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INTRODUCTION

In the production of baby chicks, the foremost cbject of the
pouliryman is to secure as many good salable chicks as possible in
proportion tc the number of eggs produced by each female breeder in
his flock. There are many factors of paramount importance in deter-
mining the number of chicks cbtained from a flock of breeders. Of
these, no doubt, the two main factors are fertilily and hatchability.
Since the cost of hatching eggs represents approximately 65 per cent
of the total cost of producing day-old chicks, there is a direct
relationship between the fertility and the hatchability of the eggs
and the cost of producing baby chicks.

It should be kept in mind that the percentage of fertile eggs is
the first factor in determining the number of chicks secured in
proportion te the total number of eggs set. Fertility, according to
our present knowledge, is not inherited on a genetic basis. However,
it is well known, that there are individual differences in the ability
of both males and femules to produce fertile eggs. The causes of this
individual variation in the fertility of the domestic fowl are at
present not well understocod. Hatchability, on the other hand, is
known to be a highly heritable character; bult the inheritance of this
character is not simple and can not be explained on & simple genetical
basis., Several lethal genes are known to have considerable influence
upon chick embryonic mortality,.

At present little is known regarding the physielogical factors

affecting fertility and hatchability in the domestic fowl, However,
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based on the work conducted with smaller experimental animals, such as
rats and mice, there is good reason to believe that characters as
highly variable as fertility and hatchability may be governed to z
considerable extent by a number of physiological factors. Recent
experimental work in the field of endocrinology suggests that the
thyroid gland through its hormone thyroxine, which regulates many body
processes, may play an important role in the reproductive ability of
the domestic fowl,

Hypothyroidism has been produced experimentally in many classes of
animals, including poultry, by feeding goitrogenie substances such as
thiouracil. Thiouracil inhibits the formation of thyroxine by prevent—
ing the thyroid gland from utilizing iodine to form thyroxine. By
inhibiting the secretion of thyroxine, thiocuracil decreases the basal
metabolic rate and causes hypertrophy and hyperplasia of the thyroid
gland. i8ld hyperthyroidism has more recently been produced experi-
mentally in chickens by feeding thyroprotein, a substance having
approximately three per cent the thyroidal activity of d,l=-thyroxine.
Thyroprotein supplemenis the normal level of natural thyroxine
secretion of the thyroid gland, thereby elevating the normal metabolic
rate,

During recent years considerable research has been conducted in
an endeavor to determine the effeets of thiouracil and thyroprotein
upon the egg production of laying hens, It has been shown rather
conclusively that the fertilizing capacity of the spermatozoa of
domestic fowl are somewhat adversely affected by experimental

alteration in the thyroid status. However, in the female domestic fowl,
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little evidence has been presented to indicate the effects of similar

treatment upon fertility and hatchability,

With these factors in mind, it seemed of considerable scientifie
and practical interest to further investizate this field of experi-
mental study in an attempt to determine the effects «f hypo - and
hyperthyroidism upon fertility and hatchability in the female domestic
fowle



REVIEW OF LITERATURE

The thyroid gland, through its hormone ihyroxine, is known to
play an irportant role in animal physiclogy and has been shawn to
repulate many bedy processes. It has been established that the
thyroid hormone is necessary for the normal growth and developunent of
yvoung animals and for the maintenance of normal metabelism in animals
of all ages. The thyroid hormone is also thought to have a considerable
regnlatory affect upen the reproductive ability of domestic animals.
In recent years considerable work has been conducted to determine the
effects of the thyroid hormone upon reproduction, but its exact role
still is not well understoode

Since the report of Crew and Huxley (1923), considerable interest
has been focused on the infiuence of the thyroid gland upon the
reproductive activity of the domestic fowl. These workers fed chicks
a ration containing desiccated thyroid, beginning at three months of
age. The treated birds laid an average of L0 eggs more than the
controls in their first laying year. However, this difference in egg
production was not considered to be entirely due to the treatment;
because of the small number of birds used in the experiment., Crew
(1925) reported rejuvenation of the fowl by thyroid medication.
Desicecated thyroid was fed to five cocks and seven hens, five to
eight vears of =zge, for six months from !ay to October. After molting,
the plumage was characteristic of younger fowl, head furnishings
became red and turgid and egg production increased.

Cole and Mutt (1927) fed Thite Leghorn hens desiceated thyroid,
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containing 0.2 per cent iodine, at a level of 196 milligrams per bird
daily for a pericd of six weeks beginning Hovember 1. This dosage of
59 milligrams per pound of live weight had no effect on body weight or
egg production, Zawadowsky et al. (1928) found a significant increase
in the egg production of hens fed Q.01 and 0.05 grams of desiccated
thyroid daily. Asmundson (1931) fed desiccated thyroid to hens during
Pebruary and March. The amount fed was equivalent to about one
milligram per 1750 grams of body weight, daily. All birds lost weight
when given thyroid and egg production ceased in a relatively short
time. These results confirm the report that daily doses of 4 and 8
milligrams of desiceated thyroid per kilogram of body weight was lethal
to nine month=old chickens of both sexes (Hutt, 1930).

In an attempt to determine the possible relationship between the
thyroid and egg production, Winchester (1939) studied the effect of
thyroidectomy upon the egg production of hens and found that thyroid-
ectomy caused a decrease in the egg production of a group of ¥White
Leghorn hens. However, when these hens were injected with thyroxine,
egg production increased to approximately LO per cent of that of a
group of normal fowl. Taylor and Burmester (1940) also studied the
effect of thyroidectomy upon egg production, The average egg production
of campletely thyroidectomized and incompletely thyroidectomiszed birds
was 35.8 and 66.7 per cent, respectively, of that of the controls,
Feeding 0.3 grams of desicecated thyroid containing 0.3 per cent iodine
per bird per day for a 30-day period to these operated birds had no
affect on egg production. Andrews and Schnetzler (19L5) reported that
there was no apparent effect on the egg production of yearling White

Leghorn hens fed thiouracil at a level of 0.2 per cent of the ration,



However, Berg and Bearse (1918) found that the inclusion of 0.1 per
cent of thiouracil in the ration resulted in a decrease in the egg
producticn of ¥White Leghorn hens.

It has been suggested that in the selection of breeding stock for
a high rate of egg production, birds less subject to seasonal environe
mental conditions have resulted, and this selection has produced birds
whose thyroids maintain a more uniform rate of secretion throughout
the year. Consequently, the gonadotropic hormone of the anterior
pituitary is increased and the rate of laying maintained at a much
higher level. W¥ith this theory in mind, Turner et al. (194i5a),
(1945b), and (19L6) fed thyroprotein to laying hens and reported that
it was beneficial in maintaining a high level of egg production,
especially during the second half of the first laying year and in the
second laying year. These results were interpreted to indicate that
the seasonal cycle of egg production was due in part to & reduced
secretion of the thyroid hormone during the summer months. ¥hen the
thyroid hormone was maintained at a more uniform level by feeding
thyroprotein, egg production was maintained at a more uniform level
during thias period of lowered normal thyrcxine secretion,

Blaxter (1943) also fed thyroprotein to dairy cows and reported
& 16 per cent increase in milk production by feeding a dose of 15 grams
daily. However, it was not possible to prolong milk production in cows
approaching the end of thelr normal lactation period. Hibbs and
Krauss (1947) fed dairy cows thyroprotein at the rate of one gram per
53 pounds of body weight and concluded that & temporary increase of
about 20 per cent in milk production will result if the feed intake is

adjusted to the increased milk production.



Turner and Kempster (19L7) concluded that a mild degree of
hyperthyroidism, continually induced by feeding thyroprotein to fowl
with advancing age, tends to inhibit the normal rate of senescence as
measured by declining egz productien. Turner and Kempster (15L8)
maintained hens on a ration containing thyroprotein continuously for
four and five years. During their sixth laying year these hens laid
an average of 115.5 eggs in comparison with & simiiar group of controls,
which laid an average of 35.1 eggs. The average of 35.1 eggs laid by
the controls was only 29.6 per cent of the average of 118.,5 eggs laid
by the thyroprotein=fed birds. The thyroproteinefed birds also laid
26.6 per cent more egys during their sixth laying year than they laid
during the previous year. These resulis were interpreted as indicating
that the normal thyroid hormone secretion rate declines with advancing
age and that the thyroid hormone becomes a limiting faetor in egg
production. The continuous feeding of thyroprotein maintains the
circulating hormone at a more uniform level, thus preventing the gradual
decline in egg production associated with senescence.

In contrast to the reports of Turner et al., Temperton and Dudley
{1947) reported no stimulus to egg production by the addition of
thyroprotein to the diets of laying hens. Hutt and Gowe (19L8)
questioned the marked stimulatory effect of thyroprotein on egg
production, as reported by the Turner et al. Hutt and Gowe found that
thyroprovein had no effect upon egg production, excopt Lo decrease the
numver lald during the first eight weeks of treatment. Gutteridge and
Hovikoff (19L47) and Berg and Bearse (19LB) were alsoc unable to increase
egg production by feeding ithyroprotein,

The decrease in egg production resulting from thyroidectomy and

the inhibition of thyroxine formation by thiouracil indicates that the
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thyroid ;land is closely associated with the processes involved in egg
production., On the other hand, the confllicting evidence submitted
with respect to the effect of mild hyperthyroidism upon egg production
hardly wvalidstes the use of thyroprotein in supplementing the bird?s
normal titer of thyroid hormone,

In female experimental animals the thyroid plamd has been shown
to have considerable influence upon ovarian function and normal
reproduction, but as yet its exaclt role has not been definitely
established., Hyperthyroidism has been shown to have a direct affect
on the reproductive processes of both normal and pregnact ratis
(#ieichert, 1930). In the pregnant rat there was & prolongation of the
gestation period, while in the normal rat, the diocestrus period
persisted as long as deslccated thyroid feeding continued. Fluhman
(123L) administered both thyroid extracts and thyroxine to immature
rats. The ovavian weight, which is normally increased by gonad-
stimulating hormones, was partly iahibited, indicating that the
overactive thyroid gland inhibits some phases of ovarlan funciione.
This abnormal ovarian function was thought to be the result of
variations in the basal metabolism. Tvidence was submitted by Xraats
(1939) indicating that hyperthyrocidism stimulates the release of the
Juteinizing hormone from the anterior pituitary of the rat. Thyroid
treatwent during the summer proved deleterious to reproduction,

] Py

Frshoff (1945) noted a marked inmhibition of ovarisn development in
rots fed 0.5 and 1.0 per cent desiccated thyroid. %o mature follicles
or corpora lutew were present in any of these thyroid=fed rats;

immeture follicles were numerous and many roung follicles were

cbserved undergoing atresia. These Infantile covaries were thought o
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be due to impaired secretion of the anterior pituitary gonadotropinse.

