i

ACKNOWLEDGBMENTS

Throughout the research and the writing of the thesis
50 many people have been helpful that it would not be practical
to acknowledge all of them here., Special mention is due,
however, to the following:

Dr. André DesMarais, director of the thesis, gave
me excellent ditectién, council, understanding and encourage-
ment, My association with him has been one of the most
enjoyable and fruitful periods of my scientific carecer.

I shall ever be grateful to him for the opportunity of having

been his student,

To Dr. Louis-Paul Dugal, Chairman of the Department
LQ of Biology, I also owe a debt of gratitude for his personal
interest in the work and also for the "esprit de corps" which
exists in the Biology Department as .a resulf of his direction,
The pleasant environment lightened the task considerably.

A special thanks is due Dr, L,P, Bélanger, Chairman
of the Department of Histology and Bmbryology of the Paculty
of Medicine, who generously allowed me full access to his
laboratory and equipment for autoradiography and also for
several helpful suggestions during the course of the work,

Finally, to the staff and technicians, .in pafticular
Miss Louise Sheppard and Mr. Jacques Helie, who gave encourage-

ment and technical assistance I offer my sincere thanks,




i
ABSIRACL

A new staining techrique has been developed for the thyroid
gland of the rat which in addition to being an excellent histoloe
gloal stain 4s a histochenieal method for the repid identification
of the oolioid containing fodinated thyroglobulin from that which
contains biologically Mivo protein material,

Various ihdices such as incorporation of radiofodine 131,
gland weight, epithelisl height, and total mmber of follicles
have bean used to test the validity of the color reaction in
the colloids The comparison of thos‘ diverse indices of thyroid
aotivity show that the blus collolid 48 directly related to the
physiological activity of the gland,

A» a result of owr studies further insight has been gained
into several aspsots of thyrolid physiology:

8) in the normal rat only about £ifty percent of the gland
contains astive colloidal materials

b) complete incorporation of fodine 131 into the collodd
requires longer thah Himntyafour hours in the nomel rat

¢) information on the role of thiouraci) raises the question
of 4ta action in fodine dsfictont rate; |

) evidenca is offered for intracellular protein binding of
iodino rather than the view that it ia restricted to the follieular
collodd; |



il

e) additional evidence is presented that short
exposure to cold brings about an immediate physiological and
morphological response by the thyroid;

f) ascorbic acid has no apparent effect on the thyroid
itself:

g) evidence favors the view that the pituitary gland
is the rate-controlling principle in thyroid hormonogenesis;

h) the histochemical method may be of value in

pathological diagnosis of thyroid slices and biopsies,
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STATEMENT OF THE PROBLEM

For many years biologists have observed that the
follicular tolloid of the thyroid gland does not réact‘hcmo-
geneously with tri-chrome stains such as the Mailory |
Connective Tissue Stain, Some have drawn att;ntioh to the
fact that under different physiologicallcohditions one of
the other dye will dominate, In'dpite of this knowiedgé the
general conclusion hasg been thaf #hése reactions‘a:e staining
or fixation artefacts and cannot be interpreted as'having
any biological signific#nce. | -

Having been faced with this problem'sevetal times
and struck by the different steining battern under different
experimental cohditions, serious doubt arose about the
validity of dismissing these reactions as simble artefacts,

The present work, therefore, has two purposes:

1- The development of a histochemical method which
would give a consistent color reaction with the follicular
colloid,

2- To test the stain under known experimental
conditions and, if valid, subsequently to use it in testing
our hypothesis that the colloid of the thyroid gland is in
fact heterogeneous, That is, that some follicles contain
"active colloid" or iodinated thyroglobulin while others
contain "inactive colloid" or the protein residue remaining
in the follicle following the selective hydrolysis of the

iodothyroglobulin by the proteolytic enzyme systen.
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IEIRQRMICTION

The unique organisation of the thyroid gland mmong
the endocrines is widsibtedly vespon sible for the extvess
oomplenity of its physislagioal macharions, 2thaugh ths
Lupertant role of the thyroid in mstabolisa has besn reoos
muum« the classieal observations of Magmuselevy in
1895, in his study of Oulls Disehse, today there stil)
Peutin o be selved smusrable fundamental problens related
to the produotion, storage, searetion, mmmxw |
tien of the thyreid hormenes, . |

The thyroid Mﬁﬂm fron all the other sndsa-
ertas glands in tiat hormane sterage has besn dsveloped to
the highst degres, Other endoorines elaborete thelr seerse
tion from the aite of origin divestly into the blsod stresm,
but in the case of the thyroid the secretions are liberated
info cupelike aoind cklled fellieles, Heve the sseretions ree
main for an indefinite period depsndent upon the desianis of
the organisns for thyreld hormohes The initisl émtion is
thyroglobidin, & args malecular protetn (630,000), Protece
lysis takes place within the follieles to hydreliss the proe
tein to sufficiently small constituents capable of being abe
sorbed through the folldoular aslls dnto the blood streanm,
friefly, then, the overall activity of the thyroid gland may
be presented as follows,

There is a cortain amount of iodins available 4n the
body, which constitutes the "™odina pool®, It consists of
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ASTAQROSTION

The uniqus organisation of the thyroid gland ameng
the endourines is wdsubtedly respm sibls for the axivens
oomplexity of 4%e physiologiecl nechanions, Atheugh the
inpertant role of the thyrodd in metabolisa has besn recoe
mmmmuulmmumxmm
1895, in hia study of Oulls Disense, todey there stil)
remain £0 be solved swmbrable fundesental probless related
to the prodontian, steregs, searedien, und paripheral ase
ten of the thyrold berminas, " -

The thyreid ghuddiffm fwon all the other bndse-
erine glinds in that hamone storage bas been develsped %o
the highest degree, Other endoorines elsborste thelr Bam-
tion from the site of origin directly into the bleod stream,
but in the okse of the thyroid the sacretions are liherated
into cupeliks soin called folldeles, Hsre the seeretions re-
main for an indefinite period dependent upon the demands of
the organisas tor_ thyroid howmohes The initial iomtion is
thyroglobulin, u:m-go molecular protein (680,000)s Protece
lysis takes place within the follicles to hydroliss the prce
tein to sufficiently emall constituents capable of being abe
sorbed through the follioular cells into the blood stream,
Briefly, then, the overall activity of the thyrold gland may
be presented as follows,

There 48 a cortain amount of odine available in the
body, which constitutes the "lodine pool® It consiets of
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the iodine stored in the tissues exclusive of the thyroid gland,

which is available from the metabolized thyroid hormones or

food absorption; it also includes that which is circulating in

the blood strean,

The follicular cells of the thyroid gland take up

iodide from the blood, The accumnulated iodide is oxidized to

iodine and combines with a glycoprotein gecreted by the follicu;ar

cells to form thyroglobulin,

The thyroglobulin synthesized by the thyroid cells is
stored in the lumen of each follicle where it is acted upon by

a proteolytic enzyme system which hydrolizes it so that iodinated

amino acids are released. The two biologically active ones are

thyroxine and triiodothyronine., These compounds are sufficiently

small to diffuse back through the cells of the follicles into
the surrounding capillaries ag the thyroid hormones which then

act at the tissue level either as such or in a modified form,

Such a summary as the above might give the impression
that the physiology of the thyroid gland is a clearly defined

process when in fact the contrary is true, A survey of the

more pertinent literature makes one acutely cognizant of thig

fact,

A, Sources of Iodine

1) Bxogenous sources of iodine,
It is common knowledge that a deficiency of iodine

results in simple colloid goitre. Historically, ashes of seaweed



and sponges were used in the treatment of goitre, Coindef (41)
first used iodine therapeutically, after the element was discovered
in 1812, incident to a search for gunpowder for Napoleon's armjes;
Chatin (40) in 1852, attenpted to scientifically correlate
iodine-deficient geographic areas with the incidence of goitre,
but due to the inadequacy of his analytical procedures discre-
pancies arose which largely discredited his work, In the United
States, however, Marine M2) estabiished the value of iodine in
goitre prevention in his classic studies on about four thousand
school children in Akron, Ohio, Since that time the addition
of iodine to food (usually as 1:10,000 of table salt) has
reduced greatly the incidence of goitre in endemic districts,
In spite of the overwhelming evidence at the present time to the
contrary there are a few, notably Greenwald (87, 88), who contend
that endemic goitre and iodine deficiency are unrelated,

B This brief historical account establishes the necessity
of a dietary source of iodine and points markedly to the
necessity of supplementing the diet with iodine in those areas
where the soil concentration of the element is deficient,
However, endemic goitre still exists in areas where there ig
adequate iodine bresent, €.8., Derbyshire, Bngland. 1In this
case it is probably due to dietary factors since the introduction
of iodized salt did not reduce the incidence of goitre (159),
The goitrogens (sulfonamides, thiourea derivatives, and cgrtain

leafy vegetables) may conceivably be the causative factor,



Therefore, iodine deficiency may result from an
sbsolute lack of the mineral in ingested food and water or from
2 relative insufficiency during periods of increased metabolic
demand or from goitrogens occuring in the diet, In addition, it
is probable that certain microorganisms in the digestive tract.
may reduce the iodine absorption from food as found by McCarrison
and Madhara (145). Goitrogens, notaby the thiocynates, inhibit
the uptake of iodine in the thyroid gland, Presumably one or
more of these substances is the active factof»in foods such
a8 raw cabbage, turnip, kohlrabi, and rutabaga which enhance
the goitrogenic effect of an iodine-deficient diet. These
vegetables are known to be high in cyaﬁogen content which
presumably converts to cyanides and cyanates. Lest it be con-
cluded that only the cyanates inhibit iodine collection by
the thyroid gland, it should be pointed out that-perchlofﬁte,
chlorate, periodate, iodate, biiodate, and nitrate have the
same effect., In fact perchlorates are ten times as potent as
thiocyanates in discharging iodides already accummulated in the
thyroid gland (241),

Not onlﬁ then is the diet an essential source for
iodine, but there are also naturally occurring foodstuffs which

can inhibit the accumulation of this iodine by the thyroid

gland,

b) Endogenous sources of iodine,

Although the principle source of iodide is dietary,




there is 2 limited amount made available fron the de-iodinated
hormones during metabolism, Radioac{ive hormones secreted

by the thyroid are partly excreted in the feces and partly broken
down in the body to liberate ri3! inty the blcod,The 1131 derived
from degraded hormones is partly excreted in the urine and saliva
and partly recaptured by the thyroid. "Daily studies involving
(a) measurements of the thyroid: renal sharing of 113! apq the
rate of excretion of Jl3! during the course of a release cure

and (b) the distribution of i3 following injection of radio-.
thyroxine have shown that only about ten percent of the radio-
activity lost from the thyroid in any one day is recovered as
I131" (110), The foregoing results pertain to the normal

rabbit, These figures will vary depending upon the organism since
the metabolic pathways differ. PFor example in the rat thyroxine
is normally passed from the liver through the bile duct to

the intestine from where iodine can be reabsorbed; however, in
the case of man more of the thyroxine appears to re-enter the
hepatic vein rather than pass via the intestine, 1In this case
the destruction of the thyroxine appears to be largely a function
of the hepatic cell (228), Regardless of the metabolic pathway
the amount of iodine thus recovered by the body constitutes oniy

& minor source of iodine for the thyroid gland,

B, Site of Iodine Trapping

[

. 3
The bulk of the data available on the site of thyroidal
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iodide trapping has been obtained principally by applying auto- .
radiographic techniques to radioactive sections of thyroid
tissue (112), There are two methods of arranging theltissue
slices: in one the thyroid tissue is fixed and all the iodine
containing compounds soluble in water and organic solvents are
eliminated, In the other the freezing-drying method is used
which results in retention of all the radicactive iodinated
products, Leblond and’G:oss (126) have shown that radioactive
iodi newas present in the colloid and epithelial cells one ﬁour
after injection of 1131. After twenty-four hours it was found
in the colloid only, mainly in an organic form, Thus, iodide
was taken up by the cells and was subsequently transferred to
the colloid, Quantitative studies have shown that the small
follicles which are generally located in the center of the gland
are more active in the uptake of iodine than are thé larger
peripheral follicles (155), Therefore, for the entire thyroid
of the rat iodine incorporation depends upon the total cell
volume of its follicle agglomerates, The situation, however,
appears to be the reverse in the shark (86)., By following

the formation of thyroglobulin by means of autéradiography at
various time intervals after administration of 1131, it can be
seen that after the first hour all the iodine was preéeni in
the colloid and there was none in the epithelial cells, The
implication is that all the -iodination reactions occur in the

colloid, The results of Pitt-Rivers and Trotter are very
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interesting (160), Administering zooaiédoses of 113 to rats
previously treated with propylthiouracil, they found that the
gland concentrates inorganic iodine in the colloid and perhaps
in the epithelial cells, In contrast Wollman and Wodinsky (237),
using mice in a study of the concentration problem, showed that
organic iodine is concentrated in the colloid only, even in the
remarkably short time of eleven seconds. This would indicate
that iodination of thyroglobulin does take place in the colloid
and is in agreement with Doniac, Howard and Pelc (62) who
suggest that the iodination process normally occurs in the
colloid and not in the cytoplasm of the epithelial cells, 1In
contrast to the occasional rings found in normal rats by Gross
and Leblond (94) these authors (63) have always found the
iodine incorporated into colloid and never in the cells from
five minutes onward, 1In fa¢t these same authors found protein-
bound iodine in the middle of ‘the colloid of active follicles

within two minutes of 1131

administration and none in the cells,
suggesting that the iodine simply diffuses through the cells
but is bound in the colloid.

C. Mechanism of Iodine Trapping

From the foregoing review it would appear that there
is some confusion over terms. Iodide trapping should not be
confused with organic binding of iodine, The ability of the

thyroid gland to concentrate iodine without forming diiodotyrosine



or thyroxine was fgcogniigd by SChachne:, Pranklin and Chaikoff
(192) from in vitro studies in whi;h aziqe4and sulfanilamide
were found to inhibit»étganic bipdiﬁg;f~Fufthet;studies b&\
Pranklin, Chaikof f and»Lerne? (78) shoﬁed tﬁat”thiocyanate
inhibited the’;apacity ofﬁthe thyroid‘sliceﬁlto concentrate
iodide, Astwo&d and Bissell (16) demonsttafeq‘that administering
thiouracil to n@rmai rats depleted the thyroidq;‘stqres of |
organic iodine; and that the pituitary or thyrotrophin must be i
present for this to occuri Astwood (14) noted that under these
circunstances the thyroid gland wib able to concentrate b?omptli
an amount of iodide which varied with the dosé given, and
Vander Laan and Bissell (223) found that iodine thus accumulated
had almost entitelf disappeafed in twenty-four hours.

