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Simultaneous Resin Uptake Studies of Labeled Thyroxine
and Triiodothyronine in Thyroid Disease'

James C. Harris, M.D.2 and Leo Oliner, M.D.3

Indianapolis, Indiana

Preliminary studies reported by us (1) pointed out the relative advantages
of â€˜311-labeledL-thyroxine (T4-'311) over WI-labeled L-triiodothyronine (T3-1311)
in the resin uptake of labeled iodoamino acids (T3-RU, T4-RU) for the diagnosis
of hyperthyroidism. The present study represents further experience in the com
parison of the resin uptake of these labeled thyroid hormones as measurements
ofthyroidfunctioninvariousconditions.

MATERIAL AND METhODS

The clinical material consisted of patients on the medical services of the
various hospitals of the Indiana University Medical Center and normal volun
teers. The study includes 290 determinations performed on 242 subjects. In the
group were 107 normal individuals, 24 hyperthyroid and 19 hypothyroid pa
tients, 11 pregnant individuals and 24 patients with chronic debilitating illnesses.
The diagnosis of thyroid disease was made on the basis of clinical findings, serum
protein-bound iodine determination and thyroidal uptake of radioiodine.

Serum was stored at â€”20Â°C until used. A control serum pool, 400 ml, was
prepared from samples obtained from 50 normal subjects; small aliquots were

stored at â€”20Â°C for subsequent use in each run.
The procedureused was essentiallythatdescribedby Mitchell,Hardin and

O'Rourke (2) with certain modifications noted. The T3-@I in Tns maleate
buffer solution, 0.1 mg, pH 5.2, contained 0.10 to 0.12 @Cand 0.0033 to 0.0051
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/Lg per ml, while the labeled thyroxine in identical buffer solution contained 0.10
to 0.13 @Cand 0.0026 to 0.0064 @gper ml.1 On arrival concentrated human serum
albumin was added to the isotope solutions to prevent absorption to glassware;
the final albumin concentration was 0.5 per cent. The solutions were stored at
4-10Â°C. No solutions were used beyond a two week period. Over this period
there was no significant change in control resin uptake with any particular batch.
Had dissociation of 1311 occurred, an increasing trend in resin uptake would have
become evident with time.

Preliminarystudiesindicatedthat equilibrationwas nearly complete at
about 120 minutes for both T3-RU and T4-RU. Varying the incubation time from
30 to 120 minutesinhyperthyroidand hypothyroidseradid not alterseparation
from normal. Varying the temperature from 21Â°C to 36Â°C for the 120 minute
incubation time showed a linear increase in resin uptake for both iodinated
amino acids of about one per cent per degree. All subsequent runs were per
formed at room temperature, 24-28Â°C, corrected to 25Â°C. Residual sponge radio
activity was determined at the end of the incubation time with aspiration of
serum only and after each of five consecutive washings. Very little decrease in

sponge radioactivity occurred after the third washing; it was elected to use four

washings in all subsequent runs.

The test procedure and calculations were otherwise those of Mitchell, et al.
Control sera for T3-RU and T4-RU were processed simultaneously by the same
method. The resultswere expressedas a per centof controlserum valueforthe
particular run. The average T3-RU and T4-RU values on control serum for 56
runs with 22 shipments of T3-131I and T4-'311 were 40.2 per cent (range, 33.8-45.1
per cent) and 11.7 per cent (range 8.2 - 16.0 per cent), respectively. All radio
active counting was done in duplicate in a scintillation well counter for a saffi
cient period of time to keep the probable error below one per cent.

Test runs were carried out in duplicate during the initial phase of the study.
The mean difference between duplicate values, expressed as per cent of control,
for 45 tests was 5.1 percentage points for T3-RU and 7.7 percentage points for
T4-RU. Duplicate determinations were discontinued when it was established
thatthemaximum possibleerroratthe95% confidencelevel2from the truevalue
was 9.3percentagepointswith singledeterminationsand reduced only to 6.6
percentage points with duplicate determinations for the T3-RU. Corresponding

valuesof maximum possibleerrorsforthe T4-RU were 14.1percentagepoints
with single determinations and 10.0 percentage with duplicate determinations.
All statistical calculations were performed according to methods in Steel and
Tome (3).

1The resin sponge (Triosorb) and labeled hormones were kindly supplied by Dr. Howard

Glenn of Abbott Laboratories.

2A pooled estimate of standard deviation, with 30 pairs of duplicate determinations, was
used in computing the confidence limits.