In the domestic fermale fowl, Gutteridge and Movikoff (19L7)
reported that the hatchability of eggs produced by thyroprotein-fed
femalecs was not deleteriously affected. Yheeler and Hoffman (19L8b)
fed Phode Island Red pullets 10 grams of thyroprotein per 100 pounds
of feed from the day of hatch and found that fertility and hatchability
of egus from the treated females was as good as the control eggse.

Hypothyreidism, induced with thiouracil, in the rat has been
shown by Jones et al. (1946) to have no effect on female sterility;
but continuation of gestation is interfered with, causing resorption
of embrycs in 100 per cent of the cases. Andrews and Schnetzler {1945)
fed ¥hite Ieghorn hens con & ratlon containing G.2 per cent thiouracil
and reported that thiouracil, at the level fed, had no adverse affect
vpon fertility or hatchability in the adnlt female fowl,

Since Crew'!s report on the rejuvenation of the male fowl by
thyroid feeding, there has been considerable interest with respsct to
the influence of the thyroid gland upon the repreductive capacity of
males. Conen (1935) fed desiccated thyroid to male rats before and
after puberty and found that these thyroid«fed males tred normally amd
fathered healthy litters. There was no delesterious effect upon rating
reactions or fertility. FHowever, Smelser (1939) reported that
injections of thyroxine or the feeding of desiccated thyroid had a
deleterious effect upon sperm production in male rats. It was
sugzested that the amount of male hormone secreted by these hypere

thyrold male rats was reduced, the accessories being cof a castrate

LtYPEe
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Reineke et al. (1941) studied the effect of thyroidectomy on the
anterior pituitary hormones in young goats and reported thet the cone
centration of gonadotropic hormones was low and that the testes showed
a lack of stimumlation. Stein and Lisle (1942) also deternined the
effect of thyroidectomy upon the gonadotropile potency of the pituiie=
aries., The data presented indicated a decrease in the gonado=-siimn-
lating potency of the pituitaries of young male rats 21 to 50 days
after thyroidectomy. However, hypethyroidism, as induced by thiocuracil,
was reported by Jones, Telfs, and Foote (1946) to have no effect upon
the reproductive capacity of the adult male rats as judged by their
ability to sire litters.

Changes in the level of activity of the thyroid zland resulting
from high environmental temperature has been suggested by Berliner and
Warbritton (1937) as the cause of lowered fertility in rems during the
summer., They found that thyroldectomy of rams produced a decrease in
semen volume and spermatogoa concentration. Operalted rams and rams of
lowered fertility administered thyroxine produced semen with an
increased number of spermatozoa by Lugust, while untreated rams did
not produce normal semen until October of the same year. MPurther work
on the effect of temperature and thyroid involvemeant in lowered
fertility of rams has been conducted by Rogart and layer {(15L6). The
evidence submitted by these workers showed that high summer terpera-
tures are a major factor in the production of summer sterility in rams,
since thyroxine and thyroactive proteins alleviated the symptoms of
summer sterility resulting from impaired spermetogenic activity. Liso,
it was concluded that the thyreid gland is of major lmportence in

the reproductive physiology of the ram and that changes in



environental temperatuares produce veriaticns in the reproductive
activity in the ram indirectly through the thyroid jland.

In the domestic fowl, Theeler and Ancdrews (19L3) investigated the
Influence of season on senen produciione. Thelr resulls indieated that
& signiflicant seascnal varistion exists in semen volume, quality, and
concentraiion, the greatest velumes being produced belween lovember
and Yarch. More recently, Chalflner and Andrews (L9LE) situdied the
effect of hypothyroidism, experimentally induced with thiouracil,
upen semen quality in Barred Flymoulh Feock males and found that the
volunme of semen was reduced in comparison with that of the control
nales. Yowever, nelther sperm concentration nor total number of
spermutozoz was nmarkedly affected by the feeding of thiocuracil but
there was a significant reduction in actual male fertiliity. The effects
of wild hyperthyroidism on the semen quality of Barred I'lymouth Rock
males was alse studied by Shaffner (1948). There was no effect on
sperm production in a group of six males fed thyroprotein, but the
semen qualily was reduced as determined by actual fertility tests.
These resulils suggest that either thiouracil or thyroprotein, at the
levels fed, decreased the ability of the gonads to prodiuce viable
spermatozoa capable of surviving normal lengths of time in the hen's
oviduct,

Goiterogenic substances, such as thiourea and thiocuracil, fed to
females have been shown to produce offgpring with enlarged thyroid
glands, Hughes (194} produced cretinism in new born rats by the daily
adnministration of thiouracil and found that the young of thiouracil-
treated f{emales showed hyperplasia of the thyroid gland as early as one

day of age. Cordon and Charipper (194l;) reported that young rats



nursed by mothers reintained on a diet containing 0.5 per cent ihicuwrea
were found tc hive hyperemic thyrcids, Tregnant rate fed & ratlon
coniaining thiourea have been reported by Goldsmith et sl. {1915) %o

roduce offspring with thyrold hyperplasia., These resulis were intere

Fr{

rreted as indicating that the effects of lthiocurea were Indirectily
transritted through the placenta or the wilk., Homroe and Turner (1946)
also found a marked enlargenent of the thyroid glands of joung rats

rrofuced by thiovracil—led rmothers «nd councluded that thicuracll must

pass through the mameary lend epithelium into the milik, lowever, the

|¢.4

injeetions of successively incereasing doses d,l-thyroxine into the

thiouracil-treated mothers did nol check the thyroid enlargement of the
young. Since thyroxine was administered in doses as bigh as €5 per
cent &bove the normal reguirements of tlhe lactating rat, il was assuwied
that the narmmary epitielium of the rat is impermesble te thyroxine,
Andrews and Schnetzler (1945} fed thicuracil %o hene in a ration
&t a level of 0.2 por cent and found thuat chicks with jolterous Jlands
viere produced. Tvidence was svbnlited Lodiceting that thiouracil is
transmitted through the eygy to the developirg clilek exbryo. Hollander
and Tiddle (17L3) and (19L6) cited evidence iudicating thet nild golter
in breeding femanle pigeons was associzted with hyperemic and enlarged
thyroid jlands of the offspring ab habtcehing time. The haitching of the
woiterous squebs tended to be delayed by a day or nore and they
exhibited varlous degrees of delibility. Correclion of the joiter in
the parent by XI therapy prevented bolh guiler and wezkness in ihe
young. Congenital goiter was zlso cbhuerved in baby chicks haiched

from hens on & goiterogenic ration deficient in iodine (Cassner and
- [

Wilgus, 19L0). The thyroid glands of these chicks were 2 to 3 times
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the average size of the glands of i1he chicks hatched from hens receiving
iodine supplements. Hyperplasia, as determined histclogically, was
severe.

Changes in the devalopment of frogs, sea urchins, and chicks have
been influenced by either thiourea or thiourscil treatment. Cordon
et al. (1943) and (1945) subjected frog larvae to the action of thiourea
at an early age of development; practically no progress was made in
metamorphosis. The inhibitory effect of thiocuracil on metamorphosis
was overcome completely by the administration of thyroxine. Hughes
and Astwood (1%LkL) alseo inhibited metamorphosis in tadpoles with
thiouracil. Cleavage was completely inhibited in sea urchin eggs with
high concentrations of thiourea (Bevelander, 1946). Lower concentra=-
tions specifically inhibited gastrulation, while the lowest concenira-
tions produced a retardation in the growth of the plutei. Grossowicz —
(1946) introduced thiourea into the yolk sacs of developing chick
embryos and found that the hatching time of the thiourea-treated
enbryos was delayed up to ten days. In some experiments, with 17-
day old eggs, 10 gamma of thyroxine fully neutralized the action of
2 gamme of thiourea when the two drugs were adminisitered simultaneously,.
It was suggested that the inhibitory effect of thiourea on chick
development may be due to the interference with the normal thyroxine
metabolisme.

The effect of the thyroid hormone or synthetic thyroxine on the
metabolic rate and the thyroid size of experimental animals has been
well established, but relatively little information is available on
the effect of hyperthyroidism of the dam on the rate of embryonic

development and thyroid size of her progeny. Greenwood and Chaudhuri ~
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(1928) studied the effect of thyroxine injections on incubating eggse
They atiributed the production of dwarf embrycs to an increased
metabolic rate, suggesting that the active secretion of the thyroid
gland may be a major factor in determining growth-rates of chick
embryos. Riddle (1930) found overactive ithyroid glands in twe pigeons
(sisters) whose eggs required an extra one to three days for embryonic
development, while the eggs of their sisters with normal thyroids and
normal metabollsm hatched at the normal time. It was suggested that
thyroxine normally enters the egg from the mother amd that the so-
called normal incubation time of the bird embryo is contingent upon
an ‘adequate supply of thyroxine within the egg; an inadequate supply
of thyroid hormone resulting in a prolongation of the time reyuired
for the completion of embryonic development. Vheeler and Hoffman
(1948) reported that goiterous chicks were produced by females
receiving thyroprotein at a level of 0,02 per cent of the ration,
Reduced rate of ewbryonic development, significantly greater thyroid
size al hatching time, and lowered heart rate led Wheeler and Hoffman
(1948b) to conclude that the chicks from hyperthyroid hens were
themselves hypothyroid.

