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Summary: In a non-selected patient population (n = 140), serum albumin concentrations obtained with
Ektachem slides were very significantly correlated with results determined with serum protein electrophoresis
on Olympus Kite 200. In 7 patients with nephrotic syndrome, however, no such correlation existed, concen-
trations on Ektachem being 20 to 200% higher (up to 16 g/1 difference). In other samples, albumin concen-
trations on Ektachem were 10 g/1 lower. Between-method differences appeared most closely correlated with
the sum of o^- and a2-globulins as determined by serum protein electrophoresis. Immunonephelometric
determination of various serum proteins demonstrated that haptoglobin concentrations most closely paralleled
the observed between-method differences.

Introduction

Bromcresol green and, to a lesser degree, bromcresol
purple are widely used "chromogens" for the rapid
colorimetric determination of albumin in serum
(1—6). In spite of its lower specificity, bromcresol
green has often been preferred over bromcresol purple
in commercial reagents (7—9). Arguments against
bromcresol purple include:

1) underestimation of albumin in cases of renal in-
sufficiency (10) and obstructive jaundice (11);

2) lesser precision and sensitivity of bromcresol pur-
ple assays because of the 2 times lower molar
absorptivity for the bromcresol purple-albumin
dye complex as compared with bromcresol green-
albumin (9);

3) difficulties in the standardization and monitoring
of bromcresol purple-based assays with non-hu-
man fluids, due to the fact that bromcresol purple
— unlike bromcresol green — does not strongly
bind to bovine serum albumin, often present in
calibrators and quality control materials (9).

On the other hand, bromcresol green suffers from a
more pronounced reactivity with various globulins
(5). These undesirable side-reactions proceed, how-

ever, at a much slower rate. Consequently, by making
spectrophotometric readings shortly after the addition
of reagent, the specificity of bromcresol green assays
for albumin is safeguarded, keeping it at a level com-
parable to that of bromcresol purple-assays (12—15).

Bromcresol green has been incorporated into Ek-
tachem multilayer film elements (Eastman Kodak,
Rochester, NY) for the automated and selective de-
termination of serum albumin, especially in stat-sit-
uations (8, 9). With these slides, serum albumin con-
centrations were reported to compare well with results
obtained with liquid reagents of similar composition
(8, 9). In the present study, we compared serum al-
bumin concentrations determined with Ektachem
slides on an Ektachem 700XR instrument (Eastman
Kodak) with those obtained by serum protein electro-
phoresis on cellulose acetate (Olympus Kite 200,
Hamburg, Germany) in a number of clinical situa-
tions, including nephrotic syndrome. In patient
groups, where the albumin results from Ektachem
and serum protein electrophoresis appeared not to be
significantly correlated, albumin concentrations were
also determined by immunonephelometry (Behring
Nephelometer Analyser, Behring, Marburg, Ger-
many).
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Materials and Methods

Serum samples
Blood was sampled from both ambulant and hospitalized pa-
tients, collected into dry commercial plastic tubes (Sarstedt,
Essen, Belgium), centrifuged within 2 h after venipuncture, and
in selected cases divided into aliquots (16). All but one aliquot
were stored at — 20 °C for subsequent immunonephelometric
analysis of specific proteins. The remaining aliquot was kept at
room temperature until assayed for serum protein by electro-
phoresis later on the same day. In neonates, blood was sampled
from the umbilical cord.

Protein assays
Serum albumin and total protein were measured using the
appropriate Ektachem slides on a Kodak Ektachem 700XR
apparatus (Eastman Kodak). Serum protein electrophoresis on
cellulose acetate was performed on an Olympus Hite 200 ap-
paratus (Olympus) to separate serum albumin and ar, a2-, -
and γ-globulin bands. These fractions were expressed in abso-
lute concentration units (g/1), based on the total protein con-
centration determined on the Ektachem. In selected samples,
circulating concentrations of albumin, arantiproteinase, αϊ-acid
glycoprotein (orosomucoid), a2-macroglobulin and haptoglobin
were determined by immunonephelometry on a Behring Neph-
eloraeter Analyser nephelometer (Behring) using commercial
antisera from Behring (OSAL 14/15, OSAZ 08/09, OSAW
08/09, OSAM 08/09 and OSAV 14/15).
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Albumin (Olympus, electrophoresis) [g/1]

Fig. 1. Serum albumin concentrations on the Ektachem com-
pared with results obtained by serum protein electro-
phoresis on the Olympus Hite 200.
D: nephrotic syndrome; o: liver disease; ·: neonates;
+ : intensive care patients; Δ: M-corhponents; A: in-
flammation; +: miscellaneous; —: y = x;
+ regression line for all samples (n = 140): y = 0.76x
-f 8.0; r = 0.95; P < 0.0001; sy.x = 2.8 g/1;
regression line with omission of patients with nephrotic
syndrome (n = 133): y = 0.82x + 5.5; r == 0.95;
P < 0.0001; syiX = 2.6 g/1.