Vander Laan and Vander Lasn (221) establiished the
existence of a gradient between thyroid cells and serun (T/S
ratio), the magnitude of iodide ion concentQation being about
25:1. This gradient remained constant over a wide range of
iodide levels, When thiouracil is chronically administered
resulting in hyperplasia of the thyroid gland, thyroidal iodide
accumulation rose to a level of approximately 250:1, while
the size of the gland increased three to fourfold, Thiocyanate
was shown to prevent not only the iodide ion accumulation, but
also of effecting its discharge from the gland with the result
that the T/S ratio is disrupted,

In human subjects Stanley and Astwood (205) found that
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thyrotrophin adainistration brought about a marked increass
in the capucity of the thyroid to trep iodids. Vandey Laan
and Gresr (225) reoognised that the pituitary vas meceseary for
the maintentnon of & high /8 retio since Mypophyscateny bronght
about & repid £a3} from the high Jevels attained with chverde
propy)thtoureeil trektaent, It appetred from thia study
that thyrotrophin was required for the thyroid mot only to bind
lodine to protein and relesse tho hovwone, but also 40 coneens
trate todides Thetw results appoared to be & contredietion of
previous eonclusions of Vander Lasn and Vander lasn (227) which
proposed that 10dide concetretion sswwed o be dndependent
of the hypophysis: The apparent diffsrences wers retolved by
the daportant researoh of Balal et ad (103), showing that the
increased capacity of the thyroid gland to acsmmdate dedide don
fron serua in hyportyssatonited antsals receiving thyrotrophin
vas greatly increased about thirtyefowr houre aftsy organic
binding had been blocked with propyithicuracils There was &
sharp rise in the gradient after propyithiourecil administration
even though the doss of thyrotrophin remained constant, Murther,
Halmi (99) established that in hypophyseotomised rets the iodide
ratio betimen thyrold ocells and serim rose shen the dodide
content of the diet wes reduced.

Vander laan and Caplan (224) found the concsntration
of Lodide to be partially indspandint of the pituitary which is
in agroemont with Falmi (99), and they found an inverse relationship
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to exist between iodine stores in the thyroid gland and its

capacity for concentrating iodide ion, These observations indicated
that although thyrotrophin influenced the thyroid gland in its |
capacity for concentrating iodide iom, other factors within the
gland were also important in its function,

Despite the foregoing evidence, the nature of the thyroid
iodide concentrating mechanism has not been unequivocally esta-
blished, FPreinkel and Ingbar (79) have suggested that it involves
"active transport™., If such is the case, the term “thyroidal
iodide pump" introduced by Yander Laan and Caplan (224) is
justified (100), This would appear to be preferable since
the term "iodide trap™ ignores the fact that much of the thyroidal
concentrated iodide is freely exchangeable,

Whether the transport of iodide into the thyroid is
(25, 2;2) or is not (236) the sole rate-controlling mechanism
in the formation of thyroid hormones, factors influencing this
function can greatly effect thyroid hormone output and thereby
play an important role in homeostasis (100).

The final mode of action of thyrotrophin on thyroidal
iodine transport remains to be ascertained, Woolman and Scow
(236) in analysing their own observations as well as those of
Halmi (98) on the effect of graded doses of carrier iodide on
the 1/S ratio at various levels of thyrotrophic stimulation
concluded that thyrotrophin does not act by increasing the

affinity of the thyroidal iodide acceptor for its substrate.




~ll-

Therefore, Halmi (100) suggested that a plausible explanation
is that thyrotrophin augments the number of jodide acceptor
sites, This is indicated though not proved by the observation
that the thyroid's finite capacity for pumping iodide is
expanded by thyrotrophin to the same extent ag the T/S ratio for
tracer doses of radioiodide is enhanced (97).

The following results obtained in hypophysectomized
rats, quoted from Halmi (100), argue for the existence of an i
intrinsic mechanism which depresqes the pump thus opposing the Q‘
Stimulating effect of thyrotropin: "(a) The responsiveness of
the thyroidal iodide pump to exogenous TSH is enhanced by
concurrent medication with PTU which depletes the thyroidal
hormone stores (Halmi et al (103)); Vander Laan and Caplan
(224), (b) The response of the pump to a standard dose of TSH
is iﬂverseiy proportioned to dietary iodine intake (Vander Laan
and Caplan (224); Halmi (99). Such is not the case if PTU is
also given (Halmi and Spirtos (102)), This shows that the effect
is not due to the level of circulating iodide but rather to
products arising through organification of iodide in the thyroid,
In fact, if organic binding is blocked with PTU, the titres of
serum iodide must rise exorbitantly (to over IOOJZYg per cent)
before any diminution of the 1/$ becomes evident, Vander Laan
and Vander Laan (227); Halmi (98). Moreover, this decline of
the T/S is due to saturation and not to depression of the iodide
punmp, since the stable iodide concentration within the thyroid

actually increases as the serum iodide titre rises, until the
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capaeity Lavel 4s attained (Halwt (97)), (o) Both PV and
10dtns Antake effect tiie Jodide pp i1 hypophyasctonized

Faks net recetving 7SN (Ralad (99), Balai and Spirton (101),
This mmwmmmmmamnwu
™8, {4) mmwﬁnwmwmmmm
tho todide m.mmmau offent of 25H (Raled ot al (103)),"

ALl the above findings £1% the hypothesis that the thye
roidal 1acide purp 1 direotly inhiBANed by one or more orgas
tda dodineecontaining ocepeunds within the thyroid, Wich of
these Lodizated sompomads perterm this task has yet %o be dpe
ternined,

There, are, howsver, two obsermations which appear to
contradiot the adeve hypethesis of pump vegulationsy first,
in propylthicuraeil treated rats given low aosss of thyroxine
or triodothyranine the I/ ratic i insressed instsad of
decreased as 1t 4s with high doses; and sssondly, in nemal mice
propyithiouracdl, although produeing goitre, lowess rather than
elovates the /5 ratio (100, 109), Halmt (100) appenrs to
reconoile thess paredoxsd by making the folloving assumptions:
"(x) that activation of the iodide pump requires less TSH than
naintenance or development of goitre, and (b) that the rumber of

thyroidal odide acosptor sites per thyrold camnot be anhancsed
bayond & 1mit,*
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Taurog, Tong and Chaikoff (212) studied 1131 uptake
and the chemical distribution of 1131 in the thyroid gland and
in-the plasma of hypophysectomized rats, They found that
total 1131 uptake was reduced to only a few percent of control
values and that the T/$ rat1os were greatly reduced. Previous
iodine intake, however, had a marked influence on both values,

The thyroglobulin that was formed contained only low percentages
of 1131 dijodotyrosine and a higher than normal value of 1l3!
monoiodotyrosine, The plasma, likewise, waé void of detectable
1131 thyroxine, This striking reduction in a1l phases of

thyroid iodine nmetabolisnm, under these conditions is interpreted
as emphasizing the importance of the pituitary rather than
autonomous control in the regulation of thyroid iodine metabolism,

In 2 follow-up to the above work TSH treated rats readlly
reversed the abnormal distribution of 1l31 wh;ch occurred in
the thyroids of untreated hypophysectomized rats (211), They
also concentrated iodine in vitro to a much greater extent,
Bvidence indicated that the effects of thyrotrophic hormone
on both the thyroid iodide pump and on thyroid cellular growth
were independent of any effect on iodiﬁe discharge, The
authors suggested that the various steps in thyroid iodine
metabolism were affected by thyrotrophic hormone independently,
and further, that the effects of thyrotrophic hormone on iodine

metabolism were probably secondary to its effect on some basic

cellular process in the gland.
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In conclusion it would appear that the activity of
the pump has & dual regulating mechanism: a stinulating
effect of thyrotrophin, possibly through augﬁentatioh of thy-

roidal iodide atceptOt sites. and a depression by intrathyroidal

factors,

D. Organic Binding of Iodine

The ﬁuestion of the elaboration and secretion of
the iéd‘inate‘d compounds which eventually yield the thyroid
hormones has.been approached by three methods: 1) cytological
observations 2) investigations with radiciodine and 3) bio-
chemical analysis,

In the cytological approach the function of the
follicular cells is based on certain features of the cell
structure which may serve as indicators of physiological acti-
vity,

The autoradiography techniques are mainly concerned
with following £ﬁé péssage of the labeled ;131 through the
cells into the colloid and its rate of Clearance from the gland.

The third approach, which has been extremely fruitful,
consists mainly of identifying the iodinatgd cqnsti@uents of
thyroid extracts by paper chromatography techniques after incor-
poration of radioiodine.

1) Cytological evidence

Bach follicular cell is a more or less pyramidal type

of epithelical cell whose sides are in intimate contact with




adjacent cells, the apical face abuts the colloid of the

lumen and the basal portion rests on a basement membrane which
encloses the entire follicle, The Cytoplasm which was
investigated with the electron microscope (31, 51) contains
nitochondria, Golgi apparatus, ergastoplasm, and colloid
droplets, The apical border displays tiny cilia and terminal
bars,

In the past the activity of the thyroid cells was
based on the so-called "revgrsal theory” or some modification
of it - that is, the cells alternately secrete towards the
colloid and towards the outside of tke follicle (54, 68, 72,
82, 196, 215, 233, 234), There were several indications of
secretion in either direction: (a) tte presence of droplets
not only at the apex but also at the base of the follicular
cells (24, 31). The great confusion over the nature and meaning
of these droplets is apparent on reading earlier reviews on
the histophysiology of the thyroid gland (19, 43, 145, 164)
€b) the apparent change in the position of the Golgi apparatus
between the apex and base of the cell (45): (c) Thomas (215)
strongly contended that in any given thyroid there were several
types of cells: flat, cuboidal, and tall, and that these were
cytological evidence of a resting state, an active secretion
toward the colloid and an active secretion towards the outside
of the follicle, These changes he associated with the theory

of reversal of secretory polarity. This work gained further




sletled

wlfe

support vhin Pondo (165) reported eytelogiedd chinges!in the
equino of aodleld (Bimgliesy sametian to the outeide of
mmmmmwmwmnmm
Parther, oach of thess steps wes assoctsted with & dafinits
uuuummuumm-ummmum.
Firally, Do Bobertis (52, S4, 95) presented vather convineing
ovidenos based on sbsereatiems of thyreid tisaue prepared by
the frestingedrying method of AltmmwGersh, Pollowing injestion
of thyvotrophin there is fivst searetion towards the folliele,
Producing & kind of apoorine segretion, Aftervards apoerine
seoreiion stops #nd release of the oolleid threugh the cells
is odssrved: “In some tases thete 43 Also an invereion of
polarity* (52),

Hare recent work tands o cast doubt on the validity
of the reversal theory. Hadler and lLeblond (154) contend that
thyreld horwons production 1s & contiuous process going on
&t all times throughout the entire gland « the soecalled
"oontinuous metivity* hypothesis,

It has also boen contended by osrlier works that
changes 1n position of the Golgl Epparatus and escretory droplete
has mo functional signiticancs and may be sizply due to
machanical factors (83, 157, 218). Nadler and leblond (156)
£ailed to find any significant change in the height of the
follicular colls in 125, ratss On the contrary, cells of every
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suppart vhen Porse (165) reported sytologiod) changes: in the
foltials madar thyretrophio herwohe sbimlation shich tiad &
Soqurnen of oslleld ghbapliten; exoretisn 4o the euiside of
m«mmmnmumummmmxm
mm.uosmmmuum-msmu

osl1 siae ind sbage serrespending to hoss described by Thass,
Finlly, De Bobertis (52, b, 55) presented rether convineing
ovidmos based om ebsarentions of thyrold tssus prepared by
the fressingedrying wethod of Altmmmelersh, Following injestisn

-ofwmmummmm:om.'