It has long been known that the acitivity of the thyroid gland
plays an imortant role in the regulation of metabolic processes.
Slight alterations in the rate of thyroid secretion by this gland are
accompanied by changes in the rate of normal metabolism, which may
affect certain reproductive functions. The seasonal variations in
thyreid size in three species of pigeons has been investigated by
hiddle and Fisher (1925). The welights of the thyroid glands of these

birds, sacrificed during all months of & three-year period, indicated
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a nearly simultaneous enlargement in the autummn and winter months and
a progressive decrease in the size during the months of spring and
summer. The season of active reproduction in the pigeon occurred
during the period of decline in thyroid size. Riddle (1925) reported
that the thyroids and gonads of pigeons 7 to 30 months of age simul-
taneously undergo seasonal changes in size in the opposite direction.
The autumn and winter months of increased thyroid size are periods of
decreased gonad size, while the spring and summer months of reduced
thyroid size are seasons of gonad enlargement. It was suggested that
both thyroids and gonads in birds are intimately related to reproduc-—
tion. Chaudhuri (1928) found that the iodine content of the thyroid
of sexually immature male fowl was lower than that of the thyroid of
the sexually mature. The increase in lodine content was ceoincident
with the attainment of sexual maturity, as estimated by the histoleog~
ical picture of the testes. The average iodine econtent of the thyroid
gland at sexual maturity was 0.697 + 0.033 per cent of the total
weight,

In the domestic fowl, thyroid weight changes have been shown by
Cruickshank (1929) and Galpin (1938) to be a useful index of thyroidal
activity. Cruickshank noted that the iodine content of the thyroid of
the chicken varied with the season, being high in the late winter
months and low in the summer months. The seasonal variation in the
iodine content followed the variation in thyroid weight very closely.
Galpin found, similarly, that the thyroid weights of the fowl decreased
from the time of the onset of laying until July and then increased in
size during the wi nter months. These findings indicate that there is

a direct relationship between iodine content and the weight of the
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thyroid pland, thyroid welght apparently bLeing indicative of thyroidal
activity in the fowl. ‘iinchester (1940) studied the seasonal metabolic
rhythms of the domestic fowl and found & parallelism between metabolie
rate and egg production. The results of his injection studies on egg
production indicated that the laying hen's thyroid gland secretes more
than 0.35 milligrams of thyroxine per day.

4 method for determining the rate of thyroid hormone secretion of
experimental animals was developed by Dempsey and astwood (1¥43). They
treated rats simultansously with thiouracil and graded doses of thyrox-
ine. The quantity of thyroxine required to maintain a thyroid of normal
weight was considered to be an estimale of the normal thyroid secretion
rate of an animal. Il was estimated thalt the thyreid's secretion rate
in rats at normel temperature (259C,) was 5.2 micrograms of l-thyroxine
per day. At 1°C. the secretion rate increased to 9.5 micrograms, while
at 359C. it was decreased to 1.7 micrograms. hLeineke, Mixner, and
Turner (19L5) studied the effect of graded doses of thyroxine on the
metabolic rate of rats itreated with thiocuracil. In rats fed sufficient
thicuracil to bleck the formation of the thyroid hormone and kept at a
temperature of about 25°C., the metabolic rate was returned to normal
by the injection of L.75 gamma of d,l-thyroxine per day; L.80 gamma,
daily, was required to return the thyroid weights to normal. The
seasonal rhythms in thyroid hormone secretion of two-week-old chicks
was determined by Reineke and Turner (13L6) during one entire year.

The maximum secretion in males, equivalent to 2.7 gamma of d,l-thyroxine
daily, was observed in the fall moaths of Oclober and Wovewber. The
secretion rate declined thereafter to 2.1 gamma during February and

finally to O.9 gamma, where it remained at a low level until August.
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In an extensive study of the thyroxine secretion rate of growing
chicks, Schultze and Turner (19L5) observed that the secretion rate is
highest per 100 grans of body weight in young birds and declines
gradually with advancing age up to about six months of age. Turner
(19h8a) estimated the thyroid secretion rate of two=jyear-old Vhite
Leghorn hens and found that the average daily secretion of 1900=-gram
hens was 13 gamma in January, but by &y, when the egg production began
to decline, the secretion rate had decreased at least 15 per cent.
Also, the thyroid secretion rate of growing and mature mice has been
determined by Hurst and Turner (1947).

Young mice, mature female, and mature male mice were estinated to
secrete 9.2, 5.59, and 2.6 gamma of d,l-thyroxine per day, respectively.
During the summer, with a temperzture of 859F., the daily thyroid
secretion rate decreased in the mature males to 0.7 gamme and in the
mature females to 5.2 gamma.

The effects of thyroxine on metabolic rate, thyroid size, and
physiological processes of animals has been well established. The
thyroidal activity of ilodinated proteins has been shown by Heineke
and Turner (1943a) to be equivalent to approximately three per cent of
that of d,l-thyroxine,

¥oger and Turmer (1543) determined the effects of ihyroprotein
feeding on the metabolic rate of rats. The C0p production of groups of
four male rats receiving thyroprotein at levels up to 0.02 per cent was
not affected, while feeding a level of 0.0l per cent caused a signif-
icant rise in GO, production. Vhereas, the CUz production of female
rats was inereased by all levels of thyroprotein. Using guinea pigs,

Reineke and Turner (1945) similarly determined the effect of
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thyroprotein upon 602 production. The increase in 302 output, above
normal, varied from 20.8 to 27.5 per cent for the 15 iodinated
preparations assayed. Blaxter (19L48) reported that iodinated casein
markedly accelerated the basal metabolism of sheep. The feeding of
2 crams of lcdinated casein per day elevated the metabolic rete 12.4
per cent, while 4 grams daily increased it by 36.9 per cent. In
nilking cows, the feeding of 25 grams of iodinated casein daily resulted
in a 30 per cent increase in heat production {Thorbek et al., 1948).

Many substances have been reported teo inhibit the thyroid hormone
secreticn, decrease basal netabolic rate, and cause hypertrophy and
hyperplasia of the thyreoid gland. Ib was suggesited by Mackenzie and
Hackenzie (19L43) that these goiterogenic substances produce their effect
by depressing the rate of thyroxine formation. These workers determined
the effsects of sulfconamides and thioursas on the thyreoid gland and
basal metabolisr of rats, mice, and degs. The basal metabolic rate of
rats fed a2 ration containing two per cent sulfoguanidine decreased 10
per cent following five to seven days of continued administration and
was =20 per cent afbter 10 to 1i days. Astwood et ai. (1943) observed
a 30 per cent drop in the B ¥ R of rats given 0.1l per cent thiocurea in
the drinking water for 27 days. Reineke et al. {(1945) noted a
devression of 23.7 per cent in the B ¥ R and a two fold increase in the
thyroid gland weights of rats receiving 0.1 per cent thiocuracil in the
drinking water. Yeyer and Pansem (1945) determined the effects of
thyroidectomy or 0.5 per cent thiouracil in the ration on the metabolie
rate of rats and found that they both produced comparable results in
reducing the B ¥ RE to =41 per cent. GShaffner and indrews reported a

LO per cent decrease in the resting metabolism of Barred Plymouth Rock
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males receiving rations contalining 0.2 or 0.5 per cent thiouraeil For
a period of eighteen weeks,

Pecently certain compounds, sulfonamides, thiourea, and related
substances such as thiouracil, have been found to exert a goiterogenic
effeect thalt is not prevented by & relatively high intake of iodine.
Mackenzie, iackensie, and YMeCollum (1941) observed that rats receiving
a diet containing one to two per cent sulfaguanidine exhibited hyper-
trophied and hyperemic thyroids, being 3 to § times larger than those
of the controls. The hyperemie and enlarged thyroid ;lands were found
to exhibit histologically a reduction in celleid and an increase in
height of the epithelium. lackenzie and lackenzie (1%4L3), in
continuing their studies, found that sulfonamides and thicureas had
this goiterogenic effect on the thyrold ylands of rats, mice, and dogs.
In immature rats receiving from 0.5 to 3.0 per cent sulfaguanidine,
the thyroid weisht at the end of two weeks wes proportional to ithe
dietary level and represented an increase of ©0 to 350 per cente.
Thicurea was approximately eight times more effective than the same
level of sulfaguanidine in producing thyroid enlargement. I was
suggested that sulfonamides and thioureas exert a deprsssing influencs
on the thyrcid pland by interfering with the rate of thyroid hormone
formation. Astwood et al. (1943) similarly concluded that the
golterogenic action of these substances resides in their interference
with the synthesis of the thyroid hormone and as a result the thyroid
gland hypertrophies due to the increased secretion of the thyrotrcpic
hormone of the anterior pituitary gland. Astwood {19L3) tested the
relative effectivensss of 10¢ chemical cempounds in inhibiting the

function of the thyroid gland of young rats and found that 2-thliouraeil
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waz the most effective goiterogenic substance.

Rauman et al. (19Lh) administered thiourea to rabbits and noted
thyroid hyperplasia. JIodine and thyroxine-iodine analysis of the
thyroid lands showed a rapid decrease in both thyroxine and non—
thyroxine iodine, This inhibition of thyroxine formation indicated
that thiourea had produced a functional thyrostasis of the thyroid
cells. Thiouvracil administered to rats as & 0.1 per cent solution in
the drinking water was found to cause a rapid loss of iodine from the
thyroid gland within 2l hours (Bissell and Astwood, 19LLi). Iodine
added to the diet had no effect on the loss or reaccurulation of icdine
in the jland, indicating that thiouracil inhibits the production of
thryroid hornone by preventing the accusulation of iodine in the gland,

Feston et al. (194}) administered radiocactive iodine to young
and adult normel and thiocurea-treated rats and found that the analysis
of the thyroid plands of the thiourea-treated rats, L8 hours after the
injectieons of icdine, revealed no appreciable amount of radicactive
iocdine in any form, whereas the thyroid glands of normal rats contained
considerable quantities of radioactive iodine. Jlarson et al., (1945)
have shown that thiouracil possess the property of inhibiting the
collection of radiocactive iodine by the thyroid gland within an hour of
its time of administratien. This effect of thiocuracil on reducing the
guantity of radicactive iodine collected by the thyroid gland prevents
the thrreid gland frem utilizing iodine to form the thyroid hormone,
Gordon et al. (15h6) compared the effects of thiouracil and
thyroidectomy upon the metabolism of the rat and found that thiouracil
and thyroidectomy depress oxygen consumption to approximately similar

levels,
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The effects of thiouracil and thiourea on the thyroid

(S

idands of
chicks were studied by ¥ixner et al, (19h4Li). They found thai 0.1 per
cent of these substances in the diet for fourteen days was optimal

for the produchion of raxinal enlargement of the thyroid in one to two
day-old Thite Plymouth Rock chicks. Increasing dosajes of thyroxine
decreased the thyroid enlargement produced by 0.1 per cent thiouracil,
The influence of thicuracil on the size of various jlands of ten weeke
0ld chicks was determined by Glazener and Jull (1246). GCreater tihyroid
enlarg;ement was observed in the males than in the females, indicating
a sex ¢ifference. In the thiouracil-treated rmles, the tesies were
snaller and the comb size reduced, probably indicating & decrease in
the production of androgen by the interstitial cells.

