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termination,although this is not apparent with urinalysis.
This discrepancy is difficult to explain.
The flame photometer gave much better results for po-
tassium than for sodium, which showed large variations
in accuracy over long time periods, even with a calibration
update. Its usefulness in urinalysis is limited by the re-
strictions of the calibrating procedure, especially for so-
dium.

s Urine chloride determination is restricted similarly to
that of sodium and potassium.
Calcium determination is not acceptably precise. This
is probably a reagent problem, because some instability
of the color reagent was noted.
The precision of enzyme activity determination was
generally good, although measurements are probably
being made just as constant temperature is attained. This
may be affecting the precision of aminotransferase ac-
tivity determination.
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Free-CortisolAssayby Immunoextraction:Comparisonwithan Equilibrium
DialysisProcedure
Aldo Clerico,’ Maria Grazia Del Chicca,1 Giancarlo Zucchelli,1 Carlo Bartolomei,2 and Nedo Riccioni2

We describe a new method for directly determining the
apparent free cortisol concentration in plasma samples
by use of an antibody-coated test-tube AlA. Buffer-diluted
plasma or standard serum is added to antibody-coated test
tubes, incubated at 4 #{176}Cfor 4 h, and the solutions are as-
pirated. 1251-Iabeled cortisol is added to each tube and in-
cubated for 3 h at 4 #{176}C.Then the insides of the tubes are
washed and their radioactivities counted. The standard
curve is in terms of free cortisol, the standard serum so-
lutions having been measured with an equilibrium dialysis
procedure. Plasma samples (n = 155) from normal
subjects and from various patients, measured with the new
immunoextraction method and the equilibrium dialysis
technique, gave results that correlated well (r = 0.847,p
<0.00 1). Results by this direct AlA also correlate well with
the clinical adrenocortical status of patients for whom data
on total plasma cortisol may be misleading. This simple,
easy AlA is suited to be the routine method for free cortisol
in plasma.

The free (non-protein-bound) fraction of steroid hormones
has a major role in determining their biological activity.
Therefore, assay of free steroid appears to furnish more-reli-
able information about the functional status of these hor-
mones, especially in cases where the binding capacity of
plasma proteins is altered.

Recently, we described a highly sensitive method for de-
termining the apparent free cortisol concentration (AFCC)
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in plasma samples by means of an RIA in which an antiserum
is directly coated on the test tube wall (1). The diffusible (free)
cortisol in the plasma dialysate after an equilibrium dialysis
(ED) is measured directly by this RIA method.

However, ED has the disadvantage of a long incubation
interval with respect to other techniques that are available for
the measurement of the free hormone fraction, such as gel-
equilibrium, ultrafiltration, and ultracentrifugation. Addi-
tional drawbacks are the volume of plasma necessary for the
assay (1 mL) and the need to determine AFCC by two steps
(ED and RIA).

Therefore, we have developed a direct assay of free cortisol
in plasma, in which the same antibody-coated-tube RIA is
used as for the ED procedure (1). Our procedure is based on
the immunoextraction of cortisol in unknown samples, which
is measured from a calibration curve prepared by use of
human serum standards in which the free hormone content
was previously determined by the ED system (1) as the com-
parison method.

Here we describe the methodological characteristics of this
new method and compare results with those by the previously
described ED procedure.

Materials and Methods
AFCC was measured in plasma samples by the RIA plus ED

technique as previously described (1, 2). The ED was per-
formed with 1 mL of plasma at 37 #{176}Cfor 20-24 h vs 5 mL of
buffer. The diffusible cortisol in the dialysate was then mea-
sured by an RIA method in which an antiserum is directly
coated on the test tubes and 1251-labeledcortisol is used as the
tracer [SPAC Cortisol, kindly supplied by Byk Gulden Italia
S.p.A., Cormano (MI), Italy] (1).

