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ABSTRACT

Proteins in the urine of healthy individuals of various species are present in trace, practically immeasurable amounts.
Under physiological conditions, the renal glomeruli filter out proteins with a molecular weight below 69 kDa, which
are then almost completely reabsorbed in the proximal tubules. Occasionally, as an effect of low temperature,
physical exercise, rapid change of body position, high-protein diet, medications, or at the end of pregnancy and
in the postnatal period etc., proteins may be present in the urine of healthy individuals in higher amounts. This
condition is referred to as physiological proteinuria. Most often, however, proteinuria is a symptom of a kidney
disorder and may lead to further damage, eventually to renal failure. Proteinuria may be a result of: (a) increased
penetration of proteins, mainly of low molecular weight, through the normal filtration membrane and the inability to
absorb the increased amount of proteins in the proximal tubules — overflow proteinuria, (b) increased permeability
of the glomerular filtration barrier, most often as a result of its damage — glomerular proteinuria, (c) damage to
the renal tubules due to failure of reabsorption mechanisms — tubular proteinuria. Excretion of larger amounts of
protein in the urine is always indicative of dysfunction of the kidneys and/or of the urinary tract. Having knowledge
on the kind of excreted proteins (in terms of weight/size of the molecules) is very useful in medical and veterinary
practice, as it enables early identification of the causes of proteinuria and distinguishing its etiology. In recent years,
much attention has been paid to the role of uromodulin as a diagnostic marker of an early phase of renal dysfunction,
especially of the tubules. The observations on the interaction of the digestive and excretory systems in the regulation
of proteonemia in the postnatal period also seem to be important.
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INTRODUCTION

Protein in the urine of healthy individuals of various ani-
mal species is present in trace, practically immeasurable
amounts. Large amounts of protein discharged with the
urine is always indicative of renal and/or urinary tract
dysfunction. Proteinuria may not only be a symptom of
one of numerous renal diseases, but also a factor con-
tributing to progressive renal impairment. It is also an im-
portant risk factor of other diseases, including cardiovas-
cular disorders. Protein may occasionally occur in higher
amounts in the urine of healthy animals, e.g. healthy new-
borns [Becker 2004, Gudehithlu et al. 2004, Ozgo et al.
2009, Topham 2009, Joseph and Gattineni 2016, Viteri
and Reid-Adam 2018].

The amount of protein carried with the urine strongly
depends on the glomerular filtration (especially perme-
ability to proteins of the glomerular capillaries) and pro-
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tein reabsorption in the proximal tubules. The amount of
filtered proteins is influenced by blood concentration of
proteins, hydrostatic and oncotic pressure on both sides of
the filtration barrier, size, shape and electrostatic charge
of proteins and the properties of the filtration barrier
[D’Amico and Bazzi 2003, Schifer-Somi et al. 2005,
Joseph and Gattineni 2016, Viteri and Reid-Adam 2018].

Due to the structure of the glomerular filter, low-
molecular-weight (LMW) proteins, i.e. those below
69 kDa, penetrate to the primary urine (filtrate to the
glomerular capsule) to be next nearly entirely reabsorbed
in the proximal tubules. Under physiological conditions,
protein reabsorption in nephrons takes place by endocyto-
sis and occurs mainly in the convoluted segment and the
initial part of the straight segment of the proximal tubules
[Dickson et al. 2014].

Proteins involved in the reabsorption mechanism
are receptor proteins present on the surface of tubu-
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lar cells (including megalin and cubilin). Competition
between proteins for nephron reabsorption systems has
been demonstrated, and positively charged proteins are
more readily reabsorbed [Birn et al. 2000, Zhai et al.
2000, Verroust et al. 2002, Baran et al. 2003a, Baran et
al. 2003b, D’ Amico and Bazzi 2003]. Reabsorbed pro-
teins undergo proteolysis, and the resulting peptides and
amino acids are removed from cells through exocytosis
and absorbed into the blood. Fragments of hydrolyzed
proteins may end up in the urine [Gudehithlu et al. 2004].