The hormeone produced by the thyroid gland has been shown Ly
Harington and Salter (1930) to be equivalent to the l=form of thyroxine
in biological activity. The isolation of crystalline thyroxine {rom
icdinated protein was first obtained by ILudwig and iutsenbescker (1936).
Marington and Pitt Rivers (1939) confirmed the findings of the two
Cerman workers and postulated that the formation of thyroxine in
ilodinated casein was brought about by either the iodine itself bveing
able to effect the oxidation coupling of two molecules of diiodotyrosine
in the bilogenesis of thyroxine or the casein itself may contain performed
thyronine as one of its constituent amino acids and this may be lodinated
to thyroxine,

Lerman and Salter (1532) fed iodinated serum protein to hypothyroid
subjects and found that the metabolic rate was raised and the hypothyroid
symptoms relieved. TUsing iodinated casein of high thyroidal activity,

Reineke and Turner (1943b) obtained L42h milligrams of crystalline
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thyroxine from 100 grams of the iodinsted material. The biological
value of the lodinated protein was found to be eguivalent to three per
cent d,l=thyroxine or about 1.5 per cent of the l-form. iho l={orm of
thyroxine has been shown by Peineke and Turner (19h3z) to procduce
twice the thyroidal activity of d,l-thyroxine, as estimated by it
relative ability to reduce the thyroid weights of thiouracil-trested
chicks and rats. Reineke and Turner (19L5) determined the thyroxine
content of 15 iodinated caseins heving thyroidal sciivity and fou
that they contained from three to four per cent d,l-thyrcxine, as
indicated by either chemical znalysis or blological assaye.

Irwin, Reineke, and Turner (1943) fed thyroprotein with a potency
of 3.1 per cent d,l-thyroxine to chicks and found that it had a
depressing effect upon the weights of the thyroid glands at twelve fo
fourteen weeks of age., The thyrold glands of normael chicks at six
weeks of are were found to be twice the size of those of a comparadle
group of chicks fed thyroprotein containing 3.1 per cent d,l-thyroxine
(Turner, Irwin, end Keineke, 19L}i). Foger and Turner (1943) fed male
rata a ration containing thyroprotein at variocus levels from 0.005 to
0.32 per cent and found that there was a tendency for the thyroids of
the treated animals to be s8lightly smaller than those of the controls.
Histological examination of the glands showed the thyroids of all
treated animals to be inactive and filled with colloid. ¥heeler and
Hof fman (1948a) observed that thyroprotein treatment resulted in a
significant decrease in weizht of the testes, adrenals, thyroids, and
pituitary zlands of the male chickens siudied; the thyroid glands of
the treated males were L5 per cent smaller in size than those of the

controls. Turner (19L6b) reported that a mild degree of hyperthyroidism
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could be maintained in two-year-old hens by feading thyroprotein at a
level of 10 zraws per 100 pounas of feed without affecting the plands
or organs obther than the thyroid gland. The gradusl decline in thyreid
weizht observed in hens during a period of one year was apparently due
to the presence of an excess of thyroid hormone, the birds own thyreid

finally ceasing to fuuctlon,



MATERIAL ANRD PROCEDURE

In the f&ll of 19L7, sixty Yew Harpshire pullets were selected and
placad in individual laying cages. On the basis of subsequent ey
production during the pre-treatment period, these females were later
divided into three comparable groups. 411 birds, during this pree-
treatment period, received the “aryland Experiment Station mash ad
libitun,

On Noverber 13, 1947, treatment was initiated on the following
basis: Oroup A = control, Group B - 10 grams of thyroprotein per 100
pounds of the ration (0.022 per cent), and Group C = 0,3 per cent
thicuracil in the ration. Due to decreased egg productien, the level
of thiouracil was later reduced te 0.1 par cent., DBody weight was
recorded for each female at the beginning of the experinment and at
monthly intervals thereafter. Individual dally egg production and egg
welght records were kept. The aggs were weighed to the nearest gram
on a2 Toledo scale,

The semen used to artificially Inseminste these females was
obtained from a group of twelve New Harpshire males by means of the
massage method described by Burrows and Quinn (1937). Each femnle was
inseminated twice weekly with 0.1 cc, of undiluted pooled semen from
these males. Starting on the second day following the initiation of
inseminotion, eggs for incubation were saved and set once a week,

From the time of collection until setting, each day's epss were stored
in a refrizerator unit held at 55 to 60° F., some eggs being held for

as long as seven days whille others were held for only one day., At the



tine of setting, the eggs were pedipreed, so that fertility, hatchability,
and smbryonic mortality could be determined for each individual female.
The eggs of cach weekly setling were candled and the fertility determined
on the eighteenth day of incubation. At the conclusion of each haich,
hatchability was determined and the remaining egss broken out io check
the date of embryonic rmortality.

Day-0ld chicks produced by these three groups of females vere

secrificed and the thyroid glands dissected and weighed to the nearest

o

.1 milligram on a precision balance. These obgervatlions were first
made five wegks subsegquent to the initistion of ifreatment. Two weeks
following these preliminary cobservations, & series of nine weekly
hatches of chicks from the same sources were sacrificed and their
thyroid glands welghed.

{n January 29, 1948, an additional group of five femzles was
injected intramuscularly with 20 mlerograms of d,l-thyroxine, daily,.
After rour weels the daily injected dosage was increased to L0 micro=
grams and subsequently to 100 micrograws, daily. Day-old chicks
produced by these females were also sacrificed and their thyroid glands
weirhed.

Yggs from normal fenales were injected with aqueous solutions of
thyroxine or thyroprotein by punchburing a smsall hole in the shell over
the air cell and applying the solution by means of a tuberculin
syringe to the inner shell membrane. Followling the injJections, the
holes were sealed with paraffin wax and the eggs placed in the incubator,
Thyroxine was injected at levels of 6, 12, 20, and L0 nicrograms and
thyroprotein at levels equivalent to 9, 12, 20, and LO micrograms of

d,l-thyroxine. Similarly, eggs produced by the thyroprotein-fed fenales
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were also injected with thyroxine, at levels of 2, L, 6, 8, and 10
micrograms. Day=-old chicks hatched from the injected eggs were sac~—
rificed and the thyroid glands weighed. Approximately LOO eggs were
used in these injection studies,.

The influence of these exogenous factors on the incubation period
was determined by recording, at four-hour intervals, the number of
chicks hatched, starting at the twentieth day of incubation and
continuing until the completion of each weekly hatch. In order to
eliminate the affects of incubation environmental factors, all eggs
for each weekly hatch were incubated and hatched in the same machine,.
These observations were made over a peried of sixteen weekly hatches,
starting seven weeks after the initiation of treatment.

Smith, Ermmens and Parkes (1947) have proposed & method for deter—
mining the metabolic rate of small animals by recording their survival
time in a closed vessel. These workers found that resistance to anoxia
was increased by thyroidectory and, in contrast, resistance was de-
creased by the administration of desiccated thyroid or thyroxine, In
using this technique in the present experiment, day-old chicks averaging
LO grams were confined in sealed vessels of approximately 500 ml. and
maintained at 90° F. The survival time of the chicks under these
conditions was recorded in minutes. The terminal symptoms were a
progressive increase in the rate and depth of respiration, coma, and
brief convolutions. The end point was taken at the time of the last
breath, being readily determined within a matter of seconds.

At the end of the first trial, which was terminated twenty-four
weeks afier the initiation of treatment, all females were maintained
on the control ration for an additiconal six-week posi=-itreatment period,

During this period records were obtained on fertility, hatchability,
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and egg production,

Cn September 1, 1948, sixty additional New Hampshire pullets were
selected and placed in individual laying cages. After a four-week pre-
treatment period, these females were divided at random into three
groups of itwenly birds each. Group D served as controls and groups E
and F received 0,022 per cent thyroprotein and 0,1 per cent thiouracil,
respectively, in the control ration. ¥Fertility, hatchability, and egg
production were cbtained on an individual basis for these groups of
females., At the beginning of this trial, comb area measurements were
made and at monthly intervals thereafter. This measurement consisted
of the product of the length at the longest point times the height at
the highes! point measured in centimeters. Feed consumption was record-
ed for each group of females during the period of treatment. Body
weight was recorded in grams for each female at the beginning of the
experiment and once a month thereafter. The females in this series of
experiments were maintained on treatment for a period of twelve weeks
subsequent to the initiatlion of treatment.

Since maximum fertility is apparently obtained by inseminating
each female twice weekly with 0.1 cc. of semen, during the second trial
a somewhat different technique was employed to tesi the fertility and

tehability of these females. This technique was designed to show
differences in fertility and hatchability that might not be otherwise
apparent under more optimal conditions of artificial insemination.
The technigue was conducted as follows: Bach ferale was inseminated
once weekly (every Tuesday) with 0.05 ce¢. of undiluted pooled semen
obtained from a group of ten New Hampshire males. Starting on the

second day after the first insemination and after each successive
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woekly inseminstion, eggs for the following seven days were collected
for incubation and labeled according to the day laid. Percentage
fertilily «nd hatchability was then determined for seven periods of
one day each. This method was used because it was found that the
fertility of & group of females tends to decrease slightly towards the
end of each seven day periocd. The fertility and hatchabllity of eggs
are Imosn to decrease rather rapidly after a single mating (Nalbandov
and Card, 19L3). Therefore, at the end of the 12-week treatment period
another method was ermployed to test the fertility and hatchability of
these females. ¥gzgs for incubation were collected over a three-week
periocd Iollowing the last insemination and fertility and hatchability
then determined for three periods of seven days each. This period was
used because it has been shown that fertility tends to decline rapidly
in the third week following the last matinge.