Poducing 8 kind of apsorine seerwtion, Aftervards apoerine
Secvetion steps and release of the olledd threugh the cells
is odosrved: "In some onses thare 45 Also an invaveion of
polarity® (52)

Hore reownt work: tands to oast doubdt on the valddity
of the reversal thoorys Hadler and leblond (154) contend that
thyredd horwane produstion is & comtimous process godng on
at all times throughout the entire gland « the soecalled
"oontinuous activity* hypothesis,

It has also boen contended by sarlier works that
charges 1n position of the Golgl apparstas and secretory droplets
has no functional significanss and may be simply due to
machanioal factors (83, 157, 218), Nadler and Leblond (155)
fadled to find any signifioant change in the height of the
follicular colls in 125, rats, On the comtrery, colls of every
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follisle were found %0 be statistically ddestioal, These
suthors g9 on to atate that “the contention that a ayele
sizllar to that observed aftey thyrvtrephds stimnladion
ceeurs 2rmlly vithin sny folllele presumss sither that
the cirenlating level of thyrotrophic harnone ie Siuctuating
or that soms fullicles oan be wndar stimulation While ethers ol
aro ot Bvidene for either presumpiien Lo Jacking”, ‘1
Rach of the evidence for organde binding obteined from
redioiodine studles has deen reviewed in the section Nocharisn
of Isdine Trapping (page 7)¢ In the procsss of orgaxie Minding
the 1odide firct pasess fron the extracsllular apaces through
~ the thyvold oedls The uptake of the dodide Lon appears to be
directly related to the siee of the thyroid eells (129), It
socus that the epithelinl cell may have an attive role in
conosntrating dodide in the follieular colloid, This is
substantisted by the work of Woliman and Zwilling (238) vho
found that n the chitk enbryo the devalopment of the lodide
concentrating power of the gland eocurred when the epithelial
tissus was fully formed but before sny aollodd was yet vieibls;
mrsover, the stage at which srganic binding of radivlodine
began ooincided with the appearance of colledd, In contrpst
18 the report of Trunnell end Wade (217) dn thbiy study of the
chrvnology of the synthests of odinated coupounds n the chidk
enbryor They found that morolodotyrosine, «
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didedotyrosine, or both ohn be formad prior to the advent of
ollaid produstion, bub thyrexine does ot appesr umtil the
firet 00llodd dreplets azpear, dndioating 1hat organte binding
oAn ooour An the sell, This was 4100 in apperent eonfliet with
the work of Leblond and Gross (126) wbo at first thought that
the veaction was losalised to the aploal region of the epithelim
but subsequently revised thefr view after a study of profile
WWWMWWM&M‘N@N
ammormmmwmmuwm
boundary of the oollodd and, in some oasen, Just at the aolloide
ool interfase (154)s They interpreted thelr findings to nean
that the epthelium aseretes an oxidising ensyme directly into
the oollnid where At cames in osntaet with the lodide present
and cansas its oxidation (%, 57, 8%, 150)s This implies that the
mnum«ummamummmmwumua
oonbines vith 1adine t0 yield ultimately thyresd hermonas,

3) Exidence frem biochemical analysls

Bvidance for organie binding hins alse been obbeined from the
gncorporation of iodine in yitro, Over ten years ago Taurog et al
(220) ahom that surviving thyrodd 8)ices were :dble to attract
radioactive fodide dn inorganke forms Foche and cowworkers (179)
observed the same phenomenon in normal human Wd alices from
a patient who died toMng an acoident, More ww protein
fodine has baen obtained with
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howogenates and mitodhrondiia after incubatien vith I bt
oopper and tyrosine had 10 be added (230), Maweett and Xirkwood

(%0, 72) consider copper to be only & mechsndoal exidining i
agent % transfom fodide 40 dodines They belteve that Pimation
on proteins s oatalysed by an ensyns “tyrosine folinase”
which transfers fhe dodine to the tyresing, Myngarten and

Stasbury (20) uggeet hat the extdaticn of Sodids 10 ehtafly 4
animatic, erbasesd by eopper and dapendat vpon perumide a8
the active oxidant, Reoestly, Tsureg, Potter and Chatlef? (211)
have cbtained quite dieferent resultar aopper and tyrosine i
vere 1ot tecsssary for organis bindlng n the presence of thyrold |

homogenates or of various separate ool fractions, Colil free
preparations ware able to changs signifiosnt quantities of

radioedctive odide to an organic forms Mamolodotyrosine vas the
chief constdtuent, but there were also traces of dilsdotyrosine
though no thyroxine, Harington and MtteRivers (109) and ,
Harington (108) have postulated that 45 vitxo the oxidative 3
coupling of dlindotyrosine to form thyroxine requires lodine ’
&5 an axidteing agents t‘.
The finding of traces of dilodotyrosine by Teurog | ‘
ot al but no thyrexine 48 in sccordance with the experimants
of Favsett and Kirkwood, but conbrary to thelr clatm, the
nonotodotyrosine 18 @ part of the protein moleculo and has to
be Liberated by hydrolysts dn order to be tdentified by
chromatography (149)e The latter work questions the validity
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of the existence of "tyrosine iodinase" as well as the fact
that studies on o;idative enzymes lead to the same results,
Milk xanthine oxidase in the presence of iodide, casein, and
xanthine under aerobic conditions resulted in iodination of
the protein, principly as monoiodotyrosine and a limited pro-
duction of diiodotyrosine (146, 184),

From the foregoing data the picture emerges that
iodination of proteins probably occurs as two separate mechanisms:
the first leading to the rapid synthesis of iodotyrosines, and
the second, considerably slower, to the formation of the thyroid

hormones,

E., Pituitary-Thyroid Relationships

Although it is common knowledge that a relationship
exists between the adenohypophysis and the thyroid, and
reference has been made to several aspects of this relationship
in the preceding sections on thyroid physiology, it is a very
complex problem and a review of the literature is prerequigite
for further discussion,

The history of this relationship goes back at least
as far as 1851, In that year Nilpce (156) described pituitary
enlargement in goitrous cretins, Later in the nineteenth cen-
tury Rogowitsh (188) and Stieda (207) among others, observed
this syndrome following experimental thyroidectomy in animals,
The impetus to research in this field, however, came from

studies on amphibian metamorphosis. Adler (3) destroyed the

i e e oy
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hypophysis of tadpoles by cautery and correlated their failure
to metamorphose with their atrophic thyroids, Previously,
Gudernatsch (97) had shown that anuran larvae metamorphosed
precociously if fed mammalian thyroid substance,

It was not long before the implications of these
seemingly unrelated phenomena were tealized by investigators and

intense research began, By the early twenties extirpation and

transplantation studies made it clearly evident that growth
and secretion of the amphibian thyroid were influenced by some
hormonal factor (s) in the adenohypophysis (6, 7, 209), It
was soon noted that the amphibian thyroid could be stimulated
by mammalian hypophyseal substance (200, 203, 219), thus
establishing what was to become the universality of the thyroid-
stimulating principle, present with rare exception in the
pituitary of all vertebrate animals (, 4, 85),
Further impetus came from mammalian studies: Smith
(198) described for the first time in mammals (rat) the
involutionary and reparative changes occurring in the thyroid
after hypophysectomy and replacement therapy; Loeb and Basset
(134, 135) and Aron (10, 12) demonstrated the dramatic activating
properties of extracts of beef pituitary on the guinea pig thyroid,
In the 1930's many unsuccessful attempts were made
to isolate the thyroid-stimulating factor from the anterior
pituitary, and it was referred to by various names until finally

established as thyrotropin, thyrotrophin or thyroid-stimulating

hormone (TSH).

T
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The response of the thyroid to pituitary hormone and
convergely the response of the pituitary to thyroid hormone
were repeatedly. studied, It soon became clear that the role of
the thyroid was not a passive one, Bxcessive thyroid horﬁone
resulted in histological manifestations of decreased activity
(36, 205) which could be associated with deminished thyrotropin
content of the pituitary @s, 124, 170), PFurther, histological
activation of the thyroid with exogenous thyrotropin could be
partially inhibited by concomitant administration of thyroid
hormone (11, 133, 136, 137), "These findings and others of a
more clinical nature led to the concept first promulgated by
Aron et al (13), subscribed to by Salter (190), and more
recently reiterated by Hoskins (117) that the;thyroid and anter ior
pituitary exist in a state of reciprocal stimulation and inhibi-
tion thereby constituting one of the homeostatic mechanisms of
the organism", (46)

The advent of radioiodine and chemical antithyroid
agents as tools brought refinement to the invgstigation of
pituitary-thyroid interplay, The excellent studies of Leblond
et al (129) on the fixation of iodine, its reduction by hypo-
physectomy and augmentation by exogenous thyrotropin; confirma-
tion and extention of these results by Morton et al (152, 153)
made it possible to define rates of formation and release of
thyroid hormone as a reflection of thyrotrophic hormone regulation.

Working independently, the MacKenzies (139) and Astwood et al

foreacnid
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(17) established that certain chemical agents induced functional
hypothyroidism with thyroid hyperplasia. Thus it became

possible to make a more critical study of the endogenous
thyrotrophic mechanisms of the adenohypophysis under conditions

of inhibited thyroid hormone formation with the target organ
present, During this period a Search for methods for the detection
of thyrotropin were ¢ontinuing, and several were reported which
possessed the necessary sensitivity and precision to give
quantitative estimation of the hormone in the circulation (47,

48, 56),

While the overall picture has been established, certain
aspects of this relationship are quite obscure and even contro-
versial (see iodine trapping, organic binding). At this point
the review is restricted to the overall regulation of the
thyroid by thyrotrophic hormone and the reciprocal action,
Generally, the thyrotrophic hormone is considered as a single
entity although periocically reports appear in the literature
describing effects on the thyroid which can be interpreted as
signifying more than ore (26, 91, 92, 113), Also reported are
the presence of thyroid-inhibiting factors (163, 199). Such
results have usually gone unconfirmed (148, 165) or lend
themselves equally well to more conservative interpretation,

"One cannot be certain from the evidence at hand that thyrotrophic

hormone acts to trigger e mechanism from which the thyroidal
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procssses unfold in & preseribed ssquence with change in onii
contingent depandent upon previous changs in anether* (46).

Thyvoteepin 48 cosidered os stixulating the thyretd
prevesses direstly and individually, Hxosssive aireulsting
thyroid hormens 1s coneeived a» acting direstly cq the antee
rlor pituitary to nbibit thyrotrophin production, Thyroe
trephin content of the adeashypostiysts decrenses sharply
after thyroid hormene sdministration (2, 11h, 123, 148, 170),
but the mechaniss ¢f soticn is completely unknown and this
aspect of the interplay is in the highly conjectursl phase.
Radiosstive thyroxine ean significantly concentrated by the
hypophysis of the rabdit, btut in its pecterior lobe (42, 43,
117)0 In soms spestes, selective oensentaiion of labsled
thyraxine in the pituitary doss not ooour at all (K2, 93)s

The rolo of the hypothalanus in the regulation of
thyrotrophin aetivity is also & confusing issus. Complete
stalk seotion leads to reduoed thyroid funotion f£25u which
it has been inferred that thyretrophic homone production is
under some measurs of meural control (21, 32, 33, 110)s It
is argusd whother thess effects are dus to neurel contrel
(32, 33) or to vasoular insult (21, 89), Hymthalamio lesions
in the rat have been found to abolieh the thyreid hypertrophy
which 15 & rornal consequence of chronie thiowracdl feeding
(28, 46, 91), howevex, the 7/S ratio undergoes the usual ten
fold increase, The essential hypothalamic ares involved in the
above
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responses seems to lie in the midline between the paraventricular
nucleus and the median eminence (80). The same area appears to

be involved in the dog (5)., This casts serious doubt upon the

concept of vascular damage since there is minimal damage to the

portal systen,

It must be emphasized that neither of the above

SR e e

procedures reduces thyroid function to hypophysectomy levels,
For this reason D'Angelo (46) suggests that regulation of

thyrotrophic tonus in the pituitary is accomplished by two distinct ¥‘
phases: a rapid one mediated through diencephalic centers

highly sensitive to small fluctuations in thyroid hormone levels, h%i

and a more slowly aroused but sustained phase in which relati-

vely wide excursions in levels of circulating hormone'ict on
the adenohypophysis directly., In support of this speculation
he points to the fact that changes in thyroid hormone levels
(plasma protein-bound iodine) are too slow to account for the
rapidity with which activation changes may be induced in the
thyroid under certain conditions (5).

In spite of the confusion surrounding the physiological
relationship between the pituitary and the thyroid gland very
definite and convincing evidence has been obtained histo-

chemically which has established the cells of the adenohypophysis

responsible for thyrotrophin secretion in the rat, dog, man,
and others., An c¢xcellent review of this problem has recently

appeared in the ‘litérature (168), In tlie rat Purves and

Griesbach (166, 167) have designated three types of cells
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each containing a specific and chemically distinct glycoprotein
which together constitute the group of cells known as basophils,
These three types are classified according to function as the
thyrotrophs, FSM gonadotrophs, and LH gonadotrophs, The
thyrotrophs appear as glycoprotein granule-containing cells
which are angular in outline; the gonadotrophs are round of
oval,

Thus while we know, at least in some species, the
source of thyrotrophin and also its primary effects on the
thyroid, much remains to be uncovered regarding its locus of
breakdown and its final metabolic fate, The effect at the
cellular level of the thyroid is still unknown. It has yet
to be established whether thyrotrophin stimulates the thyroid
by stimulating its component processes at the same instant or
by activating a single enzymatic mechanism which then sets

off a sequential chain reaction.

F. Antithyroid Compounds and their Mechanism of Action.

As has been previously indicated the synthesis of
thyroxine can be olocked or disturbed in more than one way
depending upon which step in its synthesis one wishes to inves-
tigate. Thus the iodine concentrating mechanism can be
disrupted by thiocyanate, perchlorate, and related compounds or
by iodine itself. However, according to common usage of the

term, as retained here, an antithyroid compound is one which
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Cxtorfores With thyroxine and triledothyrenine symthests
without Affecting directly other processes vithin the thyrold
M, o
What hagpens when an axtithyrold oompewnd 1 given
mmunmma"hmammum.

by observing & oung Tat on thiourestd trestaent, There s an
alsost mindiste 108 of dadine from the thyrotd (16)s Prom

1 onaet of trestasth no aew Bermones ave forwed and apprert-
nately Balf of Abe eserve store is used in ove day and a1l 18
ahausted 1n five daye (14), Scbsequently, the moust of clre
culatory hermone dectenses vith & resultant cwmpensatory enlare
gmant of the thyroid gland which begine even before the gland

43 coupletely exhanated and eentinues &t & steadlly decrensing
rete for seversl weeks, After about & monia the thyroid enlare
goment just about kesps pase with body growth (14)

The fodinesdapleted glands of arisals on an dodineedsficiont
dist repidly plek up fodine vhen potassium lodid2 is given,
Thioursold 48 untble % prevent the Lamediate upbako of dodide
wder thase conditions (14)s This dodide emters 1ittle if at all
\nto the ayntiests of thyrold bomene or, &3 L8 mare comdnly
stated, 1s not protein bomnd (14), This 4o also the chss o Fityo
(78)

hile thess studies pretty woll ostablished the eits of
astion, they gave no insight into the mods of action of such
conpounds in inhibiting hormone synthesis, Since it vas well
establdshed that 1odine vas the forn in which dodine entered the
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land, the s1te of aation of the antithyrold ompeunds Ly
sonhiore along the edeadsel route betwen Soide Son and

lodinated tyroni) redioals, in sarly cbservation that the 4
eAtrogenic sffect of thisuraci) we mmw‘m
Mdainisteetion of diiodetyrostne suggested et the Mock L
was at & stege boyood lodingted tyresine, and that the oxidetive ’

ooupling of two ditodsiyrosines 1o fom Lyroxing was inhibived
(50)s Toination st Ods point alons ahould have permitted the

socmlatioh of iodine bound o tyrosine, bab such was mit the
cane (17, 75, 78, 119), Purthorwore, it was kmoun that dlisdee

tyrostne 13 raidly dapreded in the body and probebly wald not
antar the thyreld to participate in hormone synthesis,  Thus,
1t 13 uallkely that ooepling of d1iodotyrosing eould bo the
only or even the chief lorus of setten (15), Curtemtly, the
velght of evidenos favors the view tuat anidthyrold ecmpounds
prvant the oxidetion of fodida 40'that odination of tyrosine
oannot, oceur, and tiat this oxidstion 1a ngmatio (15
Iniibitien of the cytochreneeaylochrons cxidase systen
of thyroid slices by the addition of aside, sulfide, cyanids,
or oatbon sonoxide inhibited incorporetion of rediviodine into
fodotyrosine and thyroxine (193). However, sulfonamides and
other antithyroid compounds irhibited oomversion of lodide to
organio lodine without affecting respirtiion vhick indicates
that although an astively respiring cell is required for iodide




“20u

oxidation, the cytochrome system is not responsible (130),
Tyrosinese, although inhibited by antithyroid compounds, is not
known to effect the'conversion of iodide to iodine, nmor has it
ever~bedy found in the thyroid gland, and there is a poor corre-
lation between antithyroid and antityrosinase activity of the
compounds investigated (65), Similar considerations exclude
catalysis by inorganic copper or iron as the normal mechanism
(15). Most experimental data are in keeping with the theory
that iodide oxidation by the thyroid is carried out by an enzyme
with properties of a peroxidase and that antithyroid compounds
act by interfering in some way with this process (t5).