The daily protein content in the final urine should not
exceed 150 mg (100 mg - m~2 body surface area, BSA). In
children, newborns and infants, a daily discharge of up to
300 mg - m2 BSA is acceptable [Viteri and Reid-Adam
2018]. Increased protein levels in the urine is known as
proteinuria. Protein content in the daily urine exceeding
3.5 g indicates a severe kidney damage.

Pathophysiology of proteinuria

The types and causes of proteinuria may vary. It may
be a transient functional proteinuria, occurring e.g. af-
ter exercise, at a fever, or on changing body position.
Haemodynamic changes in the glomerulus are the main
cause. Most often, however, proteinuria is a symptom of a
kidney disease and cause further damage of the kidneys,
ultimately leading to renal failure. Glomerular protein-
uria may be developed as a result of the increased perme-
ability of the glomerular endothelium, most often due to
its damage. Increased filtration of proteins, mainly LMW
proteins, through a normal filter membrane may result in
overflow proteinuria. This is due to the inability to absorb
the increased amount of proteins in the proximal tubules.
When the renal tubules are damaged, due to the failure of
the reabsorption mechanisms, unreabsorbed proteins and
proteins of damaged cells reach the urine. This is referred
to as tubular proteinuria [Sapierzynski et al. 2018, Viteri
and Reid-Adam 2018].

Damage to the structure of the kidney may result from
non-inflammatory or inflammatory processes in response
to a variety of factors. It may occur in the glomeruli,
in the tubules, or in the interstitial tissue. The damage
to the glomeruli is most often of immunological na-
ture. Schneider et al. [2013] demonstrated in 501 dogs
that the damage to the glomeruli is in 48% of cases
caused by immune-mediated glomerulonephritis. In ad-
dition, as a result of infections (viral or bacterial), im-
mune complexes may accumulate in the glomeruli in
amounts exceeding the removal ability, which, by inten-
sifying inflammatory processes, leads to morphological
changes in the glomeruli. These result in an increase in
the permeability to proteins of the capillaries, includ-
ing albumin, leading to their loss in the urine. As the
permeability of the glomerular vessicles increases, not
only does the amount of filtered proteins increase, but
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the content of proteins with higher molecular weights
and a larger molecular radius increases too. For exam-
ple, from the group of low-molecular-weight proteins
(LMW), al-microglobulin, $2-microglobulin appear in
urine, and among high molecular weight (HMW) pro-
teins, immunoglobulins M and G, lipoproteins, some
complement components, ferritin, and growth factors
(e.g. TGF-B). Albumin (69 kDa, molecular radius 36 A)
is a border protein between LMW and HMW proteins
[Skrzypczak et al. 2005, Topham 2009, Viteri and Reid-
Adam 2018].

Proteinuria is considered to be a strong nephrotoxin
that destroys mesangial cells and glomerular epithelial
cells releasing, inter alia, pro-inflammatory cytokines,
which by positive feedback cause further kidney damage
[Noronha et al. 2002].

Also, the increased protein load reaching the renal
tubules may cause inflammation with the participation
of proinflammatory cytokines (e.g. monocyte chemoat-
tractant protein 1, MCP1) or growth factors (e.g. trans-
forming growth factor g, TGF-B). The developing inflam-
matory process leads to further damage of the interstitial
tissue and significant proteinuria [Jepson et al. 2009]. It
has been shown that albumin, by binding free fatty acids,
becomes toxic to the tubules [Tang et al. 2001]. These
changes also lead to a gradual loss of the integrity of the
proximal tubular cells and morphological changes, e.g.
the disappearance of the brush border.

Proteinuria is considered not only a key factor of
chronic kidney disease, but also the cause of cardio-
vascular complications, including arterial hypertension
[Walls 2001, Stelloh et al. 2012]. Proteinuria has been
demonstrated to be accompanied by generalized vascular
endothelial dysfunction, which is an early symptom of
the development of atherosclerotic lesions. Jepson et al.
[2009] proved that the combined proteinuria and arterial
hypertension significantly shortened the life span of cats.

