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ABSTRACT

Thyroidectomized and non-thyroidectomized
Single Comb White Leghorn and White Plymouth Rock
chicks were fed basal diet, or basal diet supplemented
with thyroasctive substances, for the first six or
eight weeks of age. Observations were made on feather
development, body weight, efficlency of gain, growth
of shanks, dermatosis, perosis, and mortality. 1In some
experiments observations were also made on thyroild
welght and histology, liver storage of several vitamins,
and fat content of the carcass.

A technicue for removing the thyroids from
day-o0ld chicks was described and some of its advantages
were discussed.

Thyrold removal from chicks one to three days
old resulted in lower body weight and shorter shank
length than normal, and inhibited or markedly retarded,
feather development. Thyroid removal from chicks one to
three days old also caused typlical vitamin deficiency
symptoms in the experiments carried out during the winter
months.

The liver content of vitamin A, riboflavin,

pantothenic acid, nicotinic acid, and total dry matter



was elther unaffected or very slightly lower than
normal, in thyroidectomized chicks over the first six
weeks of age.

Addition of yeast and sardine oil to the diet
of thyroidectomized chicks felled to counterasct the
effects of thyroidectomy.

Addition of massive doses of potassium iodide
to the diet of dams, or thyroidectomized chicks failed
to counteract the subsequent effects of thyroidectomy
in chicks one to three days old.

Addition of "small doses of thyroactive iodi-
nated casein, or of desiccated thyroid, counteracted
completely the effects of thyroidectomy on all cﬁarac-
teristics studied except body weight, The effective=-
ness was dependent upon the thyroxine content and not
upon the iodine content.

Iodinated casein and desiccated thyroid, when
added on an ecual thyroxine activity basis, did not
consistently cause the same response when different ex-
periments were compared or when the products were com-
pared with each other in the same experiment.

Progressive increase in the amount of desic-
cated thyroid in the diet of growing thyroidectomized
and control chicks caused progressive decrease in the
measurements of body weight, efficiency of gein, adipose

storage in the carcass, and liver storage of vitamin A.



In nearly every instance, the decrease was preceded
by an increase with very small additlons to the diet.

Both thyrolidectomized and non-thyroidectomized
chicks receiving very small amounts of desiccated thyroid
in the diet stored more vitamin A, riboflavin, nicotinic
ecid, and pantothenic acid than did the corresponding
chicks recelving the basal diet only. In most cases,
the initial increase in liver storage resulting from
small additions of desiccated thyrold was followed by
rapid decrease wlth successively greater additions.

Feather condition in thyroidectomized Single
Comb White Leghorn chicks was restored to normel by as
little s 0.,0156 per cent desiccated thyroid in the
diet. As little as 0.05 per cent of an iodinated casein
oroduect in the diet of normal White Flymouth Rock chicks
resulted in excellent feather condition. According to
the estimate of the producers this was ecqulvalent to
0.25 per cent or more of desiccated thyroid, but accord-
ing to the assay employed in this investigzation, this
amount was only equal to about 0,0¢ per cent of desiccated
thyroid in the diet.

A method of assay for thyroxine potency of
thyroactive substances was proposed and discussed. The
method was based upon the resrconse of the chick thyrold
to thyroactive substances included in the diet. The

activity of the gland was determined by the evaluation



of width and length of the whole :land and diameter of
the follicles. The activity was compared with the acti-
vity resulting from the feeding of known amounts of
standardized desiccated thyroid.

On the basis of estimated thyroxine production
by the chick thyroid, the iodine requirement of growlng
Single Comb White Leghorn chicks waes estimated as approxi-
mately 1250 parts per billion in the diet for the first
six weeks of age.

The maximum non-lethal dose of desiccated
thyroid that could be administered in the diet of growing
chicks wes approximately 0.50 per cent. The maximum
non-toxic dose was between 0.0156 and 0.,03125 per cent
for Single Comb White Leghorn chicks.

Between 0.002 and 0.02 per cent of desiccated
thyrold in the diet was suitable for optimum feather
development without simultaneously resulting in sub=-nor-
mal fat storage, shank lenpgth, and body weight in White
FPlymouth Rock chicks.

Comple tely thyroidectomized day=-old chicks
grew to meturity and produced fertile egis. They had
received no thyroid supplementation in the diet,land
they showed no regenerated thyrold tlssue upon post=-
mortem examination.

In the absence of thyroid hormone, secondary

sexual characteristics did not develop.



Thyroactive substances were found to have
an apparent beneficial effect on mature and growing
birds suffering from severe symptoms of rangce paralysis,

a virus disease of poultry.
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INTRODUCTION

Following an observation in earlier iodine
studles at this station that growth, development, end
performance of birds seemed unimpaired despite the
extreme goiters produced on certain types of diets
(Wilgus 1941) (Wilgus et. 8l., 1941), a series of experi-
ments was begun in January, 1942, to study the effects
of thyrold removal and of thyrold feeding on growth and
general characteristics of the chick. It was hoped that
through replecement therapy some indication of lodine
requirements might be obtained also. Typical vitamin
deficiency symptoms occurred in thyroidectomized chicks
in the first exploratory experiment; consequently, one
experiment was broadened to include the effects on liver
vitamin storage. In the finsl stages of the work,
during routine examination of thyrolds from birds re-
ceiving thﬁroactive materials, an inverse relationship
was noted between dosage and degree of thyroid sctivlty.
This relationship was investigated in detall with a view
to its potentialities in estimeting iodine requirements,
and of assaying thyroactive substences of unknown

potency.




HISTORY AND REVIEW OF LITERATURE

So vast 1s the literature pertaining to the
thyroid gland that several books and comprehensive re-
views have been written on the subject (Harington, 1833;
Levine and Remington, 1933; Crotti, 1938; Elmer, 1938;
Salter, 1940; and others). The reader should consult
one of these for & discussion of the functions of the
gland, its interrelstionships with other glands, and
typical symptoms associated with thyroid removal.

Experimental thyroidectomy hss been practiced
on such common enimels &s the rat, mouse, goat, sheep,
cow, rabblt, gulnea pig, pigeon, and chicken, as well
as seversl of the lower forms of animal 1life (Crawford
and Hartley, 1925; Graham, 1934; Meyer and ﬁértg, 1938;
Emmens and Parkes, 1940; Preheim, 1940; Reineke and
Turner, 1941; Brody and Frakenbach, 194Z2; Karnofsky,
1942; and others)., The symptoms are aquite similar in
all animels, GQuite often it is necessary to walt for a
long period of time for the effects of thyroid removal
to become evident, Considerable experimental work 1s
reported with respect to thyroidectomy in the chicken.
In addition to characteristic symptoms as described for

memmals , removal of the gland results in marked retar-




dation of feather growth and egg production (CGreenwood
and Blyth, 1928-20; Winchester, 1939; Taylor end
Burmester, 1940). The 1literature lacks any report on
the estimation of minimum thyroxine administration
necessary to counteract the effects of thyroidectomy in
chicks. Fishbone and Cunningham (1938) found 40 micro-
grems dally injection of thyroxine were necessary in one
experiment to maintain normel heart rate in thyroidec-
tomized rats.

Greenwood end Blyth (1928-29) carried on ex-
tensive studles of the influence of the thyroid and of
thyroid removal on feather development. They performed
operations on growing birds at five weeks of age and
olcder ard did not observe any deleterious effects on
growth, development, or sexusl maturation. Upon examinad
tion, however, most of the birds showed some degree of
regeneretion of thyrold tissue microscopically. Taylor
eand Burmester (1940) performed thyrolidectomy (para-
thyroid removal was uncertain) on mature laying chickens
and noted an abrupt cessation of egg production which
could be pertielly restored by thyroxine injections. As
reported by other workers for mammals, adipose storage
incressed. In similar experiments, Winchester (1939)
obtained essentlally the same results as those reported
by the Celifomia workers. He further observed a drop

in basel metabolism in the thyroidectomized group.




Barbule formation 1s markedly suppressed in thyroidec-
tomized birds, resulting in frayed feathers (Parkes and
Selye, 1938; Tsylor and Burmester, 1940; Emmens and
Parkes, 1940). Ewald and Rockwell (cited by Taylor and
Burmester) did not demonstrate any abnormal effects in
pigeons lacking thyroid glends, but since the initiation
of this problem, Marvin Qnd.Smith (1943) demonstrated a
depressed basal heat production in thyroidectomized
pigeons. They described a thyroldectomy technique in
which the thyroids were removed in two stages: the
first thyroid was removed at two months of sge and the
other one, four days later. No reference coulc be found
to thyroidectomy performed on day-old chicks or birds.
Young offspring of iodine deficlent dams ex-
hibit clinical symptoms of thyrold insufficiency, if they
live at all. This suggests that function of the thyroid
begins early in life, and wark with embryos supports
this view (Gilmore et. al., 1940; Rankin, 1941; Gorbman
and Evans, 1943), Carpenter (1942) observed colloid
and follicular differentistion very early in embryonic
chick thyroids cultured in vitro. This information sug-
gests that for experimental purposes the thyroids should
be remved at the earliest possible age in order to keep
the initisl blood and tissue level of thyroxine et a

minimum,




In the majority of cases the thyroid and parsa-
thyrold are situated some distance apart in the day-old
chick. In older birds they are nore closely associsted,
and in adult birds the two glands are intimately at-
tached, though accessory parathyroids may occasionally
be found seperated from the thyroid. Obviously, there
is less danger of injury to the parathyroid glends during
thyrold removal in day-o0ld chicks than in more mature
birds., '

The feeding of whole or dried thyroid gland,
both experimentel ly end clinically, has been practiced
for a long time. Since the structure of thyroxine
beceme known, lodinated proteins with thyroxine activity
have been produced (Block, 1940; Reineke et. al., 1942-
43; and others). Proof of the thyroxine activity has
been established by the tadpole assay and by prevention
of cretinism iIn thyroidectomized goats (Keineke and
Turner, 1941), and also by messurements of the oxygen
consumption in guinea pigs (Koger et. al., 1943). Since
these thyroactive substances can be produced in large
quantities, they have recently been more extensively
Investigated in regard to their practical applications.

In general, the effect of thyroid feeding 1is
compareble to increased thyrold activity, and large
doses result in hyperthyroidism which may be severe

enough to cause death, For this reason, considerable




caution must be exercised when thyroid substences are
fed. A characteristic result of hyperthyroidism is
loss of weight, the greatest contributing factor being
leck of adlipose storage. Smith and McLean (1938) have
shown that thyrolid feeding may lead to premature ces-
sation or retardation of growth of long bones by in-
hibiting endochondral ossification. This may be pre-
ceded by & period of stimulstion of growth.

As pointed out by Koger and Turner (1943),
large doses were employed in most thyroid feeding ex-
periments., These two workers noted the effects following
mild feeding of thyroactive substances to growing eani-
mals of four specles, including rets, mice, gulnea pigs,
and rabbits. Great verlations in response were noted
between individuals, sexes, and specles. With the ex-
ception of mice and female guinea pigs, body welght and
growth were unaffected, or were depressed with increased
age ard the onset of warm weather., Treated mice stored
more protein and attalned greater body welght per unit
of feed consumed than the controls, while the latter
were more efficient in storsge of fet and energy. "Maie
rats were less tolerant to thyroactive preparaetions
than females." The growth rate of male gulnee pigs was
slightly accelerated when low doses were given for a
short period of time, but the same dosage later caused

toxic symptoms with increase in sge and arrival of warm
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weather, 1In line with these findings, it has been shown
that the 1odine regquirement varies with the season of
the year (Levine and Remington, 1933; klmer,1938), and
thyroid activity is stimulated by cold (Ring, 1942).

There 1s & definite relationship between thy-
roactive substaﬁces and feather development, as has been
clearly shown (Hutt, 1927-30; Cole and Hutt, 1928
Greenwood and Blyth, 19<8-29; Parkes and Selye, 1928;
Radl and Warren, 1938; Greenwood and Chu, 1939; Emmens
and Parkes, 1940; Chu, 1940; Parker, 1943; Irwin et. al.,
1945; Turner et. al., 1944). Desliccated thyroid fed
orally, or thyroxin given by injection, may cause
depigmentation, stimulated feathér growth, early moult-
ing, and rapid replacement of feathers. These effects
are presumably due to speeded-up cell division (Hutt,
1927). Growth, body weight, and metabolism of chickens
are likewise affected by artificially induced hyper-
thyroidism (Hutt, 1950; Asmundson and Pinsky, 1935;
Asmundson et. al,, 19356; Scilaky, 1938; Winchester,
1959; Parker, 1945; Irwin et. al., 1943; Turner et. al.,
1944)., Hyperthyroid birds show an increased me tabolic
rate and heat production, and suffer loss of flesh
which may be severe enough to cause death.

Since completion of the experliments of the
present investigation, several reports have appeared in

which thyroactive proteins were fed to chickens




(Parker, 1945; Irwin et. al., 1943; and Turner et. al.,
1944). Comparable amounts of dietary thyroactive pro-
tein, calculated on the basis of biological asctivity,
did not produce comparable results in all three inves-
tigations., In general, small amounts increased growth,
whereas large amounts depressed growth and efficlency of
gein, resulted in lower thyroid weight, retarded adipose
deposition, and increased mortality. Feather condition
was improved in accordance with the amount of thyroactive
protein fed. Thyroids from chicks receiving hizh levels
of iodoceasein were invaded with non-thyroid tissue
(Turner et. al.).

In preliminary work cerried out at this sta-
tion (unpublished data of H. S. Wilgus, Jr.), thyro-
active protein substances were effective in producing
excellent feathering, but the toxlc effects needed
further investigation. The maximum non-toxic dose
needed to be determined.

Typical vitamin deficiencies, occurring in
thyroidectomized chicks 1n the exploratory experiments,
made investigation of the relation of thyroid function
to vitamin metabolism of prime importance. The subject
has been thoroughly reviewed by Drill (194%). He pre=-
sents evidence demonstrating that the requirements for
vitamins A, By, Bg, C, and pantothenic acid are in-

creased during hyperthyroidism, and, i1f these increased




requirements are not met, that a relative deficiency of
the vitamins will ensue. In the rat, there is a sex
difference in response in vitamin metabolism during ex-
perimental hyperthyroidlsm. There is also a difference
in degree of hyperthyroldism produced by the commonly
used doses of thyroxine or thyroild gland. All of the
evidence presented indicated that, in the absence of

the thyroid gland, cardtene is not metabolized to vita-
min A. Schneider and Widmann (cited by Drill) obtained
an increase in liver carotene in thyroidectomized gulnea
plgs injected with thyroxine. This seems to indicate
that in the absence of the thyrold gland, carotene
probably would not be converted to vitamin A even though
thyroxine was injected. Clinical hyperthyroidism lowers
serum vitemin A and carotene, but the effects on hepatic
storage are controversial. "In amphibia a definite
antagonism between thyroxin and vitamin A has been dem-
onstrated.” Hyperthyroldism causes a marked reduction
in hepatic storage of vitamins B; and C.

Inasmuch as the liver is the greatest vitamin
storehouse in the body, it is loglcal that any inter-
ference wlth vitamin metabolism, elther in avalilability
or utilization by the tissues, would be reflected in
the liver reserves. The liver stores of vitamins would
probably be high if the manifestations seen followlng

thyrold removael were due to an interference with vitamin




utilization by the tissues. On the other hand, if the
removal of the thyroids resulted in interference with
absorption, storage, or chemical conversions to avail=-
able forms, the liver would probably be low in content
of these vitamins.

The thyrold shows great affinity for 1odine,
so that when the element 1s administered vis the blood
streem it rapidly collects iIn the gland. Recently, Ray
and Deysach (1942) have shown that the thyroid also
exhibits an affinity for manganese. It 1s generally
accepted that the primary function of the thyroid is to
form thyroxine from tyrosine by successive steps of
lodination and condensation. The greatest reguirement
for lodine in the body is for the formation of thyroxine,
Information concerning the amount of thyroxine an
organism produced would be exceedingly valuable. One
could then calculate the amount of i1odine theoretically
necessary to form the same amount of thyroxine and hence
estimate the minimum amount of 1lodine required by that
organism. The apparent inverse relationship between
the amount of thyroactive substance fed and the resul-
tant state of activity of the thyrold gland seems to
offer en excellent means of estimating the thyroxine
output of the thyrold gland. The chick thyroid has been
used for essay of the thyrotrophic hormone (Cope, 1938;

Bergman and Turner, 1959; Smeltzer, 1l939; and Hawson




and Salter, 1940), but no one has used chick thyroid
response for assay of thyroxine activity. Although it
is common knowledge that the activity of the thyroid is
suppressed by thyroxine administration, Koger and
Turner (1943), and Turner et. al. (1944), noticed the

| same effect with synthetic thyroactive substances, no
one has shown any direct relationship between activity
and dosage. Since completion of this investigation,
Adams and Jensen (1944) have reported experiments in
which three groups of mice were treated with 0.64, 1.32,
end 2.64 mg. thyroxine respectively over 21 to 23 days.
They found no difference in absolute thyroid weight be-
tween treated mice and controls, but measurements of
the height of follicle eplthelium showed an average
decrease in thyroid ectivity of 43,43 per cent for the
three groups of treated mice. Although they attached
no significance to the fact, their data showed a
gradual decrease in epithelium height with increased
dosage of thyroxine. They also showed that the sup-
pression of activity of the thyrold gland by thyroid
administration was due to a decreased thyrotrophic
potency of the pituitary gland. 3Stein (1940) proposed
follicle volume as an index of activity of the thyroid

follicle.




