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Various tests have been developed for thyroid
function based on the measurement of total se-
rum thyroxine (T4) level, either by direct or
indirect techniques. The direct assays include
competitive protein binding assay and radioim-
munoassay. Radioimmunoassay of T4 provides
distinct advantages over competitive protein
binding assays by eliminating extraction proce-
dures and using a smaller amount of serum. Of
the indirect assays, the most commonly used
screening test for thyroid function is the com-
mercially available in vitro blood test, effective
thyroxine ratio (ETR).

The present studies describe the development
and clinical evaluation of a double antibody ra-
dioimmunoassay for serum thyroxine and its
comparison with ETR in different thyroid dis-
orders.

Materials and methods

Production of antiserum. Antiserum was
produced in rabbits by immunizing with T4 con-
jugated to bovine serum albumin (BSA) using
the method for triiodothyronine (T3) antibodies
described by Gharib et al.! Four rabbits were
immunized weekly with 1 mg antigen; detectable
antibodies were produced in 4 weeks and ade-
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quate titers in 12 weeks. Antiserum
from rabbit 1 (titer 1:5000) was used
for these studies.

Preparation of T4 free serum. T4
free serum was prepared by remov-
ing exogenous T4 with charcoal ad-
sorption. Normal human serum (100
ml), to which 10 g charcoal (Norit A)
was added, was stirred overnight (24
hours) at 4C. Then the charcoal was
removed by centrifugation: it was
centrifuged three times at 13,000 rpm
for 1 hour each. The process re-
moved over 99% of added T4 %I
without making significant change in
total protein concentration.

Eight-anilino naphthelene sulfonic
acid (Na salt) (ANS) was obtained
from K&K Laboratories, Irvine, Cali-
fornia. One hundred fifty milligrams
ANS was dissolved in 100 ml barbital
buffer (0.075 M, pH 8.6). L-thyrox-
ine free acid form, used in antibody
production, and L-thyroxine sodium
salt, used for standards, were pur-
chased from Sigma Chemical Co., St.
Louis, Missouri.

L-thyroxine labelled with 231 (T4
1251), specific activity 100 ug/mg was
obtained from Industrial Nuclear, St.
Louis, Missouri. T4 1?51 was diluted
in barbital buffer (0.075 M, pH 8.6) to
give approximately 10,000 cpm/0.4
ml. To 80 ml of this solution, 10 ml
ANS solution (15 mg) was added and
mixed.

Radioimmunoassay. The assay
was performed in duplicates in 12 X
75 mm disposable plastic tubes. The
tubes were marked for nonspecific
binding (NSB), zero standard, stan-
dards and unknowns. To each tube
was added 450 ul T4 1251, ANS solu-
tion; 10 ul T4 free serum together
with standards (50 ul of various dilu-
tions of T4, 5 ng/ml to 50 ng/ml) were
added to standards, and 10 ul patient
serum was added to unknowns.
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Then, 100 ul antiserum dilution (ap-
proximately 40% maximum binding)
was added to all the tubes except for
NSB tubes. The tubes were gently
mixed and incubated 1!/2 hours at
room temperature (approximately
25C). The separation of the bound
from the free T4 '>5] was obtained by
the addition of 100 ul of previously
titered goat anti-rabbit gamma globu-
lin (GAR). The tubes were mixed
again and incubated 18 to 24 hours at
4C, and then centrifuged at 4000 rpm
for 20 minutes. The supernate was
aspirated and the precipitate (bound)
was counted in a well-type automatic
gamma counter.

Effective thyroxine ratio. The re-
agents for ETR were purchased from
Mallinckrodt Diagnostics, St. Louis,
Missouri, and the test was performed
according to the manufacturer’s in-
structions. The normal range was
0.86 to 1.13 (mean 0.98 = .065).