MEAN VALUES BYDECADESAGE

20.29 30-39 40-49 50-59 60-69 70-79 80-89

No. 15 20 28 17 15 8 4

T3.RU 98.0 100.5 97.0 100.0 102.5 95.7 95.4

Mean T4-RU 101.6 100.5 95.3 99.8 100.6 95.8 96.5 I
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RESULTS

Effect of age on resin data. The effect of age on the resin uptake values in
the 107 euthyroid individuals is shown in Figure 1. There was no significant
trend in either resin study in this group.

Resin data in various thyroid states. The results in various thyroid states
are shown in Table I and Figure 2. The data in the chronically ill group or
sick patients were moderately elevated and overlapped into the hyperthyroid
group in both studies. Sixty-two and a half percent for T3-RU but only 25.0 per
cent of the T4-RU data for the sick group were found to be in 95% euthyroid
range (Table I). In order to overcome the diagnostic problems between the
sick and hyperthyroid groups the euthyroid range was arbitrarily raised to 125%
for T3-RU and 160% for T4-RU (See clear box in Fig. 2). Using these upper
euthyroid limits, only two, eight per cent, of the hyperthyroid patients were
found in the adjusted range for both studies. Two additional patients had only
T4-RU data in this range while an additional hyperthyroid patient had only
T3-RU results below 125 per cent.

Among the sick group, results in four patients, 16%,were found above the
125% limit for T3-RU, but no T4-RU data were found above the 160% level.

Correlation of resin data with FBI. The correlation of T3-RU and T4-RU
data with PBI are shown in Figure 3. This group of data excludes subjects under
the influence of exogenous iodide. The linear relationship is apparent except
in two cases of hypoproteinemia with low PBI's and high resin uptakes.
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Fig. 1. Resin uptake of T3 and T4 in various age groups of euthyroid individuals, as per
cent of control serum. The regression lines, derived by the method of least squares, are shown
for both studies.The correlation coefficientsfor the studieswith age were 0.004 and 0.07 for
T9-RU and T9-RU respectively.
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Studies during treatment of thyroid disease. The resin uptake tests were
used in following the course of several patients being treated for thyrotoxicosis
and myxedema. The results of these tests correlated well with the clinical course
and serum protein-bound iodine determinations. No improvement in diagnostic
discrimination over that obtained with the resin uptake was observed with the
PBI. However, in the event of exogenous iodide contamination, the resin uptake
provided an accurate appraisal of the clinical course in case of a grossly elevated
PBI. Two such cases are graphically represented in Figures 4 and 5.

Effect of iodine and iodinated dyes. Resin uptakes and PBI determinations

were performed on the sera of a number of subjects before and after the admin
istration of both inorganic and organic iodine. It was apparent that neither in
organic nor organic iodide caused a significant change in the resin uptake re
sults.

Miscellaneous. In a few patients receiving salicylates, ten grams every four

hours,and otherpatientswith respiratoryacidosisand high arterialbloodcarbon
dioxide tensions, moderate elevation of the T4-RU and less marked elevation of
the T3-RU were observed as in the sick group. These are not included in the
data because of the small number of such cases.

0

Fig. 2. Relation of T,-RU and T4.RU in the same subjects in various thyroid states.
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Fig. 3. Relation of T3-RU (a) and T4.RU (b) to PBI in various thyroid states. The PBI
95% euthyroid range for our laboratory is 3.4 - 7.6 mg/100 ml (based on 607 euthyroid
individuals, using a modified chloric acid digestion technique with brucine and point stabil
ization) (18).
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Fig. 4. Correlation of T3-RU and T4-RU with FBI in a hyperthyroid patient, C. C., fol
lowing treatment.

DISCUSSION

The use of T4-131I in the resin uptake test for thyroid disease has received
little attention. The resin uptake of 131I-labeled thyroxine (T4-RU) was originally
employed by Mitchell, et al on sera of pregnant and nonpregnant women (4)
and later in thyroid disease (5); however, no relative differences in discrimina
tion were noted between thyroid states from what was observed previously with
the T3-RU (2). Brief comments on comparison of T3-RU and T4-RU were made
(6, 7) with equal discriminating ability in thyroid disease being reported with
the two tests. Preliminary studies reported by us (1) indicated a marked fin
provement in separation of normal and hyperthyroid subjects with the T4-RU
and suggested that concomitant performance of the T3-RU and T4-RU may pro
vide an improved diagnostic technique in this and other conditions.