Transitional proteinuria is usually asymptomatic.
Also, morphological damage to the glomeruli and
tubules, especially in the initial period, does not reveal
clear clinical symptoms, which appear only as a result of
renal failure. This, however, due to the large “functional
reserve” of the kidney, occurs with a delay in relation to
protein in the urine [Jepson et al. 2009, Sapierzyriski et al.
2018]. The main effect of proteinuria is hypoalbumine-
mia. In response, the liver increases synthesis of lipopro-
teins, which leads to hyperlipidemia. As a result of the
reduction of oncotic blood pressure, generalized edema
may occur, which, however, in animals is observed spo-
radically. Hypertension and haematuria may appear.

Diagnose of proteinuria

If proteinuria persists, we may expect further damage
to the glomeruli, renal tubules, and interstitial tissue, as
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well as progressive loss of nephrons, as has been demon-
strated, inter alia, in dogs and cats [Lees et al. 2005].
Therefore, the procedure should first identify the cause
of proteinuria followed by aiming to reduce protein ex-
cretion. An important goal in the treatment of proteinuria
is to control arterial hypertension (most often by inhibit-
ing the Renin-Angiotensin-Aldosteron system).

The commonly used methods of in vivo assessment
of kidney morphology include ultrasound examination,
which allows evaluating the size and shape of the organ,
and detect changes in renal echogenicity (this issue will
be addressed later in this paper); this examination, how-
ever, does not allow for an unequivocal determination of
the nature of the pathological process.

Innovative laboratory techniques (e.g. proteomics)
enable precise, qualitative anaysis of the composition of
the protein possibly present in the urine. The advances
observed in proteomics makes urine useful in the evalua-
tion of the functional efficiency of not only the excretory
system, but also of other organs of the body. Protein maps
and expression analysis of individual proteins, which are
involved in specific metabolic processes, enable qualita-
tive evaluation of urine and may reveal markers of spe-
cific processes [Dratwa-Chatupnik et al. 2020].

Undoubtedly, the results of these analyzes bring much
information to the knowledge about the excretory system
and its functioning. Nevertheless, it is believed that in
the veterinary practice, the knowledge on excreted pro-
teins (in terms of mass/molecule size) is more useful, as
it allows early identification of proteinuria causes and
enables differentiation of its etiology [Donderski et al.
2006]. Proteins with a molecular weight below 69 kDa
(LMW), which under physiological conditions are sub-
ject to glomerular filtration, indicate a reduced resorptive
efficiency in the proximal part of the nephrons (selec-
tive proteinuria), while proteins with a higher molecular
weight (HMW) imply damage and/or immaturity of the
filtration barrier (non-selective proteinuria).

SDS-PAGE, which reveals the type of urine proteins
and their molecular weight by means of electrophoretic
separation, is a valuable diagnostic tool. Using SDS-
PAGE Molecular Weight Standards, proteins in the urine
can be classified as LMW or HMW. Based on the opti-
cal density, the concentration of selected protein fractions
and their percentage share in the total urine proteins can
be calculated. The limitations of this method include the
need to measure diuresis (urine output per unit time), e.g.
by bladder catheterization or a daily urine collection.

Another, simpler method of urine proteins quantifica-
tion, additionally eliminating the effect of urine concen-
tration on test results, is the determination of the ratio:
urine concentration of protein or albumin to urine con-
centration of creatinine (PCR, protein to creatinine ra-
tio; ACR, albumin to creatinine ratio). Determination of
PCR or ACR in a single urine test facilitates diagnosis, as
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it does not require catheterization or daily urine volume
measurements [Vilhena et al. 2015]. The PCR is corre-
lated with the health status: the higher the value of this
indicator, the worse the prognosis. The PCR under nor-
mal conditions in dogs and cats is <0.2. Values between
0.2 and 0.4, in cats, and 0.2 and 0.5, in dogs, are con-
sidered borderline levels, while values >0.4, in cats, and
>0.5, in dogs, give rise to diagnosing proteinuria. [Lees
et al. 2005].

While diagnosing proteinuria, serum creatinine con-
centration should be analyzed along with calculating the
estimated gromelural filtration rate (¢GFR). Namely, the
severity of proteinuria may decrease with the progression
of kidney disease, since the number of active nephrons
will be reduced (e.g. decreasing proteinuria with constant
serum creatinine levels suggests an improvement in the
renal function) [Lees et al. 2005].

