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II. RESULTS OF STUDY OF DOG AND HUMAN THYROID GLANDS.

BY HARRY BENJAMIN VAN DYKE.

(From the Laboratory of Physiological Chemistry and Pharmacology,
. University of Chicago, Chicago.}

(Received for publication, November 29, 1920.)

In the first paper of this series Tatum 1 described a method

whereby thyroid cells may be separated from colloid material

and examined chemically. Briefly the method consists in cutting

frozen sections of the thyroid gland and floating these sections

on Ringer's
2 solution. The colloid material immediately drops

out of the acini and is presumably dissolved in the Ringer's solu-

tion. The cells may then be separated by centrifugalization,

dried, weighed, and analyzed. Comparisons between the iodine

content of cells so separated and the iodine content of control

pieces of unsectioned whole gland may indicate the distribution

of iodine between cells and colloid under different functional

conditions.

In this paper I wish to report the results of a study, suggested

by Dr. A. L. Tatum, of the distribution of iodine in the thyroid

glands of normal and iodine-fed dogs as well as in human glands

obtained from individuals subjected to operation for toxic goiter.

The method earlier described by Kendall3 was used in making the

final iodine determinations.

Incidental to the determination of the iodine distribution in

dog and human thyroid glands, some control experiments were

performed relative to the alterability of the intracellular iodine

concentration during the process of cutting. It may be argued
that a portion of the iodine-containing compound diffuses from

1 Tatum, A. L., J. BioL Chem., 1920, xlii, 47.
2
Campbell, J. A., Quart. J. Exp. Physiol., 1911, iv, 1, Formula "A."

3
Kendall, E. C., J. BioL Chem., 1914, xix, 251.
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cells as they lie suspended in Ringer's solution during the sepa-

ration of the colloid material. If it is assumed that such an

outward diffusion takes place, it seems reasonable to expect that

the iodine compound should diffuse back into the cells if we should

increase the concentration of that iodine compound in the Ringer's

solution in which the cells are suspended. Several experiments
like those given in Table I were undertaken to determine whether

or not the iodine content of the cells could thus be increased.

TABLE I.

Effect of Floating Cells on Pure Ringer's Solution and on Ringer's Solution

on Which Cells of an Iodine-Rich Gland Had Been Floated.

Animal
No.



H. B. van Dyke 327

Finally autolysis does not seem to be much of a factor in the

loss if any occurs of iodine compounds from cells as they lie

in contact with Ringer's solution. Throughout the process of

cutting and separating the cells, the reaction of the suspending

medium should remain weakly alkaline a reaction which has

been shown to be unfavorable to autolysis.
4 Also in experiments

to be reported later in which the same technique was used under

slightly different conditions, every effort was made to eliminate

autolysis by cutting successively small portions of the gland and

floating the cells on Ringer's solution cooled by ice. The cells

from the small portions cut successively were at once centrifu-

galized and dried. No change could be noticed in the iodine

distribution.

Results of Study of Dog Glands Taken at Random.

TABLE II.

Quantitative Determination of Iodine in Whole Gland and in Cells Free from
Colloid Material of Thyroid Glands of Normal Dogs.

Animal
No.
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From the results given in Table II one sees that the ratio of

iodine concentration in cells to iodine concentration in whole

gland (and hence the ratio of iodine concentration in cells to

colloid-iodine concentration) has a quite constant value. In

some glands (Nos. 12, 19, 23, and 24), to be sure, the iodine con-

tent of the cell mass analyzed was so low that no ratio value

could be obtained. But in general, despite great variations in

the iodine content and morphology of the glands analyzed, the

ratio values change relatively little. These findings in the dog's

thyroid gland are similar to those of Tatum 1 in the beef, pig, and

sheep thyroid glands. A comparison of the ratio values in dif-

ferent animals is given below.

Effect of Feeding Iodine.

It was thought that perhaps ratio changes could be induced by
the administration of iodine or iodine compounds. Capsules

containing 1 gm. of potassium iodide or 2 drops of tincture of

iodine in starch were fed over varying periods of time. No more
than one capsule was given in 24 hours. The results of the

examination of the glands of animals so treated are given in

Table III.

