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ABSTRACT OF THE DISCLOSURE 
Determination of thyroid hormone uptake from blood 

serum by a secondary binding substance or absorbent is 
executed by ?owing a serum sample through a column 
containing the absorbent in a very brief period. A resi 
dence time of three minutes or less is typical when using 
a cross-linked strong base anion exchange resin as the 
absorbent. 

This invention relates to the clinical determination of 
thyroid function. More particularly, it relates to the deter 
mination of thyroid hormone uptake by a secondary bind-} 
ing substance or absorbent from which an estimation of 
the concentration of available thyroid protein hormone 
binding sites in blood can be made. . 

Brie?y, the invention involves disposing a competitive 
binding absorbent for thyroid hormone in a column. A 
?uid sample containing thyroid hormone bound by thy 
roid hormone binding proteins is ?owed through the 
column. The column dimensions and absorbent are se 
lected to competitively bind and retain about 10-90 weight 
percent of the bound thyroid hormone in the ?uid sample 
during a single passage of the sample through the column. 
The. amount of thyroid hormone retained in the column 
relative to the thyroid hormone present in the column 
e?luent is then measured. . 
By way of background, it is known that thyroxine 

(T-4) and tri-iodothyronine (T-3) in plasma are bound 
by dissociable linkages to speci?c serum proteins collec 
tively referred to as thyroid hormone binding proteins. 
The degree of saturation of the serum proteins by thyroid 
hormone varies in different states of thyroid function. 
In hyperthyroidism, forexample, the serum proteins are 
saturated with thyroid hormones to greater extent and 
vtherefore the number of available binding sites on serum 
proteins (unsaturated thyroid-hormone-binding capacity) 
is decreased. The converse is true in hypothyrodism. Since 
thyroxine is bound to serum proteins more ?rmly than 
tri-iodothyronine, the number of available binding sites on 
serum proteins depends mainly on the concentration of 
thyroxine in plasma. 
Hamolski et al., J. Clin. Endocr. 17, 33 (1957) de 

scribed the uptake of I-131 labeled tri-iodothyronine by 
red cells in whole blood as a method for estimating the 
saturation of thyroid binding proteins. They discovered 
that I-l3l labeled tri-iodothyronine incubated with 
plasma from hyperthyroid patients demonstrated a lower 
rate of absorbence tf radioactivity onto the erythrocytes 
as compared with euthyroid patients. This method has 
proved valuable in the assessment of thyroid diseases, ab 
normalities of thyroxine transporting protein, and in the 
evaluation of thyroid therapy. Since the measurement is 
performed using a radioactive labeled hormone, interfer 
ences from serum organic iodine contaminants is mini 
mized. 

In general, these T-3 uptake tests are performed by 
equilibrating trace amounts of radioactively labeled T-3 
with a sample of patient’s serum. This combination is then 
equilibrated with a secondary binding material such as 
red’ blood cells. The secondary absorbent has a certain 
ai?nity for the T-3 so that some of the T43 will be-ab— 
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sorbed by this secondary binding material. If the ab 
sorbent has a ?xed a?inity for T~3, the distribution of the 
radioactive T-3 between the absorbent and the serum 
proteins will depend upon the number of available bind 
ing sites on the serum proteins. 
Due to various inherent dif?culties in using red blood 

cells, a variety of other absorbents have been utilized. ‘One 
such absorbent is a strong base anion ion exchanger which 
has been utilized in the form of free resin beads, resin 
imbedded in a sponge, and as a membrane. Another ma 
terial that has been used is hemoglobin absorbed on char 
coal. Such materials have the ability to remove T-3 from 
the binding proteins. 

In all of the prior competitive binding procedures the 
absorbent and the serum sample have been contacted on 
a batch basis as distinguished from the column technique 
of this invention. In these prior procedures an equilibrium 
condition or a condition approaching equilibrium has been 
sought because it has been felt that clinically reproducible 
results could only be achieved in that way. To this end 
the serum sample and the absorbent were constantly 
mixed and moved as by shaking or turning for a relatively 
extended period of time varying from about 30 minutes 
to about an hour and a half. At the end of the mixing 
period a separation of the absorbent and the liquid phase 
was necessary in order to determine the percentage of 
uptake by the absorbent. Care was needed to obtain uni 
formity in the mixing time with the samples being tested 
and the controls used to obtain useful known values for 
the test procedure. 

In accordance with the present procedure, these dis~ 
advantageous steps and long time periods are eliminated. 
In general, the new column procedure provides for a 
residence time of contact between the sample and the 
absorbent of not more than about 10 minutes and most 
commonly not more than about 5 minutes. In the pre 
ferred embodiment to be described hereinafter the resi 
dence time is less than about three minutes. At the 
conclusion of the residence period the liquid phase is di 
rectly obtained as column ef?uent separated from the solid 
phase absorbent so that there is no need for a separation 
step as in the previously used batch technique. Despite 
the fact that the residence time is relatively very brief, 
comparable or better results than that obtained with prior 
techniques are achieved. This is most surprising when 
considering the efforts previously put forth in terms of 
continuous mixing for extended periods of time in order 
to obtain or approach a batch'equilibrium condition. 