The strip test is used for initial qualitative diagnos-
tics. It is a less sensitive and a less specific method of
detecting protein in urine. It is often used as a proteinuria
screening tool. A color change of the strip with variable
pH may reveal the presence of protein in the urine. The
strip test detects primarily albumin (LMW proteins).

Uromodulin

In 1950, Igor Tamm and Frank Horsfall for the first time
isolated and described the protein capable of inhibit-
ing virus-induced hemagglutination [Tamm and Horsfall
1950]. The Tamm-Horsfall protein (THP) was named af-
ter its discoverers. In 1985, a glycoprotein with immuno-
suppressive abilities, called uromodulin (UM), was iso-
lated from the urine of pregnant women. Two years later,
it was demonstrated that THP and uromodulin are the
same proteins [Fugiel et al. 2013, Wéjtowicz et al. 2018].
THP is a physiological component of urine produced in
mammalian kidneys and represents the main component
of normal urine in newborns [Olczak 1999, Serafini-Cessi
et al. 2003, Jedrasiak et al. 2006]. Uromodulin is ex-
pressed in the thick segment of the ascending limb of the
nephron loop and in the initial segment of the distal tubule
of the kidney. The molecular weight of its monomer is
approximately 68 kDa.

In recent years, uromodulin has been facing a grow-
ing interest as a potential diagnostic marker of the early-
stage renal dysfunction. Research using innovative ana-
lytical techniques aims at determining the exact role of
uromodulin, especially in the thick segment of the as-
cending limb of the nephron loop. Moreover, molecular
mechanisms regulating its expression and secretion are
being searched for. The functions of this protein are still
a subject of investigation, however it has been found, for
example, that uromodulin is an element of the immune
defense of the organism against bacterial pathogens col-
onizing the urinary tract, increases the activity of lym-
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phocytes and stimulates phagocytosis in the local de-
fense against pathogenic bacteria, acts against formation
of renal stones through hindering calcium oxalate crystal-
lization. Uromodulin acts as an antioxidant and protects
the kidneys against ischemic damage. It probably plays
a role in regulating the water and electrolyte balance in
the thick segment of the ascending limb of the nephron
loop, regulating water permeability [Devuyst et al. 2017,
Woéjtowicz et al. 2018].

A number of relationships between uromodulin ex-
cretion in urine and various forms of kidney diseases,
also genetically determined, have also been demonstrated
[Fugiel et al. 2013, Troyanov et al. 2016] . Mutations
in the genes responsible for uromodulin encoding lead
to rare autosomal dominant kidney diseases, which are
characterized by progressive damage to the tubulointer-
stitial system, impaired urine concentrating processes, re-
nal cysts, hyperuricemia, and progressive renal failure.
Recent in vivo studies indicate the intracellular accumu-
lation of the mutant form of uromodulin as the main
pathogenetic factor of these diseases. Extensive genetic
studies of the human genome have confirmed the role
of uromodulin in the development of chronic kidney dis-
ease and hypertension. It seems that the analysis of uro-
modulin concentrations in blood serum and urine can
help answer the question of how uromodulin affects the
incidence and course of chronic kidney disease (CKD)
[Serafini-Cessi et al. 2003, Fugiel et al. 2013].

A certain amount of uromodulin enters the blood-
stream, although the mechanism of this remains unclear.
Its concentration in the blood depends only on the effi-
ciency of the kidney function. Unlike creatinine, blood
levels of uromodulin are not influenced by body weight,
muscle mass or diet. Scherberich et al. [2017] showed
that both in children and in adults free of renal disease,
uromodulin concentration in the serum is constant. The
concentration of this protein in the blood decreases with
the deterioration of kidney function, unlike other renal
parameters, such as creatinine or urea [Tan et al. 2017].
According to Wéjtowicz et al. [2018], changes in uro-
modulin concentration may be useful in the diagnosis of
early-stage renal dysfunction. The authors showed that
the concentration of uromodulin in the blood serum may
be a marker of renal tubular function in healthy patients
and in various stages of renal failure. They suggest that
a reduction in serum uromodulin concentration could be
used in the extended monitoring of patients with chronic
renal failure.