The Ceneral Experimental Plan and Objectives

Thyroids were to be removed from large numbers
of chlicks immedietely after hatching. Groups of these
chicks were to be fed various thyroactive substences in
the dlet over a period of from six to elght weeks. Each
diet was to be fed to control chicks with intact thy-
roids as well as to thyroldectomized chicks. Some thy-
roidectomized chicks were to be raised to maturity if
possible. A histological examlnation was to be made of
the thyrold area in thyroidectomized chicks to check on
the completeness of the operation.

The effects of thyroidectomy and of the feed-
ing of thyroactive substances was to be ascertalined by
observations on such general characteristics as body
welght, efficlency of galn, shank length, feather de-
velopment, bod& fat storage, and mortality. Incidental
observations were also to be noted and evaluated.

Since the material would be available the livers of
chicks in one experiment were to be assayed for total
dry matter, vitamin A, riboflavin, nicotinic acid, and
pantothenic acid. The thyroid glands from control
chicks receiving various amounts of thyroactive sub-
stances were to Dbe carefully studied to ascertain the
effects of such substances upon the histology of these
glands.

The data obtalned from the observations and




analyses were to serve s a basis for arriving at cer-

talin conclusions, and making certain deductions, which

are enumerated below.

1.

Whether the effects of early thyroid removal
in the chicken can be completely overcome by
feeding thyroactive substances in the dilet.

The maximum non-toxic level of thyroxine that
can be administered to chicks via thelr diet.

The minimum amount of thyroactive substance
necessary in the diet to produce optimum
feathering In growing chicks, especially of
a slow feathering breed, without simultane-
ously retarding growth and fat storage.

The effect of thyroldectomy and thyroid
feeding on the hepatic storage of vitamin
A, riboflevin, pantothenic acid, and nico-
tinic acld.

The thyroxine out-put of the chick thyroid,
and by this means to estimate the lodine
reculrement of the growing chick.




METHODS AND MATERIALS

In the first two experiments, which were
purely exploratory, removal of the thyroids by means
of cautery was found to be superior to removal by other
surgical means. Thyroidectomy by electric cautery tech-
nique was adopted for all of this work, and the follow-
ing procedure was carried out for all succeeding experi-
ments.

The sex of the chicks wes determined (by the
author) when they were hatched, to facilitate eqgual
distribution of males and females in the experimental
pens. The time required did not permit completion of
all the operations the first day after hatchling but
necessitated two, and sometimes three, days.

The materials end Instruments used for these
operations consisted of one scalpel, two pairs of blunt
forceps, two pairs of fine pointed forceps, one histo-
tribe, one wound spreader, cotton swabs, a satisfactory
source of light which would keep the operating site well
lighted, and an electric cauterizing needle. Appro-
priate rheostats were interposed in the circult and a
convenient switch attached. The cauterizing apparatus

was then suspended on a tension spring over the table.




A small operating table was made from & six-inch board
ten inches long, nalled to two V-shaped blocks to ele-
vate one side about en inch and a half. Two strips of
rubber about an inech wide, cut from an old inner tube,
were slipped over the ends of the board. This served

to hold the chick steady and in & proper position during
the operation,

The chicks were snesthetized with & nembutal
solution (0.1 gr. per cc.). The dosage used was appro-
ximately 0.05 cc. for each 10 grams of body weight. The
nembutal wes administered into the bresst muscle, or di-
rectly into the brachial vein. Both methods were satis-
factory, but the intravenous injection produced quicker
anesthesia. When anesthesia was complete, the down was
plucked from the area of operation. This wes about an
inch wide and extended from the antero-ventrsl tip of
the breast forward for half the distance of the ventral
surface of the neck.

The chick was placed on the operating table
with the ventral surface uppermost. The wings were
held under the rubber strips and the head and neck
allowed to hang over the elevated edge of the table.

An incision about one inch long was made through the
integument, beginning about one-fourth inch snterlor
to the cranial extremity of the sternum and proceeding
enteriorly beyond the crop along the median line. The

connective tissue was perted by blunt dissection until




the left thyroid became visible. The spresder was
useful to retract the tissues during this procedure.
The interclavicular alr sac covered the glands com-
pletely in most subjects, and in some instances it was
punctured in exposing the thyroids. This undoubtedly
el lowed alr to escape into the ares beneath the inte-
gument causing so-called “windpuff.ﬁ Death from star-
vation resulted when this condition was severe enough
to prevent proper eating. After freelng the thyroid
from the surrounding connective tissue with the fine
forceps, the histotribe was clamped around the base of
the thyroid between the gland and the associated nerves
and vessels. The red-hot cauterizing needle was cuickly
applied to the glend, destroying it in situ., Two quick
applicstions of a hot needle were more satisfactory
than prolonged application of a cooling needle.

After removal of the left thyroid, the crop
was freed from the musculs ture on the right side by
blunt dissection. The right thyroid was then removed
in & similar menner. After both thyroids were destroyed|
the crop was returned to its normal position and the
incision closed with suture material. Ordinary san-
forized cotton thresd proved satisfactory for this
purpose. The sutures were removed about two weeks
later.

In experiments I-25 and I-26, the control




chicks were operated upon but the thyrolds left intact.
In this procedure thyroidectomy was duplicated but only
to the extent of manipuleting the thyrolds with forceps
end partially freeing them from the surrounding con-
nective tissue. These chicks are referred to as
"operated controls." A few chicks were thyroidectomized
at two weeks of age. These groups sre referred to as
"thy. 2 weeks." There were no indications of infections
of eny kind in the several hundred chicks opersted on.

The chicks were kept warm at all times during
and after operation. Recovery from anesthesias was
usually complete in half an hour.

Post operative mortality was approximately
10 per cent. One contributing cause, a condition
termed "gasping," was cheracterized by continusl
gasping for breath., The condition became apparent
immediately following recovery from snesthesia. It
always terminated fatally within a few days due to
inability to eat and ultimete exhaustion. The cause
of this condition was undetermined.

Another importent condition contributing to
post operative mortality was crop impaction. Thils was
undoubtedly due to injury of the autonomlc nervous
system supplying the crop musculesture or injury to the
musculeture itself., The condition was quite common but

only in one or two per cent of cases did it persist to




&

the point of causing permanent damage. 1In fatal cases
the chicks grew thin eand died, apparently from starva-
tion.

By using the procedure outlined above, it re-
quired about 20 minutes for one person to thyroidecto-
mize three chicks which were previously prepared for
operation by an assistant.

Except for instences noted, the chicks used
in these experiments were Single Comb White Leghorns
from dams receiving diets of various known moderate
levels of 1odine. The chicks received the low iodine
basal diet, described below, until they were started on
the experimental diets. The mash for the thyroldecto-
mized chicks was made into a wet-mash for two or three
days following the operation. At the start of an ex-
periment, the chicks were weighed and grouped so that
the weights of the thyroidectomized groups were com-
parable, and the welghts of the control growps were
comparable. kxcept for errors in day-old sex deter-
mination, each groﬁp contained the same number of males
and the seme number of females. The chicks were dis-
tributed so that all groups were compérable as to an-
cestry and diets of dams,

The rearing pens were compartments of a metal
battery with contact heating units where the chicks

could seek warmth at any time., The batteries were kept




in a room with & minimum temperature of 70 degrees
Farenhelt., 1In the summer time the temperature often
went up above 90 degrees Farenheit, Feed and water were
given ad libltum but care was taken to keep feed wastage
at & minimum,

The basal diet used 1ﬁ this study was one
which had been employed in previous i1odine work and con-
sisted of the following ingredients in the designated

proportions.

Ingredient Per Cent in Diet
Ground yellow corn 53.9
Pulverized oats 20.0
Wheat grey shorts 10.0
Wheat bran 10.0
Alfalfa leaf meal (dehydrated) 2.5
Soybean oil mesl 6.0
Meat and bone scrap 11.0
Dried buttermilk 5.0
Pulverized limestone 1.0
Salt (plain) 0.5
Manganese sulphate 0.015
1000-D Delsterol powder 0l

P

Totel 100,015

Thils diet contained approximately the
following amounts of minerals and vitamins:
Iodine, 245 parts per billlion; Manganese,

54 parts per million; Calcium, 1,64, phos-
phorus, 0.97, and choline, 0.1 per cent;
Vitamin A, 500, thiamin, 500, riboflavin,
550, pantothenic acid, 1500, and vitamin D,
50-100, units per 100 grsms of diet,
(Vitamin A in international units, vitamin D
in chick units, B vitamins in micrograms).

Test ingredients were added to a small portion

of the diet and mixed thoroughly. This portion was then




added to the remeinder of the diet and the whole mixed
in an automatic feed mixer. 1In the case of the desic-
cated thyrdid powder, the diet containing the highest
concentration was mede up first, and each succeeding
diet wes made up by successively diluting a portion of
a more concentrated diet with en equal volume of basal.

The desiccated thyroid used in these experi=-
ments was purchased from a commercial firm and bore
the USP label. On the basis of the USP standards it
contained approximately 0.2 per cent iodine in the
form of thyroxine iodine. This should mean that the
desiccated thyroid product contained about 0.3 per
cent thyroxine,

Two lodinated casein products were tested.
The flrst product, referred to as iodinated casein-B,
was estimeted to have a slightly higher thyroxine
activity than desiccated thyroid.l/ The second pro-
duct, referred to as iodinated casein-A, was a much
more potent product and was estimated to have from
five to 10 times the thyroxine activity of deslccated

thyroid.2/ The potassium iodide used contained 10 per

1/ This product was supplied by the Mellon Insti-
tute through the courtesy of Dr. F. ¥. Johnson.

2/ This product was supplied by Cerophyll Lsbora-
tories of Kansas City through the courtesy of Dr.
W. RK. Graham, Jr.
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cent calcium stearate as a stabilizing agent.

Fach diet was fed to a control group and to
a thyroidectomized group. Thyroidectomlzed and control
chicks were mainteined in separate cages in experiments
I-27 and I1-29 and during the last two weeks of experi-
ment I-26, After completion of the experiments, the
chicks to be kept under observation were placed on a
developing mash which was essentially the same as the
experimental basal diet, except that the protein and
riboflavin content was lowered slightly.

Residuel feed welghts, individual chick
welghts, and inclidental observations were recorded
each week., #fficlilency of gain was calculeted by
dividing the gain in welght (gm.) by the food consumed
(gm.) over the same period.

Shank lengths of 211 birds of experiment I-29
were measured in sixteenths of an inch, from foot pad
to posterior extremity of the flexed hock joint, with
a device designed for such meassurements by the South
Dekota State College Foultry Department.

Feather score was obtained at the end of the
experiment. Scoring was patterned after that of Radi
and Warren (1938) except that degree of pinniness and
degree of body coverage were scored separsately,

Scoring was limited to the back, following observations

in an earlier experiment at this station where feather




condition on the back was found to be an accurate index
of general feather condition. Perfect coverage was
assligned a score of 0, and absence of any feathers on
the back wes assigned & coversge score of 30, Absence
of any pinfeathers was assigred a score of 0O, and if all
the feathers which appeared were pinfeathers, a pinni-
ness score of 30 was assigned. Obviously, the pinniness
score was sutomatically O when the coverage score was
S0, This was an attempt to measure the total number of
feathers develcoped as well as the degree to which these
feathers would develop.

The incidence of perosis and dermatosls were
noted at the end of each of the last two weeks to check
on consistency of scoring. The method of scoring for
perosis was simllar to that for feathering. The de-
gree of enlargement, or turning of the hock joint,
was scored from O to 50. No enlargement or turning
was assigned a score of O. Chicks were considered as
having dermatosis if fissuring occurred on the bottom
of the feet or around the mouth, or 1f there was marked
scaling on the sldes and top of the feet.

Rectal determinations of body temperatures
were made on the chicks of experiment I-25 on the last
two welghing dates.

For fat analyses, four representative birds

from each group of experiment I-29 were decapitated,




bled, quickly scalded, and the feathers stripped from
them, The thyroids and other tissues were immedistely
removed and preserved, and the chickens uniformly dis-
emboweled. The lun:s were removed but the kidneys were
left intect. The feet were removed at the hock. The
carcass was then ground in a power-driven food chopper,
mixed, and ground again, then re-mixed snd stored with
plenty of dry ice in the refrigerator at 10 degrees
below zero centigrade, pending analysis of moisture and
fat.

Moisture content was determined on two 25-gram
samples of finely ground, thoroughly mixed carcass
meterial by vacuum drying at 50 degrees centigrade for
24 hours. A 10-gram sample from each moisture-free
residue from above was used for duplicate fat determina-
tions., Fat content was determined directly by extrac-
tion with petroleum ether on a Bailey-Walker apparatus,
with subsecuent vacuum drying of the fat residue at
50 degrees centigrade overnight.

Livers, thyroilds, and other tissues for endo-
crine studies were obtaeined at the end of the experi-
mental periods.

At the termination of experiment I-29, livers
from all birds were preserved individually with dry ice
and stored lIn the refrigerator, at 10 degrees below zero

centigrade, for five and one-half months until vitamin




assays could be run, Vitamin A was then determined by a
modification of the method of Dann and Evelyn (1938), em-
ploying saponification with potassium hydroxide. The
vitamin A was estimeted with an Aminco photometer, using
the antimony trichloride reaction. The unused chloro-
form extracts were pooled by groups and the carotene
content determined for the group. The B-vitamins were
extracted by the method of Cheldelin et. al. (1942), and
-assayed by the methods of Snell and Strong (1939), Snell
and Wright (1941), and Pennington et. al. (1940). The
samples were hoﬁogenized in a Waring Blendor with a
specielly designed cup before digestions with takadias-
tase end papain enzymes. The filtered aqueous extracts
were washed with ethyl ether, before determination of
the vitamin content by growth response of Lactobacillus
casei . Toluene was used for an overlying protective
fluid during preparation and storage of the extracts.
The size of the livers limited the samples to five grams
for vitamin A determination and three grams for B-vita-
min assays. The remsinder was used for moisture deter-
mination. The latter was determined af ter vacuum drying
at 50 degrees centigrade for 24 hours.

The method of checking for thyroid regenera-
tion in the first two experiments, I-25 and I-26, was
considered insdequate, so the deteils of tissue selectim

and treatment have been omitted. Most of the chicks

showing regeneration were apprehended in experiment I-26




but some may have escaped detection. In the lsst two
experiments, I-27 and I-29, all chicks were killed. The
thyrold areas were removed from all thyroldectomized
chicks and preserved in Bouln's fixative solution. The
thyrolds were removed from all control chicks and
trimmed free of extraneous tissue. The left gland was
preserved in Bouin's fixative solution for histological
examination and the right gland was preserved in 95 per
cent alcohol for iodine analysis. Iodine analysis was
not completed for experiment I-27. After 12 hours in
the preservatlive, the thyrold glands were removed,
blotted on blotting paper, weighed on an analytical
balance and returned to their respective bottles prior
to further treatment. All tissues fixed in Bouin's
solution were transferred to 70 per cent alcohol after
24 to 48 hours in the fixative. The tissues for histo-
logicael study were cleared in dioxane, embedded in
paraffin, and sectioned at five micron intervals.
Stalnin: was done sccording to & differentlal method of
Dr. F. X. Gassner of the department of physiology.

A "thyroid area," as referred to in these
experiments, was obteined by taking a section of tissue
bezinning with the bifurcation of the carotid and
brachial arterlies and extending anteriorly to the pos-
terior lobe of the thymus which was included. This
area included the carotid artery, juguler vein, the

vagus nerve, and the attached connective tissue to-




gether with all the visible parathyroid tissue.
"Thyroid areas" were sectioned according to
the following plan. Beginning with the first tissue
cut from the block on the microtome, ribbons of 50 or
less sections, each five microns thick, were taken from
the block and laid on a pan of warm dilute ege albumen
solution. The last few sections of the ribbon were
placed on & slide and observed unstained, under the
microscope. If thyrold tissue was present, a serial
mount was made and sectioning continued until psrathyroid
tissue was found and mounted for steining. If thyroid
tissue was not found, esnother strip was obtalned and
examined similarly. This process was continued until
several strips were lald Qide by side on the surface
of the albumen solution. The centermost sections were
mounted on one slide for staining and reference and the
remainder discarded. This resulted in a series of
sections separsted by & sectioning interval of appro-
ximetely 200 microns and separated from unstalned
examined sections by a sectioning interval of appro-
ximetely 100 microns. This procedure was contlnued
until all of the tissue was traversed. In this manner,
only isolated groups of a few thyroid cells could es-
cape detection, and parathyroid tissue could not escape
detection. Therefore, two problems were solved in one

operation; namely, (1) to prove the absence of thyrold




tissue, end (2) to prove the presence of parathyroid
tissue. The data for any birds which showed thyroid
regeneration, or which did not have parathyroid tissue
demonstrable under the microscope, were deleted from
the analyses,

Various measurements of thyrolds from control
chicks of experiment I-20 were obtained by use of an
eyeplece micrometer, am the proper conversion factors
applied to convert the values into actual metric units.
The largest cross section of the serially sectioned thy-
roid was selected for measurements. The greatest
length (L), and the greatest width (W), of the cross
section were obtained., In addition, the average dia-
meters of the eleven largest follicles in the cross
section wére measured and summated (£D). Various treat-
ments of these measurements are discussed as they are
presented.

The two exploratory experiments were .carried
out in December of 1941 and January of 1942, The
records for the other experiments are as follows:

Exp. Breed Date Exp. Exp. Age in
No. of chick hatched started ended days

I-25 W. Pl. Rocks 2/1/42 2/7/42 3/26/42 54
I1-26 S.C.W.Leghorn 3/20/42 3/26/42 5/4/42 44
I-27 S.C.W.Leghorn 7/9/42 17/16/42 8/20/42 42

(We P1. Rocks )
I-29(S.C.W.Leghorn)10/16/42 10/22/4212/53/42 48




Disposal:

I-25 Representative birds from each group killed
for tissue samples. The remainder con-
tinued on basal for future observations.

