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INTRODUCTION

In a previous communication we have reported the occurrence
of goiter in a colony of rabbits maintained upon a diet onsting
almost exclusively of cabbage. The condition was identified as
simple or endemic goiter. The microscopic picture usually presented
was that of the typical struma diffusa parenchymabsa. In view of
the multiplicity of etiological factors with which simple goiter is
commonly accredited, it was considered advisable to attempt to
rule out some of these as contributory factors in the present epi-
demic. This communication deals with a series of experiments
which were carried out in an effort to determine whether or not the
cabbage diet was the sole etiological factor in this instance and, if
not, what r6le certain other factrs played in the production of
goiter. Since goiter occurred with great regularity in all stock rab-
bits kept under standard conditions in our laboratory, it is con-
sidered advisable to describe these standard conditions briefly.
The rabbits were housed in quarters on the eighth floor of the

disensary building of the Johns Hopkins Hospital. The room is
wel ventilated and well lighted, having a southem and eastern ex-
posure. The cages are supported on metal racks, three tiers high
with ample ventilation space between individual cages. The stand-
ard cage is of metal and measures 45 by 30 by 30 cm. The front
and top are made of wire mesh. The bottom of the cage is covered
with shavings which are anged once or twice weekly. The stand-
ard diet consists of a daily ration of approximately 250 gin of cab-
bage and a weekly ration of approximately 20 gin of hay and 50
gin. of oats. The cabbage was procured from various regions in the
Eastern United States, ranng between Florida and New York
state with the season. Water was not given on the standard diet.
No special breed of rabbits was used, the stock being procured
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largely from dealers in Maryland and Pennsylvania. All animals
were examined on admission and were found to be clinically nega-
tive as regards thyroid enlargement.

All of the animals used in the experiments described below were
of known stock and age. The animals in each experimental and con-
trol group were of the same age and the groups were so arranged
that the number of males and females was the same in each group.
Because of this uniformity of experimental material, absolute
thyroid gland weights are given throughout, instead of thyroid
gland, body weight ratios.

EXPERIMENTAL
Experiment No. I: In view of the extensive work of McCarrison 2

and others on the relationship of food contamihation to the etiology
of goiter, an attempt was made to determine whether or not this
factor played any part in the present epidemic. Accordingly, a
special system of caging was instituted with the idea of removing,
as far as possible, the factor of fecal contamination of the food.
These cages were of metal and measured 6i by 46 by 3I cm. The
top and front were of wire mesh. The bottom consisted of a re-
movable metal pan over which was placed a grid of coarse wire
mesh. Through this grid the urine and feces dropped to the pan be-
low. The pans were so arranged that they drained into a central
drainage system. In this way, the bottom of the cage, on which the
animal rests, was always clean and dry. At frequent intervals the
rabbits were removed and the interior of the cages was washed by
means of a hose. Food was placed in glazed earthenware cups, 3
inches high. These cages were placed in a well ventilated, well
lighted part of the animal room. By this manner of caging, fecal
and urinary contamination of the food was almost entirely elimi-
nated.

Five litters, consisting of thirty-two rabbits of approximately
the same age, were used for this experiment. Sixteen rabbits were
placed in the special cages described above. The remainder were
housed in standard cages and were intended to serve as a control
series. The litters were divided into approximately equal parts.
The diet in both instances was identical, the standard laboratory
diet being used. The mortality from intercurrent infections was
high during the course of this experiment. At the end of approdi-

276



EUOLOGY OF SIPLE GOITER

6)

.4

277

U U U U U U U~~~

U U U U U U U U a

o9

0 6)~~~~~~~~S~~

_ ) ~in W U) U) U)in i '0 0 co U0w
; 4. 4. 4. 4. * * * * t- W) * o W) W)

0 in.. a 'f f 5 0 f )0 0 6 6 a o

CQ
I g 0 0 . U) Os f

a
.

t
5.. Os CO '0

00 Os Os GO i) Os if Os Os Os 0
ft ft ft ft ft ft ft ft f ft ft f ft

0

ft
pq m 64 m m m m m M 6. m m M

.4as-a

Iw

A
v s El v w

U3

A¢ m s

U

90 ;u a 6

£s w w co cwwoc "oco

tZ****e"o""o0
zo e e e e e e e e e "~~~~~~~~~~~~0

Os

-o t 4.f " 6 6 6 6o o . 6 6 6 6 6 6

f

" i) 4* NO 0 O f Ui
4 4 . en Go Os

f f ft ft ft f f f

'0 G WU) to) t . 4.*
94 H "4

0a

os-

0C..
gi 0

a

a

.0
10
a

i
IU2
i

qbs

ri

*54

a

0

04

I

u0
a

Z o

Xri

oo-

w .