Serum thyrotrophin (TSH) and T3
were measured by double antibody
radioimmunoassay. Methods previ-
ously described were used with slight
modification.!” ? The normal range
for TSH was less than 2 to 6 wU/ml
(mean 2.8 * 1.0) and for T3 was 95 to
250 ng/dl (mean 173 * 39).

Sources of sera. Serum specimens
were obtained from 50 euthyroid,
healthy subjects, 19 men and 31
women, aged 18 to 55 years. Speci-
mens were also obtained from 10 eu-
thyroid women taking oral contra-
ceptives and from 24 pregnant
women (third trimester).

A total of 69 serum specimens were
obtained from hypothyroid patients,
52 women and 17 men, aged 13 to 74
years. Forty-six patients were clini-
cally hypothyroid, whereas 23 had a
clinical diagnosis of probable hypo-
thyroidism which was later con-
firmed by elevated TSH levels. Etio-
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logically, the patients were classified
in four categories: idiopathic hypo-
thyroidism, Hashimoto’s thyroiditis,
post I therapy, hypothyroidism,
and post-thyroidectomy hypothy-
roidism.

Serum specimens were also ob-
tained from 56 hyperthyroid pa-
tients, 38 women and 18 men, aged
11 to 72 years. Fifty of these patients
had a diagnosis of Graves’ disease
with hyperthyroidism, two had hy-
perthyroidism associated with Hashi-
moto’s thyroiditis, two had adenoma-
tous goiter, and two patients were
diagnosed as T3 thyrotoxicosis with
elevated T3 levels but normal T4 and
ETR tests. Patients who were par-
tially treated or taking estrogen or
oral contraceptives were not
cluded.

in-

Results

Specificity. The antiserum was
tested for the cross reaction with L-
trilodothyronine (L-T3), diiodotyro-
sine (3’5" T2) and monoiodotyrosine
(3 T1). With L-T3 the cross reaction
was 4.8%; with 3’5" T2 and 3 T1 no
significant cross reaction was noted
(Fig. I1).

Effect of ANS on the antigen anti-

T4 RIA
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body reaction. In the presence of T4
free serum (20 wl) the antibody bind-
ing dropped from 50% to 6%. With
the addition of ANS the binding was
restored, provided the ANS concen-
tration was between 15 ug to 75 ug.
Addition of greater amounts of ANS
also had the effect of inhibiting the
binding (Fig. 2).

Effect of T4 free serum on the an-
tigen antibody reaction. When in-
creasing amounts of T4 free serum
were added to the tubes containing
antiserum and labelled T4, a gradual
inhibition of labelled T4 bound to
antibody was observed so that bind-
ing gradually decreased from 52% to
6%. The addition of 75 ug ANS re-
sulted in restoring binding to 46%
(Fig. 3).

Two standard curves were run si-
multaneously with and without 20 ul
T4 free serum. The addition of T4
free serum shifted the curve slightly
toward the lower side. Because of this
difference in the curve, the addition
of T4 free serum equivalent to un-
known sample was considered a de-
sirable step in the assay.

Reproducibility. The interassay
variation was checked for low, me-
dium, and high level T4 samples.
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Fig. 1. Inhibition of labelled T4 bound to T4 antiserum by addition of increasing amounts of
unlabelled T4, and also cross reaction of T4 antiserum with L-T3 and T2. Serum of hyperthyroid

patients run in three dilutions.
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Fig. 2. Effect of increasing amounts of ANS on the antigen-antibody binding in the presence and

absence of 20 ul of T4 free serum.
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Fig. 3. Effect of increasing amounts of T4 free serum (TBG concentration) on the antigen-antibody
reaction in the presence and absence of 75 ug of ANS.

Three control sera were repeated in
10 different assays. The mean values
for these sera were 0.63 = 0.1 (SD)
pg/dl; 10.3 = 1.0 wg/dl; and 21.9 +
1.3 pg/dl with the coefficient of varia-
tion 15.8%; 9.7% and 5.9%, respec-
tively.