In the present column technique no equilibrium condi— 
tion between absorbent and solution exists. Instead a con 
stantly changing relationship between absorbent and solu 
tion is presented as the solution moves through the col 
umn absorbent. In a sense the results from the present 
technique are generated by a series of initial uptakes of 
thyroid hormone by successive portions of absorbent as 
the solution moves through the column. At the point of 
each initial uptake the slope of an uptake curve which 
can be drawn is so rapidly changing that an acceptable 
degree of reproducibility of results would not be expected. 
Nevertheless, it has been found that the present column 
technique provides results comparable or better than the 
batch technique. For example, 17 portions of the same 
sample of serum have been processed in a column in ac 
cordance with the present method and the percent error 
was 2.5%. This percent error is better than most prior 
art methods and quite acceptable for clinical diagnostic 
purposes. 'In addition, the present method has been com 
pared with the prior art method using a batch equilibrium 
procedure and a straight line correlation between the two 
methods was obtained. In only 2% of the cases tested was 
a result obtained by the present method which di?ered 
from that of the prior batch technique. 
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Apart from its simplicity and time savings, another 
feature believed to be o?ered by the present method is 
that it provides a measurement related to the rate of 
dissociation of T-3 from its protein binding sites. In the 
prior batch procedures conditions have been adjusted so 
that an equilibrium condition or one approaching equilib 
rium was obtained. Such test results provide only a meas 
urement of the equilibrium binding capacity of the bind 
ing sites. In the present method when applied to T-3 
uptake, it is believed that the results are related to the 
rate of T-3 uptake by the absorbent, the T-3 binding 
capacity of the proteins, and the rate at which these 
proteins dissociate with T-3. Since the rate of dissocia 
tion of T-3 from the protein is the rate determining step, 
such rate is the one primarily measured by the present 
method. 

In practicing the present method any suitable absorbent 
may be used which under the conditions of the test absorb 
about 10-90 weight percent of the thyroid hormone in 
the test sample. Preferably the absorbent and the other 
test conditions are selected so that about 40-60 weight 
percent of the thyroid hormone from a serum sample of 
a euthyroid patient are absorbed. A preferred class of 
absorbents for use in the present invention are ion ex 
change resins. Anion exchange resins are particularly 
desirable where a radioactively labeled thyroid hormone 
is utilized for determining the percentage of uptake by 
the absorbent. The anion exchange resin serves to re 
move any radioactive breakdown products which might 
otherwise interfere with the test results. As will be seen 
in the examples hereinafter, a strong base anion exchange 
resin provides particularly desirable results. 
Any technique for analytically measuring the percent 

age uptake of hormone by the absorbent is contemplated. 
A preferred procedure for accomplishing this is to in 
clude a preselected amount of radioactively labeled T-3 
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4 
taining 8%. by weight of cross-linkage, having a 100 
200 mesh size, and in a column diameter of about 0.75 
centimeters. Using such a column the residence time of 
the sample in the column is not more than about three 
mintes. 

Preferably the ?uid sample being tested will contain 
up to about 1 ml. of blood serum and preferably about 
.5 ml. of blood serum. Consistent with the prior art, the 
sample is conveniently diluted with a buffer solution pref 
erably having a pH of about 5. 
To illustrate the invention, the following procedure has 

been shown to give excellent results. 

EXAMPLE 

0.5 ml. of patient’s serum is mixed with 2.5 mls. of 
‘0.4 N sodium acetate buffer at pH 5 containing trace 
amount of radioactively labeled tri-iodothyronine. This 
mixture is allowed to sit for 20 minutes to insure random 
distribution of the radioactive T-3 between the serum 
and solution. This mixture is then passed over a strong 
base anion exchange resin in a column. The column con 
tains 1.2 ml. of a strong base anion exchange resin in 
the chloride form of ‘8% cross-linkage and 100-200 mesh. 
The internal diameter of the column is about 0.75 cm. 
diameter. The e?iuent from the column is collected in 
a counting tube. The contents of the tube are then 
measured for the quantity of radioactivity. By compari 
son with a control such as normal pooled serum or com 
mercial control serum of known value, an evaluation of 
the degree of unsaturation of the serum protein binding 
sites can be made. 
The ?rst line in Table I below indicates the results 

obtained with the materials described in the preceding 
paragraph. The data shown in lines 2-5 of the table 
were developed using the same procedure but different 
ion exchange resins and volumes as indicated. 

TABLE I.—-EFFECT OF RESIN TYPE ON PERFORMANCE 

Control serum, percent 
eluted Resin 

volume, 
Resin . Normal Abnormal TBI l 

AGIXS, 100-200 mesh ........... -- 1. 2 43. 4 30. 0 . 69 
AG1X4, 100-200 mesh- 1. 2 34. 5 23. 5 . 68 
AG1X2, 100-200 mesh..- 1. 2 36. 0 24. 4 . 68 
AGSOWXS, 100-200 mesh 2. 0 40. 0 23. 4 . 59 
AG40WX2, 100-200 mesh 2. 0 36. 7 24. 4 . 67 

l TBI=Thyroid Binding Index. 