The evidence favoring peroxidase as the enzyme
responsible for the oxidation of iodide ig based upon the followirg
findings quoted from Astwood (15):1)"Peroxidase~-positive granules
can be stained in thyroid tissue sections; 2) this reaction is
inhibited by thiouracil and thiourea; 3) peroxidases catalyze
the oxidation of iodide by hydrogen peroxide; 4) all effective
antithyroid compounds thus far investigated interfere with
peroxidase reactions; and 5) thiourea can be oxidized by
peroxidases as well as by living thyroid tissue."

Dempsey (49) was the first to describe fine blue
granules near the nucleus of thyroid cells stained in frozen
section with benzidine and hydrogen peroxide, and he found that
a 1/10,000 solution of thiouracil inhibited the staining reaction,

Numerous authors have confirmed these conclusions (57, 121, 29,
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oxidation, the cytochrome system is not responsible (130),
Tyrosinase, although inhibited by antithyroid compounds, is not
known to effect the conversion of iodide to iodine, nor has it
ever been found in the thyroid gland, and there is a poor corre-
lation between antithyroid and antityrosinase activit? of the
compounds investigated (65). Similar congiderations exclude
catalysis by inorganic copper or iron as the normail mechanisn
(15). Most experimental data are in keeping with the theory
that iodide oxidation by the thyroid is carried out by an enzyme
with properties of a peroxidase and that antithyroid compounds
act by interfering in some way with this process (15),

The evidence favoring peroxidase as the enzyme
responsible for the oxidation of iodide is based upon the followirg
findings quoted from Astwood (15):1)"Peroxidage-positive granules
can be stained in thyroid tissue sections; 2) this reaction is
inhibited by thiouracil and thiourea; 3) peroxidases catalyze
the oxidation of iodide by hydrogen peroxide; 4) all effective
antithyroid compounds thus far investigated interfere with
peroxidase reactions; and 5) thiourea can be oxidized by
peroxidases as well as by living thyroid tissue."

Dempsey (49) was the first to describe fine blue
granules near the nucleus of thyroid cells stained in frozen
section with benzidine and hydrogen peroxide, and he found that
a2 1/10,000 solution of thiouracil inhibited the staining reaction,

Numerous authors have confirmed these conclusions (57, 121, 229,
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De mmu and Gresso (57) deseribed peroxidase metivity in 1
both the oalls and e oo1lold in Fat thyroids. Eydrogen |
parexids, O and pephotylenseéianine, bensidin, geiacol, i
pyrogaliol, aod dodide were all exidised. The reaciions vere o
inhibited, hovever, by 0,002 ¥ thisures and 0,01 M potassivm
cyanide but mot by sulfanilemide at 0,01 ¥, Waen lodide m'
the substrate and a glyospine extract of thyvold vas the enyme, i
thicures aguin inhibited vheress sulfathiosole prevented the
appearence of Lodine and & color changs, The muthors suggested
that thisureeld inhibited peroxidase and the sulfarilemides
preverted thyroid heraone synthesis by oosbining with the odine
terned, | |

The demonstration of peroxidase in t2;roid tissue is
doubly diffieult, Inthotinﬁhoothmmmapntﬂc
tests for paroaidase, and secondly, the amount resumed to be
necessary for the cxidation of lodids is very small, Hanemetrio
aethods are unmuitable beckuso the rate of dodide oxidation 1o
too siow,

The rapid reduction of Sodine by thioures, thiouracil
and related wepoumds suggsoted that & siaple reduction might
account for thelr artithyroid sstivity (36, 161)s The failuve
of other redueing agents to be affeotive, inoludtng such thiols
as cysteins, has been atfributed to their ease of ondution

or to & fallure to penstrate to the site of the encyme vithin
the thyroid oell (15). HacKenele (138) suggested that antithyrold
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compounds such as the sulfanilamides which reduce iédine at
a very slow rate may inhibit the enzyme directly, Many of
the polyphenols investigated by Arnott and Doniach (9) and i

Rosenberg (189) are strong redﬁéihg agents, but no correlation

has been found between reducing power and antithyroid action;

therefore, peroxidase inhibition was suggested (9), jff

With regard to the activity of the aromatic anti-

thyroid compounds several researchers have suggested that the

iodine formed by the action of a peroxidase is removed by

forming a complex or compound with the antithyroid agent (57,

69, 160),

What is often called "direct" inhibition of
peroxidase apparently may be either of a competitive or non~ g

competitive type, Compounds such as thiourea and thiouracil i

(169) or phenols, cresols, catechol quinol, gallic acid, ﬁ-naph- i

ey
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thol, and pyrogallol (18, 67) can be readily oxidized by

T

T

beroxidases and thus serve to divert the enzyme from another

substrate; others such as resorcinol (67), sulfanilamide (132),

and aniline (189), which are either not oxidizable or are so at
extremely slow rates by peroxidases, can nevertheless inhibit

thyroxine synthesis, These reults supported the contention

that most classes of antithyroid compounds are either competitive

substrates or inhibitors of peroxidase (189).

The iodide-oxidizing enzyme of the thyroid, like

other oxidases, is apparently unable to act on other halogens ot
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and aniline (189), which are either not oxidizable or are so at

sk

extremely slow rates by peroxidases, can nevertheless inhibit

thyroxine synthesis, These reults supported the contention
that most classes of antithyroid compounds are either competitive
substrates or inhibitors of peroxidase (189),

The iodide-oxidizing enzyme of the thyroid, like

other oxidases, is apparently unable to act on other halogens
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(197). At 211j.(‘a.statine) accumu;atés to a limited extent
(107) and resists washing out, but it leaves the gland more
rapidly than radioiodine (106), According to Durbin and
Hamilton (66),.At ~,l‘is very readily oxidized to At0 and then
the iodide-oxidizing system oxidizes it to a higher valence
state which makes organic binding impossible, accounting.

for its rapid loss from the gland, Thioutacil, by inhibiting
the oxidation beyond Ato, permits At211 to accumulate within
the gland.

The bulk of the available evidence thus points to
the fact that the antithyroid compounds interfere with the
conversion of iodide to iodine probably through destruction
or inhibition of the enzyme peroxidase, |

G, Specific Characteristics of Thyroglobulin

Salter et al (191) hypothesized that the protein
of the colloid was a substrate able ‘to bind free iodine under

the influence of an oxidation enzyme, Derrien and co-worker

(58) prepared pure thyroglobulins, giving on analysis different

values for iodine, which led them to back the proposal of
Salter. We have previously referred to the work of Nadler

and Leblond (154) who came to the same conclusion following

histological studies.

Research on the structure of thyroglobulin has of ten

aimed at connecting the site of formation of the hormones ot

their secretion to specific characteristics of the protein,
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(199)1 tyvosine and tedotyrosine are quito easily freod by
pepein digestion, vhich s mot the oAde for most other proteins
(%), and 15 & poseible explanation for the libaretion of
Mtymim during thyroid proteolysis, The nature of the X
terwinal axine avids has been establishads lencine, valine,
glycine, serine, threonins, glutsaie aeid, alanine,

tyrosine and aleo difodetyrosine and thyroxine (182, 183);
Hichel (189) suggests that the presence of mumerous ¥ terainal
mxino asids might Lead one to supposs the existence of several
polypeptide ohains and then the existence of & branched struce
ture, This would £it the bigh mlecular wight of thyroglobulin,
A% loast tw thyroidal proteins appear on elestopborstic
pattarns of rat thyroid extracts, One corresponds to thyregloe
bulin and the other s an uniodinated protetn (232),

Amother characteristic of thyroglobulin is its
glyooprotein nature, The existencs of a glyesprotein is based
on histochenical studies (74), Galactose and mannose are known
to be present in orude thyroid extracts (231); glucosamine is
found in reasonsbly high concentration in purified thyroglobulin
(116) Booghwinkel et &l (116) and Boas and Foley (27) have
shoun by eloctrophoresis that thyroglobulin is a glycoprotein,
and Laconbe and Michel (125) have found galactose and mamnose in
addition to glucosamine; recently fucose has besn detected (220),
The glycoprotein nature of thyroglobulin could explein




the high viscosity and slow flow rate,

Of course, the biologically interesting aspect of
thyroglobulin lies in the fact that it is an iodoprotein
containing several iodinated amino acids, some being the thyroid
hormones, The liberation of these iodinated amino acids follows
enzymatic proteolysis of thyroglobulin, Two of these preducts,
thyroxine and diiodotyrosine, have been known for a long time,
In the last decade other iodinated amino acids have been identi-
fied largely by employment of 1131 and chromatography techniques.,
The iodide trapped by the thyroid is oxidized and rapidly
reacts with tyrosine and histidine to form monoiodotyrosine (73),
diiodotyrosine and monoiodohistidine (175), These compounds are
of interest only as precursors since they have no biological
activity,

In addition to thyroxine, 3, 5, 3' triiodothyronine
was shown to be present in thyroglobﬁlin ﬁydrolysates (95, 96,
176, 177). By perfecting their chromatography techniques Roche,
Michel and Wolf established the presence of 3, 3', §' triiodo-
thyronine and 3, 3' diiodothyronine in the rat thyroid, These
substances were shown to be present in rat thyroid from six
to twenty-four hours after injection of 1131 (186, 187). An
excellent review of the various hypotheses concerning the
mechanisms of thyroid hormonogenesis can be fcund in a paper

by Michel (149),




H. Hormone Secretion

Thyroglobulin itself has no hormone propetrties., Thege
appear only after the liberation of the iodothyronines,
Thyroglobulin should be conceived as a biological reserve of
the hormone (123),

Proteolysis takes place within the colloid resulting
in the release of diffusible products of low molecular weights,
The proteolytic system is of a catheptase nature and was first
characterized by De Robertis in 1941 (53). The activity of
these enzymes has since been tested in different substrates,
and it was found that thyrotrophin activates catheptases in vivo
(163) as well as in vitro (30). Purther research indicated
that the enzyme system behaves similarly to pepsin since it
hydrolyzes the peptide linkage between two aromatic acids and
its pH optimum is close to 3 (147). From thyroglobulin it
liberates iodbtyrosines, traces of monoiodohistidine, thyroxine,
3, 5, 3' triiodothyronine, and peptides (149), Thyroxine has
also been identified by proteolysis of rat thyroglobulin (8),
Although it has not been identified, it may be supposed that
it is also liberated by the proteases since it has been distin-
guished among the free amino acids of rat thyroid originating
from thyroid proteolysis (149).

Strong evidence exists also for a kind of physiological
sclection operating because of a deiodinating system (111,

181, 214, 216)., 1In effect, diiodotyrosine is dehalogenated to

SR gL et
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monoiodotyrosine which in tugn relenses its iodide to form
tyrogine. In this way the thyroid metabolizes iodine with
maximum efficiency.

Since the peripheral action of the thyroid hormones
is not involved in the reseatch undertaken no review of this

aspect of thyroid physiology is given here.
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BXPBRIMENT I

INTRODUCTION: i

Bxperiment I is actually a compendium of a great

number of experiments which were performed in an attemptzfo

e Sy e O I

find and refine a staining procedure which would permit a.cfear
definition of the colloid material of the thyroid gland of the
rat and at the same time give sharp histological and cytological
definition, Different fixatives were used and the time of

fixation varied, Many modifications of the staining solution

were also tried, The pH values were checked in each staining
combination to see if the pH of the solution would affect the
histological picture, A protocol was kept of the time the

tissues were left in each solution until the desired clgrity was

i
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obtained, To recount the numerous trial runs on literally
hundreds of slides would be repetitious and serve no useful i
purpogse as far as the final results are concerneq:' Therefore,
' ohly the recipe of the stain and the procedure finally arrived

at is recorded here,

PURPOSE:

The definition of a staining procedure which ullows
for the differentiation of the so-called "active" colloid from i
the so-called inactive” colloid of the thyroid gland of the ;
rat, By "active" colloid is meant that colloid which is :

believed to contain iodinated thyroglobulin; by "inactive" colloid
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is meant the protein material residue of the thyroid follicle

which it is felt does not contain the mother substance of the

thyroid hormones,

MATERIALS AND METHODS:

Male albino rats of the Wistar strain weighing
approximately two hundred grams were sacrificed in ether, The
thyroid glands were removed in toto and immersed in Bouin's
fixative for twenty-fours hours (not critical), Following
fixation the tissue was dehydrated in ethanol, embedded in tissue
mat and cut at 5 micra, Sections frbm the middle of the gland
were mounted two each to albuminized slides and allowed to dry
for twenty-four hours. The sections were then hydrated through
ethanol to water,

After hydration the slides were pl#ced into a
staining solution of the following composition:

Phosphotunstic acid - 1 gram

Aniline blue-certified- C,I, 707 - 1 gram

Orange G,-certified- C,I, 27 =~ 0.5 granm

Distilled water - 100 ml,

The pH of this solution is 2,65

Staining time 8 minutes (optimal)

Wash in flowing tap water 5 seconds (critical)

95% ethanol I 30 seconds (critical)

95% ethanol II 30 seconds (critical)

100% ethanol 3-5 minutes

Xylene 5 minutes




RBSULTS:

The nuclei of the follicular cells and connective
tissue are yellow, the nucleolus a brilliant yellow; the
cytoplasm of the follicular cells is greyish blue, but the
colloid droplets within the cytoplasm give an intense blue
reaction, The follicula? colloid stains blue, yellow, or a-
mixture of the two colors. The reticular and collagenic fibers
of the connective tissue stroma are dark blue; the vascular

beds are a brilliant yellow, (Fig, 1, 2)

CONCLUSIONS:

From a purely histological viewpoint this is a good
stain for the thyroid gland because it gives excellent histo-
logical and cytological definition without overstaining, In
addition, as will be shown later, it affords a means of distin-
guishing between active colloidal substance (blue) and inactive

protein residue (yellow).