I

I

I



WEBSTER AND CHESNEY

mately three hundred and forty days, the animals still living were
sacrificed and autopsied. Table I shows the results of the above
experiment.

It will be observed from an inspection of Table I, that goiter de-
veloped in the animals kept in the special cages where fecal and
urinary contamination was reduced to a minimum (Group i), as
readily as in the animals kept in cages where there was abundant
opportunity for fecal and urinary contamination. The average
weight of the thyroid glands at the termination of the experiment
was 2.83 gm. for the group housed in the special cages, and 2.70
gm. for those housed under standard laboratory conditions.

Experiment No. 2: Since water has been associated with the
etiology of simple goiter by all peoples from the remotest times 3 it
was considered advisable to determine whether or not the absence
of water was a factor in the present epidemic, and at the same time
to find out if the traces of iodine contained in Baltimore city tap
water * were sufficient to protect the animals against a powerful
goitrogenic influence such as we were dealing with in this instance.
Thirty rabbits of approximately the same age and from the same
source were divided into three equal groups. All were placed on the
standard cabbage diet and were housed under the standard labora-
tory conditions. Group i was constantly supplied with freshly
distilled water in glazed earthenware containers. Group 2 was
similarly supplied with Baltimore city tap water. Group 3 served
as a control series and was given no water to drink. At the end of
one hundred and twenty-five days all the animals were sacrificed
and autopsied. Table II shows the results of this experiment.

This experiment was terminated at an earlier date than in the
case of the preceding one, hence the thyroid weights were smaller.
Previous experience had shown that time is an important factor in
the development of the larger goiters in rabbits maintained on the
goiter-producing diet. The table shows that the average weight of
the thyroid gland in Group i (which received distilled water) was
0.57 gm., while the average weight in Group 2 (which received tap
water) was 0.53 gm. In the control series the average weight of the
thyroid gland was o.67 gm. Microscopic sections of the thyroid
glands of all animals sacrificed at the termination of the experiment
showed varving degrees of hyperplasia.

* Two parts per billion, as estimated in laboratories of City Water Department.
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2WEBSTER AND CHESNEY

Experiment No. 3: An attempt was made to demonstrate the ef-
fect of iodine prophylaxis against an active goitrogenic agent such
as the cabbage diet. Four litters consisting of sixteen rabbits, were
divided into two equal groups containing representatives of each
litter. These animals were all placed in standard cages and main-
tained on the standard cabbage diet. Group A received 7.5 mg. of
iodine per week by mouth. Group B served as a control series and
received no iodine. At the end of approximately four hundred days,
all of the surviving animals of Group B had visible and readily
palpable goiters, while in none of the Group A animals could the
thyroid gland be felt at this period. The rabbits were then sacri-
ficed and autopsied. Table III shows the results of this experiment.
Here it can be seen that all of the animals in Group A had thyroid

glands which were within the normal weight range (average 0.25
gm.), while all those in Group B had moderate-sized goiters, the
average thyroid gland weighing 2.3 gm.
During the course of the above experiments, several striking

aspects of the disease manifested themselves. There was consider-
able individual susceptibility on the part of certain animals toward
the goitrogenic agent. Thus, in Table III, Group B, one sees that
rabbit No. 2029 had a thyroid gland which weighed 7.3 gm. while
numbers 2028, 2030 and 203I, which were from the same litter
and were kept under identical conditions, had thyroid glands
weighing i.8, I.4 and 1.4 gm. respectively. This same variation
may be noted in many of the other tables. A marked seasonal
variation was also noted. In animals brought into the laboratory in
the late autumn or winter, clinically detectable goiters developed
much more quickly than in those procured in the spring or summer
months. Similarly, some of the large goiters tended to decrease in
size slightly during the spring and summer. Throughout the present
epidemic no greater incidence in females than in males has been
noted. There is suggestive evidence that young rabbits are more
susceptible to the goitrogenic influence than adult ones. No varia-
tion in the incidence of goiter has been noted among the different
breeds of rabbits.
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DIscussIoN

