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Abstract

The pattern of urinary proteins in healthy full-term neonates was examined by sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE), coupled with determination of few parameters related to urinary protein excretion.

Twenty hedlthy full-term neonates were included in the investigation. Five urine samples from each subject were collected on days 3, 7,
14, 21 and 28 &fter birth. Determination of total proteins was performed using turbidimetric method with sulfosdicylic acid. Urinary creati-
nine concentration was determined by Jaffe method. Urinary proteins were separated by horizontal gradient SDS-PAGE according to Garg.

The highest values for total urinary proteins and for protein/creatinine ratio were detected in urine samples excreted on days 3 and 7
after birth. Three types of SDS-PAG electrophoretic profiles were observed. The first type of electrophoretic profile was characterized by
the presence of proteins of mixed glomerular and tubular origin with molecular weights from 10 to 160 kDa. Typical for the second type
of electrophoretic profile was the presence of two faint fractions with molecular weights of 78 and 90 kDa and several intensive low
molecular weight fractions (14-67 kDa). In the third type of electrophoretic profile only low molecular weight proteins (10-67 kDa) were
detected in al five urine samples. These findings express the transitory immaturity of the glomerular filter and tubular protein reabsorbing

system of the newborn kidney. Apparently, the tubular protein handling normaizes later than the glomerular filtration of proteins.
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Introduction

It has been clearly demonstrated that the rend cells are
not fully differentiated at birth and that many of the differ-
ences in rena function seen between infants and adults
should be attributed to immaturity (1). Thisrena immaturity
does not seem to carry any risk in healthy full-term infants
fed an appropriate diet, but can represent amgjor risk in Sit-
uation of disease, ingppropriate fluid and electrolyte losses,
and exogenous pharmacologic stress (2).

Renal insufficiency and renal failure of newbornsin an
intengive care unit isavery common problem. It was reported
that between 8 and 24 % of neonatesin specid care wards ex-
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periencerena failure (3). Acuterenal failureisarecognized
complication of birth asphyxiaand may result in permanent
renal damage in up to 40 % of survivors (4).

Taking all these facts into account it is obvious that
evaluation of renal glomerular and tubular functional and
structural integrity in neonatesis of great importance. For
this purposein clinical practice the investigation of a bat-
tery of biochemical parametersis frequently undertaken.

Measuring of serum concentration of creatinine, as
well as cistatin C is frequently used as a parameters for
evaluation of glomerular function (5). A more precise
assessment of the functional capacity of the kidney is
made by measuring glomerular filtration rate (GFR), but
this procedure is expensive, time consuming and invasive
because puncture of peripheral vein isnecessary to obtain
several blood samples (6,7).
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It is generally recognized that urine, as amedium, isa
source of great number of diagnostic information. Determi-
nation of concentration of total urinary proteins, aswell as
measuring of concentration of different urinary proteins
has been used to monitor kidney and urinary tract disease
for more than 150 years. The determination of total urinary
protein does not differentiate between glomerular and tubular
proteinuria. It has been demonstrated that different urinary
proteins carry different diagnostic information (8). So, uri-
nary concentration of high-molecular proteins, especially
albumin and immunoglobulin G, are the best markers for
assessment of glomerular function. Determination of uri-
nary concentration of low-molecular weight proteins, such
as o,-microglobulin, B,-microglobulin and retinol binding
protein (RBP) is recommended as potential markers for
evaluating function of renal proximal tubules (9). Measuring
of fractionary excretion of urinary sodium is used for
investigation the functional reabsorption capacity of the
distal segment of the nephron. Of al urinary enzymes, the
brush-border membrane enzyme leucine-aminopeptidase
(LAP) and the lysosomal N-acethyl-B-D-glucosaminidase
(NAG) were recommended as markers for investigation of
the structurd integrity of renal proxima tubules (10).

In the recent years the accent is put on separation of
urinary proteins using high resolution electrophoretic
techniques, such as sodium dodecyl sulfate-polyacry-
lamide gel electrophoresis (SDS-PAGE), capillary elec-
trophoresis and 2D-electrophoresis (11).

