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Protein clearances of blood components is becoming one of the most accured pro
cedures to test glomerule and tube behaviour. Molecular protein components lighter
than 150,000 M.W. usually, are cleared.

A three points scale ranging from 60 to 900,000 M.W. is explored. Quantitative
immuno-diffusion and electroforesis are used. Net clearance and sieving coefficient are,
among others, the main patterns to be determined.

A deep and broad knowledge of the
different urinary protein components has
been reached, by the outstanding progress
of the immunologic technics (1), the ap
plication of new type of materials to pro
tein electrophoresis (12) and the use of
new ways of chromatography fractionation
on sephadex and agarose gels (5). This
field is shaped by the above mentioned
factors, coupled to the information explo
sion, and the spreading of the publications
on various journals. In spite of these
grievances and drawbacks, the stored in
formation have opened, to the renal area.
new ways of development and progress.
Significance of these studies may be com
parable to the introduction of the needle
byopsy in the renal field.

Urinary proteins may have different
sources of origin:

I) Blood. 2) Glomerular membranes.

3) Surfaces of tubular cells. 4) Low uri
nary tract.

The purpose of this paper, is to show
evidence on the general methodology for
the plasma proteins, appeared-in the urine.
Methods and procedures related to the
glomerular and renal tubular proteins are
on progress and will be published some
whereelse.

Materials and Methods

Materials of general type. Biological
fluids were concentrated by using Sarto
rius collodion membranes, applied to a
low pressure apparatus. Microzone elec
trophoresis was performed on a Beckman
brand, set up. Cellulose acetate membra
nes for immunodiffusion and electropho
retic technics were bought from Beckman
(California. USA) and Sartorius (West



232 B. PINTO AND F. DALET

Germany) firms. Diffusion chambers were
purchased from Atom (Barcelona). Other
reagents used, were highest grade com
mercial products.

Antihuman Serum Antibodies. Special
characteristics and purchasing place for
each immuno-serum were as follows:
Rabbit antibodies towards trypsin argly-
coprotein, acid a,-glycoprotein, haptoglo
bin, transferrin, IgG-IgA-IgM immuno
globulins were obtained from Behringwer-
ke (Germany). Rabbit antibodies anti
whole serum protein components, anti-
ceruloplasmin. anti-a,-macroglobulin were
bought from Fresenius (Hamburg, Ger
many). The a2-macroglobulin immuno
plates were furnished by Hyland (Califor
nia, USA).

Specimens collection and preliminary
procedures. Blood samples and 24 hours
urine collections were performed following
standard procedures (7). Creatinine clear
ance (6) and total protein (previously, the
urine was dialysed) in these samples were
determined (8). Prior to the conventional
and immunoelectrophoresis runs, a vol
ume concentration to 0.7-0.9 ml from
10 ml urine aliquots were done.

Conventional and immuno-electropho-
resis technics. Microzone electrophore
sis al pH 8.2 (barbital buffer) and 150
volts, for 50 minutes, on cellulose acetate
were run. After staining with Ponceau red
and transparence with methyl alcohol,
densitometry readings (Analytrol) were
performed. Ten times spotting, in sam
ples containing low level of urinary pro
teins. were done. By making 3-4 chanals.
on 35 c/r methanol preserved, cellulose
acetate membranes: inimunoclcctrophore-
sis begins. Afterwards, sample application
and electrophoresis runs arc carried out.
as above described. When run is finished
and without removing the membrane:
10-15 //I of antiserum towards human
plasma protein are placed and spreading 

them through the whole chanal length.
Then, a 24 hours diffusion is folloved by
a 2 hours, 0.9 % sodium chloride thorough
washing. Staining, is followed by 24 hours,
nigrosin restaining and transparence.
Working nigrosin solution is made up
with 6 ml of stock solution in 5 % acetic
acid (Stock solution contains: 100 mg of
nigrosin in 100 ml, 2 % acetic acid).

Quantitative 7.2-macroglobulin determi
nations. It is based on the immunodif
fusion technic (4) by using the immuno
plate (Flyland). On this plate an excess of
a2-macroglobulin antibody is evenly dis
tributed and mixed with agar. The stan
dard curve is built by adding (on each
well) increasing amounts of a standardized
serum. Afterwards, the plate is covered
and kept diffusing at room temperature,
for 16-18 hours, followed by nigrosin
staining. Using semilogarithmic paper the
diameter of the precipitation shadows or
halos (abcises), expressed as 0.1 mm
units and the a2-macroglobulin concentra
tion (mg %) are plotted (Figs. 1, 2).

Quantitative albumin determinations.
Depending upon the amount of albumin
present in the urine, two cases have to
be done:

1) Cases in which the amount of al
bumin may be determined by conventio
nal electrophoresis and therefore densito
metry reading can be applied.

2) Cases containing a small amount
of albumin only detectable by using spe
cial methods of determination, such as
immunodiffusion. In these cases the quan
tification was performed according to the
method of Mancini et al. (10). By mak
ing a central and four lateral wells (ac
cording to the template), on a cellulose
acetate membrane, the method begins.
On the central well 2 al of antialbumin
antibody arc placed. After diffusing for
24 hours. 2 additional /zl of serum anti
body arc added, followed by the deposit
of 2 p.\ of antigen (concentrate urine or
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Fig. 1. Standard x2-macroglobulin concentra
tion curve.

The mg % au-macroglobulin concentration are
plotted towards the mm diameter of the anti
gen-antibody well halo. On Hylland welled
immunoplates, containing evenly distributed
cu-macroglobulin antibody (Fig. 2), different
amounts of a standardized scrum were depo
sited in the wells. After diffusion and staining
were performed, as described in «Methods»,

the diameter of well halos were measured.

serum), on each external well. A second
24 hours diffusion period, then, begins.