I-26 Kepresentative birds from each group killed
for tissue samples. The remainder con-
tinued for future observations.

I-27 All birds killed for thyroid glands and
other tissues.

I-29 All birds killed for thyroid glands and
other tissues.,

In the first experiment (I-25), desiccated
thyroid powder was fed to four groups at the rate of
0.25, 0.50, 1.0,.and 2.0 per cent respectively in the
diet. Another group received 0.379 per cent iodinsated
casein-B. As a check againét any beneficlal effects
due to i1odine as such in the thyroactive substances,
one group was given 0.0727 per cent potassium iodide.
The lowest level of desiccated thyroid, the iodinated
casein, and the potassium iodide each supplied appro-
ximately 500,000 p.p.b. of iodine in the diet. Experi-
ment I-26 was designed to retest the critical diets of
the previous experiment, but with S.C.W. Leghorn chicks.
Only the lowest level of desiccated thyrold was included
in this experiment. The chicks of one group were from
dems receiving an extremely high level of iodine (180,
000 p.pe.b.)s In order to check the possibility of
deleterious effects due to a deficiency of B-vitamins

or vitamin D, one group received 10 per cent dried




yeast and one-half per cent sardine oil (400-D).

Experiment I-27 was designed as a further
attempt to ascertain the minimum amount of desiccated
thyrold substance necessary to counteract the effects
of thyroid removal., Desiccated thyroid powder was fed
to four thyroidectomlzed groups and fouwr control groups
at 0.0, 0.0625, 0,125, 0.25, and 0.50 per cent of the
diets respectively.

The last experiment involved still lower
levels of desiccated thyrold, in the attempt to deter-
mine the minimum amount of desiccated thyroid necessary
to counteract the effects of thyroid removal, especially
on feathering. In addition, a detalled study was made
on the effect of graded doses of thyroactive substances

on thyroid function and liver vitamin storage. Two
lodinated casein products were also tested for their
thyroactive potency both with White Plymouth Rocks and
with S.C.W. Leghorns.

In each experiment one group of thyroidec-
tomized chicks and one group of control chicks were
reared on basal diet for comparlson.

The deay=-old chicks used for comparative thy-
roid measurements were from a different lot than those
used for I-259. They were obtalned at a later date and
from dems receiving an adequate stock diet.

During the course of this investigation,




desiccated thyroid powder and iodinated casein were
administered orally, in small capsules, to chickens
suffering from range paralysis. The source of these
birds was the department production stock, and most of

them were apprehended, while on the range, at about four

months of age.




EXPERIMENTAL RESULTS

Symbols Used

The treatments and results are shown in
tables 1 to 26, figures 1 to 14, and nlates I to VI.
Certsin symbols, adopted for the sake of brevity in

reporting the results, are explained below.

UN Unoperated control chicks. Thyroid
glands intact.

oP Operated control chicks. Thyroid

: glands intect.

T, or Thy. Thyroidectomized chicks. Thyroids

Thy-2-wks.

removed within the first three

days after hetching.
Thyroidectomized chicks. Thyrolds

removed at two weeks of age.

Thy. wte. Thyroid weight.

Regen. or Heg. Thyroldectomized chickens in which
regenerated thyroid tissue was
found either by macroscopic or
by microscopic observation.

Iod. Cas. Iodinated casein preparations with
thyroxine activity.

Des. Thy. Commercisl desiccated thyrold
powder (USP).

KI Potassium iodide, conteining 10%

S.C.W. Leghorn

calcium stearste.
Single Comb White Leghorn.

W.P. Rock White Plymouth Rock.

M, ¥, Male, Female.

Surv, Survivors.

W Width of the largest cross section
of thyroid.

L Length of the largest cross sectlon
of thyroid.

zD Summation of the diameters of the
11 largest follicles.

B. Wt Body weight.

Mege. Micrograms. B-vitamins are ex-
pressed in micrograms.

IL.Us International units, Vitamin A is

expressed in international units




Ixploratory Experiments

In the first exploratory experiment, the
thyrolds were excised at two weeks of sge. After about
two months, the birds appeared normal in every respect.
When exsmined later they all showed regenerasted thyrold
tissue present. The amount of thyrold tissue varied
from tiny nodules to full sized glands.

In the second exploretory experiment, the
thyroids were destroyed in situ, by cautery technicue,
on the dasy of hatching. Nearly all chicks survived and
grew well for several weeks, but at about six weeks of
age, & peculiar differentiation became apparent (plate I,
numbers 1 and 2). One group appeared to be normal in
every respect and developed to maturity without any
apparent abnormalities. Later, upon autopsy, these
birds showed various degrees of thyrold regeneration,
all of which approached normsl slized glands. A second
group was somewhat intermediate in appearance. The
body slze and development of the head parts was about
half that of the first grouo. In addition, there was
an extreme hyperemic condition of the head parts. Later,
| upon autopsy, these birds were observed to have small
nodules of regenersted thyroid tissue present. In some
cases, they occurred on one side only, and in others,
on both sides. Still a third group developed condl-

tions indicative of complete thyroidectomy, l.e.,




stunted growth, apparent increased adipose deposition,
protruding abdomens, and failure of development of
secondary sexual characteristics. Development of body
feathers was greatly retsarded, but the wing and tail
feathers grew considerably. When asutopsy was performed
later, no thyroid tissue was found by macroscopic exa-
mination.

In addition to the above observations, which
agree with those of other workers, conditions typical of
various avitaminoses were pronounced in the third group.
The feathers of several blrds had a broken and frayed
appearance, characteristic of pantotiienic acid defi-
ciency. Others exhibited severe dematosis of the feet
and mouth, which might be attributable to a deficiency
of pantothenic acid or of biotin. One bird developed
curled toe paralysis characteristic of moderate defl-
ciency of riboflavin, but oral administration of syn-
thetic riboflavin in solution in doses of several hundred
micrograms every other day for two weeks, failed to
correct this condition., A form of complicated perosis
in the form of enlarged hocks and slight dislocation
of the tendon was prominent. This suggested & possi-
bility of choline, biotin, or manganese deficlency, or a
combination of all three, or a disrupted calcium:
phosphorus metabolism,., Lkach deficlency symptom was not

limited to a single individual but combined symptoms




PLATE I

The effect of thyroidectomy and of thyrold regeneration in Single Comb White Leghorn
chickens., Thyroids removed by cautery at one day of age.

l. Exploratory experiments. WVales.

A, No thyroid tissue found on macroscoplc post-mortem examination.
B. Tiny nodules of regenerated thyroid tissue found on post-mortem
examination.

C,D. Complete regeneration of thyroid  glands.

2., xploretory experiments. Females,

A, No thyrold tissue found on macroscopic post-mortem examination.
B. Tiny nodules of regenerated thyroid tissue found on post-mortem
examination,

C,D. Complete regeneration of thyroid glands.
3. Experiment I-27. Females., OSix weeks of age.

A Completely thyroldectomlized chlck.
Be Control chick.,

4, Experiment I-27. Males and females. Six weeks of age.
A,B. Completely thyroidectomized.

C,D. Partially regenerated thyrold glands.
E,FF. Control chicks,







were evident in several of the birds. The birds were
eating well so the deficiencles could not be attri-

buted to low food intake.

Body Weight

The succeeding four experiments were care-
fully controlled and the data tabulated. The effects
of thyrolid removal on external characteristics in chicks
of experiment I-27 are shown in plate I, numbers 3 and
4, Similer effects were noted in experiments I-25 and
I-26, The difference in size and in feather condition
is quite noticeable. The size of the chicks with thy-
roid regeneration was intermediate between that of con-
trol and thyroidectomized chicks (Plate I, number 4).

The effects of thyrolidectomy and various
dietary supplements on body welght are shown in tables
1l to 6, and figures 1 and 2, Comparison of groups 2-B
and 5, of table 1, and groups 1l-B, 5-B, and 2 of table
2 shows that the ope}ation in itself had no deleterious
effects on either Single Comb White Leghorn or White
Plymouth Rock chicks. The operated control chicks
attalned an even grsater final welght than the unopersted
chicks. FHExamination of weekly welghts showed an initial
depressing effect but this was soon overcome when the
chicks began eating heartily. Following this observa-
tion, the control operation was eliminated in the suc-

ceeding experiments.




Thyroid removal definitely retarded growth
(as measured by body weight) in unsupplemented groups
of all experiments, but did not entirely prevent
growth (tables 1, 2, 3, and 4). This sgrees with ob-
servations of other workers on mammels. Thyroid re-
moval at two weeks of sge also had a depressing effect
on body weight, but the greater initial weilght at the
time of thyroidectomy was evident in the greater final
weight. The influence of regenerated thyroild tissue
was reflected in increased body welght of such chicks
over that of thyroidectomized chicks. In all instances,
the final weight of chicks with regenerated thyrold
tissue was intermediate between that of controls and
that of thyroldectomlized chicks.

Addition of a large dose of B-vitamins in the
form of yeast, and of vitamin D in the form of sardine
oil, had no protective action against thyroidectomy
effects, nor did these supplements improve the weight of
controls (table 2). This may be regarded as evidence
that the basal diet used was adequate in respect to
these vitamins.

Administration of extremely high levels of
iodine to the dams 4did not protect their offspring from
the effects of thyroid removal, nor did it affect the
weight of the offspring ﬁsed as controls (teble Z2),

Potassium l1odide appeared to have a slight




protective action against the effects of thyroidectomy
on body weight in experiment I-25 (table 1), but this
was not born out in experiment I[-26 (table 2). On the
other hand, the inhibltory effect on the growth and
generel characteristics of controls was consistent for
both experiments (tables 1 and 2).

Thyroactive 1lodinasted casein consistently
protected agalinst the deleterious effects of thyrold-
ectomy in both Single Cbmb White Leghorn snd White
Plymouth Rock chicks (tables 1, 2, and 5). Both
iodlnated casein and potassium iodide, in the amounts
used, supplled 500,000 parts per billion of iodine in
the diet in experiments 1I-25 and I-26. Therefore, the
failure of potassium iodide to protect the thyroldec-
tomized chicks against the deleterious effects of
thyroidectomy may be regarded as evidence that the pro-
tective action of thyroactive substances is dependent
upon their thyroxine content and not uporn their iodine
content.

Iodinated casein-E, which was reputed to have
approximately the same thyroxine activity as desiccated
thyroid powder, did not affect the body weight of con-
trols in experiments I-25 and I-26 (tables 1 and 2),
whereas a lower level of desiccated thyroid resulted in
lower body weight in both experiments (tables 1 and 2).

This indicates that either the iodinated casein did not




have 2s high a thyroxine content as was thought, or
more of the thyroxine activity was lost vies the di-
gestive tract than was the case with the deslccated
thyroid. In the last experiment, this product appeared
to have & slight stimulatory actlion but the difference
was not great.

The highest level of iodinated caseln-A, used
in the last e;periment, resulted in definitely lower
body weight in the female Single Comb White Leghorn
chicks, but apparently higher weights in males (table 5)J
Since there was only one male survivor in the group
receilving the lower level, this result should not be
emphasized. Gradual increase in the percentage of
iodinated casein-A in the diet of normal White Plymouth
Rock chicks caused, at first, an increase in body weight,
This was followed by a gradual decrease in such welghts
(table 6).

Desiccated thyrold at the level of 0.25 per
cent in the diet partially protected against the
effects of thyroid removal in experiment I-25 (table 1).
Body welght of control chicks receiving desiccated
thyroid was lower than the body weight of chicks in
the basal group. In the next éxperiment (I-26), the
same amount in the diet of Single Comb Whilite Leghorn
chicks (0.25 per cent) restored body weigzht of thy-

roidectomized chicks to normal, but the body weight of




Table 1l.--EFFECT OF VARIOUS DIETARY SUPPLEMENTS ON BODY WEIGHT.
Experiment I-25. White Plymouth Rock Chicks

Supplement

Per Cent in Diet
Chick Group No.
Operation

= =

None KI Iod Cas =B Des Thy
0.0727 0.379 0.25

1 2-A 2-B 3 4-A 4-B OLH~-A 5-B 6-A 6-D
Thy Thy Op Un Thy Op Thy Op Thy Op

Number Males (Survivors)
Number Females (Survivors)

Beginning Welght (Survivors)s

Final Weight, Males
Final Weight, Females

Av. Final Weight (M & F)%*

3 3 4 6 2 4 0 4 2 1
S 5 2 8 2 2 3 2 2 2

- o1 47 48 46 46 43 46 44 46

437 358 604 554 425 461 - 544 465 540
390 393 602 532 385 445 480 545 368 435

418 376 603 545 405 453 480 545 416 488

#Average for males plus average for females, divided by Z.




Table 2.-~-EFFECT OF VARIOUS DIETARY SUPPLEMENTS ON BODY WEIGHT.
Experiment I-26., S .C.W. Leghorn Chicks

—_——= = —— —

Supplement None Yeast-10% KT Tod Cas-B Des Thy
Per Cent in Diet S.011-0.5% 0.0727 0.379 0.25
Chick Group No. 1-A 1-R 1-B 2 3-A%# 3-B% 4-A 4-B 5-A 5-B 6-A 6-B 7-A 7-B
Operation Thy Reg Op Un Thy Op Thy Op Thy Op Thy Qp Thy Op
No. Males (Surv) 7 4 10 11 1 2 2 3 2 3 2 5 X S
No. Females (Surv) & 3 5 4 3 3 3 5 3 5 4 3 3 4
Begin. Wt. (Surv)#: 48 48 50 58 80 49 46 48 47 49 44 51 46 46
Final V¥t. Males 282 33% 408 400 270 428 263 379 213 361 272 404 420 346
Final Wt. Females 256 316 345 346 235 312 206 317 272 3256 298 336 310 355
Av, Final Wt .3 269 324 387 371 253 370 234 348 243 343 285 370 365 340

#Chicks from dams recelving high
##Average far males plus average

iodine level,
for females,divided by &.




Table 3,--EFFECT OF DIETARY DESICCATED THYROID ON BODY WEIGHT.
Experiment I-27. S.C.W. Leghorn Chicks

Supplement None Desiccated Thyroid Powder

Per Cent in Diet 0.06285 0,125 0.25 0.50
Chick Group No, 1-T 1-R 2 3 4 5 6 T 8 9 10
Operation Thy Reg Un Thy Un Thy Un Thy Un Thy Un
Number Males (Survivors) 4 1 5 6 5 2 5 2 4 3 1
Number Females (Survivors) 2 2 5 4 4 1 H 3 6 1 5
Beginning Weight (Survivors) 43 41 49 42 52 39 46 44 46 39 46
Final Weight Males 180 285 384 314 344 295 3354 325 841 272 255
Final Welght Females 192 281 300 274 310 205 283 302 307 272 291
Averasge Final Weight (M & F)# 186 283 342 294 327 250 309 313 324 249 273

#Average for males plus average for females,divided by 2.




Figure 1
THE EFFECT OF DESICCATED THYROID FEEDING ON BODY WEIGHT
Experiment I-27
S.C.W. Leghorn Chicks
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Table 4,--EFFECT OF DIETARY DESICCATED THYROID ON BODY WEIGHT.
Experiment 1-29, S.C.W, Leghorn Chicks

I = _ e ——
Supplement None Desiccated Thyroid Powder

Per Cent in Diet 0,0156 0.03125 0,0625 0.125 0.25
Chiek Group No. 1-T 1-R 2 3 - 5 6 7 8 9 10 4 12
Operation Thy Reg Un Thy Un Thy Un Thy Un Thy Un Thy Un
No. Males (Survivors) 1 2 3 3 3 4 3 S 2 2 2 1 2
No. Females (Survivors) 4 1 4 3 4 2 4 2 4 5 3 2 2
Begin. Wt. (Survivors)# 45 54 49 52 51 46 53 81 56 50 52 54 €0
Final Wt. Males 320 315 400 377 443 353 345 308 427 318 415 270 248
Finel Wt. Females 269 300 391 375 3Bl 365 388 238 390 265 315 248 260
Average Final Wt. (M&F)%289 308 396 375 412 359 366 273 409 202 365 259 254

s#tAverage formales plus sasverage for females,divided by 2.
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Table 5.,--EFFECT OF DIETARY IODINATED CASEIN ON BODY WEIGHT.
Experiment I-29. S.C.W. Leghorn Chicks

—

Supplement None Jod, Cas., - A Iod, Cas, - B

Per Cent in Diet 0.008 0.016 0.04 0.08

Chick Group No. 1-T 2 13 14 15 16 L7 18 19 20
Operation Thy Un Thy Un Thy Un Thy Un Thy Un
No. Males (Survivors) 1 3 5= . 1 2 4 2 4 4 4
No. Females (Survivors) 4 4 ul 6 3 3 3 3 2 3
Beginning Weight (Survivors)# 45 49 48 57 52 b3 b3 b6 b3 68
Final Weight, Males 320 400 406 400 440 440 343 416 365 422
Final Welght, Females 259 391 345 383 345 308 322 340 310 398
Average Final Welght (M % )% 289 396 376 392 393 374 333 378 338 410

#Average for males plus average for females,divided by Z.