The results from great number of studies have shown
that SDS-PAGE isamethod of choice for detection of early
rend lesions (12). It is also very attractive method, because
of its non-invasive nature, relatively low price and accuracy.

In the present work the patterns of urinary proteinsin
healthy full-term infants during the first month of lifewere
investigated by SDS-PAGE, coupled with determination
of few parameters related to urinary protein excretion.

The purpose of this examination is to evaluate SDS-
PAGE profiles characteristic for healthy newborn infants;
thisis the basis for further evaluation of SDS-PAGE in
assessment of glomerular and tubular function in conditions
in which rena function might be affected (such as hypoxic
ischemic encephal opathy, sepsis, nephrotoxic agents etc.).

Experimental

The present investigation was conducted on 20 healthy
full-term neonates with gestational ages ranging from 36
to 41 weeks (mean 38.2 + 1.10 weeks).

Urinary samples excreted on day 3,7,14,21 and 28 after
birth were used for all examinations. Collection of urine
samples was made by using a collection bag placed over the
infants’ external genitals. All samples were taken promptly
to the laboratory and centrifuged on 3000 rpm for 15 minutes.

Total urinary proteins were determined by the Meule-
man's method, using sulfosalicylic acid (13). Urinary cre-
atinine concentration was determined by Jaffe method (14).
Proteine/creatinine ratio (P/C) was calculated by dividing
the total urinary protein concentration with urinary con-
centration of creatinine.

Separation of urinary proteins was performed by hori-
zontal ultrathin pore gradient-dodecyl sulfate electro-
phoresis according to Gorg et a. (15). Urinary sampleswere
neither diluted nor concentrated; 0.9 ml urine with 0.1 ml
samplebuffer (1.5M TrigHCI, 10% SDS, pH 8.8) wasincubat-
ed for 3minutesin boiling water. SDS-polyacrylamide gra-
dient gels (4-22 %) were prepared by standard procedurein
dimensions 195 x 250 x 0.5 mm. SDS-PAGE worked at 5°C
for 2 hours on Multiphor 11 Unit, LKB (Brown, Sweden).
Pharmacia LKB low-molecular weight calibration proteins
were used for determination of molecular mass of separated
protein fractions. Gelswere stained with Coomassie Blue R-
250 and prepared in stable preparations.

Results and discussion

Results regarding the concentration of total urinary
proteins and P/C ratio in healthy full-term neonates on
days 3,7,14,21 and 28 of life are presented in Table 1.

The highest valuesfor total urinary proteinsin healthy
full-term neonates were detected in urinary samples
excreted on days 3 and 7 after birth with upper value of
405 mg/L and lowest values in samples excreted on days
21 and 28 of life with range between 10-50 mg/L.

The highest detected value for P/C ratio was detected
inurinary samples excreted on day 3 of life (480 mg/g cre-

Table 1. Data (arithmetic mean and range) for total urinary proteins and P/C ratio on days 3,7,14,21 and 28 after hirth

in healthy full-term neonates (n=20)

Healthy full-term neonates

Parameters Day 3 Day 14 Day 21 Day 28
Total urinary proteins 156 32 29 25
(mg/L) (10 - 405) (10 - 355) (10-120) (10-50) (10-50)
P/Cratio 190 139 153 134
(mg/g Creetinine) (30— 480) (38 —460) (30-415) (80-248) (36 -369)
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atinine). The highest mean arithmetic value for P/C ratio
was detected in urine samples excreted on day 7 after birth
(297 mg/g creatinine). The differencesin arithmetic means
for P/C ratio between day 3 and day 28 were not so expres-
sivelike for the total urinary proteins concentration.

Fig.1, 2 and 3 present typical SDS-PAGE profiles
obtained from separation of urinary proteins in neonates,
included in conducted investigation. For electrophoretic
separation of each subject, five different urinary samples
(excreted on day 3,7,14,21 and 28 of life), with laterally
applicated protein markers, were used.

