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Iodine administered orally as NaI131 associates
with two electrophoretically identifiable serum pro-
teins (1-4). It appears first with the albumin
fraction where it is associated with the slower mov-
ing component. It is later found in a zone of low
protein concentration just ahead of alpha-2 globu-
lin. This behavior was observed in the serum from
both euthyroid and hyperthyroid subjects. How-
ever, in hyperthyroid subjects the tracer iodine
concentrated faster, attained higher levels, and de-
clined more rapidly in this alpha globulin zone
(5). This suggested that the hormonal iodine may
be associated with this specific protein. The exact
nature of this iodine compound is unsettled al-
though the presence of thyroxin and more recently
3:5: 3'-L-triiodothyronine (6) has been demon-
strated in whole serum.

The purpose of this present paper is to report
the radiochromatographic analysis of iodine con-
taining amino acids associated with an alpha globu-
lin fraction separated by starch electrophoresis.

CLINICAL MATERIAL

The four patients selected for this study were seen in
the Department of Medicine of the University of Wis-
consin. Thyroid function was measured by the deter-
mination of the 24-hour uptake of I' as reported pre-
viously (7). All were hyperthyroid as judged by their
symptoms, physical findings, and elevated I' uptake.
Pertinent clinical data are summarized in Table I. In
each instance therapeutic quantities of carrier-free I"'
ranging from 4 to 6 mc. were administered orally. These
doses were calculated to administer the same amount of
radiation (75 to 100 microcuries per Gm.) to the gland
in all subjects. This estimation was based upon previous
uptake studies of "tracer" quantities (100 microcuries)
of I' and upon the size of the gland.

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

2Research Fellow of the Arthritis and Rheumatism
Foundation.

3 Obtained from Isotopes Division, Atomic Energy Com-
mission, Oak Ridge, Tennessee.

Upon completion of the diagnostic studies and adminis-
tration of therapeutic I1, blood samples were drawn on
the fourth post-treatment day, placed in dry centrifuge
tubes, and the serum separated for starch electrophoresis.

METHODS

Starch electrophoresis

The procedure of Kunkel and Slater (8) was followed
in principle. However, a different type of apparatus, il-
lustrated in Figure 1, was used. This consists of a lucite
bridge of rectangular cross section connecting two vessels
containin.g 0.1 M veronal buffer pH 8.6. Within the
horizontal portion of the bridge a 1.5 by 5.5 by 38 cm.
mold of buffer soaked starch is formed. Two ml. of the
buffer dialyzed serum was introduced in a line across the
starch block 8 cm. from the cathodal end. A period of
one hour was allowed for equilibration. The electro-
phoresis was carried on at 30 C. After electrophoresis
for approximately 20 hours at 35 milliamperes the starch
block was removed from the bridge, partially dried and
cut transversely into 1 cm. segments. The protein of each
segment was eluted by shaking twice with 3 ml. of cold
physiological saline in a test tube.

Quan.titation of the protein of the eluate of each segment
was performed by the modified Folin tyrosine reagent
(9). When these values are plotted, the resultant curve
demonstrates separation of the major protein fractions
comparable to that of standard electrophoresis.

Localization of radioactivity in the serum protein frac-
tions was determined by counting a 100 microliter aliquot
of each eluate in an end window GMcounter.

Chromatography

The eluates of the alpha globulin and the albumin seg-
ments containing measurable quantities of I' were each
pooled and extracted separately with N-butanol, once
with twice the volume and two times with equal volumes.
The butanol extracts were concentrated at room tempera-
ture to approximately 100 microliters. Colorimetrically
identifiable quantities (approximately 50 micrograms) of
carrier thyroxin 4 and 3: 5: 3'-L-triiodothyronine 5 were
added to the concentrate which was then chromatographed.

Using a modification of an ascending chromatographic

4Kindly supplied by E. R. Squibb & Sons.
5 Kindly supplied by Smith, Kline & French Laboratories.
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TABLE I

Summary of clinical data of hyperthyroid subjects

I131 uptake* Jul
at 24 hours administered

Patient Age Sex Physical findings % mc.

1. J. M. 32 M Diffuse goiter, est. 53 6
wt. 40 grams.

2. E. S. 21 F Diffuse goiter, est. 78 4
wt. 60 grams.

3. H. V. 50 F Diffuse goiter, est. 68 4
wt. 40 grams.

4. M. L. 60 F Nodular goiter, est. 52 7
wt. 50 grams.

* 13 uptake expressed as per cent of the dose present in the thyroid at 24 hours.