Table 6.--EFFECT OF DIETARY IODINATED CASEIN ON BODY WEIGHT.
Experiment I-29. White Plymouth Rock Chicks (Normal)

Supplement None 1Iod. Cas, - A
Per Cent in Diet 0,005 0.05 0.26
Chick Group No. 21 22 29 24
Number kales (Survivors) 5 3 1 3
Number Females (Survivors) 5 8 5 2
Beginning Weight (Survivors)s 62 55 B2 B3
Final Welght, lMales 437 498 350 410
Final Welght, Femal es 404 416 474 365
Average Final Weight (Males and Females)# 421 457 427 388

#Averege for males plus average for females,divided by 2.




control chicks was lower than that of normal chicﬁs
recelving the basal diet.

The effects of graded doses of desiccated
thyrold on body welpght are shown in tables & and 4, and
figures 1 and 2, Successive 1ncreases in desliccated
thyrold greater than 0.0625 per cent in the diet re-
sulted in successively lower body welght of control
chicks. The average body welght wvalue for the group
recelving 0.03125 per cent of desiccated thyroid was

low, due to the extremely low weight values for the

three surviving males of the group.

Efficiency of Gain

The effects of the feeding of desiccated
thyrolid and iodinated casein on efficiency of galn are
presented in table 7 and figures $ and 4, In experi-
ment I-27, the unsupplemented thyroidectomized chicks
showed & marked reduction in efficiency of gain, but
in the next experiment the thyroldectomized group
showed slightly mﬁre efficiency than the controls. The
‘effect of progressive increases in desiccated thyroid
supplementation on efficliency of gain may be readily
enalyzed by examination of figure 3. The data zre
conflicting in regard to the sctual amounts involved,
but in general, a small amount of desiccated thyroild
powder in the diet increased efficlency, and larger

amounts resulted in progressive decreases in efficiency




Table 7.--EFFECT COF DIETARY THYROACTIVE SUBSTANCES ON EFFICIENCY OF GAIN.

Experiments I-27, I-29.

S.C.W, Leghorn Chicks

Experiment I-27,

Desiccated Thyrold Feeding

Supplement None Desiccated Thyroid Powder

Per Cent in Diet _0.0625 0.125 0.25 0.50

Chick Group No. 1-T,R 2 3 4 5 € 4 8 9 10

Operati on Thy Un Thy Un Thy Un Thy Un Thy Un

Efficiency of Gain 026  o54  W34 34 3l J3T 26 .38 .16 .24
Experiment I1-29. Desiccated Thyroid Feeding

Supplement None Desiccated Thyroid Powder

Per Cent in Diet _0.0156  0.03125 C.0625 0,125 0.25

Chick Group No, 1-T,R 2 ) 4 5 6 s 8 $ 1o 1i 12

Operation Thy Un Thy Un Thy Un Thy Un Thy Un Thy Un

Efficlency of Gain o34 .33 B4 o35 436 B33 35 B3 W31l 28 .24 .25

Todinated Casein Feeding

Supplement Todinated Casein-A TIodinated Casein-B None Iod. Cas. - A

Per Cent in Diet 0.008 0.016 0.04 0.08 0.0056 0.05 0.25

Chick Group No. 13 14 15 16 17 18 19 20 213 22% 23% 24%

Operation Thy Un Thy Un Thy Un Thy Un Un Un Un Un

Efficiency of Gain B4 .32 W34 33 35 33 32 30 03D .36 .54 .28

#White Plymouth Rock Chicks




Figure 3,.--EFFECT OF DESICCATED THYROID FEEDING ON
EFFICIENCY OF GAIN. Experiment I-27. S.C.W.
Leghorn Chicks
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Figure 4.--EFFECT OF IODINATED CASEIN ON EFFICIENCY
OF GAIN, Experiment I-29., 8.C.W. Leghorn Chicks
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with each successive addition to the diet. ITodinated
caseln showed little effect on the efficiency of gain
in the Single Comb White Leghorn chicks, but the ten-
dency was for the thyroidectomized chicks to be more
efficient than the vontrols. The feeding of high levels
of iodinated casein-B resulted in lower efficiency of
galin,

The efficiency of gain for normal White
Plymouth Rock chicks (figure 4) was increased by the
smel lest addition of iodinated casein-A, and progress-
ively decreased with each successive addition to the

diet.

Feather Condiltion

The effects of dietary supplements on feather
conditlion are presented in tables 8 to 1ll. Thyrold
removal almost completely inhibited feather growth in
White Plymouth Rock chicks over the first eight weeks
of age (table 8). Thyroldectomy at two weeks of age
caused cessation of feather growth in the pinfeather
stage. This 1s evident from the higher pinniness
score. Both l1odinated caseln eand desiccated thyroid
imporoved the feather condition over that of the basal
control chicks. On the other hand, potassium lodide
inhibl ted feather development. Daily counts of
feathers on the dropping pans showed that the rate of

moult was very much higher for the chicks recelving the




higher levels of desiccated thyroid, than for the chicks
on any of the other diets.

The data for the Single Comb White Leghorn
chicks of experiment I-26 agree with the results of the
previous experiment (table 9). Potassium lodide did not
prevent the eap pearance of feathers in thyroidectomized
chicks, but inhibited development, causing an unfavor-
able pinniness condition. Yeast and sardine oil had
the same effect.

Peralleling the weight data, the feather con-
dition of thyroidectomized chlcks with regenerated thy-
rold tissuve was in each case intermediate between that
of the thyroidectomized and control chicks (tables 9
and 10).

The results for the tinyroidectomized chicks
receiving graded doses of desiccated thyroid are some-
whet erratic, but the lowest level of desiccated thy-
roid used in these experiments (0.0156 per cent) caused
an almost perfect feather condition (table 10).

The effect of graded amounts of ilodinated
caselin on feather condition is shown in table 1ll. The
Single Comb White Leghorn chicks showed nearly perfect
feather condition. The degree of feathering in the
White Plymouth Rock chicks was roughly proportional to
the amount of lodinated casein fed. Optimum feather
condition was produced by 0.05 per cent of this procduct

in the diet.




Table 8.--EFFECT OF VARIL OUS LIETRR& SUPPIENENTS ON FEATHER CONDITIOYN,
Experiment I-25. White Plymouth Roeck Chicks

e — = ]
Supplement None KI Iod Cas-B Des Thy
Per Cent in Dlet 0.0727 0,379 025
Chick Group No. 1l 2-A 2-B 5 4-A 4-B 5-A 5-B 6-4 6-B
Operatlon Thy Thy Op Un Thy Op Thy Op Thy Op
2 Wks
Number males 3 3 4 6 2 4 0 4 2 1
Number femeles S S 2 8 2 2 ) 2 2 2
Feather Coverage Score
Males 25 30 21 19 28 24 - 13 8 0
Females i v 23 0 9 25 20 S %] 10 0
Average (Males and Females) 20 26 10 14 26 22 S 8 9 0
Feather PinninessScore
Males 2 3 16 8 25 20 0] 14 3 0
Females 22 8 0 4 20 18 5 o 8 5

Average (Males and Females) 24 5 8 6 22 19 5 9 5 2




Table 9.,--EFFECT OF VARIOUS IDIETARY SUPPLEMENTS ON FEATHER CONDITIOHN.
S.C.W. Leghorn Chicks

Experiment I-26.

e

——

Supplement None Yeast-10% KI Iod Cas-B Des Thy
Per Cent in Diet S.0i1-0.5% 0.0727 0.379 0.25
Chick Group No. l1-A 1-R 1-B e OS-A% 5-Bi 4-A 4-B O5-A ©O-E 6-A 6-b T-A 7=BE
Operation Thy Reg Op Un Thy Op Thy Op Thy Op Thy Op Thy Op
Number Males 7 4 10 11 1 2 2 3 2 3 [ 5] 1 3
Number Females 5 3 ) 4 3 3 3 5 3 5 4 3 3 <
Feather Coversage
Score
Males 25 14 5 o) 0 5 3 0 3 0 10 0 0 0
Females 22 13 0 0 5 0 2 2 0 0 i 0 0 0
Av. (M&F) 23 14 3 0 3 2 2 1 1 0 5 0 0 0
Feather Pinniness
Score
Males 25 14 7 0 25 0 30 3 25 2 25 0 0 0
Females 2e 13 2 0 22 0 30 2 20 2 4 < 0 0
Av, (N&F) 24 14 4 0 2% 0 30 3 23 2 14 2 0 0

Yeast - Dried yeast

S.011 - Sardine 0il, 400-D
#Chicks from dams receiving high iodine level




Table 10.--EFFECT OF DIE TAKY DESICCATED THYROID ON FEATHER CONDITION.
Experiments I-27, I-29.

S.C.W,

Leghorn Chicks

eriment I1-27

Supplement None Desiccated Thyroid Powder
Per Cent in Diet 0.0625 0.125 0.25 0.50
Chick Group No. 1-T 1-R 2 3 4 5 6 7 8 9 10
Operation Thy Reg Un Thy Un Thy Un Thy Un Thy Un
Number bdales “ 1 5 6 S 2 S 2 4 3 1
Number Females - 2 5] 4 4 1 5 3 6 1 5
Feather Coverage Score
Males 30 5 0 S 0 5 1 ¢ 13 0 7 5
Females 30 10 0 0 0 10 0 2 S o 2
Average (Males and Females) 30 7 0 1 0 7 0 7 2 6 3
Experiment 1-29
Supplement None Desiccated Thyroid Fowder
Per Cent in Diet 0.0156 0.,03125 0.0625 0.125 0.25
Chick Group No., 1-T 1-R 2 3 4 5 3 L 8 8 A0 1L e
Operation Thy Reg Un Thy Un Thy Un Thy Un Thy Un Thy Un
Number Males 1 2 3 3 3 4 3 3 2 2 2 1 2
Number Females 4 1 4 3 4 2 a 2 - 5 3 2 2
Featner Coverage Score
Males 15 10 0 5 0 7 2 10 0 7 @] 0 8
Females 19 15 4 T 0 5 0 15 1 10 2 10 2
Average (M&F) 144 12 2 6 0 6 1 12 5 5 8 1 5 5




Table 11.--EFFECT OF DIETAKY IODINATED CASEIN ON FEATHER CONDITION.
Experiment I-29. S.C.W. Leghom and White Plymouth Rock Chicks

—
—

S.C.We Leghorm Chicks

Supplement Iodinated Casein - A Iodinated Casein - B
Per Cent in Diet 0,008 0.016 0.04 0,08
Chick Group No. 135 14 15 16 £7 18 19 <0
Operation Thy Un Thy Un Thy Un Thy Un
Number Kales 5 1 2 4 2 4 s 4
Number Females k 6 o) 3 3 3 2 S
Feather Coverage Score

Males 8 - S 4 15 1 9 6

Females 5) - 7 7 12 ) S 2

Average (Males and Females) 6 1% 6 6 15 2 7 4

“Wnite Plymouth Rock Chicks

Supplement None Iod Cas-A
Per Cent in Diet 0.005 0.05 0.25
Chick Group No. 2l 22 25 24
Operation Un Un Un Un
Number Males L o) 1 3
Number Females 5] 8 5 2
Feather Coverage Score

Yales 30 17 10 22

Females 25 21 8 5

Average (Males and Females) g8 19 9 13

#Not welghted for sex




(O

PLATE T

The effect of dietery thyroactive iodinated casein
on feather condition in normal White Plymouth ERock

chicks.

Experiment I-23,

1.and 2.

3 and 4.

b5 and 6.

The chicks were six weeks of age,
and had received the experimental
diets from hatching time.

Croup 21. bBasal. No thyroactlive
caselin in the diet.

Group 22. 0.00% per cent of
thyroactive iodinated casein-A In
the dilet.

Group 23. 0,05 per cent of thyro-
active iodinated casein-A in the
diet.




PLATE II




PLATE III

The effect of thyroidectomy and of dletary desiccated
thyroid powder on feather condition in Single Comb
White Leghorn chicks,

Experiment I-23. The chicks were six weeks of age
end had received the experimental
diets from hatching time.

1l and 2. Group 1, Thyroldectomired.
Basal diet,

S and 4. CGroup 5. Thyroidectomized.
0.0156 per cent desiccated thyroid
in the diet.

5 and 6, Group 2. Control chicks.
Basal diet.




PLATE III




The effects of thyroidectomy and of desic-
cated thyroid on feather condition of Leghorn chlcks
and of iodinated caseln-A on feather condition in Fly-

mouth HKock chicks is illustrated in plates Il and III.

Perosis and Dermatosis

Teble 12 shows the occurrence of perosis and
dermatosis. In the flirst experiment both conditions
occurred in thyroidectomized chicks and chicks receiv-
ing potassium l1odide. Dermeatosis did not sppear in
éucceedin& experiments.

In experiment I-26 perosis occurred in all
thyroidectomized groups, but was not severe 1in those
groups receiving iodinated casein or desiccated thyroid.
Yeast and sardine o0il, or potassium iodide did not pro-
tect the chicks agaiﬁst this condition. Chicks from
dams receiving high levels of iodine also showed derma-
tosis. Perosis did not occur in the lest experiment.

Thyroidectomized chicks showing thyroid
regeneration were intermediate between thyroidectomized
and control chicks in regard to incidence &nd degree
of perosis. This sgrees with the data for body weight

end feather condition.

Vortality
Mortality in the firat experiment was rather

high for all groups, and especially high 1n the groups




Table 12.--EFFECT OF VARLIOUS DIETARY SUPPLEMENTS ON PEROSIS AND DERMATOSIS.
bxp eriments 1-25, 1-26, I-27. S.C.W. Leghorn end White Flymouth Rock Chicks

—

-

Experiméht I1-25%

Supplement None KI Iod Cas-B Des Thy
Per Cent in Diet 0.0727 0.379 025
Chick Group No. ) 1 2-A 2-B 5 4-A 4-B 5-A 5-B 6-A 6-O
Operation Thy Thy Op Un Thy Op Thy Op Thy Op
2 Wks
Survivors (Males and Females) 8 6 6 14 4 6 3 6 4 -
Number Showing ferosis 8 6 o) 0 4 1 0 1 0 0
Number Showing Dermatosis 5] 2 0 0 3 S 0 ] 0 0
Experiment I-26:¢
Supplement None Yeast-10% K1 Iod Cas-B Des Thy
Per Cent in Diet S5.011-0.5% 0.0727 0.379 0.25
Chick Group No. 1-A 1-R 1-B 2 o-A o-B 4-A 4-3 b5-A 5-E 6-A 6-B 7-A 7-B
Operation Thy Reg Op Un Thy Op _Thy Op Thy Op Thy Op Thy Op
Survivors (M&EF) 12 7 15 15 4 5 3 8 5 8 5 8 4 T
No. Show. Perosis 12 5 0] 2 4 0 5] 1 5 2 2 0 1 0
Av.Degree of Per. 10 5 0 1 10 0 14 x 11 1 2 0 1 0
bBxperiment I-27:i#
Supplement None Desiccated Thyroid Powder
Per Cent in Diet - 0.,0625 0.125 0.25 0.50
Chick Group No. 1-T 1-R 2 3 - [5) 6 7 8 9 10
Operation Thy Reg Un Thy Un Thy Un Thy Un Thy Un
Survivors (Wales and Females) 6 ] 10 10 9 3 10 5 10 4 6
Number Showing Perosis 6 1 0 4 0 2 0 1 0 6] 0
Average Degree of Perosis i 2 0 4 ] 5 0 2 0 0 0

#White Plymouth Rock Chicks
##Single Comb White beghorn Chicks




Table 13.-=-EFFECT OF VAKIOUS DIETARY SUPPLEMENTS ON MORTALITY.
Experiment I-25. White Plymouth Rock Chicks

Supplement None KI lod Cas-BE
Per Cent in Diet 0.0727 0.379
Chick Group HNo. 1l 2-A 2-B 3 4-A 4-B b=-A O5=-B
Operation Thy Thy Op Un Thy Op Thy Op
2 Wks
No. Chicks - Start 9 8 8 16 8 8 8 9
No. Dead - End of 6 weeks 1 e 2 3 3 2 5 o)
Per Cent WMortalitys 10 25 25 20 40 25 65 35
Supplement Desiccated Thyroid Powder
Per Cent in Diet 0.25 0.50 1.00 2.00
Chick Group No. 6-A 6-B 7-A 7-B B8-A 8-B 8-C##B8-D## 9-A 9-B
Operation Thy Op Thy Op Thy Op Thy Op Thy Op
2 Wks2 Wks
No. Chicks - Start 10 ] 8 8 8 10 3 3 8 9
No., Died 1-3 days 1 2 1 2 1 7 - - 4 6
No. Died 3-7 days 6] 3 1 3 5 0 - - 1 3
No. Died 2nd week 1 0 - 0 1 1 - - 2 0
No. Died 3rd week 3 1 0 0 1 0 1 3 1 0
No. Dead - End of & weeks o 6 6 5 8 9 2 3 8 9
Per Cent Mortality# 50 65 75 65 100 90 656 100 100 100

#Calculated to the nearest 5 per cent

#%Thyroidectomized and opersted and started on the diet at 2 weeks of age




Table 14 .--EFFECT OF DIETARY DESICCATED THYROID OF MORTALITY.