DISCUSSION:

The histologist will immediately recognize that the
stain used is a modification of the Mallory Connective Tissue
Stain., Acid fuchsin has been eliminated for two reasons: 1)
it gives a very intensive reaction which is difficult to control
and therefore tends to obscure the cytological picture. The
same observation was made for Azocarmine by De Robertis (52) in
his modification of the Mallory Azan technique; 2) those

structures having an affinity for acid fuchsin are stained by
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Fig. .
" Normal gland (1000x)
Note colloid droplets in cells
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Fig. 1
Normal gland (400x)

Fig, 2
Normal gland (1000x)
Note colloid droplets in cells
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The fact that the eolloid of some follicles stains
blue whiile that of others stains yellow or & mixture of the
Yo colors, would constitute an artefact acsording to De
Robertds (55) sinoe following freerssdrying he obtained homoe
genous blue staining colloid. Bowever, as Leblond pointed opt
in the d_&ummuntonmngthombymmbmu suehl‘
ocontention should be modified, He foels uthoyqumm.
they have a definite meaning sinoe the coler distribution
varies considerably depending upon the phystologlosl condition
of the gland,

Inthobezlnn!.ncv_omtnmndtomumh this
Latter viev, Hovever, further exparimentation has brought ut
t¥0 points vhich are dLfficult to Toonotle vith either of the
above statements) 1) the follicular collodd was almst ons
hundred percent blus aftar ten microouries of T2 vere given
to rats that wers on an dodinsedsficiont dist for from three
to aix weeka (ses following experimants), Autoradiographs

of parallel sections, also stained, shoved all these blus follicles
to be radioactive whoreas the few yellow follicies ware inactive;

2) aninals administered thiouraedl and thyroid powder for from
two to four days prior to administration of radioiodins have
yellow follicles to the axtent of ninety percent and nons of
these are radloactive. Further, it has been observed that as
the I131 uptake drops there is a corresponding decrease in the
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number of blue follicles and a concomitant increase in the
number of yellow follicles, Consequently, it is difficult
to believe that the observed color reactions are artefacts;
in fact it is more likely that there is a definite difference
in the chemical composition of the two colloids, and that this
difference, while not demonstrable in some techniques, is
definitely brought out in this one,

The presence of more than one type of protein in
the colloid is not a new concept in thyroid chemistry, Gersh
(81) obtained evidence that the colloid contains at least two
glycoproteins, one being responsible for most of the reacting
groups and resembling purified thyroglobulin; the second
may possibly act as a substrate for mucolytic activity, Like~-
wise Wieme and Bekaert (232) have observed two proteins,
one being thyroglobulin, and the other unidentified, It is
likely, therefore, that the stain herein recorded is a histo-
chemical method which distinguishes between iodothyroglobulin

and at least one other protein in the colloid,
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BXPBRIMBNT II

INTRODUCTION: -

Since a staining procedure had been developed and
an hypothesis formed that two different colloids could be
detected in the thyroid gland of the rat, it became essential
to design a series of experiments to check the validity of

the hypothesis.‘

PURPOSE: -
To establish whether a correlation exists between
the staining characteristics and the physiological activity of

the thyfoid gland.'

MATBRIALS AND MBTHODS:

Sixty-one male albino rats of the Wistar strain
weighing between eighty and one hundred grams were first divided
into two groups: a normal control group (N) and an iodine-
deficient group (D). The control group (12 animals) was reared
on Masters Pox Breeder Cubes (Master Foods, Toronto Elevators,
Ltd., containing 2.6 mg iodine per 100 grams) and water ad
libitum under routine laboratory conditions, ' The remaining rats
were fed with Remington's (172) iodide deficient diet (General
Biochemicals, Inc,,containing 154g,1/kg.)and distilled water ad
libitum for three weeks at room temperature to bring them to a
uni‘form low thyroglobulin level, This experimental group was
then randomly divided into three sub-groups:

Group D: Remained at room temperature on the

e e S
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Remington diet and were injected with
10 Me of carrier-free radiéiodine twenty~
four hours prior to sacrifice.

Group DC: Received the same treatment a§ group D
but inmediately after injection were
placed in a cold room at 5°C, for twenty-
four hours and then sacrificed,

Group DT: Remained on the Remington diet at room
temperature, but three days before receivigng
radioiodine were given thyroid powder (USP)
8t a level of 0.8 gram per kilogram of
diet and thiouracil as a 0,02% solution in
the drinking water, These animals were
sacrificed as the others, twenty-four
hours after receiving 10/“c each of radio~
iodine,

A record of the animals weights was kept throughout

the experiment,

All animals were sacrificed in ether, the thyroids
removed in toto and fixed in Bouins, Alternately right and
left lobes were prepared for microscopic examination ag descri-
bed in the previous experiment with the following modifications:
Ten slides containing two sections each from the middle section
of the gland of each animal were mounted from the same ribbon

in serial fashion, Slides 1, 3, 5, 7, and 9 were used for
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aytologiosl examination, insluding follicls courts, msasussaent
of the epithelial height bty the standard optic micromster
tachnique, extent end distritution of aytoplasmic oollotd
droplets and histelogioal motations of eomeotive t1esus infile
tration and vascular ohanges, S1ides 2, 4, 6, 8, and 10 vere
processed for lmrmm acoording to the tachnique of
Balanger and Leblond (23)-. Imnediately prior to staintng the
slides were wumuy «mmd for radiosotivity on & "64
Soaler” (Tracer Lab) Quiger oounter and corvected for biekground
and peroent decty of indtial doses The mean nusber of blus
follicles present in each group was then plotted against the
nuzber of counts per minute: Statistical analysis was made
eaploying the analysis of variance (202) and the diffarences
betwesn means ud;u;l at the 1f or tho 5 level of aignifieance
using the mtiple rangs test of Duncan (65)s Waere unequal
nuabers of replications were encountered the extonsion of the
multiple range tests by Kramer (122) was used to group the meams.

ESULTSs
A, Fistological observations

1o Normal Clands (Rigs 3)

The most striking observation in the nomal gland s
that at any given time slightly less than fifty percent of the
follicles are bluej the remainder are yellow or contain orly a
thin marginal ring of blus staining vollodd,
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The greater wumber of colloid droplets appear:to be assoetated
with tho mixed follieles, 4ves, thoss vith the marginel ring of

blus collodds While in general the larger peripheral follicles -

tend to bs yellow this 4s mt universally true, In aoms oases
these contain blue colloid shereas the suall eentra) follicles
are yellows The appsarence of vacuoles in ths oolloid was not
83 comon a5 one might expact after reading earlier reviews
(19, b4, 143, 164), but rether appeared in only & Lew prepes
rations, They were never associsted with the yellow eollodd
and ware restricted to the larger periphoral blus follicles,
The yellow collodd appears to be more brittle than the blue
collodd sinos ridges and oracke are common, Both the blue
and the ysllow follieles give & strong positive Periodie Acide
SchAff resotion, (Mg, 4, )

In general after twentyefour hours most of the yadige
activity was concentrated in the apical portion of the eell
or at the periphory of the colloid, MNone the less its almost
complete abaence in the yellow colloid was evidant. (Fig 6)

In one slide we cbserved what would appear to be a
reversal of polarity. thile all adjacent folljeles contained
oollotd droplets this one had nome; the mucled were in the
apleal portion of the cell, and autoradiography demonstrated
an unusually high concentration of radioactivity in the dasel
portion of the cells rather than in the apical portion as tre
in most cases after twentyefour hours. (Pig, 6)



Fig, 3 (100x) Normal gland,
Fig, 4 (100x) P,A.;S; of normal gland. Positive regardless
of color of colloid,

Fig, 5 (1000x) P,A,S¢ Note the fine granules in the apical

i o postion of the cell as opposed to the larger colloid

droplets,

Fig, 6 (400x) Camera lucida), After twenty=four hours most

‘»{-”‘, <of the radioactivity is concentrated intracellularly,

& co
some in the blue colloid (light area); very little in
the yellow colloid (dark area), Pollicle on lower

left side seems to exhibit a change in the polarity of

the cells,
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2, Group By (Fige 7)

As vas expected the glands of this growp were very
goitrogunous, There were numbrous minuts follicles end the
amount of collsid, at ons hundred magnification, appeared to
the oys to be less than the diamoter of a pin heads In thres
of the animals many of these small follicles were void of any
discernable collodds In general, however, the follicles did
oontain collodd and in the blue form, In some glands the blus
follicles constituted ninsty percent of the total, Beamination
of the autoredisgrphs of this group showed that almost all of
the radioactivity was concentrated in the colloid, and that it
was restricted to the blue or mixed folllcles, (Fig, 8,9,10)

3. Group DC (Mg, 1)

There i3 considsrable similarity in the histology of
this group and Group D, The glands are goitrogenous bLut differ
in that & greater muber of follicles contain mixed eolloid,
The pattern of the colloid mixture tends to be more mosalo
rather than the marginal blue ring configuration mentionsd above.
The appearance of the yellow colloid baging in tha centor of the
follicls as & very dark core, Thers also appears to be en
incrcased vasoular supply to these eold atressed glands as the
oapillary beds are more easily discarnable than they were in
(roups N and Ds




Fig, 7 (60x) Goitrogenous gland from an iodine-deficient rat
24 hours af ter 113l administration,

Fig. 8 (100x) Autoradiograph from an animal of same group as
Fig. 7. All blue follicles are radioactive,

Fig. 9 (100x) As above but note single mixed follicle with:
radioactive blue area,

Fig., 10 (100x) As above but note two yellow=-stained follicles

in center,

Fig. 11 (100x) Goitrogenous gland from an iodine-deficient rat

exposed to cold (5°C) for 24 hours after 113! adminis-

tration,
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It is interesting to note that on one siide of this
group mitosis was observed (Pig, 12) which is an exceedingly
rare phegcnenon in the thyroid {144),

Autoradiography studies established that after twenty-
four hours most of the radioactivity was in the colloid, Since
there were more mixed follicles, it was possible to establisgh
a gradual change in concentration of radioactivity from very
high in the blue colloid, to moderate and regtricted to the
blue portion in the area of mixed colloid, to very light or
void in the yellow areas (Fig, 13),14, 15, 16),

4, Growp DT (Pig, 17, 18, 19, 20),

There are two very interesting histological features
in the glands of this group: 1) the overwhelming number of
yellow follicles, ranging from ninety to ninety-nine percent
of all follicles present; 2) the reduction in the total number
of follicles accompanied by considerable connective tissue
infiltration, Colloid droplets were entirely absent from the
cells, As in all other cases, however, the yellaw colloid gave
a strong Periodic Acid-Schiff reaction, In many follicles the
nuclei of the squamous-}ike cells were pycnotic and the
cytoplasm was scanty. Numerous follicles were in various stages
of destruction and desquamated dying cells with pycnotic nuclei,
fitting the description of the "colloid cells" of Langendorff,

crowded the follicular cavity,

Autoradiography did not reveal any activity in the




Fig.

Pig.

Fig,

Fig,

Pig,

12

13

14

15

16

(1000x) Pollicular cell undergoing mitotic division,
From a rat exposeq'ﬁp cold,

(100x) Autoradiograph of the thyroid gland of a cold
exposed rat, The yellow.co;loid shows little radioe
activity,

(400x) As aﬁove and again showing the radioactivity
to be restricted to the biye colloid,

(400x) As above,

(400x camera lucida) From a cold-stresged gland,

White dots indicate radioactivity, Light area (blue

‘colloid);vdark area (yellow colloid), Between light and

dark areas is mixed colloid., This drawing is offered

because the photomicrographs do not show clearly the

graded concentration of radioactivity ip the three forms

of colloid,
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Pig, 17 (100x) From an iodine-deficient rat thatlreceived
thyroxine and thiouracil for three days prior to
sacrifice,

Fig, 18 (100x) As above but better demonstrating the reduction
in the number of follicles and connective tissue
infiltration,

Fig, 19 (100x) P.A,S, raction in a gland containing only
yellow colloid, (compare with Fig, 4),

Fig. 20 (1000x) As above., Note that granule production at

the cell apex is prodigeous even in tha absence of

colloid droplets.
Fig, 21 (1000x) Pollicle of thyroxine-thiourac¢il treated
animal showing part of a yellow follicke in upper left

corner and in the center a desquamating follicle

containing colloid cells of Langendorf,
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yellow colloid., When activity was apparent it was restricted

to the cells, (Fig, 22)

B, Physical Measurements,

TABLE 1
R o Number blue  Number Total "**
Group N CHB  Activity follicles yellow follicles
follicles
N 12 9,05 117,26(2.069) 147.8 . 225.9 373.17
D 17 1s,34 4262,38(3,629) 356.0 163,6 519,6
DC 15 16,92 3349,26(3.525) 352.4 134,17 487,1
DT 15  6.99 6.49(0,813) 23.7. 326.0 349,7

* cell height of epithelium in micra
** activity in counts per minute per two sections
*** nean from twenty mid-sagittal sections from
the gland of each animal,
In parenthesis is the log of activity
1- Activity
Bxamination of Table I reveals that as the number of blue
follicles increascs there is also an increase in the uptake of
1131 Thig relationship is further emphasized when the number
of blue follicles is plotted against the log of the activity
(Fig,23). Calculation of the curve by the method of least squares
(y = a + bx) and determination of the correlation of regression
results in r = 0.984175,
The Analysis of Variance (Table II) establishes that

Groupg D and DC while not differing between themselves are
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' Pig. 22

Autoradiograph of the thyroid of a
thyroxine-thiouracil treated rat showing
radioactivity to be restricted to the
follicular cells,
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Fig, 22

Autoradiograph of the thyroid of a
thyroxine-thiouracil treated rat showing
radicactivity to be restricted to the
follicular cells,
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Table II
Source of Ver, Total Groups Ind, in gr, F, P,
d.f, 55 3 52 - -

Activity §'s sq, 301682896,1 215815458,6  85867437,5 |

Mo Qe = === 71038486,2  1651206,8 43,56 0,01
Blue fol,T, sq,  1915028,7 ‘ 1213648,5 701380,2

Mo $Qg = = = = 404549,5 12752,4 31,72 <0,01
Yell,fol, Ve sq,  1011064,7 326378,7 685286,0

Mo SQy = = = = 108792,9 13178,6 82,55 <0,01
Tot, fol,%, sq,  1715946,8 315924,0  1400022,8

M. sq, --e- 105308,0 26923,5 3,91 <0,05
Cell H, V. sq, 1246,4 1025,1 221,2

My sqy - - e - 341,7 4,0 84,95 <0,01
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significantly different from Groups N and DT at the one percent
level, Groups N and DT are statistically equivalent,
2~ Blue PRollicles

With the exception of the relatienship of D to DC,
all groups are significantly different between themselves at
P <0.,0%
3= Yellow Pollicles

There is less correlation in this category, DT is
significantly different from DC ;t PL0,01 and D at P4 0.05.