Uromodulin, due to its production site, can be used
primarily to assess the function of the renal tubules. Many
reports indicate that it may be a marker of early renal fail-
ure, while other parameters, such as blood creatinine or
urea concentration, do not show changes in concentration
[Risch et al. 2014, Christensen et al. 2018, Wéjtowicz et
al. 2018]. This would indicate that the first stage of kid-
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ney damage, for whatever reason, begins with damage to
the renal tubules in the ascending limb, resulting in a re-
duction in serum uromodulin levels.

Low serum uromodulin concentration (below 100
ng/ml) may indicate worsening of renal function and, as
a prognostic factor, may indicate a possible deterioration
of renal function in the future. On the other hand, a high
concentration of uromodulin is associated with a lower
risk of decreased glomerular filtration and acute kidney
injury, as well as a reduced risk of urinary tract infections
[Garimella and Sarnak 2017].

Tamm-Horsfall phenomenon in neonates

Ultrasonography is the least invasive imaging examina-
tion tool of the kidneys. In ultrasound imaging, based on
the brightness of the image, the echogenicity of the tissue
is assessed, i.e. the ability to reflect sound waves. The hy-
perechoic areas are brighter, and the hypoechoic areas are
darker than the surrounding area. In neonates, the ultra-
sound image of a normal kidney is significantly different
from that of an older child and an adult, the renal cortex
is hyperechoic and the core is hypoechoic. With age, the
echogenicity of the renal cortex gradually decreases. The
higher echogenicity of the kidney cortex of newborns is
due to the same number of glomeruli located in the nar-
rower layer of the cortex compared to older children. It
has been shown that the echogenicity of the renal cortex
is inversely proportional to the gestational age, hence it
may have even higher echogenicity in premature babies
[Fugiel et al. 2013].

The Tamm-Horsfall phenomenon affects some new-
borns. It is a transient hyperechoic activity of the medul-
lary part of the kidney in healthy full-term infants without
accompanying clinical symptoms, observed in ultrasound
in the first days of life [Starinsky et al. 1995]. The in-
crease in echogenicity of the medullary part of the kidney
is due to precipitation of Tamm-Horsfall protein in the re-
nal tubules. Jedrasiak et al. [2006] demonstrated that the
syndrome occurs in 24.6% full-term and 8.6% premature
infants. In neonates, hyperechogenicity may affect all re-
nal pyramids in both kidneys, but may occur in one kid-
ney and/or in several pyramids.

This information, and the fact that also physiolog-
ical proteinuria shows strong individual variability and
does not occur in all neonates, may indicate a linkage be-
tween the two processes. Jedrasiak et al. [2006] observed
a statistically significant relationship between the Tamm-
Horsfall phenomenon and urine concentration of pro-
tein. In neonates with hyperechogenicity of the medullary
part of the kidneys, the protein concentration was almost
twice as high as in those who did not undergo this condi-
tion. However, not all authors confirmed the correlation
of the Tamm-Horsfall phenomenon with the physiolog-
ical proteinuria. As a rule, no significant differences in

www.asp.zut.edu.pl


https://doi.org/10.21005/asp.2021.20.3.07
https://asp.zut.edu.pl

Skrzypczak, W. (2021). Proteinuria — selected issues. Acta Sci. Pol. Zootechnica, 20(3), 51-58. DOI: 10.21005/asp.2021.20.3.07

uromodulin concentration in the urine of children with or
without this syndrome were observed.

The Tamm-Horsfall phenomenon is more common
in babies of higher birth weights, as well as in male
neonates. No correlation with hypotrophy, asphyxia and
intrauterine infections has been found. Also, no other
ultrasound-detectable changes in the kidneys and no cor-
relation with the size of this organ were found [Jedrasiak
et al. 2006].

Neonatal proteinuria

Proteinuria occurs in healthy neonates of many species
of animals and humans; however, a strong specific and
individual variability in the frequency of occurence, dura-
tion and daily load of excreted proteins is observed, espe-
cially in the first days after birth [Drzezdzon et al. 2004,
Schifer-Somi et al. 2005, Ozgo et al. 2009, Falakaflaki et
al. 2011, Stelloh et al. 2012, Saxena et al. 2016, de Winter
et al. 2020, Melandri et al. 2020, Skrzypczak et al. 2021].