The ratio obtained from analyzing the cells and whole gland of

the thyroid glands of animals which had received varying amounts

of iodine or iodine compounds over periods of no less than 3 days
is practically the same as that of the animals which had received

no iodine. One gland (that of No. 16) gave an unusually high

value which I cannot explain. In view of the variations in mor-

phology and iodine content of the glands of the normal series

together with the quite constant ratio exhibited by that series,

it is not surprising that the ratio still remains constant despite

the feeding and consequent absorption of iodine. From a con-

sideration of the glands examined it appears that the ratio is not

altered by the feeding of iodine as potassium iodide or free iodine

over periods of time ranging from 3 days to 3 weeks; and yet

the total iodine content of these glands undoubtedly is greatly

increased during that same period.
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TABLE III.

Quantitative Determination of Iodine in Whole Gland and in Cells Free from
Colloid Material of Thyroid Glands of Iodine-Fed Dogs.
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TABLE IV.

Quantitative Determination of Iodine in Whole Gland and in Cells Free from
Colloid Material of Human Thyroid Glands.

Series

No.
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Comparison of Ratio Value in Different Animals.

A comparison of the ratio values of the thyroid glands of the

different animals so far examined is given in Table V. The few

abnormally high and unexplained ratio values are not included in

the table.

From what data are available there appear to be some differ-

ences in the thyroid glands of different animals in the numerical

value of the ratio of the percentage of iodine in cells to that in

whole gland. The ratio value of iodine distribution for dog

thyroid glands seems to be consistently lower and more constant

than that for the thyroid glands of the other animals studied.

TABLE v.

A Comparison of the Value of the Ratio of the Percentage of Iodine in Cells

Free from Colloid Material to the Percentage of Iodine in Whole

Gland in Different Animals.

Animal.
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3. The ratio value was found to be relatively constant despite

great variations in the morphology and iodine content of the

glands examined. The ratio value for the dog's thyroid gland

seems quite constant and is much lower than that of the beef or

sheep.
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For many years it has been held that the thyroid gland is supplied

with true secretory nerves. In support of this assertion there is con-

siderable anatomical evidence and some physiological evidence. Of

late the nerves which anatomists have traced into the thyroid gland and

have considered to be possibly secretory in function have been declared

to be branches of the cervical sympathetic nerve. And recent physi-

ological work has tended to confirm this view. Only twelve years ago
Wiener (1) published the report of experiments from which he concluded

that extirpation of the inferior cervical ganglion produces a marked

atrophy of the thyroid gland on the side of the extirpation. Wiener

maintained that no comparable effect on the lobe of the thyroid gland
on the side of the operation could be produced by vagotomy or by
removal of the superior cervical ganglion. More recently Rahe et al. (2)

announced that they were able to produce a quite marked diminution

in the iodine concentration of the lobe of the thyroid gland on one side

by stimulating the thyroid nerves in several different ways. They
stimulated the nerves of the superior thyroid artery, the intact vago-

sympathetic nerve as well as the vago-sympathetic nerve near the level

of the superior cervical ganglion after ligating the nerve low in the neck

and cutting the nerve central to the point of stimulation. They found

that the most marked loss was brought about by the stimulation of the

intact vago-sympathetic nerve.

Watts (3) undertook to find out whether or not the results obtained

by Rahe, Rogers, Fawcett and Beebe might be due to vasomotor

168
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changes in the gland on the stimulated side. Watts likewise found

that he could reduce the iodine content of the right or left lobe of the

thyroid gland of the dog by stimulating the "cervical sympathetic iso-

lated from the vagus sheath" and the "nerve filaments accompanying
the superior thyroid vessels." However Watts maintained that he

could cause some diminution in the iodine content simply by periodi-

cally reducing the blood flow through the gland by "occluding the main

thyroid artery" the nerves of which had been dissected away. Hence
he concluded that all of the effects of stimulation on the iodine content

can be accounted for by the coincident vasomotor changes which he

showed to be present.

