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The physico-chemical form in which the secre-
tion of the thyroid gland exists in blood is not well
understood. It is generally believed to be associ-
ated in some manner with the plasma proteins
since the iodine content of precipitated washed
plasma protein (1) and the rate of turnover of
I'** in this protein appears to vary with the state
of thyroid activity (2). The observation of Tre-
vorrow (3) that this “protein bound” or “hor-
monal iodine” is readily extractible with butanol
from unhydrolysed serum indicates that it is not
bound by a peptide linkage.

The introduction of the technique of paper
electrophoresis combined with the use of I'3! as
a tracer isotope has afforded a new and valuable
instrument for a study of the problem (4, 5).
With this technique it has been demonstrated
that after 24 to 48 hours there is a characteristic
localization of administered I*3* in the alpha globu-
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lin moiety although the exact location is still some-
what in doubt (4-6). It is the purpose of this
paper to study further this localization and to com-
pare euthyroid and hyperthyroid subjects par-
ticularly with regard to the turnover of iodine in
these two groups over a period of several days.

CLINICAL MATERIAL

The six patients selected for this study were seen in
the Department of Medicine of the University of Wis-
consin. Thyroid function was measured by determination
of serum protein bound iodine by the method of Barker
(7), and by the 24-hour uptake of I as reported pre-
viously (8). Pertinent clinical data are summarized in
Table I. Three patients were hyperthyroid as judged by
their classical symptoms, physical findings, elevated PBI,
and I"™ uptake. Three patients were euthyroid as judged
by similar criteria, but were given radioactive iodine
therapy for incapacitating cardiac disease. In each in-
stance therapeutic quantities of carrier-free I'™ ranging
from 5 to 23 mc. were administered orally. These doses
were calculated to deliver the same amount of radiation
(75 to 100 uc/gm.) to the gland in all subjects. This esti-
mation was based upon previous uptake studies of “tracer”
quantities of I (100 uc.) and upon the size of the gland.

Upon completion of the diagnostic studies and adminis-
tration of the radioactive iodine, blood samples were
drawn at daily intervals, placed in dry centrifuge tubes,
and the serum separated for paper electrophoresis.

Fic. 1.
Described in text.
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TABLE I
Summary of clinical data

1001

Protein a1 131
Patient Age Sex Diagnosis Physical findings bound | Uptaket | Adminis-
iodine* | at 24 hrs.| tered
) nem. % me.
1. (C.S) 19 F Hyperthyroidism Dit;f}slse goiter. Estimated wt. | 11.1 58% 8
m.
2. (M. V) 47 F Hyperthyroidism Diffuse thyroid, barely palpable.] 11.3 519, 5
Estimated wt. 30 gm.
3. (J. W) 45 M | Hyperthyroidism Diffuse goiter. Estimated wt.| 10.2 619, 7
gm.
4. (N.R.) 57 M | Euthyroid Thyroid not palpably enlarged. 5.0 15% 16
Hypertensive, arteriosclerotic]  Estimated wt. 25 gm.
heart disease
Old myocardial infarct
Angina decubitus
5. (E. S.) 50 F Euthyroid Diffuse thyroid, barely palpable.| 7.3 38% 9
Hypertensive heart disease Estimated wt. 30 gm.
Paroxysmal auricular fibril-
lation
6. (V.D)) 34 F Euthyroid Thyroid not palpably enlarged. 4.8 15% 23

Luetic heart disease
Aortic insufficiency
Cardiac enlargement
Massive anasarca

Estimated wt. 25 gm.

* Normal range PBI 4 to 8 ugm.%,.

1 113 yptake e

thyroid, over 50%.
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F16. 2. LocaLizaTioN oF PROTEIN-BounDp I By PaAPER ELECTROPHORESIS IN A EUTHYROID
(A) ANp A HypertHYROID (B) PATIENT, EIGHT AND Two DAYs RESPECTIVELY, AFTER I*
ADMINISTRATION

The bottom strips are photographs of the stained paper strips.
the protein concentration of the strips (dye elution method).

radioactivity of the segments.