This same RIA method was also used for the direct assay
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Table 1. Mean AFCC Values (±SD) of Four Lots
of Human Serum Standards Measured In Six

Different Assays by ED
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Fig. 3. Correlation between the values by the present method
and by the equilibrium dialysis technique (1)
The dashed lineis the line of Identity; the linear regression between the two
series of values Is Indicated by the continuous line
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#{149}Fig. 1. Standard curves with two different lots of tubes

of AFCC in plasma or serum samples. The assay was per-
formed as follows: add 0.2 mL of unknown plasma samples or
of human serum standard to test tubes and dilute with 0.8mL
of phosphate buffer (150 mmol/L, pH 7.4). Incubate the tubes
for 4 h at 4 #{176}Cand discard the solution, then add 1 mL of
‘251-labeled cortisol solution (about 1 Ci used for 50 test
tubes; also supplied by Byk Gulden Italia S.p.A.). After a
further incubation at 4 #{176}Cfor 3 h, discard the solution and
wash the insides of the tubes with 1.5 mL of isotonic saline
solution. Discard the wash solution and count the radioactivity
in the tubes in a well-type scintillation counter for 1-2 mm.

Prepare the standard curve in such a way as to express the
standard solutions (normal human sera with standard cortisol
of well-known total amount, kindly supplied by Travenol,
Clinical Assay, Rome, Italy) in terms of free cortisol content,
as independently measured with the ED technique.

We measured 155 plasma samples by the new direct RIA
method and by the ED technique. The samples were from
seven normal persons; 21 pregnant women; eight patients with
cirrhosis of the liver and nine with anorexia nervosa; and from
one patient with carcinoma of the prostate, who was under-
going treatment with estrogen, sampled in basal condition at
different hours of the day and (or) after stimulation or sup-
pression tests.

The sensitivity, the index of precision, and the sample
values were calculated by use of a calculator program previ-
ously described (3).

Fig.2. Mean precisionprofiles

Results
Standard curve and sensitivity. A great variation in stan-

dard curves obtained resulted when different lots of anti-
body-coated-test tubes were used. The mean standard curves
(±SEM) obtained with two different lots of tubes are illus-
trated in Figure 1, as is the mean sensitivity (±SEM) of these
two curves.

Four lots of standards were used for the free cortisol assay
by our direct RIA procedure. Table 1 reports the values ob-
tained on measuring these lots by means of ED in six different
experiments.

Precision. The mean precision profiles of the two standard
curves ofFigure1areshown inFigure 2. As expected, the more
sensitive standard curve also shows better precision. The
between-assay variability (CV), obtained repeatedly on
measuring one plasma pool collected from blood donors in

different assays (n = 25) during one year, with use of several
lots of antibody-coated-test tubes, was 25.5% (mean ± SD =

11.0 ± 2.8 sg/L). For the same pool the between-assay vari-
ability found by ED was 20.0% (n = 16, mean ± SD = 11.0 ±
2.2 igfL).
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Fig. 4. Correlation between valuesby two methods, forplasma
samples from a patient with carcinoma of the prostate and for
pregnantwomen
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sion

Comparison with ED technique. Values obtained for the
155 plasma samples with the new assay and by the ED tech-
nique are reported in Figure 3. A strong correlation was found
between results by the two procedures (p <0.001). A similar
degree of correlation was found in the case of the samples from
the patient with carcinoma of the prostate, who was under-
going treatment with estrogens and who had high values for
total cortisol (208-1109 igfL), and for samples from 21

pregnant women (Figure 4). A similar degree of correlation
was also found in the case of all the other groups of subjects
studied (normals, anorexia nervosa, liver disease).

Discussion
This new method showed good sensitivity (Figure 1), per-

mitting determination of AFCC in plasma samples containing
very low free cortisol concentrations (normal range 3.5-17.0
igfL). An appropriate choice of antibody-coated tubes results

in better sensitivity and adequate precision for the assay
(Figures 1 and 2). However, even with no selection of tubes,
the precision of the determination is not very different (26%)
from that found, during a year’s experiments, by ED with the
same pool (20%). On the other hand, the new method has some
advantages over the ED technique: AFCC can be measured
in plasma in about one day, as compared with two days with
the ED technique; only 0.2 mL of plasma is required (1 mL
with ED); and with the same materials one can determine
concentrations of both free and total cortisol.

Although the cortisol immunoextracted by the antise-
rum-coated-tubes was not the theoretical free-hormone
content of the plasma sample, this new method shows a high
correlation with AFCC measured with the comparison method
(ED system), even in particular physiopathological conditions
in which the protein binding of plasma samples was consid-
ered to be grossly altered (pregnancy, estrogen treatment,
cirrhosis), whereas the total plasma cortisol may give mis-
leading results in such conditions. Therefore, because this
method is simple and easy to perform, it could well become
a useful addition to routine laboratory tests for adrenocortical
function investigation.
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