FG1,LUITAPARU*.

FIG. 1. LUCITE APPARATUSFOR STARCHELECTROPHORESIS-

method described by Kowkabany and Cassidy (10), it
was found that triiodothyronine and thyroxin could be
separated by single dimension chromatography in both col-
lidine-water and butanol-dioxane-ammonia systems (11).
Whatman No. 3MMfilter paper was cut into a tapered
form which proved helpful in maintaining discrete spots,
thereby aiding materially the separation of the two
amino acids. The validity of this method can be seen in

Figure 2 which illustrates the separation of 1131 labelled
triiodothyronine6 and thyroxin6 in both solvent systems.

Following development of the chromatogram and the
color reaction, the paper strips were cut transversely into
1 cm. segments, and the radioactivity localized.

6 Obtained from Abbott Laboratories, Oak Ridge, Ten-
nessee.
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Bar graph represents radioactivity in eluates of 1 cm. segments of starch
block. Linear graph represents protein deternmination in eluates of corre-

sponding segments.
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FIG. 4. GRAPHOF RADIOCIIROM.MTOGRAMOF BUTAN-OL EXTRACTOF AiPIIA GLOBU-LIN
FRACTION OF SERUMI OF HYPERTHYROIDPATIENT

A-in butanol-dioxanie-aimilloniia developer. B-in collidine-wN-ater developer. The de-
veloper front is indicated by the solid vertical bar belox- the abscissa. Horizontal solid
bar represents thyroxin, open bar 3:5: 3'-L-triiodothyronine.

RESULTS

The distribution of the radioactivity ill the
eluates of the segmlents of the starch block together

wx-ith the protein quantitation is seen in Figure 3.
As reported previously, wN-ith paper electrophore-
sis there are tw-o peaks of radioactivity. one, in the
slower albumin zone and the other just alead of
alpha-2 globuilin.

The radioactivity of the alpha-globulin eluate
w-as wholly extractible w-ith butanol. On the other

hand. no significaint radioactivity could be extracted
from the albumin eltuate. The radiochromatog-
raphy of the butanol extract of the alpha-globuilin
eluate in one representative patient is illustrated in
Figure 4. An exact correlation w-ith thvroxin is
evident in both sol-ent systems. No correlation of
radioactivitv w-ith carrier triioclotlhvronine on the
fourth day w-as seeIn in either solI-eint system in the
four patients studied.

DISCUSSION-

It has been generally believed that thyroxin is
the active hormone secreted by the th-roid gland.

Mlore recently 3:5: 3'-L-triiodothvronine has been
demlloinstrate(l in plasimla (6) bnt its exact relation-
ship to thyroid physiology is a matter of specula-
tion. Studies on the localization of orallv adminis-
tered I" l in serumil protein fractions have led to
the concept that hormonal iodIine is specifically as-
sociated with an alplha globulin (5). The pres-
ent study indicates that the alpha globulin I-" is,
(1 ) entirel extracte(d w-ith butanol, and (2) can

be identified as thvroxin by paper radio-chromatog-
raphv. The albumin-boind J1i is not butanol
extracti'ble under the samiie conditionls and is as-
sumiied not to contain th1roximl.

The failure to demiionstrate triiodothvronine in
alpha-2 globulin is not imieanit to exclude its pres-
ence in sertumii. This amin(iio acid is known to have
a rapid turnover and to disappear quickly from the
intravascular comiipartmiieint ('12). This may be
related to the difference in protein binding of this
amino acid, as it has been show-n in vitro ( 13) that
triiodothyronine is less firmly bound than thy-
roxin to the alpha globulin. However, these data
indicate that the io(line-containing coimipound in
alpha-9 globulin is thvroxin at a time w-hen the
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radioactivity of serum is at a maximum following
oral administration of J131.

SUMMARYAND CONCLUSIONS

Four hyperthyroid subjects were given thera-
peutic quanties of I131. After a period of four
days, the serum proteins were separated by starch
zone electrophoresis. Two peaks of radioactivity
appeared, one in the slowest moving albumin and
the other in an area of low protein concentration
just ahead of the alpha-2 globulin. Saline eluates
of these zones were extracted with butanol. The
radioactivity of the alpha zone was wholly extrac-
tible and was identified as thyroxin by paper chro-
matography. The albumin radio-activity was not
extractible with butanol under these same condi-
tions.
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