Statistical analysis
We used linear regression analysis (whenever n > 30; r: Pearson
correlation coefficient) and non-parametric Spearman rank cor-
relation analysis (whenever n < 30; rs: Spearman rank corre-
lation coefficient) to compare albumin concentrations deter-
mined with different methods and to test for statistical signifi-
cance of correlations between (specific) protein concentrations
on the one hand, and between-method differences in albumin
on the other.

Results

Overall, albumin concentrations on the Ektachem
correlated very significantly with data derived from
serum protein electrophoresis on cellulose acetate (fig.
1). However, Ektachem values could be up to 16 g/1
higher than electrophoretic data on the Olympus Hite,
especially in patients with nephrotic syndrome (up to
3-times the value on the Olympus). Conversely, in
other specimens, the results from the Olympus ex-
ceeded the Ektachem data by as much as 10 g/1
(corresponding to over 20% of the value on the Olym-
pus). In 7 patients with nephrotic syndrome, albumin
concentrations on the Ektachem (y) appeared not to
be correlated with electrophoretically determined val-
ues (y = 0.16x +19.1; rs = 0.22, sy,x = 2.3 g/1;
P > 0.05) and invariably exceeded the results from
the Olympus by 20 to 200% (fig. 1, tab. 1). In these
patients, electrophoretic data, but not the Ektachem
results, were significantly correlated with albumin
concentrations determined by immunonephelometry.

Tab. 1. Serum albumin concentrations in 7 patients with ne-
phrotic syndrome

Patient Serum albumin (g/1)

1
2
3
4
5
6
7

Ektachem

19
19
24
20
24
20
22

Serum protein
electrophoresis

10
13
8
8

20
14
14

Nepheloraetrya

6
9
5
5

not done
9

11

regression line of serum protein electrophoresis (y) vs. neph-
elometry (x): y = l.lOx + 2.95; rs = 0.96; syx = 0.87 g/1;
P = 0.03;
regression line of Ektachem (y) vs nephelometry (x):
y = -O.lOx + 21.4; rs = -0.14; sytX = 2.2 g/l; P > 0.05.

At variance with the results in patients with nephrosis,
albumin concentrations on the Ektachem and Olym-
pus were significantly correlated in all other subject
groups studied, namely 15 patients with chronic liver
disease including cirrhosis (y = 0.91x + 0.1;
rs = 0.94; sy,x = 1.5 g/l; P < 0.0005);: 12 patients with
monoclonal components (total number of bands =
13) migrating in the oc2, β- or y-region (respectively 1,
7 and 5 bands) (y = 0.99x - 0.3; rs = 0.84; sy,x = 2.4
g/l; P < 0.005); 12 healthy neonates (y = 1.06x -
7.5; rs = 0.97; sy,x = 0.5 g/1; />'< 0.001); 26 patients
with inflammation (y = 0.76x + 10.2; rs = 0.93;
sy,x = 2.4 g/l; P < 0.0001); 11 intensive care patients
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Fig. 2. Differences in serum albumin concentrations (Ektachem
minus Olympus) as a function of albumin/globulin ratio
in 140 patient samples.
a: nephrotic syndrome; o: liver disease; ·: neonates;
+ : intensive care patients; Δ: M-components; A: in-
flammation; + : miscellaneous; —·: y = 0.

on parenteral fluid therapy (y = Ο.Πχ + 5.7;
rs = 0.94; sy,x = 2.8 g/l; P < 0.003) and 57 patients
suffering from miscellaneous diseases (y = 0.82x
+ 5.9; r = 0.98; sy.x = 1.7 g/l; P < 0.0001).

As is apparent from figures 1 and 2, Ektachem slides
yielded invariably higher albumin concentrations than
serum protein electrophoresis in patients with ne-
phrotic syndrome. This systematic positive bias was
not observed in patients with chronic liver disease
where albumin and albumin/globulin ratios also tend
to be low, or in patients with monoclonal components
and low albumin/globulin ratios. Ektachem values
often surpassed electrophoretically determined albu-
min concentrations in patients with inflammation. In
contrast, albumin values on the Ektachem were lower
than those determined by serum protein electropho-
resis in the blood of newborns with low globulin
concentrations, and in certain intensive care patients

receiving parenteral fluids. In 2 patients with bisal-
burninaemia, total albumin concentration, obtained
by integration of the two separate albumin bands,
differed by less than 2 g/1 from the Ektachem result
(not shown).