All other relationships are statistically equivalent,

4- Total Follicles.

Group D is significantly different from DT at P&
0.01 and N at P 0,05, There is no difference between the
means of D and DC, At P{0,05 DC differs from DT but is
equivalent statistically to the other groups, Groups N and
DT are equivalent,
5~ Cell height of Bpithelium

With the exception of the differences between DC and

D all the means are statistically significant, Further all

are significant at P<£ 0,01 except for N and DT which are sig-

nificant at P<0.05.

DISCUSSION AND CONCLUSIONS:
i Although many investigators have in the past

(19, 24, 44, 45, 55, 143, 164) observed the phenomenon of

color variations of the follicular colloid with a number of 1

trichrome stains following chemical fixation of the thyroid
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gland, to our knowledge no one has attempted, or if so
apparently without success, to concretely relate it to a
definite change in the nature of the colloid itself. As was
previously stated (55) it has commonly been thought of as a
fixation artifact which was interesting only because it followed
a pattern associated with the physiological state of the animal,
We have attempted to show that this phenomenon cannot be
dismissed on such a simple supposition as an artefact but
shouldﬁrobably be looked upon as an indicator of actual
chemical change in the protein nature of the colloid, Several
facts contained in the foregoing results and the degree of
correlation between the different physical measurements all
point directly to a relationship between the color of the
colloid and the physiological state of the thyroid gland.

It is difficult to believe that the blue colloid
dces not contain the active iodinated amino acids of thyroglobu-
lin when there is such exceptionally good correlation between
Todine 131 uptake and the increase in the number of blue
follicles, A value for T of 0,9842 for biological. data is
an extraordinarily high correlation,

The fact that the animals comprising Groups D and

DC incorporated the I131

to such a degree could be expected
since they were starved for iodine and as a result the blood
PBI was minimal and the TSH production of the pituitary

probably maximal, Since such a condition results in

hyperplasia, it follows that the number of iodine acceptor
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group vere om' ninaty pm&m gollow, 5&1&3 tha animle we:'e

" onen Mi.na d@fﬂ.cilenb dm ans .*miwd thymd m@r an&

thiouractl, ve fecl that 4t #s safo to asewe thet these vas
vory ttle Af any thyroglobulin or dodinated andno acids in the

thyzold gland of these rats. Therefore 4t appears faanible

that vhat statns yellow dn the colledd is proteln Featduo after
e hydrolysis of thyroplobulin, Sinoe the PuhiSe Teaction
was possitive in this pgroup a9 sﬁ%ng&y aé in the other groups,
it 49 geasonablo to aoowme that pard of thio residus is o

 glyeoprotein, I€ tho eatepoinelito protoolyble onzyms acts

very opocifically, it 4o nob dnconcalvable that tho yesidual
proteln nay also bo of high molecular wolghts Confivmation
of this sust auald chemical analysls of the o colloide
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fractions by electrophoresis and chromatography,

The offect of thiouraell and thyroid powder on the
mwber of £olliolen present in tho thyrodd gland ls exbremely
interesting. If wo assume that four days prior to sacrifice
the thyroid glands of groups D, DC and DT vere in the seme
physiological and morphological atate it means thet in this
instance thres days treatuent with these compounds results in
3 thirty percert redustion dn the number of folllcles, So

- far a8 we know this cbsorvation has never heen reported,
Vhether this 4o due to the combined action of the compounds or
is prinsrily duo to the action of ono of them must be investie
gated, Although the differetives in the uptake of radiolodine
betwesh groups nm D0 and the diffsrense betwesn the mubor
of blua follicles are obviously not statistieally significant,
it 4s folt that they ere impartant in view of the follewing
observations: 1) a difference in the distribution of the colleld
in the nixed foXeles and 2) & probahbo dnereaso in vascularte
gation 4n CGpoup I0s Conuideration of these points tegether
vith the fact that there was less iodine in the tissue ot the
-timo of sacrifide lead vy to supgest that tho difference may
ba duo %o the additionnl otreca and that while 83 much lodine

way incorporated by Growp I¥ theve vas an oven groater need and
densind on tho part of the onimals and 8o move of tho thyroe |
globuldn vag hydroldzed to ostisfy thedy peripheral demandse
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While one follicle was ob;érved that appeared to
exhibit signs of a change in the polarity of the féllicula;
cells we feel that, since it was the only instance in’which
this observation was made, it would be premature to express
any opinion on the problem of reversal,

The autoradiography pattern for iodine is diffusé;
Por this reason cytolegical localizati§n is difficult to
determine precisely; however, it appears that intracellvlar

iodination cannot be excluded entirely in the rat, While it

may also occur at the colloid-cell interface (126), we suggest
that there is also iodination of the colloid droplets within
the cell; it is hoped that further experimentation will
result in refinement of the techniéue in order to establish

this fact conclusively,

The correlation between all the above factors, i,e.,

1) increase in activity together with an increase in the ﬂgﬁ

number of blue follicles; 2) the decrease in activity coupled
with the decrease in blue follicles and increase in the

nunber of yellow follicles; 3) the concentration of radio-

iodine in the blue colloid; 4) and the significant difference

in the heights of the epithelium lead us to conclude that by - L

the staining method described it is possible histochemically

to differentiate the follicles containing iodinated thyroglo- )
bulin from those which do not and in the case of mixed ‘ﬁy
follicles to estimate with reasonablei accuracy the proportion

E of active colloidal substance, f';
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BXPEBRIMENT IIT

INTRODUCTION

Since we felt a method was now ava;lable to determzne
the state of actxv:ty of the thyroxd at any glven tzme, we
believed a study of the process of t:appzng, bxnding, secretxon,
hydrolysis and reabsorption_of iodine and iodinated products

could be undertaken,

PURPOSE

To study thyro1d act1vzty from three to forty-ezght

hours after the injection of I131

in normal and 1odine-def1cient
rats,

MATERIALS AND MBTHODS

Forty-one male albino rats of thé Wistar strain
weighing between fifty and eighty grams were divided into two
groups: Group N, normal animals under routine laboratory
conditions and Group D, animals which were placed on an iodine
deficient diet and distilled water ad libigum for three weeks.
At the end of this period both groups were subdivided on the

basis of treatment,

Group N1, General control group receiving no treatment.

Groups N2 - N6, All animals received a 10/
subcutaneous injection of 1131 ang
were sacrificed at 3, 6, 12, 24,

and 48 hours respectively,
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Group D. Served as a general control for the diet
animals and received no further treatment,
Groups Dy = Dg. ALl received a 10Mc subcutaneous
injection of 1131 ang were sacrificed at
3, 6, 12, 24 and 48 hours respectively,
Group D7. Three days prior to sacrifice the members
of this group were given 0,8 grams of
thyroid powder (USP) per kilogram of diet
and a 0,02% solution of thiouracil ad
1ibidum, No isotope was given these
animals,

The animals were sacrificed in ether and the thyréids
removed in toto and fixed in Bouin's and prepared for study as
described in the preceeding experiment,

RESULTS
A, Histological Observations
1) Normal Groups.,
a) After three hours. (Group N,)

Almost all the radioactivity is intracellular with
oniy a small amount found in the peripheral area of the follicle,
(fig.24)

b) After six hours. (Group N3)

The situation after six hours is not remarkably
changed from that secen after three hours, Most of the radio-
active material is still intraccllular although some‘ringing

of the colloid is observed. (fig.25)
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As above but 6 hours after receiving 1131, Much
activity gtill intracellular but some ringing of
the colloid (100x).
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¢) After twelve hours. (Group N4)

By: twelve houts the radxoact;ve compounds are
defxnxtely noving 1nto the collcxd There 1s st;ll a. large '
amount of "actavzty, in the qe;ls but the perlphery of the
colloid has now concentr@ted-mo:e of the radioaéfiVe iodine
(fig. 26)

d) After twenty-four hours, (Group Ns) N

At this time the radioactive material is diffusing
throughout the colloid, The ring reaction is still the
strongest, but there is still some radioactive iodine in the
cells, (fig.27)

e) After forty-eight hours, (Group Nﬁ)

Most of the radioactivé material is by this time
diffusing throughout the colloid and the picture is more
homogeneous (fig,28) » i

2, JTodine Deficient Diet Groups
a) After three hours. (Group Dy)

Considerably more radicactive material has moved
into the colloid within three hours than in its normal
counterpart, The ring reaction is strong and there is some
diffusion intc the deeper colloid. Considerable radioactive
material, however, still is located intracellularly, (fig.29)

b) After six hours. (Group D3)

Almost all of the radioactive material is now

located within the colloid and is concentrated on the periphery,

Some diffusion toward the center has occurred, (fig, 30




As above but 24 hours after 7l3l
The ring reaction has reached jits
radioactivity is stiil intracellu

. .

administration,
peak, Some

lar (100x),
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Normal gland 12 hours after I'9! administration.
Some intracellular activity but colloid ring
predominates (100x%),

ipstration,
i, Some
{10Cx) .
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””VFigj 28

Normal gland 48 hodis‘aftet 1131 administration,

‘Radioactivity diffusing throughout colloid but

evidence of the ring reaction still persists in
some follicles (100x).

Fig, 29

Todine-deficient rat thyroid 3 hours after pl3!
administration, Ring reaction already evident,
Some activity is still intracellular, Compare
with figure 27 (100x), '




A

Fig, 48

Normal pland 48 hours afrer 1i-+ administration,
Radicactivity difrfusing theoughout colloid but
evidence of the ring reaction still persists
some follicles (100x).
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Thyroid from an iodine-deficient rat 6 houfs‘
after I131 administration. 1131 is diffusing
toward center (100x).
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e periphéry toward the center of the colloid

fftwelve hours.
‘periphery,

“of the colloxd 50 that in some cases the colloid IL3L

radiouctive compounds,

" much greater in the iodine-deficient animals,
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¢) After twelve hours, (Group D4)

By this time the reaction ig spreading from the

. (flg- 3')

. d) After twenty-four hours. Group bg)
: Generally the picture is about the same as after
. There 13 a heavy concentrat;on of i3t on the

but there is a ptogresszve diffusion to the intericr

15 more
unxformly dxstrxbuted (fig.32)

e) After . forty-eight hours, (Group Dé)
The colloid ig homogeneously impregnated with .. .

although in some cases a strong rxng ]

v reactlon still predominates, (fig,33)

In all cases, as the radioiodine diffuses intc the

c01101d the blue color reaction occurs in the same area. (Fig.

B, Physical Measurements (Table I11)

?4,3§)§f

Examination of the curve for nornal animals (fig. 3¢)

shows a small but steady increase in the number of counts per
minute through twenty-four hours and then a drop in activity

to a point below that of twelve hours.

It is obvious that all iodine- defxczent diet groups

show a sxgnxfxcantly greater uptake of iodinel3!, Bxamination

of the uptake curve for these groups (fig,36 ) and comparison

with‘the‘curve for controls show that, although the uptake is

the uptake




~ ‘Thyroid from an iodine deficient rat, 13 hours Pk
: .aftgr_1131fadministratiqn;' Continued infiltration .
'ijqolloidfbygipdinef(loox),f A R R

As above but 24 hours after I131 adpinistration, :
Infiltration of colloid by iodine complete or = - :
. nearly complete (100x).
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*"Thyroid f rom an iodine déf'é‘ci‘e:.{fﬁ:',_a‘t‘. 48 hours
after I131 administration. Infiltration of
colloid by iodine complete,

Fig, 34 -~ . o Fig, '35

Fig. 34 (100x) Thyroid from an iodine-deficient rat 6 hours
after I131 administration, Note blye colloid surrounding
yellow core (Compare with Fig. 30), '

Fig, 35 (100x) As ‘above but twenty-four hours after rl31
adninistration., Note blue colloid (Compare with Fig, 32),
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pattern appears to be similar in both treatment groups,

DISCUSSION AND CONCLUSIONS

Unlike the result of Leblond and Gross (127) we
still find radioactive iodine in the follicular ce11§.ofin§rmai
rats twenty-four hours after injection of 1131 and'iﬁhéoﬁgv"“
instances after forty-eight hours, There cén be littlé douﬁti'
that it is in the organic form since the techniqué eﬁbl§yéd;f
would have washed out the inorganic iodide unless theré is sfrong
electrostatic binding of .iodine to some protein-like substrate,
which has not been demonstrated yet, Even if it is in the
form of monoiodotyrosine it is probably protein-bound since
in vitro studies have shown that monoiodotyrosine is a part of
the protein molecule and has to be liberated by hydrolysis in
order to be identified by chromatography (149).

