro-
teins. Am J Med 58:57-64

Miltenyi M (1979) Urinary protein excretion in healthy children.
Clin Nephrol 12:216-221

Olbing H, Blaufox MD, Aschinberg L.C, Silkalns GJ, Bernstein J,
Spitzer A, Edelmann CM (1973) Postnatal changes in renal glo-
merular blood flow, distribution in puppies. J Clin Invest
52:2885-2895

Reeves W, Caulfield JP, Farquar MG (1978) Differentiation of
epithelial food processes and filtration slits. Lab Invest 39:90-100
Renner E, Heinecke G, Lange H (1975) Clinical value of the renal
protein clearance determination. Contrib Nephrol 1:134-142
Riichel R, Meseke S, Wolfrum DI, Neuhoff V (1973) Mikro-
elektrophorese an kontinuierlichen Polyacrylamid-Gradienten
Gelen. Hoppe-Seyler’s Z Physiol Chem 354 :1351-1368

Siegel SR, Oh W (1976) Renal function as a marker of human
fetal maturation. Acta Paediatr Scand 65:481-485

Spitzer A, Brandis M (1974) Functional and morphological mat-
uration of the superficial nephrons. J Clin Invest 53:279-287
Stransky E, Balint A (1920) Die Nierenfunktion im Siuglings-
alter. Jb Kinderheilkunde 93:350-359

Vernier RI, Birch-Anderson A (1963) Studies of the human fetal
kidney. II. Permeability changes of the developing glomerulus. J
Ultrastruc Res 8:66-88

Received March 8, 1983 / Accepted January 31, 1986