The middle graphs represent
The top graphs show the relative

)((ypr)essed as per cent of the dose present in the thyroid at 24 hours. (Euthyroid range, 10—40%; hyper-
A . ,
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METHODS

1. Filter paper electrophoresis. The method of Kunkel
and Tiselius (9) was employed with a few modifications.
A strip (3.5 X 45 cm.) of Schleicher and Schuell No. 598
filter paper was soaked in 0.05 M veronal buffer, pH 8.6,
and clamped between two glass plates (3.8 X 35 cm.) after
rolling the paper heavily with a photographic roller in
order to remove excess buffer and air spaces. The glass
plates were first covered with a thin coat of silicone
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grease and the sides of the plates were sealed together
with the grease after the filter paper was clamped in place.
The plates were then placed across a pair of leucite buffer
vessels, each containing 1 liter of the veronal buffer with
the free ends of the paper dipping into the buffer
(Figure 1). A period of one hour was allowed for
equilibration of the buffer on the paper. The equilibra-
tion and actual electrophoresis were done in a cold room
at 2° C. Carbon electrodes were introduced into separate
vessels filled with buffer, the latter being connected to the
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Fic. 3. COMPARISON OF SERIAL RADIOELECTROPHORETOGRAMS IN A KUTHY-
roID (A) AND A HypErTHYROID (B) PATIENT

The radioactivity was normalized for dose of I'* and corrected for isotopic

decay.
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main buffer vessels through a slot filled with glass wool
to prevent pH changes during the operation. Fifty lambda
of serum were introduced to the paper strips through a
small hole in the upper glass plate 9 cm. from the cathodal
end and allowed to drain evenly into the paper. After 30
minutes a potential of 300 volts D.C. was placed across
the electrodes. With this system approximately 1 mil-
liampere will pass through each paper strip. Twenty
hours were allowed for resolution at this current and the
strips were then removed.

2. Counting technique. At the completion of the elec-
trophoresis the strip was dried in an oven at 80° C. The
dried strip was then divided transversely into fifteen 2 cm.
.segments, using for purposes of consistent orientation the
starting point of the electrophoresis. The first segment
was cut exactly 5 cm. toward the cathodal end from this
point, thus placing the starting point of electrophoresis in
the center of segment three. The radioactivity of each
segment was determined with a mica window bell-type
Geiger counter using a slotted leucite sample holder which
assured reproducible positioning. A minimum of 500
counts per segment was recorded.

3. Quantitative estimation of protein. After the seg-
ments were counted they were subdivided into 0.5 cm.
sections and the protein bands identified and quantitated
by the bromphenol blue elution method (9).

RESULTS

Figure 2 represents the radioelectrophoreto-
grams of representative euthyroid and hyperthy-
roid patients. The radioactivity is located in two
major zones, which are identical in both subjects.
One zone is centered in the slowest moving portion
of the albumin (segment 12), but distinctly ahead
of the alpha-1 fraction. The other is just ahead
of the alpha-2 fraction in an area of relatively low
protein concentration (segments 9 and 10). This
distribution of radioactivity was observed in all
the patients studied.

Although the radioactivity is confined to the
same two zones in both the euthyroid and hyper-
thyroid subjects there is a distinct difference in
the absolute and relative concentration at these two
sites in these two groups. This is particularly
striking when serial radioelectrophoretograms
done at daily intervals are compared (Figure 3).
In these two series the radioactivity measurements
were normalized (standardized to correct for dif-
ferences in the quantity of I'3! administered) and
corrected for decay. The total radioactivity is
much greater in the hyperthyroid than in the
euthyroid subject throughout the series. Initially,
most of the radioactivity is associated with the al-
bumin fraction in both the euthyroid and hyper-
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F16. 4. RELATIONSHIP OF RADIOACTIVITY IN ALPHA
GLOBULIN (SEGMENTS 9 AND 10) To THE TIME INTERVAL
AFTER ADMINISTRATION OF I*™ 1IN THREE HYPERTHYROID
(SoLip Dors) anp TaHree Eurayroip (OpEN Dorts)
SuUBJECTS

The radioactivity was normalized for dose of I' and
corrected for isotopic decay.

thyroid subjects. However, the radioactivity at
this site in the hyperthyroid subject declines
rapidly. In the euthyroid subject, on the other
hand, although the initial albumin-bound radio-
activity was small, it increases progressively. With
the rapid decline of radioactivity bound to albu-
min in the hyperthyroid subject, there is a rapid
reciprocal rise in radioactivity at the alpha globu-
lin zone (segments 9 and 10). The activity at this
alpha globulin zone in the euthyroid subject is ini-
tially low and increases gradually. Figure 4 com-
pares the turnover of I'3! at the alpha globulin
zone in three euthyroid and three hyperthyroid
subjects.
DISCUSSION

During the first few hours after the administra-
tion of I3, most of the radioactivity rapidly passes
off the paper strip toward the anode (4, 5). Itis
assumed that this fraction is free iodide ion since
this is the behavior which would be expected of
a small negatively charged ion. Serial radioelec-
trophoretograms demonstrate that the radioac-
tivity remaining on the strip, and hence presum-
ably “protein-bound,” increases progressively so
that at the end of the three days all but a small
fraction remains on the strip (5).