Experiments I-27, I-29, S.C.%W. Leghorn Chicks

Experiment I-=-27

Supplement None Desiccated Thyrold Powder
Per Cent in Diet _0.0625 0.125 0.25 0.50
Chick Group No. 1-T,R 2 o] B 5 6 7 8 9 10
Operation Thy Un Thy Un Thy Un Thy Tn Thy Un
No, at Start i % 10 10 10 8 10 10 10 9 10
No. Survivors 9 10 10 9 8 10 5 10 4 6
Per Cent Mortallty: 20 0 0 10 O 0 50 0 55 25
Experiment I-29
Supplement None Desiccated Thyrold Powder
Per Cent in Diet _0.0156 0.03125 0.0625 0.125 0.25
Chick Group No. 1-T,R 2 3 5 5 6 7 8 g 10 11 12
Operation Thy Un Thg_ Un Thy Un Thy Un Thy Un Thy Un
No. at Start g b 4 4 10 7 9 7 ) 7 9 7
No. Survivors 8 7 8 i 9 7 9 6 -4 5 4 “
Per Cent Mortalil tys 10 0 10 0 10 0] 0 15 20 30 55 45

#Calculated to the nearest 5 Per Cent




Table 15.--EFFECT OF DIETARY IODINATED CASEIN ON MORTALITY.
Experiment I-29.

S.C.W,., Leghorn and White Plymouth Rock Chicks

"V _ ===

S.C.W, Leghorn Chicks

Supplement Iodinated Caseln - A Iodinated Caselin - B
Per Cent in Diet 0.008 0.016 0.04 0.08
Chick Group No. 13 14 15 16 1Y 18 19 20
Operation Thy Un Thy Un Thy Un Thy on._
No. at Start °] 7 10 7 9 7 8 7
No. Survivors £ 4 5 7 8 7 8 7
Per Cent Mortalityst 20 0 50 0 10 0 ¢} 0
White Plymouth Rock Chicks ‘
Supplement None Iodinated Casein - A
Per Cent in Diet 0,005 0.05 0.25
Chick Group No. 21 22 ed 24
Operation Un Un Un Un
Sex Male FenaleMale Femaleliale FemsleMale lemale
No. at Start 6 6 5} 8 6 6 9 )
No. Survivors 5 5 3 8 i ) 3 2
Per Cent Mortality - Sex#* 15 15 40 O 85 15 65 60
Per Cent Nortality - Diets 8 15 o0 65

#Calculated to the nearest 5 per cent




which received the three highest levels of desiccated
thyroid powder (table 13). Chicks receiving the toxic
diets died within a few days after starting the experi-
ment. The control chicks were more susceptible than
thyroldectomized chicks, and the males more susceptible
than the females.,

lThe mortelity of experiment 1-26 was negli=-
gible. One died in each of grouns l-A, 3-A, and 5-A,

In the last two experiments, desiccated thy-
rold was slightly more toxic to thyrolidectomized chicks
than to the control chicks (table 14). In experiment
I-27, 0,25 per cent desiccated thyroid in the diet was
not lethal to control chicxs, but in the last experi-
ment, 0.0625 per cent proved lethal. The tendency was
for mortality to increase with increased dosage of
desiccated thyroid. This was also true with lodinated

casein-A (table 15).

Shank Length

Analysls of sharnk length data for Leghorn
chicks shows that sverage shank length was progressively
shorter with progressive increases in amount of desic-
cated thyroid fed (table 16).

A small amount of 1odinated caseln-A resulted
in a slight increase in shenk length over that of con-
trols in White Plymouth Rock chicks. This was followed

by progressively shorter shank lengths when the amount




-

Table 16,--EFFECT OF DIETARY DESICCATED THYROID AND IODINATED CASEIMN

Experiment I-29, S8.C.W. Leghorn and White Plymouth Rock Chicks

ON SHANK LENGTH.

S.C.W. Leghorn Chicks

Supplement : None Desiccated Thyrold Powder
Per Cent in Diet 0.0156 0.03125 0.0625 0,125 0.28
Unoperated Chicks
Chick Group No. 2 < 6 8 10 12
Shank Lengths 40,1 41,7 39 .5 40,6 39.0 56,7
Body Wt. (Gms)/Shank Length 9.9 9,9 9.3 9.4 9.3 6.9
Thyroidectomized Chicks
Chick CGroup No. 1-T 1-H 3 S 7 9 11
Shank Length# 34,0 37 .4 39.1 39 .4 54,1 54,6 35.9
Body Wt. (Gms)/
Shank Length 8.5 B DD el ol 8.4 Vsl
Unoperated White Plymouth Rock Chicks_
Supplement None Iodinated Casein - A
Per Cent in Diet 0.0056 0.05 0.25
Chick Group No. 21 ce 25 24
Shank Length# 41,8 42.7 42.0 42.1
Body Wt. (Gms)/Shank Length 10.0 10.6 9.8 9.2

# Shank length in 16th of an inch. Reported as averages of males and females.




In the diet was progressively increassed.

Body Fat Content

The results of the fat analyses are presented
in table 17 and figures 5 and 6. The two lowest levels
of desiccated thyroid in the dlet in experiment I-£9
resulted in Increased adipose storage. Progressive in-
creases 1n desiccated thyroid beyond the second addi-
tion to the dlet resulted in progressive decresses in
fat content of the carcass (figure 5). A similar effect
wes observed for iodinated casein-A (figure 6). The
percentége moisture in the stored carcass samples was
gulte constant. The lowest value was 23,9 per cent
and the highest value was 3l.l1 per cent. There was

no definite trend noticed.

Liver Welght

Analysis of liver weights, either on the dry
basis or when related to body weight, feiled to show

eny consistent difference between groups.

Body Temperature

The body temperatures of chicks of experiment

I-¢5 did not differ between groups.

Vitemin Content of Livers

Table 19 and figure 7 show the effect of

deslccated thyroid feeding on liver vitamin A storage.




Teble 17.--EFFECT OF DIETAKY DESICCATED THYROID AND IODINATED CASEIN ON FAT CONTENT OF
CARCASS. Experiment I-28., S,.C.W. Leghorn and White Plymouth Rock Chicks

—_— -—
—_ -

S.C.W, Leghorn Chicks

Supplerent None Desiccated Thyroid Powder lodineted Casein - A
Per Cent in Diet 0.,0156 0,03125 0.0625 0.125 Q.28 0,008 0.016
Unoperated Chicks
Chick Group No. 2 @ 6 8 10 12 14 16
Per Cent Fat# 22.2 25.9 2340 el.1 16.7 14,2 24.6 19,2
Thyroildectomized Chicks e
Chick Group No. 1 S 5 7 9 s 12 B 13 15
Per Cent Fat# -3t e - 34t 18.1 16.4 11.4 2543 25.9

Unoperated White Plymouth Rock Chicks

Supplement None Todinated Casein - A

Per Cent in Diet 0.005 0.05 0.25
Chick Group No. 21 22 23 24
Per Cent Fats 19.2 25.5 22+.6 101

#Per cent fat in molsture-free sample
##ldentity of samples lost




Figure 5.--EFFECT OF DESICCATED THYROID FEEDING ON BODY FAT STORAGE
Experiment I-29. S5.C.W. Leghorn Chicks
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Figure 6.--EFFECT OF IODINATED CASEIN FEEDING ON BODY FAT STORAGE
> Experiment I-29. Normal White Plymouth Rocks
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Table 18.--EFFECT OF DIETARY DESICCATED THYROID AND TODINATED CASEIN ON LIVER WEIGHT.
Experiment I-29. 8,C.W. Leghorn Chicks
“LDesiceated Thyroigd Teedlng

Supplement None Desiccated Thyrold Powder

Per Cent in Diet 0.0156 0.03125 0.0625 0.125 0.25
Chick Group No. 1-T 2 3 B ) & 7 ] 10 11 ie
Operation Thy Un Thy Un Thy Un Thy Thy Un Thy Un
Survivors, Male i ) 3 6] Z ) ! 2 = 1 2
Survivors, Females 4 4 3 4 2 4 2 5 o) 2 e
Liver wt., Dry, Males S.6 4.8 8.7 3.5 3.0 0.4 S 2.9 3.2 3.0 3.5
Liver wt., Dry, Femsles 27 3.8 2.7 2.8 3.2 3.4 2.8 2.7 D2 BB 53
Av, Liver wt. (M & F) 32 4.1 29 3.2 3.1 6.4 Sal 2.8 3.8 2.8 3.9
Liver Wt.(mg)/Body Wt,(Gm)MJAl.2 10.7 7.4 7.9 B.5 9,¥ 10.7 9.l T dlel 158
Liver Wt.(mg)/Body Wt.(Gm)F.10.4 9.7 7.3 7.4 8.8 8.8 11,7 0.2 10s1 10,1 12.7
Av.Liver Wt./Body Wt.(M%F) 1.8 10.2 7.4 7.7 8.7 9.4 dd o2 9,7 B.9 10.6 13.0

Todinated Casein Feeding

Supplement Todinated Casein - Todinated Casein -
Per Cent in Diet 0.008 0,016 0.04 0.08
Chick Group No. 13 14 15 16 17 18 19 20
Operation Thy Un Thy Un Thy Un _Thy Un
Survivors, lales o & 2 4 e 4 4 4
Survivors, Females 1 6 5 5 ] 5 2 3
Liver Wt., Dry, Males 3.7 4.3 4.2 4.3 4,2 4.0 4.2 3.9
Liver Wt., Dry, Females 3.4 3.8 3.4 Gl 3.9 4.1 3.5 3.8
Av. Liver Wt. (Males and Females) et Fe) BB BT 4% A1 T.9 5.9
Liver Wt.(mg)/Body Wt. (Cm) lales 9.1 109 Q.6 9.8 9.0 9.6 31.5 9.3
Liver Wt.(mg)/Body Wt. (CGm) Females 9.9 10.2 9.9 10.1 8.3 12.0 113 956
Av. Liver Wt./Body Wt. (Males and Females) 9.5 10.5 9.8 10.0 12.2 10.8 11.4 9,5




In the control groups there was an initial rise in

liver vitamin content with small additions of desiccated
thyroid to the diet. The response of the females was
slightly greater, The maximum storage was attained
sooner by females than by males, but also declined more
rapidly and reached a lower level with progressive
additions of desiccated thyroid to the diet. 1In males,
the liver storage of vitamin A changed slowly, and wsas
less extreme. When relsted to body welght, the rela-
tionships were not changed except that the data for the
thyroldectomized males more nearly resembled that for
the females., The average carotene content did not differ
significantly between any of the groups.

The storage of riboflavin In the liver re-
sembles that for liver vitamin A (table 20, snd figure
8)s The femsles responded to less desiccated thyroid.
The initial rise in liver riboflavin storage was greater
and the decline with progressive increaeses in dietary
desiccated thyrold was more repld and reached a lower
minimum storage level than in the males. When related
to body weight, the curves for liver riboflavin storage
rise steadily, indicating that reterdation of growth
(2s messured by body weilght) 1s relatively greater than
inhibition of liver riboflevin storage.

The data for liver pantothenic acid and

nicotinic acid storage are presented in table Zl1 and




Table 19.--EFFECT OF DIETARY DESICCATED THYROID ON VITAMIN A CONTENT OF THE LIVER.

Experiment 1-28, ©8.C.W, Leghorn Chicks

—

—_—
—_— e —— —_—

Unopef;ted E.c.w. Leghorn Chicks

Supplement None Desiccated Thyroid Powder

Per Cent in Diet 0.0156 0.03125 0.0625 0.125 0.25

Chick Group No. 2 4 6 8 10 12

Survivors, MNales S 3 S 2 2 2

Survivors, Females 4 -4 4 = ) 2
International Units Vitamin A per gram Molsture-free Liver Sample

Males 87 110 62 126 102 97

Females 114 LT 102 82 73 77

Average 100 143 82 104 _ 87 87
Total Liver Vitemin A (I.U.) content per 100 grams of Body Welght

Vales 56 81 61 102 78 134

Females 110 124 90 80 73 102

Aversge 85 102 75 91 75 118

Thyroidectomized S.C.W. Leghorn Chicks

Supplement None Desiccated Thyroid Powder

Fer Cent in Diet 0.0156 0.031286 0.0625 0.125 0.25

Chick Group No. 1-T 1-R 3 5 _7 9 3 |

Survivors, Male ? 3 2 K} 4 3 2 1

Survivors, Hemale 4 1 3 2 2 5 2
International Units Vitamin A per gram Molsture-free Liver Sample i

liales 90 84 86 83 90 82 37

Females 38 87 120 154 52 68 55%

Average 64 85 103 118 71 75 46
Total Liver Vitemin A (I1.U.) Content per 100 grams of Body Weight

Males 102 83 60 67 96 b i 41

Females 39 100 83 130 62 68 36

Average 70 91 i 1 98 79 8 S8

#Cne determination only
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Figure 7.--EFFECT OF DESICCATED THYROID FEEDING ON LIVER VITAMIN A STORAGE
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Table 20.-=EFFECT OF DIKTARY DESICCATED THYROID ON RIBOFLAVIN CONTENT OF THE LIVER.
Experiment I-29., S.C.W. Leghorn Chicks
Unoperated S.C.W. Leghorn Chicks
Supplement None Desiccated Thyroid FPowder
Per Cent in Diet 0.0156 0.03128 0.0625 0.125 0.25
Chick Group No. e 4 6 8 10 12
Survivors, Males 3 3 3 2 2 2
Survivors, Females & 4 4 e 3 2
Micrograms of Riboflavin per gram Molisture-free Liver Sample
Males 61 84 613 79 90 78
Ferales 69 81 86 77 82 73
Average 65 61 67 69 76 96
Total Liver Riboflavin Content (Microgrems) per 100 grams of Body Weight
Males 65 64 653 63 69 100
Females 66 58 70 75 83 93
Average 65 61 67 69 76 96
Thyroidectomized S.C.%, Leghorn Chicks
Supplement None Desiccated Thyroid Powder
Per Cent in Diet 0.0156 0.05125 0.0625 0.125 0.25
Chick Group No. 1-T 1-E o) 5) T 9 T
Survivors, Males 1 2 K] =1 5] 2 2
Survivors, Females 4 1 3 2 2 5 2
Micrograms of Riboflavin per gram lioisture-free Liver Sample
Males 56 1S 74 75 74 81 87
Femeles 58x% 54 85 69 61 65 7 stk
Average o7 54 79 71 67 73 79
Total Liver Riboflavin Content (Micrograms) per 100 grams of Body Weight
Males 65 54 53 62 78 77 o7
Females o7 %3t 63 62 60 Te 66 57 3t
Average 60 o8 57 61 75 71 A

#Three determinatl ons,

3=:Two determinations. ###0ne determinaetion.




Figure 8.--EFFECT OF DESICCATED THYROID FEEDING ON LIVER RIBOFLAVIN STORAGE
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Table 21 .-=EFFECT OF DIETARY DESICCATED THYROID ON PANTOTHENIC ACID AND NICOTINIC ACID
CONTENT OF THE LIVER. Experiment I-29. S.C.W. Leghorn Chicks

Supplement None Desiccated Thyroid Powder

Per Cent in Diet 0.0156 0.,05128 0.0625 0.125 0.25

Chick Group No. 1-T 1-K -] S 4 © 6 7 8 9 10 11 12

Qpe ration Thy Reg Un Thy Un Thy Un Thy Un Thy Un Thy Un

Survivors, HMales 1 2 S 3 3 e ) 3 2 2 2 1 2

Survivors, Females o 1 & ) = 2 4 2 o 5 3 2 2
Micrograms of Pantothenic Acid per gram of liolsture-free Liver Sample

Meles 237 395 287 345 382 598 372 355 872 505 314 577 284

Females 256% 352 256 431 502 350 382X 311 284 392 275 359% 303

Average 246 373 271 388 442 374 377 323 328 348 299 368 293
Micrograms of Nicotinic Acid per gram of Moisture-free Liver Sample

Meles 356 411 465 490 507 447 511 440 455 476 519 502 541

I'emales 395% 432 506 509 506 422 607X 416 443 436 459 478% 290

Average 275 421 485 499 506 434 559 428 449 456 489 490 415

#Two determinations
xThree determinations
z0ne determination
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figure 9. by comparing the curves of figures 8 and 9
it appears .that the effects of desiccated thyrold feed-
ing on llver storage of nicotinic acid and pantothenic
acid were similar to the effects on liver storage of

riboflevin,

Thyrold Response

Thyrold response to the feeding of deslccated
thyroid and iodinated casein is shown In tables 22 to
26, figures 10 to 14, and plates IV and V,

When thyroid weight in milligrams, and thyroid
welght in milligrams per 100 grams of body weight were
plotted against dosage of desiccated thyroid given in
experiment I-27 the resultant curves rapidly decline for
the first two dosage levels (figure 10). Beyond 0,125
per cent in the diet the decline ié negligible.

Figures 1l and 12 are presented as a critical
anelysis of the relative merit of the various thyroid
measurements employed In experiment I-2Y and summarized
in tebles 25, 24, and 25. In plotting the curves each
series of absolute values was converted to a new series
in which the value for the bssal group was 10 in each
case, In so doing, & given constant was used for each
series, Thls procedure facillitated critical comparison
of the various measurements.

Upon exemination of these two sets of curves

it 1is apparent that 0.0625 per cent desiccated thyrold




in the diet inhibited thyroid development and activity
as much 2s any greater amount. It is also aspparent that
0.0625 per cent desiccated thyroid in the diet inhibited
the actlivity of the thyroid sufficlently so that the
various measurements were spproximately eocual to those
of a day-old chick thyroid. Any amount of desiccated
thyrold powder less than 0.0625 per cent in the diet

was Insufficlent tomeet the demends of the chick for
thyroid substance (presumably for thyroxine) and the
glend became sufficiently active to make up the defi-
clency.

