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The process of synthesls of protein-bound iodine
is a very important step in the formation of the hormone
in the thyroid gland, This process embraces a whole
series of sucecessive enzymic reactions, in the course
of which inorganic, ionic iodine, concenirated in the
thyroid tissue, is oxidized to molecular iodine and
takes part in substitution and oxidation reactions with
the tyrosyl groups of the protein molecule, eventually
forming hormonally active iodothyronines (throxin and
tri-lodothyronine), entering into the composition of
thyroglobulin {2, 7, 113, The connection between this
biochemical process and morphological structures, of
great interest o the histophysiology of the thyroid gland,
is still, however, uncertain,

METHOD

The present reserach comprises 3 series of experi~
ments, carried out on male white mice weighing
150-200 g2 1) an autoradiographic investigation of
sections of thyroid tissue containing colloid; 2) an auto-
radiographic investigation of sections not containing
colloid; 3) a radiochromatographic investigation of
protein hydrolyzates of the thyroid gland. In the first
series of experiments (34 rats), the anlmals were inject~
ed intraperitoneally with 10 yC of NaI'®! over a period
of 2minutes, 21days before they were sacrificed. The
thyroid gland was fixed in Carnoy’s fluid and embedded
in paraffin wax. Sections 5-7 p in thickness were freed
from wax and subjected to autoradiography by the
method of covering with liquid emulsion (type R). The
length of exposure was from 48 hours to 16 days at +4°,
In the second series of experiments (17 rats) 10-20 uC
of radiocactive iodine was injected over a period of 2
minutes, 4 days before the animals were sacrificed.

The thyroid gland was fixed in 109 formalin; sections
were cut out to a thickness of 10-15 p on a freezing
microtome. Repeated treatment with 70° alcohol and
water led to removal of the colloid from most of the
follicles. After staining with hematoxylin-eosin, an
autoradiographic investigation was undertaken (as in

the first series) with prolonged exposure of the sections
(up to 1 month). In the third series of experiments (8
rats) 20-25 uC of Nai® was injected. Animals were
sacrificed after 30 minutes to 1 hour (first group) and
after 24 hours (second group).

The thyroid glands of each group (4 rats in each)
were homogenized in 2-3 ml distilled water; the protein
was precipitated by an equal volume of 10% trichloro-
acetic acid. The precipitate was centrifuged and wash-
ed, and suspended in 1 ml of bordte buffer (pH = 8.4),
(10-15 mg of crystalline trypsin, at a temperature of 38; for
48 hours under a layer of toluene)., The material wasthen
extracted onceonly with 0,5-1,0 ml butanol atpH=1-2 acid-
fied with concentrated HC1), In volumes 0f30-40 ul, the
extract was treated by descending chromatography, in a
systems butanol — CH;COOH-H;O (78:5:17, top layer)
for 10-14 hours. The dried chromatograms were expaosed
for 10 days between two x~-ray films and developed in
theusual way. In order to identify the iodine- contain-
ing aminoacids, we employed the Ry ratios known from
the literature [14] and we also used Na1®! and di-iodo-
tyrosine as controls (the latter was developed with
ninhydrin). The optic density of blackening along the
length of the radiochromatograms was estimated by
means of the MF-4 photometric apparatus.

RESULTS

In the first series of experiments an autoradio-
graphic reaction was seen from 30 minutes to 1 hour
after injection of radioactive iodine, in the form of
rings around the follicles. After 24 hours continuous
areas of blackening appeared, in the form of disks over
the intrafollicular colloid. The reaction gradually
became weaker and it became negative on the 21st
day (Fig. 1).

The ring reaction is of great interest in the deter-
mination of the site of organic combination of icdine.
Leblond and Grass [5] and also Pavlovic [9], Nandi et
al, [8] interpreted it as the index of preferential dis-
tribution of protein-bound iodine in the epithelinm of
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Fig. 1. Autoradicgrams of paraffin wax sections of the thyroid
glands of rats, Magnification: ocular 7X objection 10X. a)One

hour after injection of Im; b) after 24 hours.

the follicles. However, Wollman and Wodinsky [15]
and also M. F. Merkurov [1] have pointed out that in
those follicles in which the colloid has become
separated from the epithelium of the wall by the action
of the fixing agent, the ring of the autoradiographic
reaction does not correspond to the epithelial cells,
but to the peripheral zone of the intrafollicular colloid.
These authors consider that the iodization of the pro-
tein molecule is brought about in the colloid and not
in the cytoplasm of the thyroid epithelium.

