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Summary: A method is described for the determination of thyroxine binding globulin (TBG) in dried blood
spotted on filter paper using reagents from a test kit for the measurement of TBG in plasma. By minor
modifications of the recommended procedure it was possible to improve precision, sensitivity and tracer
* displacement. Appropriate TBG standard samples were prepared in ‘artificial blood’ consisting of a suspen-
sion of erythrocytes in buffer with bovine serum albumin (50 g/1). There is a good correlation between plasma
- TBG RIA results and blood spot TBG RIA results (r = 0.93). Attention must be paid to the stability of the
TBG in blood: our experiments show a decrease of TBG content if filter paper cards with dried blood are
stored longer than one month.

Radioimmunoassay fiir Thyroxin bindendes Globulin in auf Filterpapier getrockneten Blutstropfen

Zusammenfassung: Es wird eine Methode zur Bestimmung des Thyroxin bindenden Globulins (TBG) aus
getrockneten Blutstropfen unter Verwendung von Reagentien aus einer Test-Packung zur Messung von TBG
im Plasma beschrieben. Durch leichte Modifikation des empfohlenen Vorgehens war es méglich, die Prizi-
sion, die Empfindlichkeit und die Verdriangung des Tracers zu verbessern. Die TBG-Standard-Verdiinnungen
wurden in ‘kiinstlichem Blut’, das aus einer Suspension von Erythrocyten in Puffer mit Rinderserumalbumin
(50 g/1) besteht, hergestellt. Zwischen den Resultaten des TBG-RIA fiir Plasma und des TBG-RIA im ge-
trockneten Blutstropfen wurde eine gute Korrelation (r = 0.93) gefunden. Aufmerksamkeit sollte der Stabili-
tit von TBG im getrockneten Blut geschenkt werden: unsere Versuche haben eine Abnahme der TBG-Kon-
zentrationen gezeigt, wenn die Filterpapiere mit dem getrockneten Blut ldnger als einen Monat gelagert
werden.

Introduction .
T mones and substances such as ‘“free thyroxine”

With the introduction of serial neonatal screening  (FT4)(3), 17-a-hydroxy-progesterone (4,5), a-feto-
for congenital hypothyroidism, methods have been  protein (6) and TBG (7).

developed which allow the determination of thyro-
tropin (1) and thyroxine (2) in blood spots dried on
filter paper. Blood sampling by heel puncture is easy
to perform even in very small and young infants, and .
mailing and storage of filter paper cards is uncompli-
cated. Therefore, determinations in dried blood have
also been applied to the measurement of other hor-

We present a method which we have developed for
the determination of TBG in dried blood spotted on
filter paper using commercially available reagents.

Materials and Methods

Specimen collection

1) Visiting Fellow from Warszawa, Poland. Capillary blood obtained by heel prick, is spotted on filter paper
2) Supported by the Swiss National Science Foundation, Grant (Schleicher & Schuell No.2992) and carefully dried at room

No. 3.984.080 and by HENNING Berlin. temperature. Samples are sent to the laboratory by regular mail
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and thereafter kept in a plastic box at 4 °C until analysed. Circles
of 8 mm diamcter are printed on one side of the filter paper in
order to make sure that sufficient blood is collected.

Blood spot TBG RIA

For the determination of TBG in dried blood, the TBG-RIAcid
procedurc for plasma TBG measurements (HENNING Berlin)
was slightly modified. In this method, a double antibody/polyeth-
ylene glycol assisted separation of free and bound 2] Jabelled
TBG is used. The tracer has a specific activity of 1.295—1.85
TBq/g (35—50 Ci/g) and a shelf life of 4—6 weeks. Samples or
standards, in the form of filter paper discs of 6.5 mm diameter,
containing approximately 10 ul blood, labelled TBG (100 pl) and
first antibody (100 pl) are incubated simultaneously for 60 min-
utes, followed by the addition of the second antibody (100 ul).
After a further 60 minutes incubation, bound and free are separ-
ated by centrifugation for 20 minutes at 1600 g. After decanting,
the precipitates are washed with 2 ml of distilled water, centri-
fuged and decanted again. The precipitates are then counted for
one minute on an automatic y-counter and the results evaluated
by linear interpolation. The filter paper discs remain in the tube
throughout the assay.

Preparation of TBG standards in ‘ariificial blood’

The concentrated standard is diluted to concentrations of 60, 40,
30, 20 and 10 mg/1 respectively, using NaCl solution (154 mmol/1) .
mmol/1) containing bovine serum albumin (50 g/1) and merthio-
late (0.1 g/1). To each standard solution an equal volume of
washed erythrocytes is added. This suspension of erythrocytes
(‘artificial blood" with a hematocrit of 0.50), is spotted on filter
paper and left to dry in air at 20—25 °C. Results are expressed as
mg/1 of plasma.