All the thyroid measurements taken showed an
elmost arithmetical 1n§erse relationship to dosasze in
the diet up to 0.05%125 per cent. The sum of the width
and length of the thyroid gland was inversely propor-
tlonal to the amount of desiccated thyroid in the dilet
up to 0.0625 per cent (figures 11-13), This relation-
ship 1s discussed below. The product of width and
length of the thyroid gland showed an inverse logarith-
mic relationship to the percentege of desiccated thy-
roid in the diet up to 0.0625 per cent (figure 14).
Thyroid welght, follicle volume, and summetion of
follicle diameters were all logarithmically related to
the amount of desiccated thyroid in the diet, up to
0,03125 per cent. Thyroid welight was not considered

to be relisble as a method of assay for thyroxine acti-




vity since the higher levels of feeding resulted in
considerable invasion of the thyroid, and displacement
of thyroid follicles, by what appeared to be non=-thyroid
tissue. This condition is illustrated in plste V,
number 6.
lhe curve of figure 13 relating dosage of
desiccated thyrold to the sum of the width end length
of the thyroid was plotted directly from table 24.
Using the values 1in table 26, the relative potency of
the unknown iocdinated casein products can be estimated
by extrapolstion. Through this procedure the values of
Weight plus Length for pens 14 and 16 (4.08 and 3.42
respectively) are found to correspond to approximetely
O0.021 and approximately 0.042 per cent desiccated thy-
rold powder elong the horizontal axls. Doubling the
amount of lodinated casein-A in the diet had exactly
the same effect as doubling the aﬁount of desiccated
thyroicé, and 0.008 per cent iodinated casein-A had
thyroxine potency equal to 0.021 per cent desiccated
thyroid powder. 1In relative terms, the iodinated
casein-A assayed a little more than 2.5 times the
potency of desiccated thyroid. This does not agree
with the estimate of potency furnished with the product,
i.e. five to ten times that of desiccated thyroid powder.
By & similar process of extrapolation,

fiodinated casein-B is found to have epproximately three




times the potency of desiccated thyroid at the 0.04
per cent level and only 1.7 times the potency of desic-
cated thyrold at the 0.08 per cent level, However,
the greater amount of the product necesslitates extra-
polation from the lower portion of the curve which may
not be within the most sensitive range. Furthermore,
the value for the response of the thyrold is derived
from‘males only.

Plates IV and V are included to illustrate
the inhibition of activity of the thyroid gland by feed-
ing thyroactive substences. The relationship b etween
the amount of thyroactive substence in the diet and the
degree of activity of the thyroid gland is readily
spparent. Feeding desiccated thyrold at 0.0€25 per
cent or more in the dilet prevents activity of the gland,
but does not depress 1t below the state of activity

of the thyroid of a day-old chick,

Long Time Effects of Thyroidectomy

Thyroidectomized chicks from experiments
I-25 and I-26 grew to maturity and produced eggs.
Severel chicks were hatched from eggs produced by one
of these females. Plate VI shows the characteristics of
completely thyroidectomized adult chickens from which
the glands were removed at one to three days of age.
The feathers were extremely long and narrow, and there

was complete lack of development of secondary sexual




Table 22.-=-EFFECT F DIETARY DESICCATED THYROID ON THYROID WEIGHT.
Experiment I-27, S.C.W, Leghorn Chicks

—

S.C.Wi, Leghorn Chicks

Supplement None Desiccated Thyrold Powder

Per Cent in Diet 0.0625 0.125 0.25 0.50
Chick Group No. 2 < 6 8 10

Survivors, Males S “ = “ 1

Survivors, Females 5 5] “ 4 3

Thyrold Weight in Millilgrams#

Meles 44,2 1743 135 13.9 6.2

Females 35,9 21l.1 1z.1 20 .3 9.7

Average 40.0 s 2 12.8 15 ! 79
Milligrams Thyroild Welght per Kilogram of Body Weilght

Males 107 52 42 39 5 1

Females 110 68 42 71 35

Average 109 60 42 55 27

s#Average for left thyrolds plus average for right thyrolds




Figure 10.--EFFECT OF DESICCATED THYROID FEEDING ON THYROID WEIGHT
Experiment I-27
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Table 23,--THYROID WEIGHT AND IODINE ANALYSIS.
Experiment I-29

Desiccated Thyroid Feeding

Supplement None Desiccated Thyroid FPowder

Per Cent in Diet Day-o0ld 0.0156 0.03125 0.0625 0.125 0.25
Chick Group No. Chicks 2 “ 6 8 10 12

. Thyroid Weight
No. Thy.Incl,,Male 15 2 1 2 1 1 1
No. Thy.Incl.,Fem. ) 2 4 2 i i § it
Aversge Thyroid Welght (milligrams)s
Males 1.2 11.6 6.5 3¢5 2.6 2.8 2.8
Females 1.2 10.6 8.6 4.1 3.3 249 2.6
Averages# 2.4 22.2 15.1 74 5.9 5.3 5.4
Milligrams Thyroid Welght per Kilogram Body Weighties
Males 37 .5 60.0 1.0 19.9 15.0 15.6 19.6
Females 4.5 58.8 44,4 19.5 15.2 15+6 22.6
Averageit 62.0 59.4 375 197 14,1 14,6 2l:1
Thyroid lodine
No. Thy.lncl,,Male ] ) 3 2 e 2
No. Thy.Incl.,Fem. 4 4 4 4 3 1
Todine Content of Thyrolids (mlcrograms )it

Males 11,2 4.1 1.4 0.9 1.6 1.5
Females 6.0 5.3 2.0 1.4 1,2 29
Average#iti 12 9,4 3.4 T 2.8 4,4

¥Left Thyroid only. 1lhe average weights for males and for the females were added to-
gether and the resultant value taken as an estimate of the average welight of two glands.,
#xCalculeted from weight of left thyrold only for the two sexes. Average values for
males snd for females added end the resultant value taken as &an estimate for the average
of two glands.

##%Right thyroid only. The averages for the two sexes added together and the resultant
value taken as an estimate for the value of two glands.




Table 24,--THYROID HISTOLOGICAL ANALYSES#
Experiment I-295

Desiccated Tﬁﬁroid_ﬁéédiﬂg

Supplement None Desiccated Thyrold Powder

Per Cent in Diet Day=-o0ld 0.0156 C©,03125 0.0625 0.125 0.25

Chick Group No. Chicks 2 -4 6 8 10 12

No.Thy.Incl.,¥ale 15 2 2 2 2 2 2

No.Thy.Incl,.,Fem, 9 3 4 3 3 1 1
Width plus Length of Thyroid (millimeters) i %

W 4+ L, Male 2.42 4,80 3.80 S5.40 2.37 3.77 3.80

W 4 L, Female 2.58 4,70 4,62 4,10 3«17 5.00 3.00

W 4 L, Average 2.50 4,75 4.21 3475 P o P 35.58 340

i Width times Lengtn of Thyroid (millimeters)

W x L, Male 1.45 O.29 .24 2.54 1.08 Denl 2.76

W x L, Female 1.64 5.19 4,90 5.58 2.01 2.21 2.00

W x L, Average 1.54 Dsor 4,07 J.06 1.79 2 ecd 2.98

Summation of the Diameters of hleven Largest Follicles (microns)

D, Male 526 811 626 92 474 405 532

D, Female 479 1063 832 557 504 517 396

D, Average 502 957 729 574 489 461 464
"~ _Thyroid Volume (x 1000 cubic microns)##

Volume, Male o7 210 97 8l 4 26 59

Volume, Female 43 474 g 68 50 54 29

Volume, Aversage 50 342 162 74 46 40 44

#Measurements obtalned from largest cross sectional area of serially sectioned thyrolds,

##Calculated from sex averages of follicle diameter according to the formula:

(zD s
11 6




Figure 1l.--EFFECT OF DIETARY DESICCATED THYROID ON VARIOUS THYROID MEASUREMENTS
Experiment I-29. S. C. W, Leghorn Chicks.
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PLATE IV

The effect of diefary iodinated casein on the histo-
logy of the thyroid gland of White Plymouth Rock
chicks., '

Experiment I-229. The chicks were six weeks old and
had received the experimental diets
from hatching time.
vagnification -- 300 diameters.

l. Group 21, Basal diet.
Epithelium tall and active.
Maximum follicle diameter.

2, Croup 22. 0,005 per cent lodinated
casein-A 1in the diet.
Increased collold storage.
Epithelium low; decreased asctivity.
Some reduction in folllcle dlameters.

3. Group 23. 0.05 per cent iodinated

casein-A in the dlet.

Colloid storage about equal to that in a
day-old-chick thyroid.

Epithelium very low; inactlve.

Greatly reduced folllcle diameter.
Follicle diameter epproximately ecual
to that of & day-old-chick thyrold.

4, Oroup 24. 0,025 per cent iodlnated

casein-A in the dlet.

Colloid storage about equal to that 1n
a day-old-chick thyroid.

Epithelium very low; inactive.

Greatly reduced follicle diameter,
Follicle diameter approximstely ecual
to that of a day-old-chick thyrold.

: }JRRAPY
OLORADO STATE COLLEGE OF A & M. A

FORT GCOLLINSE GOLORADA
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PLATE V

The effect of desiccated thyroid powder on the histo-
logy of the thyrold gland of Single Comb White Leghorn

chlicks.

Experiment 1-209. The chicks were six weeks old and had

1.

€

recelved the experimental diets from
hatehing time.

Group 2. Basal diet.

Magnification -- 300 diameters.

Maximum follicle dilameters.

Maximum height of epithelium and glandular
activity.

Moderate colloid storage.

Group 4. 0.0156 per cent desiccated thyroid
powder in the diet, '

lViagnification -- 500 diameters.

Reduced follicle dismeters.

Reduced height of eplthelium and glandular
activity.

Group 6. 0.031285 per cent desiccated thy-
rold powder in the diet.

Magnification =- 300 diameters.

Further reduction in follicle diameters.

Further reduction in height of epithelium
and glandular activity.

Group 8. 0.0€25 per cent desicecated thyrold
powder in the dlet.

Magnification -- 300 diametérs.

Very little sdditional reduction in follicle
diameters. Tollicle dismeters approxi-
mately equal to those of the day-old
chick.

Very little additional reduction in height
of eplthelium and glandular activity.

Day-0ld chick.
Magnification -- 300 diameters.,

Group 22. 0.005 per cent iodinated casein-A
in the diet.

Magnification -- BO diasmeters.

Non-thyrold tissue (appearing dark) dis-
persed throughout the gland.







Table 25.,--THE RELATIONSHIP BETWEEN BODY WEIGHT AND THYROID HISTOLOGICAL ANALYSES.

Experiment 1-29

e e e e ——————————=

Desiccated Thyroid Feeding

Supplement None Desiccated Thyroid Powder
Per Cent in Diet Day-old 0.0156 0.03125 0.0625 0.125 0.25
Chick Group No. Chicks 2 4 6 8 3.0 12
No.Thy.Incl,,VMale 15 2 2 2 2 2 2
No.Thy.Incl.,Fem. 9 3 A 3 5 1 1
Width x Length (microns) / Body Vieight (Grams)
WL/B. Wt., Males 42.5 13.6 7D 76 2.8 5,5 11,2
WL/B. Wt., Females 47 .5 14,5 12,7 9.5 6.1 6.9 Bo7
WL/B., Wit., Average 45.0 14,1 16051 8.6 4,4 6.2 10.0
Summation Diameters (microns) / Body Weight (Grams)
~D/B. Wt.,Males 1,48 210 1.39 1.820 A S 0.97 Celd
rD/B. Wt.,Females 1,56 2.94 2516 1.44 B £ 1 1:641 15l
sD/B. Wt.,Average 1.52 2.52 20T 1.62 Lol 1.29 1.92
o Follicle Volume (cubic microns) / Body Veight (Grams)
Vol./B.Wt. , lales 1580 525 229 235 98 65 258
Vol,/B.¥Wt,,Females 1300 1210 596 175 128 17 111
Vol./B.Wt.,Average 1440 868 408 205 113 327 176

For method of obtaining measurements see table 24,




Flgure 12.--EFFECT OF DIETARY DESICCATED THYROID ON RELATIONSHIP OF
VARIOUS THYROID MFASUREMENTS TO BODY WEIGHT

Experiment I-29. S. C. W. Leghorn Chicks.
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Sum of Width Plus Length (mm) of Largest Cross-

Section of Thyrold

Figure 13 ,~-=-EFFECT OF DESICCATED THYROID FEEDING ON SUM¥ OF WIDTH AND LENGTH
OF LARGEST CROSS SECTION OF THYROID. Arithmetic Relationship.
5.0r -Experiment I-29
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Figure 14.--EFFECT OF DESICCATED THYROID FEEDING ON
FRODUCT OF WIDTH AND LENGTH OF

hyroid

of Largest Cross Section of T

Logarithm of Product of Width and Length (mm)

T%O@ OF THYROID, Logaritimic Relationship.
Experiment .-29
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Table 26,.,--TEYRO1D HISTOLOGICAL ANALYSES#
Experiment 1-29

Iodinated Casein Feeding

Supplement . Iodinated Casein - A Todinated Casein = B
Per Cent in Diet 0.008 0.016 0.04 0.08
Chick Group_ lo. ; 14 16 18 20 _
No. Thyroids Incl., Male F 1 4 3
No., Thyroids Incl., Female 5 2 3 0
Width plus Length of Thyroid (millimeters) e
W ¢ L, Nale 4,45 S.60 4,07 3437
W + L, l‘jemale 3.72 3.25 4.57 -
W 4+ L, Average N 4,08 - S.42 4,352 3457
Width times Length of Thyroid (Sg. mm.)
W x L, Kale 4,27 3.08 3.63 2.60
W x L, Female 322 2,04 5.0¢ -
W x L, Average D74 2.56 4,36 2. 60
Summation of the Diameters of Ekleven Largest rollicles (microns)
=D, Male 615 595 832 59%7
=D, Female 616 452 843 -
D, Average 615 523 B33 597

sleasurements obtained from largest cross sectional area of the serlislly sectloned
thyroid.
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PLATE VI

The effect of complete thyroidectomy at one to
three days of sge on subsequent mature characterisd
tics.

Typlcal condition of bird suffering from fowl
paralysis.

1.

Experiment I-25., White Plymouth Rocks.

A, Completely thyroidectomized at one day

of age.

Long, narrow, silky feathers.

Low hanglng abdomen.

Secondary sex characteristics un-
developed.

The chicken was laying eggs at the time
the photogrsph was taken.

B. Control chicken.
Larger In size,
Secondary sex characteristics developed.
The chicken was laying eggs at the
time the photograph was taken.

Experiment I-26., Single Comb White Leghorns.

A. Control chicken.
Larger in size.
Secondary sex characteristics well
developed.
The chicken was laying eggs at the time
the photograph was taken.

B, Completely thyroidectomized at one day of

age.

Smeller in size,

Long, narrow, silky feathers.

Secondary sex characteristics unde-
veloped.

The chicken wsas laying eggs at the time
the photograph was taken.

Single.Comb White Leghorns.

Typical fowl peralysis condition. Note
that one leg 1s thrust forward. The other
leg was drawn up under the bird. The
chicken was unable to use either leg.
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characteristics, even though the ovaries were active.
llacroscopic gxaminatiOn was considered adequate to
demonstrate the absence of thyroid tissue in these
birds, because of the long period of thyroidectomy.
Such & long period of thyroidectomy should have been
sufficient stimulus to cause thyroid regeneration of
considerable magnitude in any chicken with thyroid

tissue remaining.

The Effect of Thyroactive Substances on Fowl Paralysis

During the course of these studies, a number
of chickens, suffering from range paralysis were treated
with thyroactive substances administered in small cap-
sules. Various stages of peralysis were observed, from
slight 1limping to complete disability. One or both
lezs were parelyzed and in some cases, the wings also.

A typical bird used for these studies is shown in

teble VI (figure 3). The diseased chickens were usually
received several at a time. The procedure was to des-
troy and examine a representative paraslyzed bird from
each lot recelved, to maintain a less severaly affected
bird in the ceapge without treatment, and to treat the
remainder with desiccated thyroid or iodinated casein.,

The 28 birds for which the records were
complete were classified into three groups. Eight
were killed for autopsy records, five controls received

no treatment, and 15 were treated., Two treated birds




showed no recovery whatever. Three treated birds
showea partial recovery, but never appeared normal,
and eventually dled. Four recovered temporarily and
appeared normal, but eventually developed paralysis
again and died., Five appeared to recover completely,
Treated chickens were conslidered as partielly re-
covered if they improved sufficiently to get up and
stand on thelr feet again. Temporarily recovered
birds improved to the point where they appeared
normal, end administration of thyroactive substances

was discontinued. After a period of several weeks

these birds again developed paralysis without recovery.

Both pertially and temporarily recovered chickens failed

to respond to trestment the second time. Circumstances

made it necessary to discontinue observation of the
spperently completely recovered bircds after several

month s,




DISCUSSION

The results of this study largely confirm
those obtained by other workers in this field. The
failure of CGreenwood znd Blyth (1928-29) to observe any
deleterious effects on growth and development probably
means that their chicks were incompletely thyroidecto-
mized. All through the present investigation thyrold
tissue, even in very small amounts, tended to restore to
normal 8ll the characteristics studied.

When the results obtalned by feeding potassium
jodide are compared with the results obtained by feeding
thyroactive casein it is apparent that the thyroldless
chick is able to synthesize little, if any, thyroxine
from elemental iodine.