The data in this study clearly illustrate that the hyperthyroid group is better
separated from the euthyroid by the T4-RU than by the T3-RU, although no over
lap occurred with either test. This finding should be suspected from what is
known of the binding properties of L-triiodothyronine (T3) and L-thyroxine
(T4) and of the alterations in the level of circulating thyroxine and the binding
characteristics of the thyroxine-binding proteins (TBP) in hyperthyroidism.

Three separate serum proteins which bind thyroxine have been identified by
paper electrophoresis in TRIS-maleate buffer using tracer amounts of 1311-labeled
L-thyroxine (T4-1311) (8). The thyroxine-binding proteins are (1) thyroxine
binding globulin (TBG) which migrates electrophoretically between alpha-i
and alpha-2 globulin; (2) thyroxine-binding pre-albumin (TBPA) which has a
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slightlymore anodalmigrationthanalbumin;and (3) albumin itself.L-thyroxine
is bound by all three protein moeities, whereas, L-triiodothyronine is bound only
by TBG and albumin (9).

Since the binding capacity of TBPA is reduced in hyperthyroidism (9, 10),
the saturation of the TBP is relatively more increased for T4 than for T3 in this
condition. Consequently, this alteration in the binding capacity of TBPA would
be expected to be reflected more directly in the T4-RU with an increase rela
tive to normal greater than that seen with the T3-RU. The somewhat higher
T4-RU results, compared to T3-RU results, in the sick euthyroid group is due to
reduced TBPA capacity in these patients (11), with a direct effect on the T4-RU
and only an indirect or displacing effect on the T3-RU. This might be expected
to cause less discrimination between the hyperthyroid and sick groups with the
T4-'31I, but adjustment of the normal range resulted in reduction of the overlap
between hyperthyroid and euthyroid sick data for both tests with the T4-RU
showing a wider separation of the two groups. Nevertheless, recognition of co
existing chronic debility or acute stress (11-13) is necessary in interpreting
resin uptake values in the diagnosis of thyroid disease.

Although TBPA capacity is reduced in hypothyroidism (9, 10), the in
creased TBG capacity in this state (9, 10) apparently resulted in slightly better
diagnostic discrimination with the T3-RU than with T4-RU. However, both
studies performed concomitantly, appeared to differentiate the hypothyroid pa
tient from the euthyroid group much better than either test alone.
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Fig. 5. Correlation of T.RU and T-RU with PB! in a hypothyroid subject, H. S., with
and without replacement therapy.
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The T3-RU values were slightly lower than the T4-RU values in pregnancy.
This would be expected from the known increase in TBG capacity in pregnancy
( 14). Not sufficientdeterminationswere performed to correlate resin uptake
values with duration of gestation.

The effect of age, studied with erythrocyte uptake of I:4lllabeled L-tri
iodothyronine, was reported to show a linear decrease of about 0.1 per cent
per year, from an average of 16 per cent to 9 per cent, for normal subjects rang
ing from 25 to 90 years of age ( 15). Unpublished data ( 10 ) on normal subjects
up to age 50 indicate a constant thyroxine-binding capacity of TBG, while
TBPA capacity rises with age. The daily fractional turnover rate of thyroxine
was reported to decrease with age up to the sixth decade ( 16 ). Since there is

no trend in the protein-bound iodine determinations with age ( 17, 18 ), it would
seem that the increased TBPA binding capacity would result in a declining resin
uptake, and that this should be more pronounced with the T4-RU. Failure of our
T3-RU and T4-RU values to display any trend with age would seem to indicate
that these studies are not sufficiently sensitive to reflect subtle physiologic al
terations. More sensitive studies, as equilibrium dialysis for free thyroxine, might
shed more light on the changes with age.

In our experience the resin uptake tests have provided an accurate index of
response to therapy with desiccated thyroid and L-thyroxine, antithyroid drugs,
radioiodinetherapyand thyroidectomy.The exogenous administrationof inor
ganic or organic iodine, as previously noted, did not interfere with the resin up
take test in this study.

SUMMARY

The resin uptake of both â€˜311-labeled triiodothyronine and â€˜311-labeled
thyroxine (T3-RU, T4-RU) were performed concomitantly in 107 normal sub
jects and patients with thyroidal and nonthyroidal disease. The results indicate
definite superiority of the 1,-RU in the diagnosis of hyperthyroidism. The deline
ation of the hypothyroid state is less satisfactory by either test alone although
Ta@RU results and T4-RU results are equally reliable. The concomitant perform
ance of both increases the diagnostic reliability. Changes in resin uptake values
with age in normal adults, as reported by others, were not seen in this group.
The value of the resin uptake in following therapy of thyroid disease is particu
larly helpful in the event of inorganic or organic iodide contamination.