In our material the picture of displacement of

the ring together with the peripheral zone of the colloid

was repeatedly encountered. This gives grounds for
considering that the iodized protein, producing this
type of reaction, was localized in the colloid.. It is,
however, unjustifiable to conclude that the intra-
follicular colloid plays an indispensable role in the
process of organic combination of iodine, because of
certain considerations which arise from the method
itself, The autoradiographic resolution of such closely
situated microobjects as the follicular epithelium and
the follicular colloid is achieved by the use of fairly
thin layers of emulsion and shost periods of exposure.
In these conditions, only areas of high activity or of
higher concentration of radioactive isotope are found.
If the concentration of organic 1'*! in the peripheral
zone of the colloid is much higher than in the cells,
then no autoradiographic reaction takes place over

the cells, The autoradiographic investigation of
paraffin wax sections thus gives no grounds for denying
the presence of organic iodine in the epithelial cells
of the thyroid gland,
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Fig, 2. Autoradiogram of a frozen section

of the thyroid gland of a rat (colloid removed)
one hour after injection of '™, Magnification:
ocular 10 x, objective 40 x. An obvious

but weak autoradiographic reaction is observed
over the cells of the epithelfum.

In the second series of experiments, in which we
made autoradiographic investigations of sections ob-~
tained by the freezing microtome, the colloid was re-
moved from the sections by treatment with alcobol and
distilled water, Completeness of removal of the colloid
was controlled by histological examination, An obvious
positive reaction over the cells was observed after pro-
longed exposure of the sections, considerably less in in-
tensity than the corresponding autoradiograms of paraffin
wax sections that were investigated (Fig. 2). These re-
sults show that the cells of the thyroid epithelium contain
iodized protein, although in a considerably smaller con-
cent3ation than the colloid,

There are three possible explanations of these
factsy 1) the iodized protein enters the cells from the
colloid, in which the process of iodization takes place;
2) the organic iodine is entirely synthesized in the
cells and is reapily excreted into the colloid; 3) the
process of iodization takes place in both cells and
colloid.

The first hypothesis is contraty to the established
mechanism of mobilization of the caltcid, which is
brought about by the proteolytic decomposition of the
protein molecule and resorption of the decomposition
praducts of low molecular weight [4, 10, 14, etc.]
Meanwhile, these products cannot form the substrate
of the autoradiographic reaction, for they are washed
from the section by the action of the histological
reagents. The protein-bound iodine, thus detected
autoradiographically in the cells, is an indication of
the intracellular formation of iodothyroglobulin,



Fig, 8, Radiochromatograms
of tryptic hydrolyzates of the
thyroid glands of rats, In
the period from 1 to 24 hours,
the activity of the'iodothy-
ronines increases at the ex-
pense of a considerable fall
in the activity of mono- and
di-iodotyrosine,
- | A) One hour after injection

- of 18 B) after 24 hours;
| 2) Stain corresporiding to MIT;
b) stain corrésponding to DIT
(identified by control tests)
¢) stain corresponding to iodo-
thyronine; M) line of application
of hydrolyzate; F} front of solvent
(34 cm).
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Is the epithelial cell the only site for formation
of the thyroid hormone, or does this process also take
place in the intrafollicular colloid? The results of the
third series of experiments, shown in Fig. 3, tend to
support the latter. As was shown in the first series of
experiments, at all times of the chromatographic in-
vestigation (from 1 to 24 hours) the organic iodine was
present almost entirely in the colloid, although one hour
after its administration it was mainly situated in the
peripheral zone, and later on, almost uniformly through-
out the whole colloid. Meanwhile, in the intervenirg
period (from 1 to 24 hours) the proportion between the
activity of the iodine-containing aminoacids of the
thyroglobulin underwent an essential change: The activity
of the iodothyronines (thyroxin and tri-iodithyronine - Tx
and TIT) rose at the expense of a fall in the activity of
mono-~ and di-iodityrosine (MIT and DIT). These findings
agreed with the results of the extensive investigations of
#ache and his co-workers, who found that the level of
labeled MIT reaches tts maximum 8-10 hours after in-
jection of radicactive iodine, that of DIT a few hours
later, that of TIT after 12-14 hours and that of Tx after
24 hours {121, Thus, in the period between 8 and 24 hours
when nearly 2l the labeled thyroglobulin is present in
the colloid, condensation of the iodityrosines takes place,
with the formation of iodothyronines and the conversion

of MIT and TIT into DIT and T, i.e., the further iodiza-
tion of the monciodo-substituted tyrosine groups of the
protein molecule, It is highly probable that combination
of fodine with those tyrosine radicals of the protein
molecule that were not, generally speaking, subjected

to halogenization before secretion into the colloid, may
take place also in the colloid.

SUMMARY

The author conducted an autoradiographic investi-
gation of the thyroid gland at various intervals after the
administration of radioiodine to rats. The methed of
liquid emulsion coating was used. Paraffin sections pre-
pared at intervals of 30 minutes to 1 hour produce an
autoradiographic ring reaction which,in the main, corres-
ponds to the peripheral zone of the intrafollicular colloid.
By using frozen sections devoid of the colloid the author
established the presence of small quantities of protein~
bound iodine in the thyroid epithelium. Radiochromato-
graphic investigation of thyroid tissue hydrolyzates at
different intervals after radioiodine administration points
to the fact that, during the interval of 1-24 howrs, when
the bulk of the protein-bound iodine is in the colloid,
the amount of radioiodothyronines increased at the
expense of radioiodotyrosine., A conclusion is drawn that
the formation of iodine-containing organic compounds
in the thyroid gland begins in the epithelial cells and
continues in the follicular Jumen.
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