Thyroidectomy greatly retarded growth s
measured by both body weight and shenk lengtn. The
data on efficlency of gain are conflicting. The analy-
ses of fat were not obtained for unsupplemented thy-
roidectomized chiéks, but examination by handling the
chicks seemed to indicate, as also reported by other
workers, that fat deposition was increased. At six
weeks of asge body weight of thyroidectomized chicks was

not restored to normal by any of the amounts of desic-




cated thyrold fed in the lest two experiments. A very
small addition of desiccated thyroid to fhe diet of
thyroidectomlzed chicks resulted in a marked improvement
of growth, but increased thyrold feeding resulted 1n
lower body welghts than the maximum attained by chicks
receiving the most nearly optimum amount. This fact
serves as an argument in favor of the view that admini-
stration of dried thyrold gland to thyroldectomlzed
chicks does not entirely replace the thyrold function
when compared with the intaect chick,

The lower body weight of unsupplemented thy-
roidectomized chicks was undoubtedly due to arrested
skeletal development (shortened shank length) with co-
incidental reduction in total body protein, because the
thyroldectomized chicks were well fleshed and appeared
fat on handling. On the other hand, the lower body
welght which resulted from feeding thyroactive sub-
steances to the thyroldectomized as well as to the con-
trol chicks, was due largely to less adipose storage.
Retarded skeletal development was a contributing factor
in lower body weight only when large doses of desiccated
thyrold were given. This is evidenced by the fact
thet the decline in adipose storage paralleled the de-
cline in body welght, whereas, only the extremely high
additions of thyrosctive substances had a marked inhi-

bitory action on skeletal development as measured by




shank length. Lower efficiency of gain, which re-
sulted from thyroid feeding, was probably due to less
fat storage since the two results were closely pesrallel.
Protein and ash content of the molsture-free carcasé
were not determined but the sum of these two components
must necessarily change inversely with the change in fat
content of dried samples.

Growth of control chicks was retarded by
0.125 per cent desiccated thyroid in the diet in both
of the last two experiments. The next lower addition
in experiment I-29 (0.0625 per cent) did not result in
lower body weight of control chicks. Shank length,
efficiericy of gein, end fat storage were less In chicks
receiving 0.0625 and 0,031Z25 pef cent desiccated thyroid
in the diet than in control chicks. It seems that the
maximum amount that may safely be given is probably
somewhere between 0.,0156 and 0.03125 per cent in the
diet of Single Comb White Leghorn chipks. It is impor-
tant to note that normal chicks receiving the same amount
of desiccated thyrold in the diet (e.g. 0.25 per cent)
attained much lower body welght than controls in the
last experiment (table 4), but only slightly lower than
controls in the previous experiments (tables 1, 2, and
3)e This variati on may be due to seasonal influences.

Development of feathers was very markedly

inhibited by thyroid removel which confirms the work of




others. The inhibition was greater in the slow
feathered, heavy breed (White Plymouth Rock), than in
the lighter breed (Single Comb White Leghorn). It is
significant that the growth of wing and tall feathers
was not greatly inhibited in Single Comb White Leghorn
chicks., These feathers begin to develop soon after
hatching and this may mean thet thyrold removel exerts
its influence early in the differentiation and develop-
ment of the feather. Since completely thyroidectomized
chicks eventuelly develop feathers of silky nature
(plate VI), and since feeding thyroactive substances
speeds up feather develooment (plate V), (Hutt, 1927),
the deleterious effect of thyroid removal must exert
itself by slowing up cellular activity in the feather
follicle. Further evidence for this lies in the fact
that thyroid removal at two weeks of age appears to
arrest feather development in the pinfeather stage.
Feeding thyroactive substances markedly im-
proved feather development of normal White Plymouth
Rock chicks (plate II) but the fesather condition of
Single Comb White Leghorn chicks was very good without
treatment, so there was little chance for improvement.
The least amount of desiccated thyroid fed to thyrolid-
ectomized chicks (0.0156 per cent) was sufficient to
cause feather® development comparable to that of control

chicks (plate III1),
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The minimum emount of desiccated thyroid
necessary in the diet of thyroidectomlzed Single Comb
dhite Leghorn chicks to restore feather condition to
normal did not exceed 0.0156 per cent.

When 0,005 per cent iodinated casein-A was
added to the dlet of normal White Plymouth Rock chicks,
the feather condition was greatly improved. Body weight]
shank length, fat storage, .and efficiency of gein were
also increased. Chicks receiving ten times this amount
had nearly perfect feather condition but the values for
body welght, shank length, fat storage, snd efficiency
of gain were lower than the values for controls. The
optimam amount must lie somewhere between 0.005 and 0.05
per cent. This product had approximately 2.5 times
the activity of desiccated thyrold powder, according
to the assay employed in this investigation. ©On this
basis the amount of desiccated thyronid in the diet
which would csuse optimum feather condition, without
resulting in body welght, efficiency of gain, skeletal
size, or fat storage lower than normal lies somewhere
between 0.002 and 0.02 per cent for White Plymouth Rock
chicks. This agrees cuite well with the estimate for
Single Comb White Leghorn chicks, 1.e., 0.0156 to
0.,03125 per cent. The estimate is much lower than the
amount (0.08 per cent) which Irwin et. al. (1943) re-

ported as causing slight increase in body weight of
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Barred HRock chicks, or the amounts (0.025 per cent and
0.050 per cent) which Parker (1943) reported as causing
greater gains in Rhode Island Red chicks., The maximum
value compares favorably with the smount (0.0l per cent)
reported by Turner et. al. (1944) as causing body weight
lower than controlchicks to 12 weeks of age in Barred
Rock cockerals. In all three reports referred to above,
the products used were reported to contain approxi-
mately ten times the thyroxine activity of desiccated
thyroid powder. In contrest to the results with iodi-
nated casein-A, iodinated casein-B (potency approximately|
equal to desiccated thyroid) failed to influence body
weight of normel White Plymouth Rock chicks when given
at 0,379 per cent in the diet. This value compares
favorably with the results of other workers.

The discrepancy between the chick responses
to thyroactive substances obteined in this study and
those obtda ned by other workers mey have been due to
environmental differences, or to inherent differences
in the chicks used. A third possibility is that syn-
thetic thyroactive substances may vary in their effec-
tiveness for chicks, In eany case, the necessity for
caution in feeding thyroactive substances 1s evident,
and the need for a chick assay for thyroactive substan-
ces intended for poultry feeding is emphasized.

This work and thet of previous workers




indicates that the amount of thyroid hormone necessary
for optimum feather condition is not the same &s the
amount necessary for optimum growth, efficiency of gain,
and fat storage. The work alsc indicates that feather
condition, but not body welght, of thyroidectomized
chicks can be restored to normal by feeding thyroasctive
substances in the diet,

Thyrold insufficlency favors the development
of mineral and, or, vitamin deficiency symptoms (inclu-
ding perosis and dermstosis). The actlion may be through
interference with vitamin utllization, since the liver
storage was not lowered by thyrovidectomy, and addlitions
of vitamins to the diet did not prevent the deficiency
symptoms, whereas additions of thyroactive substances
did.

The 1incidence end degree of perosis and derma-
tosls were culte high among the unsupplemented thyrold-
ectomized chicks in the earlier experiments but not so
great in lseter experiments. Vitamin deficlency symptoms
failed to dévelop except in the exploratory experiments
and in experiment I-25. A probable explanation for this
is the change in season of the year. The later experi-
ments were carried out in warmer weather and the re-
quirement for thyroid hormone may not have been as great
during this time. Ring (1942) showed that the activity

of the thyroid is stimulated by cold. This contention




is also supported by Koger's and Turner's work (1943),
showing that non-toxic doses of thyroactive substances
may become toxic with arrival of warm weather. The
perosis condition may have been due to disturbed man-
ganese metabollsm. The intact thyrold stores large
amounts of manganese as well as 1lodine (Ray and Deysach,
1242).

Body temperature was not affected either by
thyrold removal, or by feeding thyroactive substances,
at least not sufficiently to be detected by rectal de-
terminations. Completely thyroldectomized chickens
which were reared to meturity were unable to survive
severe winter weather and a heating unit‘had to be fur-
ni shed to keep the mature birds alive. This can be
viewed ss evidence that the thyroid hormone is an im-
portant factor in the produetién of body heat.

Feeding large doses of desiccated thyroid did
not cause observaeble vitamin deficiency symptoms in
this investigastion. This was probably because there
was an adeguate supply of vitamins in the diet to meet
any increase in demand thst may have resulted from thy-
roid feeding. Un the other hand, large doses seemed
to cause & 8light decresse in the vitamin A content of
the liver.

Contrary to the ms jority of evidence as

guoted by Drill (1943), the present study indicates
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that carotene 1s converted to vitamin A in the absence
of the thyroid gland. The unsupplemented, thyroidec-
tomized chicks were able to store about the same amount
of vitamin A in the liver as were the normal control
chicks receiving the same diet. This is very important
because the vitamin A actlvity of the diet was due almost
entirely to carotene; approximetely 2.5 International
Units of vitamin A per 100 grams of dlet were supplied
by the dried 5uttermilk and meat and bone scresp. The
carotene content of the liver of thyroldless chicks

did not exceed the liver content in control chicks.,

This was true in the unsupplemented group and 1n the
groups receiving thyroid substance. Schnelder and
Widman (cited by Drill, 1943), on the other hand, found
that thyroxine administration to thyroidectomized guinea
pigs increased the hepatic storage of both carotene and
vitemin A,

Thyroid hormone seems to hesve some influence
on storage of vitemin A or upon the conversion of caro-
tene to vitamin A because small asdditions of desiccated
thyrold to the diet increased the liver storage of
vitemin A in both thyroidectomized and control chicks,

The hepatic storage of the water soluble
vitamins was affected by thyroidectomy and mild thyroid
feeding in a manner similar to vitamin A, except thet

the -highest dietary levels of deslccated thyrold did
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not lower the liver storage greatly. This does not
agree with previous evidence as guoted by Drill (1943),
that hepatic storage of certain other water soluble
vitamins (i.e. By and C) is reduced by hyperthyrsidism.

There was a sex difference in resoonse to
desiccated thyroid feeding in the present study which
confirms the report by Drill (1243). The liver vitamin
storage indicated thet the females were more sensitive
to thyroactive substances. This i1s evidenced by their
duicker resvonse, as shown by the more repid initisl
rise In liver vitamin content followed by a more rgpid
and greater decline. Evidently females are more sensi=-
tive then males to smell doses of desiccated thyrold
but are more able to tolerate excesslive amounts of thy-
rold substance since male chicks were killed sooner
than females by toxic dietery levels (experiment I-25).
Trwin et. al. (1943), however, found evidence that fe-
males were more sensitive to high levels of thyroactive
iodocasein.

The close azreement between the various thy-
roid measurements indicates that 0.0625 per cent desic-
cated thyroid in the diet is under the conditions of the
experiment, & rellable estimate of the amount necessary
to prevent sctivity of the thyroid gland in the develop-
ing chick, The lowest level of lodinated casein used

by Irwin et, al. (1943) (approximately 0.01 per cent)




caused nearly meximum depression of thyroid welght.
On the basis of reported thyroxine activity, that amount
was spproximetely equal to 0.10 per cent desiccated thy-
roid; almost twice the value reported here. This 1s
fairly good agreement since an amount less than 0.01
per cent might also have caused maximum depression of
thyroid weight., Moreover, the blological activity of
the product may have been much less for chickens than
the activity reported.

The amount of thyroxine released dally by
the chick thyrold gland did not exceed the amount ob-
tained throwh the deily consumption of & diet contain-
ing 0.0625 per cent desiccated thyroid. &Kven this
estimate 1s probably too hizh since the optimum amount
of desiccated thyrold that could be added to the diet
was estimated earlier to be between 0.0156 and 0,03125
per cent (page 116). According to the USP standards,
0.0625 per cent desiccated thyrold would supply appro-
ximately 1250 parts per billion of lodine to the dlet
in the form of thyroxine. Theoretically then, the maxi-
mum amount of i1odine required in the diet of Single
Comb White Leghorn chicks the first six weeks of age
is not over 1250 parts per billion. This agrees very
well with the estimate of 1000 parts per billion of
iodine in the dlet sugcested by Wilgus(1941) as the

iodine requirement of growing chickens., The reliability
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of the estimate in this investigetion depends upon the
assumption that the amount of dletary iodine absorbed
and converted to thyroxine would be approximetely equal
to the amount of iodine contained in the thyroxine ab-
sorbed from the dlet containing 0.0625 per cent desic-
cated thyroid powder.

The thyrold measurements used sppear to offer
a means of assaylng synthetic thyroactive proteins for
thyroxine activity. PFurther work should be done to
establish the most rel lable thyroid measure for assay
and the most accurate range of thyroxine administration
to establish & standard curve of resoonse. Ffure thy-
roxine should b; used to determine the loss in sctivity
to be exected by oral administration. The efficacy of
reducing the feeding period should be determined and
assay of unknown products by injection, instead of oral
administration, should also be lnvestigated.

The thyroxine activity of lodinated caséin-A
as determined in this study 1s approximestely half the
potency estimeted by the producers, The potency esti=-
mated for 1odinated casein-B agrees quite well with the
estimste of the producer. It is guite possible that the
ultimate effect of synthetlic products may be different
in chickens than in tadpoles or gulnea pigs. If this
is so, & chick sssay procedure would be valuasble as a

gulide to dosage of thyroactive protein since the use of




these substances in poultry rations may be advocated
in the future.

The fallure of development of secondary sexual
cherescteristics in thyroldectomized females, in which
the ovaries were active, agrees with the report by
Greenwood and Chu (1939). This observation 1s signifi-
cant because it shows that thyrold hormone 1is necessary
for the production of the female sex hormone, as con-
cluded by Greenwood and Chu (1939), or for the female
sex hormone to exert its influence on these cheracteris-
tics,

The apperent beneficlal effect of thyroactive
substances on fowl parelysis should be thoroughly in-
vestigated. Fowl peralysis is one of the hitherto
incufable diseases of poultry and is considered one of

the most serious from an economlc standpoint.




SUMMARY AND CONCLUSIONS

A technicue for removing the thyroids from
day-old chicks is described and some of the advantages
are discussed.

Thyroid removal from chicks one to three days
old caused typical vitamin deficiency symptoms in the
experiments carried out during the winter months, Thy-
roidectomy in chicks one to three days o0ld also resulted
in lower body weight and shorter shank length than
normal , and inrhibited or markedly retarded, feather de-
velopment.

The liver content of vitamin A, riboflavin,
pantothenic acid, nicotinic acid, and total dry matter
was elther unaffected or very slightly.lower than normel
in unsupplemented thyroidectomized chlicks over the first
six weeks of age.

Addition of yeast and sardine oil to the diet
of thyroidectomized chicks failed to counteract the
effects of thyroidectomy.

Addition of massive doses of potassium iodide
to the diet of dams, or thyroidectomized chicks falled
to counteract the subsequent effects of thyroldectomy

in chicks one to three days old.
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Addition of small doses of thyroactive
iodinated casein, or of desiccated thyrold, counteracted
completely the effects of thyroldectomy on a1l charac-
teristics studled except body weight. The effectiveness
was dependent upon the thyroxine content and not upon
the iodine content.

lodinated casein and desiccated thyroid, when
added on an eqgual thyroxl ne actiyity basis, did not con-
sistently cause the same response when different experi-
ments were compared or when the products were compsared
with each other in the same experiment,.

Progressive increase in the amount of desic-
cated thyrold in the diet of growing thyroidectomized
and control chicks éaused progressive decrease in the
measurements of body weight, efficiency of gain, adipose
storage in the carcass, and liver storage of vitamin A.
In nearly every instance, the decrease was preceded by
an increase with very . small additions to the dlet,

Both thyrolidectomized and control chicks re-
ceiving very smell amounts of desiccated thyroid in the
diet stored more vitamin A, riboflavin, nicotinic acild,
and pantothenic acid than dld respectlve chicks rec?iv-
ing the basal diet. In most cases the initial increase
in liver storage resulting from small additions of desli-
ccated thyroid was followed by rapid decrease with suc-

cesively greater additions.
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Feather condlition in thyroidectomized Single
Comb White Leghorn chicks was restored to normal by as
little as 0,0156 per cent desiccated thyroid in the
diet. As little as 0.05 per cent of an iodineted casein
product in the diet of normal White Plymouth Rock chicks
resulted in excellent feather conditlon. According to
the estimate of the producers this was equivalent to
0.25 per cent or more of deslccated thyroid, but accord-
ing to the assay employed in this investigation, thls
amount waes only equal to about 0.02 per cent of desic-
cated thyroid in the diet.

A method of sssay for thyroxine potency of
thyroactive substences 1s proposed and discussed. The
method 1s based upon the response of the chick thyroid
to thyroactive substances included iIn the diet. The
activity of the gland 1s determined by the evaluation
of width armd length of the whole gland and dlameter of

the follicles. The activity 1s compared with the acti-
vity resulting from the feeding of known amounts of
standardized desliccated thyroid.

On the basis of estimated thyroxine production
by the chick thyroid, the iodine requirement of growing
Single Comb White Leghorn chicks has been estimated eas
approximately 1250 parts per billion in the diet for
the first six weeks of age.

The maximum non-lethal dose of desiccated
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thyroid that could be administered in the diet of
growing chicks was approximately 0.50 per cent. The
maximum non-toxic dose was between 0.0156 and 0,03125
per cent for Single Comb White Leghorn chlcks.

Between 0.002 and 0,02 per cent of desiccated
thyroid 1n the diet was suitable for optimum feather
development without similtaneously resulting in sub-
normal fat storage, shank length, and body weight in
Wnite Plymouth Rock chicks.,

Completely thyroidectomized day old chicks
grew to maturity and produced fertile eggs. They had
received no thyroid supplementation in the dilet, and
they showed no regenerated thyrold tissue upon post-
mortem examination,

In the absence of thyroid hormone, secondary
sexual characteristics d1d not develop.

Thyroactive substances were found to have an
apparent beneficial effect on meture and growing birds
showing severe symptoms of range paralyslis, a virus

disease of poultry.