Recovery of added T4. The accu-
racy of the assay was tested by adding
10 and 50 ng of T4 to 1 ml T4 free
serum. The mean recovery was
found to be 94 = 11% (n = 10) and
99.5 + 9.5% (n = 10), respectively.

Clinical evaluations

Normal controls. In 65 euthyroid
subjects the mean T4 level was 6.4 =
1.2 ug/dl with a range of 4 to 9 ug/dl.
In 10 euthyroid women taking oral
contraceptives, the mean T4 level was
7.9 = 1.5 pg/dl with a range of 5.2 to
11 wpg/dl, and in 24 euthyroid preg-
nant women (third trimester) the av-
erage T4 level was 9.4 = 1.5 ug/dl
with a range of 6 to 12 ug/dl (Table).

Hypothyroid patients. In 69 pri-
mary hypothyroid patients the mean
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Table. Serum T4 concentrations in various clinical studies

No. of patients Serum T4

M = SD Range

Thyroid status Male Female Total pg/dl pg/dl

Euthyroid 24 41 65 6.4 % 1.2 4.0-9.0
Euthyroid (oral contraceptives) 10 10 79=15 5.5-9.5
Euthyroid (3rd trimester of preg- 24 24 94+ 15 6.0-12.0

nancy)

Hypothyroid, primary 17 52 69 1.7 £ 1.8 0.2-5.0
Hyperthyroid 18 38 56 14.4 £ 4.6 8.5-30.0

M = mean; SD = standard deviation.

T4 level was 1.7 £ 1.3 (less than 0.2 to
5 wg/dl). The TSH level was elevated
in all these patients with the mean
level of 75.6 = 50 nU/ml with a range
of 20 to 240 wU/ml. Sixty-four (93%)
of these patients had subnormal T4
levels and only 5 (7%) had T4 levels in
low normal range (4 to 5 ug/dl). A
good inverse correlation was ob-
served between TSH and T4 (r =
0.71).

Hyperthyroid patients. In 56 clini-
cally hyperthyroid patients the mean
T4 level was 14.4 = 4.6 with a range
of 8.5 to 30 ug/dl. Fifty-three (95%)
of these patients had elevated T4 lev-
els, only 3 (5%) had levels in the high
normal range (8.5 to 9 ug/dl).

Comparison of T4 and ETR test.
Besides T4, ETR was also measured
in the same 69 hypothyroid and 56
hyperthyroid patients. In the hypo-
thyroid group the mean ETR was
0.81 = 0.052, and in the hyperthyroid
group the mean was 1.26 = 0.12.
Fourteen patients (20%) from the hy-
pothyroid group and nine patients
(16%) from the hyperthyroid group
had ETR levels in the normal range.
Of the 14 hypothyroid patients who
had normal ETR (0.86 to 0.96), only
five had normal T4 levels (4 to 5 ug/
dl). TSH levels were elevated in all
these patients (20 to 190 wU/ml).
Eight of these patients had a diagno-

CORRELATION BETWEEN T4 AND ETR IN
HYPOTHYROID AND HYPERTHYROID PATIENTS
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Fig. 4. Correlation between serum T4 and
ETR in 125 patients with hypothyroidism and
hyperthyroidism.

sis  of idiopathic hypothyroidism,
three had Hashimoto’s thyroiditis,
and two had hypothyroidism due to
thyroidectomy and post ™' treat-
ment, respectively.

Of the nine clinically hyperthyroid
patients who had normal ETR levels,
seven had a diagnosis of Graves’ dis-
ease and elevated T4 levels. Two had
normal T4 but significantly elevated
T3 (440 and 380 ng/dl), thus leading
to a diagnosis of T3 thyrotoxicosis.
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The correlation between ETR and
TSH in the hypothyroid patients was
poor with the correlation coefficient
(r) of 0.43. A positive correlation was
observed when T4 and ETR levels
were compared in hypothyroid and
hyperthyroid patients separately,
and the correlation coefficient in the
hypothyroid group was 0.61 and in
the hyperthyroid group was 0.63.