Since rate of mstabolism is known to be influnenced to a large
extent by the thyroid gland, metabolism tests were made at four-week
intervals on the females of the second trial. Resting metabolism was
determined by means of the indirect calerimetry method, employing a
closed circult type of respiratory apparatus. All metabolism tests
were run at night between 6 p.m. and 12 p.m. after the birds had been
fasted for approximately twelve hours. All measurements were recorded
on the basis of cubic centimeters of oxygen consumed per kilogram per
hour, corrected to standard temperature and pressure.

In order to determine the rate at which the chick's thyroid gland
size is affected by feedinyg its dam thiouraeil or thyroprotein,during
the second trial, groups of ten chicks were sacrificed at weekly

intervals and their thyroid glams weighed. These observations were
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wade begiundng with the first bhaich after the initiaiion of treatment
and continued for the nexlt ten successive weekiy hatcnes. 411l thyroid
glands iu this series were freshly dissected and weighed on a holler-
Suith balance to tue nearest O.1 miiligram.

Chicks produced by these ihree groups of femailes were reared in
eleclric baltery-brooders wilh raised screen floors and were fed a
conventlional ali=-mash ration. In order {o ascertain the change ccourpre
ing ia the thyrold weight during the first three weeks of the chick's
life, samples of ten chicks, day-old, and 7, 1L, and 21 days of age,
respectively, were sacrifiiced, ihe ihyroid glands removed and weighed
to the nearest U.l milligrame.

In order Lo obtain another measure of the thyroidal aciiviity of
the day-oid chicks produced by the different groups of females, resting
metabolism of groups.ef 18 of their chicks, maintained at 329 to 35° C.,
was measured. 7The method used for tnese determinations was the same as
that employed to estimate the resting metabolism of the females. A
series of eight observations were obtained on the chicks produced by

the three different groups of females.



ANALYSIS OF FERTILITY AND HATCHABILITY DATA

In caleulating the percentage fertility and hatchability of the
eggs produced by each group of femsles, only those females represented
in 811 of the experimental periods were included. Since the ranges in
percentazes was mostly between 50 and 100, the fertility and hatche
ability percentages of the egys produced by each fermzle were converted
into angles, angle ® sin "\ /percentage. Then, in order to determine the
difference armong groups, the angles cerresponding to the percentages
were analysed by means of the analysis of variance methed, as recom—

mended by Snedecor (19L6).
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EXPEs LENTAL KESULTS
PART T

Cbservations on the Response of Females
To Altered Metabolism

Fertility. Tables Ia and Ib present the percentage fertility of
the eggs produced by the females in trial I and itrial II, respectively.

In both trials, the addition of thyroprctein or thiouracil to the
control ration had no affect upon subsequent fertility. In trial I,
during the 2hi-week treatment period, the fertility of group B declined
approximately five per cent, but this did not differ significantily
from thiat of eiiher the pre-treatment period or the post-treatment
periocd. In trial II, during the pre-treatment period, the percentage
fertility of group D was 77.05, while during the treatment period it
increased to 67.04 per cent. This difference was due mainly to the
fact that five of the females in this group produced all infertile eggs
during the first week following the initiation of insemination,

In trial II, during the 12-week treatment period, each group of
females was inseminated every Tuesday at approximstely 5 p.m. Since
few eggs are fertilizsed within 24 hours after insemination, the eggs
laid on the following day (Wednesday) were assumed to be fertilized
by sperm one day old and those laid on the following Tuesday as being
fertilized by sperm seven days old, In order to increase the number
of eggs inciunded in the seven periods of one day each, the eggs laid
following each of the ten successive weekly inseminations were combined

arnd then the percentage fertility was determined for eggs assumed to be



Table la. - Fertility of eggs produced by the females in trial I
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Periocd of Total Number Per Cent
Treatment No. Set Fertile Fertile
CONTROL
(group 4)
Pre-treatment 1o 135 96.43
Treatment 1240 1187 95.72
Post-treatment 248 233 94.95
THYROPROTEIN
(group B)
Pre-treatment 143 127 88.81
Treatment 1091 910 83.41
Post=treatment 202 177 87.62
THIOURACIL
(group C)
Pre-treatment 161 kb 89.hL
Treatment (0.3%) 335 299 68.20
Treatment (0.13) 1309 11LL 87.39
Post-treatment 322 281 8L .64
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Table lb. = Fertility of eggs produced by the females in trial II

Period of Total Humber Per Cent
Treatnent Nc., Set Fertile Fertile
COHTROL
(group D)
Pre~treatment 366 282 77.05
Treatment 988 860 87.0L
THYROFRGTEIN
(group E)
Pre~treatment 389 322 82.77
Preatment 96l 781 81.01
THICURACIL
(group F)
Pre-treatment 3L5 316 91.59
Treatment 833 767 92 .07
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fertilized by spermatozoa one to seven days olde

The data presented in Figure 1 shows that sperr one to four days
of age are about equally capable of fertilizing eggs produced by the
three groups of females, while the fertility of the eggs fertilized by
sperm five to seven days of age tend to decline rapidly, especially in
the ease of group-D and group-E females. The fertility of the proup~F
eggs remained at a8 high level uniil the sixth day and then decreased
sligntlye.

Following the last insemination, 12 weeks subsequent to the
initiation of treatment in trial II, the eyggs produced by the three
groups of femzles were collected over a period of three weeks and
incubated. The percentage fertility of these eggs, determined for
three periods of seven days each, are summarized jin Table 2. Both the
group~l: and the group-F females gave better fertility in the first week
foliowing the last insemination than did the females in group E.
However, in the second week, the group-I females gave better fertility
than did the other two yroups of females. During the third week there
was very little difference in the fertility of the three groups of
fersles. The control and the thyroprotein-fed females produced no
fertile eggs after the sixteenth day, while the thicuracil-fed fermles
produced fertile eggs up until the twentieth day after the last
insewination.

Hatchability. The percentage hatchability of the fertile eggs

produced by the females in trial I and trial II are shown in Tables 3a
and 3b, respectively.
In trial I, thyroprotein at the level fed had no affect upon the

hatchability of the eggs produced by the group-B females. During the
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Table 2. = Effect of treatment on duration of fertility in trial IX

Period Humber Fuober Per Cent
Treatment (days) Set Fertile Fertile
1-7 105 100 95.23
Control Bl 90 L2 L6.67
(group D)
15-21 108 8 740
1=7 87 73 €3.91
Thyroprotein 8=-1ly 8L 34 Lo.L7
(group E)
1521 97 11 11.34
1-7 82 78 95.12
Thiouracil 8-1L 79 56é 70.89
(group F)

15-21 79 7 8.86
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Table 3a. - Hatchability of eggs produced by the females in trial I

Period of Humber Humber Per Cent
Treatment Yertile Hatch Hatch
GONTROL
(group 4)
Pre-treatment 135 112 82.96
Treatment 1187 LT 19.78
rost-treatment 141 126 89.36
THYROFPEOTEIN
(group B)
Pre-~treatment 127 10k 81.89
Treatment 910 729 80.12
Post-treatment 90 &8 75.55
THIOURACIL
(group C)
Pre-treatment ik 115 79.86
Treatment (0.3%) 299 162 Slio18 e
Treatment (0.13) 11hh 786 68.71
sost-treatment 162 159 57.36

## The difference beitween these values and ithiouracil pre~treaztment
or post=treatment are highly signifiecant, as determined by the
method of Snedecor, 15hé.



Table 3b, - Hatchability of eggs produced by the females in trial II

Period of Eumber NHunber Per Cent

Treatunent Pertile Hatch Batch

(group D) |

Pre~treatment 282 L5 86.88

Treatment 860 T07 82.21
(growp E)

Pre~treatnent 322 280 - 86.95

Treatment ; 706 597 Bi.56
?HIWII.
(group F)

Pre~treatment 316 2o 75.95

Preatment 767 587 76.53
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pre-treatment period, the hatchability of the group-C females was 79.86
per cent. lowever, as soon as 0.3 per cent thiocuracil was added to the
ration of these females, it dropped to approximately 55 per cent and,
during the next six weeks of the treatment period was 54.18 per cent.
Hatchabilily improved after the level of thiouracil was reduced to

Ge.l per cent and soon approached that of the control females, being
68,71 per cent for the remainder of the ireatment period. During the
post-treatment period, the hatchability returned to normal and was
87.36 per cent for this four-week period. The difference between the
hatchability of the eggs produced by the thiocuracil-fed females during
the treatment period (5L.18 per cent or 68,71 per cent) and the pre=-
treatment period (79.86 per cent) or the post-treatment period (87.36
per cent) are highly significant,

It is apparent from the results presented in Table 3b thati neither
thyroprotein nor thiocuracil, at the levels fed, had any significanit
affect upon the hatchability of the fertile eg;s produced by these two
groups of females in trial II. The percentage hatchability of the eggs
produced by each of these groups of females during the l2-week treatment
Feriod was comparable with the percentage hatchability of the egys
produced by the same groups of femsles during the L-week pre-treatment
pericd. However, there was a tendency for the hatchability of the
thiouracil-fed females to decrease slizghtly towards the end of the
treatment period,

It has been suggested that eggs fertilized by stale sperm are more
apt to terminate their development prior to hatching than are eggs
fertilized by fresh sperm. Therefore, in trial II, hatchability

percentages were determined for seven periods of one day esach. The
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results summarized in Figure 2 indicate that eggs fertilized by sperm
seven days old tend to hatch equally as well as eggs fertilized by
sperm one day old. The hatchability of the group-F eggs was consigt-
ently lower for each of the seven one-day periods than was the hatch-
ability of the other two groupse.

The fertile eggs saved during the two weeks following the last
insemination were incubated and the percentage hatchability determined
for two periods of seven days each. These results show that the eggs
fertilized during the second week after the last insemination did not
tend to hatch as well as eggs fertilized during the first week,

Embryonic dortality. In trial I, during the 2Li-week treatment

period, the date of embryonic mortality of all fertile e;gs set was
determined at the termination of each hatch. Figure 3 presents the
distribution of embryonic mortality of the fertile eggs produced by the
control females and the females fed thyroprotein or thiouracil. During
the entire incubation period, the mortality of the fertile eggs produced
by the thicuracil=~fed females greatly exceeded that of the eggs produced
by the control females, especially on the second and third days, on the
eighteenth day of incubation, and for those embryos classified as dead-
in~shell (D.I.5.). D.I.S8. refers to a chick that was alive and fully
developed at the conclusion of the hatch, but was apparently too weak
to emerge from the partially pipped shell.