Positive evidence of the secretory effect of sympathetic stimulation

has been reported by Cannon and his co-workers (4) in several communi-
cations. Working with cats they sutured the phrenic nerve with the

cervical sympathetic nerve and observed following the operation in-

creased basal metabolism, respiratory hippus and falling hair which

they interpreted as the results of hypersecretion of the thyroid gland
caused by the periodic bombardment of the gland by impulses carried

from the respiratory center to the gland's secretory nerves. Cannon
and Cattell (5) adduced additional evidence as to the role of the sympa-
thetic nerves in experiments dealing with the electrical condition of the

gland. Following the stimulation of the upper thoracic sympathetic
nerves or the injection of epinephrin they were able to show a definite

action current in the thyroid gland after a latent period of five to seven

seconds. Recently Cannon and Smith (6) maintained that gentle mas-

sage of the thyroid gland or stimulation of the cervical sympathetic
nerve increases the rate of the denervated heart. The denervated

heart is said not to be affected when the cervical sympathetic nerve is

stimulated after removal of the thyroid gland. Moreover Levy (7) ob-

served that the pressor effect of epinephrin after a variable latent period
is increased by the stimulation of the cervical sympathetic nerve. He
declared that stimulation of the cervical sympathetic nerve has no such

effect after thyroidectomy.
However the conclusions based on the experiments mentioned above

have not been universally accepted. Burget (8) was unable to alter the

thyroid gland noticeably either by uniting the phrenic and cervical

sympathetic nerves or by removing a section of the cervical sympathetic
nerve. Marine, Rogoff and Stewart (9) sutured together the phrenic
and cervical sympathetic nerves in several cats. They demonstrated a

functional union between the phrenic and .cervical sympathetic nerves
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but observed no exophthalmos, tachycardia or respiratory hippus in

their animals. There was no apparent difference either grossly or his-

tologically in the lobes of the thyroid gland on the operated and the non-

operated sides. Troell (10) reported that he was unable to produce

either exophthalmos or respiratory hippus by suturing the proximal end

of the phrenic nerve to the cervical sympathetic nerve. Employing
cocaine as a sensitizer for sympathetic nerve endings, Mills (11) did

not observe, following the repeated injection of cocaine, any alteration

in the amount or nature of the thyroid secretion as judged by what is

known of the gland's histology. Finally Rogoff (12) records one experi-

ment in which he drew blood from a vein of the left lobe of the thyroid

gland and at the same time stimulated the cervical sympathetic nerve

on that side in the hope of increasing the secretory activity of the stimu-

lated lobe. From the right lobe he also collected blood by way of a

vein. While drawing the blood he massaged the right lobe to some

extent but did not stimulate the right cervical sympathetic nerve. He
found that specimens of dried blood from each lobe were potent when

fed to tadpoles. But he could detect iodine chemically only in the

blood from the non-stimulated lobe. Moreover the non-stimulated lobe

had a lower iodine content than the stimulated lobe.

In connection with some studies on the distribution of iodine in cells

and colloid in the thyroid gland I attempted to alter acutely the total

iodine content of the gland by stimulating the vago-sympathetic nerve

of the dog. Some inconsistencies in the results in the early part of

the work forced me to investigate the matter more carefully and to

repeat the work of Rahe et al. (2) and of Watts (3).

Methods. Dogs were used in all of the experiments. All except

those whose numbers are above that of no. 78 were given daily feedings

of iodine over a period of one to eleven days. The daily feeding con-

sisted of a capsule containing two drops of tincture of iodine in starch.

In the animals fed iodine the stimulation of the vago-sympathetic nerve

was undertaken from two to ten days after the last feeding of iodine.

Throughout the experiments the animals were lightly anesthetized with

ether. Platinum wire electrodes were applied to opposite sides of the

carefully isolated vago-sympathetic nerve and shielded from all sur-

rounding tissues by glass. In all of the experiments except those re-

corded in table 5, a tetanizing current from three to six times as strong
as that sufficient to bring about a pupillary dilatation and apparent

protrusion of the bulbus oculi was employed. The regulation of the

strength of the current was made possible by a rheostat inserted in the
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circuit. Again in all of the experiments except those to be found in

table 5 the stimulating current throughout the period of stimulation

was made for about 0.8 second at intervals of 1.6 seconds by means of

a clock and ratchet device. The strength of the current used and the

rate at which the current was made in the experiments of table 5 are

described below.

