
A simple, two-stage modification of a corn
petitive protein-binding technique for measur
ing T4(D) is described which perrnits measure
ment of both T4(D) and, indirectly, free T4
(Fl'4). The method employs small Sephadex
columns and 1151-T4 as described previously
(JCEM 32: 487, 1971) and a final elution of
the column with 0.02 ml of the patient's serum.
in 68 euthyroid subjects, values for T4 (D) were
7.0 Â± 1.6 @zg% (mean Â± s.d.) and for indirect
FT4, 0.80 Â± 0.18; in 21 pregnant patients
T4(D), 10.8 t 1.9 @g% and indirect FT4, 0.80
Â± 0.19; in 9 euthyroid subjects with low or

absent THG T4(D), 2.9 Â± 0.8 @g% and indirect
FT4, 0.91 Â± 0.17; in 22 hypothyroid patients
T(D), 1.7 Â± 0.7 @g% and indirect FT4, 0.28
Â± 0.09; in 24 hyperthyroid T4(D), 20.9 Â± 5.5

@&g%and indirect Fl'4, 3.04 Â±0.75. The indirect
measurement of FT4 is similar to the T4-RT3
index but more accurately reflected thyroid
statua in this series. The present method is
rapid, accurate, and reproducible.

It is generally agreed that the single most useful
test of thyroid function is the serum concentration
of freeor nonprotein-boundthyroxine(FTj (1)@.
This test, in contrast t@the total serum T4 concentra
tion and methods which measure the percent free T4
(% Fr4) in serum, remains normal in euthyroid
individuals in spite of abnormalities in the T4 bind
ing affinity of the serum-binding proteins, especially
the thyroxine-binding globulin (TBG) (2). The FL
is calculated as the product of the total serum T4
concentration and the % FT@ measured by pro

C Nomenclature for tests of thyroid hormones in serum

is adopted from a committee report of the American Thy
roid Association (1).

longed dialysis of I3II or â€˜251-labeledT4 enriched
serum. Since the latter technique is not readily avail
able in most laboratories, an indirect measurement
of percent Fr4 by the resin triiodothyronine uptake
test (RT:,U) has been substituted and the thyroxine
resin T:@index (T4-RT, index) used as an indirect
measurement of FT@.More recently, we and others,
have described single procedures for indirectly meas
uring Fr4, but none of these methods allow for a
quantitative assessment of total serum T4 concentra
tion (3â€”6).

The present report describes a method which
combines the previously described methods for di
rectly measuring serum T4 concentration by isotopic
displacement T4(D) (7) and indirectly measuring
Fr4 (6) into a singletwo-stepprocedurefor deter
mining both parameters of thyroid function.

MATERIALS AND METHODS

Test procedure. All reactions are carried out in
small plastic columns containing Sephadex G-25
equilibrated with 0. 1 N NaOH providing a pH
greater than 11. The direct measurement of T4(D)
using â€˜25I-labeledT4 is then carried out as described
previously, unknown sera being compared with a
standard curve (7) * After completing this method
which requires two determinations of radioactivity
on the column (initial or pre-elution and second or
post-elution), the bottom of the column is capped.
A small quantity of the patient's serum (0.02 ml)
and 0.5 ml of barbital buffer, pH 8.6 [same buffer
used in measuring T.4(D)] is then added to the same
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GroupNo. subjectsT4(D) (,tLg%)RI5U (%)T4.RT3 IndexIndirectFT@Euthyroid687.0

Â± 1.648.4 Â± 6.06.7 Â± 1.50.80 Â± 0.18

column used for the patient's T4(D) determination,
gently swirled, and allowed to drain for 3 mm. Thus,
the quantity of T4 remaining on the column which
is eluted will be directly proportional to the T4 bind
ing affinity of the patient's TBG. The column is then
washed with 4-ml buffer, recapped, and counted
again. This final count divided by the initial count
gives the percent retention of 125I-T4 and is corn
pared with either a concurrently run normal serum
pool or with the 5 @g%T4standard used in the stand
ard curve for measuring T4(D) . The indirect meas
urement of Vf4 is then calculated by dividing the
final percent retention of the patient's serum by the
final percent retention of the normal serum pool or
standard. The total time required to run 22 serum
samples for both T4(D) and indirectly FL is ap
proximately 90 mm.