The fact that the peripheral ring reaction is so
intense and that the colloid in this area is blue in color isv
further supporting evidence that the blue staining colloid is
the biologically active material in the follicle, As the iodine
spreads through thg colloid we find the blue color associated
with it, Since serum iodine levels were not checked, it is
difficult to say to ﬁhat extent the iodinated compounds were
re-entering the circulation up to forty-eight hours. The
morphological picture of a gradual disbursement through the
colloid indicated that most of the radioiodine remained there.

The drop in number of counts does indicate however, that some was
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leaving but this is not statistically significant. Not all of
the follicles captured radioiodine. We interpret this as
meaning that these follicles were in a release phase of activity,
This is not the case in icdine deficient rats, 'Inﬁorporation

of 1131 s much more rapid and almost every follicle in the

gland was radioactive and contained blue-staining colloid,
Obviously, previous iodide intake is a limiting factor in the
rate of colloid incorporation of radioiodine, Morphologically,
it appears that by forty-eight hours it is entering the circula-
tion;  however, this is not established statistically, In some
instances it undoubtedly entered befcre forty-eight hours since
the autcradiographs showed the entire colloid of some follicles
to be impregnated with 1131 after six hours and in a few
instances after three hours, These facts warrant serious
consideration when one interprets results since the physiological
state of the thyroid is going to determine the rate of incor-
poration of I13! and no definite time for this to occur can

be forecast with complete accuracy,
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EXPERIMENT IV

The effect of thiouracil alone and thiouracil.p1QS gﬁ

thyroxine on the thyroid gland of the rat.

INTRODUCTION:

In previous experiments we observed that following.
treatment with thyroid powder and thiouracil there was a thirtyl

percent reduction in the tctal number of follicles after threce

days,

* o e c— e .

To study the effect of the administration of thiouracil

alone and in combination with thyroid powder over different time

intervals,

MATERIALS AND METHODS:

Male albino rats of the Wistar strain weighing
between 80 and 100 grams were fed the Remington iodine deficient
diet and distilled water ad libidum for five weeks at room
temperature, They were then divided into nine groups:

Group A: Control group which received no treatment

other than the special diet,

Groups B, C, D and B: These were given thiouracil as o

a 0.02% solution in the drinking water fer 1, 2, 3 and 4 days-
respectively prior to injection of 1131,
Groups P, G, H and I: In addition to the thiouracil

these animals were given thyroid powder (USP) at a level of 0.8
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gram per kilogram of diet for 1, 2, 3 and 4 days before being
injected with 131,

The animals were weighed once a week and at the time
of autopsy, They were sacrificed with ether 24 hours after the
injection of lQ/uc of 1131, carrier-free. The thyroids were
removed in toto, weighed on a Roller-Smith balance and fixed in
Bouin's, From the middle of a lobe (alternately right and left)
20 serial sections were selected and mounted on ten slides, two
sections on ecach, and allowed to dry overnight, The slides were
then individually counted for radiocactivity on a "64 Scaler"
(Tracer Lab,)., Subsecquently, they were stained according to the
technique cutlined in the first experiment, Slides 1, 3, 5, 7
and 9 were then prepared for autoradiography while the others
were cleared and covered for cytological examination, counting
of the follicles, and measurement of the cell height of the

epithelium using the optic micrometer technique,.

RESULTS:

I. Thyroid Weight (tables iV, V, and VII)

GroupsB, C, D and E which received thiouracil for
periods of 1, 2, 3, and 4 days respectively prior to administra-
tion of I131 are not significantly different from control group
A. Further, group P which received thiouracil and thyroid powder
for one day is statistically equivalent to A, B, C, D and E.

However, groups G, H and I given thiouracil and thyroid powder
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for 2, 3 and 4 days respectively are significantly different
from all other groups though there are no significant differences

between themselves.

2, Cell Hexght of ‘the Bpxthellum (Tables IVL v, and VIII)

The cell height of the ep1the11um is 51gn1f1cant1y
decreased in al}l experimental groups as compared with control
group A, It is further and s1gn1f1cantly reduced in groups G,
H and I ccmpared to groups B, C, D, E and F,

3. Thyrcidal I'3! (Tables IV, V,.cnd IX)

The highest level of radioactivity is found in group
A, It is significantly lower in thiouracil-treated groups D

and B and still lower in similarly treated groups B and C,

but groups B, G, H and I receiving both thiouracil and thyroid
powder show the lowest and significant level of thyroid
radioactivity.,

4. Number of Blue Rollicles, (Tables IV, VI, and X)

The thyroids from animals of group A have the greatest

number of blue follicles, These are significantly less numerous

in groups B, C, D and E, The reduction in number is more

important in groups F and G and still more in groups H and I,

5. Number of Yellow Follicles, (Tables IV, VI, and:XI)

The number of yellow follicles is low and statistically
equivalent in control group A and in thiouracil-treated groups
B, C, D and B, Kowever, the addition of thyroid powder to

thiouracil in groups F, G, H and I results in a significant

increase in the number cf yellow follicles present in the thyroid.




5: Jotal humbop of Tellieles, (Tebles IV and VI

Although there are no significant differences betweon
any of the groups, there appears to bo g trend toward 4 deoreass
in total Solideles with inareastng duretion of trestnonts In
this respect thiouracdl alone would ssen to be as effective as
tho combimation of thiourecAlethyroid powders

Thiouwracdl, over & four day period, has little or
no offect on the welight of the thyroid gland of an jodincedes
ficlont rats This would be esipacted since the plasma lodine lse
vel 1o probably alveady minimal, In 8 normal zat thiocuracil
edministration results in an almost immediate loss of odine
fvon the thyrold so that no new hormonal secretion can bo obe
servede (14)e In our experiment tho addition of thyroid
poudsr to the thiouracil treatment reduces the welght of the
thyroid thros fold in four dayse Agalng this would bo expoce
ted oince an incrense én the plasma FBI ehécks‘ thyrotrophio
hornona sacretlon.

Thiouracdl aloas, and more so in combination with
thyrold ponder adninistration, retards tho upbeke of BN,
The blacking ei’ﬁaét of tho thyzold povder mey be expactod fov
the vory same reason piven abovo. Howover, this effect of
thiouracil vag rather surprising oince 48 45 generally consle
dovod that thiouraedd doco not affoct the trapping of fodina
by the thyrold bub only wrevents tho bindlng of fodins to the
protein oleculo thewoby blocking the fomation of fodimted
thysoglobulin (1% 49, 239)s ot only do oup resulés cash sope

doubt on tho question
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of the effect of thiouracil on the trapping of iodine, but what
iodine was trapped apparently was not prevented from becoming
protein bound, since the follicular colloid contained most of
the 1131 after 24 hours, It may be that the effect of thioura=
cil is not the same ‘in iodine-deficient rats as it is in normal
rats, or that the amount of thiouracil taken by the animals was
not sufficient to prevent protein-binding at this level but

did in some way affect the pituitary-thyroid axis., Therefore,
it seems to us that the whole question of the action of thiou-
racil should be subjected to further research, This has already
becn suggested but for other reasons by Roche and Michel (178).

Thiouracil has a limited effect on the height of the
follicular cells, but its combination with thyroid powder
decreases the cell height by more than 50%, The interpretation
given above applies as well in this case,

From the above conclusions it would appear that we
can no lonmger be certain that thiouracil does not affect the
pituitary-thyrcid axis, Not only did it block iodine uptake,
but it also decreased the height of the epithelial cells,
Although this was not statistically significant, the trend was
quite noticeable,

The number of blue follicles decreased along with the
weight, the height of the cells and the radioactivity of the
gland, The correlation is so consistent that we feel there can

be little doubt that a relationship exists between the nunber of
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blue follicles and the physiological state of the thyroid, This

was further substantiated by the fact that the radioactivity o

was invariably associated with the blue follicles,

Inversely, as the number of yellow follicles increased,
there was a decrease in the number of blue follicles, the weight,
the epithelial cell height, and the radioactivity of the gland, i
Moreover, examination of the autoradiographs failed to show any ;é
radioactivity associated with the yellow colloid, g

The above facts support ocur ccntention that the

staining procedure described is a valid technique for estimating

the activity of the thyroid,

g
{
it
!
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EXPERIMBNT V

PURPOSE:
To study the effect, if any, of ascorbic acid on the
thyroid gland of iodine-deficient rats treated with thiouracil

alone or in combination with thyroid powder,

MATERIALS AND METHODS: (Table XII)

| Ninety male rats of the Wistar strain weighing between
80 and 100 grams were placed on iodine deficient diet for four
weeks and then divided into eighteen groups:

Group A served as a general control and received no
treatment,

Groups B, C, D, and E received thiouracil at a level
of 0.02% in their drinking water for one, two, three and four
days respectively,

GroupsP, G, H, and I received in addition to thiouracil
0.8 grams per kilogram of diet of thyroid pqwder (USP) for one,
two, three and four days respectively.’

Group J, differed from Group A only in that the
animals received a single intra-peritoneal injection of 75 mg.
cf vitamin C,

Groups K, L, M and N received the same treatment as
groups B, C, D, and E except that they received ascorbate for
one, two, three and four days respectively.

Groups 0, P, Q and R were treated as groups F, G, H
and 1 with the addition of ascorbic acid for one, two, three

and four days respectively,




-84~

Table XII

Groups:

Thiouracil:

Thyroid:

As.Ac,

Days of
Treatment
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All animals received ten micro-curies of 1131 twenty-

four hours prior to sacrifice,

RESULTS: (Table XIII)

The results of this experiment proved to be &‘.

confirmation of the preceeding experiment,
Statistical analysis showed control groups A and J ;ﬂ

to be considerably different from all other groups regarding

radio-activity., However, group for group there was no significant
difference between those teceiving‘vitamin C and those not
receiving a vitamin supplement.

Regarding thyroid weight, the combination of thiouracil

and thyroid powder brings about a progressive drop in weight.

Again, however, vitamin C played no apparent role in any of
these changes.
A statistical analysis of the number of follicles,.

the color of the colloid and the epithelial height was not madet

however, observation of the sections showed that the same

pattern appears as did in experiment four,

DISCUSSION AND CONCLUSIONS: i

As has previously been stated by DésMarais (60)
ascorbic acid does mot have any effect on the thyroid itself, b
but in animals subjected to cold it appears to enhance the peri-
pheral action of the thyroid hormones. This experiment indicates i
that supplements of vitamin C do. _ not affect the histochemistry,

physiology cr morphology of the thyroid gland.
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Table YIII

Nuaber Tm——
Group of Activity Cell Height
Animals Cipim. nicra
A 5 13871.1 ¢ 1966,0L 18.06 % 0.81
B 5 1553.0 * 514,82 25,52 % 2,03
v n -+ +
80 4 4245,2 1 264,16 24,02 t 0,28
o
WD 4 666.3 * 227,14 17.05 % 1.20
(3]
9 & 4 1085.7 * 1071.18 18,70 £ 1.39
+ &
2 F 5 712,9 * 296,47 15.96 % 0,93
&
G 3 464,9 * 101,73 14,27 * 1,07
=
R 4 535.1 % 296,31 14,85 ¢ 1.61
I 5 183.5 t 31,51 13,04 % 1.06
J 4 13487,9 * 2227.63 18,77 * 1,78
i 3 1424,6 * 262,20 19,80 * 1,79
L 5 5249,0 * 1044,45 20.56,% 1,53
§ i 5 302,2 % 84,67 21.68. % 2,04
fa] + 4
MON 5 1324,6 * 292,40 22,40 % 1,66
0 i
8 G s 1716,9-& 737.45 17.36 * 0.47 b
£ o
5 P 5 420.4 * 149,36 19.38 £ 0.79 s
i B
Q 4 284,1 % 40,71 15.67 * 1,02 g
i R 4 234,7 % 65,00 11.25 ° 1,52 |
i
2]
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ADDENDUM

A piece of human thyroid gland was given to us by a

pathologist for examination and was accompanied by the case

history, microscopic description and diagnosis.
The patient, a forty-five year old female, was admitted
for surgery following the clinical diagnosis of hyperthyroidism, kf
The following is quoted from the pathology report: o
Microscopic Description: "Section of thyroid reveal
a diffuse hyperplasia of acini characterized by multiple small
acini containing only moderate amounts of colloid and lined by
cuboidal epithelium, In many areas, the acini are actively

secreting but the lumina are very small and almost devoid of

colloid., There is moderate lymphatic infiltration and numerous

germinal follicles are encountered in the fibrous septae."

Diagnosis: "Diffuse hyperplasia of thyroid,"

We prepared the tissue according to the technique previously

described, B
While there are certain statements made in the fore-
{
B
going description to which issue could be taken, in general we i
|
{

agree with it except for one important point. We found gvery

follicle without exception to contain colloid and in what appears ,H
to us to be normal amounts. Most important, however, was that
without a single exception the follicular colloid stained blue. i
The cells contained colloid déoplets and the P,A.S, reaction {;

was uniformly positive, o
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We concluded that not cnly was there diffuse
hyperplasia but that the gland was producing thyroid hormones
at a very high rate,

It would be desirable to examine more specimens of
different thyroid pathologies and also to know what if any
chemical therapy preceeded surgery.

Althbugh it is perhaps risky to draw conclusions from
one case, we believe that this is further confirmation of the
hypothesis that the staining procedure developed is a means
of assaying the physiology of the thyroid gland and of
distinguishing the so called "active colloid" from the "inactive
colloid,"

It seems likely that this method could be applied
with advantage in the pathological study of the thyroid,
since a brief examination of the section would give the

pathologist an easily recognizable diagnostic aid,




The prineipal pwrpose of this rasearch was to

~ dovelop a histochemiead method for the folliewlar eolloid of

the thyroid glands During the oourse of this work; however,
many interasting observations wers made which baar dlrectly
on the physiolegy of the glandy Sincs some of them do not
agres vith those made by other vesearchers in this field
cortaln questions must be radsed.