1821

LITERATURE CITED

Adams, A, E., and Jensen, D. 1944, The effect of
thyroxire injections on the thyrotrophin content
of the anterior pitultary of the male slbino
mouse., Endocrinology. 35:298-308.

Asmundson, V. S., and Pinsky, P, 1935, The effect
of thP thyrold on the formation of the hen's
egg. Poultry Science. 14:99-104,

s Almgulst, H, J., and Klose, A. A.
19356, Effect of different forms of lodine on
laying hens. Journal of Nutrition. 12:1-14.

Bergmen, A. J,, and Turner, C, W. 1939, A compari=-
son of the thyr01d of guinea plg and chick thy-
rold in the assay of the thyrotropic hormone.
Endocrinology. 24:656-664.

Block, P., Jr. 1940. A note on the conversion of
di-iodotyrosine into thyroxine. Journal of
Biologlcal Chemistry. 135:51-52.

Brody, 5., and Frankenbach, R. F. 1942. Age
changes in size, energy metabolism, and cardio-
respiratory activities of thyroidectomized
cattle. WMissourl Agriculturel Experiment Sta-
tion Research Bulletin, No. 349:1-11.

Carpenter, E. 1942. Differentiation of chick
embryo thyroilds in tissue culture. Journsl of
Experimental Zoology. 89:407-426 (Abstract
from Biologlcal Abstracts. 1942. No. 16459).

Cheldelin, V. H,, Eppright, M. A., Snell, E. E.,
and Guirard, B, M., 1942. Enzymatic liberation
of B-vitamins from plant and animal tissues.
Texas. University. Studles in the vitamin con-
tent of tissues, 2:15-36. (University of Texas
publication, 4237).

Chu, dJ. P. 1940, The Endocrine System and Plumege
Types. III Further experiments on the relation
between the thyrold gland and plumege patterns
in domestic fowls and ducks. Journal of
Genetlcs., 39:495-501.




(TS

10.

11,

12

15,

14,

16.

¥ i 85

i8.

19,

Cole, L, J., and Hutt, F, B. 1928, Further
nxneriment% in feeding thyroid to fowls,
Poultry Sclence. 7:60-66. (Abstract from
Biological Abstracts. 1929. No. 6377).

Cope, C, &, 1938. The young chick as test for
thyrotropic hormone. Journal of Physliology.
94:558-364, (Abstract from Endocrinology.
1939. 24:597).

rawford, J. 4., and Hartley, J. N. J. 1925.
Influence of sutonomic nervous system on func-
tion of the thyroid gland. Histologlcal changes
In the thyrold glend of rabbit followlng
lobectomy. Journel of Experimentel Medicine.
42:193-199.

Crotti, A. 1938. Thyrold anmd thymus, Philedelphis
Lea and Feblger Company. 1229 pp.

Denn, W. J., and Evelyn, K. A. 1938. The deter-
mination of vitamin A with the photoelectric
colorimeter. Biochemicel Journel. 32:1008~-
1017.

Prill, V, A. 1943, Interrelations between thyroid
function and vitanin metabolism. Physiologl-
cal Rsviews. 23:355-379.

Elmer, A, W, 1938. Iodine metabolism and thyroild
function. London, Oxford University Fress.
605 pp.

Emmens, C. W., and Parkes, A, S. 1940, The
Endocrine System and Plumege Types. II The
effects of thyroxine iInjections on normel,
caponized, and thyroidectomized-caponized
birds. Journsl of CGenetics. $9:485-491.

Fishbone, M., and Cunninghem, B. 1938. Replace-
ment therapy in thyroldectomized rats. Endo-
crinology. 22:122.

Gilmore,d. W,, Venzke, W. G., and Foust, H. D.
1940. Growth Lhanges in Body Organs. 34
Growth changes in the thyroid of normal dogs.
American Journal of Veterinary Research,
1:66-72.

Gorbman, A., end Evens, H, M., 1943. Beginning
function In the thyroid of the fetal rat.
Endocrinology. 32:113-115.




. ' ire)

el.

2e.

23.

24,

2T

29.

30.

31.

Graham, W. R., Jr. 1934, The effect of thyroidec-
tomy and thyrold feeding on the milk secretion
and milk fet production of cows, Journal of
Nutrition. 7:407-425.

Greenwood, A. W., and Blyth, J. S. 5. 1928-29,
An experimental analysis of the plumege of the
brown leghorn fowl., Koyal Society of Edin-
burgh, Proceedings. 49:3135-355.

and Chu, J, P, 193%. On the

relation between thyrold and sex gland function-
ing in the brown leghorn fowl. Cuarterly
Journel of Experimentel Fhysiology. 28:111-119;
(Abstract from Blological Abstracts. 1939.
No. 11065).

Harington, C. R. 1935. The thyroid gland, its
chemlistry and physiology. London, Oxford
University Press. 222 op.

Hutt, . B, 1927. .The effect of feeding thyroid
to fowls. Sclentific Agriculture. 7:257-260.

. 1930. & note on the effects of dif-
ferent doses of thyroid on the fowl. Journal
of Experimental Biology. 7:1-6. (Abstract
from Biological Abstracts. 1931, No. 23390).

Irwin, M. R., Reineke, E. P., and Turner, C. W,
1943, Effect of feeding thyroactive iodocasein
on growth, feathering, and welghts of glands of
young chicks. Poultry Science. 22:3574-380.

Karnofsky, D. 1942. The effect of thyroidectomy
on lactation in the 8lbino rat. Endocrinology.
50:2354-259,

Koger, M., Reineke, E. P., and Turner, C. W. 1943.
Influence on growth of thyroactive iodocasein.,
Society for Experimental Diology end Medicine,
Proceedings. 52:236-237.

and Turner, C., W. 1943, The effects
of mild hyperthyroidism on growing animals of
four species. Missouri Agricultural Experiment
Station Research Bulletin No. 377:1-75.

Levine, H., and Remington, R. E. 19553. 1Is goiter
due to an iodine deficlency per se? Journal
of Chemicsl Education. 10:649-659.




*d'!!

52

33 .

35,

36,

38 .

39,

40.

41,

Marvin. H. N., and Smith, G. C. 1943. Technlgue

for thyroidectomy in the pigeon and the early
effect of thyroid removal on heat production,
Endocrinology. S2:187-91.

Meyer, A. E., and Wertz, A. 1938, MNetabolism in
normal and thyroidectomized rats as influenced
by thyroxine and thyrold globulin feeding.
Socilety for Experimental Blology and ledicine,
Proceedings. 38:847-849, (Abstract from
Biological Abstracts. 1938, No. 11272).

Parker,J, E, 1943, Influence of thyroactive
lodocaseln on growth of chicks. Society for
Experimental Eliology and iledicine, Proceedings.

Parkes, A, S., and Selye, H. 1938. The Endocrine
System and Plumege Types. I Some effects of
hypothyroidism. Journal of Genetics. 34:297-
306,

Pennington, D. E,, Snell, E. E., and Williams, R, J.
1940, An assay method for pantothenic acid.
Journal of Elological Chemistry. 135:213-222.

Preheim, D. V. 1940. Studies on thyroidectomized
rets with speciel reference to lactation and
growth. Endocrinology. 27:494-499.

Radi, M, H., and Werren, D, C., 1938, Studlies on
the physiology and inheritance of feathering
in the growing chick. Journal of Agricultural
Research. 56:679-706.

Renkin, R. M, 1941, Charges in the content of
iodine compounds and in the histological struc-
ture of the thyrold glend of the plig during
fetal 1ife. Anatomical Record. 80:123-134.
(Abstract from Blological Abstracts. 1941,

No., 171885).

Rawson, R. W., and Salter, W. T. 1940. Micro-
histometric sssay of the thyrotropic hormone
in day old chicks, Endocrinology. 27:155-157.

Ray, T. W., and Deysach, L. R. 1942, Storage of
manganese by thyroid. ¥ffect on oxygen con-
sumotion of the guinea pig. Soclety for Ex-
perimental Eiology and Medicine, Proceedings.
51:228=-229.




125

42,

45,

44,

45.

46,

47 .

48.

49,

50 .

ol.

52.

Reineke, E. P.,, and Turner, C, W, 1941, Growth
response of thyroidectomized coats to arti-
ficially formed thyroprotein. Endocrinology.

29 :667-675.

. 1942, Formation

in vitro of highly active thyroproteins, their
biological assay, and practical use. Missouri
Agricultural Experimental Station Hesearch
Bulletin. No. 355:1-88.

Reilneke, E. P,, Williamson, M. B,, and Turner, C. W,
1942. The effect of progressive iodination on
the thyroidal activity of iodinated casein.
Journal of Blological Chemistry. 143:285-293.

1943. The effect of progressive iodination
followed by incubation at high temperature on
thyroidal activity of iodinated proteins.
Journal of Biological Chemistry. 147:115-119.

Ring, G. C. 1942. The importance of the thyroid
in maintaining an sdequate production of heat
during exposure to cold. American Journal of
Physiology. 137:582-588.,

Salter, W, T. The endocrine function of iodine.
Cambridge, lMass., Harvard University Press.
a8l pp.

Sciasky, I. 1938. Experimental hyperthyroidism in
different animals. Annales d'Anatomie Patho-
logique et d'Anatomie Normale Médico-Chirur-
gicale, 15:165. (Abstract from Endocrinology.
1939, 24:434).

Smeltzer, G, K. 1938. Chick thyrold responses
as a basis for thyrotropic hormone assay.
Endocrinology. 235:429-438.

Smith, E. £., and McLean, F, C. 1938, Effect of
hyperthyroldism upon growth and chemical com-
posltion of bone. ZEndocrinologzy. 23:546-552.

Snell, E. E., and Strong, F. M. 1939. A microbio-
loglical assay for riboflavin. Industrial ard
Fngineering Chemistry, Analyticel Edition.
11:346-350.

, 8nd Wright, L. D. 19241. A microblo-
logical method for determination of nicotinic




53,

o4.

55.

56.

67

o58.

acid, Journal of Biological Chemistry.
139:€75-686.

Stein, H., B. 1940, The volume of the colloid in
follicles of a normal human (bantu) thyroid
gland, with & note on the staining reactions
of the colloid. American Journal of Anatomy,
£6:197-211.

Taylor, L. W., and Burmester, B. R. 1940. Effect
of thyroidectomy on Droduction, quality, and
composition of chicken eggs. Poultry Science.
19:326-551.

Tarner, C. W., Irwin, M. R., and Reineke, E. P.
1944, Effect of feeding thyroactive iodocasein
to Barred Rock cockerals. 90u1try Science
25:242-246,

Wilgus, He Sy Jr., 1241l. TIodine requirements of
poultry. Flour and Feed., 42:18,

» Gassner, F. X., Patton, A. R.,
and Gustavson, R. G, 1941, The goitrogeni-
sity of soybeans. Journal of Nutrition.
22:143-52.

Winchester, C. F. 1939. Influence of thyroid on
eg- production, Endocrinology. 24:697-701.

LIBRARY
COLURAUG STATE COLLEGE OF A & M. &

FOR7T ColliMs GOoLORADS




	ETDF_1945_Zander_Donald_001
	ETDF_1945_Zander_Donald_002
	ETDF_1945_Zander_Donald_003
	ETDF_1945_Zander_Donald_004
	ETDF_1945_Zander_Donald_005
	ETDF_1945_Zander_Donald_006
	ETDF_1945_Zander_Donald_007
	ETDF_1945_Zander_Donald_008
	ETDF_1945_Zander_Donald_009
	ETDF_1945_Zander_Donald_010
	ETDF_1945_Zander_Donald_011
	ETDF_1945_Zander_Donald_012
	ETDF_1945_Zander_Donald_013
	ETDF_1945_Zander_Donald_014
	ETDF_1945_Zander_Donald_015
	ETDF_1945_Zander_Donald_016
	ETDF_1945_Zander_Donald_017
	ETDF_1945_Zander_Donald_018
	ETDF_1945_Zander_Donald_019
	ETDF_1945_Zander_Donald_020
	ETDF_1945_Zander_Donald_021
	ETDF_1945_Zander_Donald_022
	ETDF_1945_Zander_Donald_023
	ETDF_1945_Zander_Donald_024
	ETDF_1945_Zander_Donald_025
	ETDF_1945_Zander_Donald_026
	ETDF_1945_Zander_Donald_027
	ETDF_1945_Zander_Donald_028
	ETDF_1945_Zander_Donald_029
	ETDF_1945_Zander_Donald_030
	ETDF_1945_Zander_Donald_031
	ETDF_1945_Zander_Donald_032
	ETDF_1945_Zander_Donald_033
	ETDF_1945_Zander_Donald_034
	ETDF_1945_Zander_Donald_035
	ETDF_1945_Zander_Donald_036
	ETDF_1945_Zander_Donald_037
	ETDF_1945_Zander_Donald_038
	ETDF_1945_Zander_Donald_039
	ETDF_1945_Zander_Donald_040
	ETDF_1945_Zander_Donald_041
	ETDF_1945_Zander_Donald_042
	ETDF_1945_Zander_Donald_043
	ETDF_1945_Zander_Donald_044
	ETDF_1945_Zander_Donald_045
	ETDF_1945_Zander_Donald_046
	ETDF_1945_Zander_Donald_047
	ETDF_1945_Zander_Donald_048
	ETDF_1945_Zander_Donald_049
	ETDF_1945_Zander_Donald_050
	ETDF_1945_Zander_Donald_051
	ETDF_1945_Zander_Donald_052
	ETDF_1945_Zander_Donald_053
	ETDF_1945_Zander_Donald_054
	ETDF_1945_Zander_Donald_055
	ETDF_1945_Zander_Donald_056
	ETDF_1945_Zander_Donald_057
	ETDF_1945_Zander_Donald_058
	ETDF_1945_Zander_Donald_059
	ETDF_1945_Zander_Donald_060
	ETDF_1945_Zander_Donald_061
	ETDF_1945_Zander_Donald_062
	ETDF_1945_Zander_Donald_063
	ETDF_1945_Zander_Donald_064
	ETDF_1945_Zander_Donald_065
	ETDF_1945_Zander_Donald_066
	ETDF_1945_Zander_Donald_067
	ETDF_1945_Zander_Donald_068
	ETDF_1945_Zander_Donald_069
	ETDF_1945_Zander_Donald_070
	ETDF_1945_Zander_Donald_071
	ETDF_1945_Zander_Donald_072
	ETDF_1945_Zander_Donald_073
	ETDF_1945_Zander_Donald_074
	ETDF_1945_Zander_Donald_075
	ETDF_1945_Zander_Donald_076
	ETDF_1945_Zander_Donald_077
	ETDF_1945_Zander_Donald_078
	ETDF_1945_Zander_Donald_079
	ETDF_1945_Zander_Donald_080
	ETDF_1945_Zander_Donald_081
	ETDF_1945_Zander_Donald_082
	ETDF_1945_Zander_Donald_083
	ETDF_1945_Zander_Donald_084
	ETDF_1945_Zander_Donald_085
	ETDF_1945_Zander_Donald_086
	ETDF_1945_Zander_Donald_087
	ETDF_1945_Zander_Donald_088
	ETDF_1945_Zander_Donald_089
	ETDF_1945_Zander_Donald_090
	ETDF_1945_Zander_Donald_091
	ETDF_1945_Zander_Donald_092
	ETDF_1945_Zander_Donald_093
	ETDF_1945_Zander_Donald_094
	ETDF_1945_Zander_Donald_095
	ETDF_1945_Zander_Donald_096
	ETDF_1945_Zander_Donald_097
	ETDF_1945_Zander_Donald_098
	ETDF_1945_Zander_Donald_099
	ETDF_1945_Zander_Donald_100
	ETDF_1945_Zander_Donald_101
	ETDF_1945_Zander_Donald_102
	ETDF_1945_Zander_Donald_103
	ETDF_1945_Zander_Donald_104
	ETDF_1945_Zander_Donald_105
	ETDF_1945_Zander_Donald_106
	ETDF_1945_Zander_Donald_107
	ETDF_1945_Zander_Donald_108
	ETDF_1945_Zander_Donald_109
	ETDF_1945_Zander_Donald_110
	ETDF_1945_Zander_Donald_111
	ETDF_1945_Zander_Donald_112
	ETDF_1945_Zander_Donald_113
	ETDF_1945_Zander_Donald_114
	ETDF_1945_Zander_Donald_115
	ETDF_1945_Zander_Donald_116
	ETDF_1945_Zander_Donald_117
	ETDF_1945_Zander_Donald_118
	ETDF_1945_Zander_Donald_119
	ETDF_1945_Zander_Donald_120
	ETDF_1945_Zander_Donald_121
	ETDF_1945_Zander_Donald_122
	ETDF_1945_Zander_Donald_123
	ETDF_1945_Zander_Donald_124
	ETDF_1945_Zander_Donald_125
	ETDF_1945_Zander_Donald_126
	ETDF_1945_Zander_Donald_127
	ETDF_1945_Zander_Donald_128
	ETDF_1945_Zander_Donald_129
	ETDF_1945_Zander_Donald_130
	ETDF_1945_Zander_Donald_131
	ETDF_1945_Zander_Donald_132
	ETDF_1945_Zander_Donald_133
	ETDF_1945_Zander_Donald_134
	ETDF_1945_Zander_Donald_135
	ETDF_1945_Zander_Donald_136
	ETDF_1945_Zander_Donald_137
	ETDF_1945_Zander_Donald_138
	ETDF_1945_Zander_Donald_139
	ETDF_1945_Zander_Donald_140
	ETDF_1945_Zander_Donald_141
	ETDF_1945_Zander_Donald_142



