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Circulating thyroxine is associated with a spe-
cific serum alpha globulin ( 1-6). This thyroxine-
binding globulin (TBG) appears to exist in plasma
in quantity greater than is required to bind en-
dogenous thyroxine, for it will bind additional thy-
roxine when added in vitro (6-8). This capacity
of TBGto bind exogenous thyroxine in vitro ap-
peared in prelinary studies (9) to depend upon
the state of thyroid gland activity. The purpose
of this paper is to report in more detail the ca-
pacity of the serum of hypothyroid, euthyroid, and
hyperthyroid subjects to bind added thyroxine.

MATERIALS ANDMETHODS

All subjects studied were seen in the Department of
Medicine of the University of Wisconsin. The subjects
were either hypothyroid (nine), euthyroid (nine), or
hyperthyroid (nineteen), as judged by symptoms, physi-
cal findings, 24-hour I' uptake and other appropriate
measurements. Two of the hypothyroid subjects were
athyreotic following total thyroidectomy.

Ten micrograms of I' labelled thyroxine 2 in propylene
glycol were added to one milliliter of a solution contain-
ing 90 micrograms per milliliter of inert thyroxine. The
latter solution was prepared from chromatographically
purified thyroxine which had been quantitated gravimetri-
cally. This procedure was adopted to minimize possible
error in the quantitation of the labelled thyroxine. This
mixture was then diluted to 10 ml. Appropriate ali-
quots of this solution were added to serum to yield a se-
ries of dilutions containing 0.01 to 1.0 micrograms per
milliliter.

Fifty microliters of each of these mixtures were sub-
mitted to paper zone electrophoresis as previously de-
scribed (3). On completion of the electrophoresis, the
paper strips were dried and the radioactivity determined
by use of a chromatogram scanner. The distribution of
radiothyroxine was obtained by computing with a pla-
nimeter the area under the curves produced by the re-

' This work was supported in part by the Wisconsin
Alumni Research Foundation.

2Obtained from Abbott Laboratories, Oak Ridge, Ten-
nessee. (Preparations not at least 95 per cent pure were
repurified by paper chromatography.)

cording galvanometer of the scanner.3 The amount of
thyroxine bound by the TBG was estimated as follows:

TBG-bound thyroxine = Aea TBGX thyroxine addedTotal area

RESULTS

In all sera examined the thyroxine appeared in
the alpha globulin zone. At the lowest concentra-
tions used (0.01 to 0.05 micrograms per milliliter)
only a very small amount of thyroxine appeared
in the albumin. As the concentration of thyrox-
ine was increased from 0.1 to 1.0 micrograms per
milliliter, a greater proportion of thyroxine ap-
peared in the albumin as the alpha globulin bind-
ing capacity appeared to become relatively satu-
rated. In Figure 1 are shown representative
curves of distribution of radiothyroxine following
electrophoresis of sera from euthyroid, hypothy-
roid, and hyperthyroid subjects. It is evident
that there is a greater accumulation of radiothy-
roxine in the TBGof the hypothyroid subject and
conversely less in the hyperthyroid.

Figure 2 is a scattergram showing the relation
between the quantity of radiothyroxine added to
serum and that bound by the TBG. In the lower
concentrations (0.05 to 0.4 micrograms per mil-
liliter) this relationship is roughly linear. At
higher concentrations (0.4 to 1.0 micrograms per
milliliter) relatively less of the added radiothy-
roxine appears in the TBG. A plateau is thereby
produced, which is believed to reflect a "satura-
tion" of the TBG. The concentration at which
"saturation" occurs varies with the state of thy-
roid activity; being approximately 0.15 to 0.2 mi-
crograms radiothyroxine per milliliter in the hy-

8By adding varying quantities of radiothyroxine in
spots along a paper strip it was possible to demonstrate
a linear relationship between the amount of radioactivity
and the area under the curve regardless of the geometry
of the spot.
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FIG. 1. DIsTmunox OF RADIOTHYROXINEFOLLOWINGEECTROPHORESISOF SFaU nOM (A) HYPTHYRoID,
(B) EUTHYROID, AND (C) HYPOTHYROID

x-indicates starting point of electrophoresis
TBG-indicates thyroxine binding globuln
Alb-indicates albumin

As the radioactivity of the preparations increased, narrower slit-openings were used in the scanner, hence
there is no absolute relationship of the radioactivity from one concentration to the next.

perthyroid, 0.25 micrograms per milliliter in the
euthyroid, and 0.4 to 0.5 micrograms per milliliter
in the hypothyroid.