TBG RIA for plasma

In order to test the validity of the blood spot TBG RIA, TBG
concentrations of a number of patients were assayed in plasma as
well as in dried blood spotted on filter paper. For the determina-
tion of plasma TBG, the TBG-RIAcid method (HENNING Ber-
lin) was used without modification.

Statistics

Assay precision and sensitivity are calculated according to Rod-
bard (8). The significance of differences was estimated using the
Wilcoxon signed rank test (paired samples) or the Wilcoxon rank-
sum test (non-paired samples).

Results
Preparation of standards

Because of the difficulties in obtaining blood without
TBG an attempt was made to prepare ‘artificial
blood’ which could be used as a diluent for standard
TBG.

In preliminary experiments using the liquid system,
we assayed TBG standard curves prepared from the
supplied standard solutions and from sets of stand-
ards diluted in a NaCl solution (154 mmol/l) con-
taining either bovine (50 g/1) or human serum al-
bumin (50 g/1). Figure 1 shows that there is practi-
cally no difference between these standard curves. It
was therefore decided to use a NaCl solution (154
mmol/l) containing bovine serum albumin (50 gMM)
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Fig: 1. Comparison of standard curves for the thyroxine binding
globulin assay in plasma in phosphate buffer alone
(&——=24), buffer with bovine serum alburiiin (50 g/1)
(@——=0) and with human serum albumin. (50 g/1)
(O---0).

for the preparation of ‘artificial blood’ for the dilu-
tion of standards (cf. Methods).

When standard curves were prepared with dried
blood, displacement of TBG was lower than in the
original liquid system. This is due to the.fact that the
filter paper discs contain approximately 5 ul of plas-
ma versus 10 pl in the original dssay system. Iri order
to optimize the assay procedure, we tested the fol-
lowing modifications. A dilution curve for the TBG
antibody (fig. 2) shows that the sensitivity increases
with decreasing antibody concentration. We chose a
dilution of 1 : 2 of the supplied antibody which gave
the best results over the whole range of the standard
curve. Thereafter, the influence of incubation time
was studied. The manufacturers recommend 30 to
120 min for the first incubation. We tried different
periods of 1 to 5 hours for the first incubation. Equil-
ibrium of reaction was reached after one hour using
the antibody diluted 1: 2. The recommended time
for the separation of bound and free TBG is 30 to 60
min. An increase up to two hours did not bring any
advantage, particularly not with respect to precision
of duplicates.

The supplied antibody solution contains normal rab-
bit serum. Since we diluted the antibody 1:2 it was
necessary to adjust the amount of normal rabbit se-
rum in order to restore ideal precipitating condi-
tions. This adjustment, together with a slight prolon-
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Fig. 2. Dilution curve for the supplied TBG antibody in the blood
spot assay. Each dilution was assayed in the absence
(O0——©) and in preserice of 10 mg/l TBG standard
(©—-~-0).

gation of centrifugation time (20 min instead of 15
min) led to a better precision in duplicates.

Assay precision

Intraassay coefficients of variation (C.V.) at TBG
concentrations of 17.3 mg/1 and 20.1 mg/1 are 5.3%
and 8.0% respectively (n = 8). Interassay coeffi-
cients of variation at the same concentrations are
3.3% and 8.0% respectively (n = 8). The doses read
at 80% and 50% of the standard curve in 8 consecu-
tive assays are 8.64 mg/1 (S.D.=0,9, C.V. 10.4%)
and 24.6 mg/1 (S.D. = 3.7, C.V. 14.8%) respective-
ly.

Assay sensitivity

The sensitivity of the TBG blood spot RIA read
from the standard curve at a point calculated as
Bo—2SD is 1.83 mg/l (n = 10, SD 0.65) (8).

Assay validity

In 30 patient samples, TBG was measured in plasma
as well as in dried blood spots. The correlation be-
tween the two methods was statistically significant;
the correlation coefficient was 0.9381; the regres-
sion equation is y = 0.884x + 3.084 where y repre-
sents the blood spot TBG concentration and x the
plasma TBG concentration.
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Stability of TBG

Problems were encountered with the stability of
TBG in blood spotted on filter paper. Table 1 shows
the mean value and range for a group of 19 determi-
nations of TBG in plasma and in dried blood, mea-
sured soon after blood sampling. There is a good
correlation between these measurements. In contrast
to what happens with thyrotropin in dried blood
spots (1), storage at 4 °C over a period of 5 months
led to a significant loss of TBG in dried blood from
patients (p <0.0002). Similarly, the stability of
standard TBG in ‘artificial blood’ was tested. The in-
fluence of storage on TBG concentrations is shown
in table 2. If the TBG concentration in dried blood

Tab. 1. Correlation of TBG results (mg/l) measured in plasma
and in dried blood spots and the effect of 5 months stor-
age at 4°C on TBG concentrations in 19 dried blood

samples.