ACKNOWLEDGMENT

The authorsareindebtedto IreneMayberry fortechnicalassistance,and to
John Coupal, M.S., for some of the statistical analyses.

REFERENCES

1. OLINER, L. AND HARRIS, J. C.: Comparison of the Resin Uptake of I'81-Labeled
Triiodothyronine and Thyroxine in Hyperthyroidism and Other Conditions. J. Nuclear Med.
5:218, 1984.



268 HARRIS AND OLINER

2. MITCHELL, M. L., HARDIN, A. B. AND O'Rounxi@, M. E. : The In Vitro Resin Sponge
Uptake of Triiodothyronine-113' From Serum in Thyroid Disease and in Pregnancy. I. Clin.
Endocrinol. and Metab. 20:1474, 1960.

3. STEEL, C. D. AND TORRIE, J. H. : Principles and Procedures of Statistics. pp. 481.
New York: McGraw-Hill, 1960.

4. MITCHELL, M. L. : Resin Uptake of Radiothyroxine in Sera From Non-Pregnant and
Pregnant Women. J. Gun. Endocrinol. and Metab. 18:1437, 1958.

5. MITCHELL, M. L., O'Rounxs, M. E. AND H@uwmr, A. B.: Resin Uptake of Radio
Thyroxine from Serum in Thyroid Disease and in Pregnancy. I. Clin. Endocrinol. and Metab.
21:1448, 1961.

6. Wounn-@c, M. C., B@xxzR, A. AND DOORENBOS,H.: The Uptake of 131! Triiodothy
ronine by Resin. An In Vitro Test of Thyroid Function. Acta Endocririol. 37:607, 1961.

7. SCHOLER,J. F.: A Simple Measure of Thyro-binding by Plasma A Test of Thyroid
Function. J. Nuclear Med. 3:41, 1962.

8. INGBAR, S. H.: Pre-albumin: A Thyroxine-binding Protein of Human Plasma. Endo
crinol. 63:256, 1958.

9. INGBAR,S. H. ANDFREINKEL,N.: Regulation of the Peripheral Metabolism of Thyroid
Hormones. Recent Progr. in hormone Research. 16:353, 1960.

10. Oui-@za, L.: Unpublished Observations.
11. Oppgr@rsum@nm,J. H., SQUEF,R., SuHE.s,M. I. ANDHAUER,H.: Binding of Thyroxine

by Serum Proteins Evaluated by Equilibrium Dialysis and Electrophoretic Techniques. Al
terations in Nonthyroidal illness. J. Clin. Investigation 42:1769, 1963.

12. Sunxs, M. I. ANDOPPENHEIMER,J. H.: Elevation of Serum Free Thyroxine Concen
tration Following Surgical Stress. Clin. Research. 11:406, 1963.

13. Sunxs, M. I. ANDOPPENHEIMER,J. H.: Postoperative Changes In the Concentration
of Thyroxine-Blinding Pre-Albumin and Serum Free Thyroxine, I. Clin. Endocrinol, and Metab.
24:794, 1964.

14. DowuNc, J. T., FumNK@, N. AND INGBAR, S. H.: Thyroxine-binding by Sera of
Pregnant Women, New Born Infants, and Women With Spontaneous Abortion. J. Clin. In
vestigation 35:1263, 1956.

15. SoLrz, W. B., HORONICK, A. AND CHOW, B. F.: Agewise Difference in the Uptake
of Radioactive Triiodothyronine (T3) by Red Blood Cells. J. Gerontology. 18:151, 1963.

16. GREGEBMAN,R. I., GOFFNEY, C. W. AND SHOCK, N. W.: Thyroxine Turnover in
Euthyroid Man With Special Reference to Change With Age. J. Clin. InvestIgation. 41:2065,
1962.

17. ROBBINS, J., BALL, J. E. AND CONDLIFF, P. C.: The Thyroid Stimulating Hormone
and the Iodine containing Harmones, in Hormones in Blood, ed. Gray, C. H. and Bacharach,
A. L. pp. 655 New York: Academic Press, P. 119, 1961.

18. LEPP, A., PENA, H., Hoxm, V., A.Nn OUNER, L.: Protein-Bound Iodine Determina
tion with Stable End Point, Amer. J. Clin. Path. 44:331, 1965.