There 8, firet of all, the question of the rate
of incorpovation of iodine into the colledds leblond and
Gross (126) reported that after twentysfour hours radioiodine
is found in the colloid gnly, mainly in the organic form,
Qur results with nomal animals have clearly shown that even
after fortysoight howrs not all of the iodine is 4n the
collolde Provious dodino intake ploys an important role in
the rate of incorporation of organiesbound 1’" 31, howaver,
oince in'the caso of 4odine doficient rats meot of the radioe
activo materdal 4o in tho colloid within 2 howrs, Further,
vhilo 4n genoral p{nm&ps tho cmaller contyal follicles may
b0 novo active a3 the above guthors contend (155), we havo
ghaczved numevoun eases vhore the autoradiogearh indicated a highor
rato of dncorporation of radiolodine by the larger peripheral
£01330k08 than by
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the smaller central ones, an obgervation also made by Wollman
and Wodinsky (237), It appears to depend:more on the nature of
the colloid itself than on the position of the follicle. The
question of where organic binding occurs and the rate of
organic binding appears to us to be a more variable factor

than those who would restrict it to the colloid only seem to
believe. Since so many variations occur even within the same
species, one cannot project what the situation is in any other
so that it is quite possible that, for example, in the shark
(86) iodination occurs entirely in the colloid.

Pitt-Rivers and Trotter (162) found inorganic iodime
in the colloid of rats previously treated with propylthiouracil.
While we found iodine in the cells and the colloid of thiouzgeil
treated rats we strongly suspect that it was in the organic form,
Our dosage level of thiouracil may have been inadequate to stop
organic binding completely and may be the explanation for our
results, However, the fact that Pitt-Rivers and Trotter admi-
nistered such large doses of 1131 (200 Mc) 1ead us to suggest
that the thyroid was literally flooded by iodihe which could
well upset the entire physidogy of the gland; or, as Michel
(149) suggested, in thiouracil treated rats, the iodination
reaction in the collid would not resu%f in ogganic iodine
compounds but more likely in the oxidation of the goitrcgenic
substance from which iodide would be derived, Whatever' the

explanation it appears to be true as Barker (20) stated:
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"Radioautography obviously cannot reveal the intimate nature

of the material comprising radioactive colloid®, 1In like manner
while the results of Woolman and Wodinsky (237) are extremely
interesting in view of the fact that they found most or all of
the radioiodine in the colloid after eleven seconds In C.H mice,

3
the dose (500-600,“c) via the external juggular route may be

sufficient as Linsay et al (214) have pointed out to cause
thyroid lesions of a very serious nature, so that damage to the

follicles cannot be excluded in their work, They do point out,

however, that their results do not preclude the possibility of é?l
intracellular iodination, Prom our observations, we favor the i{ 
view that iodination can occur both in the cell and in the
colloid,

Doniac, Howard, and Pelc (62) have referred to the
occasional ring reaction found in normal rats by Gross and
Leblond (94) as not observed by them (63). In contrast we have

found the ring reaction to be an almost universal reaction in the

normal rat through twenty-four hours, We are unable to account
for the wide variations in the reports in the literature since g?
in every experiment performed on over five hundred rats the b

ring reaction has been a consistent observation, One possible

factor could be the level of iodine present at the time of
administration of the 1131,

Our observations, perhaps, agree with those of Leblond
and Nadler (154) in their contention that thyroid hormone

production is a continuous process going on at all times throughout
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the entire gland, Our interpretation may, however, be different,
While all follicles appear to be active in the gland in some
physiological phase or other, some are in active states of
synthesis while others are in an active state of proteclysis,

In other words it is felt that the effect of thyrotropin on

the individual follicle depends upon the amount of "active
cclloid" in the follicle, If there is a high concentration of
iodothyroglobulin the effect will be to bring about a release

of thyroid hormones, On the other hand 2 follicle which has
been depleted of hormone will enter into a state of protein
synthesis, If this is what is meant by the “"eontinuous activity
hypothesis" then we certainly concur, but if it means that
thyroglobulin synthesis is going on at all times in each
follicle, then we cannct agree with this view, The presence of
an intrathyroidal mechanism controlling the effect would be a
reasonable assumption.

Our observations on the appearance of morphologicaf
changes in the thyrcid due to 2 low iodine diet appear to conform
more closely with those of Maloof et al (140) who found
increased thyroid size in eleven days. As was pointed out, oyr
earliest autopsies were made after the rats were on the st
Remington diet for three weeks, but the gland enla:gemenfuhas
such that it obviously had begun somctime earlicr, This is in
contrast tc Chapman (39), fifty-five days; Leblend and Mann
(128), seventy days; Money et 2l (151), three months, and Halmi

(99) who found none after nineteen to twenty days. These
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discrepencies may not be as discordent as they appear since the

age and weight of the animals varied, OQur rats were young

(60-80 grams) at the time they were placed on diet. Bxperinents

by others in our department working cn vitamin A deficiency have

ghown that a difference in weight of ten grams at an early age

results in weeks of delay in bringing about deficiency symptonms,
This may also be true for iodine: the younger the rat, the
more rapid the onset of goitre.

Taurog, Tong, and Chaikoff (212, 213) as well as many 3:5
others earlier have again stressed the importance of the pituitary |
gland, rather than autonomous control, in the regulation of X}
thyroid jodine metabolism, If we assume that the principal effect
of the addition cf thyroid powder to the diet of our rats was to

increase the blood iodine level mainly as thyroxine, and that i

this in turn depressed thyrotropin secretion; then the reduction
in total number of follicles by one third iﬁ three days, thyroid
weight loss and the colloid color becoming over ninety percent

yellow strongly suggest that the pituitary is the principal o4
controlling mechanism not only in thyroid iodine physiblogy but
of its merphology as well, This does not mean that there is

not a measure cf autcnomous control as suggested by Halmi (100, 3¥§
104) and Vander Laan (222, 226), but we agree with Taurog et al

that this is secondary to the role of the pituitary.

There can be little doubt that the principal effect

of the antithyroid drugs is to prevent the organic binding of

§
i
}
i
:
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lodines Tho mods of action of these drugs 4s not completely
undorstood but ds probably des to dnhibition of peroxidase
sotdvity in the thyrold gland (15)« Yet, an has bsen pointed
outy wo ohserved organie binding both Antracelliularly and within
the colloid and hiave suggested that our dosage level and duration
of troatment may have been inadequate. Howsver, & sscond
obgervation though not etatistieally aignificant indicated a
trend tovard reduction in the height of the epitholial colls
over a pariod of ane to foup days. Qa aro unable to offes an
explanation for this phenomenon but suggest that there may be
samo socondavy effect of thio drug at least in lodirsedeficlent
rats, This may bo @ direct action on the thyroid itself or may
in come yob unoxplainable way affect the pituitary thymold axis,
Though the two cases are mot parallel it is interesting to mote
that Sellers and Schinbawn (195) have cbserved an enhancement of
the godtrogenic mction of propylthiouracil by omall doses of thye
roxine over & long poried. Tho mechaniem of this actlon is mot
imom, but it dndicates that the entithyrold compounds should be
subjeated to further Anvestigation, It may be that if emald
doses of thyronine erhanco the goitrogenie offect of propylthicvs
vaedl, thon the aboongo of any thyredd hovmong ngy peoult in alight
doproseion of this eotiocn and could secount for the drop in the
hotght, of the Sollioxiar eollo in vir axpopinente,

Ous obsarvation that Todime dofieicnt rats exposed to cdld

for tuortyefous hours aftor pecolving radiodedine have
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over radioeactivity and changes in the color patiern of the
collodd agrees with what has previsusiy been observed of the
offect of cald on thyroid funotion, Sefdell and Fenger (19%)
found that the thyreld glands of ehsep, oxen, and plgs 4n

Yorth Amorica have threa times a5 mush fadine during Jwne to
Novenber a8 during Decenber %o May, Riddle (173) showed that
the thyrod of the pigeon enlarged and becans nore active during
the winter eonths, Ring (174) found that eold stimulated the
thyrold in rats and caussd a rise dn the HR. Huterous reports
of histologiesl changes after cold exposuro appsar in the
Lterature (61, 114, 204)s It has been repeatedly shown that
moderate exposure of rats to cold stimlates 17 uptake by

the thyroid (29, 127, 235) and inereases its discharge from the
gland (3% 35, 219)s In this rogard 4t has aléo been shown
that shortetorn exposure to cold 48 nove effective than prolenged
exposure (above references and (320), Tho correlation botwaon
thess facts and our results offer further confirmation that the
histochenieal stain developed by us 4s a baromobep of the state
of activity of the gland.

Tt 49 intoresting to roto that in hyrold glonds which are
knoun €0 bo inaodivo in co far as hormone synthesis 15 concorned
tho production of PalsSe positive granules contimuos, These grae
rules aro for the moot pard smnll compared Yo the collold droplots
one gbserves in the colls. 1hile in penerel the collodd droplots
are found anyvhore in tho apleal half of the coll, the PldS.

pranntos aro restrlcted to o dense layer at the
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apleal tip of the esils Thoy oan also by ssen in great nubers

at the edge of the ealloid.and at the oolloddwosil interface,

The nature of the sacretion appears to be spocrine, This may
constitute the glycoprotein nolaty associabed with thyroglobulin
to uhich the tstsessilular oolloid droplets bond wither physically
or chemically, This substanss msy be partislly responsible

for the yellow reaction in the colloid with our stain, Howsver,
thers are undoubtedly othar factors. Ao mentioned, by electroe
phioroiis, Garsh (81) and Wieme and Belaert (232) have found f «
tvo proteins present in the collold of the rat, one being thye
roglobuldn the other an wniodinated protein. Dorvien et ol
(58,50) 4n thelr vescarches on the preparation and properties
of pure thyroglobulin have found three thiyroglobulin fractions

with eonstant solubility chavactoristies, Deanination of these

products has shoun sppreciabls proportions of non-iodirated

frurities and in certaln cases denaturation products of thyros _
globulin, The colubility characterdstics of the thyroglobulin
preparations ave indspendont of their dodine content and dodinated

amino aclds, They conclude that thyroglobulin is peebably &

protein of practically constant trusture and compostedon in i
nonetodinated aming aeiés but whose degreo of iodination varies
vith diefevert plysiologleal conditdons, They consider the

threo fractions probably represent difforont degroes of association
of tho thyroglobulin rolecales, Sven dn diffopent spocies (pigs,
eattlo, doge) tho thyroglobulins choved 14ttlo differances in




-97-

composition (59), The thyroid protein df each species can
contain varying amounts of iodine, but its content of tyrosine
and other amino acids is always the same, In thyroglobulins
of goitrous animals changes have been observed in the amino
acid composition especially as regards the content of tyrosine
and cystine,

These facts all point to the possibility that
uniodinated thyroglobulin and iodinated thyrogiobulin, the extent
of iodination, and the degrees of association of the thyroglo-
bulin molecules may infiuence the staining characteristics of
the colloid, Together with the experimental results obtained
by us we feel that.the evidence indicates that we‘can disjinguish
between iodinated thyroglobulin and non-iodinated thyroglobulin,
or as we have referred fo it as the protein residue remaining
in the colloid after proteolysis has split away the thyroid
hormones,

Final proof must await the results of the
chemical analysis of the two types of colloid which is actually

under way.

TR TR A D

g T




SO THE FOREGOTHG EAPTRINEATS
1, A staining techolqus has besn developed for the
thyroid gland which nay Yo of valus in the study of musels cslls
and blood ealls,

2, lpst Loportant it sppavently differertiates
botwean thyrold gland collodd contalining the biologteally
active anino cido and that which does not.

3+ The nbove obsarvation indicates that in the nomal
art ot any given tims only about £1Pty percent of the follicles
contain potentially biologieally active collolda) aatter,

4 Under condlidons of lodine deficlenay aimost ome
hundred pereent of the follisles bocaue aetive imediately after
fodins adninistration and the colladd 4o blua,

5 In contsast thicwrscllethyrodd poudor tveated
rats, which approach hypophyeectony conditions, ave unable to
produce thyroid hormones and over ninety porcent of the follieles
aro yollows

6, Since both typos of collodd give a positive PuleSs
peaction, it 4o ronsonsble o assumo that the glycsproteln
ronadng in tho collold and sorves oo 4 substratum to thich the
thyroglobulin fo intinately bownd clther physically or chemically,

7o The PeleSe staining pranules ave produced dndopone
dantly 62 the ¢ollaid dreplets and for tho most part ore emaller
and avo vostricted % the apleal (ip of the ¢ells %hid produge
tion contlmos even in the absence of any appavent collold

droplet foymabion by the eolls
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8. It has been found that the Remington iodine-
deficient diet is capable of producing morphologically
recognizable conditions of a state of goitre in three weeks
and that this is advanced to such a degree as to be effective
in even a shorter period.

9

. Thiouracil would appear to affect more than the

protein binding of iodine in the iodine-deficient rat although

its role by other researchers has been restricted to this action,
This fact is indicated morpholegically and physiologically.

10. Contrary to most reports in the litgrature it F*
is felt that‘evidence has been obtained for the fact that protein-
binding of iodine can and does occur intracellularly, This does

not imply that it does mot occur as well in the colloid or at

the colloid-cell interface.
11, It also appears that not all the iodine is located

within the colloid after twenty-four hours in normal rats. It

has been our experience that it is closer to forty-eight hours,

In iodine deficient rats and rats exposed to cold, however,

B
i
s
1
1
t
:

incorporation into the colloid occurs more rapidly and is usually,

though not always, complete after twenty-four hours.

12. In one case 2 reversal of polarity appeared to
occur; since this was the only obvious case it does not appear
that this is the usual situation in the thyroid.

13. The regression of the hyperplastic gland by the
addition of thyroid powder in three days favors the hypothesis
that the pituitary is the main pace-maker in thyroid iodine

metabolism.
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14. Short exposure to cold has been known to bring
about the more rapid release of hormones from the thyroid gland,
Our results though not statiscally significant support these
findings.

15, Short term ascorbic acid supplementation does

not appear to affect either the physiology or morphology of the

thyroid gland,
16, It is suggested that the histochemical method
developed may be of practical aid to the pathologist in his

diagnosis of thyroid disorders. ]
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