In 40 % of neonates (n=8) electrophoretic profileswere
characterized by the presence of proteins of mixed glomeru-
lar and tubular origin, detected in al five urinary samples.
The molecular weight of proteinswere found to be distributed
over awiderangefrom 10to 160 kDa. Theintensity of frac-
tions was highest in urine sample excreted on days 3 and 7
and decreased thereafter. On day 3 the fractions with high-
est intensity were those with molecular weight of 67 kDa
(albumin) and molecular weight of about 30 kDa. Oneweek
after birth the low molecular weight proteins predominated
because there was a substantial decrease in the excretion of
albumin and of high molecular weight proteins (Fig. 1).

In 20 % of neonates electrophoretic profiles were char-
acterized with presence of two faint fractionswith molecular
weights of about 78 kDa and 90 kDa, and severa intensive
and higher proportional low molecular weight fractions
(from 14 to 67 kDa). Fractions with molecular weight of
about 45 kDa, 30 kDa and 14 kDa were the most prominent
in urinary samples excreted on days 3 and 7 after birth. The
intensity of all fractions decreased in urinary samples ex-
creted on days 14, 21 and 28 after birth (Fig. 2).

In other 40% (n=8) of newbornsin al urinary samples
only the presence of low molecular weight proteins (from 10-
67 kDa) was detected. The intengity of fractions was highest
in urinary samples excreted on days 3 and 7 after birth and
lowest in samples excreted on days 21 and 28 of life. In 7 of
neonates with thistype of electrophoretic profilein samples
excreted 21 and 28 days after birth, the presence of only
albumin fraction was detected (Fig. 3).

Physiological proteinuriain adultsis well known with
many studies regarding the determination of physiological
excretion of different proteins as well as separation of uri-
nary proteinswith SDS-PAGE (16,17,18). Thereare dso a
great number of studies related to quantitative changesin
some specific urinary proteins during the first month of life
and later in early infancy and older children (19, 20). There
areonly afew reportsin literature regarding the SDS-PAGE
electrophoretic profilesin heathy newborns (21-23).

In view of the lack of knowledge about physiological
proteinuriain neonates, the present study was undertaken to
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Fig. 1 Electrophoretic profiles of urinary proteinsin healthy
full-term neonate 3, 7, 14, 21 and 28 days
after birth (A,B,C,D,E)
TP: totd urinary proteinsin mg/L, MW: molecular weight,
ST: Standard (Pharmacia LKB LMW calibration proteins)
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Fig. 2 Electrophoretic profiles of urinary proteinsin healthy
full-term neonate 3, 7, 14, 21 and 28 days
after birth (A,B,C,D,E)
TP: totd urinary proteinsin mg/L, MW: molecular weight,
ST: Standard (PharmaciaLKB LMW calibration proteins)
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Fig. 3 Electrophoretic profiles of urinary proteins
in healthy full-term neonate
3,7, 14, 21 and 28 days after birth (A,B,C,D,E)
TP: total urinary proteinsin mg/L,
MW: molecular weight,
ST:Standard (Pharmacia LKB LMW calibration proteins)

obtain more information about the quantity and SDS-PAGE
profilesin these subjects.

The results obtained in our study for total urinary con-
centration have shown the highest values for TP excretion
detected on days 3 and 7 with range from 10-405 mg/L which
decrease thereafter with range from 10-50 mg/L on days 21
and 28. Thereare only afew reportsrelated to TP concentra-
tion in neonates with different methods used for TP determi-
nation. The resultsin our study wasin close agreement with
the findings from Miltenyi (22) who reported TP concentra-
tion between 95 - 455 mg/L in healthy full-term newborn
infantsin the first month of life (7-30 days old).

In our study the determination of proteine-to creatinine
ratio was included, since the results of great number of stud-
ies of adults and children have shown that there is a strong
correlation between the urine P/C ratio, obtained in random
urine samples, and 24-hour urinary protein excretion correct-
ed for body—surface area (24-26). Thus with determination of
PIC ratio thereis no need for 24-hour urine collection.