The principle of the test is outlined in the follow
ing example. In pregnant patients or subjects re
ceiving estrogen, serum TBG is increased, resulting
in an elevated total serum T4 which is measured in
the first part of the present method. A greater quan
tity of â€˜251-T4remains on the column (second count).
Since the patient's TBG is increased, when a small
quantity of serum is then added to the column, more
of the retained â€˜251-T4will be eluted than would
occur if TBG were normal. Thus, the final column
count will be similar to that obtained in a normal
serum in which T4(D) is normal as reflected in fewer
counts on the column before the final elution, with
less being then eluted since TBG is normal. In con
trast, in thyrotoxicosis, T4(D) is also elevated, but
since TBG is either normal or slightly low, far less of
the 1251-T4retained on the column is eluted in the
final step and the indirect FL is elevated.

All tests were run in duplicate, and results of the
indirect Vf4 were compared with those obtained for
the T4-RT, index calculated as the product of T4(D)
and RT:4U ratio (Trilute). Since the present method
for measuring T4(D) is not as accurate when the
standard curve is above 16.5 @@g%, those thyrotoxic
sera with values above this limit were rerun for
T4(D), using0.05 ml rather than 0.1 ml serumand
an appropriate correction made for the smaller vol
ume of serum used.

Clinical evaluation. Sera were obtained from 68
(25 male and 43 female) clinically evaluated euthy
roid healthy or hospitalized subjects, 24 hyper- and
22 hypothyroid patients, 21 pregnant women, 3
euthyroid females receiving estrogen, 9 euthyroid
subjects with hereditary absence of or low TBG(.51,
and 3 females receiving replacement or suppressive
therapy with 0.2 to 0.3 mg L-T4.

RESULTS

Serum T4(D) concentration. Values for T4(D)
concentration in the euthyroid subjects averaged 7.0
Â± 1.6 1&g% (mean Â± s.d.) with a range of 4.6â€”11.1

4% (Table 1). All values for serum T4(D) were
elevated in the hyperthyroid subjects (20.9 Â± 5.5
/Lg% ) and decreased in the hypothyroid patients
( 1.7 Â±0.7 ,.g%) . Values for T4(D) in the preg
nant patients (10.8 Â± 1.9 ,@g%) were significantly
increased when compared with the euthyroid sub
jects (p < 0.01 ) and were above the normal range
in 9 of the 21 patients. In the three estrogen-treated
subjects, serum T4 was in the high normal range. In
all nine subjects with absent or low serum TBGCUP,
serum T4(D) concentration was decreased, averag
ing 2.9 Â±0.8 ,@g%. In the three subjects receiving

TABLE 1. VALUES FOR THYROID FUNCTION TESTSIN NORMAL SUBJECTS,PATIENTS WITH THYROID
DYSFUNCTION, AND PATIENTS WITH ABNORMALITIES IN SERUM THYROXINE BINDING

(4.6-11.1)t
20.9Â±5.5
(11.9â€”31.6)
1.7 Â±0.7
(0.8â€”2.9)
10.8Â± 1.9
(6.8â€”14.4)
10.6Â±0.6
(9.9â€”11.1)
2.9 Â±0.8
(1.7â€”4.1)
11.2Â±0.4
(10.9â€”11.7)

(26.9â€”60.2)
69.2Â±8.8
(50.2â€”87.2)
34.2 Â± 5.5
(21.4â€”43.1)
24.3Â±4j
(16.9â€”34.4)
325 Â±0.9
(32.0â€”33.6)
86.5Â± 11.4
(62.8â€”95.9)
59.2Â±6.2
(52.6-65.0)