The main causes of neonatal proteinuria include: mor-
phological immaturity of the kidneys and dynamic adap-
tation processes occurring especially in the first days af-
ter birth, related to changes in renal hemodynamics and
nephron function. In the postnatal period, an increase
in the volume of renal bodies, changes in the structure
of the layers forming the filtration barrier, elongation of
the convulous segment of the proximal tubules and the
nephron loop are observed. The morphological changes
triger functional changes in nephrons, including an in-
crease in blood flow, the size of glomerular filtration,
resorptive and secretory efficiency of the renal tubules
and the ability to concentrate the urine [Skrzypczak and
Drzezdzon 2001, Bauer et al. 2002, Faulks and Lane
2003, Skrzypczak et al. 2005, Falakaflaki et al. 2011,
Stelloh et al. 2012, Joseph and Gattineni 2016, de Winter
et al. 2020, Skrzypczak et al. 2021].

Proteinuria in healthy neonates is transient in char-
acter. Numerous studies reveal the presence of neonatal
proteinuria, dynamic changes in the proportion of spe-
cific fractions of proteins in the urine, and a tendency to
reduce the amount of proteins in urine excretion with age,
in human babies and various animal species, including
calves [Skrzypczak et al. 2021], kids [Drzezdzon et al.
2003, Drzezdzon et al. 2004, Ozgo et al. 2009], children
[Hogg et al. 2000, Joseph and Gattineni 2016, Viteri and
Reid-Adam 2018], puppies [Schifer-Somi et al. 2005],
baby rats [Calzada-Garcia et al. 1996, Gudehithlu et al.
2004, de Winter et al. 2020], foals [Jeffecott and Jeffecott
1974] and piglets [Bergelin and Karlsson 1975, Baintner
et al. 1989, Bauer et al. 2002]. It should be noted, how-
ever, that the values of parameters obtained in the studies
of these authors vary, which may be an indirect proof of
the existence of specific and individual differences in the
occurrence of neonatal proteinuria.
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The results of many studies indicate an increased
permeability (immaturity) of the filtration barrier in
the kidneys of neonates and its effective sealing, and
an increase in the efficiency of protein absorption in
nephrons [Drzezdzon et al. 2003, Drzezdzon et al. 2004,
Skrzypczak et al. 2005, Ozgo et al. 2009, Joseph and
Gattineni 2016, Viteri and Reid-Adam 2018, Skrzypczak
et al. 2021].

In our studies carried out on young ruminants (calves
and billy goats), we have shown the presence of signif-
icant proteinuria of a selective character. The daily ex-
cretion of protein in the urine of calves ranged from 5.7
to 891 g - m~2 BSA, and the share of the LMW pro-
tein fraction in the urine on the first day after birth was
84.46% and decreased to 64.02% on day 7 of age. In the
studies carried out on billy goats, we have also demon-
strated selective proteinuria; the share of LMW proteins
was 87.4% (on day 1 of age), 80.9% (on day 7) and 74.8
(on day 30). The daily amount of protein excreted ranged
from 2.38 to 5.50 g - m~2 BSA and decreased with age.
A detailed analysis of the occurrence of proteinuria in
these animals has been described in a number of articles
[Drzezdzon et al. 2003, Drzezdzon et al. 2004, Ozgo et
al. 2009, Skrzypczak et al. 2021].

The intestinal barrier and proteinuria

The intestinal barrier is a physiological functional unit
which is formed mainly by enterocytes and the tight junc-
tions (TJ) between them. Small molecules below 300 Da
can freely cross the intestinal barrier, otherwise imper-
meable to larger molecules, which could activate the im-
mune system. The permeability of the barrier is regulated
by a number of physiological as well as pathological fac-
tors. In 2000, Fasano et al. [2000] were the first to de-
scribe the potential role of zonulin in this process.

Zonulin is a protein included in the tight junctions
(TJ), whose function is to modulate the permeability of
the intestinal barrier. Increased expression of this protein
causes the loosening of tight junctions between entero-
cytes, and increased permeability of the intestinal bar-
rier means the possibility of macromolecules, e.g. pro-
teins, penetrating into the blood (the so-called Leaky Gut
Syndrome) [Sturgeon and Fasano 2016, Esnafoglu et al.
2017, Karabin 2018].