TABLE i

Variations in the iodine content of neighboring specimens of the same lobe of the

thyroid gland

ANIMAL NUMBER
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TABLE 2

Quantitative determination of iodine in whole gland and in cells free from colloid

material of thyroid glands of dogs whose isolated vago-sympathetic nerve had

previously been stimulated for approximately three hours

ANIMAL

NUMBER



DISTRIBUTION OF IODINE IN THYROID GLAND 173

Hence it was thought desirable to analyze not single blocks or sam-

ples of dried powdered mixtures of whole gland but to analyze the whole

gland in each case. In experiments in which this last mentioned tech-

nique was employed the whole gland was carefully cleaned of connec-

tive tissue and blood vessels, and thoroughly dried first over an electric

hot plate and then in an electric oven. After two to three hours' dry-

ing in the electric oven the gland was broken into several pieces whose

weight was about 0.5 gram each and whose number therefore depended
on the size of the gland. The iodine determinations were made accord-

ing to the method earlier described by Kendall (13). By analysis of

powdered thyroid of known iodine content the accuracy of the method

(to about 0.008 mgm. of iodine) and the purity of the reagents used

were frequently examined and found to be satisfactory.

The strength of the current employed in all of the experiments re-

corded in table 2 was three times that sufficent to cause dilatation of

the pupil and apparent protrusion of the bulbus oculi. Both the stimu-

lated and the non-stimulated vago-sympathetic nerves were cut in

two places: at a point in the neighborhood of the eighteenth tracheal

ring and also at a level a little above that of the hyoid bone. The reason

for cutting the non-stimulated nerve in such a manner was to eliminate

the possible effect of tonic secretory impulses on the non-stimulated

lobe. The vago-sympathetic nerve was stimulated a little above the

point at which it was cut low in the neck. In the above experiments
the ratio of the percentage of iodine in cells to the percentage of iodine

in whole gland was determined by a method previously described (14).

From the data given in table 2 it may be seen that stimulation of the

vago-sympathetic nerve under the conditions described is without ap-

preciable effect on either the ratio value or the concentration of iodine

in the whole gland.

When it was found that there was no consistent diminution in the

concentration of iodine in the stimulated lobe only the stimulated

vago-sympathetic nerve was sectioned in the manner described above.

In experiments 76, 79 and 80 a strength of current six times that neces-

sary to cause ocular changes characteristic of sympathetic stimulation

was used; in all of the other experiments to be found in table 3 the cur-

rent was of the same strength as that used in the experiments recorded

in table 2. From the standpoint of the iodine concentration in whole

gland the results given in tables 2 and 3 are very similar. Stimulation

apparently has no effect on the concentration of iodine in the stimulated

lobe.
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By stimulating the intact vago-sympathetic nerve Rahe et al. (2) de-

clare that they were able to produce the most marked diminution in the

iodine content of a given lobe of the thyroid gland. In the three experi-

ments of table 4 of my series, the intact vago-sympathetic nerve was

TABLE 3

The concentration of iodine in the lobes of the thyroid gland of the dog after the

stimulation of the isolated vago-sympathetic nerve on one side for a period of

approximately three hours

ANIMAL
NUMBER
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stimulated in the neck at about the level of the fifteenth tracheal ring.

The current was of the same strength as that employed in the experi-

ments of table 2; each time the current was made there ensued a respira-

tory arrest and the ocular changes typical of sympathetic stimulation.

Again there was no consistent change in the concentration of iodine in

the stimulated lobe.

TABLE 4

The concentration of iodine in the lobes of the thyroid gland of the dog after the

stimulation of the intact vago-sympathetic nerve on one side for a period of approx-

imately three hours

ANIMAL
NUMBER



TABLE 5

The concentration of iodine in the lobes of the thryoid gland of the dog after the stim-

ulation of the vago-sympathetic nerve, the sympathetic portion of which was left

intact above the point of stimulation

ANIMAL
NUM-
BER
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vago-sympathetic nerve was stimulated just above the point at which

it was cut near the eighteenth tracheal ring. It was easily possible to

vary the strength of the electrical stimulus so that a current of such a

strength was employed as just to bring about the ocular changes char-

acteristically associated with stimulation of the cervical sympathetic

nerve. Mendenhall (15) has emphasized the markedly toxic effects of

ether on the sympathetic nervous system. In a preparation like that

last described the sensitivity of the cervical sympathetic nerve to the

depressant action of ether could easily be demonstrated. A tetanizing

current of rather low frequency from a Stoelting inductorium was made

for 5.5 seconds at intervals of 11.8 seconds throughout the period of

stimulation. At the end of most of these experiments a vein of the

stimulated lobe, in most cases without the ligation of its companion

veins, was cannulated and the effect on blood flow of stimulation of the

gland under the same conditions as those employed in the experiment
was observed. In ten out of sixteen experiments no difficulty was en-

countered in demonstrating a vasoconstriction in the gland on stim-

ulating the vago-sympathetic nerve with an electric current of the same

strength and delivered at the same rate as that used in the previous

stimulation period. The threshold of excitability for the vasoconstrictor

nerves of the thyroid gland appears to be considerably lower than that

for the submaxillary gland as reported by Gruber (16). The relatively

low threshold of excitability of the vasoconstrictor nerves of the thyroid

to epinephrin stimulation has been observed by Gunning (17).