When considering all 140 samples tested, between-
method differences (Ektachem minus Olympus) in
albumin (y) were inversely correlated, albeit weakly,
with total protein concentration, more strongly with
the albumin concentration, and highly significantly
with the albumin/globulin ratio (tab. 2). The latter
dependency appeared primarily associated with ele-
vated αϊ- or a2-globulin concentrations, since between-
method differences were only weakly related to β-
globulin concentrations and not at all to γ-globulins,
but very significantly correlated to ocr and oc2-globulin
concentrations, and even more so to the summation
of both (tab. 2). Correlation with -globulin concen-
trations clearly improved when sera with monoclonal
components (several having -mobility) were omitted
from the correlation analysis.

In a selected group of 26 samples with sufficient
residual serum volume, the main protein constituents
of the arglobulins (ocj-antiproteinase and aj-acid gly-
coprotein) and of the oc2-globulins (a2-macroglobulin
and haptoglobin) were quantified by immunonephe-
lometry. Correlations were then sought between the
between-method differences in albumin concentration
(Ektachem minus Olympus) and (combinations of)
these specific protein concentrations (tab. 3). The
tightest correlation was obtained with proteins with
a2-mobility, especially haptoglobin. Correlation with
individual oci-proteins was not significant, but com-
bination of haptoglobin concentrations with a2-mac-
roglobulin slightly improved the values for rs and sy,x.
Inclusion of otj -proteins had little or no effect, al-
though there existed a weak but significant correlation
with the sum of oti-antiproteinase and o^-acid glyco-

Tab. 2. Linear regression analysis of between-method differences in serum albumin concentration" (g/1) as a function of total
protein or protein fractions determined by serum protein electrophoresis in 140 patient sera.

X

g/lb

Total protein
Albumin
Albumin/globulin ratio
αϊ -Globulins
a2-Globulins

-Globulins
γ-Globulins
«t H- a2-Globulins

Slope

-0.08
-0.23
-3.57

2.54
0.91
0.18
0.01
0.82

Intercept

4.06
7.92
5.11

-5.96
-6.23
-1.95
-0.93
-7.40

r

-0.25
-0.68
-0.75

0.66
0.81
0.20C

0.02
0.86

P

<0.001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
<0.02C

>0.05d

< 0.0001

Sy.x

g/ib

3.7
2.8
2.5
2.9
2.3
3.8
3.9
2.0

8 y = (albumin on Ektachem) — (albumin on Olympus)
b g/1 except for albumin/globulin ratio
c r = 0.41 and Ρ < 0.0001 after omission of 12 samples with an M-component
d not significant
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Tab. 3. Spearman rank correlation analysis of between-method differences in serum albumin concentration3 (g/1) as a function of
specific protein concentrations determined by immunonephelometry in 26 patient sera5

X

g/1

cxi-Antiproteinase (1)
οίι-Acid glycoprotein (2)
a2-Macroglobulin (3)
Haptoglobin (4)
Sum of (1) and (2)
Sum of (3) and (4)
Sum of (1), (2), (3) and (4)
Sum of (1), (3) and (4)

Slope

1.19
2.34
1.70
2.88
0.96
1.50
1.23
1.30

Intercept

-2.47
-0.99
-4.22
-4.98
-2.56
-6.60
-9.43
-9.07

rs

0.36
0.19
0.58
0.75
0.40
0.81
0.79
0.79

P • \

0.07C

0.33C

< 0.004
< 0.0001
<0.05
< 0.0001
< 0.0001
< 0.0001

Sy,x

g/1

6.1
6.3
4.8
3.3
6.1
2.9
2.9
2.8

a y = (albumin on Ektachem) — (albumin on Olympus)
b for comparison: when χ = sum of ar and a2-globulins by serum protein electrophoresis (g/1), slope = 0.94, intercept = -7.62,

rs = 0.92, Ρ < 0.0001, sy.x = 2.3 g/1)
c not significant whenever Ρ > 0.05

protein concentrations. However, none of the com-
bination of specific proteins yielded better correlations
than that observed for the integrated value of ocr or
a2-globulins obtained by serum protein electropho-
resis on the same specimens.