The highest valuefor P/C ratio in our study was detected
in urine samples excreted on day 3 after birth (480 mg/g
creatinine). In urine samples excreted on day 7 asimilar
values for P/C was determined as in samples excreted on
day 3. In urinary samples excreted on day 14, 21 and 28 the
values for P/C ratio were lower with highest detected val-

ues of 415 mg/g creatinine. It is obvious that the differ-
ences between values for P/C ratios between urinary sam-
ples excreted on day 3 and samples excreted on days 7,14,
21 and 28 was no so expressive like the differences noticed
for otal protein concentration expressed in mg/L for the
same urinary samples. In urine samples excreted on day 3
the values for total protein concentration ranged between
10-405 mg/L and decreased rapidly thereafter in urine
samplesexcreted on day 14 (10-120 mg/L) with lowest vaues
in samples obtained on days 21 and 28 (10-50 mg/L). These
results confirmed the usefulness of urinary PIC ratio as a
better measure for urinary protein concentration, since it
is very obvious that dividing the total protein concentra-
tion by urinary creatinine concentration eliminates varia-
tions due to changing rates of urine output and provides a
measure independent of urine concentration.

The results obtained in our study for P/C ratio wasin
close correlation with the results reported by other investi-
gators. In astudy of Houser (26) the upper valuefor P/C ratio
found in 1 month old healthy infants was 500 mg/g creatinine,
which valueisvery similar to the valuesin our investigated
group of healthy neonatesin first month of life.

The SDS-PAGE profiles obtained in our study from
investigation of the physiological proteinuriain hedlthy full-
term neonates reflected an incompletely developed rena
function. The presence of numerous bands digtributed over the
broad range of molecular weights observed in urine samples
from neonates could be explained with transitory immaturity
of the glomerular filter and of the tubular protein resbsorbing
system of the newborn kidney. Apparently, the SDS-PAGE
profiles demonstrated that tubular protein handling normal-
izes|ater than the glomeruler filtration of proteins.

The presence of protein fraction with molecular weight
of about 160 kDa, which according to molecular weight
belonged to imunoglobulin G, in some urinary samples of
neonaes excreted on days 3 and 7 after birth (Fig. 1), could be
due to the fact that maternally derived antibodies are present
at birth. Likewise, in the most of neonates prominent frac-
tion with molecular weight of about 45 kDa was detected in
urinary samples excreted on days 3 and 7 after birth, which
according to molecular weight belonged to o,- acid glyco-
protein, probably due to the acute phase response &t hirth.

Electrophoretic SDS-PAGE profiles, obtained in our
study, have shown that the intensity of albumin fraction (67
kDa) decreased during the neonatal period, which finding
could be supported by the results from quantitative determi-
nation of abumin in urine samples of neonates, excreted dur-
ing the first month of life, reported by Tsukahara et a (27).
Theresultsfrom their sudy have shown that urinary dbumin
decreased postnatally in hedlthy full-term neonates, while it
remained almost constant in preterm neonates. In sick pre-

Maced. pharm. bull., 51, (1,2) 9-14 (2005)



Evaluation of urinary proteins in healty full-term neonates by SDS-PAGE 13

termswho were depressed at birth and have respiratory failure,
urinary abumin was elevated during thefirst week, indicating
the presence of glomerular damage in this period.

Indmogt al urinary ssmplesexcreted ondays 3, 7 and 14
after birth, intensive fraction with molecular weight about
30 kDa was detected, which according to molecular weight
belonged to o,-microglobulin. Thisfindingsisin close cor-
relation with the results from quantitative determination of
o,-microglobulinin urine samples of neonates, reported from
Tsukaharaet d. (28). The resultsfrom their study have shown
high levels of o,-microglobulinin urine samples of neonates
excreted during the first two weeks of life, which declined
thereefter. Thisfinding is due to the fact that o,-microglobu-
lin was found by many authors to be early marker of renal
tubular dysfunction, characterized by incomplete or inade-
guate reabsorption of low molecular weight proteins.