From table 5 it may be seen that stimulation of the vago-sympathetic
nerve with the sympathetic trunk intact above the eighteenth tracheal

ring has no appreciable effect on the concentration "of iodine in the stim-

ulated lobe. In a number of experiments it was unequivocally demon-
strated that vasoconstrictor fibers to the gland were being stimulated;

yet such stimulation did not alter detectably the iodine content of the

lobe subjected to stimulation.

Effect of stimulation of the vago-sympathetic nerve on the concentration

of water in the thyroid gland. In table 6 may be found data relative to

the effect of stimulation of the vago-sympathetic nerve on the concen-

tration of water in the thyroid gland. I was unable to find that stimu-

lation had any effect on the concentration of water in the stimulated

lobe even in experiments in which vasomotor changes were definitely

proved to result from stimulation.
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TABLE 6

The concentration of water in the lobes of the thyroid gland of the dog after the stimu-

lation of the vago-sympathetic nerve for a period of from three to four
hours

ANIMAL
NUMBER
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DISCUSSION

If we consider the data described above we find that following the

stimulation of a given lobe of the thyroid gland there was no consistent

change in the concentration of iodine in that lobe compared with the

TABLE 7

A comparison of the effect of the different methods of stimulation of the vago-sympa-
thetic nerve on the concentration of iodine in the thyroid gland of the dog

SERIES
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in the percentage of iodine in the lobes of dried thyroid gland of the dog

is 0.015 per cent in this vicinity. If we consider as non-significant all

differences in the percentage of iodine in dried thyroid of 0.010 per cent

or less we see that stimulation, while causing an apparent diminution

in the concentration of iodine in 16 or 36.4 per cent of the glands, and

an apparent increase in the concentration of iodine in 10 or 22.7 per

cent of the glands, had no effect on the iodine concentration of 18 or

40.9 per cent of the stimulated glands. The greater part of the experi-

mental data presented may be briefly summarized in table 7.

The differences which I found above appear to be due to normal

variations in the concentration of iodine in the two lobes of the dog's

thyroid gland. The average percentage difference in the concentration

of iodine in the two lobes of the dog's thyroid gland depends on a num-

ber of factors such as the type of gland, the time of year and the feed-

ing of iodine. Hence I am forced to conclude that if stimulation of the

vago-sympathetic nerve in the dog has any effect on the concentration

of iodine in the thyroid gland, that effect is considerably less than the

normal variation in the iodine content of the stimulated and control

lobes. The presence of normal variations relatively so much greater

than the variations which may follow stimulation renders valueless the

application of more refined methods of iodine determination in the study
of the effect of stimulation of the cervical sympathetic nerve on the

concentration of iodine in the thyroid gland.

SUMMARY

1. Periodic stimulation of the isolated vago-sympathetic nerve by
an induced current of a moderate to strong intensity over a period of

from three to three and a half hours does not appreciably alter the

distribution ratio of iodine between cells and colloid.

2. The findings of Rahe, Rogers, Fawcett and Beebe (2) and of Watts

(3) that stimulation of the cervical sympathetic nerve for a comparable

period of time reduces the concentration of iodine in the stimulated

lobe were not confirmed. Watts' assertion that such stimulation reduces

the water content of the stimulated lobe was not confirmed.

3. Conclusions as to the direct secretory control which the cervical

sympathetic nerves exercise on the thyroid gland are based in no small

measure on the alleged effect of stimulation of the cervical sympathetic
nerve on the iodine content of the gland. Conclusions having such a

basis apparently are untenable.
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Some years ago Marine and Feiss (1) and Marine and Hogoff

(2, 3) first performed experiments which leave little doubt as to the

ability of the dog's thyroid gland, especially when hyperplastic,

to bind iodine almost instantaneously. Marine and Feiss (1)

carefully perfused the surviving thyroid gland with fluid con-

taining iodine as KI. They found that after 1 hour a consider-

able amount of iodine was taken up only by a surviving gland.