The experiments outlined above appear to indicate that the
major etiological factor in the epidemic of simple goiter under in-
vestigation, is a nutritional one. The cabbage diet, on which the
animals were maintained, apparently exerted a very active goitro-
genic influence.
These experiments are not in accord with the extensive inves-

tigations of McCarrison,2 in which he attempted to show that
unhygienic surroundings and fecal contamination of food were im-
portant causative factors in endemic and experimental goiter. In
Experiment No. i there was no greater tendency to thyroid hyper-
plasia when the animals were kept under conditions permitting easy
contamination of food than when they were maintained in the special
cages under the best possible conditions.
Drinking water has been associated with the etiology of simple

goiter by countless writers on the subject.3 In this instance, since
goiter occurred when the animals were given no water to drink, one
might conceive of the goitrogenic factor as being due to the absence,
rather than the presence of, some water-borne substance. Experi-
ment No. 2, however, shows that the addition of either tap or dis-
tilled water to the diet has little or no effect on the goitrogenic
factor. The slightly lower level of the average thyroid gland weights
of the groups receiving water (0.57 and 0.53), as compared with
those of the control group (o.67), is well within the range of ac-
curacy of such a method of observation. The amount of iodine or
other inorganic substances in the tap water of Baltimore city ap-
parently is not sufficient to cause any detectable effect different
from that given by distilled water.
As Marine has repeatedly shown, iodine in sufficient quantities

will protect against all known goitrogenic agents. Experiment
No. 3 shows dearly that 7.5 mg. of iodine per week was sufficient to
afford the animals complete protection for a period of over one year.
It is probable that much smaller amounts would have sufficed. The
traces of iodine contained in the drinking water exerted no demon-
strable effect. The exact amount necessary to protect lies some-
where between those two extremes.
The experiments outlined above appear to rule out fecal and

urinary contamination of food, and deficiency in water-borne sub-
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stances as accory factors in the etiology of the present epidemic
of simple goiter. It would appear that the cabbage diet on which
the animals were maintained contains some powerful goitrogenic
agent Further, our experience has been that there is considerable
seasonal variation in the incidence of goiter in these animals. This
could be due to seasonal increase in the goitrogenic factor or to
variation in the animals' susceptibility at certain time periods. The
extreme variation in susceptibility of individual animals from the
same litter is of great interest One has topr a so-called
"constitutional factor" here which may conceivably operate
through other endocrine glands and exert a protective influence, in
certain instances, against the goitrogenic agent.

Since the above experiments were conduded, Marine, Baumann
and Cipra4 have added considerable light to our knowledge of cab-
bage as a goitrogenic agent. They have confirmed our observation
that a cabbage diet will produce thyroid hyperplasia in rabbits, and
have further shown that other members of the Brassica group will
also produce goiter. They have suggested that cabbage acts as a
goitrogenic agent by depleting the thyroxin store in the thyroid,
thus producing a relative iodine insuiciency in the animal, which
in turn causes hyperplasia of the thyroid gland. Marine's sug-
gestion that this is brought about by some powerful reducing sub-
stance contained in the cabbage seems probable, and offers a pos-
sible exlanation of many of the hitherto seemingly unrelated
etiological factors of simple goiter.

SUMMARY

Further investigations into the etiological factors involved in an
epidemic of simple goiter in rabbits are reported. A diet which con-
sists almost exdiusively of cabbage appears to be the major etiolo-
gical factor. Fecal and urinary contamination of food seemingly
play no r6le in the present epidemic. The addition of water (either
tap or distilled) to the diet exerts no appreciable protective in-
fluence against the goitrogenic agent. Iodine, administered orally
in quantities of 7.5 mg. per week will completely protect the animA
against the goiter-producing factor. There is no evidence that the
minute taces of iodine contained in Baltimore cty tap water exert
any detectable protective influence. The goitrogenic agent is much
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284 WEBSTER AND CHESNEY

more active in winter than in the summer months. This goiter-
producing factor appears to be a nutritional one and may act
through the oxidation-reduction systems of the body.
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