Discussion

In previous studies antibodies to
T4 had been produced in rabbits by
immunizing with human thyroglobu-
lin® or beef thyroglobulin®* which
showed 10% and 13% cross reaction
with T3, respectively. In our experi-
ence, coupling T4 with bovine serum
albumin using the method of Gharib
et al' described for T3 gave an antise-
rum with greater specificity showing
4.8% cross reaction with T3.

Different TBG blocking reagents
have been used for T4 RIA.* 5 In our
experience ANS is effective, but the
amount of ANS must be carefully ti-
tered according to the amount of se-
rum sample used. Higher concentra-
tion of ANS can inhibit antibody
binding with labelled antigen itself.
Addition of T4 free serum equivalent
to the sample size, to the standards
was found to shift the standard curve
slightly; therefore, it was considered
a desirable step in the assay.

The euthyroid range (4 to 9 ug/dl)
we obtained appeared to be slightly
lower when compared with others.
Chopra® and Larsen et al* observed a
higher euthyroid range; the levels re-
ported by Mitsuma et al® appeared to
be quite comparable with our results.

Serum TSH levels have been
found to be most diagnostic for pri-
mary hypothyroidism.? ¢ From the
69 primary hypothyroid patients who
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had elevated TSH levels, 93% were
found to have subnormal T4 levels. A
good inverse correlation was ob-
served between TSH and T4 in these
patients. This indicates the diagnostic
significance of T4 assay in these pa-
tients.

T3 thyrotoxicosis has been re-
ported by a number of investiga-
tors.” In our study of 56 clinically
hyperthyroid patients, two patients
who had normal T4 and ETR levels
were found to have significantly ele-
vated T3 levels which led to the diag-
nosis of T3 thyrotoxicosis. This indi-
cates the need of T3 determinations
in hyperthyroid patients with normal
T4 levels.

The diagnostic value of ETR in
thyroid disease seems to be equal to
that of free thyroxine index, since it
is not influenced by changes in thy-
roxine binding proteins in serum.
Comparison of ETR with free thy-
roxine index and with absolute free
thyroxine in serum have been re-
ported,!® ' but a comparison with
total T4 in a large number of patients
has not been reported before. We
found a positive correlation between
these two tests when hypothyroid and
hyperthyroid patients were com-
pared separately. As far as the diag-
nostic value of these tests is con-
cerned, ETR test gave less satisfac-
tory results than T4. With ETR, 20%
of hypothyroid patients and 16% of
hyperthyroid patients had values in
the normal range. Similar results
with this test have been reported.'’ In
contrast, total T4 in these patients
was found to be more diagnostic. In
addition to this, a better inverse cor-
relation was found between serum
T4 and TSH than ETR and TSH in
hypothyroid patients.

Thus, in our experience, T4 ra-
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dioimmunoassay appeared to be a re-
producible and reliable screening test
for hypothyroidism and hyperthy-
roidism, especially when used in ap-
preciation of alterations in thyroid
binding proteins.

Summary

A radioimmunoassay for T4 has
been evaluated as a screening test for
hypothyroidism and hyperthyroid-
ism by comparing T4 levels with the
ETR test.

In 69 patients with primary hypo-
thyroidism the mean T4 level was 1.7
=+ 1.3 pg/dl, and the mean ETR was
0.81 = .05. Ninety-three percent of
these patients had clearly subnormal
T4 levels, whereas 7% were in the low
normal range; 20% had normal ETR.
In 56 clinically hyperthyroid patients
the mean T4 level was 14.3 *+ 4.6 ug/
dl and the mean ETR was 1.2 = 0.12.
Only 5% of these patients had high
normal T4 levels; 16% had normal
ETR. The correlation coefficient be-
tween T4 and ETR in the hypothy-
roid group was 0.61 and in the hyper-
thyroid group was 0.67.
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