Any evidence of death of the perfused organ was accompanied by
a loss of some of the gland's stored iodine rather than by an

absorption of iodine from the circulating medium. However, even

a surviving gland, rich in iodine, lost some iodine to a perfusing

fluid free of the element. In surviving glands they discovered

that the amounts of iodine absorbed were relatively independent
of the amounts of iodine in the perfusing fluids. They also pointed

out that a similarly rapid absorption of iodine by the intact gland
follows the intravenous administration of a solution of KI. From
the results of perfusions of spleen and kidney under similar condi-

tions they concluded that these organs were not capable of taking

up a significant amount of iodine.

Marine and Rogoff (2) on the basis of experiments in which

they injected a solution of KI intravenously came to the con-

clusion that the absorption of iodine by the gland is almost as great

1 hour after the injection as it is 30 hours after the injection.

They again found that no significant amount of iodine was taken up

by the spleen and liver. The amount of iodine absorbed by the

11
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thyroid gland appeared to be directly proportional to the degree
of hyperplasia exhibited by the gland. In a second communica-

tion (3) they discussed the time of appearance of the changes in the

histology and physiological activity of the gland following the

intravenous administration of KI solution.

Having found (4) that there was relatively little difference in

the ratio of the percentage of iodine in cells to the percentage of

iodine in whole gland in dog thyroid glands exhibiting great

variations in histological appearance and iodine content, I under-

took the present study to determine what effect acute iodization of

hyperplastic thyroid glands has on the ratio value.

Methods.

As in the work of Marine and Feiss, and Marine and Rogoff,

dogs with thyroid glands usually definitely hyperplastic were

used in all of the experiments. Light ether narcosis was always

employed. All solutions of KI and thyroid colloid were injected

into the femoral vein. Every effort was made to section the glands

as rapidly as possible after their removal from the animal. In

the making of the determinations of the ratio of the percentage

of iodine in dried cells to that in dried whole gland the method

first described by Tatum (5) was somewhat modified. To lessen

autolysis as much as possible the glands on removal were plunged

into Ringer's solution cooled to 1^C. The glands were then

carefully cut into blocks of a size appropriate for the floor of the

freezing microtome and frozen sections were made of a considerable

amount of tissue. The blocks of tissue cut for the microtome's

floor as well as the cut sections were suspended in Ringer's solution

cooled to 1-4C. As in the preceding work of this series the frozen

sections were cut sufficiently thin so that practically all of the

colloid or intercellular fluid was dissolved out of the acini as soon

as the sections were suspended in cooled Ringer's solution. By
centrifugalization the cells were separated from the colloid dissolved

in the Ringer's solution and carefully dried over an electric hot-

plate and then in an electric drying oven. Control pieces of

uncut whole gland were also dried in the same manner. Through-

out this paper colloid iodine solutions refer to cell-free solutions of

thyroid intercellular fluids obtained by the method just described

and dissolved in Ringer's solution. In all of the experiments the
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quantitative determinations of iodine were made by the method
of Kendall (6).

From the data of Table I it can be seen that large amounts of

iodine as KI were taken up by hyperplastic thyroid glands despite

big variations in the dose of KI (50 to 150 mg.) and duration of time

between injection and removal of gland (90 seconds to 22 hours

and 25 minutes). The cooling of the blocks of thyroid tissue dur-

ing the process of cutting had little effect. Either little of the

injected iodine was held by the cells, or it diffused rapidly from the

cells in the process of cutting; for the iodine content of the cells

and hence the ratio of the precentage of iodine in cells to the per-

centage of iodine in whole gland is considerably less than that

found in resting glands. The average ratio value of 0.15 for the

dog (4) was approached only in Experiment 11 in which nearly
24 hours elapsed between the injection of KI and the removal of

the experimental lobe. In this last case there are alternative

means of explanation: more iodine may have been bound by the

cells by removal from the thyroid's intercellular spaces, or the iodine

in the cells was in a less diffusible form than in the other experi-

ments of the series. These changes in the distribution of iodine

after about 24 hours can be definitely correlated with Marine and

Rogoffs (3) discovery that 20 hours after the injection of iodine as

KI, markedly hyperplastic glands exhibit more stainable colloid

with some increase in the size of the follicular spaces and shrinkage
in the height of the columnar epithelium.