On SDS-PAGE profiles, obtained in our study, in agreat
number of urine samples from neonates, excreted on days 3
and 7, the presence of protein fraction with molecular weight
of aproximately 12 kDa, with poor resolution, was found
(Fig. 1 and Fig. 3). According to molecular weight this frac-
tion belonged to 3,-microglobulin, which finding could be
supported by results from quantitative determination of -
microglobulin in urine samples of neonates, during the first
month of life, reported by Tsukaharaet d (27). Theresultsfrom
their study have shown peak level on day 7 for B,-microglob-
ulin, both in term and preterm neonates, with trend towards
higher levels of B,-microglobulin with decreasing gestation,
showing that proxima tubular protein reabsorption decreases
with increasing degrees of prematurity. In sick pretermswho
were depressed at birth and had respiratory failure, this
parameter was elevated during thefirst two weeks, indicating
the presence of tubular damagein this period.

Electrophoretic SDS-PAGE profilesin 16 of neonates
have shown the presence of visible, but with poor resolu-
tion protein fraction, with molecular weight of about 16 kDa.
This fraction was found in al urine samples excreted on
days 3,7 and 14 and in some urine samples excreted on
days 21 and 28 as a palide fraction. According to molecular
weight this fraction belongs to hemoglobin, which isthe
fraction considered to be physiological, due to the short-
ened life of erythrocytes (22).

Karlsson and Kristoffer (21) investigated the urinary
protein pattern of pooled urine samplesin the first year of
life. They found atubular type proteinuriain apooled urine
sample of eight 1- 4 week old newborns, while the protein
pattern of the pooled urine of eight 4-6 month old infants
was identical with the pattern of adults. Their study has
shown that tubular proteinuria disappears gradually during
thefirst years of life. Miltenye and his coworkers (22) frac-
tionated the urinary samples from 20 full-term neonates
(aged from 7 to 30 days) by sodium dodecy! sulphate gel
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discelectrophoresis (7.5 % polyacrylamide gels stained
with 0.6 % Amido Black in 7 % acetic acid). The results
from their study have shown that proteinuria was predomi-
nantly tubular, although in some urine samples high mole-
cular weight protein fractions with molecular weight big-
ger than 100 000 kDawas detected, aswell asmiddle mole-
cular weight fractions (89 000 and 80 000 kDa). They re-
ported al so the presence of hemoglobinuriaduring the first
weeks of life.

The results obtained by analysis of the molecular
weights of urinary proteins in healthy newborns, separat-
ed by SDS-PAGE and stained with Coomassie Brilliant
Blue G-250, reported by Thanner et a. (23) confirmed the
findings of previous mentioned authors for presence of
glomerulo-tubular imbalance in early life. According to
the number of separated protein fractions and their rela-
tive concentration (expressed as percent of total protein
concentration) they concluded that proteinuriain healthy
full-term neonates is predominantly tubular and is due to
ineffective proximal tubular reabsorption of low molecu-
lar weight microproteins.

Conclusion

The results in the present study, related to examina-
tion of SDS-PAGE profilesin healthy full-term neonates,
confirmed the results obtained by other investigators that
electrophoretic profiles are a source of great number of
information about the physiological proteinuriafrequently
detected in urine of neonates by screening methods. Know-
ledge of the modifications that occur in urinary protein
pattern due to age is therefore very important in order to
distinguish such modifications from those caused by other
factors. Investigation of SDS-PAGE profiles, coupled with
determination of few parameters related to protein excre-
tion, such as total urinary protein concentration and pro-
teine-to-creatinine ratio might be of great usefulness for
detection of early rend lesionsin neonates, in clinical con-
dititionsin which rena function is affected.
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Pe3ume

EBanyanuja Ha ypMHAPHUTE NPOTEMHH KAj 3PaBH TOHOCEHH HOBOPOJEHH CO
npumena Ha SDS-PAGE

