
induced in rats by giving subcutaneous injec- 
tions of sodium thyroxinate. Control and ex- 
perimental animals from each group were in- 
jected with P Z  in dilute HCI and specific ac- 
tivities of plasma inorganic phosphate, and 
skeletal muscle inorganic phosphate, creatine 
phosphate,, and ATP phosphate determined. 
The S. A. of the plasma inorganic phosphate 
was unchanged by Vit. E deficiency and was 
decreased by hyperthyroidism. Skeletal mus- 
cle inorganic phosphate s. A. was increased 
by Vit. E deficiency and the difficulties in in- 
terpreting these data were discussed. The s. 
A. of phosphates of creatine phosphate and 
ATP phosphate were high in both Vit. E de- 
ficient rabbits and hyperthyroid rats. The 
significance of these findings was discussed in 
relation to turnover of creatine phosphate and 
ATP. 2 )  These experiments indicate that 
there is an elevated turnover of skeletal mus- 
cle intracellular inorganic phosphate and a 
normal or decreased turnover of skeletal mus- 
cle creatine phosphate and ATP in Vit. E de- 

ficiency. In contrast there appears to be no 
depression in turnover of creatine phosphate 
and ATJ’ in hyperthyroid rats. 
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Experimental Colloid Goiter in the Hamster.” (24573) 

RICHARD H. FOLLIS, JR. 
I”. A .  Central Laboratory for Anatomical Pathology and RPsearch, Arnied Forces Znst. of Patholog?, 

Washington, D.C.  

Fifty years have passed since David Marine 
demonstrated the relationship of iodine to goi- 
ter and expressed the belief “that goiter must 
be classed with nutritional disturbances (dis- 
eases) and that as such it will take its place in 
nosology along with chlorosis, rachitis, osteo- 
malacia, etc.,”( 1 ) .  This statement was based 
on morphologic and chemical studies of vari- 
ous types of goiter occurring naturally in man 
and other species, together with effects pro- 
duced by administration of iodine to dogs with 
hyperplastic or colloid types of goiter (2 ,3) .  
Thus, in a very short time Marine and his col- 
laborators were able to lay the foundations 
for rational treatment and prophylaxis of en- 
demic goiter, which he and Kimball had con- 

* Supported by a grant-in-aid (€3-2999) from 
USPHS. 

clusively demonstrated by 1920(4). In his 
experimental studies Marine depended on dogs 
in which endemic goiters had already devel- 
oped. He formulated the pathogenesis of 
goiter as follows: iodine deficiency acting on a 
normal gland leads to hyperplasia, which con- 
tinues unless iodine is administered ; where- 
upon colloid accumulates in the thyroid, a 
state which represents “the nearest approach 
to normal glands that active hyperplasias can 
become” ( 2 ) .  Colloid goiter, with varying de- 
grees of nodular hyperplasia and scarring, is 
the form which the endemic disease takes in 
man. This morphologic picture has, to our 
knowledge, never been produced in laboratory 
animals whose thyroid gIands were normal 
initially. To be sure, thyroid enlargement has 
been observed: 1) in puppies born to females 
whose thyroids had been extirpated before 
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pregnancy( 5 )  ! 2 )  following ingestion of cab- 
bage in rabbits(6), 3 )  after feeding iodine- 
deficient diets to rats(7),  4) as a result of 
administration of thiourea and other corn- 
pounds to several species (8) and 5)  following 
TSH administration (9 ) .  -411 such goiters are 
characterized by varying degrees of hyper- 
plasia without the diffuse colloid change which 
is found in naturally-occurring disease. Col- 
loid cysts have been described in rats treated 
with thiouracil for prolonged periods( 10). 
The pathogenesis of colloid goiter as formu- 
lated by IIarine has needed laboratory confir- 
mation for some time. Vndoubtedly this gap 
in our knowledge has contributed to the con- 
fusion which has surrounded the subject oi 
endemic goiter in the human for so man>- 
years. One of our programs has been to at- 
tempt to reproduce certain human deficiencj- 
disease syndromes in experimental animals 
(rats. rabbits, guinea pigs, hamsters and mon- 
keys). During our studies. utilizing diets 
composed predominately of corn. goiter has 
been observed ( 11 ) . Among species thus far 
studied the hamster appears to be the most 
suitable experimental subject. This communi- 
cation records the successful production of 
colloid goiter in this animal. 

Jlutcrials a d  nicthods. Hamsters weigh- 
ing 75 to 140 g a t  beginning of esperiment 
have been placed on 2 diets: ( 1 )  ground 
whole unenriched corn and ( 2 )  a modified 
Remington type mixture( 7) consisting of 
ground corn, 76; wheat gluten. 20; sodium 
chloride, 2 and calcium carbonate 2 :  500 
mg of a complete vitamin mixture were added 
to each kilo of diet No. 2 .  These diets con- 
tain 1.0 and 2.5 pg iodine/100 g, respectively.* 
For controls, potassium iodide was added to 
each diet in concentration of 10 mg .‘kilo. ‘This 
concentration in the diet was used for re- 
pletion studies as well. Food and tap water 
were allowed ad lib. Animals were kept in 
screen bottom cages in a well-ventilated room 
a t  constant temperature (78°F). Male and 
female animals were maintained on these diets 
for varying periods to 350 days. The thyroid 
glands of 54 deficient and 12 control animals 
have now been studied. Thyroid glands and 

*Analysis performed by Dr. J. V. Princiotto, 
Chemo-medico Consultants, Arlington, Va. 

other tissues were fixed in neutral 4% for- 
inalin, dehydrated in alcohols, imbedded in 
paraffin. cut and stained with hematoxylin- 
eosin or the periodic acid-Schiff technic. 