(4.8â€”10.9)
30.1 Â±9.3
(15.1â€”51.7)
1.1 Â±0.5
(0.6â€”2.0)
5.4Â±1.3
(3.3â€”8.8)
7.2 Â±0.6
(6.6â€”7.8)
4.8 Â±1.2
(2.8-6.7)
13.8Â±1.7
(11.9â€”15.0)

(0.54â€”1.31)
3.04 Â± 0J5
(1.98â€”4.83)
0.28Â±0.09
(0.12â€”0.43)
0.80Â±0.19
(0.49â€”1.13)
0.99 Â± 0.05
(0.94â€”1.06)
0.91 Â±0.17
(0.63â€”1.17)
1.82 Â±0.08
(1 J3â€”1.89)

Hyperthyroid 24

Hypothyroid 22

Pregnant 21

Estrogen 3

Absent or low TBG 9

L-T4therapy 3

* Mean Â± s.d.

t Range.
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exogenous L-T4 therapy, serum T4(D) was either
slightly elevated or at the upper limit of normal
range.

T.,@RT3index. As expected, the RT:,U was in
creased in most of the hyperthyroid patients (69.2
Â± 8.8% ), all the subjects with absent or low serum

TBG (86.5 Â±11.4% ), and in two of the three sub
jects receiving exogenous L-T4 therapy and decreased
in most of the hypothyroid patients (34.2 Â±5.5%)
and in all the pregnant subjects (24.3 Â±4.7% ) and
patients receiving estrogen therapy (32.5 Â± 0.9%).
The T.&@RT:@index averaged 6.7 Â± 1.5 in the euthy
roid subjects with a range of 4.8â€”10.9.The index was
within the normal range in the 3 subjects receiving
estrogen, in 15 of the 2 1 pregnant subjects, in 3 of
the 5 subjects with absent TBGCSP, and in 2 of the
4 subjects with low TBGCap. The abnormal values
for the T4-RT3 index in these ten subjects were
slightly decreased but not as low as those found in
hypothyroidism. Values were elevated in all hyper
thyroid patients (30. 1 Â± 9.3) and decreased in
all hypothyroid patients ( 1. 1 Â± 0.5). The T4-RT3
index was slightly elevated in the three subjects re
ceiving exogenous L-T4.

Indirect FF4â€¢Values obtained in the euthyroid
subjects averaged 0.80 Â±0.1 8 with a range of 0.54â€”
1.31. The indirectFf4 waswithin the normal range
in the 3 subjects receiving estrogen (0.99 Â± 0.05),
in 19 of the 21 pregnant subjects (0.80 Â± 0.19),
and in all 9 subjects with low or absent TBGeSP (0.91
Â± 0. 17). Indirect VF4 was elevated in all hyperthy

roid patients (3.04 Â± 0.75), decreased in all hy
pothyroid patients (0.28 Â± 0.09), and slightly in
creased in the three subjects receiving exogenous
L-T4. Comparison of the T4-RT3 index and the in
direct FT4 in individual patients revealed a highly
significant correlation coefficient (r = 0.95, p <
0.001).

DISCUSSION

The present method for measuring serum T4(D)
and indirectly Vf4 is rapid, reproducible, requires
only 0. 12 ml serum, and does not require extraction
of serum, centrifugation, use of a rotary mixer, or
dialysis. All steps are carried out within a small

Sephadex column and only requires pipetting and
counting of the columns for 1251. Other single meth
ods for indirectly measuring serum FT,@have been
described but do not have the advantage of permit
ting a direct measurement of total serum T4 concen
tration (3â€”6). The present method for indirectly
assessing Fr4 also eliminates the necessity of carry
ing out two separate tests as is required in calculating
the T4-VF@index. Finally, there is a close correla
tion between the indirect FT@ and the T4-RT, index
but fewer abnormal values in euthyroid patients with
serum TBG abnormalities occurred by the present
method.

ADDENDUM

At the completion of the present study, a similar
method was described in abstract form (8).
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