The concentration of 113 in the albumin fraction
soon after its administration is believed to repre-
sent partial binding of the iodide by this protein,
whose ion-binding capacity is well known. This
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assumption is supported by in wvitro studies in
which Na I*** was added to serum. A radioelec-
trophoretogram showed significant localization of
radioactivity in the albumin fraction even though
the greater part moved faster than albumin and
was assumed to be the unbound radioactive “I”
ion. This observation has been reported pre-
viously by Gordon and his associates (4). The
observation that the albumin of hyperthyroid sub-
jects bound and released I'*! at more rapid rates
than the albumin of euthyroid subjects may reflect
a more rapid turnover of total body iodine in hy-
perthyroid subjects.

In both euthyroid and hyperthyroid subjects
the major portion of the albumin bound iodine is
associated with the slowest moving portion of al-
bumin suggesting a difference in iodine binding
capacity within the albumin fraction. This dif-
ferential iodine binding within the albumin frac-
tion is consistent with Salter’s observation (10)
that the greater part of the PBI was in Cohn’s frac-
tion VI which contains the smaller albumin mole-
cules.

The rapid shift of I*3! to the protein fraction
having electrophoretic mobility slightly faster than
alpha-2 globulin (sections 9 and 10) in the hyper-
thyroid patients and the slower but significant I*5*
concentration in the same area in euthyroid sub-
jects, suggests that the circulating thyroid hor-
mone is, or is associated with, this alpha globulin
fraction. The unequivocal localization of iodine
to this fraction by paper electrophoresis is in con-
trast to earlier reports (11) indicating that hor-
monal iodine was associated with albumin. Most
of this investigation was done using ammonium
sulphate protein fractionation. It is now known
that much of the alpha globulin is precipitated
with albumin by this method. Analysis of Cohn’s
globulin fractions, however, has indicated a high
iodine-to-protein ratio in fraction IV-2 which
contains largely alpha globulins (10).

Present evidence indicates that the biologically
active iodine fraction in blood is a thyroxine-like
substance (3, 12) complexed with a plasma pro-
tein. In vitro experiments (4) demonstrate that
radio-thyroxine added to plasma becomes bound
. to an alpha globulin, supporting the view that the
circulating thyroid hormone may be a thyroxine-
alpha globulin complex.
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It is generally believed that patients with hyper-
thyroidism have a quantitative rather than a quali-
tative difference in the circulating iodine com-
pounds (13, 14). Chromatographic analysis of
iodine-containing compounds in protein fractions
separated by paper electrophoresis should give
valuable additional information.

The possibility that accumulation of radioiodine
in the alpha-2 area is due to artefact attendant upon
radiation damage to the thyroid gland has been
considered. The demonstration by Robbins and
his associates (15) that a rise in serum PBI and
an increase in the ratio PBI/butanol-extractible
iodine after administration of large doses of 1'%,
might seem to support this possibility. We be-
lieve this unlikely for the following reasons: I)
All subjects both euthyroid and hyperthyroid re-
ceived the same concentration of I'8!/gm. tissue;
2) Robbins and his associates report no change in
the PBI/butanol extractible iodine ratio in their
subjects who received doses of I'*? comparable to
those given in the present report; 3) When radio-
thyroxine is added to serum in witro it appears in
the alpha globulin area (4).

SUMMARY AND CONCLUSIONS

1. The sera of three euthyroid and three hyper-
thyroid subjects have been studied using I*** as
a tracer isotope and paper electrophoresis for
separating the major plasma protein components.

2. After twenty-four hours the radioactivity lo-
calized in two major zones, one in the slowest mov-
ing albumin and the other in a zone of low protein
concentration just ahead of alpha-2 globulin. This
localization was seen in both euthyroid and hyper-
thyroid subjects.

3. Soon after administration of I'®* most of the
radioactivity was associated with the albumin
fraction but in the hyperthyroid individual there
was a rapid shift to the alpha region. A similar
though considerably slower shift occurred in the
euthyroid subjects. *

4. Present evidence indicates that the hormonal
iodine is carried by the alpha globulin fraction.
The tracer iodine concentrated faster, attained
higher levels, and declined more rapidly at this
site in the hyperthyroid than in the euthyroid
subjects.
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