No'rE.—TBI value for abnormal serum was calculated to be .68 from charted results using 
the prior art batch method. AG Resins are ion exchange resins commercially available 
from Bio-Rad Laboratories, Richmond, California. AGl Resins are strong base anion ex 
chang resins. AGSOW Resins are strongly acidic cation exchange resins. The number fol 
lowing the “X" indicates the weight percent of cross-linkage in the resin. 

or T-4 in the serum sample. After equilibrium has been 
attained the sample is passed through the column and 
the amount of radioactively labeled T-3 or T-4 in the 
e?iuent is measured by conventional techniques. As under 
stood in the art, the values obtained for uptake of the 
radioactively labeled hormone enable thyroid function 
to be evaluated by reference to values from known serum 
processed under comparable conditions. The desired in 
formation can be obtained by measuring the amount of 
radioactivity in the absorbent or in the column e?luent. 
Preferably, the measurements are made on the e?luent. 

In achieving a retention by the absorbent of 10-90 
weight percent of the hormone in the sample, a number 
of variables are involved. The absorbent, its type (i.e. 
whether or not it is an ion exchange resin including 
degree of cross-linkage if a resin), volume employed, and 
mesh size will alfect the percentage retention. In addi 
tion, the column dimensions particularly its diameter will 
bear upon this result. In general, conditions are selected 
so that with the volume of sample ?uid employed the 
desired extent of retention is achieved within the brief 
period of time noted. As will be seen in the example to 
follow, the desired thyroid hormone retention within a 
brief residence period can be attained using 1.2 ml. (par 
ticle volume) of a strong base anion exchange resin con 
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What is claimed is: _ 
1. A method for determining the uptake of thyroid 

hormone by a competitive binding absorbent therefor 
from a ?uid sample containing thyroid hormone bound 
by thyroid hormone binding proteins comprising: dis 
posing said absorbent in a column, ?owing said ?uid 
sample through and out of said column at a constant 
rate, said column dimensions and absorbent being se 
lected to competitively bind and retain about 10-90 
weight percent of the bound thyroid hormone in said ?uid 
sample during a single passage therethrough, measuring 
the amount of thyroid hormone retained in said column 
relative to the amount present in the e?luent therefrom, 
and evaluating the uptake of thyroid hormone from said 
sample by comparison with a control. 

2. A method in accordance with claim 1 wherein said 
column dimensions, absorbent type, volume and mesh 
size, and the volume of said sample ?uid are selected to 
provide a sample residence time of not more than about 
ten minutes. 

3. A method in accordance with claim 1 wherein said 
absorbent is an ion exchange resin. 

4. A method in accordance with claim 3 wherein said 
ion exchange resin is a cross-linked anion exchange resin. 

5. An improved clinical procedure for evaluating 
thyroid status comprising: equilibrating a sample contain 
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ing blood serum with a preselected amount of radioac 
tively labeled thyroid hormone in a buffer diluent, pro 
viding a column of ion exchange resin adapted to absorb 
about 10-90 weight percent of the serum bound thyroid 
hormone in said sample, passing said equilibrated sample 
and diluent through said column at a constant rate, pas 
sage through the column being completed in not more 
than about ?ve minutes, measuring the radioactivity of 
said column and/or the e?luent therefrom, determining 
the percentage of thyroid hormone absorbed by said 
column and/or remaining in said el?uent from said radio 
activity measurement, and evaluating thyroid status of 
said sample by comparison with a control. 

6. An improved method in accordance with claim 5 
wherein said radioactively labeled thyroid hormone is 
radioactively labeled tri-iodothyronine. 

7. An improved method in accordance with claim 5 
wherein said radioactively labeled thyroid hormone is 
radioactively labeled thyroxine. 

8. An improved method in accordance with claim 5 
wherein said sample contains a buffer diluent. 

9. An improved method in accordance with claim 5 
wherein said ion exchange resin is a strong base anion 
exchange resin. 

10. An improved method in accordance with claim 9 
wherein said anion exchange resin contains about 8% 
cross-linkage. 

11. An improved method in accordance with claim 5 
wherein said column of ion exchange resin is adapted to 
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absorb about 40-60 weight percent of thyroid hormone 
from a serum sample of a euthyroid patient. 

12. An improved method in accordance with claim 10 
wherein said ion exchange resin has a 100-200 mesh size, 
is present to provide a bed volume of about 1.2 ml. and 
a column diameter of about .75 centimeters and the resi 
dence time of the sample in the column is not more 
than about three minutes. 

13-. An improved method in accordance with claim 12 
wherein said sample contains up to about 1 m1. of blood 
serum. - 

14. An improvement in accordance with claim 13 
wherein said sample contains about .5 ml. of blood 
serum. 
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