In Table li, the distribution of embryonic mortality, shown in
Figure 3, is broken down into percentages for three periods of seven
days each and for the embryos classified dead-in-shell. These resulis
show that the per cent embryonic mortality in each of the four periods

was the greatest for the fertile eggs produced by the thiouracil-fed
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Table L. = Per cent embryonic mortality of fertile eggs produced by

the females in trial I

1-7 &-1k 15-21 DTS
Treatrent cays
Control 8.51 1.01 €06 L .62
Thyroprotein 6.57 1.21 549 L.61
Thiouracil (0.3%) 16.29 1.92 12.77 12.1h
Thiouracil (0.1%) 10.17 3.90 7.81 5.20

% Dead-in-shell



by
females, especlally during the L-week period that these females were
receiving 0.3 per cent thiouracil.

Egg rroduction. The egg production of the six groups of females,

calculated in percentage, is shown in Fipgures ha and Lb. The egg
production of these females was analysed by means of the analysis of
variance nethod of Snedecor (19L6).

In trial I (groups 4, B, and C), percentage egg production was
deteriined, at bie-weekly intervals, over a 30-week peried beginning
September 13, 1947. The statistical analysis, for each of the experi-
mental periods, revealed that there was no significant differences in
egg production among the three groups of females. However, for a
veriod of approximately ten weeks after the initiation of treatment,
the eg; production of group C was considerably lower than that of
either of the other two groups. [me to this decreased production,
four weeks subsequent to the beginning of treatment, the level of
thiouracil in the ration of group C was reduced from 0.3 per cent to
0.l per cent. Six weeks after this reduction in the level of thiocuracil,
the egg production of this group had returned to normal. However, for
a yeriod of four weeks following the change in the level of thiouracil,
the average production of group~C fermales was 6.56 + 0.69 eggs and of
group—i females was 12.53 ¢ 1.29 eggs. The difference(5.97 # 1.46°
between these groups is statistically significant.

In triel II {(groups D, E, and P), percentage egg production was
determined, &t weekly intervals, over a lé-week period beginning
September 1, 1948. During the experimental period, thiocuracil in the
ration of group E and group F, respectively, lowered egy production,

liowever, the difference bebtween the egg production of these groups and
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that of the control group () were not statistically significant.

Fip welght records were kept on all eggs laid by the females in
trial I. Analysis of the dats obtained on the weight of the eggs
produced in Harch indicates that the eggs laid by the females receiving
thyroprotein or thiocuracil did not differ significantly in size from
those from the control females,

Comb Development. OSince comb development has been shown to be an

indicator of gonadal activity in the female fowl, records were kept in
trial II on comb size as an additional measure of ithe female's ovarian
activity. The average increase in comb area of the controls between
September and November was 3.h46 4 2.39cm%, 10.16 + 1.76 em? in the

group receiving thyroprotein, and 3.19 ¢ 1.95 cm® in the group receiving
thiouracil. The increment in comb development of the thyroprotein-fed
females of 10.16 cm® is highly significant statistically.

Body Leight and Feed Consumpiion. During trial II, beginning with

the initiation of treatment, monthly records were kept on body weight.
During the treatusnt period, the femwales receiving thiocuracil gained
more than the controls, while the {emsles recelving thyroprotein
weighed slightly less at ithe end of this period than they did at the
beginning. The gain in weight of 2060.00 § 80.08 grams ror the
thiouracil«fed females is highly significant statistically. Similar
cbservations were alsc made during trial I.

In trial II, during the experimental jxriod, records were kept on
feed conswmption to determine if thyroprotein or thiouracil, «t the
levels fed, had any effect upon the amount of feed consumed. The
average individualdaily feed consumption was as follows: Control =

0.262 pound; thyroprotein = 0.299 pound; thiocuracil - 0.355 pound.
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From these resulis, it appears that the feeding of 0.1 per cent thiocur-
acil considerably increased feed consumpiion. The thicuracil-fed
females consumed approximately 18 per cent more feed than the control
females during this 12-week periode.

Hesting letabolism. 3By securing data on the rate of metabolism,

it wazs hoped to determine how effective thyroprotein and thiocuraeil, at
the levels fed, were in altering the thyroidal activity of the femzles
so treated. The average oxygen consumption of the contreol females and
the females receiving thyroprotein or thiouracil during trial II is
shown in Figure S. These date indicate that the addition of 0.022 per
cent thyroprotein to the ration of group E brought about a small but
significant increase in the rate of resting metavbolism. After twelve
weeks of treaiment, the average rate of resting metabolism of the
thyroprotein-fed females was about 12 per cent more than that of the
controls. Feeding O.1 per cent thiouracil in the ration of group=-¥
females caused a marked cdecrease in the rate of metabolism. The
average rate of resting metabolism of the thiouracil-fed females was
approximately 2l per cent less than that of the controls. The
difference in oxygen consumption of 20L.22 + 30.53 ces. per kilogram
of vody weight per hour between the control females and the ithiouracil-
fed females is highly significant statisticelly. These results provide
sufficient evidence to indicate that mild hyperthyroidism and hypo-
thyroidisn were experimentally induced in the fenales recelving

thyroprotein and thiouracil, respectively, in their ration.
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PART 11

Observations on Chicks Produced by Females
with Altered MHetabolism

Chick Thyroid Sise. In trial I, day-old chicks hatched from thyro-

protein-fed, thiouracilefed, thrroxine-injected and normal ferales were
sacrificed and their thyroid glands weighed on & precision balance,
These cbservations were first made five weeks after the initiztion of
treatment. Thrroid gland weights were also obtained con a limited
number of chicks hatched from thyroxine-injected and thyroprotein-
injected eggs.

he chick thyroid gland weights are shown in Table 5. Chicks
with enlarged thyroids were produced by the thyroprotein=fed and the
thiocuracil-~fed females, while a decrease in ithyroid size resulied when
thyrcxine was injected into control ezss. These differences in thyroid
gland weights are highly siinificant. The thyroid gland weights of the
chicks hatched from eggs produced by the thyroxine-injected females
were corparable in size with the glands of normal chicks. Tn this
trial, the data obtained on the thyroid gland weights of the chicks
hatched from the thyroprotein-injected eggs were too limited to
determine its affects on thyroid sise. However, subsequent studies
revealed that thyroprotein injected to contreol eggs at levels equivalent
to 9, 12, 20, and LO micrograms of d,l-thyroxine had no affect upon
chick thyroid size. Highly significant differences were also shown to
exist in thyroid gland size between the chicks produced by the same
females receliving thiouracil at a level of 0.3 and U.1 per cent,

respectively.
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Table 5. = MYean thyroid weight of day-old chicks from females fed
thyroprotein, thiouracil, or females and eggs injected

with thyroxine

No. of No. of ean Thyroid
Treatment Hatches Chicks Weight (mgs.)
Control 1l L1 5.66 ¢ 0.50
Thyroprotein 1 L1 952 + O olibyiese
Thiouracil (0.3%) 1 28 15.65 # 1.15%%¢
Control 92 97 5.10 ¢ 0.11
Thyroprotein 9 99 9.08 $ 0.3l
Phiouracil (0.1%) 9 98 787 ¢ 0.26u%
40 ¥ thyroxine injected,
daily, to females 3 35 5.2k & 0.28
12 7 thyroxine injected
te control eggs 2 25 L.08 ¢ 0,18

1 The hateh in this series was five weeks after the initiation of

treatment.

seven weeks after the initiation of treatment.

The hatches in this series were one week apart, the first being

## The difference between these values and the controel are highly

siznificant,

4 The difference between this value and thiouracil (0.1%) is highly

significant,
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In trial II, the thyroid glands of the chicks hatched from eggs
injected with &, 12, 20, and L0 micrograms, respectively, of d,l=-
thyroxine were consistently smaller than the thyroids of normal chicks.
Since chicks with goiterous thyroid glands are produced by thyroprotein-
fed femnles, eggs lald by these females were injected with thyroxine,
at levels of 2, L, &, 8, and 10 nicrograns. The resulits of these
thyroxine~injection studies revealed that about 6.5 nicrograms of
exocgenous thyroxine is necessary to effect thyroids of normal size in
chicks produced by thyroprolein-fed females.

Buring an lle-week pericd following the initistion of treatment in
trial IT, groups of iten day-old chicks were sacrificed at weekly
intervals and their thyroid glands weighed to the nearest 0.1 milligram
on & [loiler~Smith balance. The resulis of this study, as presented in
Pigure 6, indicate that the thyroid glands of the chicks produced by
the thiouracil-fed females had not attained their maximun size after
eleven weeks of ireatment, while the thyroids of the chicks produced
by the thyroprotein~fed females had apparenily reached their greatest
size of about 11.0 milligrams after 6-0 weeks of treatment,

The lines shown in Fijure 7 represent the chwnge occurring in the
thyrold weight from day-old to three weeks of age of chicks produced
by the females in trial II. The thyroid weights of the chicks produced
Ly the thyrouvrotelinefed females decreased markedly during the first
week, while those of the thiouracil-fed females increased somewhat.

By the end of the second week the thyroid glands of the chicks from
treated dams vwiere comparable in size with those of Ulhe controls. The
thyroids of the three groups of chicks increased slightly in sime during

the third wsek of the post-hgiching period,.
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Incubation Period. The effect of feeding thyroprotein and thiour-

acil (0.3 and 0.1 per cent) on the incubation period of egzgs from
ferales so treated is shown in Figure b. The irregularity of the lines
in this figure is not the result of treatment, bul primarily due to
fluctuations of the luncubation temperature and humidity. It will be
noted that the week-to=weck variation in the Jength of the incubation
period of the ezys from the treated females corresponds Lo thwt of the
controis. The average incubatlon period of the control egzus was 20
days pius .7 hours., The incusvation period of tne egys {rom the

>

thyroprotein~fed females was 12.3 hours longer than those [ron the
control femiles, while Lhe incubation period of the eggs produced by
she females receiving thiouracil at a level of 0.3 and U.l per cent

was 32.4 and 11.97 hours, respeciively, longer than the eyggs from

control femw

les. The difference of 3.7 hours in iuncubation psriod
betweenn the eyggs produced by the thyroxine-injected fencles cnd the
control females is nonesignificant. o material albterztion in the
length of the incubation period was observed in the case of the
thyroxine~injected egus.