In the experiments the data of which are given in Table II,

solutions of colloid iodine from normal dog thyroid glands were

injected intravenously to determine to what extent iodine in

organic combination is bound by hyperplastic thyroid glands.

The iodine of thyroid colloid of normal animals is practically

not at all taken up by hyperplastic glands after 42 to 86 minutes.

A comparable amount of iodine in the form of KI is rapidly

taken up.

Blum and Griitzner (7) found some hours after the injection

into the circulatory system of fluid pressed from thyroid glands
that the iodine-containing thyroid protein is split largely by
hepatic action into simpler products with the formation even

of iodides. In Experiments 12 and 13 (42 and 86 minutes after

intravenous injection) there is little evidence that much iodide-



TABLE I.

Ratio of the Percentage of Iodine in Cells to the Percentage of Iodine in Whole

Glands in Hyperplastic Thyroid Glands of Dogs Receiving an

Intravenous Injection of KI Solution for Varying

Lengths of Time before the Removal of the Glands.

Animal

No.
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iodine has been split from colloid iodine; for the hyperplastic

thyroid glands present exhibit no significant change in iodine con-

tent and yet are able quickly to bind any iodine available as iodide.

In the experiments reported in Table III colloid iodine solution

of animals with hyperplastic glands, each of which had received an

TABLE II.

Ratio of the Percentage of Iodine in Cells to the Percentage of Iodine in

Whole Gland in Hyperplastic Thyroid Glands of Dogs after the Intrav-

enous Injection of Thyroid Colloid Iodine from Normal Dog
Thyroid Glands. The Iodine Content of a Hyperplastic

Gland of a Dog after the Injection of a Comparable
Amount of Inorganic Iodine is also Recorded.
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TABLE III.

Ratio of the Percentage of Iodine in Cells to the Percentage of Iodine in Whole

Gland in Hyperplastic Thyroid Glands of Dogs after the Intravenous

Injection of Thyroid Colloid Iodine from Hyperplastic Thyroid
Glands Iodized but a Short Time before Being Sectioned.
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Even here considerable iodine as KI was still bound by the glands

which had taken up some colloid iodine. These results suggest

that the colloid iodine, bound but incompletely synthesized into

active principle, is in a more diffusible form in the acutely iodized

gland than in the more normal resting gland. Moreover, the

incompletely synthesized active principle may be more readily

split by hepatic action (7) into simpler products (e.g., iodides)

which are then bound by the hyperplastic thyroid gland.

Marine and Rogoff (3) declare that even 30 hours after intra-

venous administration of a solution of KI very little of the thyroid's

active principle, as measured by the effects of thyroid on tadpole

growth and metamorphosis, has been elaborated. The less

diffusible and less readily split normal colloid iodine compound
(Table II) probably represents the more fully elaborated active

principle.

SUMMARY.

The findings of Marine and Feiss and Marine and Rogoff that

the hyperplastic thyroid gland of the dog rapidly bincls iodine

intravenously introduced as a solution of KI were confirmed.

By a method already described (5) the ratio value of iodine in

cells to iodine in whole gland was determined and found to be very
low after the intravenous injection of KI solution into dogs with

hyperplastic glands when those glands were removed 1.5 to 60

minutes after the injection. The ratio value more nearly ap-

proached the normal if the interval elapsing between injection

and removal of gland was made about 24 hours instead of 1 hour

or less as in most of the experiments. This finding is in keeping
with the histological changes described by Marine and Rogoff in

such glands 20 hours after the intravenous injection of KI solution.

When iodine as colloid iodine solution of normal animals was

administered intravenously practically none of the colloid iodine

was taken up by hyperplastic glands during the periods of time

used in these experiments; yet from an injection of a comparable
amount of iodine in the form of KI the ready binding of iodine by
similarly hyperplastic glands was proved. Colloid iodine of

hyperplastic glan'ds removed 1 hour after the intravenous injection

of KI solution was taken up to some extent by hyperplastic glands;

but these last named glands bound additional iodine as KI intro-
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duced after the colloid iodine injection. The incompletely

synthesized active principle is probably more diffusible and more

readily split into simpler products than active principle fully

synthesized.
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