Results. Response of thyroid gland to the 
2 diets is similar save that alterations appear 
sooner and are more extensive on diet No. 2,  
since growth of animals is more satisfactory. 
The normal thyroid gland of the hamster 
weighs about 7 mg and is composed of follicles 
having an average diameter of approximately 
45 p. The cells lining the follicles are low 
cuboidal ; eosinophilic colloid is abundant. 
Blood vessels are not prominent. Accumula- 
tions of fatty tissue are found within the 
gland (Fig. 2 ) .  

After 1 to 2 weeks on the deficient diet no 
thyroid enlargement is found, though grossly 
hoth lobes are more prominent because of in- 
creased vascularity. By the end of 2nd 
week. microscopic examination reveals that 
colloid has disappeared from the follicles, 
which are lined by cuboidal epithelium; di- 
lated blood vessels separate the follicles. As 
time goes on, such vascularity becomes even 
more prominent : sometimes follicles appear 
to be virtually floating in a pool of blood. 
So, too, the epithelial cells increase in number 
and become more columnar, projecting into 
the lumens of the colloid-depleted follicles. 
By 125 days the enlarged glands consist of 
hyperplastic follicles surrounded by promi- 
nent vascular channels. The epithelium pro- 
jects into the follicle as papillary tufts. In 
places, for ma tion of in trafollicular follicles 
( 1 2 )  is seen. A t  this stage a few follicles may 
contain eosinophilic colloid. From then on 
to 3 2 5 days, hyperplasia becomes extensive 
with more infolding of the epithelium. In ad- 
dition more follicles contain colloid: these are 
lined by less columnar epithelium. In none 
of the glands do more than about 10% of the 
follicles contain colloid. 

The reappearance of colloid in follicles with 
time led us to attempt to accelerate this reac- 
tion by administration of iodine. When ani- 
mals which have been on diets for 125 days 
are given iodine, the follicles fill up with col- 
loid ; the epithelium naturally becomes cu- 
boidal or flattened and the gland grossly and 
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FIG, 1. A. Larynx and trachea of nornial hamster. Thyroid lobes are represented by small 
structures (arrow) beneath laryngeal muscles. B. Colloid goiter developing after 325 days on 
iodine-deficient diet followed by 2 wk of iodine administration. 

FIG. 2. Microscopic section of normal thyroid gland ( X 100). 
FIG. 3. Hyperplastic gland after 325 days on iodine-deficient diet ( X 100). 
FIG. 4. Colloid goiter developing in gland after 2 wk of iodine administration to gland sirn- 

ilar to that seen in  Fig. 3 ( X 100). 

microscopically is less vascular. After 2 weeks follicles lined by flattened epithelium are 
of treatment remnants of papillary projec- found between these. If animals which have 
tions, some still lined by cuboidal epithelium, been on the deficient diet for over 300 days 
are found! but mainly the gland is composed (Fig. 3 )  are repleted in similar fashion even 
of follicles, some as large as 150 p. in diame- larger colloid lined follicles are found (Fig. 
ter, c.g., 3 times normal. Small normal-sized 4),  some of which are 400 p. in diameter. Such 
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follicles still exhibit spriglike projections into has been the case, particularly when it  is esti- 
their lumens. 

.As might be expected. pituitary glands of 
the animals having hyperplastic glands are en- 
larged and contain thyrotrophic hasophilic 
cells. 

Iliscussion. Marine’s fundaniental contribu- 
tions to our understanding of the pathogenesis 
of colloid goiter have all too briefly been men- 
tioned above ( 1.2,3). The experimental ob- 
servations described herein would seem to 
place Marine’s conclusions. which were based 
on studies of naturally occurring goiters i n  
man and animals. on a firm basis. since 
changes in thyroid structure from the normal 
to the hyperplastic gland and thence to the 
c ol 1 oi d for ni of goi t e r f ol 1 owing ad ni i n i s t r a t i on 
of iodine can be followed. in the hamster at 
least. with ease. Now that colloid goiter can 
be produced in a small laboratory animal. a 
number of questions may be asked and in time 
perhaps can be answered. First and foremost 
is how permanent is the change since it is 
well-known that a colloid goiter in man does 
not ordinarily regress appreciably? 3Iore- 
over. niay the experimental colloid filled gland 
be made to regress under appropriate treat- 
ment? Ts the colloid of the colloid goiter d i f -  
ferent chemically or physically from the nor- 
mal? Is there a “point of no return’’ at some 
stage during the development of the change. 
i.e., in early stages, at  which the gland can no 
longer revert to its normal structure following 
iodine administration? May alternating 
cycles of deficiency and repletion lead to nodii- 
lar changes such as are seen in human ma- 
terial? These and other questions are cur- 
rently under investigation in this laboratory. 
Much of the confusion associated with our 
understanding of the pathogenesis of endemic 
goiter has undoubtedly been due to a failure 
to produce and study the disease in the lab- 
oratory( 13). l t  is rather astounding that such 

mated( 14) that the total number of cases of 
goiter in the world today “is probably not far 
short of 200 million”! Tt is hoped that these 
studies in the hamster may stimulate investi- 
cations in this and other species so that many 
of the unsolved problems can be elucidated. 

Sunzinur?. Extreme hyperplasia of the thy- 
roid gland has been produced in hamsters by 
placing them on iodine-deficient diets. When 
iodine is administered large amounts of colloid 
accumulate in the thyroid follicles, giving rise 
to the morphological picture of diffuse colloid 
aoi ter. Marine’s concept of the pathogenesis 
of colloid goiter: normal gland - hyper- 
plasia - (iodine treatment) - colloid 
goiter. appears to have been proved under 
laboratory conditions, in the hamster at least. 
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