Chick Survivel Time and ¥etabolism. The chick survival time

results, as determined by the closed-vessel technigue, are sunmarized

in Taple (. This table aiso gives Lhe thyroid pland weighis ol the
chicks upon wnich the survivel itime observalbions were made. The data
show an increase i survivel time of the chicks produced by the femules
fed thyroprotein or thiocuracil (0.1 per ceni) and of the chicks produced
by females 1lnjected witii vhyroxine. [hese increases in survival time

in each case are highly significant. The survival-iime observations of

the chicks hatehed {rom the thyroprotein-injected and the thyroxine-
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Table 6. - Mean survival time and thyroid weight of day-old chicks
from females fed thyroprotein, thiouracil, or injected
with thyroxine

Ho. of Survival ¥ean Thyroid
Treatuent Chicks Time (mins.) Weight (mgs.)
Control L2 68 # 1.5 L.T7 # 0.20
Thyroprotein 3L 79.5 § 1.93% 8.17 § O.LT7sx
Thiouracil (0.1%) 36 98.5 ¢ 1.9%n 6.98 $ 0.368x
LO'« thyroxine injected,
daily, to females 30 B2.h 4 3.0 5.32 # 0.21

#% The difference between these values and the control are highly
significant.
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injected eggs were too limited to make definite conclusions. However,
the results indicate a slight increase in the survival time of the
chicks hatched from the eggs injected with thyroxine.

In trial II, the resting metabolism of eight groups of eighteen
day-cld echicks each were obtained. The average oxygen consumption of
the control chicks was 1981.00 ¢ 73.92 ccs. per kilogram of body weight
per hour. The chicks produced by the thyroprotein-fed and the
thiouracil=-fed females consumed 16.2 and 10.5 per cent, respectively,
less oxygen than the control chicksf In each case, the decrease in
oxygsen consumption of the experimental chicks is statistically

significant,.
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DISCUSSION

The resulis obtained on the rate of resting wetabolism of the
females in trial II indicate that mild hyperthyroidism and hypothyroid-
ism were experimentally induced in the females receiving thyroprotein
and thiouracil, respectively, in their ration. The average rate of
resting metabolism of the thyroprotein-~fed females, after 12 weeks of
treatment, was about 12 per cent more than that of the control females.
This increase in metabolism is comparable with the changes in metabolism
obtained in other animals by Reineke and Turner (19L5), Blaxter (15L8),
and Thorbek (1948). However, the reduction in the rate of resting
metabolism in the thiouracil-fed female chickens was not as rapid as
that found in the rat by Reineke et al. (1945), Weyer et al. (I9L5),
and Gordon et ale. (1946). The decrease of approximately 30 per cent in
the resting metabolism of the thiouracil-fed female chickens during a
period of 12 weeks is somewhat less than that reported by Shaffner and
Andrews (1948) for male chickens during a similar period of time. Since
femzles normally have a lower metabolic rate, these results suggest that
there may be a sex difference in the rate of absorption and utilization
of thiouracil or that the difference may be due entirely to the higher
level of thiocuracil received by the males,

Trom the results obtained in these experiments, it is clear that
thyroprotein and thiocuracil, at the levels fed, had no adverse effect
upon the fertility of the eggs produced by females so treated. These
results are in accord with the findings of VWheeler and Foffman (1948b)

and Andrews and Schnetzler (1945). The data secured on duration of
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fertility shows that the sperm from normal-fed males were capable of
surviving in the oviducts of the experimental females as long or longer
than the sperm in the oviducts of the control females. Apparently the
changes in oviduct environment of the experimental females were too
small to have any delirious affect upon sperm viability,

In both trialis, thyroprotein, at the level fed, did not adversely
affect hatchability, providing that the eggs produced by the thyro-
protein-fed females were kept in the incubator for an additicnal day or
two. The mean incubation time of the eggs produced by these females
proved to be 12.3 hours longer than that of the control females,

In trial I, thiouracil, fed at levels of 0.3 and 0.1 per cent,
caused a marked reduction in the hatchability of the fertile eggs
produced by group~C females., This decreased hatchability was due to
increased embryonic mortality throughout the entire incubation period.
Embryonic mortality was particularly increased at the two critical
peaks of incubation and for the chicks classified as dead-in-shell.
Since thiouracil has been shown to be transmitted through the egg of
the domestic fowl to the developing embryo, it seems likely that thise
increased ernbryonic mortality may result from an interference in
enbryonic metabélism during the critical perieds of incubation. In
order to cobtain maxirum hatchability, it was necessary to keep the
ezgs from the thiouracil-fed females in the incubator for an extra two
days because the incubation period of the eggs produced by the females
receiving thiouracil at a level of 0.3 and 0.1l per cent was 32.4 and
11.9 houre, respectively, longer than the control eggs.

Thiouracil did not significantly reduce hatchability during trial

II. However, there was some evidence of & slight decrease toward the
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end of the 1Z2-week treatment period, indicating that the amount of
thiouracil passing from the dams to their eggs was approaching the
level required to effect lowered hatchability.

Turing both trials thyroproitein had no apparent beneficial effect
upon ezg production. These resulbs ere similar to the findings of
Hutt and Cowe (1948), who questioned the stimulatory effect of thyro=-
protein upon egg production. Temperion and Dudley (1947) and Gutteridge
and Tovikoff (19L7) were zlso unable to increase egg production by
feeding thyroprotein. This indicates that mild hyperthyroidism, as
characterized Ly a slight but significant ihecrease in resting metabolism
by feeding 0.022 per csnt thyroprotein, is not an important factor in
controlling this physioclogical characteristic in the female domestic
Towle

Feeding thicuracil at a level of U.1l per cent to the females in
both triales apparently had no adverse affect upon egg production,
Although egg production of the females in trial 1II was lower than that
cf the controls, ithe difference was nol significant. VYeeding 0.3 per
cent thiouracil to the females in trizl I caused a marked depression in
ez production. However, the egg production of these females returned
te normal shortly after the level of thiouracil was reduced to 0.1 per
cenb. These resulis indicate that the higher level of thiouracil was
detrimental to ezg production. This lowered egg production may have
been the result of decreased metabolism and reduced thyroid funciion or
may have been due to the storage of thiocuracil in the ovary, limiting
overian asctivitye.

Comb growth in the female foxl is coincident with the increased

activity of the ovary, being influenced by the androgen secretion of
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the ovary's medulla. Therefore, the marked increase in the comb devel-
opment of the females receiving thyroprotein in their ration indicates
that the androgen production of these fermales was greatly stisulated.
This increased secretlon of androgen may have been brought about in

two wayg, (L) by the exogenous thyroxine from the thyroprotein aciing
directly upon the ovary or (2) indirectly by acting through the anterior
pituitary gland to increase the secretion of the luteinizing hormone
which in turn stimulates the ovary to produce more androgen.

The s1ignht loss in body welzhit observed in the thyroprotein-fed
females during the 12 weeks of treatment is characteristic of a state
of hyperthyroidism. These birds did not lose enough weight to affect
eg. production but on handling they appeared in poor condition as
compared to the control females. The females receiving thilouracil
made marked gaine in body weight, having considerably more subcutansous
and abdominal fat than the controls. This excessive storage of body
fat is associated with hypothyroidism in &1l animals.

feed consumption was apparently increased by feeding thiouracil.
However, if allowance is made for the difference in body weight part of
this increased consumption may be accounted for. The thiouracil-fed
females weiphed about 12 per cent more than the control females at the
end of the l2-week treatment pericd. Taking this factor into consider-
ation, it is doubtful if thiocuracil-feeding increased feed consumption

significantly in these females. In this respect, Berg and Bearse (1948)
found that the addition of 0.1 per cent thiocuracil in the ration of
%hite Leghorn females resulted in a& marked daily decline in feed
consumption for about one week, followed by & considerable increase in

the amount of feed consumed. In males, Shaf’ner and Andrews (19LE)
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concluded that feeding 0.2 and 0.5 per cent thiouracil did not affect
feed consumption.

In discussing the results on chick thyroid size, it is assumed
that the size of the thyroid gland of the embryo is controlled by the
thyrotropic secretion of its anterior pituitary gland and that the
secretion of the thyrotropic hormone in turn is governed by the amount
of thyroxine in the blood stream. The thyroid glands of the chicks
were enlarged by the feeding of thiouracil to the femszles. This is in
accord with the results reported by Andrews and Schnetzler (1945). 'The
feeding of 0.3 per cent thiouracil to the females resulted in a greater
enlargement of the chick thyroid than did the feeding of 0.1 per cent,
This would indicate that at the higher level more thiouracil and/or
less thyroxine was transmitied from the female to her egg. These
conditions would result in an increased stimmlation of the chick
thyroid gland by way of its anterior pituitary gland,

The production of chicks with goiterous thyroid glands by females
fed thyroprotein may have been the result of a decreased secretion of
thyroxine by the females, there consequently being less thyroxine
transmitted to the egg than normally. This implies that the thyro-
protein either is not transmitted to the egy in the same levels as
natural thyroxine or that thyroprotein has a different reaction in the
chick than in the adult. Another possible explanation might be that a
small amount of thyroprotein is transmitted to the egg and this acts to
cause hypertrophy. A basis for this explanation is the fact that
¥oreng and Shaffner (1948) have reported that thyroprotein added in very
srmall quantities to a ration containing thiouracil caused an increase

in thyroid size. Vheeler and Foffman (1948) have also reported that
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goiterous chicks were produced by females receiving thyroprotein at a
level of 0.02 per cent of the ration. The results of these workers,
based on a total of 66 observations, are in agreement with the results
reported herein,

Chicks with normal sized thyrolds were produced by the thyroxine-
injected females, indieating that the thyroxine injections were too
small to have much effect on the normal endocrine balance and conse-
quently the normal titer of naturally occurring thyroxine was trang-
mitted to the developing chick. However, the thyroid glands of the
chicks hatched from the eggs injected with thyroxine were smaller than
normal, indicating that these small thyroid glands were the result of
the action of the injected thyroxine upon the anterior pituitary gland
of the developing chick embryo. Since thyroxine was administered to
the females at levels much higher than the normal thyroid hormone
secretion rate estimated by Terner (1948a), these results suggest that
the exogenous thyroxine was not transmitted from the female to her eggs.
4 basis for this contention is the fact that Honroe and Turner (1546)
concluded that the mammary gland epithelium of the rat was impermeable
to thyroxine. However, if this was the case, one would expect the
thyroxine-injected females in this experiment to produce chicks with
enlarzed thyroid glands; the exogenous thyroxine should completely
supplement the natural thyroxine and no hormone would be transmitted
to the eggs. Therefore, possibly only the normal titer of synthetie
thyroxine passed into the eggs from the females, preoducing thyroids of
normal 8ize in the chicks hatched.