I he standard curve is performed with
four albumin dilutions respectively con
taining: 534, 267. 133 and 66 mg %. On
semilogarithmic paper the precipitation
travel distacc (abcise) and the albumin
concentration (mg%) are plotted (Fig
ures 3, 4).

Fig. 2. Typical a2-macroglobulin immunopla
te run.

Sample application and runs were performed
as described on «Mcthods».

Kidney handling of plasma proteins.
The glomerular filter behaviour is ana
lyzed by using three different molecular
protein size clearances, corresponding to
albumin (60,000 m.w.), gammaglobulins
(150,000 m.w.) and a2-macroglobulin
(900,000-1,000.000 m.w.). Molecular clear
ances were calculated according to the
general formula (9) used for other com
pounds.

The apparent protein sieving coefficient
for each protein is defined by the specific
protein clearance over the glomerular fil
tration rate (G.F.R.) ratio. The G.F.R. was
identified with creatinine clearance.

Results

Each study of the proteinuria is based
on six different groups of data: filtration
glomerular rale, specific protein clear
ances. particular protein sieving coefficient
(11). number and kind of protein com
ponents existing in the urine, 24 hours
proteins excretion and various type of
curves expressing the kidney protein
handling.

Information obtained from the glomer
ular filtration rate or creatinine clearance
docs not need further comment.
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Fig. 3. Standard albumin concentration curve.
Albumin concentration (mg %) are plotted
towards the travel distance of the precipitation
line. Procedure performance was done as des

cribed on «Mcthods».

Fig. 4. Typical al bumin-immunodif fussion
plate appearance.

Sample application and runs were performed
as described on «Methods».

Specific protein clearances. Protein
clearances, in apparent normal people,
show the appearance of albumin. In some
cases, it is not unusual to find gamma
globulin (mainly IgG) associated to other
lower molecular weight proteins. Standard
values for specific protein clearance are
given on table I.

Table I. Typical values of protein clearances
in normal individuals.

Total protein clearance
Albumin clearance
t’a
Immunoglobulins clearance
Pi

ml/mln
2.6X10"4

8X10"4
4X1O~4
1X10-4
1X10-4

0
0

a2-macroglobulin clearance

Blood Urine
g % g %

Total protein 7.02 0.0300
Albumin 3.79 0.0050
ai-globulin 0.37 Other
arg!obulin 0.60 proteins 0.0248
ot2-macroglobulin 0.32
Z?-globuIin 0.95
y-globulin 1.13 0.0002

Particular protein sieving coefficient.
The appearance, in the urine, of a par
ticular protein, depends upon two factors:
glomerular pore size and tubular reabsorp
tion capability. The way and amount of
protein being filtered through the glome
rular membranes depends upon; the mol
ecular size, configuration and molecular
hindrance, among other factors. Each
protein is sieved through the glomerule
depending upon a particular coefficient
or c. Real sieving coefficient may be cal
culated according to Ch inard et al. (2).
Howerer the specific protein clearance/
G.F.R. gives information on the sieving
coefficient for any protein appeared in the
urine (Fig. 4).

Curves expressing protein kidney handl
ing. From above described information
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Fig. 5. Standard curve relating the molecular
size (abcise) and per cent, specific and total

protein, clearances ratio.
Curve is made up by using specific protein
clearances of albumin, IgG and x.-macroglobu-
lin. from mean values corresponding to 30,

apparent normal people.

Fig. G. Molecular size and per cent G.F.R./
specific protein clearances ratio plotts.

too

Fig. 7. Molecular size (abcise)-sieving coef
ficient plotts.

three different type of curves may be
drawn: 1) Curve relating the molecular
size and per cent specific/total protein
clarances ratio (Fig. 5). 2) Curve in which
the molecular size and per cent G.F.R./
protein clearances ratio are plotted (Fi
gure 6). 3) Molecular size and sieving
coefficient plotts (Fig. 7).

Discussion

Among the different ways of approach
ing the discussion, three main points may
be emphasized. The first point may be re
lated to the reliability of the methods and
procedures used in this paper. Measure
ment and determination of different types
of label protein components rate flow,
through the kidney, appear to be the most
reliable and perhaps sensitive procedure.
The catabolic effects of the body on these
compounds, in the case of protein com
ponents, and the nonphysiological effects
of other label compounds such the Polyvi-
nylpyrolidone-I131 are different considera
tions to have into account, when a pro
cedure have to be chosen. Accuracy, phy
siological behaviour and resonable handl
ing are the main advantages of present
methodology.

Identification of place of origin, for the
different protein components, may be the
second point of discussion. The blood.
glomerule, and renal tubule are the
main sources of origin of the different
proteins appeared in the urine. The isola
tion and identification of the glomerular
proteins (appeared in the urine) using
immunological procedures, it is on pro
gress and will be published somewhere
else.

Study of the renal tubular proteins by
using acrylamide electrophoresis it is also
being developed. Any compound filtered
through the glomerular membranes, may
be excreted as such, but mostly is taken
up by the tubular cells by way of ingulf
ing. Though, much discussion and contro
versy it is going on. about, the single or

9
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multiple sites of protein tubular reabsorp
tion (3), the apparent sieving coefficient
or c, shows evidence related to the protein
behaviour at tubular level. An increase of
this coefficient indicates either a poor
handling by the renal tubule or a loss of
the sieving capability at the glomerular
tufst level.

The third point to be discussed may be
the significance of these type of studies.
Implications on the glomerular hydro-
dinamic structure are beyond the scope of
this paper. However, the protein clear
ances are one of the most accure pro
cedures to get information on the beha
viour of the different kidney portions,
towards the various protein components.
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