TBGin TBGin TBGin Blood spot: -

plasma +  blood spot bloodspot Difference

Dec 81 Dec 81 Apr 82 Dec 81—Apr 82
X 30.9 30.2 23.1 p <0.0002
Range 19-76 19-70 13—-44

0.9413*
0.7710*

* Correlation coefficient for blood spot vs. plasma

Tab. 2. TBG concentration (mg/l plasma) in fresh blood spots of
a patient read from standard curves prepared by measur-
ing TBG standards in ‘artificial blood’. The standards
were stored at 4 °C for 2 days, 1 month and 3 months, and
at —20°C for 1 month.

Storage time and temperature

2 days 30 days 30 days 90 days

4°C 4°C —-20°C 4°C
X 18.29 18.50 18.50 22.21
SD 1.11 1.00 2.02 1.55
n 7 4 6 7
Difference from 2 days
storage at 4 °C .

p N.S. N.S. <0.005

of a patient is read from a standard curve prepared
with standard stored for 2 and 30 days at 4 °C, and
for 30 days at —20 °C, values are practically identi-
cal. If the same patient’s sample is read from a curve
of standards stored for 3 months at 4 °C, TBG values
are significantly higher (p <0.005). This apparent
increase of the measured TBG value is in fact due to
a loss of TBG in the standard.
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Discussion

An important prerequisite for optimal radioimmu-
nological methods is the availability of standard sam-
ples in a medium as similar as possible to the samples
to be assayed. Ideally TBG standards should be dis-
solved in blood free of endogenous TBG. Unfortu-
nately, this type of blood is almost impossible to ob-
tain. Other means of prearing TBG-free blood, ¢. g.
by charcoal adsorption or affinity chromatography,
failed or were impracticable for the large amounts of
specific antibody required. A further possibility
would be the preparation of ‘natural’ standards by
dilution of blood with high endogenous TBG con-
centrations. This alternative had to be abandoned
for lack of sufficient quantities of suitable blood. In
order to by-pass this situation we prepared ‘artificial
blood’ as a diluent for the standard TBG; this diluent
is readily prepared in any amount.

As observed by us and others (7), standard TBG be-
comes degraded in dried blood spots stored for more
than one month. Thus, frequent preparation of
standards was necessary, and the ready availability
of a suitable diluent was of practical importance.

Since TBG also seems to be degraded in dried blood
samples from patients, determinations of TBG
should be carried out within one month of arrival in
the laboratory.

Validity, precision and sensitivity of our blood spot
assay can be considered as satisfactory: In our hands
the blood spot assay seems to be even more reprodu-
cible than the plasma assay, where pipetting errors
may occur due to the small plasma sample volume of
10 pl. In the blood spot assay, samples of equal size
are easily punched out from the filter paper card.

After the introduction of neonatal thyroid screening,
a relatively high incidence of TBG deficiency
(1:7700) was reported in centres whose pro-
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grammes are based on initial thyroxine (T4) determi-
nations (9, 10). Since TBG deficiency is a biochemi-
cal abnormality leading to low total T4 values, but
without clinical implications, these children do not
need treatment or follow-up examinations. TBG de-
ficiency escape detection when screening is carried
out by thyrotropin determination alone as is the case
in most European countries and in Japan.

Although the establishment of this diagnosis has no
consequences for the individual child; it would be ini-
teresting to know the incidence of TBG deficiency
(and of TBG excess) in our population. Therefore,
we have developed the TBG blood spot assay which
can be carried out as easily as the screening methods
for congenital hypothyroidism.

In our experience, sensitive blood spot assays of total
T4 and thyrotropin have proved to be useful for
monitoring optimal dosage and compliance in pa-
tients with congenital hypothyroidism under substi-
tution therapy. The addition of the TBG assay in fil-
ter paper discs enables us not only to detéct TBG
abnormalities but also to calculate the free T, index
(FT4I) which correlates well with free T4 (11). Hence
the determination of thyrotropin, T4 and TBG in
dried blood spots allows a relatively broad evalua-
tion of the thyroid status. It also offers a possibility
for monitoring thyroid replacement therapy at shor-
ter intervals, since no venipunctures are required
and blood samples collected on filter paper cards can
easily be sent to the laboratory. '

The introduction of a reliable TBG assay in dried
blood spots is a further step in the simplification of
diagnostic procedures, which is of particular advan-
tage in paediatric medicine.
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