DISCUSSION

The capacity of TBGto bind thyroxine is rela-
tively specific. Triiodothyromne also assocates
with this protein but it can be displaced readily
with thyroxine while the converse is not so (7).
The presence of large quantities (10 times molar
concentration of thyroxine) of tyrosine, diiodo-
tyrosine, diiodothyronine and iodide ion fails to

interfere with the TBG thyroxine binding (10).
This specific binding in the normal is observed
only when the quantity of added thyroxine is less
than 0.1 micrograms per milliliter. When the
concentration exceeds this level, the thyroxine can
be found in all protein fractions with albumin the
man secondary carrier.

The radiothyroxine added in vitro appears to
exchange freely with the thyroxine previously
bound. This can be demonstrated by adding 0.1
microgram radiothyroxine to one milliliter of
normal serum,, allowing 20 minutes of incubation
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at 37 degrees C, and then adding one microgram
of thyroxine. Under these circumstances 40 per
cent of the radioactivity appears in the TBGand
60 per cent in the albumin. The same distribution
of radioactivity is observed when the two additions
are made in reverse order.

The present data confirm the earlier report that
the in vitro binding capacity of TBG for added
thyroxine depends upon the state of thyroid func-
tion (9). The relationship is inverse, the hypo-
thyroid binding more and the hyperthyroid less
thyroxine than normal. This is assumed to indi-
cate that this protein in hyperthyroid subjects is
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relatively saturated with endogenous thyroxine
and-conversely, relatively unsaturated in the hypo-
thyroid. The occurrence of TBG in serum ap-
pears to be independent of thyroid gland func-
tion, as is shown by its presence in athyreotic
subjects. Furthermore, the latter observation
would indicate that TBG has an extra thyroidal
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If it be assumed that in the untreated athyreotic

individual the TBGis completely free of thyroxine
and is present in normal quantities, it appears that
it is able to bind approximately 0.4 to 0.5 micro-
grams of thyroxine per milliliter of serum. If the

0

0

0 0
0.
O

.*~~~~~~s V !

x

0
0

x

RADIOTHYROXINEADDED .%f/mL. serum)
FIG. 2. GRAPH SHOWING RELATION BETWEEN QUANTIY OF RADIo-

THYROXINE ADDE:D TO SERUM AND THAT BOUND BY THE THYROXINE-
BINDING-GLOBULIN (TBG)

Open symbols indicate the mean.
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plasma concentrations of endogenous thyroxine
calculated from PBI determinations are taken as
0.00 to 0.05 micrograms per milliliter for the hy-
pothyroid, 0.10 to 0.15 micrograms per milliliter
for the euthyroid, and 0.2 to 0.25 micrograms per
milliliter for the hyperthyroid, it can be seen that
the sum of this endogenous thyroxine and the
added exogenous thyroxine as estimated from the
present data, is in each category approximately
0.4 to 0.5 micrograms per milliliter. This sug-
gests that there may be little variation in the con-
centration of TBG from one individual to an-
other regardless of the state of thyroid activity.
Thus, in the normal subject endogenous thyroxine
occupies only one-third of the TBG binding ca-
pacity, while in the hyperthyroid one-half or more
of this capacity is utilized.

SUMMARY

1. Thyroxine labelled with Il8 was mixed with
the sera of patients with varying thyroid func-
tion, and these mixtures were subjected to paper
electrophoresis. The concentration of radiothy-
roxine in the thyroxine binding globulin (TBG)
was determined.

2. The amount of added thyroxine bound by the
TBGvaries inversely with thyroid function. This
is assumed to indicate that this protein is relatively
saturated with endogenous thyroxine in the hyper-
thyroid and relatively unsaturated in the hypothy-
roid.

3. From evidence in an athyreotic individual
it appears that the total thyroxine binding ca-
pacity of the TBGis 0.4 micrograms per milliliter,
only one-third of which is utilized in the normal
subject.
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