The expression of zonulin is regulated by the expres-
sion of pro-inflammatory cytokines (e.g. interleukin 6),
therefore it is postulated that the tightness between en-
terocytes is reduced during inflammatory conditions of
the bowel. Zonulin is secreted by enterocytes, but also by
hepatic cells, adipose tissue, brain, heart, lungs, skin and
kidneys.

Blood level of protein is influenced not only by its di-
etary supply and metabolism, but also by renal protein ex-
cretion. The results of our studies on calves and newborn
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goats, showing the leakage of the glomerular filtration
barrier in the kidneys and the limited ability of nephrons
to reabsorb proteins, combined with the leaking intesti-
nal barrier enabling the penetration of proteins with high
molecular weights into the blood, may indicate the coop-
eration of the digestive system and excretory system in
the regulation of proteinemia in neonates.

In this context, neonatal proteinuria does not neces-
sarily mean that the kidneys are immature at birth, but
may indicate that the organs are adapted to remove ex-
cess proteins from the body. Perhaps it is a process reg-
ulated by proteins, e.g. unsealing intercellular junctions.
The relationship between the occurrence of proteinuria
and the time of intestinal barrier closure was suggested
by Jeffecott and Jeffecott [1974]. The authors observed
proteinuria in colostrum-fed foals, especially in the first
twelve hours of life, and found a positive correlation be-
tween the amount of colostrum fed and the intensity of
proteinuria. However, they did not observe an increase in
urinary protein excretion on the second day of life, after
stimulation with a high-protein diet.
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Biatko w moczu zdrowych osobnikéw réznych gatunkéw wystepuje w §ladowych, praktycznie niemierzalnych
ilo$ciach. W warunkach fizjologicznych w kigbkach nerkowych filtruja si¢ biatka o masie czasteczkowej ponize;j
69 kDa, ktére nastepnie sa prawie w catosci sa resorbowane w kanalikach proksymalnych. Niekiedy, pod wpty-
wem np. niskiej temperatury, wysitku fizycznego, gwattownej zmiany pozycji ciala, diety wysokobiatkowej, lekéw
czy w koricowym okresie ciazy oraz w okresie pourodzeniowym biatko moze by¢ obecne w moczu zdrowych
osobnikéw wigkszych ilosciach. Ten rodzaj biatkomoczu nazywany jest fizjologicznym. Najczgsciej jednak biatko-
mocz jest objawem choréb nerek i przyczyna dalszego ich uszkadzania prowadzaca do niewydolnosci. Powstaje
na skutek: (a) zwigkszonego przesaczania biatek, gléwnie o niskiej masie, przez prawidlowa blone filtracyjna
i niemozno$ci wchionigcia zwigkszonej ilosci bialek w kanalikach proksymalnych, tzw. biatkomocz z przeta-
dowania, (b) zwigkszonej przepuszczalnosci kigbkowe;j bariery filtracyjnej, najczgsciej w wyniku jej uszkodzenia,
tzw. biatkomocz kigbuszkowy, (c) uszkodzenia kanalikéw nerkowych, na skutek niewydolnosci mechanizméw re-
sorpcyjnych, tzw. biatkomocz kanalikowy. Wydalanie wigkszych ilosci biatka z moczem zawsze §wiadczy o dys-
funkcji nerek i/lub drég wyprowadzajacych. Znajomos¢ rodzaju wydalanych biatek (pod wzgledem masy/wielkosci
czasteczki) jest bardzo przydatna w praktyce lekarsko-wetwrynaryjnej, gdyz umozliwia wczesna identyfikacje
przyczyn biatkomoczu i rozréznienie jego etiologii. W ostatnich latach ponownie duza uwage zwraca si¢ na rolg
uromoduliny, jako wskaZnika diagnostycznego wczesnej fazy zaburzenia czynnosci nerek, zwlaszcza kanalikow.
Istotne wydaja si¢ réwniez spostrzezenia o wspoétdziataniu uktadu pokarmowego i wydalniczego w regulacji pro-

teonemii w okresie pourodzeniowym.

Stowa kluczowe: nerki, proteinuria, frakcje biatek LMW i HMW, uromodulina, zonulina
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