Cuexana ITamuescka', Benmu6op Tacuk', [Tetap Kopuern?,

Teopru lecrakor®, CeTiana LlekoBcka®

'K aunuxa 3a getticku 6o.aectiu, Meguuuncku gaxyaitetsi, Bograrncka 17, 1000 Crotije,
ZHHcmumym 3a MEQUUUHCKA U eKcliepuMeniiianta buoxemuja, Meguuuncku gaxkyaitierd,
50 Queusuja 6p. 6, Ckoiije, Peiiybauxa Makegonuja

Kayunu 360poeu: llporennypuja, HoBopopenu, SDS-PAGE, enekTpodopeTcku mpouiin

W3BpIiieHo € menuTyBamhe Ha BUIOT Ha M3JTaYeHATE YPUHAPHH IIPOTENHH Kaj 3TPpaBH TOHOCEHN HOBOPOJICHH CO TIPAMEHA Ha
HATPHUYM JIofielu cyidat nomuakpusamup rei enekrpogopesa (SDS-PAGE), 3aefiHo co ofipefiyBambe Ha HEKOJIKY TapaMeTpu
TIOBP3aHM CO €KCKpelrjaTa Ha ypUHAPHUTE IPOTEHHN.

Bo ncruryBameTo Gea Bkiyuyenn 20 3qpaBu JOHOCEHN HOBOpOAeHH fena. Kako MaTepwjal BO NCIATYBAkETO Gea KOpHC-
TEHH TI0 TIET MPUMEPOIY YPUHA Off CEKOe HOBOPOJIEHO, m3nadeHn 3, 7, 14, 21 u 28 pena o parameTo. OnpenenyBameTo Ha BKY-
HHTE MPOTENHH Gellle HAapaBeHO co TYpPOUANMETPICKI METOJ] CO Cyipocannuina Kucennna. KonnenTpanmjata Ha Kpea-
THHIHOT BO MIPUMEPONUTE YpuHA Gele ompenenxyBana co MetofoT no Jaffe. Cenmapanujara Ha yprHapHUTE IPOTEHHN Oeliie
HampaBeHa co XOpu3oHTanHaTa rpaguenTHa SDS-PAGE cnopen GOrg.

HajBrcokn BpetHOCTH 32 BKYITHATE YpUHAPHH IPOTENHH 1 32 IPOTEWH/KPEATHHIH COOTHOCOT Gea IeTEeKTHPAHH BO IpAMe-
pOIHUTE YpHHA M3IaUeHU TPETHOT M CEMUOT JIeH TI0 parameTo. bea yTBpaeHn Tpu Tuma Ha enekTpoopeTcku npodmm. 3a
NPBHUOT THN eJIeKTpoopeTcKr npocunu Helre KapaKTepUCTHIHO IPECYCTBOTO Ha POTEHHM O METIIaHO, TIIOMEPYIapHO I
TyOyIapHO MOTEKJIO co MoJiekyrapHa Maca off 10 mo 160 kDa. TunmyHO 3a BTOPHOT THTI eJIeKTPOOpeTCKH podmiin Oere
TIPECYCTBOTO Ha ABe Grean (hpakimu co MonekymnapHa Maca off 78 1 90 kDa, Kako u moBeKe MHTEH3WBHI HICKO MOJICKYIIApHA
(ppakuun (14-67 kDa). 3a TpeTHOT THII €I€KTPOPOPETCKH MPOQUIN KAPAaKTEPUCTUYHO Oellie MPUCYCTBOTO CaMO Ha HUCKO
Monexyiapan paknmn (10-67 kDa) Bo cuTe IeT NCIUTYBaHA MPAMEPONH yprHA. MoXKe f1a ce 3aKIy4n ieKa HAOIUTE Off
ACIATYBAETO ja M3pa3yBaaT MAHINBATA HE3PEIOCT Ha TIIOMEPYIIapHAOT (PUITEP M Ha CHCTEMOT 3a pearcoponyja Ha TyOymap-
HUTE POTENHN Kaj 6yOperoT off HoBopoaeHoTo. OunrienHo e nfexa TyoyjaapHara (hyHKIH]ja ce BOCIOCTaBYBa MOIOIHA BO
copenba co TIIoMepynapHaTta (punTpanyja Ha MPOTENHATE.
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