Discussion

The present report confirms that for unselected pa-
tient samples, serum albumin concentrations obtained
with bromcresol green-containing Ektachem slides are
overall significantly correlated with results obtained
electrophoretically (8, 9,17). However, large between-
method differences, ranging from 10 g/1 lower to 16
g/1 higher on the Ektachem, were noted in individual
samples. In patients with nephrotic syndrome, where
albumin concentrations are very low and their accu-
rate monitoring is mandatory (18), Ektachem slides
constantly overestimated serum albumin, compared
with serum protein electrophoresis and immunone-
phelometry. This occurred to such an extent (as much
as 300% of the Olympus value) that Ektachem data
were no longer correlated to electrophoretic or im-
munonephelometric results, precluding the use of
these slides for the diagnosis and monitoring of pa-
tients with nephrosis. Serum concentrations of ar
and, especially, a2-globulins were most closely corre-
lated to the overestimation of albumin on the Ek-
tachem. In nephrosis, increased synthesis of albumin
and globulins by the liver tend to counteract urinary
albumin losses, thereby creating an inverse relation-
ship between serum albumin and α-globulins (18).
This might explain why, on the Ektachem, albumin
tends to level off between 19 and 24 g/1, independently
of the true albumin content in patients with nephrotic
syndrome.

In various other clinical situations, albumin concen-
trations on the Ektachem and Olympus differed less

than for nephrotic patients. Overall, the amplitude
and direction of these differences were related to the
albumin/globulin ratio and this association, in turn,
was primarily determined by the amount of α-glob-
ulins, in particular a2-globulins. Consequently, higher
Ektachem values were noted in patients with e.g.
acute phase reactions (up to 8.5 g/1), whereas relatively
lower results were observed in sera with low a^glob-
ulin concentrations, e. g. in umbilical cord blood spec-
imens or in samples from intensive care-patients re-
ceiving large volumes of parenteral fluids. By testing
patients with increased circulating concentrations of
monoclonal or polyclonal immunoglobulins (gam-
mopathies, liver disease), it was verified that these
protein fractions did not correlate significantly with
between-method differences in albumin, despite the
frequent presence of low albumin/globulin ratios and
hypoalbuminaemia (18). Since the Ektachem did not
show a positive bias for albumin in the analysis of
samples with low albumin and high γ-globulin con-
centrations from patients with liver disease, it does
not seem that hypoalbuminaemia or the albumin/
globulin ratio per se are responsible for between^
method differences in albumin concentration (17).
The correlation between albumin concentrations and
between-method differences in albumin therefore
probably stems from the association of low albumin
values with increased globulin fractions in certain
pathological situations such as nephrosis.

Specific protein determination with imm rionephelo-
metry confirmed that the integration of the main
protein components forming the a^ and a2^globulin
band is more closely associated with the between-
method differences in albumin, rather than acute
phase reactants strictu sensu. Indeed, a2-macroglob*
ulin clearly contributed to these differences, yet it is
not considered an acute phase protein (18). Con-
versely, aracid glycoprotein is a well established acute
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phase reactant; yet its concentration did not closely
parallel the observed between-met hod differences. In
contrast, the latter differences were very tightly cor-
related with circulating haptoglobin concentrations.
Although such correlations might suggest a positive
interference of haptoglobin or other -globulins in
the Ektachem assay, they do not support the existence
of a causal relationship. It is furthermore possible
that increased concentrations of certain ß-globulins
that were not assayed in this study, such as transferrin,
or overproduction of lipoproteins by the liver in ne-
phrotic syndrome (18), might also play a role in the
observed differences (19).

Taking into account that Ponceau red, or other dyes
used in serum protein electrophoresis, display variable
binding affinity depending on the type of protein (18),
and that immunonephelometric measurements can·
suffer from non-specific reactions (9), it is obvious
that both comparison methods can also contribute to
the observed overall between-method differences in
albumin. It therefore seems reasonable to assume that
these differences are small enough, and that the cor-

relation between the Ektachem and Olympus is suf-
ficient to allow the use of the Ektachem slides for
serum albumin assay in most clinical situations, with
the exception of patients with nephrosis or any other
condition asssociated with very high concentrations
of -globulins (other than immunoglobulins). Reduc-
ing the time at which colour formation is read in the
Ektachem instrument might improve the specificity
of the assay. However, it is not obvious that experi-
mental data on early readings obtained with liquid
reagents (12—15) can be extrapolated as such to mul-
tilayer film elements of similar composition, where
the time needed for diffusion of serum or back-dif-
fusion of reagents into adjacent layers has also to be
taken into account.
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