Thyroprotein injected into control eggs at levels as high as L0

gamma of d,l-thyroxine had no affect on chick thyroid size, indicating
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that the thyroxine available in thyroprotein can not be assimlated
and utilized by the developing chick embryo or that the shell membrane
is impermeable to the thyroprotein solution. Booker and Sturkie (1949)
injected thyroprotein into the albumen of incubating eggs at the level
of 33 gamma (eguivalent to 1 gamma of d,l-thyroxine) and obtained a
slight decrease in thyroid size. However, in view of the limited
number of observations in this experiment, the difference between the
thyreoid size of the chicks from the control eggs and the injected egzs
could have been easily due to sex. Hales have significantly smaller
thyroids than females (Aberle and Landauer, 1935).

The injection of thyroxine into eggs produced by thyroprotein-fed
females consistently reduced thyroid size, indicating that there was
actually a deficiency of thyroxine in these eggs. Approximately 6.5
micrograms of exogenous thyroxine was necessary to effect thyroid
glands of normal size in chicks from eggs produced by females receiving
0.022 per cent thyroprotein in thelr ration.

Lccording to Wheeler and Hoffman (1948c), the thyroid enlargement
of chicks from thyroprotein-fed hens is maximum about 1l days after
the initiation of treatment. These resulis are not in accord with the
findings reported herein because in this experiment thyroid sisze did
not attain its greatest enlargement of approximately 11.0 milligrams
until & to 8 weeks after the females were put on the experimental
ration., This indicates that the maximum reduction in deposition of
maternal thyroxine was not reached until several weeks after the
injtiation of treatment. However, chicks with geitercus thyroids
occurred concurrently with the additien of thyroprotein to the ration,

the thyroids being significantly larger wiihin one week from the



beginming of Utreatument.

The thyroid glands of the chicks produced by the thiouracil-fed
females were still increasing in size after eleven weeks of treaitment.
Thnis progressive increase in thyroid size would indicate that more
thicuracil and/or less thyroxine was transmitted from the female to her
egzgs as the treatment advanced. Sinee the resting metabolism of these
females progressively decreased during the experimental period, it is
apparent that a relationship exists between the degree of hypothyroide-
ism of the female and the rate of thyroid enlargemeni of her chickse

The increase in thyroid welght, during the first post~hatching
week, of the chicks produced by the females receiving thiouracil
suggests that thiouracil was stored in the chick!'s yolk sac. The
thyreid weight of the chicks produced by the thyroprotein-fed females
decreased during the Iirst week, indicating that there is little or no
carry over in the yolk sac of the factor or faclhors causing thyroid
enlargement in these chicks.

It seems plausible to assume that a clese relationship exists
between the funection of the chick embryo thyroid gland and the rate of
embryonic development, since evidence is submitted indicating that the
increase in length of the incubation period of the chicks produced by
the thyroprotein-fed and the thiouracil-fed females was proportiocnal
to the inerease in their thyreoid gland size. The independent siudies
of Vheeler and Hofiman (1948c¢) have shown that the length of the
incubution periocd is almost proportional to the amount of thyroprotein
fed to the hens. lean incubation time increased 6-11, 13-21, and 23-37
hours, respectively, when thyroprotein was fed at levels of 0.02, 0.0L,

and 0,00 per cent in the ration,
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Rhiddle (1930) suggested that normal embryo development and length
of incubation period in the pigeon are contingent upon an adeguate
supply of maternal thyroxine entering the egg from the dam, an inadeguate
supply of the hormone resulting in a prolongation of time required for
the completion of embryconiec growth. This hypothesis was later substan-
tiated by Hollander and Riddle (1943 and 1946), who cbserved that young
pigeons hatched from goitercus females were themselves goiterous and
exhibited a tendency for hatching to be delayed an extra day or more.
Therefore, it seems logical to assume that an oversupply of thyroxine
entering the epg from the dam might reduce the length of the incubation
pveriod and decrease thyroid size. However, no cbservable decrease in
incubation period time accompanied the decrease in thyroid size of the
chicks hatched from the thyroxine~injected eggs, indicating that the
rate of embryonic development proceeds rormally in the presence of
additional thyroxine or that the supplemental effect of the excugenous
thyroxine was incomplete. The Incubation period and thyrcid size of
the chicks hatched from eggs produced by the thyroxine-injected females
were not affected, indieating that the exogenous thyroxine in the
female's blood stream is nol transmitited to the egg in the same manner
as the naturally occcurring thyroxine.

Since survival time has been shown to be inversely proporticnal
te metabolic rate, the increased mean survival time of the chicks
hatched from the thyroprotein-fed and the thiouracil-=fed (0.1 per cent)
femnles suggests that the metabolic rate of these chicks was lower than
that of the controls. (hicks produced by two comparable groups of
females receiving the same experimental rations required about 16 per

cent less oxygen each than the control chicks. Both survival time and
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resting metabolism results are in accord with the increase in thyroid
size of these chicks, thus supplylng further evidence that the chicks

produced by both the hyperthyroid and the hypothyroid females are
themselves hypothyroid.
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SUHMERY

Three groups of twenty New Hampshire females each were maintained,
respectively, on a control ration or a ration containing thyroprotein
or thiocuracil for 24 weeks in one experiment and for 12 weeks in a
second experiment. In the first trial, treatment was initiated on the
following basis: Group & - control, group B -~ (0.022 per cent thyro-
protein, and group £ - 0.3 per cent thiouracil. TFour weeks later the
level of thiouracil was reduced to 0. per cent. In the second trial
group D served as coubrol and groups F and F received 0.022 per cent
thyroprotein and 0.1 per cent thiouracil, respectively.

Percentage fertility, hatchability, and embryoniec mortality of the
eggs vroduced by these six groups of females was determined on an
individual basis. Egg production records were kept on &1l females of
both trials, while egg weight records were cobtained on the eggs produced
by the females in trial I. In the second trial, data were secured on
comb development, body weight, feed consumption, and rate of resting
metabelism,

Qbservations were made on the incubation period of the eggs and
the thyroid gland weights of the chicks produced by normal females and
females fed thyroprotein or thiouracil and femmles injected with
thyroxine (20, 4O, and 100 gamma, daily). Eggs from untreated females
were injected with thyroxine or thyroprotein and similar observations
made on the chicks hatched. Fggs from thyroprotein-fed femazles were
also injected with thyroxine and their thyroid glands weighed. GSamples

of day~-old chicks and chicks 7, 1k, and 21 days of age were sacrificed



and their thyroid glands weighed in order to ascertain the change
existing in thyroid size during the first three weeks of the chickts
life. The rate of thyroid enlargement was determined by sacrificing
samples of ten day-old chicks weekly and weighing their thyroid glands,
The thyroidal activity of representative samples of all chicks in
the first trial was determined by the closed-vessel technique. During
the second trial, the rate of resting metavolism of groups of eighteen
day-old chicks was determined by means of the indirect calorimetry
method. This measurement was made by recording the cuble centimeters

of oxygen consumed per kilogram of body weight per hour.



CONCLUSICHS

1. The addition of either thyroprotein or thiouracil to the control
ration had no affect upon subsequent fertilitye.

2. The hatchabiliity of the fertile eggs produced by the thyro=-
probein=-fod females was as good as that of the control females. Both
levels of thiouracil recduced hatchability significantly in the first
trial. In the second trial, however, hatchability was not adversely
affected until towards the end of the treatment period.

3. The embryonic mortality of the fertile eygs produced by the
thiouracile=fed females greally exceedsd that of the eggs produced by
the control females, especilally at the peaks of mortality.

L. Egg production was not stimulated by the addition of 0.022 per
cent thyroprotein to the ration. Apparently, the inclusion of 0.1 per
cenit thiouracil to ithe ration of the females in these experiments was
not harmful to egg producition. Huwever, egg production declined
markedly when 0.3 per cent thiouracil was inciuded in the ration,

5. The marked increase in comb develcpment of the thyroprotein-
fed females indicates that the androgen production of these females
wag greatly stimulated.

6. The thicuracil-fed females gained considerably more in weight
than the controls, while a slight loss in body weight resulted in the
females fed thyroprotein.

T« Thiouracil did not affecl feed consumption when allowance was
made for differences in body weight. The feed intake of the thyro-

protein-~fed females was comparable with that of the control females,
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8. The addition of 0.022 per cent thyroprotein to the ration of
group E produced & small but significant increase in the rate of rest-
ing metabolism, while feeding 0.1 per cent thiocuracil to group F
caused a marked decrease in netabolism. These results on the rate of
resting metabolism show that mild hyperthyroidism and hypothyroidism
were experimentally induced in the ferales receiving thyroprotein and
thiouracil, respectively, in their ration.

9. The thyroid glands of the chicks hatched from the thyroprotein-
fed and the thiouracil-fed females were 78.0 and 5L.3 per cent, res-
pectively, heavier than those of the chicks from the control females.
The thyrold zlands of the chiecks hatched from the thyroxine-injected
females and the thyroprotein-injected ezgs were comparable in size to
the thyroid glands of normsl chicks. Thyroxine injected into control
ezgs and ezgs produced by thyroprotein=fed fermles consistently reduced
chick thyroid sise,

10. The incubation period of the egzs from the thyroprotein«fed
females was 12.3 hours longer than that of the control eggs. The
incubation period of the egzs from femzles recelving thiouracil at a
level of 0.3 and O.1 per cent was 32.4 and 11.9 hours, respectively,
longer than that of the control eggs.

11, Resting metabolism and closed-vessel survival time observa-
tions indicate that the thyroidsl activity of the chicks hatched from
the thyroprotein-fed and the thiocuracil-fed females was lower than in
normal chicks, suggesting a lowered metabelic rate and a functional
hypothyroid condition. Therefore, chicks produced by both hyper- and

hypothyroid females were themselves hypothyroid.
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